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Seftor SUPERDRNSTRIA Y CONERCID ”
: . Radicarion 3 60033213 S000M012 Folios:
Superintendente de Industriay Comercio " .o s w7 s

i PATENTES D 1 MEBISTRS/ 389 CONPLETE
E. S. D. E::nin'# MVISION B MEVAE CREACIONES

REF: EXPEDIENTE 00-093-233

TITULO SOLICITADO: “Composiciones Inhibidoras de ciclooxigenasa-2
que tienen répido acceso de efecto terapéutico”

PUBLICACION: :i;;:ta 526 de 31-03-2003, niimero de publicacién
SOLICITANTE: PHARMACIA CORPORATION

APODERADO: EMILIO FERRERO

TRAMITE: REMISION DE INFORMACION

JOSE LUIS REYES VILLAMIZAR, mayor de edad, identificado como aparece al
pie de mi firma, abogado en ejercicio, titular de la tarjeta profesional nimero 44655
del Consejo Superior de la Judicatura, obrando en calidad de apoderado de las
sociedades TECNOQUIMICAS S.A. y LAFRANCOL S.A., con el propdsito de
coadyuvar en la negacién de la solicitud colombiana 00-093-233 en tramite y como
respuesta a la contestacién de la oposicion presentada por el solicitante el 5 de
abril de 2004 (ademas, como complemento de informacién a la oposiciéon y
sustentacion presentada en su momento), ruege gque se tenga en cuenta el
documento anexo titulado “Concepto Técnico sobre Tamafio de Particula de
Férmacos y su Relaclon con la Blodisponibllidad y Bioequivalencia de los
Medicamentos - Métodos para Reducir ¢l Tamafio de los Farmacos”
preparado por la Facultad de Ciencias — Departamento de Farmacia de la
Universidad Nacional de Colombia, en donde se da cuenta del amplio
conocimiento de la técnicas de reduccion de particulas y de su extendido empleo
en la industria farmacéutica, casi como un paso obligatorio en cualquier proceso
de pre-formulacién de farmacos, en especial si se esta en presencia de principios
activos poco solubles, o si se desea efectivamente mejorar su biodisponibilidad.
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Asi mismo, muy respetuosamente solicito que la Superintendencia considere las
tesis expuestas en el documento en cuestion, en la evaluacion definitiva de la

solicitud de patente en referencia.

Ahora bien, en cuanto a la pretendida carencia de demostracién del requisito de
legitimo interés, me permito aclarar a este Despacho y al solicitante que el
cumplimiehto del requisito encuestion por parte de mis clientes, es un hecho notorio
gue, en esa condicién, no requiere de demostracion adicional, como lo ha

aceptado reiteradamente ese Despacho.

Es evidente que a mis poderdantes les asiste legitimo interés en la presentacion y
sustentacion de escritos de oposicion, pues la eventual concesion de esta clase de
solicitudes de patente, restringiria injustificadamente el emplec de ciertas
sustancias, derivados y procesos carentes de nivel inventivo, en detrimento de
sus legitimos intereses comerciales. De igual manera mis clientes estan
interesados, por su misma condicién de industria farmacéutica, en evitar la
concesion de privilegios de patente que incumplan los requisitos materiales de
patentabilidad establecidos en las normas vigentes, y que supongan un riesgo

para la libre competencia.

Senor Superintendente,

N

José Luis Reyes Villamizar
C.C. 79'152.473 de Usaquén
T.P.A 44655del C.S.J.

e
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UNIVERSIDAD NACIONAL DE COLOMBIA
Sede Bogota
Facultad de Ciencias

DEPARTAMENTO DE FARMACIA
Bogotad D.C. Marzo 8 de 2004,

AFARI-034-2004

SIFERTIUSTAIA ¥ CORERCID
Doctor Radicacion ; go093233 000OODIE folios: 279
JUAN MANUEL BARBERI Fecha (AHD): 2004-67-27 12:18:28
Vicepresidente de Produccion Trapite @ 002 PATENIES D | REGISTRGY 329 COMPLEHEI
Tecnoquimicas S.A. " Dependencia: 2020 DIVISION DE MUEWS CRERCICHES
Cali :

Att: Doctor Alexander Mesa.
Quimico de Patentes

Respetado Doctor Barberi:

En relacion al documento técnico alaborado por el Departamento de Fammacia y
entregado a Ustedes en el mes de Octubre de 2003 respecto a “Importancia del
tamafio de particula'de un material en el campo farmacéutico”, nos permitimos
hacer entrega de las conclusiones extraidas del mencionado documento.

DOCUMENTO TECNICO- CONCLUSIONES

Elaborado por: Luisa Femanda Pcnce D'Le6n. Quimica Farmacéutica, Doctor en
Quimica, Magister en Fisicoquimica, Especialista en Buenas Practicas de
Manufactura, Estudios de Estabilidad y Bioequivatencia, Asesor temporero de a OoPs3
en Buenas Practicas de Manufactura, Profesora Asociada. Departamento de
Farmacia. Universidad Nacional de Colombia.

Fecha de entrega del documento: 15 de Octubre de 2003

Conclusiones:

1. El tamafio y la forma de las particulas tienen influencia directa sobre la
disolucién, biodisponibilidad y eficacia de los farmacos, ademas de ser
importantes para efectos de definir ciertos aspectos de su formulacién final.

2. La granulometria es un procedimiento general que consiste en establecer el
tamafio de particula adecuado para elaborar productos farmacéuticos, en
funcién de las necesidades que en cada caso se determinan en materia de
disolucién y biodisponibilidad, y de las conveniencias de empaque, costo,
presentacién o conservacion del producto.

3. Desde tiempo muy antiguos 'se ha recurrido a la reduccién del tamafio de
materiales sélidos por pulverizacién, micronizacion, nanoparticularizacion, etc.
entre otros métodos, con el objeto de acelerar su disolucién. Dichas técnicas
permiten aumentar la superiicie especifica del sélido, para lograr en un
aumento en la dispersabilidad,y velocidad de disolucion, seguida de una mejc_:r-'-
absorcién y en consecuencia, por una mayor biodisponibilidad.

TELEFONOS: 316 5080 - 316 5045 - 316 5285 » CONMUTADOR. 316 5000 EXT. 14640 - 14641 - 14610 » FAX: 316 5060
A.A. 14490 » BOGOTA, D.C. - COLOMBIA
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4.

10.

El area superficial efectiva de un fArmaco aumenta por la reduccién de su
tamafo de particula, y es por ello que a mayor area, mayor velocidad de
disolucién y mayor penetracidn de solvente en ias particulas. Este efecto es
aun mas representativo en compuestos hidrofébicos o con muy poca
solubilidad en agua.

Modificar una propiedad fisica de un sdélido, en particular su tamafo de
particula, con el fin de variar su perfil de disolucién y determinar la variacién de
la biodisponibilidad, es una técnica ampliamente conocida en la industria
farmacéutica y profusamente tratada en la bibliografia disponible.

Los eventuales problemas de disoluciéon o biodisponibilidad de sustancias
farmacéuticas pueden ser solucionadas mediante ia disminucion de su tamano
de particula, a través de métodos y procesos y mediante equipos de uso comun
en |a industria farmacéutica.

De igual manera, frente a dificultades de disolucidn o biodisponibilidad es
logico y comdn acudir al empleo de auxiliares de formulacion que mejoren o
faciliten la disclucién.

Las técnicas empleadas para la preparacion de farmacos en casos como el
estado amorfo implican generalmente la alteracién de su estructura en el
estado sblido, pasando de una red cristalina de organizacién definida y con un
drea superficial establecida y relacionada al tamafio de particula, a una
estructura no cristalina ni definida que por caracter de organizacion especifica,
presenta un incremento notabl3 del area superficial, lo que favorece el aumento
de 1a velocidad de disolucion de estas formas frente a las cristalinas.

La bibliografia especializada da cuenta de ta posibilidad de mejorar |a
solubilidad de farmacos pocos solubles, mediante técnicas de modificacién de
su estructura cristalina.

También la bibliografia disponible cuenta con numerosos ejemplos que
demuestran que el emplear un farmaco en diferentes grados de solvatacién o
de hidratacién, es un procedimiento ampliamente conocido para modificar la
velocidad de disolucién en agua y por consiguiente la biodisponibilidad y la
estabilidad.

Conclusiones extraidas del documenta técnico original entregado en Octubre de 2003.

Sin otro particular, cordialmente

Départamento de Rarmacia
Universidad Nacional de Colombia

o

TELEFONOS: 316 5080 - 316 5045 - 316 5285 « CONMUTADOR: 316 5000 EXT. 14640 - 14641 - 14610 = FAX: 316 5060

A A. 14490 » BDGOTA, 0 C - COLOMBIA
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DEPARTAMENTO DE FARMACIA

458
UNIVERSIDAD. NACIONAL DE COLOMBIA
FACULTAD DE CIENCIAS 5 b@ \

" " CONCEPTO TECNICO SOBRE:

Tamano de particula de farmacos y su relacion
con la Biodiponibilidad y la Bioequivalencia de
los Medicamentos

Métodos para reducir el tamafio de particula de
- farmacos

!

ELESCMES
3163080 - 31465045

FAX ADARTARQD ACRED
3163240 12490
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CAPITULO 1

CONTENIDO :

1. Introduccion : Generalidades de las formas farmacéuticas sdiidas.:
caracteristicas del tamafia, morfologia y distribucién de tamaiio,
definiciones no oficiales dal tamano de particula, informacién de
equipos utilizados en la daterminacion del tamario y distribucién
de tamafio no oficiales en farmacopea. tablas de catalogacion del
tamanio no oficiales en farmacopea, aspectos biofarmaceuticos de

1a solubilidad del farmacao en el agua

2. Efecto de las Propiedades Fisicoquimicas del Farmaco sobre la
Velocidad de Disolucion
Solubilidad del farmaco, formacion de la sal, tamaiio de particula, efecto
del tamarfo de particula sobre la solubilidad, estado cristalino del
farmaco
Polimorfismo.

3 Distribucion del tamafio de particula:
Representaciones de la forma de ias particulas, tamafio y distribucidn,
El problema del muestreo de sdlidos en polvo, determinacién por
tamizado analitico, tabla comparativa de tamarios de particula de varios
materiales. Analisis por tamizado.

4, Determinacion de las propiedades de los poivos en el laboratorio:
Analisis por tamizado, , método experimental, determinacién de
las propiedades de flujo, método experimental, densidal real, global y
apisonada, tabla comparativa d los tamices con sus aperturas
nominales, tabla de comparacién de I1SO 12013-1 para grados de
polucién con polvos.

28



FORMAS FARMACEUTICAS DE DOSIFICACION SOLIDAS
Son sistemas unitarios de entrega del farmaco para administracién oral y/o peroral.

Estos sisternas de entrega de farmacos comprenden: tabletas, capsulas, grdnulos y
("sachets” { “Dry syrups’)

VENTAJAS DE LOS SISTEMAS

Constituyen la forma de dosificacién' mas utilizada por:
a) la exactitud y flexibilidad en la dosificacion det fammaco
b) constituyen la forma de dosificacion mas utilizada
¢) mayor estabilidad fisica y quimica
d) permitr la versatibilidad en su formulacién facilitando ef controf de liberacion del farmaco
e) permitir el control de las caracteristicas organolépficas del farmaco
f) facildad de adminisiraciin
g) permitir su fabricacién a gran escala reducen los costos de elaboracidn

DESVENTAJAS DE LOS SISTEMAS

a) Problemas de bicdisponibiidad causados por deficiencias en su formulacion, en el
empaque o en su almacenamiento.

b) Problemas de deglucién y potencial efecto de la imitacién de la mucosa gastrointestinal
causado por algunos farmacos.

CARACTERIZACION DEL TAMANO, MORFOLOGIA Y DISTRIBUCION DEL TAMANO DE
PARTICULAS

Durante e} desarmollo de un nuevo Farmaco la caracterizacién de su estado sélido juega un papel
importante en la seleccidn de la forma quimica ( e]. base fibre o su sal), la forma fisica ( estado
cristafino), el tamafio de particula y su morfologfa, la porosidad, la superficie especifica y las demas
propiedades fisico quimicas.

La seleccion de las propiedades fisicas del farmaco contribuyen al logre de la caldad
biofarmacéutica en sus aspectos de biodisponibilidad y en el aseguramiento de la cinética de
iberaci6n requerida de! famnaco. Ademés, las propiedades mencionadas, desbe recordarse que en
la formuiacién de un sistema de entrega:del farmaco sélida unitaria, se requiese asegurar la
untformidad de contenido y la estabilidad dai sistema de enfrega.

De acuerdo can el cancepto del Doctor Harry G. Britain asesor de la USP y director del Centro de
Fisica Farmacéutica en Mitford, N.J., el concepto de tamafio de particula esta Intimamente ligada a
los aspectos de forma y marfologia, porque el diametro de particula involucra los factores de forma.
Si tenemos en cuenta esta afirmacién, no es posible considerar el tamafo de una particula o
cualquiera distribucién asociada con los tamafios de un conjunto de particulas sin la consideracion
primaria de las caracteristicas tidimensionales de la particula en si. Esto obedece altamario de la
particula que se expresa en tanto en términos de dimensidn lineal dervados de su forma o en
tarminos de su superiicie proyectada o su volumen. Como podra apreciarse algunos métodos
expresan el tamafio de particula sin tener en cuenta el concepto de la forma y en su lugar lo
expresan en términos de algun tipo de tamafio equivalente al esférico.
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Como ejemplo: el didmetro de superficie es el ddmetro correspondiente a una esfera que tiene la
misma 4rea superficial de 1a particula y el didmetro de volumen se define como ei volumen de una
esfera que tiene el mismo volumen de la partfcula,

La Farmacopea Americana en el capftulo (776) de Pruebas Generales, comrespandiente a
Mcroscopia optica , define y describe los pardmetros de forma de las particulas.

El tamafio de particula consftuye un aspecto importante en el desamolio de un medicamento en
forma sdfida puesto que esta propéiedad, constiluye uno de los factores determinantes de su calidad
biofarmacéutica de las formas sélidas unitaria:s para administracién peroral.

En la actualidad se dispone de muchos métodos para ta determinacién del tamafio de particulas y
su distribucidn de tamafio.

Desafortunadamente las farmacopeas no definen el tamafio de particula denominado sub-tamiz y
se [imitan tan solo a presentar pruebas generales para la determinacion del tamafio por el método
de tamizado analftico. Este método oficial en las Farmacopeas tan solo permide cataiogar particulas
con un tamano minimo de 45 ym. Sin embargo, la edicidn 26 de la Farmacopea Americana en el
capitulo (811) Para la determinacién de ia finura de los polvos, describe un método para
determinar la finura de poivos sub-tamiz, por medio de la permeacién de aire para tamafios
comprendidos 0.2 y 50 ym.

La Farmacopea americana en capftulo (776) Microscopia Optica establece que este sistema se
apiica a tamafios de particula comprendidos entre 0.5y 100 pm.

Hasta la fecha ninguna de las farmacopeas tienen un capitulo dedicado a la determinacién de la
distribucion del tamafio de particulas por medio de medidas de difraccion con Laser.

La Gnica posibilidad que se tiene para la determinacién de tamafios de particula menores a 0.5 pym.
s la ulilizacion de la Norma ISO 13320 para andlisis de la distribucion de tamafio de particula por
difraccién con Laser.

Definiciones de tamaiio de particula no oficiales en las Farmacopeas

Micronizacion:

Proceso de elevada energia para reduccién de tamafio de particuta de farmacos por via seca.
Usualmente el tamafio de un firmaco micronizado comprende el rango de tamafio de 1 a 10 ym.
www.nektar.com/content/glossary

Particuta ULTRAFINA:

Particula con un dametro equivalents < 0.1jm. (IS0 14644-1)
Nanoparticula:

Tamafio: < a 1pm

Particulas portadoras (carriers) sdlidas colaidales, consistentes en compuestos macromoleculares
cuys tamafo varia entre 10y 1000 nanometros (nm)

1\°\dﬁ
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Informacion sobre equipos no oficiales, utilizados en el control de

tamafio y distribucién de tamaio de particulas

LASER DIFFRACTION (Malvern MasterSizer mmd Honeywell X-100)

2 Highly reproducible analysis covering abroed size range: 0.05 pm — 900pm
2 Widely utilized in many industries for quality control and development
2 Analyzes in various carrier fluids as well as dry powders and aerosols

SAMPLE LASER DIFFRACTION
! = PR R S e
! . e ‘/ . t i E . T '—j// :
: : oz

Sample Malvern Sample-l-Toneywell

ULTRAFINE PARTICLE ANALYZER (UPA)

by Honeywell

2 High-resolution sub-micron analyzer with a dynamic range of 3nms to 6.5pms
9 Designed to analyze a wide range of particle concentrations

9 Effectively measures most types of distributions (narrow, broad, monomodal,
multimodal, etc.) :

SAMPLE UPA

ATl
sradaadsalg]

Jog-f

PHOTON CORRELATION SPECTROSCOPY (PCS)

via Nicomp €370

Sub-micron particle size analyzer with 2 range of 3nms to approximately 2 pms
< Classic technology within dve/pigment, emulsion, and protein industries
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AERODYNAMIC PARTICLE SIZE (Aerosizer and BAHCOQ)

Aerosizer (by TSI)
Aaodynmnicaﬂymmmpmﬁdcsizcwiﬂ:ammuhunu‘sqndﬁedmgcd
0.1 ym - 700 pm

Works well with very small amounts of sample

2 Built-in autodispersing unit promotes fisll and reproducible dispersions for all
dry powders

aDtmarm:.l.llsrcportcdmNumbcr Mass, Ares, and Tme of Flight formats on
aither acrodyamic or equivalent spherical dismeter basts.

Nicomp 380/DLS Sub-micron Particle Sizer %—N'COMP

g £hoThe basic Nicomp 381} uses the principle of dynamic
=%s llight scattering o measure the particle size distribution.
Blitis the only dynamic light scattering instrument
ldesigned using a modular approach.
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The American Institute of Chemical Engineers

Catalogacion no oficial de tamaiio de particulas

& oL - B [ ®
B 2 eYiedictiontgiadc <1 °
a ] iy Po « ol ° w®
Coarse >100,000
Medium Coarse 10,000
Medium fine 1,000
Fine 160
Superfine 25 0.025 500
Uttrafine 10 0.010 1,250
Colloid 5 0.005 2,500
EJEMPLO DE AFERTURA DE TAMICES

| STDISO STOUS _ STDTYLER

i 150um No.100 L 100 mesh

| 125um ! No.120 ; 115 mesh '
i 106pm o No.140 . 150 mesh .
: 90um No.170 170 mesh ‘
| 75um No.200 200 mesh

: 63ym No.230 250 mesh

L 53pm : No.270 | 270 mesh !
! 45um ; No.325 i 325 mesh |
! 38um i No.400 400 mesh |
| 32um i No.450 i 450 mesh

P 25um No.500 500 mesh t
| 20um No.635 635 mesh
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LA SOLUBILIDAD ACUOSA DEL FARMACO COMO FACTOR DETERMINANTE DE SU
BIODISPONIBILIDAD

La solubilidad acuosa del farmaco desempedia un papel muy importante en d disetto y formulacion de de los
medicamentos . El profesor Heaning G. Kristensen del Departamento de Farmacia de a2 Escucla Real de
Farmacia de Copenhagen afirma que los firmacos utilizados en medicamentos para uso peroral deben tener
una solubilidad en el agua superior a 10 mg/mL en el rango de pH comprendido entre 1 y 7 , pues delo
contrario, se pueden presentar problemas en su absorcion.

La solubilidad acuosa de un farmaco menor de lmg/mi. presentara una velocidad de digolucién limitada por
cuanto la solubilidad y la velocidad de disolucién estén interrelacionadas.

Segun el profesor Kristensen masdel 40% de los nucvos farmacos aprobados en 1a Farmacopea Europea
entre los afios 1992 y 1995, presentan solubilidades menores a 1 mg/ml y el 32% tienen una solubilidad
menor al 0.1 %.

El planteamiento del Profesor Kristensen coincide con las opinicaes de emitidas por investigadores de
laboratorios farmacéuticos norteamericanos como ¢l Dr. Hauss de Eh Lilly.

Comenta el Dr.Hauss que cerca de la mitad de los nuevos farmacos obtenidos por Quimica Combmatona
tienen una muy reducida solubilidad en el agua.

Los quimicos farmacéuticos de Investigacién y Desarrollo de nuestra industria farmacéulicas estin de acuerdo
cn la afirmacion que se plantea : mis de un tercio de los farmacos hstados en la USP 26 podrian catalogarse
en la categoria de insolubles o muy poco solubles ¢n el agua

ALTERNATIVAS PARA CONTRARRESTAR EL PROBLEMA TECNOLOGICO

Histéricamente fué en la década de los afios 60, qu= se planted que cuando la solubilidad de un firmaco era
inferior a | mg/mL, el tamafio de particula (o drea efectiva de superficic), representaba un factor mportante
a considerar para ascgurar la biodisponibilidad del mismo.

Cabe anotar que con anterioridad a la década de 1os 60, J.G. Rheinold y colaboradores en 1945 cbservaron
niveles plasmaticos més elevados con una suspension de sulfadiazina micronizada { tamafio 1 a 3 mp ) que
aquella que se venia utilizando con macrocristales del firmaco.

Con la iniciacion de las ciencias biofarmacéuticas en la década de los afios 60 s establece |2 mportancia que
tiene la relacién entre las propiedades fisicoquimicas de un frmaco en una forma de dosificacién y la
respuesta terapéutica observada despuss de su administracion.

Si bien la micronizacion del firmaco solucioné parcialmente el problema de biodisponibilidad de farmeco de
baja solubilidad, también caus6 problemas en formas unitarias de administracién solidas por fenémenos de
aglomeracién, problemas de carga estatica con la consecuente segregacion de las mezclas solidas.

Se trabaj6 también en sisteamas de administracitn liquida utilizando alcohol. y/o propilengticol para
solubilizar ol farmaco, el cual precipitaria en particulas micronizadas a nivel géstrico, al diluirse con los
fluidos biclogicos.

Otro sisterna utilizado para subdivisién de firmacos poco solubles en agua y que tienc vigencia, lo
constituyen las [lamadas dispersiones solidas cuya clasificacién coresponde a:

Mezclas eutécticas simples

Soluciones sblidas

Soluciones y suspensiones vitreas
~°  Precipitaciones amorfas en un portador cristalmo

Formacion de compleos

Asociaciones entre algunas de las anteriores

. & & & & O
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En la actualidad los métodos disponibles para incrementar la velocidad de disolucién de farmacos de baja
solubilidad en el agua corresponden a:

Inemento del drea superficial

Formacién de complejos con excipientes

Solubilizacidn wtilizando tensioactivos

Cambio de la forma cristalina por precipitacién con polimeros hidrofilicos
Formulaciones lipofilicas

Preparacion de dispersiones slidas

Formacién de sales de icidos v bases débiles

Utlizacion de profirmacos

Nenoestructuracidn del farmaco por tecnologia criogénica
Comicronizacidn firmaco - tensioactivi

o o &6 0 0 © 0 0 0 &
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CHAPTER 4

Effect of the Physicochemical Properties of the Drug

on Dissolution Rate

Factors that affect the dissolution rate of
dosage forms can be classified under three
main categories; first, factors relating to the

* physicochemical propertiesof the drug;sec-

ond, factors relating to the dosage form; and
third, factors relating to the dissolution ap-
paratus and the test parameters. The physi-
cochemical properties of the drug substance
that affect its dissolution rate include solu-
bility, particle size and crystalline state
such as polymorphism, state of hydration,
solvation and complexation.

Other physical properties such as densi-
tv, viscosity and wettability contribute to
the general dissolution problems of floccu-
lation, flotation and agglomeration. Ad-
sorption characteristics of the drug have
also been found to have a significant effect
on the dissolution of certain drugs.

Drug Solubility

Solubility of the drug substance plays a
prime role in ¢ontrolling its dissolutian
from the dosage form. According to the
modified Noyes and Whizney equation

DS

R—E?=kh( —c) =k (c,—¢,)
(4-1)
and, under sink condition
R=—=lyx, (4-2)

dt

The above equations show that the aqueous
solubility of the drug (¢c,) is the major factor
that determines its dissolution rate. Ac-
cording to Eq 4-2 2 plot of R, the dissolution
rate, vs ¢, should yield a straight line which
passes through the origin and has a siope
equal to ka.

Hamlin, et alf,! studied 45 compounds
representing many different chemical class-

esand a wide range of solubilities to demon-
strate that the initial dissolution rates of
these substances directly are proportional
to their respective soclubilities. Under their
experimental conditions, the authors found
that, R = 2.24¢,. Using this empirical rela-
tionship, it was suggested that it is possible

" to predict the approximate initial rates of
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dissolution of a broad range of compounds
when their solubility values are known.
Furthermore, the solubility data may be
used as a rough predictor of the likelihood
of any future problems with biocavailability.
For example, it has been advocated- that a
minimum aqueous solubility of 1S is re-
quired to avoid potential solubility-limited
absorption problems. Parrott, et al,3 inves-
tigated the effect of solubility of benzoic
acid on its dissolution rate from compressed
tablets. Figure 4-1 shows that the dissolu-

Q.040

0.030

Q.020|-

Rate of Dissolulion

G010 |-

o 1 I
Q.10 Q.20

Mcles / Liter
Flg 4-1. Influence of the solubility of benzoic acid
on the dissolution rate in sodium sulfate soluticns.
[Reproduced from Parrol, st al, J Pharm Sci, 44,
269 (1955).]
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duced from Nicklasson, et al, Acta Pharm Suec,
15,25 (1982).]

tion rate of the acid was dependent linearly
upon the solubility of the acid in the partic-
ular solvent as would be expected theoreti-
cally from Eq 4-2. Later findings by Nelson
ard Shah' and Nicklasson, et al,5 con-
firmed the close association between the
in-rinsic dissolution rate of the drug and its
solubility. Figure 4-2 shows a log-log plot of
ths solubilities of several drugs vs their cor-
responding intrinsic rates of dissolution at
ininite rotation speed. It is evident from
the graph that compounds with high solubil-
itizs exhibit significantly higher dissolution
rares.

Solubilities of drugeompoundsin various
acueous/organic solvent svstems also have
bezn of interest in dissolution studies espe-
cizily during the preformulation staze Dis-
seoation rates of cholesierol have bLeen
sthwn to be proportional directly o the
mezasured solubilities in organic solvents.’
Nicklasson and Bredin? suggested that for
very poorly soluble drugs, it might be pref-
erable to use solvent mixtures during the

log solubility, mg/mL™!

Dissolution, Bioavallabilily and Bicequivalence

+2+

+
—-
1

o
]

1
—_
I

T T 1 i 1 i

-4 -3 -2 - o) +1

. log k,.mg.cm=2, 5-!

Fig 4-3. Relationship between solubility and intrin-
sic rate of dissolution for different substances in
the water-ethanol binary system. The symbal with-
in parenthesis denotas the solubility data obtained
tor dextropropoxyphene napsylate in ethanol after
20 hr. {Reproduced fram Nicklasson, and Brodin,
Int J Pharm, 18, 149 {1984).]

Key: O, alaprociate hydrochionds; A, daxtropropozyphena
napsylals; ©. oxazepam.

early formulation stage of new drug candi-
dates, instead of increasing the aqueous
sink volume. The authors studied the solu-
bilities and intrinsic dissolution rates for
alaproclate hydrochloride, oxazepam and
dextropropoxyphene napsylate in binary
mixtures of water and ethanol. Figure 4-3
shows that a log-log plot exhibits a linear
relationship between the soluhilities and
the corresponding intrinsic dissolution
ratas with a slope of 1.0.

Investigation of the effect of neutral ionic
and nonionic compounds on the sclubilitv
and dissolution rates of drugs have also
been conducted. Parrott, et al? observed

————

= & &

©

(3t

&%

-

-

of
9




“aar .-

o

P (RS

—

4

14

— NPT " P
[

]

Factors Aliecling the Rate of Dissolution

S
et
(=
201 el
y L
5 10 .-5\%“"(‘0
5 [~
g \.0““(
a S o
L
:
E
5
E 1 1 ] 1
20" 30 40* 50°
Tempern:rlure
a
9 o
8 -
o T
x el
9 st
-
S a4
Y
g3
| 6
2
1 -
o 1 1 1 1

that the dissolution rate of benzoic acid de-
creased when various coacentrations of so-
dium chleride, sodium sulfate and dextrose
were added to the dissolution medium. So-
dium chloride was noticed to have the least
effect, and sodium sulfate the greatest ef-
fect on decreasing the dissolution rate. Ad-
dition of urea, on the otker hand, enhanced
the dissolution of benzoic acid, probably
because of complex formation. The effect of
sodium chloride on the solubility and disso-
lution rate of triamcinolone acetonide was
investigated by Block and Patel? The au-
thors confirmed Parrott’s finding as they
noted a marked decrease in both solubility
and dissolution rate of the drug in potassi-
um chloride solutions (Figs 4-4a and 4-4b).

* !
0 02 04 086 08 1.0
Potassium Chioride, M

c

Fig 4-4. a: Solubility of triamcinglone acetonide in
dissolution media containing potassium chloride,
as a function of temperature. b: Triamcinolone
acetonide dissolution in potassium chioride solu-
tions at speed 7 (308 rpm) and 28°, plotted in
accordance with the integrated form of the modi-
fied Noyes-Whitney equation. ¢: Setschenow plots
for riamcinolone acatonide in potassium chloride
solutions. [Reproduced from Block and Patel, J
Pharm Sci, 62, 617 {(1973).]

“Salting out” coefficients were caleulated

“using the empirical Setschenow equa-

tion!®!! for the effect of an electrolyte on
the solubility of a nonelectrolyte

log S¢/S = ke {{-1)

where Sp is the solubility of the nonelectro-
lyte in pure solvent, S is the solubility of the
nonelectrolyte in the electrolyvte solution of
a given molar concentration ¢, and & is the
salting-out coefficient. Setschenow plots of
the solubility data are shown in Fig 4-4c,
along with the respective slopes (k values)
for each system. The values ranged from
0.3-0.4, which significantly are higher than
those previously reported!? for other non-
electrolytes such as diacetone aleohol (0.03—
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0.14), mesityl oxide (0.02-0.18) and certain
barbituates'3 (0.04-0.21). The salting out
effect, however, tends to decrease at higher
temperatures. ’

Salt Formation

Salt formation is one of the most common
approaches used to increase drug solubility
and dissolution rate.!'*19 Higuchi, et al,14
reported increased dissolution rates for
benzoic acid when certain bases and buffers
were added to the agueous solvent. Nel-
son'? studied the dissolution rates of several
weak acids and their sodium salts in aque-
ous selutions having pH values correspond-
ing to those of the gastrointestinal fluids. In
all cases, the dissolution rates of the salts
were greater than those of the free acids.

It should be pointed out, however, that
after attaining a certain value of base
strength, the dissolution rates of solid weak
acids become essentially independent of the
base concentration. Instead, it becomes a
linear function of the product of the base
concentration and the base diffusion coeffi-
cient. Higuchi'®!? showed that in most
cases the diffusion-controlled dissolution
behavior of monophase solids in reactive
media may be predicted by knowledge of
the appropriate solubility equilibrium and
the effective diffusion coefficients of the
species in solution (the diffusion coeffi-
cients for most drugs of similar density
would not expect to vary greatly?® since the
diffusion coefficients vary approximately
a3 the cube root of the molecular weight,
according to the Stokes-Einstein equation).

For situations involving more than one
phase,'®13 such as when dissolving disks
exhibit simultaneous surface deposition of
new phases, the problem becomes complex.
In these cases, Higuchi'® showed that there
anpeared to be two kinds ol dissolution be-
havior for the sodium salt. When the buffer
concentration was high and the o was low,
an acid coat may form after a brief peried
and the dissclution rate becomes similar to
that o7the acid phase iizell. In Fig 4-34, the
solubility results for toluzamide acid in

~
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o
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log solublility (M) + 4
o

05 10 15 20 25 30
log Initlal {HPO ¢ /H,PO 7 142

[ (¥

—

Dissolution rate {moles sec™'em—2 ) x{0*

1 1 1 1
02 04 06 08 10
Solubility, melarity X102

b

Flg 4-5. a: Solubility of tolazamide acid at 30°C as
a function of the bufler salt-to-acid ratlo. Total
butfer concentration i3 0.10M. Smooth curve is
theoretical curve based an (HA)y = 2.1 X 10~'M
and K = 9.0. b: The dissolution rates of tolazamide
acid (circles on solid line) as a function of the total
solubility, C;. The dissolution rates of sodium tolaz-
amide [n the same buffer following surface con-
version to the acid are given by the circles on the
broken line. [Reproduced from Higuchi, et al, J
Pharm Sci, 54, 8 (1965).]

phosphate buffers are presented as a func-
tion of the initial (HPO,2")/(H,PO,~) ratio.
The smooth curve is theory based where
(HA)p is the solution concentration of the
unionized tolazamide acid in equilibrium
with the solid and K is defined by the equa-
tion

K
Ha + HPO,> = H,P0,” + A~

In Fig 4-5b the dissolution rates of scdium
tolazamide in 0.1M and 0.2M phosphate

&
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buffers are plotted as a dashed-line and
compared with the data from the tolaza-

mide acid experiments. These values were

within a factor of 2 of the rates for tolaza-
mide acid. Thus, the coat which formed
over the sodium salt phase must have been
relatively impermeable to diffusion, and to
some extent, it must have been “self-heal-
ing” as it dissolved away.

Higuchi!? reported another kind of be-
havior which occurred in the intermediate
region, when the impermeable coat of the
redeposited acid on the .disk surface dis-
solved and dissolution appeared to occur
simultaneously from both phases and flak-
ing became noticeable. Finholt and Sol-
vang?! noticed that initially the same high
drug concentration was obtained for both
the sodium salt and free ecid of phenobarbi-
tal in tablets using 0.1.¥ HC! and diluted
human gastric juice. However, the precipi-
tation of the free acid in 2xcess of solubility
took place at a much slower rate in gastric
juice than in HCl acid, probably because of
the presence of surfactants.

The preceding results have a large bear-
ing on the question of the relative availabil-
ity of solid acidic drugs and their more solu-
ble sodium salts. It has always been
assumed that the sedium salts dissolve fast-
er than their corresponding inscluble acids
and consequently hecame the preferred
choice for drug formulators to assure bic-
availability. This may be the case for several
drugs,'? e.g., sodium and potassium salts of
penicillin G, sodium salts of sulfa drugs,
phenytoin and barbituates; however, on
many occasions, the reverse was found to be
true. That is, the dissolution of the sodium
salt was slower than that of the weak acid.
In a comparative study of the dissolution
rates of phenobarbital and its sodium salt,
Solvang and Finholt? found that the rate of
dissolution of the sodium salt was consis-
tently less than the acid form both in 0.1N
HCI and diluted human gastric juice. The
wet granulation and compreassion processes

~“decreased the dissolution rate of the pure-
sodiura salt, while they increased that of

SV 4

phenobarbital acid. The increase, in the
case of the acid form, was more pronounced
in diluted gastric juice than in Q.IN HC,
mainly because of the lower surface tension
of the gastric juice and therefore its better
wettability and solvent penetration charac-
teristics. The reason for the lower tablet
dissolution rate of the freely soluble sodjum
phenobarbital, as compared to the tablets
of the poorly soluble acid form, was the
result of the difference in disintegration
time. Although the sodium salt tablets dis-
integrated rapidly in water, they did not
disintegrate in the acidic media; instead,
they swelled and dissolved slowly from the
surface. The phenobarbital acid tablets,
however, disintegrated very rapidly in acid-
ic media as well as in water.

Solvang and Finholt tried dry granula-
tion {or direct compression) in order to in-
crease the dissolution rate of the sodium
phenobarbital tablets in the acidic media,
but no improvement over the wet granula-

‘tion procedure was observed. The situation

is similar for weak base drugs. Strong acid
salts, such as the hydrochlorides and sul-
fates, are the most common forms used for
weak bases such as epinephrine, tetracy-
cline and alkaloidal bases due to their high
solubility. However, Mivazaki, et af,2 con-
firmed that the frge bases of chlortetracy-
cline, demethylchlortetracycline and meth-

>

5

acycline were more soluble than the

corresponding hydrochloride salts at the
gastric pH values, due to the common ion
suppression of the solubility product equi-
librium. Furthermore, the free bases of
chlortetracycline and methacycline, yield-
ed higher drug levels in the body fluids of
rats and humans than the hydrochloride
salt, indicating better bioavailability.2¢
The suppression action of the common
ion effect on solubility and dissolution rate
was also demonstrated®® for papaverine
HCl. Using an acetate buffer, the solubility
of the salt increased with decrease in pH as
is normally expected for weak bases. How-
ever, when a HCl-sodium acetate buffer was
employed, a solubility maximum was ob-
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Flg 4-8a. Effect of sodium chloride concentration
on the aqueous salubility of papaverine-HC! at
37°C. [Reproduced from Miyazaki, et al, Chem
Pharm Bull, 29, 3414 (1981).]
fay: -Q=-, water; -0~ 0. INHC.

Concn In soln. {mg/mL)

1 2 3 4 3
Tima {he}

Fig 4-6b. Dissolution behavior of papaverine—HCI
i 0. 1N HC1 at 37°C, In the presence and absence
of sodium chioride. [Reproduced from Miyazaki, et
al. Chem Pharm Buil, 29, 3414 (1981}.]

Xey: ~O-, 0.1N HGL ~a-, 0.5% NaCl in 0.1N HCi -O-,
3.9% NaClin 0 LN HGI

tained at pH 3.7. Similarly, the dissolution
rates of the free bases of papaverine, trihex-
«phenidyl, and isoxsuprine, were much
higher than the hydrochloride salts at the
pH range of the stomach (pH 1.0-1.4).
Mivazaki, et al,™ confirmed the inhihbt-
tory zction of the chiord2 won on the solu-
bilitv and disselution rate of papaverine
HCl not only tn vicro {using a medium rich
in chloride ion) but also in cive. When the
drug was administered to rats with 0.89%
NaCl, it resulted in a decrease in the drug-

~

I
HF q% I
T+ T
= ~ -
% {_% % = _
r 2 3 & 5 &
Tima (hr)
Fig 4-6c. Effect of chloride ion on the plasma drug
levels following oral administration ot papaverine—
HCI suspensions to rats. [Reproduced from Miya-
2aki, ot al. Chem Pharm Bull, 29, 3414 (1981).]

Key- 0. water, [3, 0.9% NaCl.

r
l

Y

[

Plosma conen.{ug/miL)
@

AN —

blood level from that obtained when the
drug was administered alone. The authors
interestingly, suggested that it may be pos-
sible to formulate sustained release prepa-
rations of papaverine HCI by combination
with NaCl (Figs. 4-6a, 4-6b, and 4-6¢). The
common ion effect was also demonstrated?
for other amine hydrochloride salts such as
phenazopyridine HC, cyproheptadine
HCl, and bromhexine HC!. These findings
are of extreme importance for the research
pharmacist who has to decide which form of
the active ingredient to use in formulating a
new drug.

Concerns over slow dissolution and poor
bioavailability traditionally have been lim-
ited to the sparingly soluble free acids. Ac-
cording to the above discussion, the con-
cerns should be extended equally to the
freely soluble salts as well. This also points
to the importance of selecting the proper
dissolution medium, if a meaningful in vi-
trofin vivo comparison is sougnt.

Parlicle Size

Equation 4-1 shows a direct relationship
between the surface area of the drug and its
dissolution rate. Since the surface area in-
creases with decreasing particle size, higher
dissolution rates may be achieved through
reduction of the particle size. Undar sink
conditions, according to Eq +-2, a plot of
dissotution raie vs time sheuld give a
straight lire with a slope of k. However,
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Factors Aftecting the Rate of Dissolution

given various samples of the same drug with
different particle sizes, the number of drug
particles and hence the surface area would
differ. This in turn results in a difference in
the dissolution rate constant k. Conse-
quently, Wagner® related the apparent
first order kinetics under sink conditions to
the fact that a percent dissolved value at
time ¢ may be equivalent to the percent
surface area generated at thesame time, i.e.,
the first order kinetics actually is not due to
dissolution per se, but rather to the distri-
bution of the available surface area, which is
dependent on the drug particle size. )
The effect of particle size has been dem-
onstrated by the superior dissolution rate
and higher absorption efiiciency observed
after micronization, as opposed to the regu-
larly milled form, of certain sparingly solu-
ble drugs such as griseofulvin, 3 chloram-
phenicol®® and various salts of tetracy-
cline.3* Review articles on the effect of par-
ticle size on.drug availability have been
published by Levy® and Fincher.®
Reliable investigation of the particle size
effect on the dissolution of sparingly soluble
drugs has, on many occasions, been hin-
dered by the problems of flotation and floc-
culation. Finholt, et al,378 could not differ-
entiate dissolution rates of different
particle size acetylsalicylic powders in 0.1V
HC! containing 0.2% polysorbate 80. Lin, et
al® also encountered similar problems in
their attempt to establish a rank order in
the dissolution rates of different particle
size powders.
Ismat Ullah and Cadwallader*® designed
a special dissolution apparatus to overcome
these problems and were able to establish a
rank order for in vitro dissolution times of
different particle size salicylic acid powders
(Fig 4-Ta). In studying the effect of particle
size reduction on the dissolution rate of
griseofulvin, Ismat Ullah and Cadwal-
lader*! reported that the presence of a sink
phase (e.g., organic solvent) and the intro-
duction of samples in the form of suspen-
sions were necessary to obtain appropriate
rank order in the dissolution rates of mi-

weight {g.) in solulion

Q- 15 30 45 50 75 90
Minutes
Flg 4-Ta. Effect of particle size on dissolution of
salicylic acid under sink conditlons using four pro-
pellers at 30 rpm and 37°C. [Reproduced from
Ismat Ullah and Cadwallader, J Pharm Sci, 59, 979
(1970).]

Key: O: 200/230 mesh: a, 120/ 140 mesh; O 60/80 mesh; &,
40/60 mash; O, 20/30 mash
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Flg 4-7b. Plots of Wt'/ vs time. {Reproduced from
lsmat Ullah and Cadwallader, J Pharm Sci, 60, 230
230 (1971}).] :
Key: A, tequiar milled griseofubvin powder; A, micronlzed

cronized and regularly milied powders. The
authors were able to plot their data, accord- ;
ing to a modified Hixson and Crowell cube
root law in order to obtain dissolutic 1 rate
constants for two different particle size
griseofulvin powders (Fig 4-ib). Regarding
the effect of particle size on the dissolution
of granules and tablets, Finhoit, et al¥
showed that a rank order can be established
for the dissolution rates of phenobarbital
granules manufactured from different size
powders (Fig 4-8a). Similarly, Solvang and
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Amounl dlesolved (mgin 300mL}

T2 3 4 3 & 7 8 3 w
Timel{minutes)
Fig 4-8a. Elfect of particle size of phencbarbital
ondissolution rate of the drug from granules. [Re-
produced from Finholt, et a. Medd Norsk Farm
Selsk, 28, 17 (1965).]
Key: @ particle size, 0.07-0.15 mm; A particle size, 0.15-

0.25m; A partcle size. 0.25-0.42 mm; O particle sire, 052~
9.71 mm.

200[- Q-0 15mm A ——

Amounl dissolved img ln 1I00mL)

10 29 hle) 40 50 80
Timve (mlnuras]

Fig 4-8b. Effect of particle size af phenobarbital
on dissolution rate of the drug from tablets, In
diluted gastric juice (surface tension 40.5 dynes
cm™', pH 1.50). {Reproduced from Solvang and
Finholt, J Pharm Sci, 59, 51 {1970).]

Finholt*? demonstrated the same pattern
for phenobarbital tablets (Fig 4-8b). Tulad-
har, et al,%3 however, pointed out that con-
trol of particle size of the drug substance
may not be sufficient to control the disscly-
tion rate of the drug from tablats if particle
bonding or crushing of the drug occurs dur-
ing the tableting process.

In additivn, it has been found that mi.
cronization of sparingly soluble drugs to re-
dJuce particle size, is by no means a guaran-

tee of better dissolution and bicavailability.
Micronization of hydrophobic powders, as
Finholt" found, can lead to aggregation and
flotation when the powder is dispersed in
the dissolution medium. Létter, et al,* also
found that for drugs that are more hydro-
phobic than the ones studied by Finholt,
larger aggregates and clusters of particles
can exist even in the drug powder before
compression. Furthermore, these clusters
or aggrepates are not dispersed easily in the
dissolution medium as they tend to float to
the surface or settle to the bottom. As a
result, widely divergent data for the same
drug may be obtained between different
studies and within the same study. It should
be recognized, therefore, that the mere in-

crease in the surface area of a drug does not, -

always guarantee an equivalent increase in
dissolution rate. Rather, it is the increase in
the “effective” surface area, or the area ex-
posed to the dissolution medium, and not
the absolute surface area that is directly
proportional to the dissolution rate. Fin-
holt, et al,% raised this point after he dem-
onstrated that the dissolution rate of aspi-
rin, phenobarbital and phenacetin powders
actually decreased after reduction of their
particle sizes. This was explained by the

fact that because these drugs have hydro--.

phobic surfaces, they tend to adsorb air at
the surface and inhibit their wettability.
Increase in the surface area causes a parallel
increase of the air adsorbed and a decrease
in the surface area available to the dissolu-
tion medium and, therefore, the dissolution
rate decreases. This inhibitive effect, how-
ever, could be eliminated by evacuating the
surface of the tablets from all adsorbed air
as Wurster and Seitz*® have shown, or by
adding a trace amount of a surfactant to the
dissolution medium, which does exactly the
same as the evacuation process by lowering
the interfacial barrier™ (Fig 4-3a). In the
case of granules or tableis made from these
drugs, nowever, Finnolt3” showed that the
reduction in the particle size of the drug
generally causes a significant increasa in the
dissolution rate (Figs 4.0 and £-9¢). This

B
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125} [

Amoun! dissolvad{mg In 50CmL)

i 1 1
I 2 3 4 5 & 7 8 9% 10
Time (rricutes}

Flg 4-9a. Elfect of particle size on rate of dissolu-
tion of phenacetin. [Reproduced from Finhoit, et
al. Medd Norsk Farm Selsk, 28, 17 {1966).}

Kay: Q particls size, 0.11-0.15 mm; O particla size, 0.15-
0.21 mm; A particls size, 0.21-0.10 mm; © particls size,
0.30-0.50 mwn: O particle size. 0.50-9 71 mm; — dissolution
medium; 0, 1N HCL: - - - dissolution medium, 0.1N HCI con-
taming 9.2% Tween 80.

was explained by the suggestion that mix-
ing of the drug with the usual hydrephilic
diluents and with subsequent granulation,
makes the surface of these hydrophobic
drugs more hydrophilic. In vive conditions
also exhibit excellent watting properties
due to the presence of natural surfactants,
such as the-bile salts, and this allows the
increase in the effective surface area with
particle size reduction of the drug. Fin-
holt's?" findings agreed with previously
published data by Kornblum and Hirs-
chorn' who compared the dissolution rates
at pH 1.2 of a spray-dried and air-attri-
tioned quinazolinone compounds. The au-
thors found that the air-attritioned powder
with particle size of 1-5 um, dissolved more
slowly than the spray-dried powder with
particle size of 1-15 um. The data was alzo
substantiated more recently by Macek'? in
1975, and by Brossard+8 in 1981.

Also, physical properties of the drug par-
ticles other than size, though indirectly, in-
fluence the effective surface area by modi-
fying the shear rate of the fresh solvent that
comes in contact with the solid. These prop-
erties include the particla shape and the
density. Hanson'? discusszd the flow-dy--
namics effects on the surface area and cau-
tioned that in some cases mutual interfer-

-
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Amount dissolved {imglIn 500mL}

Time{minules)

Fig 4-Sb. Etfect of particie size of phenacetin on
dissolution rate of the drug from granules. [Repro-
duced from Finholt, et af, Madd Norsk Farm Selsk,
28,17 {1966).}

Key: O panticte size, 0.11-0.15 mm; 4 parucle siza, 0.15-

0.21 mm. 4 particle size, 0.21-0.30 mm; O pacticle siza,
0 30-0.50 mm; © particle size, 0.50-0.71 mm.
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Amounl dlssolvad img in 500 mL )
g 8
1 [

8

1 2 3 + 5
Tima{minutes)

Fig 4-9¢. Effact of particle size of phenobarbital
on dissolution rate of the drug from tablets. [Re-
produced from Finholt, et al, Medd Norsk Farm
Seisk, 28, 17 {1966}.]

Key: O particks s1ze, 0.07-0.15 mm: A particle size, 0.15-

0.25 mm; A particte size, 0.25-0.42 mm; © particle size,
0.42-0.71 ramn_

ences in the motion of particles, changes in
electrical potential between particles, mo-
lecular layers of solvent tightly bound
around particles, as well as many other in-
fluences, can retard dissolution upon reduc-
tion of particle size. Therefore, the common
generalization that size reductior of drug
purticles enhances dissolution should aot
be accepted without qualification and cau-
tion.



QR

Rt

62 Dissolulion, Bloavallabllity and Bioequivalence

Eftect of Particle Size on Solubility

Another mechanism by which the reduc-
tion in particle size improves dissolution is
through enhancement of the drug solubility
{¢,). It should be pointed out that Eq 4-1 has
an inherent limitation in assuming that e, is
independent of the particle size. Actually c,
and the surface area can be correlated by
the Ostwald-Freundlich equation

MY 1 a
ln - eee— gy —— = — -
S PRT r r (4-4)
where
- MY
PRT

and M is the molecular weight, p is the den-
sity, ¥ is the interfacial tension or surface
free energy of the solid and r is the radius of
the particle.

From Eq 4-4, it can be shown that

S=8.-e (4-5)
Equation 4-5 shows that the log of solubility
is inversely proportional to particle radius.
Therefore, S can be viewed as the solubility
of the micro particles while S. can be
viewed as the solubility of the macro parti-
cles. However, it is obvious that the particle
radius has to be reduced to a micro level
before it can effect a change in solubility.
This extreme reduction in particle size usu-
ally cannot be achieved through regular
milling or even micronization procedures;
however, other methods have been recom-
mended. One of these methodsis the forma-
tion of a ““solid-solution” or “molecular dis-
persion” where the molecules of the
sparingly soluble drug are either dispersed
interstitially in a water-soluble drug or re-
placed in its crystal lattice.

Another technique which also produces
extremely small particles, but still larger
than those produced by a solid solution. is
b disversion ef the drug into a soluble car-
rier such as a poly~inylpvrrolidine solution.
These techniques usually are utilized for
the enhancement of the dissolution rate of
inseluzle drugs and will be discussed later
in more detail {Chapter 11).

Crystalline State of the Drug

The solid phase characteristics of drugs,
such as amorphicity, crystallinity, state of
hydration, solvation, and polymorphic
structures have been shown to have a signif-
icant influence on the dissolution rate. Wil-
dermann® and GrossS! were the first to re-
port on these influences when they noted
that specific crystalline faces produced
changes in the rate of dissolution of certain
compounds.

According to Haleblian,®? crystalline
modification of selid drug substances can
be either polymorphs or molecular adducts.
Solvate forms, stoichiometric types of ad-
ducts, are not molecular compounds but are
identified as cormplexes that incorporate
solvent molecules in their crystal lattice.
Hydrates are the most common solvate
forms of drug compounds. As early as 1931,
Roller3 observed that anhydrous calcium
sulfate has greater agqueous solubility {1.45
times) than the hydrated form. Roller, how-
ever, reported that under certain condi-
tions, the dissolution rate of the hydrate
was higher than the anhydrous form. This
later was disputed because thermodynami-
cally the anhydrous forms of drugs are more
active than the hydrates and consequently,
as shown by Shefter and Higuchi,® the an-
hydrous forms have greater solubility and
dissolve faster than the hydrated forms.

Wurster and Taylor®suggested that Rol-
ler's results may have been distorted by
entrapped air at the particle surface. Also,
insupport of Shefter and Higuchi’s thermo-
dynamic argument, Poole, et al,%5 found
that anhydrous ampicillin has higher aque-
ous solubility and faster dissolution rate
than ampicillin trihydrate (Fig 4-10a). In
addition, bicavailability studies in dogs and
humans shov.ed that the maan blood serum
concentration of anhydrous ampiciilin, fol.
lowing the oral intake of commercial cap-
sules or suspensions, to be higher signifi-
cantly than those obtained for the hyvdrated
crystalline form (Fig 4-10n). Other re-
ports % however, suggasted that Poole's
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Fig 4-10a. Dissclution of ampicillin in distilled
water at 37°C from trade capsule formulations,
inset: Solubility of ampigillin, anhydrous and ampi-
ciflin trihydrate in distilled water at 37°C. [Repro-
duced from Poole, Curr Ther Ras, 10, 292
(1968).]
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Fig 4-10b. Mean blood serum concentrations of

ampicillin in human subjects atter oral administra- _

tion of 250 mg doses of the aral suspensions.
[Reproduced from Poole, Curr Ther Res, 10, 292
{1968).]

50 Z
bioavailability studies were coiducted on

commercial products and thereby formula-
tion factors may have been responsibie for
the differences in tioavailability. In order
to clarify these conflicting reports, Ali and
Farouk’® evaluated the in vivo performance
in man of two identical formulations of pure
ampicillin anhydrate and trihydrate. In ad-
dition, two cornmercial dosage forms of the
anhydrous and-the trihydrate forms were
included in the study. Examination of the
urinary excretion data indicated that ampi-
cillin from the experimental capsules con-
taining the pure anhydrous form {with no
excipients) was absorbed at both a faster
rateand toagreater extent than from either
of the experimental capsules containing the
trihydrate form, or the two commercial cap-
sules. Approximately two times as much
ampicillin was excreted from the pure an-
hydrous form as compared with the pure
trihydrate drug. Nevertheless, the bicavail-
ability of the commercial capsules contain-
ing the anhydrous form was less than that of
the pure experimental drug, but in case of
the trihydrate form, the reverse was true. In
other words, formulation of the drug for
commiercial use has helped to improve the
bioavailability of the trihydrate form, but
decreased the in vivo performance of the
anhydrous form. This may explain the find-
ings of Mayersohn and Endrenyi,? Hill, et
al, % and Cabana, et al.3

Smidt, et al,%0 investigated the dissolu-
tion kinetics of theophylline monohydrate
and anhydrous theophylline in buffer solu-
tions under sink conditions. The study
again confirmed that the anhydrous form
generally dissolves faster than the hydrated
form; however, the course of the dissolution
process of the anhydrous drug was found to
be rather complex. Three phases were iden-
tified: (e) a pretransformation phase in
which the anhydrous theophylline dissolves
at a fast rate, {b) the transformation phase,
during which the dissolution rate drops to
the level of the theophylline monchydrate
dissolution rate, and (c) steady state, at
which the dissolution rate of the anhydrous
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Fig 4-10c. Dissoiution of anhydrous theophylline
n buffer solutions. (A) Direct conversion of the
surface: the surface of anhydrous theophylline is
converted to the monchydrata by immediate reac-
Jon after contact with water. (B) lndirect conver-
sion of the surface: theophylline crystallizes on the
anhydrous surface via diffusicn from a layer of
supersaturation. {Reproduced from Smict, et al, J
Pharm Sci, 75, 497 {19886).]

Kay: (k,) rats constant of dissolufion reaction; (k ;) rate constant
of convective diffusional ransport; (k) fats consiant of suriace
ransformation; (ky) rate constart of crysalllzation.

theophylline equals the dissolution rate of
theephylline monchydrate (Fig 4-10¢). The
presence of theophylline monohydrate
crystals at the dissolving surface was con-
firmed by IR spectrometry and microscopic
examination (Fig 4-10c). Carbamazepine,
an antiepileptic drug that exists in an anhy-
drous formand as a dinydraie, was reported
by Szahl®! to have a crvsialline structure
that is dependent highlv on temperature
and relative humidity. Meinardi, et al,5% as
well as others, % showed that the absorp-
tion from the suspension formulazion of

Dissolved {immaoi)

| ] i

30 €0 90 120 180

Tims{minutes)
Flg 4-10d. Dissolution behavior of carbamazepine
anhydrate {-O-} and dihydrate {-©-) in 0. 1M hy-
drochloric acid. [Reproduced from Kahela, et al,
Int J Pharm, 14, 103 {1983}.]

this drug, where the dihydrate form is used,
is faster than that from tablets where the
anhydrous form is utilized. Although the
fine particle size of the suspension may have
been an important factor, Kahela, et al,58
have suggested that the difference in ab-

sorption might also be attributed partly to-

the different crystal modifications. In their
study of the dissolution and serum levels of
the two crystalline forms (the anhydrous
and the dihydrate) of carbamazepine, the
authors found that when 0.01M HCl is used
as the medium, the dihydrate dissolved
faster than the anhydrous form (Fig 4-10d).
On the other hand, when 0.1% wetting agent
was added to the medium, the dissolution
patterns changed (Fig 4-10e}. Absorption
data also showed that the dihydrate ap-
peared in the serum at a faster rate than the
anhydrous form. These observations of
crystal transformations previously have
been reported by others.88 Alore impor-
tant. the nbservation by Kahela regarding
the inhibiting effect of the surfacrants cn
the crystal growth in agt:eous media was in
agreement with a similar finding by Mous-
tafa, et a8 {or succinvisulfathiazola. Allan,
et ol,"0 too has reported earlier, that eryth-
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Flg 4-10e. Dissolution behavior of carbamazepine
anhydrate (—) and dihydrate (- - - - -~ 1in 0.1M
hydrochlorlc acid with 0.01% polysorbate 80.
[Reproduced from Kahela, ét al, Int J Pharm, 14,
103 (1983).]

romycin dihydrate dissolves faster in a
phosphate buffer of pH 7.5 than the less
hydrated or anhydrous forms. Although
these findings appear contradictory to the
general principle based on the thermody-
namic stability of the anhydrous and hy-
drated forms, the contrast, according to Ka-
hela, et al,® is only apparent. The
wettability of the solid phase and particle-
particle interactions are ihe real reasons for
their findings. In this cass, crystal growth of
the anhydrous forms in 0.1LN HCl, as well as
its transformation in solution to the
dihydrate, which is the only stable form in
aqueous media, are probably the reasons for
the faster dissolution of the dihydrate. In

presence of the wetting agent, the crystal

growth appeared to be inhibited, though
temporarily, and consequently faster disso-
lution for the anhydrous is observed initial-
ly. |

Six crystalline forms of fluprednisolone
were studied by Haleblian, et al."1:"> Of
these forms, three wers anhydrous, two
were monchydrates and cne was a tertbutyl-
amine di-solvate. Figura 4-11 shows that, in
general, the anhydrous forms dissolved
faster than the hydratad and di-solvate

04-

oz2-

Fluprednisoleone dissolved (ing crm-!)
o) o
o @
\\\

05 1.0
Hours
Flg 4-11. Dissolution of varlous phases of {lu-
prednisoione in water at 23°. [Reproduced from
Haleblian, et al, J Pharm Sci, 60, 1485 (1971).]

Key: O, Foemb @, Form i, ©. Form I ¥, a-monchydrale; &,
B-moachydrate: 4, tart-butylamine disolvate.

forms. This in vitro result was also substan-
tiated by an in viveo study where solid pellets
of the drug were implanted subcutaneously '
in the abdominal region of rats. Animal
weight loss and adrenal gland atrophy were
utilized as two biological responses to mea-
sure the drug bioefficacy. Nogami, et al,3 in
1969, investigated the dissolution behavior
accompanying simultaneous phase changes
of p-hydroxybenzoic acid and phenobarhi-
tal which transformed to their respective
hydrates. The maximum concentrations of
the anhydrous forms were 1.5 times the Te-
spective solubilities of the hydrates, mainly
due to a higher initial dissolution that ac-
companies the transformation of the dis-
persed anhydrate to the hydrate form. This
concentration, however, decreases gradual-
Iy until it reaches the equilibrium state.
MNogami explained that this convex curve
shows that the bulk liquid is supersaturated
with respect to the solubility of the hydrate
(Figs 4-12a, 4-12b, and 4-12¢).

It is also interesting to note that, amor-
phous (noncrystalline} forms of drugs, in
general, tend to dissolve faster than erystal-
line materials. Mullins and Macek™ showed
that the amorphous form of novobiocin has
a greater solubility and higher dissolution
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Fig 4-12a. Dependence of apparent dissolution
rate constant, K, of barbital polymorphs in water
‘on the rotating velacity of disk at 30°. [Repro-
duced from Nogami, et al, Che.nt Fharm Bull, 17,
28 (1969).]
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Fig 4-12b. Plots of the reciprocal of apparent
dissolution rate constant, 1/K,,, vs thal of square
rost of rotating velocity at 30°ﬁﬂeproduced from
Nccami, et al. Chem Pharm 8ull, 17, 28 (1969).]

rate than the crystalline form (Fig 4-13a).

laod level studies confirmed such findings
whare administration of the amorphous
form yizlded about 3-4 times the concen-

3
£ 1000
(=
E
° p -hydraxybenzolc.acid
= o o—
2 7.00 (30°)
o
5
o 2.00}
E phenobarbital
|.00 L4 O
) . (209
0 2 4 6

Time(hr}

Fig 4-12c. Dissclution behaviors of anhydrate and
of lts hydrate by dispersed amount method. Sam-
ple amount: p-hydroxybenzoic acid 0.7 g, pheno-
barbital 0.2 g in 50 mL water. [Reproduced trom
Nogami, et al, Cher Pharmn Bull, 17, 501 (1969).]
Kay: —-Q -, Anhydrate; -O -, hydrate.

tration of that found after the administra-
tion of the crystalline form (Fig 4-13b).
Similar differences,™ though less dramatic,
were demonstrated for griseofulvin, pheno-
barbital, cortisone acetate and chloram-
phenicol.

Polymorphism

The existence of polymorphic structures
is another important variant of the crystal-
line forms that can effect greatly the disso-
lution rate behavior of drugs. For thermo-
dynamic reasons,’® compounds that exhibit
crystal polymorphism should possess dif-
ferent fugacities (thermodynamic activi-
ties) that vary according to the crystalline
modification. Accordingly, the dissolution

. tate and bioavailability may depend, to a
large extent, on the dissolution characteris-

tics of the specific polymorphic forms uti-
lized in the formulation. Because many of
the polvmorphic crystalline structuzes ax-
hibit vast ranges of solubility and raiss of
solution, pelymorohism has been a major
source of dose-to-dose variability of the bio-
availabtlity of several drug compounds.

In general, the metastable (kigh activa-
tion energy) pelymorpnic forms have Detter
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a Flg 4-14. Dissolutlon rates of methylprednisolone

Hcg per mb

polymorph L {Q) and polyrmorph Il {O) from rotating
disks (1.27 cm?) as a function of rate of disk
rotation. {Reproduced from Lavy and Procknal, J
Pharm Sci, 53, 656 (1964).]

such behavior to an intrinsic property of the
drug and not to effects caused by a particu-
lar apparatus or methodology (Fig 4-14).
Higuchi, et al,%3! studied this phenomenon
and found a correlation between the rates of
reversion of the metastable polymorphic
form to the stable one during dissolution

=" == ==}

ol R

S

and the crystal growth rates of the stable

=
f‘.f, Hours form (Figs 4-15a and 4-15b). When the rate
':_.:_..'..‘ {No detectiable blood levels wilh crystalline) of the crystal growth of the stable form is
il By b slow, there is a little tendency for polymor-
ﬁ- Fig 4-13. a: Rate of dissolution (as absorbance phic reversion during dissolution. Based on
7 _‘__ values) for various forms ot. novobiocin. b: Blo_od their studies of the dissolution behavior of
E.;'.'.. _ level vs time data for the various forms of navobio- the polymorphic mixtures of sulfathiazole
o cin. [Reproduced from Goldberg, Acadermy of (Fig 4-18) and methylprednisolone in dif-
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Pharm. Sci.. 2215 Constitution Ave., NW, Wash-
ington, DC, 20037. Graph ic based on data from
Mullens, and Macek, J Am Pharm Asso¢ Sci Ed,
43, 245 (1960).).

dissolution than the stable forms. Hamlin,
et al,”? in 1962, showed distinct dissolution
rates for the two polymorphs of methyl-
prednisolone. These differences, however,
disappeared at higher agitation speeds.
Wurster and Taylor® later found similar
results for three different polymorphs of
methylprednisolone. Levy and Procknal™
also confirmed Hamlin’s finding that the
difference in the dissclution rate of the two
polymorphs of methylp:ednisolone disap-
pear at higher agitation rate, and attributed

ferent solvents, the authors proposed their
“mixture theory” to interpret their data
and to provide an explanation for the loss of
sensitivity in distinguishing the difference
in dissolution rates of polymorphs at high
agitation speeds. Figure 4-16a shows a sche-
matic diagram of the three stages {left to
right) of the dissolution process. It is as-
sumed that initially the mixiure is uniform
and no reversion occurs. As dissolution pro-
ceeds by diffusion across the effective liquid
diffusion layer of thickness h, only form /f
dissolves initially, i.e., at time zero C’, the
solution concentration at the tablet bound-
ary and solution interface, is equal to CH,
the solubility of form If. At later times C,"
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Fig 4-15. a: X-ray recording of sulfathiazole form I. b: X-ray recording of sulfathiazo:.: torm Il ¢: Dissolution
rates of sultathiazote (form | and form 1t and mixture of 80% 1and 20% 1i) at two agitation speeds in n-propy!

alcohol. [Reproduced from Higuchi, et al, J Pharm 5

i, 56, 200 {1987).]

Kay: Q. form | (A); &, mixturg (A} O, lom B{AL O, form ! (5% 0, mixtura {51 @ torm 1 (BY; A, dittusion layes hickness = 562X 1877

om. 5. diffusion layar thicknass = 2.94 X 10" em

> C' > C,}, and finally at steady state, {" =
¢, and both forms f and II disselve at rates
proportional to their percentages in the
original mixture. The results of these con-
siderations are illustrated in Fig 4-1€b
where ¢/ is the point where deviation of the
mixture curve from the pure form [f curve
hegins 10 becoma impertant. and t” is the
point at which the rate of dizsolution of the
mivture becomes equal to the rate for pure
form £. Higuchi, et al,® derived the mathe-
matical treatment for the model rhat fits
their data and that of Hamlin's to the theo-

retical equation. Phenylbutazone too, has
been reported to exist in several polymor-
phic forms. Matsumaga, et al8? reported
the existence of three polvmorphs and Ibra-
him, et al® reported four polymorphic
forms. Miller. however, showed that two of
forms reported by [brahim are actually sol-
vates, and reported the axistence ol two new
ones.

Tuladhar, et ¢l 3 prepared and charac-
terized five different polymorphic forms of
shenvlbulazone using differentizl scanning
calorimetry. The authors observed inter-
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Fig 4-16. a: Mixture theory model. b: Comparison
of dissolution rate of the tw) polymorphs and a
mixture according o theory. [Reproduced from
Higuchi, et al, J Pharm Sci, 56, 200 (1967).]

Key: &, 0: A, mixtwre; O, L

conversion between polymorphs on grind-
ing. Based on the equilibrium solubility and
intrinsic dissolution rates data of the vari-
ous polymorphic forms (Fig 4-17), the au-
thors concluded that the dissolution pro-
cess could be described by the Berthoud
model. This medel, which is also known as
the consecutive process concept, was first
proposed by Berthoud® in 1912, and was
then highlighted by Wurster and Taylor™@
to explain their prednisolone findings. Be-
cause all molecules originating {rom differ-

=
QO%

Form

30

25}

Amounl dissolved{mg/100mL)

' 1 . I I L] i 1
60 120 180 240 3CC -

Time {min)

Fig 4-17. Comparison of dissolution rates of phan-
ylbutazone crystal forms in 0.2M phosphate butier
pH 7.5 at 37°C and 100 rev min~". [Dissoluticn
Properties of Phenylbutazone Polymorphs. Repro-
duced from Tutadhar, et al, J Pharm Pharmacol,
35, 208 {1582).]

Kay: O, Form A; A.FormB: B, FormC; O, FormD; O, FormE.

ent crystalline forms exist in the same state
in solution, they should bave the same dif-
fusion coefficient and the same dissolution-
rate constants. As this relationship is not
followed in the case of many different sol-
vated and polymorphic forms, Wurster and
Taylor™ proposed the consecutive process,
where a phase reaction at the interface is
suggested to take place, followed by the
transport away from the interface. Nogami,
et af, 388 putilized the same concept to ax-
plain their findings regarding the different
dissolution rate constants for three barbital
polymorphs and proposed the existence of a
double diffusion layer for the material
transport. Combining this concept with Le-
vich's®" equation, they were able to calcu-
late the rate constant of the interfacial
chemical reaction and that of the transport
process. Figure 4-18 explains this double_ .
layer concept.

Other polymorphic forms have been re-
ported for a wide variaty of drugs. Aguiar®



::.3 b

0

.'..h
(YITUN

fuicd |yt

T0 Dissolution, Bloavailabilily and Bioequivalenée

NN

Solid
LR

Bulk liquid

Fiy 4-13a. Schematic diagram of cancentration
profile on the dissolution process of solids. Cy,
sansrated concentration; ¢, eflective concentra-
tion; §,, thickness of effective or saturated con-
centration layer; 8, thickness of diffusion layer.
[Reproduced from Nogami. &t al, Chem FPharm
Bl, 17, 24 (1969).]

demonstrated a dramatic difference in dis-
solution and bicavailability between two
distinct polymorphic forms of chloram-
phenicol. Shibata, et al,% characterized dif-
ferent polymorphic forms of cimetidine,
and Rowe and Anderson® described the
ctability of the various polymorphs of tol-
butamide.

Behme, et al,?! pointed out that predic-
tion of the relative stability of a pair of

W

F

Solid
DRI

Bulk liquid

(8

Bulk liquid

Flg 4-18b. Schematic diagram of concentration
profiles on tha dissolution pracess af solids. Cga.
saturated concentration of anhydrate; C, effective
concantration on solid surtace; Cg,. saturated

‘concantration of hydrate. {Reproduced from No-

gami, et al, Chem Pharm Bull, 17, 499 {1969}.]

polymorphic solids can be facilitated great- stability data of three polymorphic forms of

I if the polymorphs are characterized as gepirone hydrochloride, an investigational é:'

either monotropic or enantiotropic. For anxiolytic drug. :;.11
monotropic solids, the higher melting form It is interesting to note that from one -

" has the lower free energy at all tempera- standpoint, the presence of different poly- g G
tures and consequently is more stable at all morphic forms of the same drug can lead !
temperatures. For enantiotropic solids, either to satisfactory or problematic conse- =
their relative stabilities depend on the tem- quences. If the existence of multiple crys-
perature of the system relative to the transi- talline modifications is unrecognized in a f @

" tion temperature. However, as the number particular formulation, it may result in too i

_of polymorphs increases, the interpretation wide a range of dose-to-dose variationin the

of data becomes difficult. Burger and Ram- drug bioavailability. On the other hand, Hi- ﬁ
bergar® recommended the use of anenergy- guchi, et al % as well as others® have advo- 33 g
remperature diagram to facilitate the inter- cated, and successfully demonstrated, the i ﬁ
pratation process. Their “hzat of fusion utilization of a polymorph of significantly :

sule” states that if the hizher meiting form greater thermodynamic aciivity than that "

has the lower heat of fusion, the two forms of the stable crystalline modification to pro- ; Y
are usua'ly enantiotropic; otherwise thay vide better dissolution charactaristics and :

are monotropic. Behme, et of? utilized higher bload levels for an otherwise poorly i q
such a rule in their interpretation of the absorbed drug. :

Q.
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- TABLE 2—-6. Melting Points and Solubilities of Some W
L Xanthines*
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Fig. 2-6. The melting points of alkanes and carboxylic acids as a
function of carbon chain length. (Modified from C. R. Noller,
Chemistry of Organic Compounds, 2nd Ed., Saunders, Philadelphia,
1957, pp. 40, 149). '

The melting points of normal carboxylic acids also
show this alternation, as seen in Figure 2-6. This can
be explained as follows. Fatty acids crystallize in
molecular chains, one segment of which is shown in
Figure 2-7. The even carbon acids are arranged in the
erystal as seen in the more symmetric structure I,
whereas the odd numbered acids are arranged accord-
ing to structure II. The carboxyl groups are joired at
two points in the even carbon compound; hence, the
crystal lattice is more stable and the melting paint is
higher.

The melting points and solubilities of the xanthiaes of
pharmaceutical interest, determined by Guttman and
Higuchi,? further exemplify the relationship between
melting point and molecular structure. Solubilities, like
melting points, are strongly influenced by intermolecu-
lar forces, as will be discussed later in Chapter 10. It
will be observed by reference to Table 2-6 that
methylation of theophylline to form caffeine, and
lengthening of the side chain from methyl (caffeine) to
propyl in the 7 position results in a decrease of the
melting points and an increase in solubilities. These
effects presumably are due to a progressive weakening
of intermolecular forces.

Polymorghism. Some elemental substances, such as
carbon and sulfur, may exist in more than one crystal-

C C. C. Q-+ HQ, c
NN TN
\OH----O/ m

OH

e
c. C  C =g
N N N N
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SN ENAN AN
/C C [ C

C [tH]

Fig. 2+7. Configzuration of fatty acid molecules in the crystalline

state. (Modiferd rom A, E. Baley, Melting and Solidificution of

Fats. Interscience Publishars, New York, 1950, p. i200)

R
e, 81 6\0
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B 2 4l e s
0?3~
|
CH,
Basic structure
Solubility
in Water
Melting Point at30*C
Cempaund {*C uncomected) {molefiter x 10%)
_Theophyiline 270-274 45
. (R=H) .
Caffeine - 238 - 13.3
(R = CHJ)
7-Ethyltheophylline 156-157 17.6
(R = cHchJ) )
7-Propyltheophylline 99100 104.0

(R = CH,CH,CH,)

"From 0. Guttman and T. Higuchi, J. Am. Pharm. Assoc., Sci. Ed. 48, 4, 1357.

line form and are said to be polymorphic. Polymorphs
generally have different melting points, x-ray diffrac-
tion patterns, and solubilities, even though they are
chemically identical.

Nearly all long-chain organic compounds exhibit
polymorphism. In fatty acids, this results from difer-
ent types of attachment between the carboxyl groups of
adjacent molecules, which in turn modify the angle of
tilt of the chains in the crystal. The triglyceride,
tristearin, proceeds from the low-melting metastable
alpha (a} form through the beta prime (B‘) form and
finally to the stable beta (B) form, having a high melting
point. The transition cannot occur in the oppesite
direction.

Theobroma oil or cacao butter is 2 polymorphous
natural fat. Since it consists mainly of a single glveer-
ide, it melts to a large degree over a narrow tempera-
ture range (34°-36° C). Theobroma oil is capable of
existing in four polymorphic forms, the unstable gamma
form melting at 18°, the alpha form melting at 22°, the
beta prime form melting at 28°, and the stable beta form
melting at 34.5° C. Riegelman'® has pointed out the
relationship between polymorphism and the prepara-
tion of cacao butter suppositories. If theobroma oil is
heated to the point at which it is completely liquefied
(about 35° C), the nuclei of the stable beta crystals are
destroyed and the mass does not crystallize until it is
supercooled to about 15° C. The erystals that form are
the metastable gamma. alpha, and beta prime forms,
and the suppositories melt at 23° to 24° C or at ordinary
roorn temperature. The proper method of preparzation
uvclves meiling cacao putter at the lowest possible
temperature, about 33° C. The mass is sufficiently duid
to pour, yet the crystal nuclei of the stable beta form
are not lost. When the mass is chilled in the mold, a
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stable suppesitory, conzisting of beta crystals and
melting at 34.5° C, is produced.

Polymorphism has achieved significance in recent
years owing to the fact that different polymorphs
exhibit different solubilities. In the case of slightly
soluble drugs, this may afffect the rate of dissolutien.
As a result, one polymorph may be more active
therapeutically than another polymorph of the same
drug. Aguiar et al.'! have shown the polymorphic state
of chloramphenicol palmitate to have a significant
influence on the biologic availability of the drug. Khalil
et al.1? reported that form 11 of sulfameter, an antibac-
terial agent, was more active orally in humans than
form HI, although marketed pharmaceutical prepara-
tions were found to contain mainly form III.

Polymorphism can also be a factor in suspension
technology. Cortisone acetate has been found to exist in
at least five different forms, four of which were found to
be unstable in the presence of water and which change
to a stable form.'® Since this transformation is usually
accompanied by appreciable caking of the crystals,
these should all be in the form of the stable polymorph
before the suspension is prepared. Heating, grinding
under water, and suspension in water are all factors
that affect the interconversion of the different cortisone
acetate forms.*

[t is difficult to determine the crystal structure and
molecular conformations of different polymorphs of a
single drug. and the reports of such work are not
comumon. Azibi et al® studied two polymorphs of
spiperone, 2 potent antipsychotic agent used mainly in
the treatment of schizophrenia. The chemical structure
of spiperone is shown in Figure-2-8a, and the molecular
conformations* of the two polymorphs, I and 1I, are
shown in Figure 2-8b. The difference between the two
polymorphs is in the positioning of the atoms in the side
chains, as seen in Figwe 2-8b, together with the
manner in which each molecule binds to neighboring
spiperone molecules in the erystal. The results of the
investigation showed that the crystal of polymorph II is
made up of dimers {molecules in pairs), whereas
polymorph crystal I i constructed of nondimerized
molecules of spiperone. In a later study, Azibi et al.'®
examined the poivmorphism of a number of drugs to
ascertain what properties cause a2 compound to exist in
more than one crystalline form. Differences in intermo-
lecular van der YWaals iorces and hvdrogen bonds were
found to produce different crystal structures in anti-
psychotic compounds such as haloperidol (Fig. 2-9) and
bromperidol. Variability in hydrogen bonding also
contributes to polymoruhism in the sulforamides. '

Goldherg and Becker™ studied the crystalline forms
of tamoxifen citrate, an antiesirogenic and antineoplias-

*The arrargement of zhe zloms in a parucular stercorsamer @ives
the coufigromlion of a moiecale. On the uther hand, conformation
refers to the diffarent wangements of atems rasclting from rotations
about single bonds.

7o

n

Fig. 2-8. (a) Structure and numbering of spiperone. (b} Molecular
conformation of twg polvmorphs I and H of spiperone. (M. Azbi, et
al, J. Pharm. Sei., 72232, 1983. Reproduced with permission.)

tic drug used in the treatment of breast cancer and
postmenopausal symptoms. The structural formula of
tamoxifen is shown in Figure 2-10. Of the two forms
found, the stable polymorph, referred to as form B, is
held in its molecular conformation in the solid state by
hydrogen bonding. One carboxyl group of the citric acid
moiety donates its proton to the nitrogen atoem on an
adjacent tamoxifen molecule to bring about the hydro-
gen bonding and to stabilize the molecular eryztal of
form B. The other polymorph, known as form A, is =
metastable polyrorph of tamoxifen eitrate, its molecu-
lar structure being less organized than that of the stable
B form. An ethanolic suspension of polymorph A
spontaneously rearranges into polymorph B.

Lowes et al.!® made physical, chemical, and x-ray
studies of carbamazepine. Carbamazepine is used in the
treatment of epilepsy and trigeminal neuralgia (severe
pain in the face, lips, and tongue). The B polymorph of
the drug can be crystallized from solvents of high
dielectric constant, such as the aliphaticaleohols. The a
polvmorph is crystaltized from solvents of low dielec-
tric constant. such as carbon tetrachloride and cyclo-
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hexane. A rather thorough study of the two polymor-
phic forms of carbamazepine was made using infrared
spectroscopy (p. 89), thermogravimetric analysis (p.
19), hot-stage .microscapy, dissolution rate (p. 330-
332), and x-ray powder diffraction (p. 30). The hydro-
gen-bonded structure of the a polymorph of carbam-
azepine is shown in Figure 2-1la, together with its
molecular formula (Fig. 2-11b).

Estrogens are essential hormones for the develop-
ment of female sex characteristics. When the potent
sinthetic estrogen ethynylestradiol is crystallized from
the solvents acetonitrile, methanol, and chloroform

saturated with water, four different crystalline solvates

are formed. Ethynylestradiol has been reported to exist
in several polymorphic forms. However, Ishida ez al.*
have now shown from thermal analysis, infrared spec-
troscopy, and x-ray studies that these forms are
crystals containing solvent molecules and thus should
be classified as solvates rather than as polymorphs.
Solvates are sometimes called pseudopolymorphs.™

{ar

\_

(b}

fig. 2= 11, (o) Two molecules of the polymorph, a-carbamzzepine.
:oined 1o grther by hydrogen bonds. (M. M. J. Lowes, et ab., J

Pharm, S, 76:74, 1987, Reproduced with permussion.} (b) Carba-

mazepine.

Other related estradiol compounds may exist in true
polymeric {o1ms.

Behme et al.* reviewed the principles of polymoré\\

phism with emphasis on the changes that the polymor-
phic forms may undergo. When the change from one
form to another is reversibie, it is said to be enantio-
tropic. YWhen the transition takes place in one direction
only—for example, from a metastable to a stable
form-—the change is said to be monotropic. Enantio-
tropism and monotropism are important properties of
polymorphs, as described by Behme et al.™

The transition temperature in polymorphism is tm-
portant because it helps to characterize the system and
determine the more stable form at low temperatures.
At their transition temperatures, polymorphs have the
same free energy, identical solubilities in a particular
solvent, and identical vapor pressures. Accordingly,

- plots of logarithmie solubility of twa polymorphic forms

against UT provide the transition temperature at the
intersection of the extrapolated curves. Often the plots
are nonlinear and cannot be extrapolated with accu-
racy. For dilute solutions. in which Henry's law
{p. 152) apolies, the logarithm of the solubility ratios
of two polymorphs can be plotted against /T, and the
intersection at a ratio equal to unity gives the transition
temperature.” This temperature can al:o be obtained
from the phase diagram of pressure versus temperature
and by using differential scanning calorimetry.™
An example of the solubility method is given as
Problem 2-20.

Biles,? as well as Haleblian and McCrone,*® have
discussed in some detail the significance of polymor-
phism and solvation in pharmaceutical practice.

Amorphous Solids. Amorphous solids may be consid-
ered as supercooled liquids in which the molecules are
arranged in a random manner somewhat as in the liquid
state. Substances such as glass, pitch, and many
synthetic plastics are amorphous solids. They difer
from erystalline solids in that they tend to flow when
subjected to sufficient pressure over a period of time,
and they do not have definite melting points. In
Chapter 17, it will be learned that the rheologist
classifies as a solid any substance that must be sub--
jected to a definite shearing force before it fractures or
begins to flow. This force, below which the bady shows
elastic properties, is known as the yield valie.

Amorphous substances, as well as cubic crystals, are
usually isotropic. that is. they exhibit similar properties
in all directions. Crystals other than cubic are anisoiro-
pic, showing different characteristics (electric conciuc-
tance, -refractive index, rate of solubility) in various
directions along the crystal.

[t is nhot alwavs possible to determine by casual
observation whether a substance is crystailing or
amerphous. Beeswax and paraffin, although they ap-
pear to be amorphous, asswme crysialline arrarge-
ments when heated and then allowed to cool slewly.
Petrolatum, as already mentioned, contains both ervs-
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talline and amorphous constituents. Some amorphous
materials, such as glass, may crystallize after long
standing.

Whether or not a drug is amorphous or crystalline
has been shown to affect its therapeutic activity. Thus.
the crystalline form of the antibiotic novobiocin acid is
poorly absorbed and has no activity, whereas the

amorphous form is readily absorbed and therapeutically
active.?”

THE LIQUID CRYSTALLINE STATE

Three s.t.ates of matter have been discussed thus far
in this chapter: gas, liquid, and solid. A fourth state of

matter is the liquid crystalline state or mesophase. The

- term liquid crystal is an apparent contradiction, but it
is useful in a descriptive sense since materials in this
state are in many ways intermediate between the liquid
and solid states.

Structure of Liquid Crystals. As seen earlier, molecules
in the liquid state are mobile in three directions and can
also rotate about three axes perpendicular to one
another. In the solid state, on the other hand, the
molecules are immobile, and rotations are not possible.

It is not unreasonable to suppose, therefore, that
intermediaie states of mobility and rotation should
exist, as in fact they do. It is these intermediate states
that constitute the liquid crystalline phase, or me-
sophase, as the liquid crystalline phase is called.

The two main types of liquid crystals are termed
smectic (soap- or grease-like) and nematic (thread-like).
In the smectic state, molecules are mobile in two
directions and can rotate about one axis (Fig. 2-12a).
In the nematic state, the molecules again rotate only
about one axis but are mobike in three dimensions (Fig.
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Fig. 2-12. Liquid ervstalline staie. (2 Smectic shucter, £5) nematic strueturs,

2-12b). A third type (cholesteric crystals) exist but
may be considered as a special case of the nematic type.

The smectic mesophase is probably of most pharma-
ceutical significance since it is this phase that usually
forms in ternary (or more complex) mixtures containing
a surfactant, water, and a weakly amphiphilic or
nonpolar additive (see Chapter 18).

In general, molecules that form mesophases (1) are
organic, (2) are elongated and rectilinear in shape, (3)
are rigid, and (4) possess strong dipoles and easily
polarizebie groups. The liquid ervstalline state may
result either from the heating of solids (thermotropic
liquid erystals) or from the action of certain solvents on
solids (lyotropic liquid erystals). The first recorded
observation of a thermotropic liquid erystal was made
by Reinitzer in 1888 when he heated cholesteryl
benzoate. At 145° C, the solid formed 2 turbid liquid
(the thermotropic liquid erystal), which only became i
clear, to give the conventional liquid state, at 179° C.

Properties and Significance of Liquid Crystals. Because
of their intermediate nature, liquid erystals have some
of the properties of liquids and some of solids. For
example, liquid crystals are mobile and thus can be
considered to have the flow properties of liquids. At the
same time they possess the property of being birefrin-
gent, a preperty associated with erystals. In birefrin-
gence, the light passing through a material is divided
into two components with different velocities and hence
different refractive indices.

Some liquid crystals show consistent color changes
with temperature, and this characteristic has resulted -
in their being used to detect areas of elevated temper-
ature under the skin that may be due to a disease
process. Nematic liquid erystals are sensitive to electric
fields, 2 property used to advantage in developing
display systems. The smectic mesophase has applica-
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CHAPTER 5

Factors Affecting the Rate of Dissolution of Solid

Dosage Forms

There are several factors; other than

those related to the physicochemical char-
acteristics of the active ingredient that may
affect the dissolution rate and bioavailabil-
ity of solid dosage forms. These generally
can be discussed under five major catego-
ries: formulation factors, processing fac-
tors, packaging and storage factors, the dis-
solution apparatus and the test parameters.
Although the magnitude and significance of
these effects must be determined individ-
ually for each product, the following discus-
sion of earlier and current findings can
serve as a guideline for the pharmaceutical
scientists, especially during the initial
stages of formulation design and product
development.

Formulation Factors

{t has been shown that the dissolution
rate of pure drugs can be aliered signifi-
cantly when mixed with various adjuncts
during the process of mannufacturing solid
dosage forms. These adjuncts are added to
satisfy certain pharmaceutical functions
and may include diluents (fillers), dyes,
binders, granulating agents, disintegrants
and lubricants. Generically identical tablet
and capsule products, manufactured by dif-
ferent pharmaceutical houses, were found
to exhibit significant differences in the dis-
solution rates of their active ingredients.
Nelson and Schaldemose,! Levy,>® Varley,®
and others’ 1! showed that some tablet and
capsule formulations can lead to a marked
decrease in the dissolution and bioavailabil-
ity of drugs from solid dosage forms. Such
findings during the 1960's, especially in the
case of digoxin and tolbutamide tablets, as
well as chloramphericol and tetracycline
HCl capsules (all lifesaxing drugs), were the

main triggering factors that compelled drug
regulatory agencies and compendial au-
thorities to institute the dissolution testasa
legal requirement for most solid dosage
forms.

Diluents (Fillers)

Diluents are used to give the powder
bulk, so that a tablet of an acceptablesize is
produced.

Levy, et al,’in 1963, studied the effect of
starch, one of the most commonly used dilu-
ents, on the rate of dissoiution of salicylic
acid tablets manufactured by the dry, dou-
ble compression process. Increasing the
starch content from 3 to 20% resulted in a
three-fold increase in the dissolution rate -
(Fig 3-1). This was attributed to better and

more thorough disintegration {starch is an
excellent disintegrant). Finholt, et al,’ in

1004 x
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Fig 5-1. Eifect of starch content of granules on
dissolution rate of salicyfic acid contained in com-
pressed tablets. [Reproduced from Levy, et al, J
Pharm Sci. 52, 1050 (1963).]

Kay: ©.5%: ©,10%; ¥ 20 % swrch in granules.
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1966, investigated the same phenomenon
utilizing phenobarbitgl tablets. It was
found that only when the drug was mixed
with the starch and then dry granulated,
were fast disintegrating granules obtained.
Dryv granulation alone did not improve the
dissolution rate. They suggested that the
hyvdrophobic drug crystals acquire a surface
laver of fine starch particles that impart a
hydrophilic property to the granular formu-
lation and thereby increase the effective
surface area and hence the dissolution rate.

Yen,?in 1964, studied the effect of differ-
emt diluents on the disselution rate of the
sparingly soluble drug triamterene when
mapufactured by wet granulation. Four fill-
ers were tried: starch, lactose, glycine and
terra alba. The results showed significantly
better dissolution rates with the first three
diluents, all hydrophilic powders, but hard
and less soluble granules were obtained
with terra alba as diluent.

[o another study by Marlowe and Shan-
graw,? the use of starch as a diluent was
shown to produce sodium salicylate tablets
with a much faster dissolution rate than
when lactose was used. Different tvpes of
starch were studied by Underwood and
Cadwallader!'?; however, the type of disso-
lution apparatus utilized for testing was
found to affdet the ranking of the different
starch varieties employved. With stirring
tvpe of agitation, the order was; potato
siarch>corn>arrowroot>rice: with the os-
cillating type of agitation, a different order
was observed; corn>rice>arrowroot>po-
taro.

Oisintegrant

A disintegrant is used to cause the tablet
tedisintegrate when exposed to an aqueous
eavirgnment.

The studies of Selvang. et ¢! and Fin-
hoiz, 2t al.t® showed that starch not onlv is
an2xceilent diluent but also a superior dis-
iutegrant due to its hydrophtiteity. and
swelling property. Varley® reporied asignif-
icant decrease in the serum levei of toibuta-
midzwheo the amountol Veegum, used asa

disintegrant in the tablets was reduced by
50%. Other workers!® evaluated the effects
of different types of disintegrants on the
dissolution rate of phenobarbital tablets. A
water insoluble brand of sodium carboxy-

methylcellulose (Nymecel), was found to be

less effective than Primojel, a sodium glyco-
late of potato starch. It may be pointed out
that care should be taken in investizating
the possibility of adsorption of some drugs
to the surface of certain diluents and disin-
tegrants. Highly adsorbent substances, e.g.,
bentonite, should be avoided in tablet for-

_mulations of drugs used in very small doses,

such as cardiac glycosides, alkaloids, syn-
thetic estrogens-and steroids. These sub-
stances can be adsorbed-permanently so

that only a fraction would be available after’
administration. Yen® found that triamter- .

ene was adsorbed by the disintegrant Vee-
gum.

The deleterious effect of lubricants, espe-
cially magnesium stearate, on the effective-
ness of disintegrants has been highlighted
by Bolhuis, et al,'*'% Lerk, et al,'6}" Shah
and Mlodozeniec,'® and DeBoer, et al.!?
The lubricant forms a thin hvdrophobic
film around the tablet excipients, thereby
inhibiting the penetration of water into the
tablet pores and delaying disintegration.
Bolhuis, et al,!> showed that the efficacy of
potato starch as a disintegrant is decreased
by an increase in the mixing time of the
tablet ingredients with magnesium stea-
rate. However, Proost, et al,? pointgd out
that because the hxdrophobic filin formed
by the lubricant never envelopes the disin-
tegrant particles completely, the swelling is
not inhibited at the surface of the tablet
where the disintegrant particles are in di-
rectcentact with water. Working with diaz-
epam tablets (Table 3-1) the authors dem-
onstrated that with disinteyrants of a
moderate swelling capacity. such as potato
starch, the disintegration and dissolution
rates d2pendina large extent or the mixing
time of the drug/excipient prehiend with
the lebricant magnesium stearate. In this
case, the disintegration also was largelv in-
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Table 5-1—Diazepam Tablet Formulatlons with Varlable Swelling Capacilies of Diluents

Formytalion

Ingrediant, %6 (w/w) P2 P.30 T3 <10
Diazepam ° 23 25 23 2.3
Dicalcium phosphate dihydrate 7 i 93 93
Potato starch 20 20
Sodium starch glycolate 1 4
Magnesium stearate - 0.5 0.5 0.3 0.5
Mixing time with magnesium stearate (min) 2 20 2 30

la]e)

80; ~

|

o] /:; // L
A f

Percentage dissolved

F
7
o) 3] 30 45 60

Time, min

Fig 5-2. Dissolution profiles of diazepam, deter-
mined with the rotating basket at 100 rpm. [Repro-
duced from Proost, at &/, Int J Pharm, 13, 287
(1983).] )

Key: 1,P-2; & P-30; 0. 5-Z &, 5-30 (abbreviations sea Table

5-1).

0

fluenced by mechanical means such as the
dissolution apparatus and agitation rate.
On the other hand, when disintegrants with
a strong swelling capacity, such as sodium
starch glycolates, were used the disintegra-
tion and dissolution rates hardly were af-
fected by the time of mixiag with magne-
sium stearate. In this case, the surface
structure was disrupted cormpletely, per-
mitting water to penetrate into the tablet
and hence, effecting rapid disintegration
and dissolution without the aid of mechani-
cal means (Fig 3-2).

Binders and Granulaling Agents

Substances added to impart cohesive or
binding qualities to the powdered drug for-

mulation, in order to insure that the tablet
remains intact after compression, are called
binders or granulating agents. These mate-
rials include gelatin solution, starch, sugar.
natural and synthetic gums such as gum
acacia, gum tragacanth, polyethylene gly-
cols, polyvinylpyrrolidone, Veegum and
carboxymethylcellulose.

Wet granulation, in general, has been
shown to improve dissolution rates of poor-
ly soluble drugs by imparting hydrophilic
properties to the surface of the granules.
Solvang and Finholt!! determined the ratz
of dissolution of phenobarbital, phenacetin
and prednisolone before and after granula-
tion and compression into tablets. In all
cases, the dissolution rate was faster with
the granules than for the pure drug. The
rate of release was also faster after compres-
sion than that obtained for the uncom-
pressed granules (Fig 3-3a). This was attrib-
uted to the better wettability of the tablets
and also to the fact that some deformation
or crushing of the granules occurs during
compression, thus increasing the effective
surface area; a finding reported earlier by
Higuchi, et al.21-%* The authors showed that
with normal tablet compression, deforma-
tion of the granules takes place but without
the particles breaking up. The particles are
changed from being almost spherical to be-

ing nearly disk-shaped and hence their sur-
face area is increased. :

Regarding the most suitable binding
agent. Solvang and Finholt!'! showed that
phenobarbital tablets granulated with gela-
tin solution disselved much faster in human
gastric juice than these prepared with sodi-
um carboxymethyleellulose or polyathylene
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Fig 5-3a. Rate of dissolution of phenacetin from '
powder, granules, and tablets in diluted gastric

juice (surtace tension 42.7 dynes cm™’, pH 1.85).
{Reproduced from Soivang and Finhott, J Pharm
Sci, 59, 50 (1970).]

Kay: O, phanacelin powder; &, phenacelin granules; Q, phen-
acesn taplets,
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Time, min
Fig 5-3b. Dissoiution rate of phencbarbital tablets
in diluted gastric juice (surface tension 39.4 dynes
em™', pH 1.50). [Reproduced from Solvang and
Finholt, J Pharm Sci, 59, 50 _(1970).]
Key: O galatn bindar; a, CMC; O. polyethyleng gtycol 6000,

glveol 6000 as a binder (Fig 3-3b). They
sugzested that gelatin imparts hydeophilic
— characteristics to the hydrophobic drug
surface, whereas sodium carboxymethylcel-
julose is converted in the low pH gastric
juice 1o its less soluble acid form. In case of
poiverivlene glveol, 1t was proposed that it
forms a poerly soluble complex with pheno-
parbital, orobahly during the dissolution
test. This fact was reported earlier by Higu-
chi and Lach? and later by Singh, et al,*
who found that the complex ratio 15 45.5 mg
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Flg 5-4, a: Comparison of filler-binders in a tablet
formuta containing starch, hydrogenated vegeta-
ble ail, and 3.5 3-C hardness. b: Comparison of
fillar-binders In a tablet formula containing no
starch, magnesium stearate, and 6.5 S-C hard-
ness. [Reproduced from Marlowa and Shangraw, J
Pharm Sci, 56, 500 (1967).]

¥ay- B,. spray-dried laciose; By, athylcellulose and lactoss: S,
acaca mucilage and lactose; B, starch paste and lacioss.

of polyethylene glyeol 4000/100 mg of phe-
nebarbital 20 37°C and pH 3.3

Finhols, et ai,!? reported similar results
using sulfadiazine and phenacetin as test
drugs. when the fastest dissolution rate was
obtained with drugs granulated with gelatin
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Factors Alfecting the Rate of Dissolution

as opposed to CMC and carbowax 6000.
Marlowe and Shangraw? compared the ef.
fect of various fillers and binders on the
dissolution rate of experimental tablet
batches and found that fcrmulations con-
taining spray-dried lactose dissolved fasier
than other formulations. The slowest disso-
lution was obtained when ethyl cellulose
was used in combination with lactose (Figs
5-4aand 3-4b). The retarding effect of ethyl
cellulose was confirmed by Jacob and
Plein® who compared the dissolution rates
of phenobarbital tablets manufactured
with zelatin as well as other popular binders

such as gum acacia, ethy! cellulose and hy- -

droxymethylcellulose. The authors report-
ed that gelatin produced rhe best dissolu-
tion behavior, whereas the use of the
cellulose derivatives resulted in tablets with
poor dissolution characteristics. On in-
creasing the amount of gelatin, however,
tablets with decreased dissolution rate {and
increased hardness) were o3tained. Yen3re-
ported similar results on increasing the
amount of gelatin used as hinder.

Lubricants

Tablet granulations usually can not be
compressed without the addition of small
quantities of materials called lubricants
that enhance their processing characteris-
tics. Lubricants improve the flow of the tab-
let granulation, reduce interparticle fric-
tion and prevent adhesion of the tablet
material to the surface of the dies and
punches of the compressing machine. Lu-
bricants also facilitate the ejection of the
tablets from the die cavities. .

During the mid 50s, Takeru Higuchi?-2
and his colleagues at the S:hool of Pharma-
¢y, University of Wisconsin, published an
impartant series of articles on the physics of
tablet compression. In their discussion of
the theoretical aspects of tablet lubricants,
they categorized them into two major
groups; the first called the fluid (or hydro-
dynamic) type, such as hydrocarbons (min-
eraloil and paraffin), and thesecond known
as the boundary-type lubricant, such as the

o\ 7

metallic stearate salts and tale, considered
to be the best lubricants. These investiga-
tors, however, warned that the addition of
lubricants, such as talc and magnesium
stearate, to granulations tended to prolong
markedly the tablet disintegration time.
They explained that the lubricant usually
forms a water repellent coat around indi-
vidual granules, which appeared to remain
almost intact during the compression pro-
cess. The tubricant did not mix intimately
with the granular content during compres-
sion, but usually was confined only to the
surface and the intergranular regions. The
retarding effect of this water repellant film
formed by the lubricant later was shown??
to be the most important factor in influenc-
ing the rate of dissolution of solid dosage
forms. It greatly inhibits the wettability of
the tablet and decreases the penetrahility of
the dissolution medium thereby reducing
the effective surface area and dramatically
prolonging the process of dissolution.

Both the amount and-the method by
which the lubricant is added to the granula-
tion can affect greatly its performance and
reduce its unwanted waterproofing proper-
ties. The lubricant should be added only in
small amounts (1% or less) and should be
divided finely by passing it through a 100-
mesh nylon cloth onto the granulation. The
blend then should be tumbled or mixed
gently for only a very short time. Prolonged
mixing of the lubricant with the granulation
may significantly affect the hardness, disin-
tegration and dissolution times of the re-
sulting tablets. Lubricants that cannot be
pulverized efficiently, such as stearic acid,
can be dissolved in an organic solvent, such
as ether, and sprayed over the granules.
Levy and Gumtow?? investigated the effects
of different types of lubricants on the disso-
fution rate of salicylic acid tablets. They
found that magnesium stearate, a hydro-
phobic lubricant, retarded the dissolution
rate of salicylic acid tablets, while a water-
soiuble surface-active Iubricant, sodium
laurylsulfate, enhanced the dissolution rate
significantly (Figs 5-5a and 3-5b). Investi-
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Fig§-5a. Effect of magnesium stearate on dissolu-
tion rate of salicylic acid fraom rotating disks made
_from fine salicylic acid powder. [Reproduced from
Levy and Gumtow, J Pharm Sc¢i, 52, 1140 (1953).]
Kay: 0.3% magnesium stearale: O, no lubricant addad.

gating the mechanism of remrdatiop they
suggested that hydrophobic lubricants,
such a: magnesium stearale, aluminum
stearate, stearic acid and tale, decrease the
effective drug-solvent interfacial area by
changing the surface characteristics of the
tablets which results in reducing its wetta-
bility, prolonging its disintegration time
and decreasing the area of the imterface be-
tween the active ingredient and solvent.
The enhancing effect of sedium lauryl sul-
fate, on the other hand, was suggested w be
* due, in part, toan increase in the microenvi-
ronment pH surrounding the sparingly sol-
uble weak acid and to increased wertingand
better solvent penetration into the tadlets
and granules as a result of lowering th in-
terfacial tension between the solid suriace
and the solvent. This cenclusion we: in
agreement with observation by Wurster
snd Seitz? who found that dizselutica of
peilets with artificial pores increased when
sodium lauryl sulfate was added to the dis-
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Fig 5-5b. Effect of fubricant on dissolution rate ot
salicylic acid contained in compressed tablets
{tormula A). [Reproduced from Levy and Gumtow,
J Pharm Sci, 52, 1140 {1963).]

Key: X, 3% magnesium stearats; O, no lubricant; O, 3%
sodium lauryl solfata.

solution medium. The fact that sodium lau-
ryl sulfate is a water-soluble lubricant was
nat considered a factor in improving the
dissolution rate, since sodium stearate, an-
other water-soluble lubricant, was found to
have a retarding effect on the dissolution
rate. Other water-soluble lubricants did not
{are any better. Carbowax 6000 was tried by
Yen8and found to produce triamterene tab-
lets with slower dissolution rates than those

. manufactured with magnesium stearate.

Marlow and Shangraw? tried another wa-
ter-soluble lubricant, containing carbowax
4000, with sodium salicvlate tablets, and
this also was found to produce tablets with
stower dissolution rates than those made
with magnesium stearate.

Jaminel. et al,?' investigated the effect of
different tubricants on the dissclution rate
of phenobarbital tableis and found that the
optimumconcentration of magnesiumstea-
rate is ahout 1% or less. lncreasing its quan-
tity io 1.5% resuiied in tablets with de-
creased dissolution rate. [ranloye and
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Fig 5-6a. Etfect of concentration of magnesium
stearate on dissolution rata of 80/ 100-mesh mate-
rials compressed at 1135 kg. [Reproduced from
ranloye, and Parrott, J Pharm Sci, 67, 535
(1978).]

Key: O. salicylic acid: 0, asplrin; 0, salicylic acid trom aqui-
molar muxture ol aspinn and salcytic acid. O, aspirin from
asquamalar muxture of aspirin and sallzylic acid.
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Fig 5-6b. Effect of concentration of calcium stea-
rate and glyceryt monostearate on dissolution rate
of 80/ 100-mesh equimolar mixture of aspirin and
salicylic acid compressed at 1135 kg. [Repro-
duced from Ilranloye, and Par-ott, J Pharm Sci, 67,
535 (1978).)

Keay: O, salicylic acld with cakcrusm stearats: O, aspirin with

calcium stearate; O, salicylic acid with glyceryl monosiearata; |

., aspirin with gtyceryl monostearats.

Parrott?? compared the effect of several hy-
drophobic lubricants on the dissolution rate
of aspirin and salicylic acid tablets. The
authors found that an increase in concen-
tration of magnesium stearate, calcium
stearate, glyceryl monostearate or stearic
acid decreased the dissolution rates of disks
of an equimolar mixture of aspirin and sali-
cylic acid {Figs 3-6a and 3-6b). With mag-
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Fig 5-6¢. Eftect of concentration of talc on dissolu-
tion rate ¢! 80/100-mesh materials compressed at
1135 kg. [Reproduced from Iranloye, ang Parrott,
J Pharm Sci, 67, 535 (1978).]

Key: G. salicylic acud; O, aspwin: Q, saticylic acid from squi-
molar mixture of aspirin and salicylic acid; O, aspirin from
aquimalar mixture of aspirn and sallcylle acid.

nesium stearate, a concentration of 0.5%
decreased the dissolution rates of salicylic
acid and aspirin by 33 and 27%, respective-
ly, whareas stearic acid at 1% decreased the
dissolution rate by 7 and 10%, respectively.
Talc on the other hand, behaved different-
Iy. Asshownin Fig 3-8c¢, the disslution rates
of disks compressed from salicylic acid, as-
pirin and an equimolar mixture of aspirin
and salicylic acid essentially were indepen-
dent of the talc concentration, up to 5%. It
was suggested that the stearates soften and
spread under compression to produce a
more prominent coverage of the matrix
than talc. .

Iranloye and Parrott® also confirmed Le-
vy's and Gumtow’s finding that the use of
water soluble lubricants, such as polyethyl-
ene glycol 4000, does not enhance the disso-
lution rate since a lubricant must be simul-
taneously a water-soluble and surface ac-
tive agent (e.g., sodium lauryl sulfate) to
produce an enhancement. Finholt, et al,’
however, reported that while sodium lauryl
sulfate enhanced the release of phenobarbi-
tal from granules, it had little effect on the
dissolution from tablets. The use of paraffin
and silicone as lubricants and their effect on
dissolution was discussed by [gwilo and Pil-
pel™ and others. M2 Additian of these lu-
bricants produced a parallel increase indis-
integration and dissolution time (Fig 5-7).
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Fig 5-7. Wagner plcton dissolution tasis of tablets
compressad at 20°C containing 0.0-10.0 X 1073
mol - g of fight liquid parafiin. {Reproduced from
igwilo, and Pilpel, Int J Pharm, 15,73 (1983).]
Key: * . lactose “blank™ (0.0 X 107* molg~'k 0.0.5 X 10-*
~olg™1 0,1 X 107 mokg™" 4.5.0% 107 *mokg™% G, 10.0
X 1075 molg™".

This was attributed to the fact that paraf-
fins and silicones not only reduce the wetta-
bility of the surface of a tablet by increasing
its contact angle with water but also re-
duced the interparticle friction and change
the nature, shape and size distribution of
the capillaries which conduct water into it.
The presence of a paratTin or silicone in the
tablet voids makes the internal surface
more hvdrophobic and reduces the number
of capillaries which are contributing to the
transpori of water, thereby decreasing dis-
solution rate.

Evaluating all factors, metallic stearates
are considered the best lubricants, so long
as thev are used in very small amounts
c< 1% and mixed with the matrix fora very
short time. However, if an enhancing effect
in tha dissolution characteristics of hydro-
phobic granules is desired, a surface active,
watas seluble lubricant, such as sodium lau-
) sulfate, may e tried.

Dissolution, Bicavaitability and Bloequivalence

8

Amount dissoived,mg in 300mL
¥ )
.
rs

Time,

Flg 5-8. Etfect of Palysorbate 80 on the dissolution
rate of phenacetin from granules. [Reproduced
from Einholt, "Dissolutien Technology,” published
by the indusirial Pharmaceutical Technology Sec-
tian of the Academy of Pharm Sci p 133 (1574},
edited by Leeson and Carsiensen. |

Ksy: A.phenacetin granules: A, phenacelin granules il with
0.1% Polysorbate Q¢ added, dissolved in tha gramudating soly-
tian; O, phanacetin granutas H with 1% Polysorsate a0 agged,
dissoived in the granulating solutiom X, phenacetln granules 1
with 0.1% Polysorbata 80 sprayed oa he dried granules.

Effects Of Other Tablet Additives

Effsct of Surfactants in Formulations on the
Dissofution Rate

The addition of surface-active sub-
stances to hydrophobic tablet formulations
had been shown, in some cases, to enhance
the dissolution rate of poorly soluble drugs.
This is due to the lowering of the interfacial
tension between the solvent and the solid
surfaces of the tablet and granules, thereby
increasing the effective surface area, which
in turn tesults in a faster dissolution rate.
Solvang and Finholt!! have shown that the
addition of polysorbate 30, a nonionic sur-
factant, to phenacetin granules increased
the dissolution rate’ (Fig 3-8). The increase
was more pronounced when the surfactant
was spraved on the granules than when it
was dissolved in the granulating agent.
Ganlt, ot al, %37 also reported that the addi-
tion of surfactants to certz:n tablet formu-
jations resuled in better absorption ol the
poorly soluble druy. Although this was at-
tributed initially to a physiologic effect, it
tater wus shown that the low concentration
of the surfactant could not account for such

e anfag.s
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Conlacl angle, degrasas '

f

I 1 1 i

4 6 8 19
Didntagralion 1ims, min

Fig 5-8a. Correiation of contac: angle of water on
the powder compacts containing 0.5-10.0 X 1073
mol - g~ "' of paratfins and silicanes with the disin-
tegration time {min) of the corresponding tablets
compressed at 20°C. [Reproduced from Igwilo
and Pilpel, Int J Pharm, 15, 73 (1983).]

Key: ©, light liquid paralfin; Q. llquid Jaralm: A, white sqit -

paraifin; Q, paratfin; ¥, silicona dc z00/20; ¥, sficons dc
200/50: O, slicone dec 550.

a mechanism. Rather, the increase in ab-

sorption was found to be due to a dosage -

form effect. The surfactant enhances the
dissolution rates of the drugs contained in
the compressed tablets and thereby causes
them to be more rapidly and completely
absorbed. Igwilo and Pilpel*® pointed out
that the water penetrates tarough the ma-
trix capillaries as a result of the pressure
difference, Ap, which exists across theen-
trance to each capillary according to the
equation of Carman®

" Ycoséd
beg)

) Ap (5-1)
where Yis the surface tension of water, #is
its contact angle on the capillary surface
and m is the ratio of the cross-sectional area
of the capillary to its perimeter. It is clear

that the slowest penetration cccurs when _

Ap is minimum (i.e., when # is 90°). Figure
3-9illustrates this relationship between the
contact angle and the disintegration time as

FS

o\e

/

£

2

5 Contact angle, dagrens
TN

1 1 1 1 1

20 30 40 50 80
19Q ard ! 100, min

Fig 5-9b. Corratation of contact angle of water on
the powder compacts containing 0.5-10.0 X 105
mol - g~ " of paratfing with tyg and t;g0 of the corre-
sponding tablets compressed at 20°C. [Repro-
duced from Igwilo and Piipel, Int J Pharm, 15, 73
(1983).]

Key: Light ligind paratfin: ©. fog; O, tige. Liquid paraiin: ¥, tyy:

9. liog. White soft paratfin: &, o A, fi00. Paralfin wax: 1, t:
0. hee

well as the dissolution time of lactose tab-
lets, using paraffin and silicones as lubri-
cants. The presence of these hydrophobic
substances in the tablet voids increases the
contact angle and reduces the number-of
capillaries which contribute to the trans-
port of water. Newton, et al,*® demonstrat-
ed that the addition of 1% of the surface
active agent, sodium lauryl sulfate, in-
creased the dissolution rate of the hydro-
phobic drug ethinamate filled into capsules
at a high and at a low packing capacity.

When discussing the effects of surfactant

additions to tablet formulations, it is im-
portant to differentiate between the en-
hancement of dissclution rate by lowering
the surface tension and increasing penetra-
bility which requires only small amount of
surfactants, and the micelle solubilization
of a drug which requires significantly larger
amounts of the surface active agent. -3
Kakemi, et al,*? demonstrated that the
rectal absorption of sulfisoxazole was in-
creased when the compound was solubilized
with polvsorbate 80. Ravin, et al,** reported
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Flg 5-10. Eitect of surfactant concentration on the
solubility ot SK&F 33134-A. [Reproduced from
Ravin, et al, J Pharm Sci, 58, 1242 (1969).]

that the aqueous solubility of SK&F 33134-
A, an experimental antifungal agent, was
increased in the presence of sodium lauryl
surfate, cetyldimethylbenzylammonium
chloride or polysorbate 80 {Fig 5-10), the
effect being proportional to concentration.
A two-fold increase in availability was also
observed for SK&F 33134-A when the com-
pound was administered in polysorbate 80
solution to bile-cannulated rats, as com-
pared to a tragacanth suspension. Al-
though, in many instances, the apparent
increase in aqueous solubtlity has some ef-
fect on the availability of the drug, results
have been at times anomalous. An example,
is the data reported by Levy and Reuning*
where the solubilization of salicylic acid
with polysorbate 60 led to a decrease in the
absorption of the drug. Therefore, care
should be taken in utilizing different types
of surfactants in large concentrations espe-
cially because of the toxicity effects some of
these compounds may impart to the formu-
lation.

Effects of Certilied Water-Soiuble Dyes on
the Dissolution Rate

The inhibiting effzcts of low concentra-
tions of various certified water-soluble dyes

20 40 &0 80
Minures

Flg $-11a. Single-crystal dissolution of sulfathia-
zole as a tunction of time. Effect of water soluble
dyes on the dissolution rate of drugs. [Reproduced
from Piccolo and Tawashi, J Pharm Sci, 60, 59
{1971).]

Key: 0, In distillad water; &, in 0.04M sohustion of sodium

cholate; O, in 0.04M schtion of sodium cholare contairing 5
meg/ml. FDAC Biue No. 1,

on the dissolution rates of several crystal-
line drugs was first demonstrated by Picco-
lo and Tawashi.**#¢ The dissolution rate of
asingle erystal of sulfathiazole was found to
decrease significantly in the presence of
FD&C Blue No 1. The inhibiting effect was
related to the preferential adsorption of the
dye molecules on the primary dissolution
sources of the crystal surfaces. Similar ef-
fects were also observed when compressed
disks of sulfathiazole were used*! (Fig 5-
11a). Picecole and Tawashi found that the
dyes inhibit the micellar solubilization ef-
fect of sodium cholate on sulfathiazole, an
effect which could lead to the impairment of
the drug absorption through the micellar
solubilization by the bile salts in the intes-
tine (Fig 5-11b). This later was confirmed+8
tn vivo on human volunteers {Fig 3-11c).
Qther in vitro studies*™*9 showed similar
inhibitory effects by a relatively large num- _
ber of the existing certified water-solubie
dyes on the dissolution rate of diethvlstil-
bestrol. The authors also showed that cat-
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Fig 5-11b. Dissolution behavior of sulfathiazole

compressed disks. Effect of water soluble dyes on

the dissolution rate of drugs. [Reprocuced from

Piccolo and Tawashi, JPharm Sci, 60, 59 (1971).]

Key: ©. comprassed disks of drug crytals alone; O, com-
pressed disks of orug crystals containing 5 mg FD&C Blue No.
1,

ionic dyes are more reactive in lower con-
centrations than are anionic dyes, probably
due to higher adsorption intensity at the
primary dissolution sources on the crystal
surface.

Dyes also have been implicated®® with
interactions and other stability problems.
Prillig® investigated the effect of colorants
oa the solubility of modified cellulose poly-
mers such as hydroxypropy! methy! cellu-
lose and sodium ethyl cellulose suifate. Free
film solubility studies showed that six dyes
significantly altered the solubility of the
polymers tested. Figure 5-12 shows that the
dissolution rate of riboflavin tablets de-
creased when FD&C Red No. 3 dye was
incorporated in the film coat. Riboflavin
urine excretion studies confirmed that sev-
eral of the certified dyes may adversely af-
fect ir vivo product performance. Because
these cellulose polymers have considerable
use in tahlets, gels and suspension prepara-

, mg/100unL

Bloed concentiations

L]
w
~

Hours
Fig 5-11¢. Blood concentrations of free sulfathia-
zole following oral administration of 1 g sulfathia-
zole crystals. [Reproduced from Tawashi and Pic-

"cole. J Pharm Sci, 61. 1857 {1972}.]

Key- O, n pressnce ol FOSC Blus No. 1. @, in absence ol
FD&C Blue No, 1.

100 W allB Ga HNG AL Al A aMQ sTEINMLAL ALRY

Coacantralisa, % disselvad
5
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1 - . ' r ' LI
Q0 3 &3 30 n'o IISOIIOO 30 40 90 .120 150 180
* Tima, min

Flg. 5-12. Riboilavin dissolution rate study on hy-
droxypropylmethylcellulose coated tablets use
XV1i disintegration apparatus, 37° {without plastic
disks). EHect of colorants on the solubility of modi-
fied cellulose polymers. [Reproduced from Prillig,

_J Pharm Sci, 58, 1245 (1969).]

Kay:---,oomrol:—_fﬂmwimmcnedm.adn.

. tion, the above findings are of particular

importance for the formulator.

Effect of Coating Components on Tablet
Dissolution

Coating ingredients, especiaily shellac,
cellulose acetate phthalate, etc, also have
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significant effects on the dissolution rates
of coated tablets. However, these effects are
related mostly to the disintegration and/or
the solubilization of the coat itself rather
than the inner core of the dosage form.

Effects of the Processihg Factors on
Dissolution Rates of Tablets

Many processing methods used in tablet
manufacturing greatly influence the disso-
lution rates of the active ingredients. The
metiwd of granulation, size, density, mois-
ture content and age of the granules, as
well as the compression force utilized in the
tableting process, all contribute to the dis-
solution-rate characteristics of the final
product.

Method of Granulation

Saveral studies have shown clearly that
the granulation process, in general, en-
hances the dissolution rate of poorly soluble
drugs (Figs 5-13a and 5-13b). The use of
fillers and diluents, such as start,® anhy-
drous™ and spray-dried lactose®*<® and mi-
crocrystalline cellulose,’” tends to increase
the hydrophilicity of the active ingredients
and improve their dissolution characteris-
ties. In this regard, the wet granulation pro-
cedure traditionally was considered as a su-
perior method compared to the dry or dou-
ble compression procedure. With the ad-
vent of newer tableting machines and
materials, however, it became more evident
that the careful formulation, proper mixing
sequence and time of addition of the several
ingredients are the main critieria that affect
the dissolution characteristics of the tablets,
and not the method of granulation per se.
Marlowe ard-Shanzraw? studied the disso-
lution of sodium salicylate tablets prepared
by both wet granulation and direct com-
pression procedures {Fig 3-14). They found
thattablets prepared by direc: compreassion
with spray -dried lactose uniformly exnibit-
ed more ragid and complate dissclution
proiilzs compared to those prepared by wet
granulation. The presence of a disintegrant
(starch)in the dry compression formula was

Percanl dissolved

20 40 80 80 100 120
Time, min

Fig 5-13a. Rate of dissolution of phenobarbital

from powder, granules and tablets in diluted gas-

tric juice {surface tension 46.4 dynes cm™', pH

1.95). [Reproduced from Solvang and Finholt, J

Pharrm Sci, 59, 50 (1970).]

Keay: O, phencbarbital powdasr &, phencbartital granules; 0,

phencbarbital tablets.

Amount diavclved, mg In ICOmL

Fig 5-13b. Rate of dissolution of prednisone from
powder, granules and tablets in diluted gastric
Juica (surface tension 41.1 dynes cm™', pH 1.50).
[Repreduced trom Solvang and Finholt, J Pharm
Sci, 59, 50 (1370).) .

Kay: Q, prednlsons powder; & predriscons granuies; @, pred-
nsone tablews.

essential for good dissolution. In the case of
wet granulation, the use of acacia mucilage
and lactose gave the fastest dissolution,
while the use of ethyl cellulose and lactose
consistently gzave very slow and incomplete
dissclution. Tabizst hardness did not have a
significant =ffect in either methcd, al-
though it 3eemed ro be of some importance
for these formulations containing starch.
Finholt. et ¢!.7 reporzed another compara-
tive study utiiizing phencbarbital tablets
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Fig S-14. Dissolution rate ol sodium salicylate
tablets. [Reproduced from Marlow and Shangraw,
J Pharm Sci, 56, 500 (1967).]

Kay: O, B,—direct compression wilk spray dried lactosa: X,
8,—wat gramulation with sthylcallulose and lactose; A, 8y—
acacia mucilage and lactose; O, B,—:arch pasts and lactose.

that were manufactured by both wet granu-
lation (with gelatin) and by dry granulation.
Other formulation items such as fillers and
lubricants were the same. Both manufac-
turing procedures gave comparable rates of
release provided that a disintegrant
(starch) was incorporated and mixed with
the drug before dry granulation. A signifi-
cantly slower rate was obtained if the drug
was dry granulated first and the disinte-
grater was added later. Levy, et al?studied
the effect of the size of granules on the
dissolution rate of salicylic acid tablets and
found that the dissolution rate increased
with a decrease in granule size, but not pro-
portional to the increase in the apparent
surface area of the granules (Fig 5-15a).
They also found that the dissolution rate
decreased significantly with the increase in
the age of the granules (1-5 weeks) (Fig 5-
1ob).

Although wet granulation is employed
widely, the method has several drawbacks.
The liquid present may cause crystal bridge
formation and lower the activity of micron-
ized drugs,™ or, at times, provides the vehicle
for chemical changes such as hydrolysis and

Amount disaolved, mg

3 10 15 20

Tims, min

~ Fig 5-15a. EHact of granule size on dissolution

rate of salicylic acid contained in compressed
tablets. [Reproduced from Lavy, et al, J Pharm
Sci, 52, 1048, 1049 (1963).]

Kay: 0, 18-20 mash; O, 20-40 mash; X, 40-80 mesh gran-
ules.

Amount dissolved, mq

Time, min

Fig 5-15b. Effect of granule age on dissalution rate
of salicylic acid contained in compressed tablets.
{Reproduced from Levy et al, J Pharm Sci, 52,
1048, 1049 (1983).]

Kay: O, one week; O, 3 wasks; X, 5 waek oid granuies.

degradation. Also, in the subsequent drying
step, the use of heat and air may decompose
thermolabile drugs and affect content uni-
formity through selective solute migra-
tion.® In addition, due to the several equip-
ment components required and the time
and labor consumed, wet granulation is
more costly than other granulation proce-
dures.® Because of this, Ho and Hersey5!62
introduced a novel method of granulation
based on the fact that agglomeration usual-
ty occurs spontaneously after prolonged
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Fig 5-16a. Dissolution (T66 - 7%) of paracetamol
tablets prepared at different energy levels. Q,
Paracetamol tablets prepared by wet granulation
method. A, Paracetamal tablets prepared by
APQOC method. [Reproduced from Ho, et al, J
Fharm Pharmacol, 32, 160 (1980).] .

grinding of several drugs in a ball mill. The
method, called Agglomerative Phase of
Comminution, “APQC," was found to pro-
duce mechanically stronger tablets with a
higher dissolution rate than those compact-
ed from granules made by the conventional
wet granulation method, irrespective of the
compaction energyv used (Fig 3-16a). A pos-
sible mechanism for the increased dissolu-
tion rate is the increased internal surface
area of the granules produced by the APOC
method. Krycer and Hersey® also showed
that agglomerationof ground particles dur-
ing prolonged comminution in a vibratory

ball] mill is an irreversible process that

forms granules of excellent binding quality.
The authors compared® the dissolution
characteristics of granules produced by a
preliminary compression, “PC,” technique
and those produced by the APOC methed.
Four materials were utilized as models; lac-
tose, sucrose, sodium chloride and parace-
tamol. While the granules produced by the
PC method dissolved faster than pure crys-
tals of the drug, the POC granules had the
fustest dissolution rate (Fig 5-16D).
Hasegawa, et aif studied the factors
that affect the dissolution properties of di-
goxin tablets. Thev noted that the dissolu-
tion of tabiets prepared by the powder dilu-

it 1 4 s

Twme (M)
Flg 5-16b. Dissolution profiles ol paracetamol
granules and crystals, sized between 355 and 500
Am, according to Wagner's plot. Each point is the
average of five determinations. [Reproduced from
Krycer and Hersey, Int J Pharm Techno! Frod
Manuf, 22, 51 (1981).]

* tion method was influenced to a great

extent by the difference in mean particle
size of the digoxin powder, while the release
of digoxin from the tablets produced by the
solvent deposition method showed a fast
dissolution rate compared with the tablets
made by powder dilution without depend-
ing on the difference in batch.

Nixon and Hassan5 discussed the factors
affecting the dissolution of thizbendazole
tablets prepared from, or containing, mi-
crocapsules. The microcapsules were pre-

pared from a suspension of the drug in 2% -

gelatin solution which was stirred at 300
rpm and 40°C, with an equal volume of 2%
acacia solution. After adjusting the pH to 4,
about 10 mL of formaldehyde solution was
added and the temperature reduced to 5°C
with continued stirring. The microcapsules
then were {iltered and washed with isopro-
pyl aleohol. Because of the nonbinding na-
ture of the microcapsule walls it usually is
necessary to use additives during tableting -~
and their effect on the drug releasz was
examined by the authors. The addition of
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stearic acid as lubricant lad to an increase in
the disintegration as weli as the dissolution
times, but no break in the dissolution pro-
file parallel with disintegration was exhibit-
ed. Starch preduced fast disintegration but
no significant effect on dissolution; howev-
er, the dissolution of uncompressed micro-
capsules was affected. Ii: also was noticed
that higher compressicn pressures pro-
duced a slower initial release rate, but after
45 min approximately 95% of the drug was
released. It was suggested that the initial
slow release rate probably is due to an in-
creased difficulty of fluid penetration into
the compressed mass. Mevertheless, after
disintegration, a faster dissolution rate,
compared to the uncomwpressed microcap-
sules, may result because of some damaged
microcapsule walls, though none were visi-
ble. Balancing this effect, however, is the
effect normally found when diffusion oc-

curs from a depot”As thé depot approaciies -

exhaustion, there is alwavs a decrease in the
rate of release. This agreed with previous
findings by Luzzi, et al,5" who reported that
the dissclution rate of sodium phenobarbi-
tal was inversely proportional to tablet
hardness. Similarly Jalsenjak, et al,%8 re-
ported that tableting slowed down the re-
lease of sodium phenobarbital from ethyl-
cellulose microcapsules.

In manufacturing tablats by the conven-
tional wet granulation method, there are
many interdependent factors that affect
the property of granules and hence the dis-
solution rate of the produced tablets. Al-
though recent advances in tablet manufac-
turing technology and the introduction of
high speed shear mixers and granulating
equipment have helped to minimize several
in-process variables, still, the systematic
contro! of variables such as the type and
time of mixing of the granules, method,
time and temperature of drying, blending
time with the lubricant, ege of the granules,
moisture content of the granules at the time
of compression and th2 tablet crushing
strength is of vital importance toensure the
nrocduction of tablets with consisient dizso-
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Fig 5-17. Plots of percent in vitro drug dissolution

. at the 10-min time_point as a function of the tablet

crushing strength at different granulation meisture
contents. The moisture contents at the time of
compression were: (O) 0.9%: (A) 1.6%; (V)
2.0%;(0) 3.0%; (0) 3.6%; (Q) 4.3%. [Repro-
duced from Chowhan, et al, JPharm Sci, 71, 1371
(1982).]

lution characteristics. Chowha, et al,8%-3
studied the effect of moisture content and
crushing strength on ticlopidine hydrochlo-
ride tablet friability and its dissolution. It-
was shown'? that at lower moisture content
{1-2%), the drug dissolution is related
strongly to the tablet crushing strength.
The higher the tablet crushing strength, the
lower the percent drug dissolved and vice
versa. However, at higher moisture content
(3-4%), the dissolution of the drug showed
very little relationship to the crushing
strength of the tablets (Fig 5-17). In a later
study,” Chowhan and Chatterjee™ studied
the characteristics of granules produced in
a high speed shear mixer in lieu of the plan-
etary mixers usad in their previous studies.
The authors reported that granulations
made in a high speed shear mixer generally
are less porous than those made in a plane-
tary one. They also found thar by utilizing a
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Flg 5-18. a: Plots of tabiet crushing strength vs in

vitre drug dissolution at the 30 min time point at
differeni moisture contents for the extra deep con-
cave punch-tip face geometry. The moisture con-
tents in tha granulation at the time of compression
were: (0) 1.2%;{A}2.1%:(0)3.0%;(0)4.0%.
b: Conlour overiays showing the superimposed
contour piots of tablet friabiity and Jn vitro drug
dissolution 'or the desp concave punch-tip face
geomairy. The area within the boundaries repre-
sents the ranges in which process specificatons
for iablet crushing strength and granulation mois-
wre content could be eslablished. [Reproduced
from Chowhan and Chatterjes, Int J Pharm Tech
nGl Prod Manuf, 32), 6 (1984).]
“

general quadratic response surface model,
the optimum in witro dissolution, corre-
sponding to the tablet crushing strength
and granulation moisture, was a simple
maximum (Fig 5-18a). Tablet friability,
however, exhibited a minimum-maximum
response surface precluding an absolute op-
timum. Dissolution rate also varied with
changes in punch-tip face geometry, at dif-
ferent crushing strengths containing differ-
ent granulation moisture contents. Cho-
whan and Chatterjee, demonstrated that
the response surface contour plot for the in
vitro drug dissolution consisted of elliptical
level curves with an elliptical paraboloid
surfare. The contour overlays of the friabil-
ity and dissolution contour plots indicated
a region where both friability and dissolu-
tion requirements could be satisfied by con-
trolling the in-process variables, such as
granulation moisture content and tablet
crushing strength (Fig 5-18b).

Effects of Compression Force on
Dissolution Rate -

“In early studies of the physics of tablet
compression, Higuchi®! pointed to the great
influence of the compressional force
emploved in the tableting process on the
apparent density, porosity, hardness, disin-
tegration time and average primary particle
size of compressed tablets. Higuchi, et al,”!
utilized a sulfathiazole granulation as a
model to show that there is a logarithmic
relationship between the compressional
force and the apparent density or porosity
of the tablets. The percent porosity was
calculated by the equation

Percent porosity =

apparent density
{ - of LableF " Ix1w00 -2
true density

of tablet

Apparent density of the tablet is the quo-
tient of its weight and its geometric volume—
True tabiet density refers to the density of
the compact, solid, mixed ingredients of
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which the tablet i5 composed, excluding the .

entire pore volume that .are larger than
spacings of molecular or atomic dimen-
sions, which exist in the crystal lattices of
the solid ingredients. The porosity of the
tablet may improve dissolution by facilitat-
ing solvent penetration; but, the entrap-
ment of airin these pores inhibits the wetta-
bility of the tablet in dissolution media with
high surface tension, such as water and 0.1
M HC\. This effect however, could be mini-
mized by deaerating the dissolution medi-
um or by using a surfactant. Higuchi’s stud-
ies also showed that a linear relationship
exists between hardness and the logarithm
of the compressional force end between the
logarithm of the disintegration time and the
compressional force. The specific areas of
the compressed tablet, a key factor in deter-
mining the dissolution rate, were found to
undergo marked changes curing the com-

pressional process; exhibiting a pronounced -

maximum at about 2,500 b for ¥%-in. tablets.
The interdependence of these factors and
their significant influence on dissolution,
project a complex and variable relationship
between the compression of the tablet force
and the rate of dissolution of the drug (Fig
5-19). There is always a competing relation-
ship between the enhancing effect due to
the increase in surface area through the
crushing effect and the inhibiting effect due
to the increase in particle bonding that
causes an increase in density and hardness
and, consequently, a decrease in solvent
penetrability. The high compression also
may inhibit the wettability ¢f the tablet due
to the formation of a firmer and more effec-
tive sealing layer by the lubricant under the
high pressure and temperature that usually
accompany & strong compressive force.
Therefore, the curve profile of the com-
pression force of the tablet vs dissolution
rate cantake one of several shapes. Levy, et
al,? reported that salicylic acid tablets,
manufactured by double compression (to
avoid the effect of binders used in wet gran-
ulation), showed an increase in dissolution
rate with an increase in precompression

pressure (Fig 5-20). This was considered to
be due to the fracturing of drug particles at
a higher slugging pressure, yielding smaller
primary particles and increasing the effec-
tive surface area. This confirmed the early
findings by Higuchi, et al,™ with aspirin
tablets and also a finding by Nelson’® that
aspirin tablets manufactured at very high
compression were absorbed much faster by
humans than those made at a lower pres-
sure. Yen?® studied several formulations of
triamterene tablets and found that both
maxima and minima were exhibited in the

. dissolution rates as a function of the tablet

hardness, which is directly related to the
compression force. Ganderton, et af 6
found that by increasing the compression
force used for penindione tablets prepared
by wet granulation, the disintegration time
progressively decreased with increasing
pressure. Dissolution rate, however, fol-

- lowed a more complex course, decreasing at

lower pressure (better bonding), then in-
creasing at higher pressure (crushing effact)
and decreasing again with further increase
in pressure because of extra rebonding and
formation of denser tablets with poorer dis-
solution characteristics.

Armstrong and Griffith™ and Armstrong
and Haines-Nutt® tried to explain these
nonlinear relationships in dissolution rate
and compressicn force via a thorough mea-
surement of the specific surface area of com-
pacts of several different granulations as a
function of compression force using a nitro-
gen adsorption method. It was found that a
maximum existed in this function for each
granulation used. This demonstrated the
credibility of the previous theoretical con-
cepts that have been advanced for the expla-
nation of this nonlinear and complex rela-
tionship between dissolution rate and
compression force, i.e., the existence of an
optimum ratio of bonding to cleavage or
crushing of the drug crystals that occurs dur-
ing the compression event. Jacob and Plein™
studied the effact of hardness on phenobar-
bital tablets and found that dissolution de-
creased with the increase tn tabiet hardness.
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Fig 5-20. Effect of precompression pressure on
dissolution rate of salicylic acid contained in com-
pressed lablets. [Reproduced from Levy, ef al, J
Pharm Sci. 52, 1047 (1963).]
Kay: ©, 715kg; X, 1430 kg O, 2860 k¢t O, 5730 kg prossure
per cmi, (Averags af five tablets each, formula D.)

Hardness determinations usually are made ™~

throughout the compression process to de-
termine the need for any pressure adjust-
ments on the compression machine. If the
tablet is too hard, the table: may not disin-
tegrate in the required time, and if it is too
soft, it could not withstand handling during
coating, packaging and shipping. The hard-
ness test indicates the resistance of the tab-
let to chipping, abrasion or breakage during
processing operations. Thisis accomplished
by measuring the force, in kilograms, re-
quired to break the tablet when a force is
applied diametrically. Another test for tab-
let resilience is the friability determination.
The friabilator evaluates the ability of the
tablet to withstand abrasion during a tum-
bling process. Based on these findigs,
Smith, et al,% agreed with Ganderton’s in-
terpretation that the complex dissolution
behavior in response to variable compres-
sion force demonstrates the existence of a
nonlinear relation between force and the
ratio of bonding to cleavage occurring dur-
ing the compression event. The data seem
contradictory because they do not follow a
simple mechanistic interpretation. Conse-
quently, the authors suggzested that the
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Flg 5-21. Dissolution rate {O—0) of Li,CC4 tab-
lets cantaining B mg per tablet of PVP as a function
of tablet thickness for tablets of constant weight
{left-hand scale). Hardness (@ —O) of same tab-
lats with varying thickness {right-hand scale). [Re-
produced trom Smith, et al, J Pharm Pharmacol,
23, 538 (1871).]

data can be explained orly in terms of the
dependency of dissolution rate on the
changes in particle size or specific surface
area during tablet compression. Dissolution
rate should decrease when particle bonding
is the predominant factor during compres-
sion and should increase when particle
cleavage is predominant. Further, the ratio
of cleavage to bonding would not be related
linearly to the compression force. The au-
thors assessed the roles of tablet hardness
and compression force used and the result:
ing dissolution characteristics of lithium
carbonate tablets with various concentra-
tions of polyvinylpyrrolidone (PVP) as bind-
er. Figure 5-21 shows that two maxima were .
exhibited, one at lower compression force
(greater thickness) and a second at a higher
compression force. The authors suggested
that the low compression force maxima are
related to the structure and crushing char-
acteristics of the granules and therefore to
the concentration of the binder. Up to this
maximum, fission of the granular structure
resultsin increased dissolution release rates
with increasing pressure. With increasing
pressure compact fusion, or bonding, occurs
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which markedly reduces dissolution rate {a
minimum). At still higher pressure, in-
crease in dissolution rate may reoccur as a
result of a new relative dominance of a
~ -cleavage component. This phase was con-
sidered to be dependent mainly on the in-
herent compression characteristics of the
drugs and the formulations, and not the
binder. i . .

Carless and Sheak®! showed that during
compression of powders of different parti-
cle size, there was a critical size where the
phenomenon of bonding and cleavage of
particles within the tablet balanced each
other. Changes in particle size distribution
after compaction were studied by measure-
ment of the changes in the particle size dis-
tribution after disintegration which, ac-
cording to Kitamori and Makine,® can
elucidate whether particle bonding or
cleavage geceurs within the tablet during
compression.

Tuladhar, et al,83-# studied the effect of
polymorphism on the dissolution/compres-
sion force relationship. Utilizing two poly-
morphic forms of phenylbutazone as a mod-
el, the authors assessed the relative change
in the particle size of the drug during com-
pression by comparing the dissolution rates
of the drug particles before and after com-
pression {a change in the particle size of the
"drug will be reflected by a change in the
dissolution rate). When the excipient was
Avicel,® the critical particle size of poly-
morph A was approximately 30 pm; howev-
er, with lactose, the value was higher. The
critical particle size for polymorph B was
approximately 600 pm when either Avicel®

or lactose was used. With a low drug

concentration (10%) in the tablet, the dilu-
ent prevented the drug particles from bond-
ing together. Lactose had an abrasive action
on polymorph A compared with Avice! but
had no effect on the more ductile form B.
When the contact time of compression was
decreased frcm 20 to 0.26 sec, the 6 pm,
particles of drug exhibited less boading at
the shorter time, but with larger particle
size, the effect was independent of the com-

form 4
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Fig 5-22. Etfect of rate of compression on cissolu-

tion of phenylbutazone tablats. Polymorphic Form

A and Form B. - - - - 0.26 sec contact lime. ~ - - -
29 sec contact time. [Reproduced from Tuladhar,
el al, J Pharm Pharmacol, 35, 269 (1983).]

pression rate {Fig 3-22). Therefore, the
study shows that the elfect of the compres-
sion rate will be important for time-depen-
dent materials when the degree of elastic/

" plastic flow will be affected by the rate of

application of stress (under high compres-
sion rate; the elastic properties predomi-
nate, while at low compression rate plastic
flow can lead to increased bonding). This is
clear from the finding that the dissclution

. rate of the more plastic crystal form B in-

creased by a greater extent than the less
plastic crystal form A as the contact fime
was reduced from 29 to 0.26 sec.

Several authors®88 tried to interpret the
complex relationship between the compres-
sion force and dissolution as a reflection of
the changes in relative density that occur
during compression. The relative density is
defined according to Lewis and Train® as
the ratio of compact density to density of
the solid material. The authors showed that
at increasing compression forces the rela-
tive densizv of tablets hecomes greater until
a masimum is reached. The force at which
the maximal reiaiive density is obrained
depends on the composition of the tablet
formulation. Polderman and Braakman?®?
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Table 5-2—Relation Between Comprassion
Force, Relallve Density and Dissaolution Time

Compression Ralative Cissolution

lorce. kg density time, sac cv

1 prat. | 0.81 1400 14.0
2 260 0.32 953 11.2
3 290 0.83 680 15.0
4 318 0.85 440 16.3
d 430 0.89 135 16.0
6 500 0.80 110 14.2
7 520 091 . 110 124
g 6350 094 129 114
9 900 0.96 250 10.5
10 1140 0.97 380 5.0
11 1330 0.97 425 25
i2 16840 0.97 H0 3.4
13 1800 0.37 440 21
14 2000 0.97 440 3.6

Note: CV (the coefficient of varlation) s grven only for the
dlasciution tima and not [or the redative densily sinca thes i3 always
tess than 0.5%. [Reprocuced from Poldermun and Braakman, J
Pharm Pharmacol 20, 323 {1948).]

compared the dependence of both the dis-
solution time and the relative density on the
force of compression for sodium chioride
tablets. In Tabie 5-2, the average values for
the 90% dissolution times and the relative
densities at 14 different compression forces
are listed. The data show that the dissolu-
tion time becomes almost constant at about
the same compression force at which the
relative densitv becomes constant; the dis-

- solution profile exhibits a minimum. This

behavior, however, was not the same with
other tablet formulations where an initial
decrease was not found.

From the above discussion, it is apparent
that a full dissolution/compressional study
for each granulation formulation is essen-
tial to determine the compression parame-
ters that will assure good dissolution char-
acteristics and adequate bioavailability.

The Effect of Fermulation and Processing
Factors on the Dissolution Rate of
Capsules ’

Compared to tablets, capsules tradition-
ally have received considerably less atten-
tion regarding the effects of different for-
mulation and processing factors on their
dissolution rate. This may be due to the popu-
lar misconception that encapsulation is rather

s

a simple pharmaceutical manipulation that
imparts little, if any, change on the physical
properties of the active ingredients. Disin-
tegration tests were not specified for cap-
sules, since it was known that the shell dis-

. solved rapidly in the gastrointestinal tract

and, therefore, the release of the drug was

-expected to be fast and complete. Nelson®8

ranked the bioavailability of the oral dosage
forms in the order: solution>suspension
>powder-filled capsule>compressed tab-
let>coated tablet. Wagner, et al,8%% found
that soft gelatin capsules have better bio-
availability than the powder-filled capsules
and are about equivalent to emulsions (Fig
5-23a). Later on, however, it was recognized
that, in spite of rapid breakdown upon in-
gestion, capsules could have severe bio-
availability problems. Tannenbaum, et a/,5
showed that, in some cases, a tablet could
yield greater drug absorption than a pow-
der-filled capsule. The release of aspirin
from hard gelatin capsules was shown by
Wood® to be irregular and to have an aver-
age delay time of about 15 min.

Glazko, et al,* reported different absorp-
tion rates from capsules containing identi-
cal amounts of chloramphenical manufac-
tured by different pharmaceutical houses
(Fig 5-23b). Poole® observed measurable
differences in the dissolution rates of cap-
sule formulations of ampicillin produced by
several manufacturers.

Brice and Hammer% also noted signifi-
cant bioavailability problems with oxytet-
racycline capsules when the antibiotic se-
rum levels of about 16 commercially
available brands were measured (Fig 5-24).
These alarming findings have prompted
several investigators to study the dissolu-
tion characteristics of capsules and the ef-
fects of the formulation design and process-
ing techniques on their bioavailability.
Certain factors were identified readily as
the main contributors to the differences be-
tween the dissolution characteristics and
physiclogic availability of the same drug
that is available in severa! market formula-
tions. Factors such as particle size, density
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Flg. 5-23a. Average serum
concentrations of indoxole ob-
served in eight volunteers fol-
lowing oral administration of
the indicated doses every 8 hr.
[Reproduced from Wagner et
al, Clin Pharmacol Ther, 7, 610
(1966).]
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Fig 5-23b. Mean plasma levels for
groups of ten human subjects re-
ceiving single 0.5 gm oral doses of
chloramphenicol preparations A,
B, C or D. {Reproduced from
Glazko, et al, Clin Pharmacol Ther,
9, 472 (1967).]
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and crystalline form of the active ingredi-
ent, forced packing, addition of lubricants

and their retarding effect on the wettability -

and penetration characteristics of the pow-
der bed, particle deaggregation and rate of
dispersion of the wet bed, all have been
shown to be of prime importance. The prob-
lerns related to drug particle size and crys-
talline form have been discussed previously
under the effects related to the physico-
chemical properties of the drug material.
Therefore, the following discussion will be
concerned mainly with the influence of the
several additives that usually are [ncorpo-
rated in capsule formulations, as well as the
processing factors, such as meight/volume
filling ratio and the packing pressure em-
ploved.

Effects of Additives on the Dissolution
Rate of Capsules

It is known that several adjuncts have to
be added to the pure drug in capsule formu-
lations to simplify weight adjustments and/
or to allow mechanized filling of the cap-
sules. Typically, capsule formulations con-
tain arelatively high proportion of the drug
moiety as compared to the amount of the
diluent and fillers present. Therefore, if the
drug has a dominant hyvdrophobic charac-
ter, the wettabilitv and dispersion of the
powder bed will be very poor, even if the
capsule shell dissolves varvrapidly. dMcGee,
et al ® investigated the in vitro dissolution -
of acetylsalicylic acid packed in hard gela-
tin capsules and reported that the capsules
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showed distortion and did 2ot appear to
break down readily even in the presence of
the digestive enzyme used and the relative-
ly high agitation intensities of the oscillat-
ing tube method. Figure 5-25 presents
sketches of the appearance of the capsule at
various dissolution stages. The authors also
studied the effects of two excipients, lactose
and dibasic calcium phosphate, on the dis-
solution and ahsorption rate of acetvlsali-
cylic acid from hard gelatin capsules. Their
results showed that the use of dibasic calci-
um phosphate as a diluept provided a faster
dissolution rate than did the use of lactose. -
Plasma level data confirmed the in vitro
findings. The authors also noted that the
acetylsalicylic acid bacame moist and, after
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awhile, the gelatin stretched and broke down
only after siriking against the 100 mesh
screen. It was suggested that this was
caused by some modification in the gelatin
properties probably because of the acidity
of the acetylsalicylic acid. This erratic dis-
solution behavior of aspirin from hard gela-
tin capsules confirmed the early finding of
Wood.#? Calesnick, et al,5" reported that in
their study of the dissolution behavior of
capsules, the contents of the hard gelatin
capsule remained as a pasty mass for some-
time after the gelatin capsule had dissolved.
Aguiar, et al,®®® emphasized the impor-
tance of particle dispersion from tablets
and capsules. it mav be remembered that
the granulation step, in the case of tabiets,
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WMV, §TAGE

STGT 2
STAGE 3
STAGE ¢

Flg 5-25. Appearance of capsule at various stages
using the Levy and Hayes beaker method. Stage 1,
whiskers or needles, 3 min; Stage 2, mushroom.
8-10 min: Stage 3, pyenidium, 25- 120 muin; Stage
4, cylinder, aover 120 min. [Reproduced from
McGes, et al, J Pharm Sci, 59, 1433 (1970).]

imparts better hydrophilicity to the drug
particles and thus minimizes the effects of
the wet bed dispersion characteristics as
compared to capsule formulations where no
granulation step exists. Presence of hydro-
philicdiluentsin capsule formulations how-
ever, may improve the wettability and dis-
persion properties of poorly soluble drugs
as reported by Paikoff and Drumm!® (Fig
5-26).

Aguiar, et al,? investigated the deaggre-
gation (or dispersion) rate of four commer-
cial lots of chloramphenicol capsules by
monitoring the percent transmittance of
the dissolution media after the capsule shell
has dissolved. The authors reported that
while one brand was found to have a very
fast deaggregation rate and reached the
steady state in 10 min, another had a very
poor deaggregation rate to the point that,
after 3 hr, the product maintained its cap-
sular appearance (Fig 5.27a). Quantifica-
tion of the deaggreganion rale was based on
the premises ihat the deaggregation rate
followed a first-order process and that the
species presentinthe media were either the
large aggregates and/or small aggregates.

“ * B e N o
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Log % remaining undissolved
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0 40 &0
Minutey

a

Fig 5-26. Ettect of diluents on dissclution rate of
drugs trom capsules. [Reproduced from Palkott
and Drumm, J Pharm Sci, 54, 1693 {1365).]

Key: ©, drug atone; A, drug plus dilvent.

The following equation was developed to
describe the deaggregation process
A, Kt -

log 54, = 2303 5-3)
where A, is the absorbance at the final state,
.and A, is the absorbance at time ¢, i.e..a plot
of AJA, — A, vs ¢ should be linear. From the
slopes, the relative aggregation rates can be
evaluated. Dissolution studies correlated
well with the deaggregation profile (Fig 5-
927b). In addition, a qualitative correlation
was found between the deaggregation rates
of the four commercial lots of chloramphen-
icol capsules and the plasmalevels shown in
Fig 5-27¢c. The same brand that exhibited
fast deaggregation rate also provided the
highest plasma level after administration to
adult humans. Capsules that had a very
slow deaggregation rate, also gave signifi-
cantly lower plasma levels. In order tostudy
the effects of the diluents on the absorption
of chloramphenicol the authors conducted
permeation studies using the everted sac
technique. Again a profile that correlated
with the other parameters such as deaggre-
gation and dissolution was obtained {Fig 5-
97d). Samyn and Jung'®* examined the in-
fluence of commonly used pharmaceutical
adiuvants on the disintegration and disso-
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Fig 5-27a. Plot of percent transmittance of chlor-
amphenicol vs time showing the ralativa deaggre-
gation rates of the four capsules in simulated
gastric tuid TS. [Reproduced [rom Aguiar, et ai, J
Pharm Sci, 57, 1844 {1968).]

Keay: ©.Capsude A; O, Capsule 8; O, Capsule C; 4, Capsule 0.

25 30 75 w0 125
Time, min

Filg 5-27b. Dissolution rates of chleramphenicol

capsules in simulated gastric fiuid TS. [Repro-

duced from Aguiar, et al, J Pherm Sci, §7, 1844

(19638).] '

Keay-01, Capsute A; O, Capsule B; O, Casrsule C; ©,Capsule D

Chioramphenicol cancn, meg/mb

lution from experimental capsule formula-
tions. The study clearly indicated that the
filler (lactose or dibasic calcium phosphate
dihydrate) and the capsule lubricant (mag-
nesium stearate) had the grzatest influence
on the disintegration and dissolution prop-
erties of the capsules. Without magnesium
stearate, the dissolution was rapid from
capsules containing either lactose or calci-
um phosphate both in water and simulated
gastric fluid. The slowest dissolution was.
observed for the furmulation containing di-
basic calcium phosphate and 2% magne-
siurn stearate, tested in water. This was due

xS

20r

Chloramphanicol, mg

20 40 80 ‘80 10 120
Tima, min

Flg 5-27¢. Mean plasma levels in human volun-
teers of nitro compounds (chioramphenicol equiv-
alents) lollowing single oral doses of chloram-
phenicol capsules. [Dosa 0.5 g (92 capsules), 10
subjects.] [Reproduced from Aguiar, et ai, J
Pharm Sci, 57, 1844 (1968).]

Kay: O, Capauls A; A, Capsule B; O. CapsuleC: O, Capsule D,

conca,meg/mL

Chloramphenicol

2 & 10 14 Tla 2 -
Time 22%er dose, e
Fig 5-27d. Permealion rates of chlorampnenicol
from capsules through the sverted sac. Solutions
not filtered. [Reproduced from Aguiar, ot af, J
Pharm Sci, 57, 1844 {1968).]
Kay: 0, Capsule A; 01, Capsule 8; A, CapsulaC; O.Capsuta D.

to the hydrophobic nature of the magne-
sium stearate and the insolubility of calci-
um phosphate in water (Fig 5-2Ba). Howev-
er, in simulated gastric fluid, there was no
significant difference between the two fill-
ers. The concentration of magnesium stea-
rate on the other hand, seemed to be the
critical factor in controlling the dissolution
rate (Fig 5-28b). In those cases where slow
dissolution was observed, the capsule con-
tent remained as a “slug” of wet powder
pack long after the gelatin wall had dis-
solved. At this stage the drug dissolution
was limited by the rate of erosion, diffusion,
and/or solution of the drug and/or filler
from this wet powder mass. The liquid pen-
etration rates of the various drug/lactose/
magnesium stearate blends are shown in
Fig 3-28¢. The data were plotted as the
square of the depth ol liquid penetration vs
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Fig 5-28a. Dissotution of drug from capsules: left, drug-lactose-2% magn.esium stearate; right, drug-
CaHPQ - 2H,0-2% magnesiurn slearate. [Reproduced from Saryn, and Jung, J Pharm Sci, 59, 169

(1870).)
Kay: X, simulaled gastric fluid; O, waler,

g

1 1 ] 1 ' I 1
2 46 851021416 1820222462330

o4 Theorsllcal amount relaased

cg35e

Tima, min
Fig 5-28b. Dissolution of drug trom capsules in
simulated gastric fluid (drug-lactose-magnesium
stearate). {Reproduced from Samyn, and Jung, J
Pharm Sci, 58, 169 {1970).]

Kay: X, ©. 0% magnasium stearste; 0, ). 2% magnesium
stearate; 0. Oy 5% magnesium stearata.

time. Decreased penetration rates clearly
were related to the increase in mangesium
stearate level. Slow dissolution rates were
obtained for powder blends that showed
reduced liquid penetration rates. Addition-
al measurements of the water content of
the various powder beds and their viscosi-
ties suggesied that the high viscosities cf
several of these powder packs were due to
their restricted water content arising from
the added hydrophobic lubricant. Newton,
et ql,101-193 in g study of the effect of addi-
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o] 20 40 &0 80 KO 120
. Time, min

Fig 5-28c. Liquid penetration of packed powder
beds {drug-lactose-magnesium stearate blends).
[Reproduced trom Samyn, and Jung, J Pharm Sci,
59, 169 (1970).]

Keay: X, 0% magnesiom stearate; O, 1% magnesium stearate;
0, 2% magnesium sisarate; O, 5% magnesium stearate.

tives on the release of the hydrophobic drug

ethinamate, reported that the additives

have-a greater effect on dissolution when
finer particle size fractions are used due to
the less permeable structure of the powder
beds formed by the smaller particles. In
order to modify the hydrophobic nature of
the drug, Newton and Rowley'% found that
alarze amount of the diluentis required (up
to 50%). The authors reported that the pres-
ence of a lubricant at a 1% level, reduced
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Fig 5-29. The effect of lubricant content on the release of ethinamate from high fill weight capsules after 40

*  min at zero wetting agent (O), low wetting agent (X} and high wetting agent (O) content for {a) zero diluent,

(b) low diluent, (¢} high diluent. [Reproduced from Newton and Rowley, J Pharm Pharmacol 22, Suppl 1635

(1970).]

drug release, but apparently there was no
farther significant decrease until a concen-—
tration of 3% is reached. The adverse effect
of lubricants on dissolution, however, was
found to be alleviated, at least partially, by
the addition of a wetting agent such as sodi-
um lauryl sulfate (about 1%) to the capsule
formulation (Fig 5-29). In addition, Newton
and Rowley demonstrated that drug release
and permeability decrzase with the de-
crease in particle size and porosity of the
powder bed. A moist granulation process
was shown to transform a nonpermeable
powder bed, which causes slow drug release,
into one with high perm=ability and high
drug release. The permeability of powder
bed of different porosities, was measured by
the pressure decline method of Dodd, Da-
vis, and Pidgeon.!™ A final note on the ef-
fect of additives in capsule formulation is
that care should be exercised that these ad-
ditives do not have any tendency to react
with the drug, such as in the case of dibasic
calcium phosphate which reacts with tetra-
cycline hydrochloride to form the poorly
soluble calcium tetracycline complex. Also,_
possible interaction between the drug {es-
pecially if acidic or alkaline in nature} and
the zelatin shell has been reported.

Effects of Capsule Processing Factors

McGee, et al,% investigated the effects of
two different pressures of fill on the rate of
absorption of acetylsalicylic acid from hard
gelatin capsules in rabbits, utilizing two dil-
uents, lactose and dibasic calcium phos-
phate (Table 5-3). They found that more
rapid in vitro dissolution and better plasma
levels were obtained with the more tightly
compacted capsules irrespective of the ex-
cipient used. This was explained by the as-
sumption that the diffusion of the gastric
juice through the tightly packed capsule,
created higher pressure within, leading to
faster dissolution.

Newton and Rowley!® studied the effect
of packing and its relation to the particle
size on the in vitro release of the water-
insoluble drug ethinamate from hard gela-
tin capsules. They found that the rate
of drug release and liquid permeahility
decreased with a decrease in particle size
and porosity of the powder bed. If dissolu-
tion is compared with sample porosity, the
rate of drug release is faster [rom cap-
sules containing larger particle-size frac-
tions and packing has little effect. However,
with finer particle size. compact packing
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Table 5-3—Average Concentrations Oblained
in Dissolution Determinations of No. 3 and No. 4
Capsules Containing Acetyl Salicylic Acid and

Lactose?’
Averags Concenzration.? mg/ 100 mi
Tima, No. 3 Capsule No. 4 Capsule
min BGF &F §GF  SF
10 5.3 1.0 15.3 8.5
- 2 10.5 10.0 16.1 16.3
30 13.3 12.0 17.5 199
45 14.3 15.5 15.1
60 16.3 19.8 15.9
S0 18.5 19.1
120 19.5 19.4
180 19.8 19.5

* Qsclitating tuba mathod. 100-mesh soreen

* Avarage of thres determinanons: SGF, simulated gastric fud;
and SIF, somdated intestinal flud

[Reproduced from McGes, et af, JPhamm Sci, 55. 1430 (1970).]

causes a marked decrease in the rate of
drug release (Fig 5-30). Reducing the par-
ticle size also decreases the size of pores
between the particles which in turn reduces
the ease of access of the dissolution medium
to the powder mass. In a later study, New-
ton, et al,!9! while confirming the effect of
particle size on the dissolution of capsules,
observed that the range of fill weights used
does not appear to influence greatly the
effect which additives have on drug release.
Samyn and Jung!® studied the influence of
packing density on the dissolution of drugs
from capsules by measuring the liquid pen-

" etration, water content and viscosities of

the powder beds. The authors utilized the
method of Studebaker and Snow,'® where
various powder blends were packed into
open-ended cvlindrical tubes to provide
large samples and controlled packing densi-
ty for accurate measurements. The data
showed wide variation in viscosity and wa-
ter content of the powder beds. Some of the
wet compacted powders were thick pastes
while others were quite fluid. At any given
water content, the lactose-based capsule
biend appeared to be more fluid than with
calcium phosphate blend probably due to
the partial solution of factose. Figure 5-31
shows that in the absence of hyvdrophobic
lubricunts the dissoiution behavior was not

influenced by the packing density. Howev-
er, in the presence of 3% magnesium stea-
rate dense packing caused a marked de-
crease in the drug dissolution rate from

- capsules containing either diluent.

Dissolution Rate of Soft Elastic Capsules
Hom and Miskel'® studied the dissolu-

. tion characteristics of soft elastic capsules.

Their comparative data showed that for
several poorly soluble drugs the dissolution
rate was much faster when the drug is filled
into soft elastic capsules after being dis-
solved in polyethylene glveol in conjunction
with nenionic surfactants, than when for-
mulated into tablets. This agrees, in gener-
al with earlier findings of Wagner,® who
studied the effects of dosage form variation
on blood levels of indoxole and reported
that a soft gelatin capsule was equivalent to
the emulsion dosage form, followed by an
aqueous suspension, and last was the pow-
der-filled hard gelatin capsule.

_Hom and Miskel investigated hydrocorti-
sone, ethinyl estradiol, phenobarbital, digi-
toxin, bishydroxycoumarin, suifadiazine,
phenvlbutazone and propylthiouraci! (Figs
5-32a and 5-32b). In every case, the dissolu-
tion rate from soft capsules was faster than
atablet formulation because suspensions or
solutions of these drugs were encapsulated
easily. Furthermore, surfactants or other
solubilizers could be encapsulated conve-
niently along with the drug to improve its
dissolution and biocavailability. They rec-
ommended the use of soft capsules for low
dose medication of sparingly soluble drugs,
especially when an early high blood level of
the drug is indicated.

Armstrong and James!% reviewed several
articles on drug release-from lipid based dos-
age forms and pointed to the advantage of
soft gelatin capsules as an excellent mecha-
nism toseal theoiland mask the unpleasant
taste associated with the drug or its oily base.
Stella. et al,'** showed that the bioavailabil-
itv of a quinoline derivative {antimalarial
drug} in the dog was better from soft gelatin
capsules containing the drug base in oleic
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Fharmacol 22, 1653 {1970).]
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% DISSOLVED

oISSOLVIN NAUG, mof fml.

4 1 i 18 n 2% o
MINUTTS

b

Fig 5-32. a: Dissoiution rates of digitoxin capsule
and tablets in simulated gastric fluid TS, b: Dissolu-
tlon rates of biskydroxycoumarin capsule and tab-
let in simulated gastric fluid TS. [Reproduced from
Hom and Miskel, J Pharm Sci, 59, 827 {1970).]
Kay- @, sof slastic capsuls; ©, Tablet A . Tablet B.

from hard gelatin capsules containing the
hydrochioride salt. Fischler, et al,i% found
that the peak plasma level in man was high-
est and attained quickest from a syTup con-
taining chlormethiazole edisylate, followed
by soft capsules containing the free base in
arachis oil. Oral administration of the edis-
ylate in tablet form gave the lowest bio-
availability performance. Fuccella, et af,'1?
administered temazepam to healthy sub-
jects as a single dose, both as a powder in
hard gelatin capsules or as a solution in
polyethylene glycol, in soft gelatin capsules.
Absorption from the latter provided earlier
and higher peak plasma levels, although
there was no significant difference between
the overall total availabilities. Also, digox-
in, when dissolved in a water-soluble mix-
ture containing polvethylene glycol and
packed in soft gelatin capsules was found to

dissolve faster in vitro and in vivo than the
tablet formulation!!1-11 Griseofulvin gave
$8% absorption from soft gelatin capsules
compared to 45% for commercial tablets
and 33% for hard gelatin capsules contain-
ing the micronized drug.Mt?

Armstrong and co-workers!!&117 evaluated
the British pharmacopoeia in vitro disinte-
gration test for soft gelatin capsules using
commercial lots of cod liver oil capsules.
The majority of capsules swelled on being
placed in water but after 3 min, a small drop
of oil appeared, usually from a point on the
capsule seam. The capsule then ruptured at
this point. releasing the contents, and the
chell then dissolved. However, an appreciable
number continued to swell until the shell dis-
solved without first releasing the oil by break-
age. a behavior which caused prolonged dis-
integration time. It was suggested that this
erratic behavior can be due to variations in
the efficiency of the capsules sealing pro-
cess by slight differences in machine adjust-

ments during manufacturing. Weight and _

dimensions of the capsules showed no cor-

relation with disintegration time but it was

noted that as the water content of the shell
increased. the disintegration time de-
creased. The nature of the capsule contents
did not appear to influence the disintegra-
tion time, but the addition of less than 1% of
surfactants to the encapsulated oil signifi-
cantly reduced the time of disintegration.
The application of disks in the disintegra-
tion test seemed to affect dramatically the
capsule behavior and therefore, their use
was not recommended by the authors. )

The in vivo disintegration and dispersion
of soft gelatin capsules was alsa investigat-
ed by Armstrong, et al,'!'" using X-radiogra-
phy in rabbits and gamma scintigraphy in
human volunteers. This procedure showed
that tn vivo disintegration usually began
within 2-3 min and that the capsules
swelled into isometric shapes. The presence
of a surfactant in the oil and food in the
stommach appeared to assist disintegration
which was in agreement with the firdings of
Hunter, e: al 118 and Casey. et al.!'* Gamma
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acid than scintigraphy data in humans indi-
cated that the disintegration and dispersion
times were shorter in humans than in rabbits
probably because of the larger human stom-
ach which permits more efficient agitation
of the capsule. Also, it was fcund that the in
vivo times were very close to those obtained
in vitro. Serajuddin, et af,'™® pointed out

that the physicochemical characteristics of

soft gelatin capsules are different from oth-
er conventional dosage.forms, and hence,
the properties of the drug, the solubilizing
liquid, the gelatin shell and the compatibil-
ity of these three components after encap-
sulation must be evaluated carefullv during
formulation. The authors pointed ¢ut that
due to the high initial water content of the
soft gelatin capsule shell (>20%), water mi-
grates from the shell to the f{ill material
during the drving process and subsequent
equilibration periods.!?!1* Consequently,
the objective of bioavailaaility enhance-
ment through drug solubilization can be
jeopardized if the drug crystallizes inside
the capsule due to water migration from the
soft gelatin capsule shell to the fill marerial.
Such possibility however, can be avoided by
selecting the proper vehicle for drug solubi-
lization.
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The charcteristics of a drug can be greatly affected by particle size, morphology, shape
and surface area. This can affect such properties as formulation homogenicity, powder
flow for respirables and surface area. It is therefore important to characterise each
new drug candidate in order to facilate the preparation and production of a viable
formulation.

Particle size, morph logy, shape and surface area

i

For instance, in the case of a drug to be administered in tablet form, the size and
shape of the particles can influence the flow and mixing of powders and granules, both
affecting the efficieny of tablet formulation.

D =

_Our laboratory staff have an indepth knowledge of the characterisation of particulate
matter with respect to size, shape, marphology, surface area, surface energies etc.

For more information on how we may be able o assist with your needs, please contact
us.
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Harry G. Brittain

Particle-siza determinations are {t'r{dﬂertaken
to alatain information about the size
characteristics of an ensemble of particles.
Because the particles being studied ar2 not
usually the exact same size, information is
| required regarding the average particdg siza
" and the distribution of sizes about this
average. However, the concept of particle
size Is Irrevocably derived from aspects of
particle shape and morphology because the *
idea of a particle diameter proceeds from

preconceived shape factors.

—_-

Harry G. Brittaun, PhD, is tha director of
the Center for Phanmaceutical Physics, 10~
Charles Road, Milford, NJ 08848, tel. 908,
9955.35073, fax 908.596.3580, ntnttaint
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Eoard.
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Particle-Size Distribution, Part |

Representations of Particle
Shape, Size, and Distribution

P

n the July 2001 Pharmaceutical Technology article about

partcle-size determination, th question of what constitutes

a “correct” method {or the determination of particle-size dis-

tributions was addressed (1). A correct method was delined as
one whose sample was obtained by an appropriate sampling pro-
cedure, in which the sample was prepared properly and intro-
duced into the instrument, and in which all instrumental para-
mecters were used correctly for the analysis. It also was pointed
out that all of the correct {but differing) particle-size results ob-
tained through various methodologies are equally accurate, but
each method simply might be expressing its correct results in
different terms. When viewed in this light, the decision about
which particle-size methodology is most appropriate for a given
situation can be seen as a simple matter of accuracy versus pre-
cision. If absolute accuracy is most important, then one must
conduct rigorous research to verify that the method finally
adopted does indeed yield particle-size results that are absolutely
indicative of the characteristics of the bulk material. If, however,
one is more interested in developing profiles of lot-to-lot vari-
ability, then the use of any of the available methods that yields
correct results is appropriate.

The next scveral articles in the “Pharmaceutical Physics” col-
umn series will examine a variety of correct methodologies that
can be used to deduce information about the shape and size
distribution of partides. However, one cannot begin to address
those topics without a prior exposition of what is meant by the
shape and size of the partides that consitute a powdered solid.

Partidle shape
It is not possible to discuss rationally the size of a particle ot
any distribution associated with the sizes of an ensemble of par-
ticles withaut ficst considering the three-dimensional charac-
teristics of the particle itself. This is because the size of a parti-
de is expressed either in terms of linear dimension characteristics
derived from its shape or in terms of its projected surface or
volume. As will be shown, some methods of expressing parti-
cle size discard any concepe of pariicle shape and instead ex-
press the size in terms of soms type ol equivaicnt spherical size.
An appropeiate starting placs for a discussion of particle shape
can be found in LiSP General Test (776) [scc Figure 1) {2). In the
shape performance aspect of this pacticular test procedure, USP
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requires that “for irregularly shaped particles, characterization

of particle size must also include information on particle shape.”

The general method defines several descriptors of particle shape

(sec Figure 2). The USP definitions of these shape parameters arc

o acicular: slender, needle-like particle of similar width and
thickness .

o columnar: long, thin particle with a width and thickness that
are greater than those of an acicular partide

o fake: thin, fat particle of similac length and width
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Figura 1: Description of particle shape as dafined by USP.
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o plate: flat particle of similar length and width but with greater
thickness than flakes

o lath: long, thin, blade-like particle .

o equant particles of similar length, width, and thickness; both
cubical and spherical particles are included.

In ordinary practice, one rarely observes discrete pacticles but
typically is confronted with particles that bave aggregated or ag-
glomerated into more-complex structures. USP provides sev-
eral terms that describe any degree of assodation:

o lamellar: stacked plates

o aggregate: mass of adhered particles

o agglomerate: fused or cemented particles

o conglomerate: mixture of rwo or more types of particles
o spherulite: radial cluster

o drusy: particle covered with tiny particles (2).

The particle condirion also can be described by another se-
ries of terms:

o edges: angular, rounded, smooth, sharp, fractured
o opucal: color, transparent, translucent, opaque
o defects: occlusions, inclusions.

Furthermore, surface characteristics can be described as
o cracked: partial split, break, or Bssure
o smooth: free of irregularities, roughness, or projections
o porous: having openings or passageways
o rough: bumpy, uneven, not smooth
o pirted: small indentations.

The pharmaceutical descriptars of particle shape are derived
from the general concept of crystallographic habit. The exact
shape acquired by a crystal will depend on various factors such
as the temperature, pressure, 2nd composition of the crystal-
lizing solution. Nevertheless, precipitation of a given compound
generally creates a characteristic shape or outline. Because the
faces of a crystal must reflect the internal structure of the solid,
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Figure 2: Growth along certain crystal directions can profoundiy alter tha characisrstic habit of warieus crysmis.
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Figurs 3: Some commonly used descriptors of pasticle size.

the angles between any two faces of a crystal will remain the
same even if the crystal growth is accelerated or retarded in one

" direction or another (see Figure 2). Optical crystallographers

usually will catalogue the various crystal faces and document
the angles between them as they identify the crystal system to
which the given particle belongs. When the particle is particu-
larly well formed, a description of symmetry elements also is
compiled.

For many individuals, however, the concept of qualitative
shape descriptors has proven inadequate, and this deficiency
has necessitated the definition of more quantitatively defined
shape coefficients {3). For instance, Heywood describes the elon-
gation ratio, 1, as

,,=1§ (1]

and the flakiness ratio, m, as

— B
T 2l
in which T is the particle thickness (the minimum distance be-
tween two parallel planes that arc tangential to opposite surfices
of the particle), B is the breadth of the particie {the minimum

. distance between two parallel planes that are perpendicular to

the planes defining the thickness), and L is the particle length
(the distance between two paraliel planes that are perpendicu-
lar to the planes defining thickness and breadth) {4).

Partide size

It really is not possible to continuc a discussion of particle shape
or size without first developing definitions of particle diame-
ter. This step is, of course, rather trivial for a spherical particle
because its size is uniquely determined by its diameter. For ir-
regular particles, however, the concept of size requires defini-
tion by one or more parametcrs. [t often is most convenient to
discuss particle size in terms of derived diameters such as a
spherical diameter that is in some way equivalent to some size
property of the particle. These latter properties are calculnted
by measuring a size-dependent property of the particle and re-
lating it to a linear dimension.

Certainly the most commaonly used meazurements of partt-
cle sizes are the fength (the longest dimension from edge to edee
of a particle oriented paralle! to the oculat scale) and the width
(the longest dimension of the particle measured ac right angles
ta the lenath). Intnitive a< these prapertics mav be, their defin-
irion still g hact shown in Fimuer da Clreriy relatert to theee man-
prlips Ao ther r_!-r:'.':EPlc:: of eotile iz Bl b vt

which is the distance between imaginary parallel lines tan-
gent to a randomly oriented particle and perpendicular to
the ocular scale, and Martin’s diameter, which is the diam-
eter of the partide at the point that divides a randomly ori-
ented particle into twa equal projected areas (see Figure
3b).
The coordinate sysiem associated with the measurement
is implicit in the definitions of length, width, Feret's di-
ameter, and Martin’s diameter because the magnitude of
these quantities requires some reference point. As such,
thesz descriptors are most useful when discussing particle size
as measured by microscopy because the particles are immobile.
Defining spatial descriptors {or (reely tumbling particles is con-
siderably more diffcult and hence requires the definition of a
series of derived particle descriptors. However, given the popu-
larity of techniques such as electrozone sensing or laser light
scattering, derived statemnents of particle diameter are extremely
uscful.

All of the derived descriptors for particle size begin with the
homagenization of the length and width descriptors into cither
a circular or spherical cquivalent and make use of the ordinary
geometrical equations associated with the derived equivalent.
For instance, the perimeter diameter is defined as the diameter
of a circle having the same perimeter as the projected outline of.
the particle. The surface dianteter is the diameter of a sphere hav-
ing the same surface area as the particle, and the volume dia-
meter is defined as the diameter of a sphere having the same vol-
ume as the particle. One of the most widely used derived
descriptors is the projected area diameter, which is the diameter
of a circle having the same area as the projected area of the par-
tide resting in a stable position. The concepr of projected area
diameter is illustrated in Figure Jc.

Several other derived dascriptors of particle diameter have
been used for various applications. For instance, the sieve dia-
meter is the width of the minimurmn squarc aperture through
which the particle will pass. Other descriptors that have been
used are the drag divmeter, which is the diameter of a spherce hav-
ing the same resistance to motion as the partide in a fluid of the
same viscosity and at the same velocity; the free-falling diameter,
whiich is the diameter of a sphere having the same density and
the same free-falling speed as the particle in a fluid of the same
density and viscosity; and the Siokes diameter, which is the free-
[alling diameter of a partide in the laminar-flow region.

Distribution of partide sizes
All analysts knaw that the partictes that constitute real sam-
ples of powdered substances do not consist of any single type
but instead will generally exhibit a range of shapes and sizes.
Particle-size-determinations therefyre are undertaken to ob-
tain information about the size characteristics of an ensermble
of particles. Furthermore, because the particles being studied
are nod ire exact same size, inlormation is required about the
average particle size and the distribution of sizes about that
average.

"One could imagine the situation in which a bell-shaped curve
is fouul ra deseribe the dinteihution af parricle sizes ina hy-
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in each size fraction is identified, and
then one calculates the percentage of par-
ticles in each size [raction. This calcula-
tion yields the particle size histogram
(sce Figure 4a). The number frequency
ardinarily is used to construct a cumu-
lative distribution, which can be as-

{a) {b)
§15 é 80
L
2 63
2 10; ©
3 g 2
E 5 . B =
E] 2 24

Particte size {;um)

Flgure 4; Particle-size represertations for a hypothetical normal distribution. Showm are (a) the

frequency distribution and (b} the cumuiative distribution.
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cending or descending depending on the
nature of the study and what informa-
tion is required (see Figure 4b).

" The arithmetic mean of the ensemble
of panticle diameters is calculated using
the relation

_l‘nd. [3[

Sy

in which # is the number ol particles
having a diameter equal to d; The stan-
dard deviation in the distribution then
is calculated using
\ T
\ __[(_d"-d,)' . (4]
o=

n
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Figure 5: Particle-size representations for a hypothetical og-normal distribubion, plotted on a {a)

linear scale and on a (b} logarithmic scale.

Skra .
(am) = lnBand Frequescy lassThaa Greater Than
5 = 50 187 -~ 167 98.33
10 90 3.00 4.67 9533
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45 170 567 92.67 733
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dis:ribution. Samples that canfore to the charactetistics of a
normal distribution are described fully by 2 mean particle size
and the standard deviation. Table { shows an exaraple of a sam-
ple exhibiting 3 normal disiribution in which 3000 particles
have been sorted accamding to an undefiaed deerminer of theit

ciza Im e gausd dara reoresenalion. the number of particles

Particle size {um)

In the example shown in Table 1, one cal-
culates that d_, = 30.2 pm and that o =
L.L
The most commanly occurring value
"in the distribution is the mode, which is
the value at which the frequency repre-
sentation is a2 maximum value. The nie-
dian divides the frequency curve into two equal paris and’equals
the particle size at which the cumulative representation equals
30%. [ a rigorous normal distribution, the mean, mode, and
median have the same value. For a slightly skewed distribution,
however, the following approximate relationship holds:

mean — mode = 31mcan - mcdianl 15}

It would be highly, advantageous if powder distributions could
be described by the normal distribution function because all of
the statistical procedures developed for Gaussian distributions
could be used to describe the properties of the sample. How-
ever, unless the range of particle sizes is extremely narrow, most
powder samples cannot be described adequatcly by the normal
disiribution function. The size distribution of the majority of
real powder samples usually is skewed toward the larger end of
the particle-size scale. Such powdersare better describud by the
log-normal distributian cype. This terminoiogy 2rose because
when the partticle distribution is plotied by means of the loga-
rithm of the patticle size, the skewed curve is transformed utio
one closely resembling a normal disiribution {see Figure 5).

The distribution izt 4 log-nurmal rzpresentation can be com-
pletcly specified by two parametess: the grometric median par-
nele size () 1nd the standand desation in the geoinetnc mean
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in which n is the number of particles hav-

@) 30- (b} ing particle size equal to d_ Two samples

.« % mass 100 1 having identical d and &_ values can be

T a0 frequancy 8O- said to have been drawn from the same

_§ ® % number € o

requency = « Comulative total population and exhibit properties

< 0. 2 40- * mass of characteristics of the total population.
& * Cumulative . s - .

| I : 20 - % rumber In many applications, partide-size re-

ol - 14 l (I 0 / - sults are processed by plotting the cu-

0 15 30 45 60 7% mulative frequency data on 2 logarith-

Size (um) Size {jm) mic scale. If a straight line is obtained,

Figurs 6: Particle-size representations for a hypothetical log-normalidistribution. Shown are (a)
the frequency distribution and (b) the cumulative distribution. Each conlains the difference
obtainod when processing the data In terms of either particia number or particle mass.
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Figure T: Particic-size reMBﬂom pletted in a log-probability
format for (a) a single hypothetical log-normal distribution and for
{b) a hypothetical sample containing twe log-normat distributions
whose average particle size differs by ~50%.

(fr ). The geometric median is the particle size pertamning lo the |
%% value in the cumulative distribution and is calculated using

Zn iog(d‘)] - [6]

-l

ds = anli!og[

44 _ Powacestienl okselogy cecevacsa ooy

the particle-size distribution is said to
obey the log-normal function. The value
of d is equal to the 50% value of the cu-
mufative distribution. The value of o,
is obtained by dividing the 84.1% value
of the distribution by the 50% value,
Although the distribution in the log-
normal representation is specified completely by the geomet-
ric median particle size and the geometric mean standard de-
viation, a number of other average values have been derived to
definc uscful properties. These values are espedially useful when
the physical significance of the geometric median partide size
is not clear. The arithmetic mean {d_) particle size is defined

as the sum of all partice diameters divided by the total num--

ber of particles and is calculated using Equation 3. The surface

mean (d) particle size is defined as the diameter of a hypo-_
* thetical particle having an average surface area and is calculated

using

1
: (7]

d, :[anl-z
p

The volume mean (d) particle size is the diameter of a hypo-
thetical particle having an average volume and is obtained from

!
! (8]

_ End‘-!
En

The volume-surface mean (d_) particle size is the average size
based on the specific surface per unit volume and is calculated

- using

_ F.r:d'—J [9!

d,=
End'-2

" For the distribution plotted in Figure 5, one can calculate that

d =3291pum,d,_=3442pm,d = 3593 pm,d = 37.43 pm,
and d = 40.62 pm.

Various types of physical significance have been attached to
the various exnressions of particle size. Far chemical reactions,
the surface mean is impartant, although for pigments the vol-
ume mean value is the appropriate parameter. Deposition of

particles in the respiratory tract is related to the weight mean

disineter, and the dissolution of particulate matter is related to
the volume-surfaca mean.

Partcle-size distributiors can be soried according 1o the 1nass
{or volume) of the particles contained within a given size band
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or to the number of particles contained in the same size
* band. With substances having real density values, the dis-
" tribution of the same ensemble of particles can look quite
different depending on how the data ace plotted. Figure
6 shows the frequency and cumulative distribution plots
for the same sample, but the data have been separately
processed in terms of the mass and particle numbers.

Unfortunately not every powdered sample is charac-
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. terized by the existence of a single distribution, and the
character of rea} samples can be quite complicated. Recogniz-
ing the existence of muitimodal distributions is not always a
straightforward process, but their existence often can be detected
by plotting the data on log-probability paper. The existence of
more than one particle population is indicated by a change in
the slope of the line. Figure 7 shows a single log-normal distri-
bution and a multimodal sample consisting of two populations
whose meaa differed by approximately 50%. The break in the
log plot is clearly cvident, but if one were 1o simply plot the lat-
ter sample in either a frequency or cumulative view, one would
not have been able to detect the existence of two particle-size
populations in the sample.

Summary

* This rather simplified discussion of particle shape, size, and dis-
tribution tepresents only an introduction ta the topic. Inter-
ested readers should consult the primary sources in the list of

recommended references to additional information (see “Rec-
ommended reading” sidebar). Most highly recommended are
the various editions of Parricle Size Measurement by Allen be-
cause they contain some of the most detailed and informative

"expasitions available about these topics. However, the scope of |

the discussion in this opening article provides a sufficient basis
for the expositions of the various methodologies that will fol-
low in subsequent installments of this column.
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l ; ; Partide-Size- Distribution Il:
The Problem of Sampling

ﬂg Powdered Selids

‘s

J ¥ Horry G. Brittaln
¥

- ' ' l"‘"-’\'] he first article of this series outlined some of the Een-
b eral preccpts of particle size and shape (1). One might

have thought it appropriate to move into discussigns of
some of the most important experimental methods used
to deduce that type of information, but those topics cannot be
addressed until the procedure for obtaining a proper sample
for analysis is discussed (2,3). Although one may use extra-
ordinary care and technical skill while pcrforming 2 given
method for the deduction of the particle-size distribution of
a powdered solid, the results will have absolutely no value un-
less the sample used for the analysis is indicative of the bulk
from which it was taken. Nowhere else is the phrase “garbage
i, gacbage out” more apprapriate.

Because it is never practical to test the entire bulk of 2 pow-
dered solid (leaving none for its intended application), one must

All methads for the determination of
particle-size distribution have absolutely no
%3] value unless the composition of analyzed
¥ samples Is representative of the bulk from

1 which they were removed. Obtaining a
representative sample from a static powder
£ bulk is difficult and may not even be
i possible.For instance, although it is widely
believed that the use of sample thieves is an
adequate method for good sampling, this
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seems to be an improperly held view.The
general consensus is that only sampling
from a bulk powder while itisin motion can
yield the desired representative sample,
These procedures present their own range
of difficulties, but equipment exists that
permits one to sample from moving powder
beds on a variety of suitable scales.{t s
probably true that the use of a rotatory
sampling device, or spinning riffler,is the
best instrument available for the
subdivision of powders that have

- Femove appropriate samples from the bulk 10 obtain inferences

as to the composition of the entire ensemble. Samples are there-
fore defined as the units upon which a program of testing is
conducted. The purpose of measuring or observing a property
of a sample is to obtain information about the enscmble from
which the sample was drawn and hence the need for the drawn
samples to be genuinely representative. The degree of difficulty
associated with the implementation of a sampling procedure

. will depend on the exact nature of the experimental situation.

For most pharmaceutical materials {(and especially in the
sampling of powders), a number of factors must be considered
when devising a sampling scheme. These factors include the na-
ture of the ensemble from where the sample is to be drawn, the
cost of the sampling and associated assay(s), convenience, and

the degree of precision required in the final result.

‘The goal of any sampling program is not only to obtain rep-
resentative samples, but to avoid any bias in the selection of
these samples. Independent samples are obtained when the se-
lection of one particular sample does not afTect the celection of
any other sample. Bias in sampling will result when the sclzc-
tion of a sample changes the way in which other samples are
taken. Randomizatén and blinding are ways to avercome bias,
but, as this article discusses, these factors can be clintinated only
through the adoption of rigerous procedurss,

The structure of a sampling program consists of a number of
decision points. The analyst must determine how many sariples
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are needed to represent the bulk material and the size these will
be. The analyst also must decide how the various samples are to
be analyzed (e.g., pooled to yicld 3 common sample or each to
be characterized individually) and the required degree of accu-
racy in the results. The variability of the bulk material being sam-
pled, the size of each individual sample, the number of samples
taken, and the method in which these samples are prepared for
analysis will determine the accuracy of the sampling program.

Probability sampling .
Sampling procedures may be classified as either nonprobabil-
ity sampling or probability sampling. Nonprobable methods
typically are procedures of convenience and are chosen because
the alternatives are deemed too difficult to implement. This
type of sampling is also known as judgment or authoritative
samplings. Samples often are chosen using the expertise of those
who have a fecl for the process and believe that they intuitively
know wlhcu and where to obtain a representative sample. Non-
probability samples often contain hidden biases, and statistical
methods for the estimation of precision cannot be applied
On the other hand, probability sampliag ensures that the
sampling scheme is developed in such a manner that will yield
samples that are highly indicative of the properties in the bulk
ensemble. It goes without saying that although probability meth-
ods arc more complicated than nonprobability methods, their
use is infinitely more desirable.

Sampling methodologies
Although a considerable number of probability-sampling pro-
cedures can be used, this article describes the four most com-

" mon approaches.

Random sampling. [n random sampling, cach of all possible
sample units has an equal chance of being included in the sam-
pling procedure. To obtain a random sample, a number is con-

ceptually assigned to each potential candidate, and numbers
™then are selected at random to identify the units to be sampled.

Altermatively, samples are selected during random time periods
during a production run to obtain a pseudorandom sample.
For instance, consider a process used to manufacture a mater-
ial that is eventually packaged in 10,000 bottles conaining 100
g of powdered solid in cach. Bach botlle in the run is assigned
an identification number during the processing, and a random-
number generator is used to select 10 bottles from the produc-
tion run, The entire content of each botde should be used to

. conduct the analysis, unless this is impractical for the type of

measurement to be conducted. In that case, one must execule
a further random procedure to select the sample for analysis.
Statified sampling. In stratificd sampling, the ensemble to be
sampled is divided into subsets. and random samples are taken
from each subsct. This method is best applied when the subsets
themselves are very diffzrent in their properues, but objects in
individual subsets are equivalent. To apply the method. 22 mples
are taken in a random manner, but only within specified time
intervals. For example, consider 3 process used 0 manufacture
a powdered solid at the rate of 5 ky/h that is scheduled to run
for 10 h. To perform a stratified sampling procedure, one might
sample 50 g of pawder during cach hour of uperarfon. At the

lea’ RRacd " snd

end of the production run, the 10 50-g samples are combined
into a single 500-g sample, and this constitutes the sample that
is subjected to analysis.

Systematic sampling. In systematic sampling, a definite sam-
pling schedule is followed to obtain the units for testing. ln other
words, every nth sample is chosen during a production run to
ensure regular sampling through the process. The ime at which
the sample is taken is not regulated, merely its position in the
run. One should note, however, that systematic sampling only
works when the ensemble is homogencous. If the process hap-
pens to be cyelic or periodic in nature, then this procedure can
lead to serious errors. As an example of systematic sampling, con-
sider a process used to manufacture a powdered solid at the rate
af 3 kg/h that is scheduled to run for 10 h. To perform system-
atic sampling, the operator pulls a 50-g sample exactly midway
through cach hour of operation. At the end of the production
cun, the 10 50-g samples are combined into one 500-g sample,
which constitutes the sample ultimately subjected to analysis.

Quster sampling. In cluster sampling, the ensemble is divided
into groups or clusters, each of which contains subsets. Clus-
ters are chosen at random, and al] the elements in a cluster are
included in the sample. This method is used when there are
many primary units, each of which can be sampled. The sub-
samples from the chusters make up the sample taken for analy-
sis. For a cluster sampling example, consider a process used to
manufacture a material that is eventually packaged in 10,000
bottles containing 100 g of powdered solid in each. The pri-
mary units are the botues, and the subsample units will be sub-
divisions of the bottle conicnts. To perform cluster sampling,
one randomly selects 10 bottles from the stock produced and
then randomly selects a 25-g sample from cach bottle. After ali
the subsariples are properly combined, the resulting 250-g paw-
der mass constitutes the sample to be analyzed.

Static powder sampling methads

Various methods can be used to obtain samples that are pur-
portedly represcatative of the bulk from which the samples were
drawn. The most cormmon of these are scooping off the top sur-
face and pouring and quantering. More-sophisticated methods
indude the use of a grain thief, 2 sample splitter-reducer, or a
rotatory sample divider. Unfortunately, a gencral rule of thumb

that has emerged is that the simpler the sampling method, the

less likely it is to yield an acceptable sample.

Scoaping fram the top. It is almost painful to mention the
most widely used method of sampling, namely that of usiag
a spatula to scoop off some powder {rom the 10p surface of
its bulk. Although this is by far the easiest method for sam-
pling a powdered solid, there 1s no doubt that scooping off
the top is less effective than the least desirable method that
could be imagined. L.eaving aside questions af chemical degra-
dation af the upper layer, it is well known that particle seg-
regation will cesult in the top l2yzr of 4 powdered sclid be-
coming enriched in its coarse-pariicle fraction (4). As 3 result,
sampling this top layer would bias the parficle-size distribu-
tion toward larger partiches. Shaking the powder may not solve
the problem because one may induce even more segregation
in this process. Because the compesition of the upper surface
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* sa that the interlor compartment is {sStatég fom the bulk povwiel, While in
tho closed positian, the thie! IS pltinged into the contral mass of e

. pawder. {3} Once the thief is at the desked position, the dnit is rotaied so

that the interior compastment is now exposed 10 the bulk powdes. Powder
Nlows into the thief compartment of its own sccdrd. {c) Ornice the interior
compartrient of the thiet is filled; the sleeve of tie thief is rotated so that
* the interior compartment is again I'solai'leg_im‘n% the bulk powder The thief
: ‘5,919“ ‘”"ﬁd?’:l’lffrﬁ’_T ‘ﬁlé poder, and the sample is analyzed. .
of a bulk powder rarely is indicative of the bulk composition,
this method of sampling is the warst possible way to obtain
a sample.

Sample thief. A significant improvement in sampling can be
achieved with the use of a sample thief, sometimes knownias a
grain thief for historical reasons. This device consists of two
tubes, one fitting tightly inside the other, and with oblong holes
cut through the tubes in corresponding positions. One end of
the outer tube is fitted 1o a point to (acilitate its insertion inte
a hulk pawder. The sampling procedune, illustrated in Figure 1,
cousists of rotating the fnner tube Lo close the holes, inserting
the device into the powder, rotating the inner tube to open the
holes, allowing the powder to enter the device, rotating the inner
tube once more to close the holes, and finally remaoving the thief
from the bulk powder.

Although thief sampling is a better metnod than merely
scooping off the 1op of a bulk powder, it is stili an inferior iech-
tiique (3.6). Even though most thicves have relatively sharp znds,
the very act of plunging the thicf throvgh the butk powder must
perturb the sample to some degree. A compressional {orce prop-
agates ahead of the thicf as it is pressed into the bulk, thus po-
tentially changing the strata of the bulk and altering the wall of
powder at the outer walls of the thicf. Furthermorc, bezause
large particies wiil flaw more casily than will smal! particles, an
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Figure 1: Opéralion of 4 samiple thiet. () The steeve of the thiel s ruates  Figur® 2 Perforfmnce of coming and 27
quartering showing (2] pouring of the initial ;ﬁ
cone, (b} division of the Ratiened cone inm_"_;i@r o
ST
.:.-;?T',:

hatves, (c) further division of the flattened
cone mte quariers, and {d) removal of - - -
alternate quarters to define the subdivided =<5
sample.. 7 -

opened thief is liable to be filled preferentially with the coarse
fraction of the particle distribudon.

Coning and quartering. The main problem with scoop and
thicf sampling is that the samples are femoved from a static
powder bed, and there is simply no effective way to sample a
nonrmoving powder and obtain a representative sample. One
procedure that attempts to address this problem is that of con-
ing and quartering. For this procedure, one begins by pouring
a conc of material, which is then flattened as evenly as possi-
ble. The matcrial is then divided into quarters, whereupon two
opposite quarters are discarded. The remaining two quarters
are recombined and poured into another conical pile, which
is then flattened and divided. The quartering process is con-
tinued until one is left with an amount of material that is the
desired sample size (see Figure 2).

Great care must be taken when obtaining a sample by coning
and quartering. When the initial powder sample is poured, it will
underga the full range of processes that result in segregation of
particles according to their relacive size. Because theit dowabil-
ity is the poorest, the finer particles will collect at the center of
the cone. and the coarser particies will flow toward the edges of
the cone. Hener, cach wedge of a poured cone will become se-
verely scgregated by the act of pouring, making the process of

subdivision and recombinaticn critical, It is not unusual to ob-

wwy pharmisch.com
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investigated (8). Increasing the number of chutes in the device
2 may increase the efficicncy of the system, but there are con-
: straints on how this is to be accomplished. The chutes must all
" be of equal size, and their efficiency is improved when the size
_of the chute opening is reduced. However, when the system is
+ appropriately designed and validated, its use can yield appro-
priatcly divided samples.
Arguably the best method for properly subdividing a pow-
- dered sample is through the use of a rotatory sample divider,
) commoaly known as a spinning riffler and whose operation is
* ™ illustrated in Figure 4. This device uses mechanical energy to
- provide a constant flow of material from its halder. The steady
flow passes through 4 divider head operating at constant speed,
= thus minimizing segregation. Each sample from a rotatory -
. sample divider can be analyzed separately or recombined to
- yield a representative sample. It almost goes without saying
. that the powder being tested must be free-flowing or it can-
not be processed by the device.
- A typical spinning riffler consists of three components. The
. _ - powder hopper holds the bulk of powder that is 10 be subdivided,
< ﬁm*‘ Schemaﬂc & and its output is regulated by a feeding device. The most im-
"-md 61 a TDIBTY ) g portant part of the spinning riffler is the dividing head, which
Wlph dwider o ' contains a number of sample colletars that are mounted on a
; -* rotating platform. During the rotation of the platform, the stream
of powder emanating from the hopper is periodically cut into
small portions. The riffler works best when the speed of rota-
tion is relatively fast compared with the feed rate so that effects
of flow segregation are minimal among each of the sample col-
lectors. In other words, it is desirable that the powder accumu-
lating in each sample collector is assembled from multiple sam-
ples of the powder in the hopper. Common sense dictates that
" the combined volume of all sample collectors must exceed that
of the bulk powder volume in the hopper.
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tain large standard deviations in particle-size results when the

coning and quartering method is used to obtain a sample. Condusions

Regardless of how the sample is obtained, its composition must

Dynamic powder sampling methods

There is little doubt that the superior methods of powder sam-

pling entail procedures whereby the sample is removed from a

moving powder butk. Allen has contributed the two Golden Rules

of Sampling that should be followed whenever possible (7):

o Rule 1: A powder should be sampled when in motion.

o Rule 2: The whole of the stream of powder should be taken
for many short increments of time, in preference to part of
the stream being taken for the whale of the time.

One method that has been developed to obtain more rep-
resentative samples from bulk powders involves the use of
sample splitters or sample reducers. These devices work by
systematically rejecting segments of material flowing down a
preset incline (see Eigure 3). The sample is diverted from the
main bulk and fed into a collection vessel. [f the powder being
divided has strong segregation tendencies, the powder flow
must be rendered as homogeneous as possible to avoid bias.
Only through homogenization of the powder stream will cach
subdivision of the bulk contain the same disuibution of par-
ticle sizes as the mass front which it was taken

The number of chutes necessary for a spitting device has been

72  Mormacegtlcr! fochanhagy anv 2002

be representative of the bulk from which it was removed for
analytical results to have any significance. Obtaining a repre-
sentative sample from a static powder bulk is difficult and may
not be possible even with the maost thoughtful experimental
design. Although it is widely believed that the use of sample
thieves is an adequate method for good sampling, the litera-
ture scems to indicate otherwise. The general consensus is that
only sampling from a bulk powder while it is in motion ¢can
yield the desired representative sample. These procedures pre-
sent their own range of difficulties, but equipment exists that
permits one to sample from moving powder bcds on a variery
of suitable scales. One can conclude that the ase of a rotatory
sampling device, or spinning rifler, is probably the best in-
strumnent available for the subdivision of powders having het-
erogeneous particle-size distributions.

Additiona] reading
1. C. 0, Particulute Technology (Maamillan, New York, NY. 1966).
1 T Allen, Barticle Sizz Measurement {Chapman and Hall, London, 3d
ed.. 19813,
3 C.H. Murph)’. Handbook of Partide Samp!mg and Analysis Meihods
{Verlag Cherug, Deerfield Beach, 1384
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Mixing in the Process Industties { Butterworth-
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Wiley & Sons, Chichester, UK, 1%98).
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deliverables with storage location of the
validation documents. In other words, the
validation testing report is a place to docu-
ment what happened and how it hap-
pened for each validation test In addition,
the report captures all deviations and out-
of-specification results.

Procedures and polides manual. A com-
puter system can have ali the bells and
whistles that w'll help it comply with ap-
plicable regulations. However, built-in
functonality and validation documenta-
tion does not make 2 comnputer system
compliant. Policics and procedures are an
enforcement tool that companies use to
protect their computer systems from
fraudulent use. These written guidelines
provide a framework for specifying how
_the systemn will be used and managed, how
data will be recovered, and what disapli-
nary actions can be taken for violations.
Procedures should be written and imple-
mented and should include security and
data integrity, system operation, and sys-
tem rmaintenance.

Team development 2 J

The activities of team development are an
integral part of any development activity
— validated or nonvalidated. The planning
process helps the validation team imple-
ment a validated system. Standard docu-
ments are required to prove that a system
is validated, and policies and procedures
are necessary to implement and maintain
a computer system in a validated state.
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Particle-Size Distribution, Part 11
Determination by
Analytical Sieving

Harry G. Brittsin

" ow that some of the general precepts of particle sire and
§1 shape have been outlined 1 1) and the all-important topic
7% of powder sampling has Seen addressed (2}, it is appro-
: priate to movr into a discussion of the experimental
. e .. methods used to deduce information about particle size. Ana-
Analytical sieving is o_ne of the fundamental Irtical sieving is one of the most conceptually simple methods
methods for the classification of powders, for deducing the particle-size distribution of 3 powdered solid.
and itis probably the method of choice for In sieving analvsis, ane simply passes the sample through wire
granular or coarse powders.The method is meshes that have openings of various sizes and then measures
fairly simple to perform, its validation is how much of the sample is retained on cach sicve.
relatively straightforward, and the Sieving is onc of the fundamental methods for the classifi-

i i d . f | canion of powders, and it 15 the mcthod of choice for deter-
nterp_mta‘ onan presentatlo‘n of results mining the size distribution of coa:se powders. Although siev-
are fairly standard. Well-established ing is most suitable for powders whose average particle size

procedures for analytical sieving are exceeds 25-50 pm, it can be used for finer grades of powders
found in the United States Pharmuacopeia, if the method is properly validated and exccuted. Sieving analy-
and appropriate apparatus for its use are sis is difficult to perform (ar oily or cohesive powders because
'rélatively available. they tend to clog sieve openings.

L ——
: Sieve construction

Sieves are constructed from wire mesh that is scaled into the
base of an open cyhindrical container. The ideal sieve openings
arce apertures that are nearly equare. Figure | shaws examples
of the two most commonly used types of mesh screen. Analyti-
cal sieving using wire-meth sicves provides a2 rwo-dimensional
estimate of sire because the smallest lateral dimension af
cach particle dictates its abiliry 10 pass through 2 given sicve
opening.

The Tvler Standard Scale is a widcly used classification scheme
for sicve sizes. In this system. the standard is based on a wire
cdoth with 200 openings per linear inch, which is known as a
200-mesh sieve. The diameter of the wire used for 3 200-mesh

hetween the adjacent sizes of the screem scale is the squarc root

Harry . Brittain 1s the drector ot the . . .
of two. Thus. the areas of the openings of cach sicve art twies

Center for Pharmaceulical Physics, 10

Charies Road, Lillord, NJ 08848, tel. 008 those of the next-finer sieve. In addition, the ratio between the
996.3509. fax 908.996.3560, honittain€ widths of openings of alternate sic-cs in the series is two, Closer
oarthlink net. sizing can be attained using screens that have a fixed opening-
widih ratio cqual to the fourth rout of two.
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screen is 33 m, and the size of the opening is 74 m. The ratio _
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ﬁgum 1: Phumman-gnphs uf (a) vroven-wire screen and (b) micmmesn
screen.

Anothet system was defined by the National Bureau of Stan-
dards using the same rativ as the Trler Standard Scale, but it is
based on an opening of 1 pin. This system s known as the US
Sieve Series. The differencas berween Tyler and US sieves are
small, and the sieves ace often used interchangeably, However,
USP General Test (786) specifies the use of sicves that mecet the
S Series definitinn (3).

A summary of Trter and US Standard sieve classifications
and the corresponding sieve upenings has been documented
(4), and Table [ compares the systems. For finc sieves, the dif-
ference berween the two systems is very small. However, for
coarser sieves the difference between the Tyler and US Standard
sieves is more pronounced.

Conducting sieving analysis

Conduciing analvica! steving for the dassification of pharma-
ceutica] materials has been fully described in USP General Test
{786) (3). The general method describes the use of both drv-
sieving (Mcr.hod 1) and wet-sicving {Method 1) procedures. In
cither method, sieves are stacked on top of cach other in as-
cending degrees of carsencss, and the powder 1o be tested is
placed on the top sieve. The nest of sieves s completed by a
well-fitting pan at the base and a lid at the top. The literature
provides additional sources of information about the perfor-
wance of sieving analysis (5-4).

The nest of sieves is subjected 10 2 standardized period of
agitation, which causes the powder sampls to distribute be-
tween the sieves Agitation can be conducied using vibiration,
rotation—tapping, or ulirasound. The horizontal sieve motion
toasens the powder packing and permits subsieve parucles Lo
pass through. Vertical mation nixes the ¢ particles and brings
more of the subsicve particles to the sereen surface. Although
USP General Test {786) allows agitation by hand, it does nat
[avor the use of this method.

[n a propetly designed sieve test, the sample s partitioned in
approximately equal weighis un each of five ur six sicves und
on the bottom pan. The sieving analysis is complete when the
weight en any of the test sicves dots aot change by more than
5% of the previous weight on that sieve. Perfurmance of a siev-
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ing test vields the weight percencage of poW:aumd in cach
sieve size range.

Summary of USP General Test {786) Method [, USP Generul Test
(786) Method 1 gives the procedure to be followed when con-
dudting the sicving analysis of dry powdered solids. The steps
arz as follows:

o Tare cach test sieve to the nearest 0.1 g.
e Place an wcurately weighed quandty of lest specinen on the

1op (coarsest) sieve and replace the lid.

o Agitate the nest of sieves for 5 min,

o Carefully remove each sieve from the nest without losing ma-
terial.

» Reweigh cach sieve and determine the weight of material on
¢cach sicve.

» Determine the weight of material n the collecting panina
similar manner.

o Rrasscmble the nest of sieves and agitate it for 5 min.

o Remave and weigh cach sicve as previously described.

» Repeat these steps until the end point criteria arc met (the
weight on any of the test sieves does nut change by mare ‘than

536 of the previous weight on that sieve).

When the analysis is completed, the analysi reconciles the
weights of material. The total lossas must not exceed 5% of the
weight of the ariginal test specimen. If particles retained on any
sivve arc aggregates (rathes than sicgle particles), then the use
ol dry steving is not likely 16 be an asily reproducibile method.
Az that point, the analyst could consider the usc of Method I1
as an alteroate techoique.

Summary of ISP General Test{786) Method Il USP General Test
{786) Mzthod il gives the procedure 1u be followed when con-
ducting the sieving analysis of wet or suspended solids. The
steps are as follows:

Vo sldemten] cfm
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o Modify the lid and coliecting pan of the sieve nest to permit
the addition of a liquid ento the surfuce of the 1op sicve and
the collection of the liquid from the pan. .

o Select 2 liquid in which the test specimen is insoluble and
madify the sieving methad as follows.

o Thoroughly disperse the dried test matenal in the liquid by
gendé agitation and pour this dispersion onto the top sicve.

« Rinse the dispersion equipment with fresh liquid and add the
rinsings to the 1op sieve. '

a Feed the sieving liquid through 1 suitable pumping mecha-
nism 1o the nozzle(s) in the lid and collect the sieving liquid
from the pan in a suilable container.

o Continue the wet-sieving process until the emerging liquid
appears to be free of particles.

@ Remuve each sieve (rom the sieve nest and dry each sieve o
constant weight at the same temperature as that previously
described.

& Determine the weight af dricd material on each sieve,

The results are analyzed in the same manner as those that are

olrtained using Method L
Validation of sieving metheds. Onv of the most important ex-

peritnental parameters to be determined in a sieving analysis is

the time required to completely equilibrate the sample between
all of the sicves. This time typically is determined by repeating
the analysis with a fresh sample and continuing the mechani-
cal agitation for successively bonger petiods of time. The proper
sieving tirne is the smaliest amount of time that leads 10 con-
formance with the requirements fur end point determination.

When this end point has been validated for a specific material,

thea a singlc fixed time of sieving can be used for future analy-

ses, providing the particle-siee distribution dacs not change sig-
nificant!). The determination of the proper sicving time is part
af the rabustiess evaluation of the method.

The two most important analytical perfurmance paiameters
to be determined during the validation of a sieving procedure

are the precision and the accuracy associated with the analysis

To cvaluate precision, one repeats the particle-size determina-
tion of a properly subdivided sample three to five times (2) and
compares the pereentagss associated with each size fractinn, The
accuracy ul @ sieving anaiysis s usually evalualed using standard
powders consisting of micron-sized glass spheres of known
particls-size distribution. The size openings in a sieve can be
verified according to ihe amount of passage of the referzice ma-

60 Plormcestical lechsalasy wecespen 2002
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terial or with 2 micrascopic study of the
screens themselves,

Lo sieving analysis, it is usualiy not pos-
sible to determine the analytical perfor-
mance parameters of specificity, limits of
detection and quantitation, linearity, or
nnsc.

Data interpretation and
presentation

In addition to including infermation
about the weights on the individual sieves
and in the pan, the raw data must indude
the weight of the test specimen, the total
sieving time, and the precise sieving methodology. The raw data
are converled info 2 cumulative weight distribution, and il sne
wishcs to express the discribution in terms of 2 cumulative
weight undersize, then the range of sieves used should indude
a sieve thrnugh which all the nizterial passes.

In many cases, the particle-size distribution of a real sample
turns out to be adequately represented by @ log-normal disiri-
bution. In such case, the distribution can be specified by the
geometric median particle size (d ) and the geometric mean
standard deviation {7 ). One coutd conclude that two samples
with identical 4 and 6, values were drawn from the same total
population, The value of £ is equal to the 30% valuc of the cu-
mulative distribution, and the value ofcl is obtained by divid-
ing the 84.1% value of the distribution by the 50% value.

Sieving resull are mest commonly plotted on 3-cyde log paper
to compare the partide size with the cumulative percentage of
undersize particles. If the plot is linear throughout the entire
range, then the material is dw.;::iacuzcd by a log-normal distri-
bution. If the line is curved or consists of two or more linear seg-
ments, then the distribution is polvmodal. These cancepts are
described later in this antice.

Table IT shows the sieving resulis ubtained from a powdered
sample exhibiting a classic log-normal distribution. The data
are typically present.d by listing them as a function of both
the sieve mesh number and associated sicve size apening (rypi-
caily deseribed in microns). I'ar each sieve in the nested scrics,
one details the mass of sample retained on cach sieve, the per-
ceatage of sample cetained on each sicve, and usually the cu-
mulative percentage of sample retained on each sieve. The cu-
rulative percentage of sample passing through each sieve can
also be summarized, although this quaatity is not ordinarily
used in an analysis.

To Ulustrale the sieving results, one can plot cither the per-
centage of sample retained ({from Table 1} on each sieve in a
histograwm plot (see Figure 22) or the cumulative disiribution
as a function of sieve size {see Figure 2b). A 3-cyde plot is the
most itlustrative means for representing these data (see Figure

3¢} becausc any departure [rom linearity that would indicate
the existence of 2 polymada) distribution is readily apparent.

Tor the particle-size distribution shown in Tigure 2. the value
of the geometric median partide size {1} is 210 j.m, and the geo-
metric mean standard d=viation (o ) is 137, As discussed i Part
I of thas arsicle series 113, several other mean-particle vaiues can
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Fxgurn 4 Reprusanlatmn of a'sample consisting of a bimodai disln!m'lmn the modcs of which dmer by 100 pm.

be calculated. For this distribution, the surface mean-partide size
is 213 pm, the valume mean-particle size 1 231 pm, and the
volume-surface mean-particle size is 767 pin. Depending on the
intended use for the information anout parucle size, one mean
vulae can have mare significance 1o the analvst than another.
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Sieving analysis of samples characterized by

palymodal distributions

When the particic-size distribution of an analyzed samiple is
adequately charactenized by a ungle (i.z., ummadal} distribu-
t1on, then the miethod of daia presentation desceibed in the pre-
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G. ceding section works very well. However, it is cqually impor-
tant to be able to recognize when the sample contains more

-5, than one population in its distribution.
To illustrate this situation, a series of model distriburions

consisting of two populations has been simulated and the dis-
tributions have been analyzed according 1o the usual tecknique.
I Figure 3 shows the representation of a unimodal distribution,
and Figures 4-6 show the representations for samples consist-
ing of bimodal distributions in which the modes differ by 100,
200. 2nd 300 ym. respectively. The figures Ulustrate the pawer
of the log plor in which the presence of the two particle-size
populations is far more discernable than in cithet the hizogram
ar cumulative-distribution plots.

Summary
Sieving is one of the fundamental methods for the classifica-

tion of pawders, and it is the method of choice for classifying
{ ‘ coarse powders. The general consensus iz that sieving is most

suitable for granutar solids or powders whose average particle
size exceeds 25-50 um. One must remember that the particle-

dJiamneter information obtained using anaiviical sicving repre-
U 1 sents the minimum square aperiure theeugh which the par-
ticke can pass. Delails of particulate shape will influence the
separation of particles by sicving because particies will pass
through upeniags un the basis of their qoss-sectionat diame-
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Figure 6: Aepresentation of a sample consisting of a bimodal disiribution, he

ver. Nevertheless. analytieal sicving, when it is properly per-
formed. ks 2 valuable method for determining the size distribu-
tion of granular and coarse powcers.
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TABLE 16-1b. A scale of the Ranges of Various Small Particles,
! together with the Wavelength of Light and Otirer Electromagnetic
! Waves That [Huminate Materials Found in These Size Ranges.

- From Gelman Science, 1980, p. 4.
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_D Anclus de tendencia de procedinﬁenl:os de proguccion

D D de los tamices es realizar tamizados periddicos de
| una muestra conocida bajo exactamente las mis-
' mas condiciones y controlar los resultados com-
U parandolos con los resultados de cuando tos tami-
, =3 estaban completamente nuevas. Silos resulta-
dos se salen de los mdrgenes aceptables. los tami
ces pueden recalibrarse. Sin embargo, si los ami-
ces no cumplen con la norma requerida, la solu-
Gon es reemplazarios.
Tamizadoras fiables
y balanzas analiticas .
Las mmizadoras se
han visto sujetas a
grandes cambios en
su disefio para reducir
¢l ruido excesivo. Los
© modelos de acdena-
miento electromagné-
tico libres de manteni-
miento son muy silen-
ciosos y pueden usar-
se sin atenuadores de
ruido. La farmacopea
estadounidense reco-
mienda estos modelos
Torrizedora AS 200 Congrol  <OMO 2lternativa alas
] tamizadoras wradicio-
nales con movimiento vibratorio y de golpeteo.
Algunas tamizadoras electromagnéticas furkionan
meor con la corriente eléctrica de los Estados
Unidos por su frecuenda predsa y constante
(6CHz) pudiendo alcanzar’ amplitudes de hasta
3mm a pesar de la autoamplificacidn de fa reso-
nancaa. Sin embargo, 1a USP recomienda mante-
ner la amplitud entre 1y 2rmm. Una ventaja del di-
sefio slectromagnético es que a las pardculas se
les aplica por un periodo de uempo dado una fuer-
Za constante independiantemente det aGmero de
tamicas, que puede afectar 1a frecuencia de otras
amizadoras elecromadgnéncas. Esto proporciona
una reproducbiiidad predisa, [a cual es fundamen-
@l si se comparan resultados de diferentes tam-
zadoras analitcas, ya sea en un solo lugar, de plan-
ta a planta, o de pais 2 pais.

-

Comparacidn con limites de espedficacion

La sincronizacidén -

exacta es esenclal pa- p T

ra garantizar un andl-

Sis por tamizade pre-

cso, particularmente

[ AT ]

d los dempos de tx
mizade son cortos, »

por lo que la emiza-

dora debe incorporar

un temporizador di =T
geal

Para mantener la con-

formidad, las tamiza-

doras deben ser en-

viadas periddicamen-
te a fabricante para
su calibracén. Pre-

guite a posiies pro-
veedores para asegu-
rarse de que oirecen
este servicio.

Qo punto a consk
derar antes de' seleccionar una tamizadora es la
balanza, I3 sl deberia tener un rango hasta los
5000g, una exzcttud entre 0,01 y 0,18, y una -
pacidad para ramices de 200mm u ocho pulgadas.

Evaluadién y documentacién libre de errores
Después del tamizade y pesada, i distribudon gra-
midomérrica puede calcularse y presentarse en for-
ma grifica o de tabla. Esto puede hacerse manua-
mente, tarea-que requiere mucho tempo y en la
que la posibiidad de cometear errores es mayor. o
vilizando un paquete de software comercial. Para
tener a disposician todas las prestadones que ofre-
e ¢l software, re recomienda conectar la balanzay
la mmizadora directamente al ordenador.

&n muchos labaratorios los equipos, y particular
mente los amices analiticos como instrumentos de
predision, son tratagos en cuanto a fa mpieza y cu-
dado como utensilios de cocina de segunda catego-
riz. La limpiezz y mantenimientc rigurcsas de los
tamices ayuda a mantener la calidad de los resulta-
dos y les da una vida ms larga.

Evaluacion grafica de un ensayo gronulemetrico: Histogroma de distribucion y cur-
va de control de masa total.

Sumergir brevements fos tamices nuevos en un ba-
fio con solvente suave para eliminar residuos de
aceite. Durante [a impieza de rutna, tener addado
de no dafar el material del tamiz ni aquellos tami-
ces con aberturas de malla menares de 5001 Lim-
piartos en un bafio ultrasdnico con agur y un de-
1ergente suave por 3 a 5 minutos. Los tamices con
abertura de malla mayor de 50011 pueden limptar-
se primero con un cepillo suave y tuego con un be-
fio ultrasdnico. Después de la Empieza los tamices
deperdn ser enjuagados a fondo y puestos en posi-
cion vertical para el secado.

1} Frank Bath es Jefe de Productw para lo Recsch, Inc EE
UU. Ha obrerdo su Licenagure en Genoas Médicas del
Laboratono de! Neoth Technical Codege d2 Gates, Rerc
Unide. Desde su traslade 2 fos EE UU en 1977 ha vabe
jado actvamente &l compo de andists de tamero de par-
uctdas Correo electrdnce’ fronk bath @retschus com

Anote el 205



[ IS — O B O O &3O b} 3 63 33 .3

3 3

POWDER PROPERTIES LABORATORY

Ground Rules

You will work as a team of no more than 6 students. Af the end of this laboratory session
each {eam will tum in a single report. The report will be reviewed, and all members of the
team will be given the same grade for completing the assignment if it is acceptable. ltis
therefore essential that you cooperate with each other. Your team reportis to be turned
in before you leave the laboratory. All the data should be reported, calculations shown,
graphs drawn and questions answered. The final report should have a coversheet with the
printed name of each team member and their signature. If a signature is missing no credit
will be awarded to that person. '

As a pharmacist you are expected fo be able to communicate in wriling. Accordingly, an
organized, tegible and thorough report will receive a higher grade than a disorganized,
scruffy or cursory one. Similarly, pharmacies are expected to be neat, tidy and have a
professional appearance. The same is frue of your bench and shared areas, particularly
after the laboratory session is over. Do not ignore this hint!

£

Partl: SIEVE ANALYSIS /1
INTRODUCTION
Dry sieving allows the fractionation of reiatively coarse powders o o

and granules. Sieves are stacked ("nested") with the largest ® O
apertures at the top and the smallest at the bottom (Figure 1). A \<3 ®_@/

sampie of powder is placed on the top sieve and shaken for a
fixed period of time at a given amplitude and pulse frequency.
The weight of powder on each sieve can then be calculated and
the particle size distribution obtained. 0 o

OOO DO &O/
. o C k& Bhfiie
Particles must have a two dimensional priofile smaller than the
sieve aperfure in order to pass through a particular sieve. A
mean sieved diameter is calculated. Since the weight of |

particles on each sieve is defermined the mean sieved diameter 0 %0 %% ., o‘;c o
represents a mass distribution. \ﬂ?%"o %G oy

The size of the apertures in each sieve are denoted by a mesh
number. The mesh number is the number of wire strands (of

constan! diameter) per inch used to weave the square mesh
pattern. The side length of the aperture in microns is inversely
related to the mesh number. -

Figure 1



EXPERIMENTAL METHOD "

You will determine the particle size distribution of a sample of coarse powder using a nest
of sieves shaken in a Sonic Sifier. A TA will instruct your group when itis your turn o use
the equipment.

1.

2.

No

Using at least a three decimal place electronic balance, record the weight of each empty
sieve and the collection pan. Also record the sieve size.

Arrange the sieves in a sequential nest: smallest mesh number {largest aperture) at the
top, largest mesh number (smallest aperture) at the bottom. Add the collection pan to
the bottom of the nest. '

Add approximately 5 g of accurately weighed coarse powder to the top sieve, andcover
with the rubber cap. )

A TA will insert the nest of sieves into the Sonic Sifter. The sample will be shaken for 5
minutes with a sieve “Amplitude” greater than 3.

Reweigh each sieve and the collection pan. Calculate the weight and percentage of
powder on each sieve and in the collection pan. Then calculate the cumulative
weight percentage of powder that is finer than the aperture, see lables below

Obtain the sieve data from the TA on the fine powder samples.

Use the probability paper, last page, to calculate the mean diameter and standard
deviation (If the TA suggest it you may want to calculate the geometric mean and
standard deviation) for the coarse and fine powder particles.

RESULTS TABLES

Mesh Aperture Sieve Weight (g)
Number Size {(um) Empty {Initially) | With Sieved Powder

Pan -—

L

AN 990680 6 @a,

113

N0
4

\
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Aperture
Size {um) Mass

Amount of Powder in Range (AsDatg ]|
retained (Q) % Finer thand % Finer ‘

| — Total =

Total = jotal =

QUESTION ON SIEVING

1.

Determine the mean sieved diameter and s

see TA for directions) of
using the probability pap

Would you expecl to g

experiment described ab

tandard deviation (normat or og normal,
your powder sample and with the data supplied by the TA,

er given on the lasl page.

et the same mean sieved diameter if you performed the
ove, but made the following changes? Justify your answer.

a. Increased the sieving time to 10 minutes.
b. Decreased lhe sieve amplitude to sstting 1.

Dry sieving is a useful techni
usually impossible to get a re

this method?

Describe as many limila

que for particles down to around ~25 um. Why is it
liable paricles size estimate with smaller particles by

tions as you can think of for parlicle size determination by

sieving. What types of particles could not be sized by sieving.
ve>[he bottom pan,

if a large percentage of powder were deposited on the lop sie

is the particle size you determine

answer.

d representative of the powder sample? Justify your

sl
5



Part ll: POWDER FLOW PROPERTIES

During many pharmaceutical production processe
quantities of powder

PN

One method of assessing flow properties is the Angle of
Repose. Powder is allowed to flow freely through a funnel
onto the center of an upturned petri dish of known radius
. (Figure 2). When the powder reaches the side of the petri
dish the height of the cylindrical cone is determined. From
the petri dish radius (r, cm) and cone height (h, cm) the

s it is necessary to transfer large
from one location o another in a controlled manner. For example:

Figure 2

Powder blending
Powder filling into containers (e.g. dusling powders)

Powder flow into capsules
Powder filling into the dies of a tablet press

angte of repose (between the pelri dish and base of the
powder cone) can be calculated. Flow rate can also be Q

determined by measuring how fast a powder flows through
an aperture. Free flowing powders exhibit a high flow rate
and a smaller angle of repose. Angle of repose and flow

rale depend on particle size. shape and surface

roughness. Flow properties are frequently enhanced by

the use of glidents. B
<]

EXPERIMENTAL METHOD

1.

v ‘

Measure the external diameter of the petri dish supplied to you. Position the bottom of
a funnel or paper cone about 5 to 15 cm above the center of the upturned petri dish
using a ring stand.

Make sure there is a piece of paper under the petri dish so you can pick up
and reuse the powder for all your replicales. _
Slawly pour the coarse powder sample into the funnel, tapping the funnel as necessary
to ensure that powder flows through the hole. Continue this process unlil the bottom of
the powder pile just begins to fall over the edge of the petri dish. Measure the height of
the pile using a ruler. If the powder is lumpy, sieve it prior to beginning the experiment.
Repeat Step 2 until you consistently obtain the same answer. Calculate the mean
height of the coarse powder pile and the mean angle of repose (0). Remember: Tan 6

= Opposite / Adjacent, therefore Tan6=h/r. :
Repeat Steps 2 and 3 using both fine powder and fine powder with glident.

¥+

the powder

1B 8.8 0 9 20 a8 A
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RESULTS TABLES

Mean Angle of Repose ()

(From Your Qg_eirnent)

5 gae below for definition

QUESTIONS ON FLOW AND

1. Plot angle

correlation pbetween the

2. Nameaty
to have?

ANGLE OF REPOSE

axis) against Carr index (Y-axis),

of repose (X-
se two measures

of powder flow’

pical glident used in tableting. What properties would you

see below.
2 How about pa

Is there any
rticle size

expect this material



3. Why is granulation {the process of producing larger aggregated particles from smaller
individual particles) important in tableling? :

4. If a batch of granules for compression showed unusually poor flow properties, how
would you expect this 1o affect the uniformity of tablet weight?

Part lil: REAL, TAPPED and BULK DENSITY

The true density (p;) of 2 powder sample is the weight per unit volume of the material with
no air spaces between particles. Therefore, if a material has a true dengtyofig cm, 160
g of material will occupy 100 mL assuming individual particles fit together exactly. In
practice most powders do not fit together very well. Therefore, if one fills a graduated
cylinder to 100 mL with a powder, the weight of powder required may only be 70 g. This
apparent density is known as the bulk or expanded density {po, 0.7 gcm™). )f the100 mL
cylinder is then tapped, the particles slide past each other and become consolidated. The
70 g of particles which once occupied 100 mL may now orly occupy 80 mL. Theyhave an
apparent packed or tapped density {pp) of 0.875 g cm”.

Carr's index is a measure of interparticulate forces. If the interparticulate forces are high,
powders will have a low bulk density because bridging will occur between particles. This
results in a large Carr's index and a large change in volume caused by tapping. If the
interparticulate forces are low, particles will have little affinity for one another, and will
compact spontaneously. Under these circumstances, Carr's index is small and little change
in apparent density is induced by tapping.

Carr's Index = ————

Porosity is the volume ratio occupied by air spaces (voids) between particles of a powder
sample.

Pp Po
Porosity= 1- — (Packed) and 1- -— (Expanded)

M ™
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EXPERIMENTAL METHOD

cm™.

1. The trué density of powder isibg
duated cylinder {suppl

2. Determine the weight of a 100 mL gra
tapping. use a powder funnel to fill the cyli
the weight of the cylinder and powder.

3. Give your filled cylinder to a TA for tapping us
Record the volume occupied by the sarnple after 100 taps.

4. Repeal Steps 1 and 2 using the fine powder sample.

nder to 100 mL with coarse p

ied by the TA's). Without ¢ 5 -

owder. Record

7

ing an automated tap density apparatus.

RESULTS TABLE
Weight of 100 mL Graduated-Cytnder (g) | Volume occupied by
Sample . powder after 100
- O — Empty _Filled to 100 mL | taps (mlL) 4
' Coarse Powder
| = -
_ | B I |
Mean
| Fine Powder -‘
B Mean d - T i
- I . i
Packed —'_WS“Y—]
Sample Bulk Density Densitg Carr's
— | (q—cm‘3) (g cm™) index | Buk | Packed |
Coarse Powder l \ ' ‘ |
| | .
Fine Powder ‘ ‘
7



Questions on REAL, TAPPED and BULK DENSITY

1. A granulation has been prepared with a bulk density of 0.73g cm™. If the granulation is
{ableted with 10 mm diameter, flat faced tooling (circular), and the lower punch drops o
a depth of 8 mm in the die cavity, what will be the theoretical weight of the resulting
tablet? -

2 Give reasons why the actual tablet weight might deviate from the theoretical weight.

Probability Paper

0 1 3 i6 | 50 | 84 97 99 100
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Pharmaceutics- 2002

Selected Practice Problems
on Powder Properties

. Given a cube whose edge is 2 um, what is the surface shape factor calculated from

its projected area diameter?

. A drug has a 5 mg dose and constitutes less than 1% of a formulation. The

formulation pharmacist decided that each tablet should contain 1600 drug
particles to help ensure acceptable content uniformity. To what particle size
(1deally) should the drug be milled to achieve the above goal if its true density =
1.5 g cmi® and assuming spherical shape?

. What is the volume equivalent spherical diameter in um of a rectangular prism

(length = 3 um, width = 2 um, thickness =1 um)?

. The total surface area in a powder is a function of particle size and is a measure of

its “covering power”, an irnportant attribute of both therapeutic dusting powders
as well as such excipients as glidants and lubricants. Given that the méan
volume-surface diameter (d..) of a powder is 2 um. What is the total surface area
in I\;f" in a 100 mg sample? (assume spherical shape and a true density of 1.5 g
cm”)

Given the following particle sizes (dp) measured (in um) using a microscope: 1
3,5. What is dnl and dg?

3

. Given a Normal distribution of particles with a mean of 10 um and a standard

deviation of 5, estimate the percent of particles between 10 im and 15 pm?
You may wish to consult the table below.

! Standard Deviations Comrespond to this % Area Around the Mean Under the
around the mean Nommal Curve
3.00 . 99.70
2.68 89825
2.60 99
2.33 a8
1.96 95
1.65 80
1.30 82
1.00 68

. In a plot of Cumulative % Undersize (Probability Scale) vs. Paricle size (Log

Scale) for a particular powder for inhalation, 84%-of the particles is less than what
particle size? The geometric mean is Sum and the geometmic standard deviation is 2.
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SOLUTIONS

1. S of particle = 6 faces x 4unt/face = 24 pot
Proj. Area of Particle = arca of one face = apnr
Projected Area of a sphere = nd’/4
Therefore, nd%/4 = 4 and d* = d,” (by definition) = 16/1
S = a,d;2 = 24un’® = o (16/1) -
and, o= 3n/2

N 1600 -
2.N_= = =3.2x10° particles / g required
“  Dose(g) 0.005g £ _

nv

143 :
=[ 6 ) =(0.398%107*)'"* =1.58x10"cm = 158x107" cm = 158um
N.mp .

3. V=3x2xl=6pmr
3

— M — 3
V.lp!‘lﬂ'c - —6.—_ - 6#’"

d=d, =2.25u

6
o (2x10~ cm)(1.5gcm’)

=2x10"cm’g™

§=5_-g=(2x10* temig™)0.1g) = 0.2x10" cm® =0.2M

1+3+5
3

5.d,= =3um

d, ={1x3x3)" = 2.47pm
6. Find how many SD’s up from the mean 15@m is:

_15- 10
5.

No.SD's =1



Then consult tabie to see that 1 SD includes 68% area around the mean. Thus, one
SD up from mean is 34% of the area. Therefore, 34% fall in the interval from the

mean (10 gum) to t!'le mean + one SD (15 pum).

7. Recall that in a log-Normal distribution, the geometric standard deviation is
estimated from the ratio of dg4 and dso because is it a distribution of the logarithms
of the diameters. Thus:

d

g = B4=2=_

£ od Smy

2

d,, =10mu

3 &
Al

Z & U
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; Particle Characterization

The Ingtitute of Materials Processing uses many different methods and types of equipment to
determine the size and shape of a particle Listed below are some of the methods used and a
description of the mechanism for determining either particle size or shape

Sieve Analysis

Definition: One of the most fundamental methods for determining particle size 15 a sieve analysis.
This method involves passing the material being sized through openings of a particular standard
size in a screen. The particle-size distribution is then reported as the weight percentage retained on
each of a series of standard sieves of decreasing size and the percentage passed of the finest size.

T .
INO- L ajy

Equipment: Large assortment of screens avatlable for sieving. Have Ro-tap for doing large (up to
100 kg) sample size as well as Sonic Sifter for small (2g) samples

Particle Size Analysis
Definirion: The lincal dimension of & particle as determined by various analytical metheds

Foutipment: Leeds & Northrup Microtrac - laser based method for determining particle size.
Sample is put into solution in an aqueous fluid. Laser intensity through the turbidity is used to
determine materiai and particle size The range of particle size is from 700 to L ub'm

Microtrac instrument

Micromeretics Sedigraph S000ET - x-ray based method for determining particle size, Sample is
mixed with a viscosity specific fluid which allows the particies to go Lito solution while being
stirred with a magnetic stirrer. X-ray intensity is used to determine the settling rate and to calculate
the particle size distribution. Normaily used for characterization of spherical panicles between 100
and 03 ub'm in size

Sedigraph instrument

7
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Surface Area Analysis
Definition: Measurement of the exposed external area of a particle

Fquipment: Micromeretics Flowsorhll 2300 - the measurement of surface area of a materal 1s
made by detecting the amount of nitrogen given of after absorption, considering one atomic layer
of nitrogen adsorbed. Nermally used for characterization of non-spherical and porous particles

Morphology

Definition: Particle shape

Equipment SEM and image analysis can be used to define particle shape Particle shape can be
documented with a micmphotom'a h. Particle shapc can be ¢ quant titied by using image analysis in
conjunction with SEM. The image analysis unit has the capability o generate an array of chords
across the particle to arithmetically define the shape of the particle

To Scancing Electron Microscope Spees

o

Back to the Material Charactenization Page
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" "STANDARD SIEVES - 8" DIAMETER

=

T T 7T Nominal Sieve Opening
STDISO | §TDUS |~ STDTYLER
5.6mm No.3-1/2 [ 37372 mesh
4.75mm No.4 4 mesh
| 4.00mm | No5 | 5 mesh T
T 7T7335mm | Nosb T T emesh
"""" 2.80mm T TNe.7 T 1T 7mesh
2.36mm No.8 8 mesh
2.00mm No.10 9 mesh
170mm 177 WNoAz {77 10mesh
[ 1.40mm No.14 12 mesh
1.18mm No.16 14 mesh -
1.00mm No.18 [T T 1émesh |
850um T No.200 20mesh
| 710pum No25 T T T 24 mesh
[T 600pm No.30 |77 7 8 mesh
[ 500um | No.35 { 32 mesh |
| 425pm No.40 | _3/mesh
| 355mm | T No.ds | T 42mesh
[ 300pm | No50 |~ 48mesh
[ 250pm 1777 7 Nosd 60mesh
[ 212pm I No70 | .  6Smesh =
| 180pm [ ‘No.80 ] 80 mesh
| - - T e
[ STio | SUs | SIDIVLER
[ 150um No.100 |~ 100mesh
~125um No.120 115 mesh |
T Ti0epm 1 No.140 150 mesh
T 90um No.170 ) 170 mesh
B 75pm No.200 ~ 200mesh
T Tg3wm | Wo.z30 [0 250mesh |
r 53pm "No.270 270mesh
| 45um No325 |~ 325mesh
[ 38um [ ""No.400 400 mesh
T I No.450 __A50mesh
7 T 25um T | No.500 " s00mesh
[ 20pm 1 THo63d 63" mesh
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Size " | At | A1 Uttrafine | A2 | A2Fine | AlMedium | A4 Coarse
| 1[ 101030 /| 25135 | 10020 | 061010
| 80130 || 1050125 40155 .| 221037
‘721-0_t027.0 | 18510220 | 575 1095 | 42106. 6.0 i
36010440 || 26510295 l,1b.5to13.0'1 621082
56010640 [[31.01036.0 |- 15010190 /| 8010105 |
83010880 || 41.01046.0 | 28010330 ] "12.0t0 145
97.0t0 100 .| 50.0t054.0 | 400t045.0 | 17.0t0 220
100 | 70010740 | 65010690 | 320t0360°
40 — :‘ 88.0 to 91.0_" 84010880 | 57.0t0 61.0
80 — |eos5t0100 | 0010100 | 87.510 895
—_ 100 100 } 97.0 to 88.0
180 7. | — — — iigg_sm 100
T — | — I

Graphical Comparison of 1SO 12013-1 Test Dust Grades

Based on ISO 12103-1 Specified Limits Median
{Cumulative Volume)
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CAPITULO 2

CONTENIDO :
4. Visi6n critica de los métodos propuestos para determinar
tamarno de particula
Determinacién de la distribucion del tamaio de particula
por tamizacién analitica, microscopia 6ptica (USP 26).
3. 1SO 13320 Analisis del tamaiio de particula por difraccion Laser
4. Caracterizacion de sélidos farmacéuticos utilizando varias
técnicas de medida del tamafno. '
5. Beneficios de la difraccion Lasser en el andlisis de tamaiio
De particula.
6. Analizador de tamanfo de particula SUBMICRON.
7. Particulas certificadas para calibracion de equipos
8. Avances en la caracterizacion de microparticulas para

inhalacion.
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Critical Overview of the Propased Particle Size Analysis Tests

Harry G. Brittain, Pn.D. and Gregory Amidon, Ph.D.
Center for Pharmaceutical Physics and Pharmacia Corporation

The determination of particle size distribution is an essential aspect of
the characterization of drug substences and pharmaceutical excipients.
The field is somewhat confusing in that a large number of methods exist
for such determinations, and each has its own particular requirements for
reduction and display of the results. In this article, the current state
associated with the two most important methods of particle size
determination (analytical sieving and laser light scattering) will be
discussed. '

Particle size determinations are undertaken to obtain information about
the size characteristics of an ensemble of particles. A non-critical, and
entirely unsatisfactory, view of this' process can be represented as:

Powdered Sample - Some Type of Machine - Particle Size Information

However, the nature of the sample.under study, and the type of particle
size information required, places a far higher degree of specificity on the
procedure to be followed. Since the particles under study are not usually
of the same exact size, information is required regarding the average
particle size and the distribution of sizes about this average.

It is well known that if one performs particle size distribution studies on a
given sample using microscopy, sieving, or light scattering, one will
usually obtain different values for the mean particle size and the overall
distribution. There simply is no single standard definition in current use
for “particle size.” The various statistical diameters that have been
defined yield measures that have meaning, but only have value when
averaged over a large ensemble of measurements. All measurements
require an assumption that the particles making up the sample have not
been biased in any sense and that the methods used for their sampling
and measurement are entirely random.

Most workers would be happiest if the United States Pharmacopeia
(USP) contained detailed methods for all methods of particle sizing.
Unfortunately this ideal situation has not yet arrived, but the Expert
Committees of USP are actively working to reach nirvana. In this article,
the current state of the compendial methodology will be summarized.




Brief History of USP Particle Sizing Chapters

In the 10th edition of the United States Pharmacopeia, a general chapter
entitled, "Powders - Fineness” was published [1]. This chapter provided a
series of standards for categorizing the fineness of powdered solids, and
introduced the definitions of Coarse (100% passes through a 20-mesh
sieve, and not more than 40% passes through a 60-mesh sieve),
Moderately Coarse (100% passes through a 40-mesh sieve, and not
more than 40% passes through a 80-mesh sieve), Fine (100% passes
through a 60-mesh sieve, ‘and not more than 40% passes through a 100-
mesh sieve), and Very Fine (100% passes through a 80-mesh sieve). In
additian, the chapter also contained a brief description as how to conduct
powder fineness testing using standard testing sieves.

In the 12th edition of USP, the “Fineness of Powders” chapter was the
first to provide a table of the nominal dimensions of standard testing
sieves [2]. The monograph differentiated between the fineness of
powdered vegetable or animal drugs and the fineness of powdered
chemicals. An additional size classification of powders, Very Coarse
(100% passes through a 8-mesh sieve, and not more than 20% passes
through a 60-mesh sieve) was also provided. The monograph also _
discussed standards for particle fineness, and provided a more detailed
discussion of the method for determining the fineness of powders.

With the publication of USP 20, the “Powder Finenass” test had become
identified as General Test <811>, but the content had actually changed
very little over the years [3]. The monograph contained the same
discussion of sieves for pharmacopoeial testing, and discussion of
methods for determining the uniformity of fineness. The classification of
powders by fineness was presented in Table 1, while Table 2 contained
the openings of standard sieves.

Although the Powder Fineness chapter continued to be published as
General Test <811>, a significant contribution to the compendial
methodology was published in USP 24 in the form of General Test
<786>, “Particle Size Estimation by Analytical Sieving” {4]. This
monograph represents the first inclusion in the pharmacopoeia of
methodology designed for the measurement of actual particle size
distributions. The chapter contained a strong discussion of sieves and
sieving principles, including sample size, agitation methods, and
endpaint determination. Two methods of analysis were outlined and
identified as Method 1 (dry sieving) and Method i1 (wet sieving). With the
publication of USP 24, the Powder Fineness chapter began referring to
General Test <786> and classified powder fineness based on commonly
accepted definitions of d10, d50 and dS0 as determined by sieving.
Unfortunately. neither chaopter included as much discussion reaarding
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data interpretation or its presentation as would have been useful.

Particle Size Distribution by Analytical Sieving

In its current incarnation in USP 26, General Test <786> “Particle Size
Estimation by Analytical Sieving” [5] does not differ greatly from the
version set forth in USP 24. The general chapter still contains a good
discussion of sieves and sieving principles, including sampie size,
agitation methods, and endpoint determination. The use of dry sieving
{Method 1) and wet sieving (Method 1) is still included, but the - -
monograph now includes a discussion of ai jet and sonic sifter sieving.
Unfortunately, there is still not encugh discussion on data interpretation
or its presentation. :

Sieving remains one of the most popular methods for the classification of
powders and is probably the method of choice for coarse powders.
Although sieving is most suitable for powders whose average particle
size exceeds 25-50 mm, it can be used for smaller sized powders if the
method can be validated. Sieving analysis is difficult to perform for oily or
cohesive powders, since they will tend to clog the sieve openings.

Sieves are constructed from wire mesh that is sealed into the base of an
open cylindrical container, and ideally the sieve openings are nearly
square apertures. As a result, the method provides essentially a two-
dimensional estimate of size because passage of particles through a
sieve is dictated by the smallest lateral dimension of each particle (i.e.,
sieve diameter). Sieving results are typically plotted on 3-cycle log paper
to compare the particle size with the cumulative percentage of undersize
particles. !f the plot is linear over the entire range, then the material is
characterized by a log normal distribution. If the line is curved, or

- consists of two or more linear segments, the distribution is polymodal.

To illustrate the type of results obtained upon performance of a typical
sieving analysis, consider the particle distribution of a powdered sample.
The histogram and cumulative distribution illustrated in Figure 1 are
characteristic of a log-normal distribution. When the results are plotted in
the usual manner on 3-cycle log paper, the straight line behavior noted

. confirms the existence of a single size population in the sample. To meet

the need for additional guidance on analysis of particle size data, a draft
document has been prepared for USP by the Expert Committee that
provides additional information on common methods of measurement of
particle size, types of weighting (e.g., number, length, surface area,
volume), graphical presentation, and common déscriptive terms (e.qg.
median diameter, width, use of percentiles). Such an informational
chapter. when published in USP. will provide additional quidance

LT
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regarding interpretation of both sieving and laser light scattering data.
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Particte Size Distribution by Laser Light Scattering

At the time when this article was written, no official general chapter
describing the determination of particle size distribution by means of
laser light scattering had been published in the pharmacopoeia.
However, a proposed chapter has.been published in Pharmacopoeial
Forum [8], which forms the basis fior what will eventually become the
official compendial method. General Test <429> contains a good
discussion of general principles, and typical instrumentation for laser

. diffraction measurements, as weli as procedures for wet and dry sample

preparation. The chapter contains a strong module on validation,
discussing replicates, system suitability, accuracy, and repeatability. At
present, the discussion of result reporting is brief and hopefully will be
expanded in the final version.

It is worthwhile 1o briefly discuss how laser light scattering can be used
to deduce particle size information, since the method is not as direct as
generally believed. When laser light is passed through an ensemble of .
particles, the angle of scattering will depend on the size of the diffracting
particles. Experimentally, this angular dependence is typically measured
using detectors consisting of photosensitive rings separated by insulating
gaps. Distances in the detector plane are measured from the central
optical axis, and the intensity measured at each ring represents the
observable signal.

The intensity resuits must be procassed in order to obtain particle size
information, and the most commonly used approach uses least-squares
criteria for deconvolution. There are a number of models in use, each of
which begins with basic assumptions and then works toward a
minimalization of the differences between the ideal and the measured.



The size distribution is uitimately derived from the modifications required
by the ieast-squares minimalization.

For instance, in the unimodai model-dependent method, one begins by
assuming a model (such as log-normal) for the size distribution and the
detector response expected for this distribution is then simutated. The
model parameters are then optimized by minimizing the sum of squared
deviations from the measured detector response, and this minimized set
is then used to deduce how the onginal model distribution is to be
modified to fit the empirical results. This fitted distribution is ultimately
displayed as the *particle size distribution.*

Ancther popular approach uses the unimodal model-independent
method. Here, one assumes that the size distribution consists of a finite
number of fixed size classes, and the detector response expected for
this distribution is then simulated. One then optimizes the weight
fractions in each size class by minimizing the sum of squared deviations
from the measured detector response. When the minimalization criterien
is attained, the deduced distribution is ultimately displayed as the
“particle size distribution.”

When particle size measurements are made using the same laser light
scattering system, following the same method of sample preparation,
and obtained using the same system parameters, it is possible to obtain
good information regarding the particie size differences between different
lots of material. For instance, the particle size distributions of two
different grades of microcrystalline cellulose are shown in Figure 3.
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Current pharmacopoeial activities in the area of light diffraction inciude
recent publication of a Proposal Stage 3 draft harmonized chapter 2.9.31
Laser Diffraction Measurement of Particle Size [7].

What is the Particle Size Method of Choice to Use on & Routine Basis?

Assuming the instrument is properly working and has been calibrated (if
necessary), the questions to address when determining how “correct” a
particle size distribution are:

1. Was the sample obtained using appropriate sampling procedures?
2. Was the sample properly prepared and introduced into the
instrument?

3. Were all instrumental parameters correctly used for the analysis?

If all of the answers to the preceding questions are in the affirmative,
then one may believe that the particie size distribution is “correct” The
*correct” (but differing) particle size resuits obtained using different
instruments are all equally "cormrect,” but each may simply be expressing
its “correct” results in different terms.

The decision as to which particle size methodology is most appropriate
for a given situation becomes largely a matter of accuracy vs. precision.
If absolute accuracy is most important, then rigorous research must be

conducted to verify that the methcd finally adopted does indeed vield



particle size results that are absolutely indicative of the characteristics of
the bulk lot from which the sample was drawn. If, however, one is more
interested in developing profiles of lot-to-iot variability, then use of any of
the available methods that yields “correct” results is appropriate.
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X-Ray Diffraction for Solid State
Pharmaceutical Products.

Introduction

X-ray diffraction is.a unique analytical tool! for solid state pharmaceutical
products. Many parameters required by the FDA, legal patent issues and
drug performance are only accessibie by utilizing x-ray diffraction. With the
introduction of new systems specifically designed for the phamaceutical
industry, x-ray diffraction has now become cost effective and easy to use.
Any pharmaceutical company striving to compete in the aggressive world
of drug development with all the associated legal issues and FDA
requirements, would be lost without x-ray diffraction to characterize
unambiguously the solid state nature of pharmaceuticals.

Strategic Pharmaceutical Analysis
Characterization of Solid State Parameters

X-ray diffraction is a direct result of the crystal structures which are present

- in the phamaceutical under study. As such, the parameters typically
associated with crystal structure can be simply accessed. For example,
ance an active drug has been isolated, an indexed x-ray powder diffraction
pattem is required to secure a patent and protect the company's
investment. An analysis of the active drug under mast environmental
conditions reveals the formation of any polymorphs that could adversely
affect performance and toxicity. .

The detection and. quantification of polymorphic contamination can also be
used to improve production efficiency and cost. Once the active ingredient
is in the final dosage form the morphology parameters measured by x-ray
diffraction can be directly related to the final drug performance.

For mutticomponent formulations, the actual percentages of the active
ingredients in the final dosage form can be accurately analyzed in situ,
alang with the percantage of any amorphous packing ingredients used.



X-ray diffraction is the key technigque for soﬁd state drug analysis
benefiting all stages of drug development, testing and production.
Dedicated X-Ray Diffraction Technology

In the past, the biggest barriers to the wide use of x-ray diffraction have
beeneaseofuseandoostofmwmhip.

The XRD-6000 system addresses both concems. The system is fully
1QOQPQ certified according to FDA procedures making it ready for
immediate operdtion. Many of the special requirements for pharmaceutical
-analysis have been pre-automated with dedicated measurement and
analytical methods for easy operation without specialized training. Many
attachments have been developed to facilitate the anatysis of
phamaceutical products, such as a non-ambient environment for high and
low temperatures, controlied humidity, and gas fiow. When other
specialized non-standard methods are required, these can be developed

in conjunction with our in-house team of specialists.

The pre~certification and ease of use have reduced the overall operating
cost of the XRD-6000, but real savings are also available in the initial
purchase price. The specialized production of the XRD-6000 provides a
price/performance ratio significantly better than any other comparabie x-
ray diffraction system.

ANALYTICAL METHODS

Formulation Analysis, Polymorph ldentification and
Percentage Crystallinity

Phase analysis and potymorph identification are the study of different
polycrystal structures within a pharmaceutical product. One phase or
polymorph is distinguished from another by its unique powder diffraction
pattern which arises from its unique crystal structure. Phase analysis can
be restricted to identification only or can be extended to a full quantitative
analysis. The analysis is applicable to polymorphs or to mutti-component
formulations. Phase analysis is usually considered to be a “1% technique”
except in special cases where this can be extended o 0.1% sensitivity. A
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special case of this analysis is percentage crystallinity where the volume
percentage of an amorphous filler to a crystalline active matrix is
measured within the dasage form.

Some typical results of phase analysis are shown in Figure ! (of the full
Note) at the end of this summary. The first set of data shows a measured
sample of Mannitol which is clearly made up of a 65/45 mix of the Alpha
and Delta polymorphs of Mannitol. The same Mannitol sample is anatyzed
for percent crystallinity. After removing the amorphous component by
proﬁleﬁtﬁng,theu‘gstalrmoomem(ﬂ’mesamplewaswluﬂatedat
approximately 26% (Refer to Figure 2 in the full Note). '

Crystal Structure Determination

Although it is possible to determine the crystal structure from a general
powder diffraction pattern, in most cases it is sufficient simply to identify
the unit cefl symmetry and cell parameters. With this information it is
possible to index the complete measured pattem. If additional peaks are
observed which cannot be indexed then additional phases must be
present n the sample or the unit cell chosen was not the correct one.
Once all peaks are indexed from a pure active drug its crystal structure is
understood and it can be uniquely fingerprinted.

In addition to fingerprinting active drug components. the unit cell can be
used to predict morphology and hence physical properties. The unit cell
index and fingerprint of the alpha potymorph of mannitol is displayed.

Non-Ambient Analysis

All the above methods can be performed under non-ambient conditions.
High and low temperature and/or humidity and different gas environments.
This helps to track possible changes in polymorphism andfor formulation
changes under a wide range of conditions possibly encountered by the
drug. As with the phases analysis itseff this can he performed on either the
final dosage form os the raw materials or any stage between the two. In
Figure 3. a non-ambient study of Asprin is shown, periormed over a

temperature range 2f 40° to 180°C in 20°C steps.

3 .



Morphology

There are many morphology components measured by x-ray diffraction
that are directly related to drug performance in both its raw form and final
dosage form.

Some of the more typically measured properties are crystal shape, size
and orientation. All of these affect the activation rates and uptake speeds
for the fneasured drug. The analysis (given in the full version of this report)
using the full pattemn Hall method on the alpha potymorph of mannitol
indicates that the average crystal size is about 140 Angstroms. Due to the
x-ray transparency of mannitol this value needs calibration to ensure
absolute accuracy, but from sample to sample the method is very sensitive
to any change in average crystal size. The characteristic spread in the
data points indicates a distinct characteristic morphologlcal shape for the
alpha mannito! crystals. As the crystallite shape changes, the Hall plot
spread will reflect this.

Reference

1. Kratos Analytical Applications Note *X-Ray Diffraction for Salid State
Pharaceutical Products”, NY Office, August 1998

List of Figures

Figure 1: Phase analysis - 65/45 mix of alpha and delta polymorphs of
mannitcd

Figure 2: Percent crystallinity calculated by total pattem fitting

Figure 3: Non-ambient study of aspirin over a temperature range 40° to
1280° in 20° steps.

Figure 4: Full pattern hall method showing variation of crystal size
Tabie 1: Unit cell indexing and fingerprint of the alpha polymorph of
mannitol

(31 lines: cf. J. Appl. Cryst. 12 (1878) p60.)
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(786) PARTICLE SIZE
DISTRIBUTION ESTIMATION BY
ANALYTICAL SIEVING

Sieving is one of the oldest methods of classifying powders by par-
ticle size distribution. Sieving s most suitable where the majority of
the panicles are larger than about 75 pm. although 11 can be used for
some powders having smaller parucle sizes where the method can be

vahdated. In pharmaceutical 1erms. sieving is usually the method of -

choice for classification of the coarser grades of single powders. ltisa
particularly attractive method in that powders are classified only on
the basis of panicle size, and in most cases the analysk can ke carmied
out in the dry state.

Among the limitations of the sieving method are dr need for an
appreciable amount of sample (normally at least 25 g) and difficulty
in sieving oily or other cobesive powders that tend 1 clog the sieve
openings. The method s essentially a two-dimensional esimate of
size because passage through the sieve aperture is frequently more
dependent on maximum width and thickness than on length.

This method is intended for estimation of the total paricle size dis-
tribution of a single material. It is not intended for determination of
the proportion of particles passing or retained on one ar v sieves.

Estimate the particle size distribution as described under Method [,
unless otherwise specified in the individual monograph. Merhod [ is
the dry sieving method. Where difficulty is expenencad in reaching
the endpomt (i.c.. material does not readily pass through the sieves) or
when it is necessary to use the finer end of the sicn'ng rang: (below
75 um), Method fI, which is a wet sieving technique. may be used:
bowever, in the laner case serious consideration should be given 1o
the use of an altemative panticle-sizing method.

Principles of Analytical Sieving—Analytical test sieves are con-
structed from a woven-wire mesh. which is of simple weave that is
assumed to give nearly square apertures and is seaied into the base of
an open cylindrical container. The basic analytical method involves
stacking the sieves on top of on¢ another in ascending degrees of
coarseness. and then placing the test powder on the top sieve.

The nest of sieves is subjected to a standardized period of agitation,
and then the weight of material retained on cach sieve s accurately
determined. The tgst gives the weight percentage of powder in each
sieve size range.

This sieving process for estimating the particle size distribution of
a single pharmaceutical powder is generally intended {or use where at
least 80% of the particles are larger than 75 um. The size pirameter
invelved 1o determining particle size distribution by amalytical siev-
ing is the length of the side of the minimum sguare aperture through
which the particle will pass.

TEST SIEVES _

Test sieves suitble for pharmacopeial tests conform to the most
current edition of American Society for Testing and Materials
(ASTM) Specification E 11 U.S. Siandard Sieve Series (see Table
1). Unless otherwise specified in the monograph, use thase ASTM
sieves listed in Table | as rcct)mmcndcd USP sieves. -

i Table'_l. Sizes of Standard Sieve Series in Range of Interest.

Sieve Sieve _ASTM Recommended
Size U.S. No. Eitl’ USP Sieves?

4.00 mm 5 X X

3.35 mm 6 X

2.80 mm 7 X X

236 mm 8 X

200 mm 10 X X

1.7C inm 12 X

1.40 mm 14 X X

1.18 rem - 16 X

1.0C mm - 18 X

850 um 20 X

710 um 25 X

600 g ' 30 X

500 um 35 X X

425 um 40 X

2188 (786) Particle Size Distribution Estimation by Anaiytical Sieving / Pliysical Tesis
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A

USP 2
Sieve Sicve ASTM ~ Rccommended
Size U.S. No. ElN USP Sicves
355 um 45 X X
300 um 50 X
350 um 60 X X
212 um 70 X
1R0 pm bl X X
150 pum 100 X
* 125 pm 120 X X
106 pm 140 X
- 90 pm 170 x X
75 um - 200 X
63 pm 230 X X
53 pm 270 X
45 ym 325 X X

" ASTM E 11 US Stndard Sieve Series. For further information. refercoce may be
mads 10 ASTM STP 447: A Manual on Test Sieving Methods,” mailabie from the
American Socicty for Testing and Materials. 100 Barr Harbor Drive, West Conshocken.
PA 19428-2959,

! Kote: The equivabent [SO Standard sicves may be substituted

Sieves are selected to cover the entire range of particie sizes present
in the test specimen and include all the recommended USP test sieves
in this range; i.e., none should be omitted. This nest of sieves is com-
pleted by a well-fitting collecting pan at its base and lid at its top. Use
micrometers or milltmeters tn denoting test sieve openings. [NOTE—
Mesh numbers are provided in the table for conversion purposes
only.] Test sieves are made from stainless sieel or, less preferably,
from brass or other suitable nonreactive wire.

Calibration and recalibration of test sicves is in accordance wuh the
most current edition of ASTM Method E 11. Sieves should be care-
fully examined for gross distortions and fractures, especially at their
screen frame joints, before use. Sieves may be calibrated optically to
estimate the average opening size. and opening vanabibty, of the
sieve mesh. Altematively, for the evaluation of the effective opening
of 1est sieves in the size range of 212 to 850 pm, Standard Glass
Spheres are available from the National Institute of Standards anc
Technology as Standard Reference Material 1018, Unless otherwise
specified m the individual monograph, perform the sieve analysis at
controlled room temperature and a relative humidity berween 20%
and 70%. p

Cleaning Test S:eves—]dcall) test sieves should be cicaned using
only an air jet or a liquid stream. If some apertures remain blocked by
1est particles, careful genile brushing may be used as a last resort

Test Specimen—I{ the tes1 specimen weight is not-given in the
monograph for a particular material, use a test specimen having a
weight between 25 and 100 g. depending on the bulk density of the
material. and rest sieves having an 8-inch diameter. Determine the
most appropriate weight for a given material by 1est sieving ac-
curately weighed specimens of different weights, such as 23, 50,
and 100 g, for the same time period oo a mechanical shaker.
[NoTE—I( the test results are similar for the 25-g and 50-g specimens,
but the 100-g specimen shows a lower percentage through the finest
sieve, the 100-g specimen size is 100 large.] Where only a specimen
of 10 to 25 g is available, smaller diameter test sieves conforming to
the same ASTM Specxﬁcauons may be substiruted, but the endpoint
must be redetermined.

If the test material is prone to picking up or losing sngmﬁcant
amounts of warer with varying humidiry, the test must be camed
out in an appropriately controlled environment. Similarly, if the test
material is known o develop an electrostauc charge, careful observa-
tion must be made 10 ensurs that such charging is not influencing the
analysis. If both of the above effects cannot he eliminated. ap alter-
native paricle-sizing technigue must be selectzd.

Agitation Methods—Uise a mechanical device that imparts either
a rotaung-tap (200 1o 300 henzonial revoluntons and 140 w 300 taps
per minute) or vibratory () te 2 mm amplirude) motion to the sieves as
the reference method of agitating test sieves, unless otherwise siared
in the individual monograph . Methods uuhzmg entrainmect of the
pariicles i an air stream may also be used. The resuls must indizate
that an air entrainmen: sieving methoa was used.

Alternatively, but lsss desirable because of diffizulties in reprodu-
cibility and validatien. agitation by hand may be used, but the meth-
odology must be such as 1o impan 2 rotary motion 1o the matenal on



USP 26

the sieves by tilting the sicve nest in addition the sieves are tapped on
a hard surface ai approximate 10- 10 15-second intervals. The results
must indicate that 2 hand sieving_method was used.

Endpoint Determination—The test sieving analysis 15 complete
when the weight on any of the test sieves does not change by more
than 3% (10% in the case of 3-inch sieves) of the previous weight on
{hat sieve. If less than 5% of the toial specimen weight is present on 2
given sieve, the endpoint for thatsieve 1s increased 10 2 weight change
of not more than 20% of the previous weight on that sicve.

£ more than 50% of the total specimen weight is found on any one
sieve, the test should be repeated. but with the addition to the sieve
¥ nest of the next coarsest sieve (o that carrying the excessive weight,

: je.addition of the ASTM series sieve omitted from the USP serics in
! Table 1. For example, if more than 50% of the total specimen weight
is found on the 180-pm sieve, the ASTM 212-pm sicve should be

[ placed between the 180-pm and 250-pm sieves in the sicve nest.
=7

SIEVING METHODS

|
Method T (Dry Sieving Method)—Tarc each test sieve to the near-
&5t 0.1 g. Place an accurately weighed quantity of test specimen on
E’v’ the top (coarsest) sieve. and replace the lid. Agitate the nest of sieves
il

for 5 minutes. Then carefully remove each from the nest without loss
of material. Reweigh each sieve, and determing the weight of material
on each sisve. Determine the weight of material in the coltecting pan
in a similar manner. Reassemble the nest of sieves, and agitate for 5

minutes. Remove and weigh each sicve as previously described. Re-
( peat these steps until the endpoint cnteria are met (see Endpoint De-
~ termination under Test Sieves). Lipon completion of the analysis,
V! reconcile the weights of material Total losses must nat exceed 5%
+ " of the weight of the oniginal iest spacimen. i

J Repeat the analysis with a fresh specimen. but using a single siev-

U"' ing time equal to that of the combined times used above. Confirm that
this sieving rime conforms to the requirements for endpoint determi-

| nation. When this endpotnt has been validated for a specific material.

| then 2 single fixed time of sieving may be used for furure analyses,

*= l providing the particle size dismribugon does not change significantdy.

If there is evidence that the particles retained oo any sievs are ag-

m | gregates rather than single particles, the use of dry sieving is unfikely
-+ ! to give good reproducibiliny, and Merhod [I should be considered as

é.;’a one preferred technique.

Mechod L1 (Wet Sieving Method}—Modifv the lid and ¢ollecting

_ pan of the sieve nest to permit addition of a liquid onto the surface of

the top sieve and collection of the liquid from the pan. Dry a sufficient

quannty of the test material 7o consiant weight at a temperature that

will not have a demrimental effect on the material, e.2.. if it is a sobvate.

Select a liquid in which the test specimen is insoluble. and modify the

sieving method as indicatzd below. Thoroughly disperse the dried test

material in the liquid by gentle agitation, and pour this dispersion

omto the top sieve. Rinse the dispersion equipment with fresh hiquid,

and add the rinsings to the top sieve. Feed the sieving liquid through a

] suitable pumping mechanism to the nozziels) in the lid, and collect
@ the sicving liquid from the pan in a suitable conuainer. Continue the
wet sieving process untl the emerging liquid appears free of partcles.

Remove each sieve from the sicve nest, and dry each sieve to con-

D stant weight at the same temperature as that used above. Determine
q:__) the weight of dri¢d material on each sieve.
Air Jet and Sonic Sifter Sieving—Different types of commerciat
equipment that use 2 MOVIng air current arc available for sieving. A
: system that uses a single sieve ataume 1s reterred 1o as air jet sieving.
It uses the same generd sieving methodology as that described under
Method I, but with a standardized air jet replacing the normal agita-
tion mecharism. 1t requires sequenual unalyses on individual sieves
to provide a particle size distribution. This rechnique is more suitable
where only oversize or undersize fractions are aceded.

In the sonic sij/imy method. 2 nest ol sieves is used. and the test
spreimen is carmed in a vesucally oscitlating column b air that lifis
the specrmen and then carries 1t Puck ayainst she mesh openings at <
given number of pulses per minute The air et steviny and sonic siev-
g methods may be uscful when the standard drv and wet sieving
techniques are incapable of iving a meaningtul analysis,

These methods are highly dependent upon proper dispersion of the
powder in the air current. This requiremment may be hard to achieve it
the wethod 15 used ar the ipwer end of the sieving range (i.c.. below
75 um), when the panicles tend 16 be more conesive, and especiaily it
thers 1s anv tendency for the materal w desclop 2n clevtrostatig
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Physica! Tests { (788) Particulate Matter in Injections

charge. In the laner case an antistaric t. such as silicon dioxide
or aluminum.oxide, may be added at the 0.5% (w/w) level to mini-,
mize this effect. For the above reasons endpoint determination is par-
ticularly critical, and 1t is very importnt to canfirm that the oversize
material is in fact single particles and is nor composed of aggregates.

INTERPRETATION

The raw data must include the weight of test specimen, the total
sieving time, and the precisc sieving methodology, in addition to
the weights on the individual sieves and in the pan. 1t may be conve-
nient fo convert the raw dar into a cumulative weight distribution,
and if it is desired to express the dismbution in terms of a cumulative
weight undersize, the range of sieves used should include a sieve
through which all the material passes. If there is evidence on any
of the test sicves that the material remaining on it is composed of ag-
gregates formed during the si¢ving process. the analysis is invalid

PARTICULATE MATTER IN

(788)
INJECTIONS

Particulate matter consists of mabile, randemliy-sourced, extra-
neous substances, other than gas bubbles. that cannot be quantitated
by chemical analysis due to the small amount of matenial that it rep-
resants and 1o its heterogeneous composition. Injectable solutions. in-
cluding solutions conslituted from sterile solids ir-ended for
parenteral use, should be essentialty fres from particles that can be
obsen ed on visual inspection. The tests described herein are physical
tests performed for the purpose of enumerating subvisible extraneous
panticles within specific size ranges.

Microscopic and light obscuration procedures for the determina-
tion of particulate matter ars given herein. This chapter provides a test
approach in rwo smages. The injection is first tested by the light ob-
scuration procedure (stage 1). It fzils to mect the prescribed limits, it
mus! pass the microscopic procedurs {stage 2) with its own set of test
limits. Where for technical reasons the injection cannot be tested by
light obscuration. microscopic 1asting mav be used exclusively. Doc-
umentation demonstrating that the light obscuration procedure is in-
capable of testing the injection or produces invalid results is required
in each case. It is expected that most aricles will meet the require-
ments on the basis of the keht obscuration test alone: however, it
mav be necessary lo 1est some antictes by the lizht obscuration test
foliowed by the microscopic test 10 reach a conclusion on confor-
mance 1o requircments.

All large-volume injections for singie-dosc infusion and those
small-volume injections for which the monographs specify such re-
quirements are subject to the particulate matter limits s<t forth for the
1est being applied, unless otherwise specified in the individual mono-
graph. Excluded from the requirements of this chapter are injections
intended solely for intramuscular and subcutancous adminisration. -

Not all injection formularions can be examined for particles by one
or both of thess tests. Any product that is not 2 pure solution having a
clariry and a viscosity approximaring those of water may provide er-
ronzous da when analyzed by the light obscurasion counting meth-
od. Such materials may be analyzed by the microscopic method.
Emulsions. colloids, and lipo~omal preparations are examples. Simi-
Yarlv, prodects_that produce ar o 238 bubbles when drwn into the
<enear. such as bicarhonate-buttered formulauens, may also require
Aucruscopic testing. Rerer o the specific monographs when 1 ques-
tian ol test 2pplicability occurs. Hither limits are zppropnate for cer-
tain articles 2nd will b specified in the indivicua mnonogriphs.

in some mstances. the viscosiny of @ material 10 be tested may be
sufficiently hizh so as to preciude its analysts by exther test method. In
this event. 3 quantistive diduton with an appropnaic diluent may be
made to decrease viscosity. as necessary. to allow the analysis to be
performed.

In the tests described below for large-+olume and small-volume
injections, the results obwined i examimng 3 discrele unit or group
of units for particulate marer cannot be extrzpolated with cenainty o
nther wnits that remain untested Tnus, staisticaliy snund sampiing

‘Q’O
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stances. under General Notices, and Sterifization and Steriliry Assur-
ance of Compendial Am’da_(l?.ll)). Ophthalmic oiniments that arc
packaged in single-use containers arc not required to contain antibac-
terial agents; however, they meet the requircments for Sterility Tests
{1y,

Containers—Containers, including the closures. for ophthalmic
ointments do not interact physically or chemically with the prepara-
tion in any manner to alter the sength, quatity, or purity beyand the
official requirements under the ordinary or customany conditions of
handling. shipment, storage, sale, and usc.

Metal Particles—Foliow the Procedure set forth under Mesal Par-
ticles in Ophihalmic Qintments (751},

Leakage—Sclect 10 mbes of the Ointment, with seals applied
when specified. Thoroughly clean and dry the exterior surfaces of
each tube with an absorbent cloth. Place the tubes in a horizontal po-
sition on a sheet of absorbent blotting paper in an oven maintained at
a temperature of 60 £ 3° for 8 hours. No significant leakage occurs
during or at the completion of the test (disregard traces of oinunent
presumed to originate cxtemalty from within the crimp of the tbe or
from the thread of the cap). If leakage is observed from one, but not
more than one, of the tubes, repeat the test with 20 addirional tabes of
the Ointment. The requirement is met if no leakape is observed from
the first 10 ubes tested, or if leakage is observed from not mare than
one of 30 tubes tested.

(776) OPTICAL MICROSCOPY

Optical microscopy for particle characterization can generally be
applied to particles in the size range between 0.5 and 100 pm. The
Jower limit is imposed by the reselving power of the microscope.
The characterization of smaller particles can ofien be accomplished
bv means of ¢lectron optical imaging techniques such as those de-
seribed under Scanning Efeciron Microscopy (1181) where practical
imags resolution approaches 0.01 pm. The upper limit is ess definite
and is determined by the increased difficulty associated with the char-
acterization of larger particles compared with sieve analysis. For par-
ticles in excess of 75 pm, the preferred method of particle size
analysis is by use of sieve analysis. Often stereo-microscopy can be
a useful aid with larger particles, yet it is not as definmve. Opricat
microscopy is particulardy useful for characterizing particles that
are not spherical. This method may also serve as a base for the cali-
bration of faster and more routine methods that may be developed.

Apbaratus—Use a microscope thai is stable and protected from
vibration. The microscope magnification (product of the abjective
magnification, ocular magnification, and additional magnifying com-
ponents) must be sufficient to allow adequate characterization of the
smallest particles to be classified in the test specimen. Theigreatest
numerical aperture of the objective should be sought for each magni-
fication range. Polarized light may be used in conjunction with suit-
able analvzers and retardation plates. Color filters of relativel parrow
spectral ransmission should be used with achromatic objectives and
arc preferable with apochromats and are required for appropiiate col-
or rendition in photomicrography. Condensers corrected fo: at least
spherical aberration should be used in the microscope substage and
with the lamp. The numerical aperture of the substage condenser
should match that of the objective under the conditions of use; this
is affected by the actual aperture of the condenser diaphrzgm and
the presence of immersion oils. . Lot

Adjustment—The precise alignment of all clements of the oprical
system and proper focusing are essential. The focusing of the ele-
ments should be done in accordance with the recommendations of
the microscope manufacturer. Criticai axial alignment ii recom-
mended. ) T U :

Ilumination—A requirement for good illumination s 2 uniform
and adjusiable intensiry of light over the entire field of view; Kohler
illgmination is preferred. With colored particles, choose the color of
the flters usad so as to control the contrast and detail of the image.
. Visual Characterization—The magnification and numerical aper-
tere should be sufficientty high to allow adequate resolution of the
edges of the images of the parucies to be characierized. [ietermine

(776) Optical Microscopy / Phvsical Tests .
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brate an ocular micrometer. Errgrs can be minimized if the magnifi
cation is sufficient that the image of the particle is at least 10 ocul
divisions. Each objective must be calibrated separatcly. To calibrate
the ocular scale, the stage micrometer scale and the ocular scale
should be aligned. In this way, a precise determination of the distance
between ocular stage divisions ean be made. Several different magni-
fications may be necessary to characierize materials having a wide
particle size disiribution. TN
Photographic Characterization—If particie size is 10 be deter-
mined by photopraphic methods. take care to ensure that the object
is sharply focused 2t the planc of the photographic emulsion. Deter-
mine the actual maenification by photographing a calibrated stage mi-
crometer, using photographic film of sufficient speed, resolving
power, and contrast. Exposure and processing should be identical

for photographs af both the lest speaimen and the determination of
magnification. The apparent size of a photographic image s influ-
eniced by the exposure, development, and printing processes as well
#s by the resolving power of the microscope.

Preparation of the Mount—The mounting medium will vary ac-
cording to the physical properties of the 1est specimen. Sufficient, but
not excessive. contrast between the specimen and the mounting me-
dium is required to ensure adequate detail of the specimen edge. The
particles should rest in one plane and be adequately dispersed to dis-
tinguish individual particles of interest. Furthermore. the particies
must be representative of the distribution of sizes in the mareriai
and must not be altered during preparation of the mount. Care should
be taken to ensure that this important requirement is met. Selection of
the mounting medium must include a consideration of the analyte so-
lubility.

Crystallinity Characterization—The crystallinity of a material
may be characterized lo determine compliance with the erystailinity
requirement where stated in the individual monograph of a drug sub-
stance. Unless otherwise specified in the individual monograph,
mount a few particles of the specimen in minera! oil on 8 clean glass
slide. Examine the mixture using a polarizing microscope: the par-
ticles show birefringence {interference colors) and extinction posi-
tions when the microscope stage is revolved.

Number of Particles to Characterize—The number of particles
characterized must be sufficient 1 ensure an acceptable level of un-
cerwainty in the measurcd parameter. Suceessively higher magnifica-
tion may be necessary (o ensure proper dispersion of the specimen.
An estimate of the number of particles, u, 1o be measurad that will
provide an acccpable level of uncertainty in the mean particle dia-
meter can be obtained from the statistical theory of normal popula-
tions. For a sufficiently large population (n > 30). the uncertainty in

the estimate for the mean particle diameter. 4. is given in the for-
muta: - .

the acrual magnification using 2 calibrated stage micrometer (o cal%tj

o)

in which =, corresponds to the desired coafidence coefficient and s is
the standard deviation of the test specimen. For n > 30, = is about
1.96 at the 95% confidence level. Other confidence cocfhicients ¢an
be oblained from reference books on statistics. and. if necessary,
small population statistics can be similarly applied. From this equa-
tion. it can be seen that the uncerainty in the measured diameter de-
creases as the number of particles increases. As an example, to obtain
an uncenainty of &5 um in a specimen thai has a standard deviation
of 20 pm would require that 61 particles be accurately measured.

An estimate of the unceriainty in the standard deviation of a speci-
men can be obtained in a similar fashion The standard deviaztion of
the population, &, is estimated o lic in the interval. ’
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where ¢ is the standard deviation of the specimen, and x,” and x,’ are
the confidence coefficients obtained from the x* distribution. x.! and

2 can be obtained from standard statistics references or approxi-
mated by the following expressions at the 95% confidence bevel
where x,7 and y,? represent the 97.5 and 2.5 percentile values, resaec- -
avely: ) ) -

Yol == %(+1.96 + Vi - 3)1 :

and .

! = %(—1.96 + Vo - 3)2.

In general, a larger sample must be acquired to obmin a good es-
timate of the standard deviation or distribution of the population. For
the example population described above, if the mean particle dia-
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meter was 50 pm, only 61 pa:ﬁclcE-Would have to be measured 10

obtain an uncertainty of 10% in the diameter (e.g., d = 50 £ 56)

um), but about 200 particles would have to be measured to obtain

- g similar confidence of £10% in the standard deviation (e.g., 18.3
. <5< 223)

For a material that conforms more closely to a log normal disaibu-
tion,-the logarithm of the individual parucle diameters can be com-
puted, end the mean and the standard deviation of the log particle
diameter directly substituted in the above equations. The anti-logs
correspond 1o the geometric mean and geometic standard deviation,
respectively. Additional information on particie size measurement,
sample size, and data analysis is available, for example, in ASTM
E20-85.

Particle Size Characterization—The measurement of particle
size varies in complexity depending on the shape of the icle. |
For spherical particles, size is defined by the diameter. For uregular
particles, a varicty of definitioos of particle size exist In general, for
i y shaped particles, characterization of particle size must also
include information on the of diameter measured as well s in-
formation on particle shape. Several commonly used measurements
of particle size are defined below (see Figure 1)

Feret's diameter

o

Fig.

Feret’s Diameter—The distauce between imaginary parallel fines
tangent to a randomly orented particle and perpendicular to thz ocu-
lar scale.

’_ Martin’s Diameter—The diameter of the particle at the poiat that
divides a randomly oriented paricle into two equal projected areas.

Projected area [hameter—The diamster of a circle that has the
same projecied area as the particie.

Martin's diometer
Projected areo diameter

Maximum horizontal intercept

|. Commonly tused measurements of particle size.

Length—The fongest dimension from edge to edye of a particie of-
iented paralle! 16 the ocular scaie.

Widta—The longest dimension of the particle measured at fight an-
gles to the length.

Particle Shape Characterization—For irrzguiarly shaped parti-
cles. characterization of paruele size must also include information
on particle shape. The following defines some commonly used de-
scriptors of particle shape {see Figure 1)

<
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Fig. 2. Commonly used descriptions of panicle shape.

Acicular—Slender, needle-like particle of similar width and thick-
ness.

Colwnnar—Long, thin particle with 2 width and thickness that are
greater than those of an acicular pamicle.

Flake—Thin, fiat particle of similar dength and width.

Plaie—Flat panticles of similar length and width but with greater
thickness than flakes.

Lath—Long,. thin, and blade-like panicie.

Equant—Particles of similar length, width, and thickness; both cu-
bical and spherical particles are included.

General Observations—A particle is generally considered 1o be
the smallest discrete unit. A particle may be a liquid or semisolid dro-
plet; a single crystal or polycrystalline; amorphous or an agglomerate,
Particles may be associated. This degree of association may be de-
scribed by the following terms:

Lamellar-—Stacked plates.

Aggregate—Mass of adhered particles.
Agglomerare—Fused or cememed panticles.
Cunglomerate—Mixture of two or more types of particles.
Spherulite—Radial cluster.

Drusy—Particle covered with tiny particles.

Parniicle condition may be described by the following terms:
Edges—Angular, rounded, smooth, sharp, fractured.

Optical—Color (using proper color balancing filters), transpare:m
fransiucent, opaque.

Defects—Qreelusions, inclusions. :

Surface characteristics may be described as:
Cracked—Partial split, break, or fissure,

Smooth—Free of irregularities, roughness, or projections.
Porous—Having openings or passageways.
Rough—Bumpy, uncven, not smosth.

Pitted—Small indentations.

(781) OPTICAL ROTATION

Man) pharmaccuhcal substances are optically active in the senss
thar they rolate an incident plane of polarized Iight so that the tacs-
mmcd hghl cmcrgcs ata measurable asgie 10 the plan.. of the incident

light. This property is characteristic of some crvstals and of many
pharmaceutical liquids or solutions of solids. Where the property is
possessed by a liquid or by a solute in solution, it is generally the
result of the presence of one or more asymmetric centers, usuallv &
carbon atom with four different substiruents. The number of optical
isomers is 2%, where a is the number of asymmetric centers. Polarime-
try. the measuremnent of optical rotation. of a pharmaceutical article
may be the only convenient means for distinguishing optically active
isomers from each other and thus is an important critenen of identiry
and puniry.

Substances that may show optical rotatory power are chiral. Those
that rotate light in a clockwise direction as viewed owards the light
source arc dextrorotatory, or (<) optical isomers. Those that rotate
light in the opposite direction are called levorotatory or (=) optical
isomers. (The symbols d- and /-, iormerly used to indicate dextro-
and levorotatory isomers, are no longer sanctioned owing to confu-
sion with D- and L., which refer to configuration relative to D-glycer-
aldehyde. The symbels R and § and a and 4 are also used to indicate
configuration, the smagement of atoms or groups of atoms in space.)

The physicocheraical properties of nonsupenmposable chiral sub-
stances rotating plane polarized light in opposite directions to the
same exient, enantiomers, are identical, except for this property
and in their reactions with other chiral substances. Enantiomers often
exhibit profound differences in pharmacology and toxicology, owing
to the fact that biological receptors and enzyvmnes themselves are chir-
al. Many anicies from narural sources, such as amino acids, proteins,
alkaloids, antibiotics, glycosides, and sugars, cxist as chiral com-
pounds. Synthesis of suck compounds from nonchiral matenals re-
sults in equal numbers of the enantiomers, racemares. Racemates
bave a net null optcal rotation, and their physical p ‘Pcru'cs may dif-
fer from those of the component enantiomers. Use of stereoselective
or stereospecific synthetic methods or separation of racemic mixtures
can be used to obiam individual optical isomers.

Measurement of eptical rotation is performed using a polarimeter.”
The general equation used in polarimerry is:

i 100«
Ia]i

ic

" Suitable calibrators are available fromithie Cffice of Standard Reference Ma-
terials. Nationa! lasnnee of Standards and Technology (N15T;. Gaithersburg.
MD 20899, as current bats of Standard Reference Malenats, Dextrose and Su-
crose. Alernauvely, calibraion may be checked using a Polanzaton Refer-
ence Standard, which consists of a platz of quanz mounted 1 a holder
perpendicular 1o the light path. These standards are availabie, traccabie 0
NIST. from Rudoiph Research Azatvical, 354 Route 206, Flanders, NJ
OTEJG or from Rudelph Insiruments, Inc.. <0 Pizr Lane. Fairheld. NJ
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vollage and scanning rate provides qualitative and quantitative infor.
mation on such substances. The concentration Step permits analysag
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Fig. 4. Plot of Cumrent Versus Time in Pulse Polarography.

Differenual pulse polarography is a technique whereby a fixed-
height pulse applied ar the end of the life of each drop is superim-
posed on 2 linear increasing de ramp (see Figure 5). Curent flow is
measured just before application of the pulse and again at the end of
the puise. The difference between these two currents is measured and
presented to the recorder. Such a differential signal provides a curve
approximating the derivative of the polarographic wave, and gives a
peak presentation. The peak potential is equivalfht 1o

Ev.- AES2,

where AL is the pulse height. The peak height is directly proportional
to concentration at constant scan cates and constant pulse heights.
This technique is especially sensitive (levels of 10=" M may be deter-
mined} and affords improved resolution between closely spaced
waves,

Enpplled

p———0RCP TIME —————— DROP TIME ———f

Fig. 5. Differential Pulse Polarography.

Anodic Stripping Valtammetry—Anadic siripping voltanmewy
is an electrochemical technique whereby trace amounts of substancss
in solution are concentrared (reduced) onto an elecirode and then

.Stripped {oxidized) back inio salution by scanning the applied voltige

anodically. The measurement of the currenr flow as a function of this

a0 "M w 10 M levels. ;

Basic inscrumentation includes a voltage ramp generator; curren;.
measuring circuitry: a cell with working. reference, and counter elec-
rodes; and a recorder ar other read-out device. Instruments having d¢
or pulsc-polarographic capabiluies are generally quite adequate for
stripping application. The working clectrode commonly used is the
hanging mercury drop electrode (HMDE). although the mercury
thin-film electrode (MTFE) has acquired acceptance, For analysis
of metals such as silver. platinum, and gold, whose oxidation poten-
tials are more positive than mercury, and mercury itself, the use of
solid elecirodes such as platinum, gold, or carbon is required. A sa-
wrated calomel electrode or a silver—silver chioride electode serves
as the reference except for the analysis of mercury or silver. A plag.-
num wire is commonly emploved as the counter electrode,

Test specimens containing suitable electrolyte are pipeted into the
cell. Dissolved oxygen is removed by bubbling nizogen through the
cell for 5 to 10 minutes. .

Generally, an electrolysis potential equivalent o 200 1o 300 mV
more negative than the half-wave potenual of the material 1o be ana-
lyzed is applied (although this potential is 10 be determined experi-
mentally). with stirring for 1 10 10 minutes. For reproducible
results, maintain constant conditions (i.e., deposition time, stirin
raie, lemperamure, specimen volume, and drop size if HMDE is used).

After deposition, the stiming is discontinued and the solution and
electrode are allowed to equilibrate for a short period. The potentiai is
then rapidly scanned ancdically (10 mV/second or greater in de po-
larography and 3 mV/second in differential pulse polarography). As
in polarography, the limiting current is proporionai to concentation
of the species (wave heighr in de and pulse: peak height in differential
pulse). while the half-wave potemial (dc. pulse) o peak potendal (dif-
ferential pulse) identifies the species. It is imperauve that the choice
of supporting eleciroiyte be made carefully in order to obtain satisfac-
tory behavior. Quantitation is usually achieved by a standard addition

or calibration method. ’

This technique is appropriate for wrace-metal analysis. but has lim-
ited use in organic determinations, since many of these reactions are
ireversibie. In analyzing subsiances such as chloride, cathodic strip-
ping volammetry may be used. The :=chnique is the same as anodic
sripping voltammetry, except that the sibstance is deposited anodi-
cally and then swipped by a cathodic voltage scan.

(811) POWDER FINENESS

Test procedures for sieving powder materials are described under
Fariicle Size Distribution Estimation by Analvtical Sieving (786),
and, where practical, the particie size distribution should be estimated
by this procedure. The classification of powder fineness in this Phar-
macopeia, expressed in descriptive terms. is provided in the table. For
practical reasons, steves are the preferred means of measurng powder
fincness for most pharmaceutical purposes. Sieving is most suitable
where a majoriry of the particles are larger than about 75 um,
although it can be used for some powders having smailer particle
sizes where the method can be validated. Avoid processing conditions

that would alter the wue particle size distribution of the powder being
tested,

Sieves for Pharmacopeial Testing—Sieves for Pharmacopeial
testing are déscribed under Particle Si-e Distribution Estimation by
Analytical Sigving {736). :

Powdered Vegetable and Animal Drugs—In determining the
powdzr fineness of 2 vegeuble or animal druy, no portion of ihe drug
may be rejected during milling or sifting unless specificaliv permitied
in :he imdividual monograph. .

Air Permeation Method for Determining Fineness cf Sub-sieve
Size Particles—The average particle size measured is in the range of
0.2 1o 30 pra The test specimen is loaded into 2 precision bore tube
and is compacted benween two paper disks and porous plugs by a
rack-and-pinion packing plunger. The determination of the parucle
size of the specimen in the uniformly packsd column is based on
its resistanes to the Jow of 1 closelv regulated cument of dnad ar
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The liquid level of a Bowmeter-manometer corresponds directly tor
icte size. Special handling instructions and procedures are pra-
vided in the individual monographs. . . e
Classification of Powder Fineness—Powder fincness may he
classified by determining the Sfiallest sieve opening through which
a specified quantity of material passes. Results are typically reported
as .
d,, = smallest sieve opening through which 90% or more of the
material passes . . . )
d,, = smallest sieve opening through which 50% or more of the
material passes
d,, = smallest sieve opening through which 10%% or more of e
material passes.
The upper and lowerlimit of the sieve opening values may be re-
ported when results of Two or more test lots arc combined, e.p.,

- %L ot A has a d,, valoe of 1000 pm with a range of 85080 pm.”

An alternative but less informative method of classifying powder
fineness is by use of the terms in the following table. ;

Classification of Powders by Fineness

Classification of Powder ds Sieve Opening (um)
Very Coarse > 1000

Coarse 355-1000
Moderately Fine 180-355

Fine §25-180

Verv Fine 90125

(821) RADIOACTIVITY

Radioactive pharmaceuticals require specialized techniques in their
hancling and testing in order that correct results may be obtained and
hazards 0 personnel be minimized. All operatons should be carried
out or supervised by personnel having had expert mzining in handling
radioactive materials.

The facilities for the production, use, and storage of radioactive
pharmaceuticals are generally subject to licensing by the federal Mu-
¢lear Regulatory Commission, although in certain cases this authority
has been delegated to state agencies. The federal Department of
Transportation regulates the conditions of shipment of radioactive
matenals. State and local agencies often have addirtonal special regu-
lations. Each producer or user must be thoroughly cognizant of the
applicable regulations of the federal Food, Drug, and Cosmeric
Act, and any additional requirements of the U. S. Public Health Ser-
vice and of state and local agencies pertaining to the articles con-
cemed.

I

Physical Tests { (821) Radioactivity 2205

Definitions, -spccial consideradons, and procedures with respect ¢
the Pharmacopeial monographs on rdioactive drugs are set forth in
this chapter. e . .

e s

W = B - LR _»._~.'
GENERAL CONSIDERATIONS

. Eunda-_rﬁental becay Law

The decay of a radioactive source is described by the equation:

N - Na‘_“.

in which ¥, is the number of atoms of a radioactive substanée at
elapsed time 1, &, is the number of those atoms when (= 0, and A
is the ransformation or decay constant, which has a characteristic val-
ue for each radionuclide. The haff-fife, T, -, is the time interval re-
quired for a given activity of a radionuclide to decay to one-half of
its initial value, and is related to the decay constant by the equation:

0.69315
.

1yx =

The activity of a radioactive source (4) is related to the number of
radioacuve atoms present by the equaton:

A = AN,

~

from which the number of radioactive atoms at lime f can be com-
puted, and hence the mass of the radiozctive material can be deter-
muined.

The activity of a pure radicactive substance as a function of time
can be obmined from the exponental equation or from decay tables,
or by graphical means basctj on the halt-life {see Normalized Decay
Chart, Figure 1).
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T ublished in late 1999, 15O
13320 was the first formal
international standard to
provide the basis for harmoniza-
tion of particle size analyzers
based on low-angle laser light
scattering (LALLS) techniques.
This is an important development
because of the wide variety of par-
ticle sizing methods available and
the fundamental differences be-
tween them. Approaches may vary
and harmonization is undoubt-
edly a vital issue.

ISO 13320 is a guidance docu-
ment that clearly describes the
principles of LALLS, defines termu-
nology. and explains what one can
expect from an instrument of this
type. Sample hardling and disper-
sion, guidance on the use of dry
powder feeders, information on er-
ror dlagnosis, and a discussion of
Mie theory versus the Fraunhofer
approximation are all included.

Consisient nieasufements

The purpose of the internadonal
standard is to provide a methodol-
ogy for adequate control in particie
size analysls. In practice, ensuring
consistency and reliability of mea-
surements is the real key to success-
ful control, and one way to achieve
this Is through the development

and application of standard operat-

ing procedures (SOPs).

The importance of 3OPs in an
-industry such as pharmaceuticals
manufacturing is well documented.
However, it is the ease with which
they can be developed and the sub-
sequent adherence to these 50Ps
that make a difference when evalu-
ating consistency and comparabal-
iy of results. Product development
and producuon are increasingly
global operations. raising issues of
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Figure 1 Effect of dispersive pressure on the particte size of milk powder gramules.
The three ploited lines show the stzes in mucrons of the 30% (d[0. S)). the median
{af0.5]), and the 10% ([0 1]} of the milk powder. As can be seen, increasing the
dispersive pressure from 0.1 to 3.9 tar causes the size of the material {o be
reduced unnil it reaches a primary particle size at a pressure of 3 bar.

method wansfer and comparability
of results.

Rugged hardware and robust
software do not in themselves
guarantee good performance. As
more people are calied upen to
underiakz the same measure-
ments, the degree of variation can
increase enormously. Therefore,

Some milk powders are frngile ag-
glomerates of granules of many dif-
ferent sizes; thus, it is critical to de-
cide whether the intention is to
measure the composite particles
or the primary particles from which
Lhey are formed. If one is trying to
preserve the agglomerates, the dis-
persive air pressure must be carefully

Inn the past, the need (o input the cefracuve
indices of the miaterials being measured niay
have deterred some from using the Mie theory.

individual operator Involvement
must be kept to a minimum. and
pratocols and SOPs must be eastily
set up and protected.

Conrealiing paramesoss

The Issue of sample handling
and dispersion lechniques is raised
within the guidelines of the inter-
natonaj standard. The importance
of ensurirg a consistent approach
for specific sample types and in-
corparating this into S0OPs can be
illustraced using the dvy anaiysis of
milk powder as an example.

concroiled in order to avold exces-
sive breakup. Generally. the granules
are agglomerated loosely through
the (reeze-drying process. and appli-
cation of more than a small amount
of energy (0.25-0.5 bar) is sufficient
to break this agglomeration. Beyond
this, the miik is milled to a more
fundarmental size.

Figure I shows the effect of
changes in dispersive air pressure on
the particle size ol milk powder.
Control of the air pressure, {0 ensure
the same degree of dispersion. is ap-
plied to the sample every time, and
is crucial for producing particle size
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Figure 2 Overplot of resuits from five experienced and frve novice analysts.
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figure 3 Comparison of results obtained for synthetic diamond using Mie theory

and Fraunhofer approximation.

information that wiil enable valid
assessment and control of the mate-
rlal being tested. ISO 13320 recom-
mends dry analysis at a2 number of
pressures to fully understand how
the material under test is dispersed.
Orce the optimum conditions have
been determined, they can most
easity be achieved routinely through
the development and use of an SOP.

Remar ing aperacor iaviabidicy

The practical advantages of
SOP-driven operation were dem-
onstrated in an exercise in which
five novice and five experienced
users made the same measure-
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ments of alumina side by side us-
ing the same S0P on the Master-
sizer 2000 (Malvern Instruments
Ltd., Worcestershire, UK.). The re-
sults were overplotted (Figure 2)
and show no significant dilference
for either group.-

Oprical models

One of the key recommenda-
tions in the new standard is the
choice of the correct optical
model (or the material being mea-
sured. Laser diffraction aperates as
a sizing technique by predicting
the light scattering behavior nf
particles. and the quality of this
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prediction determines the accu-
racy of the size determination per-
formed. The most rigorous and
comprehensive prediction of the
light scattering behavior of parti-
cles is provided by Mie theory.
However, when laser diffraction
instruments were introduced in
the late 1970s, computer power
was at a premium, and the first
PCs were llmited to 8 K of random
access memory (RAM). Since the
use of Mie theory demanded a
constderable amount of comput-
Ing power, manufacturers used an
approximatian of Mie theory
known as the Fraunhofer approx-
mation. The computing power
provided by modern PCs ensures
that there is no longer a valid rea-
son to condnue its use.

The new ISO standard states
thae although Fraunhofer can stilt
be used for che measurement of
particles greater than 50 pm, Mie
theory is recommended for those
below 50 pm, and it is applicable
across the entire measurement
cange. Instruments designed to
measure in the size range below 50
pm should therefore uniformly
support Mie theory.

In the past. the need to input
the refractive indices of the mate-
rials being measured may have de-
terred some from using the Mie
theory. To simplify this procedure,
the Mastersizer 2000. for example,
has a database containing the ce-
fractive indices of the most com-
mon materials, making the imple-
mentation of Mie theory very
straightforward. The advances In
computer power referred to above
make its adoption transparent to
the user.

Praciical applicaiion

The foilowing examples dem.
onstrate the importance of the
Mie theory.

1. Synthetic diamond powder.
Syntheuc diamond powder was
fractionated In such a way that it
had a limited size distribetion and
a tight specification of median
size. This type of fracdon is used in
the grinding and polishing indus.
tries The ralractive index (RI) of
synthetic diamond is weil known
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Figure 4 Comparison of results obtained for caicium carbonate using Mie theory
and Fraunhofer approximation. ’
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Figure 5 Extinction coefficiency of calcium carbonaie 8 a function of particle size

as cokculated using Mie theory.

and has a value of 2.41-0.0. The
material was suspended in water
{RI 1.33). Figure 3 shows the results
of measuring this matertal apply-
ing both the Fraunhofer approxi-
mation and Mie theory.

Using the Fraunhofer approxima-
tion, the results indicate a bi-modal
distribution, but it is known from
extensive electron microscope evalu-
ation that this is incorrect. The curve
produced using the Mie theory, In
which the appropriate RI values
were entered, provides the comectre-
sult. Again, this was confirmed by
detailad electron microscopy.

2. Calcium carbonate. For the
measurement of calcium carbon-
ate, the Fraunhofer approxima-
tion interpeeted the size distribu-
tion as being wo large (see Figure
4). This error stems from the ap-
proximation’s inability to predict
the true extinction behavior of the
particles. The Fraunhofer approxd-
mation assumes that the extinc.
tion efficiency of all sizes of parti-
cle is 2. In practice, for most
commonly found materials, this
approximation is only correct for
pacticles greater ¢than about 10
pm. The extinction efficiency for

calcium carbonate is shown in
Figure 5.

As can be seen, the scattering
power actually falls off rapidly be-
low 2 um. The amount of light
scattered from the 0.3-pm contri-
bution for this example Is very
small. Therefore. the Fraunholer
approximation assumes that there
must be very litde of this size pre-
sent. Mie theory, however. predicts
this [all-off and thus contnues to
weight the fine sizes correctly.

The above examples demon-
strate how Mie theory correctly
anticipated the effect on light
scattering behavior caused by dif-
ferences in refractive index, the
relative transparencies of particles,
and the extinction efficiencies of
particles. The Fraunhofer approxi-
mation was unable to consider
these variattions and was in error
in each case described.

Coanclaninn

The publication of ISO 13320
has been a weicome advance. Laser
diffraction methods have been in
existence for many years, but the
development of this standard
shows that laser diffraction is now
a fully accepted and mature tech-
nology. Application of these best-
practice guidelines should ensure
higher measurement reproducibil-
ity. espectally berween instruments
from different manufacturers. The
importance of SOP development
and the use of appropriate and
controlled sample dispersion tech-
niques cannot be underestimated
in ensuring greater comparability
of results. The standard highlights
the weaknesses of the Fraunhofer
approximation and the need for
full application of the Mie theory.

Mr. Jones is Product Manager, Product.
Support, Malvern Instrumenis Lid..
Enigma Business Park, Grovewcod
Rd., Worceslersture WR14 1XZ, UK
tel.: -44 1684 8924535: fax. «44
1584 852789, e-mail: rod.jones®
malvern.co. uk.
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Characterization of Pharmaceutical Solids Using Various Particle Sizing Techniques

Yuzhuo Li. Xiaojing Shi, and John Westbrook _
Center for Advanced Materials Processing (CAMP), Department of Chemistry, Clarkson University, Potsdam, NY

Particle sizing is an impartant aspect of pharnaceutical development and validation process as the particle size of
active ingredients strongly affects their bio-availability. There are many methods available for particle size and size
distribution determination. In general, these techniques can be divided into three basic categories: ensemble metho
counting methods, and separation methods.1.2 An ensemble method takes a snap shot of a sample and then
elucidates the distribution of particles sizes based on the physical properties revealed by the measurement. A
counting method characterizes the sample one pardicle at a time in a more direct manor. The accumulative accoun
the particles provides the size distribution information. A separation method, on other hand, first physically separat
the samples according to their particle size. Then various techniques are applied to determine the relative amount
each fraction. In this article, the general working principle of each method will be reviewed using a representative
technique. The key advantages and disadvantages of each technique will be given based on their performance in
terms of sensitivity, dynamic range, and resoiution. Finally some general comments and recommendations will be
given in relationship to the characterization of pharmaceutical solid particles.

Ensemble Technigues

Common ensemble techniques include Low Angle Laser Light Scattering (LALS), Photon Correlation Spectroscopy
(PCS), and Back-Scattering Spectroscopy.1 In a typical LALLS system, a laser beam passes through a sample of
particles, and the light imtensity data at different low scattering angle away from the axis of the laser beam are
collected. Mie theory light scaltering calculations are applied to the intensity data to generate a distribution of partic
size. LALLS method requires a relatively low padicle concentration to avoid multipte scattering. The method has ve
broad dynamic range on particles ranging from 0.1 um to millimeters. Yet, the resolving power is somewhat low an
is difficult to deconvolute data generated from a mixture of particles with different aptical properties.

For smaller particies, a dynamic light scattering system is preferred.3 A PCS method uses laser light with well defir
properties {wavelength, polarization, etc) to determine the velocity distribution of particles by measuring dynamic
fluctuations of scattered light intensity. The particles suspended in a liquid medium undergo Browning motion that
causes the fluctuations of scattering light intensity. By extracting information from such dynamic behavior (auto
correfation function obtained in the time domain). average particle size and size distribution can be calculated. The
typical scattering angle is 90 degrees. To avcid multiple scattering, high dilution is needed. Rigorous dilution may
intreduce many variables such as pH shock, ion strength change, and surfactant migration. An additional
disadvantage is that small particles can get last in the crowd of larger particles. One innovative set up includes an
array of deteclors at different scattering angles and simultaneously conducts measurement on the dynamic and sta
light scattering properties. Such a time-resolved simultaneous static and dynamic light scattering (SSDLS) techniqi
(Figure 1) permits the investigation of early-stages of particle aggregation. With proper assumptions, the informatic
on particle shape and particle-particle interaction can also be revealed.4
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To overcome the difficulties encountered in a conventional dynamic light scattering system, back scattering
speciroscopy has been developed t0 utilize the information at high scattering angle. One such system involves ihe
use of a single fiber optics that provides both the probing and scattering beam. The most important advantage of thi
technique is the ability to measure particle size and distribution for concentrated samples without ditution. When an ™~
effective photon correlator is used in a back scattering system, it offers very high sensitivity as well as high dynamic
range. It has been claimed for one such instrument that, using Lysozyme (Mw = 14400 Dalton) as an example, the
measurement can be conducted at mass concentrations as little as 0.1 mg/mi and sample volume as smail as 130 pi.
This translates to an impressive detection limit of 15 ug of the protein (Lysozyme). At the same time, it can also
handle sotid content as high as 20% wt for some particles.

0 B, B i

Anather very useful feature in such a setup is the ability to vary sampling volume by adjusting the sample cell position.
When the sample cell is moved toward the detector (negative position), the sampling volume is decreased, which - !
further lowers the amount of multiple scattering and allow even higher concentrated samples to be measured.
Conversely, when the sample cell moved away from the detector (positive position), the analytic volume is Increased.
The increased analytic volume aflows for more dilute samples. Figure 2 shows two sets of silica particles that are
surface modified for pharmaceutical applications. For smaller particles (115 nm diameter), the instrument can provide
anticipated particle size at solid content as high as 2 % wt without dilution. For a higher concentration sample (10%
wt), the cell position has to be adjusted to a negative position (decreased sampling volume) 10 yield an anticipated
particle size. For larger particles (300 nm), a similar trend is found even at lower solid concentration. From signal-to-
noise point view, an eptimum cell position should be selected to balance the need for strong signal and weak multiple
light scattering. In addition to back scattering systems, acoustic method has also attracted attention for high
concentration sampling without dilution. The particle sizes can range from 10 nm to 1000 um. The method is
particularly useful for highly concentrated samples.5

Systern wath Cell Pasition Adjustment Option
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fractionation. As sieves and gravitational sedimentation are relatively self-explanatory, they are not included in this
article.

A disc centrifuge method uses a rotating optically clear disc that is filled with slurry to be analyzed.2 At high speed (up
to ~24,000 RPM), the liquid in the spinning disc chamber has a slight density gradient: the liquid at the outside edge of
the ring is slightly denser than that near the inside edge. The particles suspended in the liquid move at rates that
depend on particle size. Large particles move much faster than the small ones. A light beam detector is used to
monitor the amount and the size of particles that pass through the edge of the disc. The time required to reach the
detector versus the degree of light attenuation can be correlated to a size distribution. The disc centrifuge method
shouid have extremely high resolution. It has been claimed that particles with <5% difference in diarneter can be
completely resolved. The method can handle particles from <0.02 to >40 microns, with dynamic range up to 1000.
Most measurements require onlty 3 - 15 minutes. The method provides more accurate results for spherical particles
that non-spherical ones. .

in Capillary Hydrodynamic Fractionation (CHDF) system, a very dilute suspension of particles flows through a very
thin capillary.7 Due to Brownian mation, over time, a parabalic velocity profile is developed for each particle size
group. On average, large particles have a higher velacity than small paricles, due to the fact that they would have
less interaction with the capillary wall. As the particles pass through the detector at the end of the capillary, the relative
particle concentration is determined according to the amount of light obstruction. The method, therefore, requires
minimal information about the particles and is capable of measuring particies in the range of 0.01 — 2 microns. The
resolution is usually poor. It has been estimated that narrow families must differ in diameter by 35% to be physicaily
separated in capiilary. In addition, the particles must be compatible with aqueous emuisifier environment. Large
particles or strong aggregation of small particles may plug the capillary.

One method that combines the strength of a hydmdynamic fractionation and disc centrifugation is called
Sedimentation Field Flow Fractionation.8 In an SF instrument, a ratating disc provides a flow chamber for the particle
suspension to be analyzed. As the disc is spinning at up to several thousand RPM, the particles are driven by g-force
toward the outside edge of the flow chamber (if higher in density than the fluid), or toward the inside edge of the .
chamber (if lower in density than the fluid). Similar to CHDF, liquid velocity profile inside the chamber is parabolic.
Unlike CHDF, smaller particles spend more time in the higher velocity portions of the flow due to Brownian motion and
exit the chamber sooner during the initial phase of high g-force. As the speed of rotation falls, the g-forces fall as well,
allowing larger and larger particles to spend time away from the chamber wall and move faster than smaller particles,
After this point, the flow velocity profile is similar o CHDF again. Extremely complicated algorithm is required to
unravel the size separation and distribution profile. For particles that are less than 3-5 microns, the method can
provide extremely good resolving power. It has been claimed that narrow peaks with 5% difference in size can be
resofved. In addition to the highly convoluted separation mechanisms, the run time is typicaily long (1 hour or more).7

A maodified version of hydrodynamic fractionation is the packed column hydrodynamic chromatography. In essence,
the capillary is packed with chromatographic materials that create many tiny channels for the suspended particles to
flow through. The basics of hydrodynamic fractionation are still applicable here. An advantage of this technique is the
increased resolution for particles with smali size difference or particies that may have different surface chemistry.
Figure 4a shows a silica sample that is contaminzated with larger particles. The packed column chromatographic resuit
shown in Figure 4b clearly revealed the extent and particle size of the contaminates.
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Counting Method

In a counting method, each particle is identified and counted at a time. Among the popular counting methaods are
electrozone counter, optical counter, time of {light, and microscope. During an electrozone measurement, pardicles
dispersed in an electrolyte are drawn through a fine aperture. A constant voltage is applied across the electrodes
positioned at either side of the aperture. when a particle passes through the aperture, the resistance increases

causing a change in voitage. A mﬁi The frequency of this event

represents the number of
aperture, whereas the

voltage is related to the particle
be used to measure a broad
um) using coresponding
provide limited dynamic range
In addition, the sample must be
and the particle must be

A light counter is very much
electrozone counter.6 Particles
chamber, where a focused

as the particte passes. The
reaching a detector is related
the particle, and this is

- Ampnﬁmbﬂeenmmp&umﬁddmw
resyits (inserted graphs) on a back scattenng system and giva very
diffarent profiles fo aver sized particles.

! —

particles traveting through the
magnitude of the change in
size. Although this method can
range of sizes (0.5 um to 300
orifice, each odfice can only
(ca. 2% to 60% of the orifice).
placed in a conductive fluid
insulators.

the optical equivalent of the
are forced through a counting
laser beam is partially blocked
reduction in tight intensity

to the optical cross section of
converted to a size distribution.

cl

!

The method provides the “true” particle size distribution (PSD) by quickly sizing and counting large numbers of
particles, one at a time. The light counter has resclution and accuracy comparable to electrozone and LALLS
methads. it does have a much wider size range {~0.5 micron to >2,000 micsons), although resolution appears to suffer
with smaller particles. As matter of fact, it is impossible for this methed to measure particles below 0.5 micron. An
advanced instrument should have a high counting rate (>20,000 particles/sec) and autodilutian feature. One must take
precaution when using autodilution, pH shock or ionic strength change may have a negative impact on the stability of
the sfurry. This method is particulariy useful for counting number of oversized particles that other methods would have
difficulty to quantify. Figure 3 show a comparison that two samples yield almost identical results on a back scattering
system described above, but they contain a very different number of particles above 1.0 micron. This is particularty
important as oversize parlicies not only decrease the bioavailability of a pharmaceutical formulation, it could also be
dangerous in a blood stream.

1
i)

tn a Time of Flight Counter a very dilute particulate suspensions in water is first "nebulized". After the evaporation of
water, particles gre carried by airflow through two adjacent detectors. As small particles are accelerated more rapidly
than larger particles, the time #hat is required to flight between the two delectors is shorter. The particle size and size
distribution information are then elucidated from the recorded time of flight data. The advantages of this technique
include high resolution and reasonable dynamic range. The disadvantage is that particle may aggregate during the
evaporation of solvent. : '
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In a microscope counting scheme, the sample could be either placed under a regular light microscope or an electron
microscope. As we are mainly interested in particles that are smaller than a micron, the usefulness of a light
microscope is limited. For SEM or TEM microscope, the sample preparation is somewhat destructive. The evaparation
of solvent can alter the environment of the sample and produce artificial larger particies. In addition, the counting
process requires extensive imaging analysis and complicated deconvolution fogarithms. Therefare, it is not practical
as a too! for routine analysis.

Seomiaten M2incas

A separaticn method exerts an external force to a sample and physically groups the particles according to size. Once W
the pamicies are separated, the characterization of individual groups of particles can be conducted using either a
couniing method or an ensemble methed. Common separation techniques include sieves, gravitational sedimentation.
disc centnfuae. caoillarv hvdrodvhamic fractionaticn. packed ¢olumn chromatoaraohv. and sedimentation fielo flow
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Conclusion )

Amongst the ensemble methods, a back scattering system coupled with an effective photon correlator for DLS
measurement and adjustable cell position feature is a viable choice for general particte size and size distribution
analysis. For counting methods, an optical counter equipped with autodilution feature is ideal for the determination of
oversized particle In a slurry and particle size distibution (>0.5 umj. In the category of separation method, packed
column chromatographic method is easy to use and seems {0 be able to provide the separation needed far a mixture

samples. .
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12/01: Analyzing Powder Particle Size

i:: ; Reaping the benefits of laser diffraction

By Mark Bumiller
December 05, 2001

ﬂweparﬂdasizadisﬂimﬁmdpowdusiémlmponanphwudumctmsﬁe The size and shape of powdar
particies influence how the material flows through plant equipment such as bins and hoppers, and affect many unit

An abundance of fine particles can cause powder flow problerns, and if the particutate material is later dispersed in
as a liquid suspension, fines will change the rheclogy of the aystam. On the other hand, large particlas can reduce

. final product quality through a variety of mechanisms such as increased dissolution time. They can creati a poor
finish on surface coatings and an unatiractive texture.

Because particls size s a critical physical property, p!anlawsusaamtydanalymmdmnquesm
quantify the powder distribution. The cldest particle-sizing technique — sieving — has been around sinca the
Egyptians and still is used in modem facilities. More advanced measurement methods currently in use include

electrical sensing zona technology, sedimerntation, image analysis, acousbcattmuauonspecu'uswpya:ﬁsevaml
light-scattenng techniques such as photon correlation spectroscopy (PCS) and laser diffraction.

Each of these methads has its own advantages and disadvantages. Sieving, for instance, still is the best approach
for particle sizes greater than 3 milimeters {mm), but it is quite tedious and cannot ganerate acceptable results for
fine materiats. Laser diffraction has become the most poputar particle-size analysis technique because it is easy to
use, covers a broad dynamic range (current analyzers can measure from 0.02 pm to 2,000 pm with a singte
system) and is flaxible enough to measure povaders, suspensions and sprays. [n addition, laser diffraction now can
be appfied not anly in the laboratory, but aiso in the process as a tool lor powder process lines.

Laser diffraction in the lab

A laboratory iaser diffraction particle-size analyzer consists of a lght source, a detection system, a sample
dispersing system to pass the particles through the optical bench and software to convert scattered ight into a
particle-siza distribution. Ses Fig. 1.

Figure 1. Optical Bench of a Lasaer Diffraction Particle Sizer
' BS.
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A laboratory laser diffraction parbcle sizer has a Itght source, a detection system and a
sample dispersing system to pass the particles through the optical bench. Software
converts scattered light into a particle-size distribution.

- The light source in the optical bench typically i3 a laser or lasers with different wavelengths. Adding a second iight
scurce at a lower wavelength — for example, a blue lasar-emiting diode (LED) | = 432 nanomaters (nm} —
imoroves both the ability to detect smaller particles and the abdity to resolve muttiple peaks in muitimodal
distributions in the submicron region. Detection systems also have improved over time, expanding the angles
Inspacted from smailer than 14 degrees in the past to current instruments that measure up to 150 degrees

The raw data filke of scattered light for each of the detectors must be converted into a particle-size distnbution using
an terative mathematical process. The Fraunhofer approximation was used years ago pror to the increase in




computational power available in personal computers. The Mie theory now is used because this approach
generates more accurale resuits.

The recently published Intermational Standard Organization {ISO) document 13320-1, "Particle Size Analysis —
Laser Diffraction Methods.” suggests that the Mie theory be used for particle diameters less than 40 times the
vavelength of the hight source — around 25 pm for a helium neon laser. Below the 25 pm size it is essential to use

the Mie theory .

The Fraunhofer approximation can misrepresent the actual distnbution, creating peaks of fine materials that do not
really exist. ToraapI:hobeneﬁhoftheMiaﬂwemy.ﬂwrefracﬁveindoxcfﬂnmatadalmustbeontaredirmﬂw
analyzer software. Many refractive index tables are available to facilitata this effort, including extensive libraries
mwbdhhmﬂuwﬂmredmmacﬁmam.ﬂmemesmdhamiewdmmﬁw background
of laser diffraction should refer to the |SO 13320 docurnent, which s available through the American National
Standards Institute (ANSI) Web site at www.ansi.org.

FmammmMWMmmmWMmehbfamm
parﬁde-sizemalysis?Thoﬁrststepoftenisu:pmpertysub—sampieﬂmmtadalbrwghtmmelab.Thisstepmn
beoveﬂookoduhenﬂnenﬁresamp&aisnnaswadasadrypowdar.Oﬂmwisa,ﬂnesa:rmbashwidbespﬁtwima
spinningri‘l‘ﬁer.andapaﬁonofmmmlﬂmsmndbeplacedeﬁmamwza‘sdrypcwderteedef. Poor
sampling pmcﬁoesaracmnmonswrcasofwmecessaryvaiaﬁamhresdts—uptoa30percentvariation,
depending on the size and breadth of the distnbution.

Afte:rthepowder?mbeensub-sampied.theamlystneedsmdecidevdmmmeaswemapowderhrtsnamral
stateortod”:spersaﬂmmﬁarialhaﬁquidmodh:mMaasMngpowdetshadry—pc«darfeederispreferablewhm
the goal is to determine the distnbution of the material in its natural state. Sampile dispersion in a kquid might be
required when the goal is to measure individual particle sizes of agglomerated matenals.

Powders dispersed in quids can be exposed to uftrasound or surfactants to break up loosely held agglomarates.
Caution must be used when analyzing unknown powders with a dry-powder feeder to investgata the affect of air
pmssurammesizecﬁsuibuﬁon:toomuchmgymnresuhhcomminuﬁonraﬁ:ermangoodchspersion.

New samples should be measured repeatedly at a minimumn of three pressures — 1 bar, 2 bar and 3 bar, for
exarmple — to investigate dispersion vs. comminution. Once the proper air pressure has been selected, a standard
operating procedure (SOP) for that powder should be created and adhered 1o for future measurements. The SOP
should include sampling procedures, refractive index values for the material, amalysis modes and the air pressure
used in the dry-powdsr feeder. ldeally, the air pressure is both controlied and recorded automatically by the
analyzer software. ’

Not all powders can or should be anaiyzed in their natural stata — some should be analyzed dispersad in a Iquid

suspenson, Samples that are too sensitive to changes in air pressure (see Fig. 2), powders with strong cohesive
fmcesandpowdemﬁhasigmﬁaampaﬁmdwbmmnmtedeMuhbeamlyzedasasuspension.

Figure 2. Effect of Pressure on Paracetamol Powder Slze
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Samples vary in their sensitivity to changes in air pressure.

Discersing powders in a suspension requires choosing a sotvent (preferably water) and often selecting the
appropnate surfactant and ulirasonic energy needed to wet the material and break up loosaly held agglomarates.
A typical approach might involve placement of a small quantity of the powder into a beaker, the addition of a few
drops of surfactant to wet the material and then the addition of just enough solvent to create a concentrated paste
that can be pipetted into the iquid sampter.

Once the sampie is dropped intp the sampler, the settings must be investigated to find what pump and stirrer rates
are required to keep the heaviest particles in suspension without entraining air in the sample. An SOP for a powder
suspended in bquid must includs the sampling procedures, the choice of surfactant and solvent, any ultrasonic
treatment, the refractive index of the powder and sohlvent, and all sampler settings.

It a powder can be analyzed as both a powder and a suspension, much can be learned by comparing the results
from these two approaches. If the data closeiy match, then the analyst can have confidence in the resuits.
Differences between the wet and dry resuits will shed light on which method is more suited to the sample under
invesstigation. Anyresuﬂshamm&mﬂmmn«badmmdeszesmmwy-mwdahedmmmmmm
from a hiquid dispersion should be questioned!.

Laser diffraction in the plant

Although most particle-size analysis ¢4l is perforrhed In the kaboratory, hundreds of inine anatyzers now have
been installed successfully in powder processes, including thosa located in cament plants, mineral processing
cperations, toners, pharmaceutical plants and powder coating and powder metal plants. The advantages of in-
process measuremsnt include continuous menitoring rather than batch sampling, the abdity to feed size data into a
centralized data acquisition system and the ability to control process operating parameters based on the measured
particle size. '

In-process laser diffraction analyzers perform the actual conversion from scattered fight to particle size distribution
in the samea way laboratory instruments do. Tha real differences come from how the powder is introduced to the
laser, the requirements for robust optics and electronics capabls of withstanding harsh plant environments and the
ability to operate at higher concentrations.

Most in-process analyzers remove a portion of the total product flow, pass the sample through the anatyzer and
thien ratum the powder to the process stream. See Fig. 3. The optics are continuously purged with clean air to
prevent any parucle con@aminaton ¢n the windows. In a laboratory, instrumant operators control the sampla
coancentration through dilugon or sampler setlings In process envirenments, the concentration nat only can
fluctuata, but also can become hign enough 10 produce multiple scattering errors that coufd Isad to
underestmating the Tue particle-size distnbution. For this reasen, in-process anaiyzers require autcmatic



cormections for multiple scattering at high concentrations.

Figure 3. In-Process Laser Diffraction Particle-Size Analyzer

In-process anaiyzers require automatic corrections for multiple scattering at high
concentrations.

Nwﬁmin—pmwﬁd&mmmmmmﬂnﬁdd,mﬂqmﬁmm: In which
appiications arkl process posiions does the analyzer investment provide a justfiable return on investment? Most
current instalkations are placed somewhera downstream of size-reduction steps, often immediately after mifls.
Steady-stats milling operations can tighten peoduct specifications and reduce batch-to-batch variations through
continwous particle-size analysis, Continuous monitoring aisg can detect hardware failures such as screen breaks,
and can be Used to locate and rectify blips created by hopper flow fluctuations and compressor statups. Piants
usingairchssiﬁermﬂbMvemwmmmﬁunhin-pmassaMyzmmmdpaﬁdesize
through classifier-speed control. Omeradvanlngesh—pmcassmumnngoﬁersoverhboramqana}ysisindude
quickarstameandproductwangmﬁmmdprocassopﬁnizaﬁonbasedm

analyzer-generated data.

Conclusion

Laser diffraction has proved to be a valuable tool for measuring the particle-size distnbution of powders, beth in the
labaratory and in the plant. Before performing lab analyses, however, remember to:

1. Bring a represantative sampis to the lab.

2 Sub-sample in tha lab using a spinning riffler.

3. Create SOPs for alt samples.

4. Always repeat measurements when creating SOPs.

5. Repeat measurements at several alf pressures for unknown samples using a dry powder feeder.  _ |

6. Measure and record the air pressura for all analyses.
7. Usze the Mia theory for samples below 50 ym.

8. Compare wet to dry resuits wherever possible.

Bamiller is vice prasident of business development at Malvem Instruments, Southboro, Mass. Contact him at
mbumille@malvemusa
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Dynamic Light Scattering

When a beam of light passes through a colloidal dispersion, the particles or droplets scatter some of the
fight in all directions. When the particles are very small compared with the wavetength of the light, the
intensity of the scattered light is uniform in all directions (Rayleigh scattering); for larger particles (above
approximately 250nm diameter), the intensity is angle dependent (Mie scatterng).

It the light is coherent and monochromatic, as from a laser for example, it is possible to observe time-
dependent fluctuations in the scattered intensity using a suitable detector such as a photomultiplier
capable of operating in photon counting mode,

These fluctuations arise from the fact that the particles are small enough to undergo random thermal
{Brownian) motion and the distance between them is therefore constantly varying. Constructive and
destructive interference of light scattered by neighbouring particles within the iltluminated zone gives rise
to the intensity Ructuation at the detector plane which, as it arises from particie motion, comains
information about this motion. Analysis of the time dependence of the intensity fluctuation can therefore
yield the diffusion coefficient of the particles from which, via the Stokes Einstein equation, knowing the
viscosity of the medium, the hydrodynamic radius or diameter of the particles can be calculated.

The time dependence of the intensity fluctuation is most commonly analysed using a digital correlator
such as the Brookhaven 31-3000AT. Such a.device determines the intensity autocomrelation function
which can be described as the ensemble average of the product of the signal with a delayed version of
itself as a function of the delay time. The "signal” in this case is the number of phatons counted in one
sampling interval. At short delay times, correiation is high and, over time as particles diffuse, correlation
diminishes ta zero and the exponential decay of the comrelation function is charactenstic of the diffusion
coefficient of the particles. Data are typically collected over a delay range of 100ns to several seconds
depending upon the particle size and viscosity of the medium.

Analysis of the autocorrelation function in terms of particle size distribution I1s done by numerically fitting
the data with calculations based on assumed distributions. A truly monodisperse sample would give rise
to a single exponential decay to which fitting a calculated particle size distribution is relatively
straightforward. In practice, polydisperse samples give rise to a series of exponentials and several quite
complex schemes hava been devised for the fitting process. One of the methads most widely usad today
is known as Non-Negatvely Consirained Least Squares (NNLS), the Brookhaven correlator software
includes this along with several other approaches to the problem.

Particle size distributions can be calculated either assuming some standard form such as log-normal or
without any such assumption. In the latter case, it becomes possible, within certain limitations, to
characterisa rultimodal or skewed distributions. The size range for which dynamic light scattering is
appropnate i typically submicron with soms capability to deal with particles up to a few microns in
diameter. The lower limit of particle size depends on the scattering properties of the particles concemed
(relative refractive index of particle and medium), incident light intensity (laser power and wavelength)
and detector / optics configuration.

Dynamic light scattering (also known as Quasi Elastic Light Scattering [QELS] and Photon Correlation
Spectroscopy [PCS]) is particularty suited to determining small changes in mean diameter such as those
due to adsorbed layers on the particle surface or slight variations in manufactunng processes.
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Particle Size Analysis

Nocirmme Y ceemes Toomms S o oy
» S0P b FOQELS b BI-200SM

N Y 90P1us - Simple Yet Powerful Submicron
'b_;'ﬁ.." ; Particle Size Distribution Analyser
. Dynamic Light Scattering (also called PCS) pra
iy a fast, simple method for submicron partide s
Random intensity fluctuations in scattered lase
arising from the Brownian moticn of colleidal par
are analysed to give either a simple mean sizi
polydispersity (distribution width) or con
distribution data even for multimodal distribution:

Choose the 90Plus for routine measuremen
parlicle size distributions from about 2 nm
microns in virtually any Rquid. It is 8 compact,
contained unit which incorporates a powerful 3
diode laser and dual angle - 159 and 909 - dett
systemn. For still higher sensitivity to axtremely
or weakly scattering particles, an APD detecto

Light Scattering aven more powerful, 50mW 532nm, laser
available as options. A high specification Pe
o S0Plus computer is built Into the S0Plus and Win
o FOQELS software is used throughout fadilitating transi
o BI-200SM data and results to other programmes.
You can add all the fadlities of Brookhaven's ZetaPlus and ZetaPALS to combine
Centrifugal Sedimantation patential determination with particle sizing in one comprehensive paricle characteri:
system. This can be selected at the time of purchase or later.
o BI-DCP
° BL-XDC Typical applications of the 90Plus include polymer coftoids (latex), liposomes, emulsions
microemulsions, pharmaceuticals, pigments, tonsrs.
Zeta Potential . )
90Plus Specifications:
Colicidal Particles R . 2 nm to 3 ym depending on refractive index, concentration ¢
ange: scattering angle. 10 nm to 1 pm typically with standard laset
o ZstaPlus Precision: +-1% typically.
e ZetaPALS . .
Sample Type: Most colloidal-sized matarals, suspended in any clear liquic
1to 3 mL. New! Smallvolume cell requires only 150 microli
Macro Surfaces Sample Volume or less of o,
ocC
o BI-EKA Temperature Control: 19~ 19 759, +0.1%C, active control. No external circulator
ElectroKinetic required.
Analyser Laser: 30 mW, red, standard. 50mW green, optional.
Lo s i Scattering Angles: i 15% & 900,
ight Scattering ]
. Mean diameter & width, lognormal fit, and multimodal size
B1.200SM Data Presentation: distribution.
: Bl:MwA Brookhaven BI-9000AT, muiti-tau research correlator with 5
o FOQELS c lator channets, (equivalent to 10 million linearty-spaced channels
: 100% efficient real-ime operation over the entire delay-time
o BI-GQ00AT
range.
. i Built-in PC. WindowsTM Software included. Check with
Accessories Computer: Brookhaven for latest specifications. External computer opti
e SI-DNOC Printer: Caolour inkjet, ;tandard. Others available.
« BI-370 Monitor:. Colour, SYGA graghics card.
s« BI-5FS

htrp://www. brookhaven.co.uk/products/particle -size-analysis/light-scattering/90Plus.html ~ 02/09/2000
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Certified Particle
Size Standards
Research and
Test Particles
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Microspheres
Reagent
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Standards for

Particle Counting
Methods
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Applications
NEW from Duke
Scientific -
Microspheres
For Flow
Cytometry
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Most colloidal-sized malenals suspeuded in any

Sample Type: clear liquid.

1 to 3 mL. New! Small-volume cell requires only

Sample Volume 150 microlitres or less of sample.

Temperature 10% to 75°C, £0.19C, active control. No external
_Control: - - circulator required.
Laser: P 30 mW, red, standard 50mW green, optional.
Scattering Angies 159 & 900 -
% - o Mean diameter & width, lognommal fit, and
Data Presentaton” . /40 Sameie distribution. '
Brookhaven BI-9000AT, multi-tau research
Correlator: comelator with 510 channels, (equivalent to 10
ror: million linearly-spaced channels), 100% efficient
" real-time operation over the entire delay-time ran
Built-in PC. WindowsTM Software included. Chy
Computer: with Brookhaven for latest specifications. Extern;
computer optional.
Printer: Colour inkjet, standard. Others available.
Monitor: Colour, SVGA graphics card.
Power "
Requirements: 100/115/220/240 VAC, 50/60 Hz, 300 Watts.
Dimensions: 267(H} X 625(W) x 445(D) mm (excluding monit
and printer).
Weight: 37 Kg {excluding monitor and printer).
Environmental Temperature 10°C to 75°C Humidity 0% to 95%,
Characteristics: non-condensing.
ZetaPlus and ZetaPALS facilities for zetg potent.
Optious: analysis; Small volume glass cell; Disposable squ

plastic cells; Round and square glass cells
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Certified Particle Size Standards

As Authorised Distributors for Duke Scientific Corporation, USA, Brookhaven are pleased to
supply the full range of Duke Scientific certified particle size standards. These standards provide
third party traceability of calibration procedures to national or international agencies through an
unbroken chain of measurements with specified uncertainties.

They are available as uniform spheres of polvmer, glass or silica in a range of discrete sizes from
20nm to 2000um calibrated with linear dimensions transferred from NIST (National Institute of
Standards & Technology) by Duke Scientific using methods developed in Duke's own
laboratories.

Each standard is supplied with 2 Cettificate of Calibration and Traceability, & description of the
calibration method, a table of its chemical and physical properties and a Materials Safety Data
Sheet (MSDS) with handling and disposal instructions.

3000 Series Nanosphere Size Standards 20 - 900nm

Uniform polystyrene microspheres in a range of sizes, each packaged as an aqueaus suspension
in 15mL dropper-tipped botties. The concentration is optimised for ease of dispersion and
colloidal stability. The microspheres have a density of 1.05 g/cm” and refractive index (588nm) of
1.59.

Nanosphere Size Standards are used for a wide variety of applications including calibration in
efectron microscopy, }aser light scattering and colloid research.

4000 Series Polymer Microsphere Size Standards 1 -1000pm

With the same composition and physical properties as the 3000 Series, these polystyrene
microsphere standards are supplied as aqueous suspensions in 15mL dropper-tipped bottles (1 -
160umy} or in dry form in 1g screw capped bottles (200um and larger).

BOOO Series Silica Microspheres 0.5 — 1.6um

Designed for applications requiring monodisperse inorganic microspheres, these particles have a
higher density than polystyrene and provide:more contrast than polymer microspheres in optical
and electron beams. They are packaged as aqueous suspensions at 2% solids in dropper tipped
botties.

The silica spheres have a density of 1.8 ~2.2 gl::m3 and an index of refraction of 1.40 — 1.46 at
589nm.

9000 Series Glass Particle Size Standards 2 —2000um

This range consists of borosilicate glass microspheres (mean diameters 2 - 20pm) and soda lime
glass microspheres (30 — 2000um) all with narrow size distribution and NIST traceabie mean
diameters.

Small borosilicate microspheres have fewer. spherical imperfections and mclusions and better
mechanical and thermnat stability. The are packaged in 1g quantities of dry microspheres having a
density of 2.50 - 2.55 gfcn® and refractive index of 1.56 at 589nm.

The soda lime glass of the larger microspheres contains trace amounts of metailic elements
making them easily detectable by non-dispersive x-ray methods and improving their contrast and
reflectivity in optical, uttrasonic and electron beams. They are processed to remove most of the
non-spherical or broken matenal, ensuring 1 high parcentage of spherical parucles.

Soda hme microspheres have a density ofn2.4 -25 g:‘c:m3 and index of refracton of 1.51 at R



589nm. Their softening temperature is 720°C and the dielectric constant is 7.3 at 1KHz and 20°C.

To download a brochure in Adobe Acrobat format giving full details of the Certified Particle Size
Standards range, including individual sizes available, click here. Alternatively visit the Duke
Scientific web site for more information.

2000 Series Uniform Polymer Size Standards 5 — 40um

First introduced in 1971, this range of microspheres continue to find application where moderate
uniformity of particle size is required rather than the very narrow distributions (CV <5%) of the
other standards. They are widely used with laser diffraction and light blockage instruments,
acoustical imaging, electroiyte displacement (e.g. Coulter principle) and other methods often
used to charactense coarse distrtbutions. : .

Like the 3000 and 4000 Series microspheres, they are composed of cross-linked palystyrene
giving them good durability and chernical stability. Their density is 1.05 gJ'e:t'n3 and refractive index
1.59 at 589nm. They are packaged in 15mL dropper tipped vials and supplied with certificate of
NIST traceable calibration.

To download a brachure in Adobe Acrobat format giving full details of the 2000 Series Uniform
Polymer Size Standards range, including individual sizes available, click here.

Alternativaly visit the Duke Scientific web site for more information.

Additional certified particle size standards are described in the section on Stancargs for Farucie
Counting Methods.
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Advanced Surface Characterisation of
Inhalation Microparticles

Stephen Ebbens, Shen Luk and Nikin Patel, Molecular Profiles Ltd, 1 Faraday Bullding, Nottingham
Science and Technology Park, University 8ivd, Nottingham, UK

Introduction

The application of advanced surface analybcal methods to
the characterisatron of inhalation particles aflows direct
dewermination of the physical and chemical properties that
are critical to device function, Propertes that can be
determined for individual micronised particles include sze,
texture, roughness and surface heterogeneity. Such
information & crudal to confiming that parucles are
engineered within respirable dimensions, and present the
desired surface strucure and compositon, Furthermaore,
the adhesion between particles, or between a partcle and
a surface can be measured. Micronisation produces
particles with a high surface area, which are prone to

“forn unstable cohesive systems, agglomerates or adhere

to surfaces, such as packaging materials. These factors
lead to potentially senous problems with dosage control,
dispersion-and delivery in inhalation devices. In this article,
an averview of the capabiliies of current surface
analytical methods s given, along with example
applicatons of this technology

Determination of Particle Physical
Properties

The marphology of the particulate components of an
inhaler device s impontant in determining nhaler
function. At a basic level, it is necessary 1o assess paiticle
sze, 10 ensure that delivery to the respiratory tract is
possible (gererally a size cntenia of 1-5 mm must be
satsfied). Conventional parbcle szing methods such as
light scattening produce average partixle diameters

. assuming sphencal particle shape, which can be

inaccurate for the crystal geometries of many active
ingredients. An alternative method & to use Scanning
Efectron Microscopy {SEM) in njunction with images
analysis. This approach enables partide shape to be
visualised and guantified, ensuring an accuraté assessment
of the respirable frachon (see Agure I}

Particle roughness 1§ anather impartant parameter, as it
plays a lamge role in determining the level of adhesion to
other active partictes, excipients and inhaler device
surfacas, via its effect on contact area (Staniforth, 199S).
Atomic Force Microscopy (AFM) provides an ideal method
for determmining surface roughness, through its ability to
generate true 3D topographical images wath am
resolution. AFM operates by stanning a sham tp

attached to an ultradight antilever across the surface. An
image is formed from the displacements required to
maintain a constant tip-surface interachon, -and this
constant force surface forms a representation of
topography. As an example of the data obtained, Rgure
2 displays the results of ARM analysis of active ingredient
partides that have been produced using the solution-
enhanced dispersion from supercritical fludds method
(SEDS). In addition to the 3D and 2D data
represeniations, virtual cross-sections can be produced to
allow quantfication of surface features. Here, this was
used to measure the height of a aystal step, prowviding
information about the crystal habit of the active
ingredient. AFM data is also readily anahlysed 10 provide a
range of surface roughness parameters. In the case there
was interest in determuning i the novel particie
preparation method had succeeded in smoothing the
partide surface compared with conventional micronisation.
The roughness data presented in Figure 3 confimms that
the SEDS process does produce signifianty smoother
partices, which is kely o reduce paride self-adhesion,
and so reduce undeliverable agglomerate formation.

Phase imaging extends the use of AFM for particle
charactensation. This mode allows variations in surface
properties such as hardness and hydrophobiaty to be
imaged. For example, phase imaging i able o distinguish
crystalline and amorphous material and has even been
shown to differentiate two polymorphs of an active

Fgure 1. SEM analysis of SEDS Salbutamed particles
enatiles direct determination of parucle dimensions and
shape.

The Crug Delvery Companies Report Autumn/intar 2002
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Fgure 2. APM analysis of SEDS produced Salbutarmol parndes. A virtual cross section s generated akong the red line,

allowing the crystal step hewghts 10 be measured.

[yt

Figure 3. Companson of surface mughness values for
Salbutamol processed using conventional micronisatian
and the SEDS process.

ingredient (Danesh et al,, 2000). In additon, by utilging
the force sensing ability of APM 1t i possible to measure
and compare mechanical properties of particles such as
elasticity and plastic deformation. These properties
contribute to particle adhesion levels, and can ako reveal
mformation about the state of the partide.

Chemical Characterisation of Single
Particle Surfaces

In addibon to charactensaton of the final physical
properties of inhaler actve ingredients, confirmation of
parbcie chemical composition & also important. This is

Teaat on Image displayl
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Fgure 4 TOF-3IMS analyss of the contents of 3 dry powder inhaler reveals the preserce of a contaminant distnbuted

Cn acive ingracient partcles
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particularly important as mulling processes have the
potential to modify particle surfaces. One of the few
chernical analysis methods with the spatial resofution o
nterrogate individual micronised particles is time-of-fight
sacondary mass spactrometry (TOF-SIMS). This advanced
method allaws surface sensitive mass spectrum to be
obtained from regrons as small as 1 mm. The techmqgue
achiaves ppm sensitvity, and only samples the top
monolayer of the sample, Intépretaton of the mass
fragments allews accurate determination of the surface
chemical composition. A significant feature of TOF-5IMS &
the ability to form 1mages of the distribution of spedific
makecular fragments, allowing the mapping of
heterogeneous surfaces with a resolution of 100 nm.

An example is the chemical analysis of the contents of a
dry powder inhaler using TOR-SIMS (see Figure 4). The
total ion image s used to locate the position of the
particles after expulsion from the inhaler device, and
provides an indication of thewr size distnbution. The
retrospective analysis capahbility of the technique aliows

mass spectrum to be extracted from individual particles. In

ths case the specira contained fragments that could: be
assigned to the active ingredient and excipients, however
some additianal signals weme present. Reference to TOR
SIMS librarias revealed the signals to be attributable to an
Ingafos 168 contaminant. Again, retrospective analysis of
the data allows images of both the active ingredient and
contaminant distnbuton to be produced (see Figure 4).
From these images it is apparent that the contaminant is
located on the actrve ingredient particles. Further analysis
revealed that the Irgafos contaminant originated framn the
packaging material used to contain the active ingredient.
This case hightights the impornance of chemical
characterisation of inhaler components in their final form,
and allowed detection of a contaminant that may have
otherwise gone upnoticed.

Although TOF-SIMS has unrvalled surface sensitivity and
detection levels, the data obtained & qualitative, For this

Figura 5. Schemnatic af the use of ARM t0 measure
interaction forces between inhalar components.

reasan, a complementary quantrttative surface analysis
method, X-ray Photoelectron Spectrascopy (XPS) is often
used in conjunction with TOF-SIMS. XPS allows surface
elemental compositions to be determined, and also
provides some quantitative information about the
functional groups present (Davies at al, 1999).

Partide Interaction Measurements

The performance of inhaler devices & highly dependant
on the nteractions between their constituents. For
aample, in a dry powder inhaler, the active ingredient is
present as a micronised powder. Due to the high cohesive
energy of such small partides, the active ingredient on its
own would form aggregates exceeding respirable
dimensions. For this reason, an excipient (usually lactose,
termed the carmier) s included, to aid dispersion of the
actwe ingredient. During the inhalation process, the active
ingredient must release from the lactose as individual
micronised partides. ft s apparent that for such a system
o succeed, the balance of interactions between the
lactose and the active ingredient must be carefully
controfled.  Furthermore, adhesion 1o the walls of the
device provides an additional loss mechanism for the
active ingredient that must be minimised.

Conventional methods for assessing particle-partcle
interactions indude tests in vivo, on "alectronic lungs”
and using Andersen-Cascade Impactors. In addition, some
epenments using centnfuges have also been performed
(Podczeck et al, 1995). All these axpenments have the
dsadvantage of measuring the properties of partide
emsembies, rather than individual particles, and offer no
means of probing spatial variations in adhesion strangth
due o heterogenaity of one or both of the interacting
materiats.

Localised Partice Interaction
Measurements using Atomic Force
Microscopy

ARM prowides 3 method that avoids these drawbacks. By
attaching a single partide of interest to an AFM
cantilever, the interaction with other partides or surfaces
can be probed (see FAgure 5). The type of data obtained
is tened “force-distance” as graphs of the force on the
particde as a function of its distance from the probe
material are generated. Mathematical analysis of these
graphs allows quantitative parameters such as maximum
adhesion enerqgy to be extracted. These can be used to
rank the strength of adhesve interaction betwean a senes
of materials. -

As an example of ths approach, a study examining the
interacticns in a dry powder mhaer compnsing
sabutamal (active), lactose {carmen and
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Fgure 7. Typical force distance curves ohtained for the
interaction of a Sabutamal particle with the dry powder
device components. The size of the well in the retract
curve indicates the extent of adhes«an.

polytetraftuorosthylene {canster coatng) described (Eve
et al, 2002). The first stage of the interaction measuring
axpenment s to attach a Salbutame! partide 1 a
cantlever using the micromanwpulation capabilities of
AFM. A SEM image of a cantilever prepared in this way &
shown i Figure 6.

g

«Loctose -
o = Satbutamaol’
0 - * PTFE !

Average Adheslon Force!nM

Tip 1

Fgure 8. Average interaction forces between the
components of the dry powder dewce.

Interaction measurements ana performed by challeaging
the modified cantilever to a disk of Salbutamaol partices
(self-interaction), a disk of lactose camer, and a madel
polytetrafiuoroethylene film. Typical force distance
interachon curves obtained from these expeniments are
shown in Figure 7. The size of the well in the force-
distance curve, chserved as the tip & withdrawn from the
sample, reflects the strength of the achesion batween the
two components. At least 100 measurements were
recorded for a given functonalised tp. and averaged to
provide an adhesion measurement. In addiuon, 10 allow
for variabons caused by the geometry of the drug
parucie, three different tips were employed. The results
indicate a consstent ranking of adhesion of the order
salbutamol-lactose > salbutamot-sabbutamol > salbutamol-
PTFE, (see Figure 8). It should be noted that the tp-to-tp
variation in adhesion energy s a result of the different
shapes of the attached particles producing different
contact areas. This renders the data qualitative, althaugh
recent advances enable esumations of contact area fo
allow guantitatve analysis. The impact that ths data has,
5 to suggest that it i energetically favourable far the
salbutamol aggregates to disperse onto the lactose @mer
as desired. Furthermore, the low level of adhesion of

] Twpegraphy

Farce b sluser 4

Fiqure 9, Force volume imaging of the interaction of a saibutamaci particle wath a lactosa carner parucle.
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active ingredient to the canister coating & desirable. This
later finding was tempered by the discovery that repeated
contact of the active particle with the same region of the
PTFE coating produced a large increase in adhesion
energy. This effect is likely to be due to contact charging,
and may result in the active ingredient adhering strongly
to the camster. Thrs finding could have an impact on
subsequent device design.

Atomic Force Microscopy Interaction
imaging

The above experiment can be extended to enable the
spatial vanation in the interaction between a particle and
a substrate to be determined. To achieve this, an armay of
fore-distance graphs is recorded aver the area of interest
This method 15 termed “force-volume”™ imaging and
generates a spatial map of partice adhesion
simultanecusly with topographical data. As an exarnple, 3
force-voiume image was produced to measure the spatial
vanation in interaction between a salbutamol particle and
a larger lactose @rier (see Fgure 9). The force-volume
image s generated in @ manner whereby darker regicns
cormespond to increased pamde—s(:rface adhesion. it is
apparent that some of the features in the adhesion map
cormespond to the topography, and so are likely to be due
1o changes in up-sample contact area. This effect 5
removed by comparing regions with smooth topograghy.
Careful examination of the force-volume images reveals
that there are vanations in adhesion in these regions that
do not show abvious cormrelation to topography. Ths is
confirmed in Fgure 10, where force distance curves are

. :
cee e O AR

e oo

Froure 10. Force-distance curves extracted from the force-
valume map shown in Figure 9. Topography independent
vanatons in the adhesion force are seen.

extracted from two regions of interast. It can be seen
from the size of the force wells, that the actve partide
experiences less adhesion in region A, than region B.
Topography independent vanabiens in adhesion of the
active ingredient to the lactose camier may help to explain
the previously reported existence of active and passive
sites for absarmption.

Although the expenments described here have focused on
dry powder devices, applications to pressursed aergsol
inhalers also exist. The study of such devices i possible
through the abulity of AFM to operate in a contralled
envionment, or under fluids. To simulate the conditions
in a pressursed mhaler, experiments are performed under
a model fluorochemical solvent To date, this approach
has been used ta determine the effect of a surfactant on
inter-partide adhesion, and to map the vanation 10
interaction between an active ingredient and the walls of
the inhaler canister.

Summary

Advanced surface anatyucal methods find numerous
appliicabons for the characterisation of inhaler dewvices.
The appication of a combination of techniques (SEM,
AFM and TOF-SIMS) facilitaias analysis of parncle size,
roughness, morphology and chemical composition.
Furthermare, AFM provides an ideal toal to explore the
interactons between inhaler components, knowledge that
can assist improvements in device performance.
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CAPITULO 3

CONTENIDO :

1. Tendencias emergentes en micronizaciéon

2. Micronizacidn de ingredientes farmacéuticos activos
3. Avances en tecnologia de procesamiento de polvos

4. Micronizacién de compuestos potentes.
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MICRON TECHNOLOGIES - EMERGING TRENDS IN MICRONIZING

As our understanding of the impact of particle size on Active Pharmaceutical Ingredients (APls)
continues to develop, the pharmaceutical industry is faced with numerous challenges. Challenges
which include, but are not limited to, achieving the desired particle size in a consistent manner,
measuring particle size in a reproducible:manner, and meeting current and future regulatory
requirements. Below is a discussion of the existing and emerging options as related to micronizing
(defined as particles smaller than 20um).

PARTICLE SIZE REDUCTION

The most commonly used pieces of equipment are tangential fluid energy mills or pancake mills.
Size reduction occurs via particle to particle collision. The benefit is that no heat is generated (as in
mechanical miiling). The pancake mill grinds and classifies in a single chamber. High-pressure,
air/gas is Introduced through specially designed nozzles. Raw materials are introduced into the
grinding chamber through a venturi feed injector. The solid particles are entrained in the flow,
causing them to collide. These high-velo=ity collisions pulverize the solids into micron and
submicron particles. As the particles are reduced to the desired size, the viscous drag of the
exhaust draws only the reduced particles into the discharge system.

Air or gas is introduced into the loop mill through specially designed nozzles. Solid particies are
injected into this stream. The high-velocity coilisions that result provide thorough and effective
pulverization of the feed into smaller particles. The particle stream leaving the reduction chamber
flows to the classification zone. As the stream enters the classifier, the direction of the flow is
reversed. Property sized product is entrapped by the exhaust flow and conveyed to collection
equipment. Larger particles remain in chamber for further grinding.

PARTICLE CLASSIFICATION

With classification mills, air or inert gas is injected through specially designed nozzles directly into
the grinding chamber of the miil. Raw material is introduced imo the mill. Size reduction is
accomplished by collisions between particles. Small particles are then swept towards the classifier,
which rotates at high speeds above the grinding chamber. Material, which is fine enough to pass
through the classifier, is collected as product. Oversized particles are recycled, by the classifier,
back into the grinding chambers for further reduction.

PARTICLE SIZE REDUCTION MONITORING

Monitoring of particle size reduction is typically performed using laser diffraction. This technique can
be relatively simple and fast, making such methods ideal for in-process testing. Due o the potential
for the formation of loose aggregates during micronization, wet dispersion methods are preferred.
Care must be taken, however, in devetoping reproducible and robust methods. In cases where
particle size will be used as a release specification, thorough method development and vaiidation



studies are required. Method transfer studies must also be performed when using contract -
manufacturers, as il is not uncommon to see considerable variability between laboratories
employing different sample preparation methods or instrumentation.

SURFACE AREA ANALYSIS

Surface area analysis may provide more relevant information with respect to particle dissolution
and/or bioavailability, but is not a practical in-process test due to sample preparation requirements.
Additional physical characterization may be required if changes in crystallinity, polymorphism,
hydration/sotvation or other parameters are expected. Some of the techniques employed include x-
ray diffraction, thermal analysis (DSC and/or TGA), spectroscopy (Raman and/or FT-IR), NMR and
so forth.

GMP IN THE MICRONIZING PROCESS

Good Manufacturing Practices (GMPs) are becoming an integral part of the micronizing process for
the pharmaceutical industry. Compliance is expected in the areas of validation (for example patticle
size methods, computers, instrumentation), employee training (employees have been trained to
perform job functions), and documentation (if it is not documented it did not happen).

The new ICH guidelines (GMPs for APIs) show a trend toward making aif APl manufacturing
processes adhere to the same standards as pharmaceutical companies dealing in final dose forms.
Micron Technologies

Crossways Boulevard

Crossways

Dartford

Kent

USA

Contact: Phil Birkett - Business Development Manager

Tel: +44 1322 425200

Fax: +44 1322 42521

Email: info@ microntech.com

URL: www microntech.com
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mifaco chemicals ag
Micronization of Active Pharmaceutical
Ingredients

Dieter Krimmer®

Abstract: mifaco chemicals ag is a young and dynamic company that provides several services. The services
are: 3) CMC management: This involves all technical aspects during the development of a new drug. For generic
drugs, mifaco chemicals’ experience can also be counted on. b} Micronization of APIs: mifaco chemicals is
specialized in contract micronization of APls. Micronization is performed undy ¢cGMP conditions in multi-
purpose lines. Each fine is located in dedicated suites. Our spedialty is micronization below 10 pm.

Keywords: cGMP/GMP CMC management - Consulting - Micronization - Particle size distribution

mifaco chemicals is the outsourcing part-
ner for the pharmaceutical industry fo-
cusing on size reduction for active phar-
maceutical ingredients and other ingredi-
ents. Qur aim is to establish 2 parmership
with our clients, not only providing the

micronization capacity. We are sbie o

provide a variety of value-added servic-

es, such as:

— validation expertise and personal con-
tacts with the authorities in US and
Europe,

- CMC management,

- marketing ideas.

Nevertheless such services are sup-
plementary to the manufacturing capabil-
ities that mifaco chemicals specializes in.

mifaco chemicals was founded in

1997 with micronization as the swrategic

focus. The technical concept has been

proven in the meantime, sctiing oew
standards in the industry. The core com-
petence of the personnel ensure that man-
ufacture is carried out according to cur-
rent Good Manufactunng Pracuce

"Cormaspendsnceg Or 0 Knmmer
m:faco chemicals ag
Stenanschanee 2

CHA057 Baset

Ted -4161205hR6 77

Fax. 41 61 205 &5 &7

c-Mail dieter \nmmer®seco-ay ch
WA THACH Com

Fig. 1. View of the clean rooms and HVAC

{cGMP). Furthermore, we have 1 good
understanding of the pharmaceutical in-
dustry, which helps to accelerate FDA or
other government approvai.

The equipment was constructed n
199771993 and the modermn piant has been
fully operational since the final quarter of
1993. mifaco chemicals was successful

inspecied by several leading phannaceu-

tical companies. The two ndustrial mi-

cromzatien lines and one benchscale lab-

oraiory plant mll offer following possi-

biliges:

»  Micromzation can oe¢ performed with
nitrogen or oil-free compressed air,
toth also at lower temperatures.

4@’?/
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Fig. 2. Micronization line CG3S 32

« Product handling is performed in
closed systems and air-conditioned
roqgms (Fig. 1).

» Batches for micronization can be
from 100 g up to several metric tons.

» Fulfiilment of the latest requirements
of the authonides. -

+  Swnle micTonizagon
The plant offers the following proper-

ties. The mulls are in completely separat-

ed cabins with locks for marerial and for
personnel. The concept was discussed
with the authonties (FDA) and accepred
before construction. Each mucromzation

e has & sewrcgated air conditioning

Systom 1o avold any cross-conaminanon.

Microruzed and unmmicronized products

are stored 1 separated warchouses, The

sclenist responsible for QA ensures that

only released material will be micronized
or will be sent back to the partner.

Our Personnel:

= For CMC management: 2-5 chemists/
pharmacists

» For micronization: i-2 chemis:s, 1-2
lab technicians, 3-5 chemical work-
ers

» For adminismation: 1-2 controllers

The Equipment (Fig. 2):

»  Fluidized-bed jet mills

+ A classifier secures the desired parti-
cle size. All sguipment has been con-
structed from swainless steel with
pharmaceutcal-grade surfaces. The
mecronizaion ceil 15 not coated o
avord any elecwrosiauc  charzny.

CHIMIA 2000 54 4o 4

Cleaning can be performed quickly
and easily (cleaning validation).

* Preparation of the milling gas. The
milling gas (s oil-free compressed air
or nitrogen (medical grade). The wem-
perature of the milling gas can be cho-
sen berween 1 °C and 25 °C; possibil-
ity of adaptation of the air condition-
ing.

Laboratory:

+ Sieving analysis for particle sizes
above 100 um. Laser scattering meth-
od for particle sizes below 100 pm.
Six different methods for evaluatdon
can be used, ie the Fraunhofer meth-
od. A dry powder module and a mod-
ule for liquids are available. All reten-
won samples are stored for seven
years for any requests.

The Documentation:

* Master validation plan (systems and
PrOCESSEs) .

» The equipment was qualified accord-
ing cGMP (DQ, IQ, OQ, PQ).

» This qualification forms the basis of a
prospective validauon of AP[s.

Batch Documentation:

« After micronization, each customer
receives a complete batch documenta-
tion in accordance with ¢cGMP. This
documentation wili be stored for ten
years.

The Urique Set of Capabilities

Offered to our Pantners:

» A constant and very tight particle size
distribudon, which is the best as-
sumption for an optimal galenical
process.

+ Specialization for a particle size dis-
ribution less than 10 pm.

»  With the micronized substances, you
mee1 every ime the demanded speci-
fications of your dissolution profile.

CMC Management: C (Chemistry), M
(Manufacturing), C (Controis)
We offer consulting in the complete
technical area, for example:
* basic design of new equipmem
s qualification of the equipment
= wvalidation of systems and processes
+ suppon in the registration and much
more

Recewved: January 24, 2000
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Title of Paper:

ADVANCES IN POWDER PROCESSING TECHNOLOGIES FOR
CHEMICAL, FOOD AND MINERAL APPLICATIONS

Submitted by: Paul M. Lubas
Product Specialist
HOSOKAWA MICRON POWDER SYSTEMS
10 Chatham Road -
Suramit, NJ 07901
Ph: (908) 277-9202 Fax: (908) 273-7432
e-mail: plubas@hmps.hosokawa.com

Abstract:

Powder producers in chemical, mireral and pharmaceutical markets are exploring new
processing methods to isofate smailer average particie sizes and tighter overall particle size
distributions. Consumer demand for higher quality end products is driving these producers to
explore new technologies in the area of powder processing. Manufacturers of powder processing
equipment have, in m, developed new and improved methods for producing powder products

that meet/exceed these stringent parameters.

This paper will review the basics of particle size reduction and classification, and
describe recent developments in powder manufacturing technologies. A summary of available
technologies will assist the participant to determine the optimal powder processing method for
his/her specific application. The presentation will conclude with an overview of recent case

studies within the powder processing industry.

Submitted for: ChemShow "99: The 48 CPI Expo
Jacob K. Javits Center, NY, NY .
November 16-19, 1999

Session: “Powder & Particle Process Applications”



INTRODUCTION

Solid particle size reduction and classification techniques have béen used for a number of
years, in order to modify particles for a variety of chemical, pharmaceutical, food and mineral
applications. Virtually any powder used in commercial production has passed through somte type
of machine to alter its size or shape. Practical examples include the powdered sugar oo
confectionery products; the toner used in copy machines; the powder coating material used for
automotive finishes; the talc used in baby powder; the starch used in a variety of food products;
the active ingredients used m prescription drugs. These represent a small sample of the
applications were the raw material has been altered in some way to improve the quality of the
finished product as well as the efficiency of the manufacturing method.

The science of size reduction and grinding bas changed dramatically in order to keep up
with the demand for improved consumer products. In addidon, this demand is derived by the
desire of the manufacturer to produce a product more efficiently, with less off spec matenal to
recycle or discard. This paper will review size reduction and classification methods, in addition

to the advances made in this area.

PARTICLE SIZE REDUCTION

Three main principles govern the size reduction of solid particles: Impact, compression
and shear. Mechanical-impact grinding mills utilize the impact principle of grinding; gither
impacting a particle with an outside force or accelerating the particle against a particle.
Compression involves size reduction caused predominantly by pressure but also by friction from
the surfaces of the neighboring particles. Shearing, or stressing by cutting, is used for soft or
fibrous materials such as plastics and animal and vegetable products. These machines make use
of rotary knife cutters, which consist of rotating and stationary knives that cut materials on the

shearing edges.

Mechanical-impact mills are ideal for easy to grind (“soft”) materials requiring
“medium” fineness (see Table 1). Harder materials (typically defined as solids with a harness of
the Mohs scale of greater than 3} require special processing techniques which will be described

in a later section.

TABLE1
[__Dearce of Hardness Mohs Scale Example
Soft | Talcum ]
L Saft 2 Gypsum
Soft. 3 Calate
Medium-hard 4 Flucrite N
Medium-hard 5 Apaiie
Medium-hard 6 Feldspar
~- Hard - 7 Cuarzz ]
Hard 8 Topaz
Hard 9 Corundum ‘{
Hard 10 Diamond B
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Mechanical impact mills are limited in their usage to relatively soft materials. Harder

materials wiil cause wear and abrasion to occur rapidly inside and impact mill.

Types of Impact Mills

Technological advances have led to a whole host of machine configurations designed to
reduce particle size. These mills include (but are not limited to): Cutting Mills/Crushers,
hammer and screen mills, universal and pin mills and mills with classifiers. Each machine offers
its own unique processing characteristic in crder to achieve a specific product upon discharge.

Cutting Mills/Crushers

Cutting mills or crushers utilize shear for size reduction and are used when material is
required in a coarse to medium fine product range (see Table 2). Cuttting mills (also known as
granulators) make use of rotating and stationary knives that cut materials on the shearing edges.
Sets of rotor-knives rotate inside a set of starionary knives, thus mimicking the action of high-
speed scissors doing hundreds of cuts per minute (See Figure 1). The knife design can be varied
depending on the material to be processed.

Applications for cutting mills include the size reduction of fibrous materials such as
vegetable matter, spices, herbs, plastic bottlzs and film, automobile components (bumpers,
dashboards and door linings) for end-product particle size in the range of [-6 mm.

Coarse crushers utilize the compressive force between two solid surfaces to cause size
reduction. These crushers are used mostly for the size reduction of minerals, gravel and ores
resulting in particle size distributions in the range of ] mm-100 mm. A specialty use is as a pre-
crusher, to provide a uniform feed material for the next step in size reduction. Most crushers are
located at mine sites, for immediate size reduction prior to being loaded for wansportation.

Universal ar_!d Pin Mills

Universal miils are often referred to-as fine-grinding impact mills. Particle size reduction_

occurs by impact against the grinding media, and through inter-particle collision and attrition.
These mills typically utilize a variety of grinding media within the same milling chamber to
allow for complete flexibility in the resulting particle size distribution (see Figure 2).

o
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Figure 2: Universal (pin) Mill

A universal mill equipped with pin discs consists of one stationary set of pins and one
rotating set of pins. Material enters the center of the grinding chamber via gravity, and is
accelerated by cenrrifugal force against the meshing pins. The speed of the discs sets the
strength of this force. The feed rate and the peripheral speed of the pin discs determine particle
size. These mills do an idea!l size reduction when the desired particle-size distribution is narrow.
Milling of pharmaceuticals, food confectioneries, animal feeds, mineral powders, pesticides,
paints pigments as well as the cryogenic milling of herbs and spices can be accomplished using
the universal mill.

Hammermiils

Size reduction in a hammermill i$ accomplished by impacting the solid particles against a
rigid surface, namely the mill housing. A retaining screen on the discharge end of the mill
“rejects” oversized particles and prevents them from exiting the grinding chamber. Three basic
variables affect the grinding process: hammer type, screen hole size and peripheral speed of the
hammers.

Hammermills (see Figure 3) are ideal for a wide variety of particle sizes in the medium to
medium-fine particle size range (20-150 microns). Applications include the grinding of
pigments, vafous industrial chemicals and food ingredients. Hammermills are ideally suited for
a cryogenic ithpact-milling set-up that embrittles the material prior to size reduction. This makes
possible the grinding of tough, fibrous matedals or thermopiastics as well as heat-sensitive
products.

Mills with Classifiers

A recent advancement in the area of impact milling has been the incorporation of a
classifier wheel as-an integral part of the grinding machine. The classifier acts as a rejection
mechanism that only allows particles below a specified size 10 pass through the wheel. Material
to be ground is conveyed into the mill chamber to a rotor equipped with pins or hammers. As
parzicte size reduction occurs, the particles are picked up by the airsiream and evenmally pass
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through the classifier wheel to the product collector. Those particles that are rejected by the
classifier are continuously recycled back tc the hammers for further size reduction (See Figure
4), _
Rotor speed, classifier wheel speed and airflow control particle size in an air-classifier
mill. Due to the constant airflow passing through the air-classifier mill, the overall temperature
remains relatively low, allowing for low-melting or softening point materials to be ground with
this device.

Figure 4: Air-classifier mill

Application examples for the air-classifier mill include a variety of heat-sensitive
materials and minerals such as kaolin, talc and diatomaceous earth. Powder coating materials are
ideally suited for this grinder, due to the need for temperature control in the mill as well as
control of particle size on the top end of the distribution. Average particle sizes as fine as 30
microns are possible, depending upon the material and application.

Long-gap Mills

A further advancement in the area of impact milling has been the development of the
long-gap mill. The design of the long-gap mill includes a variable rotor height to diameter ratio
well as an adjustable gap clearance between the impact hammers and the mill liner (See Figure
5).

51
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independent or single shaft classifier, for controlling the top end of
Grit-reduction in the processing of carbon-black is a
11, as well as the simultaneous drying/grinding of 2

The unit includes an
the resulting particle size distribution.
popular application for the long-gap mi
variety of minerals and metal oxides.

Fluid Energy Impact Mills’

lize the principle of size reduction via particle-to-
particle collision. Pamicles are accelerated in a high-velocity gas stream and are reduced by
inter-particle collision or impact against a solid surface. Unlike impact milling devices, fluidized
bed jet mills are suitable for the fine and ultra-fine size reduction of any material up to a hardness

Fluid energy impact (jet) mills uti

addition, heat sensitive and abrasive materials can
Two generat types of jet mills exist: those that do not have an imernal classifier and those

that do. A pancake or spiral jet mill has no internal classifier (See Figure 6). A fluidized bed jet
mill incorporates an internal air classifier which allows material of a given fineness to exit the
mill, while rejecting over-sized particles back into the grinding chamber for additional size

reduction (See Figure 7).

Figure 7: Fluidized-bed Jet Mill

ese fluid energy mills include fine chemicals, ceramic materials
ins, waxes pigments, dyes, pesticides and rare
e to their requirement

Applicarions for th
including oxides, pharmaceutical powders, res
earth powders. The fluidized-bed jat mill is specially suited for toners du
for very fine particles in narrow, overall particle size distribution.

AIR CLASSIFICATION OF POWDERS

Air classification is used in processing industries where a high degree of uniformity is
required in the finished product. Oversized particles can spoil the surface finish of plastics,
failure of electronic components and profoundly affect the flow or
packing characteristics of powdered products. Particles that are too fine can also cause problems
in powder performance and handling: flow properties deteriorate, airborne dust increases and
process loss and waste can become a serious factor. In addition, very fine particles may cause

ruboff in coating applications or cannot be recycled upstream in the process.
While the simplest means of separating a powder inta two distinct fractions is through

sieving, developments in air classification have resufited in more economical classification

paints and coatings. cause
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processes. Sieves depend on the size of the screen mesh to divide material into a coarse and a 6®
fine fraction. Screens are susceptible to blinding when high throughput rates are desired or if the
product being classified contains moisture. Air classification is used where when screens cannot
effectively make the separation, increased throughput is desired, plant space is limited or when
the cutpoint is more easily varied with air classification.

Air classification relies on the fact :hat there are always two forces that affect particles in
an airstream: mass force is exerted on the particle by acceleration due to gravity, inertia or
centrifugal force. Drag force is always the force exerted on a particle by the surrounding
medium as affected by its acrodynamic preperties. Drag force depends on several variables
including velocity of the particles in the surrounding medium, the density of the fluid and the
drag coefficient of the particles. '

Dispersion of solid particles is often the most critical material characteristic affecting
classification. A classifier cannot effectively classify the individual particles inte fractions f the
particles cannot be physically separated and distibuted evenly in the fluid. Meisture, oil or fat
content or electrostatic interaction can inhibit dispersion and negate classification.
Advancements in the dispersive capabilities of classifiers have been made which improve the
performance and efficiency of these machines.

Centrifugal Classifiers with Mechanical Dispersion

A centrifugal classifier with mechanical dispersion (Figure 8) uses low energy dispersion
to disperse material. Matenal enters the classifier and is dispersed at the top of the classifier
wheel prior to actual classification. A further result of this dispersion is the equal dispersion
around the ¢lassifier wheel. Airflow and classifier wheel speed determines the cutpoint for the
material being classified.

A further method for improving the performance of classifiers by operating two
classifiers in series. The first classifier’s coarse fraction is highly dispersed as it is immediately
fed to the second classifter. This resuits in improved product quality and especially higher
product yield. A unique tandem classifier design has advanced the principle and applied it to a
single unit. This new development in high performance classification (Figure 9) is intended for
products that are from the coarse classification fraction.

- —
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Fig. 8: Cenirilugal classifier w/mechanical dispersion Figure 9: Tandem Classifler

The tandem classifier has become an ideal machine for use in toner manufacture. In
recent years, the particle size requirement has become finer, as the demand for higher image
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quality in terms of resolution and color saturation has increased. An extremely sharp top size cut
(d97~12 micron) and a very sharp fines cut at 3 microns or less is required to achieve these
desired parameters. The tandem classifier is capable of achieving these specifications in the
finished product. Powder coating material, while slightly coarser than toner, also requires tight
particle size control. While powder-coating materials are typically ground on a mechanical air
classifier mill to control maximum particle size, further classification is required to remove the
fraction of fine particles that remain after grinding.

CONCLUSION

Manufacturers of powder products continue to innovate in order to increase product
quality and manufacturing efficiency. These product innovations have led to unique machine
configurations designed to process materials to the more exacting specifications required in the
marketplace. : : C

"~ The applications and examples outlined in this paper represent a small sampling of those
that have been optimized through the use of new processing technology. In order to keep up
with the changing demands of the powder processing industry, the science of size reduction and
classification has advanced dramatically. Al industries have been affected and can benefit from
improved particle size distributions of powders and better overall control of the process.
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Micronization of potent compounds.
An integration with the isolation 5>

Piero M. Laiso s the Technical and R&D Manager of The
JETPHARMA Group.
He has 18 years of experience in micronization
technologies and has registered patents for spiral Jetrnill
Systemns. in 2002 he invented a new concept of
miniaturization jet milling and feeding technology; which
has received awards worldwide.
Since 1996 Mr. Laiso has been managing the
JETPHARMAS new technology development program
and the company’s FDA approved fadliies n Europe
and the US. .
Micronization defined as controlling and reducing
the size of powder particies into microscopic particles
of 0.1-20 um (microns). In particular, this technology
has become evermore important to the pharmaceudcal
industry where particle size is a primary parameter.In
paralle! during the last 10 years the pharmaccuzical
market has increasingly utilized highly potent active
ingredients (in 1990 the HPAIs were 5% of the
produced APY, in 2002, they are increased 0 30%).
The increasing production and utilization of these
potent and high potent compounds has forced the
design and concept of isolators to consider both high
containment levels as well as a high level of
protection agamst Operator Exposure. The last 10
years have (estified a dramatic upgrade in the
requested containment systems, i.e. the first isolators
installed in the pharmaceutical field were far sterile
applications, and then they were adapted to
containment applications. This concept is currently no
longer acceptable. 10 years ago the containment
(OEL) requested for these applications was about
50 pg/m?, later it was gpdated to 10 pg/m?’, then to
1 pg/m? and now is being reduced to 0.1 pg/m>. This
tendency foliows the increased potency of products
and the knowledge of R&D products, that 10 years
2g0 WEre more peneric.
To address this actual need, two different technologies
must be strictly connected with Micronization in
Containment
« Micronizarion, Fluid Jet Miils tectmology using
high-pressure gas (from 7 to 12 bar); and

chrel-Gbnbuxix—:bmrfﬁriil-’J'\is_
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technology

PIERO M. LAISO

» Containment, characierized from a negative pressure
eavironment.

Considering the contrasting particularities of the

above technologies, the combinaticn is difficult to

adequately execute but this is a must.

The Flaid Jet Mill technique is well established and
well known in the field of the drug delivery for lung
diseases, as it dllows to accelerate the absorption of
medication in comparison with absorption through the
intestinal tract, allowing smaller dosages with the
same cfficacy. The micronization technologies are
considered a relatively new technology applied to
several product application and it is being utilized
more for the advantages obtained using different
“dosage form,” espectally when it is utilized for
potent compounds.

The most widely used instrument for the
micronization of pharmaceutical active ingredients is
the Spiral Jet Mill, introduced in the late 1940s. The
spiral jet mill iechnology operates ander strictly
controlled constant temperatre and pressure
conditions and can reach very fine particle sizes, from
0.1 to 20 microus; these features - constant
temperature and very fine particles - being not casily
achievabie with other micronizing techrologies.

The micronization process with spiral jet mill begins
with the feeding of powder particles (tangentally)
into a (cylindrical) milling chamber by means of a
Venturi system that creates an initial ncgative
pressure, followed by a sub-sonic acceleration
(50 mv/sec). A series of “De Laval™ nozzles, quickly
increases the acceleration of the particles to a
supersonic speed (300-500 m/sec) in a spiral
movement. The micronization is generaled by the
collision between the particles entering and the
particles rotating into the milling chamber (using the
kinetic energy). The micronized particles are
ransported 1o the centre by
the exhaust air. At the same
time, centrifugal force retains
the larger, heavier particles at
the periphery of the milling
chamber, where they
continue lo accelerate until
cotlision reduces the particie
size.

Inside of a jet mill unit, there
is a positive high pressure

JETPHARMA SA
Company of JETPHARMA
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(up to 12 bar), and this particular technology has to be
integrated into an [solator. The challenge is: how to
accomplish this? The Jer Mill concept could appear to
dramatically contrast with the basic concepts of the
isolator itself, which has an internal environment
under constant gegative pressure. As each technology
are radically different concepually; to control the
SAFETY and the PERFORMANCE of both
containment and milling processes, it i necessary to
. create a perfect dialogue, or feedback between them.
Though two different techaologies, each systems’

process parameters must perfectly commemicate in
order to avoid compromising safety and performance
of each. The perfect feedback across the system and
the reaction of each system is difficult, but necessary,
10 achieve. The goal is a perfect integration of all

', process controls: a true integration of two

| technologies into one system. Nothing less wall atlow
J - high performance. We use as example the difficulties

.. encountered when creating a high-performance race-
TOW the engine is one important component, but we

N~ must also consider the perfect combination with the
;| other components (o generate an excellent result.

L
Lzl

How to design and create the right combination

Isolator/Micronizer?

= Firsdly, the designer needs the end-oser’s
perspective and the design expertise of a
manufacturer of both technologies ir order to focus
all particularities of each process, thus creating the
optimised process dialogues. A typical mistake is
encountered when a geveric Jet Mill is adapted into
generic Isolators without particular modifications,
or worse, ill-conceived modifications. This situation

the user, sometimes addressed in “economy”
solutions present on the market
In this application field any compromise in term of
safety and performance is nof welcomed.
CoMPROMISE = Risk = HazaRrD X EXPOSURE

» The designer must have the necessary knowledge 10
modify the Jer Mill unit to be integrated into an
Isolator in order to reach the configuration required.

= The designer must be able to create a talor made
Isolator around a Jet Mill abie to guarantee the
performance in this particular configuration.

The MUST in the design criteria for a potent

compound isolator has to focus espectally oo the

HIGH LEVEL of SAFETY of the operator and the

CONTAINMENT LEVEL. That means the same .

safety level should be maintained even during

accidental and/or emergency situatons.

Considering an Isolator configured with a Jet Mill

enclosed, some of these siations are summarized as:

« failure of electrical power,

« breaking of elements (as Gloves) by incomect
utilization;

« incorrect finings or leakage by process 2as pipe
lines.

The worst case situations mentioned above have also

10 be considersd in the safety design criteria of an

Isolator-Micronizer, that means to constandy measure

the Isolator performances (OEL) expressed in tg/m’.

The conclusions are summarizad in two words,

is quite frequent and is due to generic knowledge of

* provided with gloves in order o reach the internal

i &

Speaking of potent, high potent, and cyto-toxics the
word safety is a MUST. Any compromise accepted
with the technology in use is translated in a potential
future risk for the tor. Actuaily the OEL
requested < 1 pg/m- is a starting point, the ultimate
goal is to lower this value down twards the range of
0.1 pg/m* TWA (8 hours time-weighted-average).
But what does an QEL 0.1 pg/m® mean? {t means
that this value must be achieved, monitored, and
guarantee within life cycle of the Isolator during any

Fgure 2 - Alvernative ergonomic solttion: operacor’s =
comiort of the working area ozl LB aemaie o

circumstances and events, for example: during
emergency situations, maintenance in/out process,
leakage/breakagse, eic.

Performances

The Jet Mill must be conceived and tzilor made for an
Isolator configuration. As example the containment
for this kind of JetMill (alone) must be quite high in
order to maximize the containment performance in the
Isolator. )

The ergonomics is another important aspect of the
Isolatior technology. This means that all components
of the JetMill must be light and easily disassembled.
For a laboratory scale JetMill the Isolator is normally

environment through the front panels where one or
more pairs of gloves are located. For a production
scale JetMill in Isclation there should be one or more
Half Suits in order to maximizs the ergonomic. This
solunon allows a beuer efficiency when the parts o
be manipulated into the Isolator are quite hig and
heavy, as can be the case with production systems. In
effect, the Half Suit bas similar ergonomics as
compared 10 6-8 pairs of Gloves.

These two goals, “safery” and “performance™ are

achievable onlv when a user creates the technologv

23

CHIMICA 0GGl




}

A

-]

=
qen

CEEERH VI T

5863

CAPITULO 4

CONTENIDO: ;a

1.

2.

4.

10.

11.

12.

13.

14,

15.

16.

17

Principios y métodos para incrementar la disolucién
y absorcién de farmacos
Incremento biodisponibilidad de farmacos muy poco
solubles en agua

Mecanismo para incrementar la disolucién del Diazepam
Temazepam en dispersiones sélidas de PEG 6000
Tecnologia supercritica fluida para 1a reduccién del
tamano de particula

Incremento de laisolubilidad del Intraconazol utilizando

la tecnologia supercritica fluida

Estado morfolégico sdlido de particulas preparadag por
proceso supercritico fluido

Disedio dol equipo para micronizacion fluida supercritica
acorde con las BEPM

Utilizacion de la;tecnologia fluida supercritica para la
reduccion d tamafio-

Tecnologia de Complejacion

Complejos multicomponentes de Sulfametizol.

Proceso para generar particulas submicrén (nanoparticulas)
de compuestos insolubles en el agua. '

Nueva ingenieria de particulas para incrementar la
Solubilidad de farmacos.

Efecto del tamaiio de particula en la biodisponibilidad de

la Ciclosporina en dispersiones submicrén.

Dispersiones sélidas de farmacos poco solubiles en [;
Isomalt para una rapida Biodispenibilidad. - g
Caractarizacion fisico quimica de soluciones sdélidas

preparadas por oxtrusion por fusién.

Mezcla sutécticas de Polietilenoglicol - Fenofibrato )
de disolucidn rapida.

Dispersiones de Nimodipino y Polietilenoglicol

aditivo que previene recristalizacion del farmaco.

. Pracipitacion controlada: una tecnologia para la

obtencién de nanoparticulas con rapida disolucién.

18. Establec miento de las especificaciones del fairmacoy

del medicamento.
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Enhanced Drug Dissolution and Absorption 66{0

Professor Henning G. Kristensen Department of Pharmaceutics The Royal Danish School of
Pharmacy Copenhagen

'L e IV-Y et KV 7Y amtens ¥}

The aqueous solubility of drug substances plays an important role in the formulation of drug dosage
forms. For the oral route of administration it is well experienced that, unless the substance has an
aqueous soiubility above 10 mg/mi over the pH-range 1-7, then potential absorption problems may
occur. A solubility less than | mg/ml is liksly to give dissolution-rate limited absorption because
solubility and dissolution rate are interrefated. )

The proportion of drug substances showing aqueous solubilities below | mg/m] seems to increase
steadily along with increasing specificity in the biclogical action of new chemical substances. A
review of new monographs (1992-1995) in the European Pharmacopeia bt the author shows that
more than 40 per cent of the drug substances have aqueous solubilities below 1 mg/mil, and that 32
per cent have an aqueous solubility below 0.1 mg/ml. The implementation of dissolution and
absomption enhancing methods is, therefore, a major field in the formulation of drug dosage forms,
in particular for the oral route of administration.

A wide range of principles and methods is available for the purpose of enhancing dissolution and/or
dissolution rate of "low-solubility’ substan:ces, far example:

‘8 = 4 3

selection of salt form for weak acids and bases,

reduction of particle size and, thereby, increased specific surface area,

use of surfactants for increased wettability,

complex formation with excipients, e.g. hydrophilic polymers or cycloedextrins,
preparation of solid dispersions, '

change of crystal form by precipitation with hydrophilic polymers,

lipophilic formulations, i.e. emulsions, microemuisions etc.,

Selection of an appropriate salt form - or.in case of liquid preparations, adjustment of pH - is first

choice for acidic and basic drug substances. The selection of a salt form is essentially a

prefonnulation task because the choice has implications to the regulatory aspects of drug research

and develc pment. The survey of monographs in the European Pharmacopoeia shows that the main

part of substances having aqueous solutilities above 10 mg/mi was hydrochlorides, suiphates,

maleates, citratas etc of basic drugs or for acidic drugs poetassium, sodium, calcium or other salts.

Y Once the proper drug substance has heen selected, preformulation studies are needed to

x characterise the physical and physico-cherrucal properties of the substance, e.g. pKa, pH-solubility

= profile, intrinsic solubility and disselution rate, polymorphisms, hygroscopicity, log P etc. Although

"b these characteristics may give some ide:a about potential absorption and bioavailability problems,

v, there is, at present, insufficient knowledge about the systematics on how to formutate a given
substance. it is difficuit to predict the factors liniiting the dissolution and absorption rates. It is
believed that present industrial practise is the trial and error method based upon laboratory

b experiments and animal testing.

4 Marketed formulations of very slightly soluble substances, for example steroids, show that particle
m size reduction and, hence, increased specific surface area are important means to achieve a

: satisfactory dissolution rate. In principle, the lower the aqueous solubility, the lower particle size is
” required. For the practically insoluble substances (< 0.1 mg/ml), the required padicle size is 50 low
. that it may be technically difficult to prepare the desired size range. Significant progress has been
U?) made in recent years in the field of 'nanc-particle’ technology. On the other hand, physical instabitity
| of the size distribution is introduced when the size range is reduced to micrometer and sub-
micrometer scale.
Physical instability is a major problemn also with other dissolution enhanching methods where the
siate of the drug subsiance is made ‘'high 2nergetic’, i e. solid dispersions and coprecipitates with
hydrophilic polymers where the drug subistance typically is present in an amorpheous state. Despite
? the great interest these systems had 1-2 decades ago, few products based on such means have



been marketed.

Physical and chemical stable compeunds can be made by the synthesis of inclusion complexes with
cyclodextrins. The potentials of the various types of cyclodextrins for solubility and absorption
enhancement are well documented in the literature. In this field, there is also a lin-dted number of
marketed products probably because documentation of the safety aspects of cyclodextrins for the
various routes of administration are not yet ffilly clarified. Another reason might be that
manufacturers apply for marketing authorisation of the inctusion complex as such and nat for &
formulation based upon the cyclodextrin.

Research on the effect of the luminal liquids on dissolution and absorption of low solubility drugs
has disclosed the significant role of natural surfactants such as bile salts, degradation products of
triglycerides and enzymes for the dissolution, solubilisation and transport of hydrophobic
substances. Effects of fat-enriched diets on the bioavailability of for example giteofuivin can
probably be attributed to effects of ihe formatidn of mixed miceiles and solubilisation of the drug
substance. 1t is likely that the effects of the luminal liquids are dependent on the hydrophobicity as
expressed by the log P value of the drug substances.

The newest trend in the formulation of lgw-solubility drugs is accordingly the use of so-calied lipidic
formulations, in particular microemulsions and other seif-emulgating systems which can dissolve a
sufficient amount of the substance. Nficroemuisions are liquid systems which can be dispensed in
the form of soft capsules. The absorption promoting effect of such systems may be attributed to the
presence of triglycerides as well as the direct effect of the high concentration of surfaclants upon
the permeation of the gut wall.

An apparently over-looked means to improve drug dissolution is the possibility to form soluble
complexes by means of widely accepted excipients, for example to make benefit of the reactive
sites In the molecute and their interactions by hydrogen bondings with excipient materiais. For
example acetylates may interact with boric acid or povidone to create a soluble compound. [f the
compound is stable and the compiex constant not ecessive, this might be a fruitful way to enhance
the drug dissolution.

In the presentation practical examples of dissolution enhancing methods are given: Complex
formation between diflunisal and borate buffer, preparation of an inclusion complex between
steroids and beta-cylodextrin, and preparation of a co-precipitate of sulfasalazin and povidone.
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Lipid-Based Systems for Oral Drug Delivery: Enhancing the Bioavailability of Poorly Water
Soluble Drugs

David J. Hauss, Ph.D.
Eli Lilly and Company

Developing an effective oral dosage form is the sine qua non for the successful launch of a new
drug product in the marketplace. For well over a decade, the phammaceutical industry has embraced
combinatortal chemistry as a means to expedite the discovery of new drug molecules. This
technology, which utilizes increasingly available drug receptor structural information, often resuits in
the synthesis of polycyclic, highly hydrophobic compounds with poor aqueous solubility. Indeed, it
has been estimated that nearly half of all potential new drug melecules identified by combinatorial
chemistry fit the category of poorly water-soluble. Although the inherent lipophilicity of many of
these compounds often allows for facile permeation of gastrointestinal barrier membranes, the
combined impediments of poor aqueous solubility and slow dissolution rate frequently resuft in low
and ematic absorption. This is particularly problematic for compaounds requiring high levels of
systemic exposure to achieve clinical efficacy or for compounds with a narrow therapeutic index,
where erratic bioavailability translates into either unexpected toxicity or treatment failure. In many
instances, an otherwise promising new chemicat entity (NCE) will be removed from development
due to the inability to formulate an acceptable oral dosage form using conventional excigients. For
some time now, a considerable gap has existed between our ability to synthesize poorly water-
soluble NCEs and our ability to effectively and efficiently formulate these compounds for oral
delivery.

Excipients used in conventional oral formulations perform the foliowing functions:

» Bind and provide bulk lo the dosage form
o Facilitate or control drug release from the excipient matrix
+ Allow manufacturing on high-speed, automated production equipment

Conventional formulations have proven cost-effective, relatively easy to produce and are weli-suited
to drugs for which an efficacy dose can be readily solubilized in the gastrointestinal tract (GIT).
Compounds amenable to this formulation approach include either highly soluble drugs or highly
potent, poorly soluble drugs for which the dose is sufficiently small to penmt rapid and complete
solubilization in the GIT.

Traditional approaches to improving the b:oavallablmy of poorly water-soluble drugs most frequently
involve salt setfection or, less frequently, prodrug symihesis.

Salt Selection

For compounds possessing ionizable functiona! groups, the method of choice for improving
absorption is through salt formation. Salts of poorly soluble compounds typicaily dissolve more
quickly in the GIT, thus improving absorption, which is typically limited by the slow dissolution of the
parent free acid or base compound. Limitations to this approach involve identifying a non-toxic
counter-ion that will yield a pharmaceutically-acceptable salt. Additional salt requirements include
the ability to prepare, in sufficient yield, a chemically stable, non- or minimally hygroscopic
crystailine product of sufficiently high melting point to withstand milling and formulation processing.
Prodrug Synthesis -

A less frequently employed method for improving NCE solub:llty involves attaching a solubilizing
moiety, such as an amino acid, which is cleaved by an endogenous enzyme subsequent to
absorption, thereby regenerating the aclive parent molecule. The added complexity of prodrug
development, which requires additional studies for verifying bioconversion and demonstrating 1ack
of toxicity, has limited the application o this approach.



Another infrequently used method for improving the bioavailability of poody soluble compounds
involves stabilizing the drug in the amorphous, or ‘high energy solid' state, thereby facilitating its
dissolution relative to that of the stable crystalline form. Although this technology has been
effectively applied in a few instances, it is not a method of choice due to the metastable nature of
most amorphous solids, which can spontaneously revert to the less soluble, stable crystalline form,
with a concomitant reduction in bicavailability.

While several novel approaches to improving NCE solubility have been proposed and have in some
instances formed the basis for the creation of companies, ail are basically variations on 3 central
themes discussed below.

Particie Size-Reduction

Padicle size-reduction effectively increases the surface area to volume ratio, thereby increasing the
dissolution rate in the GIT and promoting absorption. Various technologies used for particle size
reduction include micronization, nanonization and, most recently, super critical fluid technology,
which deposits nanometer-sized drug particles on a phamaceutically-acceptable support matnix.
Particle size-reduction must include a method for preventing aggregation, which commonty occurs
after milling and effectively negates any improvement in dissolution effected by particle size
reduction.

Solubilization in the Excipient Matrix

Formulations which solubilize a drug in a lipid or water-miscible co-solvent system can provide
dramatic improvements in bioavailability by eliminating the need for pre-absorptive dissolution inthe
GIT. Due to their immiscibility with water, lipids can maintain a poorly soluble drug in solution unlike
water miscible co-solvent systems, which often precipitate the drug following dilution in the
predominantly aqueous Gl fluids. Lipid systems can also be formulated to have self-emulsifying
properties, which provides further enhancement to absorption by increasing the surface area of the
lipid dispersion presented to the GIT.

inclusion Complexes

Cyclodextrins are water-soluble molecules containing a hydrophobic pocket, which can form a
dissociable inclusion complex with a hydrophobic drug molecule. This typically results in improved
water solubility and bioavaitabifity for poory water-soluble drugs.

The application of this approach is limited by the ability of the cyclodextrin to form the inclusion
complex, which is strongly dependent on the molecular characteristics of the drug mofecule and can

. be very specific.

Standard Reguirements for an Oral Formulaiion

The success of any oral formulation is determined by several factors, including:

« Development of a stable, market-image product amenable to efficient and cost-effective
mass production on conventional or readily available manufacturing equipment

« Availability of simple and accepted testing methads to assure product quality and batch-te-
batch consistency

« Acceplance of the formulation by regulaiory agencies

«  Ability to manufacture the formulation "in-house’
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Mechanism of increased dissolution of diazepam and
temazepam from polyethylene glycol 6000 solid dispersions.

Verheyen S, Blaton N, Kinget R, Van den Mooter G.

W W

Laboratorium voor Farmacotechnologie en Biofarmacie, K U Leuven,
Campus Gasthuisberg O+N, Herestraat 49, 3000, Leuven, Belgium.

Solid dispersion literature, describing the mechanism of dissolution of drug-
polyethylene glycol dispersions, still shows some gaps; (A). only few studies
include experiments evaluating solid solution formation and the particle size
of the drug in the dispersidh particles, two factors that can have a profound
effect on the dissolution. (B). Solid dispersion preparation involves a
recrystallisation process (which is known to be highly sensitive {o the
recrystallisation conditions) of polyethylene glycol and possibly alsa of the
drug. Therefore, it is of extreme importance that all experiments are
performed on dispersion aliquots, which can be believed to be physico-
chemical identical. This is not always the case. (C). Polyethylene glycol
6000 (PEG6000) crystallises forming lamellae with chains either fully
extended or folded once or twice depending on the crystallisation conditions.
Recently, a high resolution differential scanning calorimetry (DSC)-method,
capable of evaluating qualitatively and quantitatively the polymorphic
behaviour of PEG6000, has been reported. Unraveling the relationship
between the polymorphic behavior of PEGE6000 in a solid dispersion and the
dissolution characteristics of that dispersion, is a real gain to our knowiedge
of solid dispersions, since this has never been thoroughly investigated. The
aim of the present study was to fill up the three above mentioned gaps in
solid dispersion literature. Therefore, physical mixtures and solid dispersions
were prepared and in order to unravel the relationship between their
physico-chemical properties and dissolution characteristics, pure drugs
(diazepam, temazepam), polymer (PEG6000), solid dispersions and
physical mixtures were characterised by DSC, X-ray powder diffraction
(Guinier and Bragg-Brentano method), FT-IR spectroscopy, dissolution and
solubility experiments and the particle size of the drug in the dispersion
particles was estimated using a newly developed method. Addition of
PEGB000 improves the dissolution rate of both drugs. Mechanisms involved
are solubilisation and improved wetting of the drug in the polyethylene glycol
rich micro-environment formed at the surface of drug crystals after
dissolution of the polymer. Formulation of solid dispersions did not further
improve the dissolution rate compared with physical mixtures. X-ray spectra
show that both drugs are in a highiy crystailine state in the solid dispersions,
while no significant changes in the iattice spacings of PEGB0CO0 indicate the
absence of solid soluticn formation. IR spectra show the absence of a
hydrogen bonding interaction between the benzodiazepines and PEGS000.

i

e

u=

TeTRIRIEIE

117

1




Furthermore, it was concluded that the reduction of the mean drug particle
size by preparing solid dispersions with PEG6000 is limited and that the
influence of the polymarphic behavior of PEG6000 (as observed by DSC) on
the dissolution was negligible.
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ENHANCING WATER-SOLUBILITY OF POORLY SOLUBLE DRUG, ITRACONAZOLE
WITH WATER-SOLUBLE POLYMER USING SUPERCRITICAL FLUID PROCESSING

7

Kyung-wan Nam', Sibeum Lze¢', Sung-Joo Hwang[. Jang Soco Woo
!Coilege of Pharmacy, Chungnam National University, Tacjon, 305-764, Korea
51TV ANTT SNSRI

1 Hanmi Pharmaceutical Co. LTD., Kyungkido, 445-910, Korea

\ ABSTRACT SUMMARY EXPERIMENTAL METHODS
To improve solubility and bioavailability of a poorly Preparation of salld dispersian partcles by SAS
water-soluble anti-fungal agent, iraconazole, its selid. ltraconazole and water-soluble polymer, HPMC
dispersion particles were prepared using supercritical were dissolved in mixture of methylene chlonide and
- fluid anti-solvent (SAS) processes with water-soluble cthanol as a feed solution. And then solid dispersion -
carriers, hydroxypropylmethylcelulose (HPMC). In cach particles were prepared by spraying the soludon into the
case, the morphology was characterized by scanniny vessel filled with supercritical carbon dioxide as an anti-
clecron microscopy (SEM), and the polymorphic solvent*’.
l?i characteristics were investigated by differential scanning; Scaaniny electron miccoscopy
' " calorimetry (DSC) analysis and X-ray diffraction (XRD) Samples were sputtered-coated AwPd using a
method. And water solubility of itraconazole was also vacuum cvaporator and examined using a scanning
, O determined. At the DSC profile, all the processed electron microscope at 20 kV accelerating voltage at the
products showed a wider melting endotherm with a lower magnification of 5000<. '
cl heat-flow peak than that of pure itaconazole. XRD) DifTerential yeanning calorimetry
3! profile also reflected its decreased crystltinity. After th DSC was performed on itraconazole raw material
processing, we obtained its solid dispersion nanoparticles, and SAS processed particles using Rheometric Scientific
‘ together  with  rcmarkable  water-solubility  and mode] DLOS. Samples of 3~4 mg were sealed in
;p' | bicavailability. aluminum pans and the DSC thermograms were recorded
. o . a1 heating rate of 10 C from 40T 10200 TC. '
] : Keywords: solubility, bicavailability, itraconazole, X-rav diffraction
I supercritical fluid anti-solvent, nanoparticles .X-my diffraction patterns of the samples were
) obtained by X-ray diffractomerer. Each diffractogram was
INTRODUCTION recorded from 10° to 70%f angle (20 ), at a scanning

Itraconazole is one of the poorly water-soluble drugs
and also many efforts was made to improve its solubility
including conjugation with hydroxy-B -cyclodextmin’,
preparation of fluidized-bed coating of pellets or melt Soupluuah;;?t:‘t;h: voltage 40 KV and the ¢ t45 mA.
extrusion with water-soluble polymers and so on™. . P . . .
However, enhancing its water solubility remains . The so!,ub.ﬂjry ofprcparted. piaruclt:.s was nvestig
chatlenging works up to these days and many pateats in the pH 1.2 simulated gastric juice (without pepsin). The

simulated gastric juice of 6 mé was added to the particles

bave been issued for this purpose. In this study, we have ) ’ :
used supercritical fluid processing to make a solid equivalent to 6 @g itraconazole in a test tube. The tube

speed of 3°/min with a step size of 0.01°. Cu-Ka
radiation- %as used as the X-ray source, which was

2
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dispersion of the drug with water-soluble polymer, HPMC was vortexed for 5 minutes and then sopicated for 30
for the purpose of enhancing its water-solubility. minutes. [t was kept on shaking with the conditions of 60
rpm, 37T for 24 hours in the shaking water bath. A
4c-co, poartion of the solution was taken and filtered with a

{ratk-gevocl)

membrane  filter (045 gm). The concentration of

Brog @—\ I I itraconazole was determined by HPLC.
asd | 1n vivo abyorptivn test
Pilymer| = L in order to investigate the bioavailability of the prepared
,‘.:“. - particles, in vivo absorption tests were camied outas . o
follows. The product shown highest solubility and

----- ~ Oezzie Sporanox tablet (marketed product) were orally
s R administered into the male Sprague-Dawly rats,
Padiak respectivély, in a dose of 20 mg iraconazole/kg body
termalian weight of the rat. Drug concentrations in plasma were
— Farmad vocsal determined by HPLC method.
parliebea

Fig. i: Schematic diagram of the SAS equipment
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RESULTS AND DISCUSSION
Particie marphology ]

To investigate the effects of the process parameter,
temperature and pressure  on morphology, several
experiments were performed in the range of 80~ [50 bar
at 45C and also 80~ 150 bar at 60C.The shape of
untreated drug particles was irregular and crystalline and
particle size distribution was also broad. On the contrary,
SAS-processed particles had a relaavely regular and
spherical shape with narrow size distibution. The particle
size of all the samples was reduced 10 less than | .

The smaller particles werc formed at higher
pressure. Smallest particles were obtained at 45 C, 100
bar. Such results can be explained that increased density
of supercritical fluid with increasing pressure caused
enhancing its solvating power for the solvent. With the
same way, much smaller particles will be expected to
prepare at a higher- pressure condigons.

D3C and XRD )

-The DSC thermogram of itraconazole exhibited an
endothermic peak at about 168°C with a enthalpy of
12189 J/g, corresponding to its mehing point The
location of endothermic peak and enthalpy (4 H) for the
prepared particles were determined. All the processed
products showed a melting endotherm with much lower
hear-flow peak than that of pure itraconazole and the
location was shified to 163~165C. A remarkable
reduction of the inrensity of itraconazole endothermic
peak suggests decrease in its crystallinity. Further, at the
condition of 60 T, 100 bar, the endothermic peak was not
observed. [t means an alieration in the physical state of
iraconazole from crystalline state to amorphous state
during SAS processes.

In the x-ray diffractogram of raw itraconazole
powder, many diffraction peaks with high intensity were
observed due to its crystallinity. While the .particles
prepared at the conditions of 45T, 150 bar showed
smallest size at SEM analysis, they still have diffraction
peaks showing crystallinity of itraconazole. This data and
DSC results suggest that they arcunixture of smail solid
dispersion particles and crystiline itraconazole. On the
other hand, the particles prepared at the conditions of
60°C, 100 bar showed the similar XRD pattens with
HPMC and any peaks for crystalline itraconazole were
not observed. This result is identical with the DSC
thcrmogram of the sample and indicates that the
amorphous state of itraconazole was formed at that
processing condition.

Solubility

The solubility data was shown at Table L The
solubility studies have shown thal SAS-processed
products have much more enhanced solubility compared
10 the raw matenal
In vive absorption

Fig. 2 shows the average serum concentration-tme
curves of marketed product, Sporanox tablet and prepared
pariictes by SAS which shown highest solubility after oral
admamswason.

It can be said that from the pharmacokinetic data,
bicavajlability of prepared particles has been enhanced as
much as marketed product.

Table I: Solubility data from itraconazole powder and
SAS processed products (n=3 ).

Temp (T) P(bar) Solubility (ug/n?)

100 31.49+853
45 120 11.6310.41

SAS-processed L50 551%1.19
products. 100 122.4011.70
60 120 16.14+0.69
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Fig. 2: Average plasma concentration vs. time of SAS
processed particles and Sporanox tablet (n = 3)

CONCLUSIONS

Supercritical ant-solvent method is 2 promising new
technique for preparing size-reduced particles and
enhancing solubility and bioavailability of poorly soluble
drug. And in order to reduce particle aggregation and
stable bioavilability, further works are needed including
adding surfactants or other excipients.
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Supercritical Fluid Techmology for Particle Size

Reduction | 60\“*

Principal Ilnvestigator: Steven L. Nail

Graduate Student Investigator: Greg Sacha

Project Status as of Januarv 1999
Broad Objective:

Determine the feasibility of using supercritical fluid technology as a unit operation for particle size
reduction which is precisely controllable, compatible with aseptic operations, and amenable to
containment of potent drugs.

Specific Aims:

1. Buld a research/pilot system for particle size reduction using the supercritical non-solvent
approach.

2. Determine critical process variables affecting particle size and particle size distribution, as well as
the reproducibility of these parameters when the process is repeated under the same set of
conditions.

3. Compare the degree of crystallinity of supercritically "milled" drug with that of the same drug
after mechanical particle size reduction.

4. Determine, using suitable model drugs, the degree to which residual carrier solvent is a problem
when using the supercritical non-solvent technique.

Background and Significance:

A uniformly small particle size and a narrow particle size distribution are often critical quality attributes
of pharmaceutical solids, particularly for sparingly soluble drugs and for drugs intended for aerosol ~
administration. The reduction of particle size can affect such properties as dissolution rate, solubility,
accessibility to the lungs and, therefore, bioavailability. The processing required to obtain these
desirable attributes can adversely affect the physical properties of the pharmaceutical solid. Properties
that may be affected include powder flow, agglomeration, and suspendability, which can be critical in
the manufacture of such dosage forms as injectable suspensions and dry powder aerosols.

Current methods of reducing particle size utilize mechanical methods such as the ball mill, hammer mill,
or fluid energy mill. The energy input from these operations may induce amorphous regions in
crystalline material. Water may be absorbed by the amorphous regions and lead to physical or chemical
instability of the product during subsequent processing or storage. This was observed after milling
albuterol sulfate and was reported by Ward and Schultz (1995);

For injectable suspensions, in addition to providing consistently small (no more than a few microns)
particles, there is the additional concern for sterility of the final product. Since the final suspension
cannat, in general, be terminally sterlized, a sterile powder must be combined with the sterile vehicle
using aseptc processing. While sterilization cf the vehicle can be easily done by filtration, production of

http://www.ipph.purdue. edw/~nst/projects/sct_html 29/08/2000
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a sterile powder is more challenging. The most common method for powder sterilization is ethylene
oxide gas; howefer, ethylene oxide is a surface sterilant only, and will not penetrate the drug crystal to
kill occluded microorganisms. For this reason, many pharmaceutical companies have invested millions
to carry out the crystallization process under aseptic conditions. After aseptic crystallization, the drug is
micronized, followed by ethylene oxide sterilization in order to kill any micreorganisms on the surface
of the drug particles prior to aseptically incorporating the drug into the suspension vehicle. While this
process is effective, it does not eliminate the use of ethylene oxide. This is a disadvantage, since
ethylene oxide is under continuing regulatory scrutiny from the standpoints of worker exposure to the
gas itself, as well as residual levels of EtO and EtO byproducts in the drug product. This method of
processing points to the need for a size reduction process which would combine aseptic crystallization
with aseptic particle size reduction, thus providing a more efficient process and eliminating the need for
ethylene oxide sterilization.

Containment of drug powders during pharmaceutical processing is an ongoing concern from the
standpoint of worker safety, particularly with the trend in drug discovery toward lower doses of more
potent compounds. The need for containment is most evident in size reduction operations, whether by
conventional milling or by air micronization. Both processes generate a constiderable amount of dust,
which is difficult to contain adequately. A size reduction process which operates as a closed system,
generating no dust, is a largely unmet need in the pharmaceutical industry.

Use of Supercritical Fluid Technology for Particle Size Reduction:

Supercritical fluids are highly compressible, have high diffusivities, liquid-like densities, and viscosities
intermediate between the gas and liquid extremes. These properties offer, in principle, a process which
could provide consistent small particles with a narrow particle size distribution where crystallization and
size reduction take place simultaneously in a closed, aseptic environment.

There are two basic approaches to using supercritical fluids for size reduction. The first is rapid
expansion of a supercritical solution (RESS), where drug is first dissolved inw supercrtical fluid, then
the supercritical solution is rapidly expanded through a nozzle. This causes a sudden large decrease in
solubility of drug, and an aerosol a fine particles is created as a result of the rapid expansion. The second
approach is called the supercritical non-solvent approach (SAS), where drug is first dissolved in a carrier
solvent, where the carrier solvent is at least partically miscible with the supercriticai fluid and the
supercritical fluid is a non-solvent for the drug. Mixing of the carrier solution with the supercritical
phase causes, in principle, precipitation of a fine particles of drug.

This project uses the"SAS approach, primarily because the main limitation of the RESS approach is that
the drug must be soluble in the supercritical phase. The SAS approach seems more flexible, since this
requtrement is avoided. :

Description of Equipment:

A photograph of the system is shown in Figure 1. It consists of a 2 liter, bolted closure, stirred autoclave
(Autoclave Engineers) which houses supercritical carbon dioxide (CO2) and acts as a precipitation
vessel. The autoclave is jacketed for temperature control by a circulating water bath. A steady flow of
CO2 through the autoclave is established using a 6000 PSI double-ended gas compressor (Newport
Scienufic). Constant system pressured is maintained by a backpressure regulator. The system pressure is
read by a testr gauge which moniters the pressure of the supercatical fluid entering the autoclave. A feed
solution containing a drug and an organic solvent is injected into the top of the autoclave by a double-
headed high pressure metering pump (Milton-Rov) through stainless steel, 0.0625 inch OD, tubing. The

http //www 1pph purdue edw/~nsf/projects/scf htmi 29/08/2000
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supercritical fluid / organic solvent mixture exits through the bottom of the autoclave leaving behind the
precipitated drug. The precipitation vessel contains a collection basket which is constructed to slide into é/\(
the cylindrical bore of the autoclave (Figure 2) The bottom of the basket contains a removable 2 mm

sintered metal filter plate (Fuji) which collects the precipitate, allowing the supercritical fluid phase to

pass through. An inverted cup style baffie with four holes in the top is placed over the filter plate to

avoid the possibility of flutd passing through the vessel without adequate mixing. To further facilitate

mixing, the autoclave is equipped with variable speed, turbine agitator.
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Figure 2 - Photograph of Inner Basket in Autoclave for Cotlection of Powder

Current Project Status:
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Set up of the equipment was complete as of December 1996 and thereafter the operating limits of the
equipment were determined. The operating limits included determining the maximum and minimum
carbon dioxide flow rates at specific pressures, and calibration of the feed solution flow rate as well as
the speed of the agitator. . '

Next, recrystallization experiments began using aspirin as a model compound. It was determined
through these experiments that aspirin is soluble in supercntical carbon dioxide and, therefore, would
not be suitable for SAS recrystallization. Methylprednisolone acetate (MPA) was chosen as the new
model compound based on its use in previous recrystallization experiments completed by W. J. Schmitt.
Experiments were conducted by feeding a 10% subsaturated solution of methylprednisolone acetate and
tetrahydrofuran (THF), at 2.5 ml/min, into supercntical carbon dioxide at 2300 PSI and 450C. A steady
state flow of carbon dioxide was maintained throughout the experiments which included a post-
precipitation extraction time of one hour. The product yield was determined at the end of each
experiment as well as characterization of the resulting powder.

Particle size analysis of MPA was completed using the Microtrac Full Range particle size Analyzer.
Solutions of MPA {1mg/ml) and 0.1%Tween 80 in distilled water were used for each analysis. Three
samples were analyzed for each run and the average value was reported. MPA as received was milled by
Pharmacia & Upjohn using a fluid energy mill and it was found that at least 50% of the particles had a
diameter of 2.82 mm or less with a standard deviation of 0.01 mm by Microtrac analysis. Three different
runs operated under the same conditions were tested by Micrqtrac analysis and the reported value
represents the average of the three runs. At least 50% of the particles of recrystallized MPA had a
diameter of 16.14 mm or less with a standard deviation of 1.71 mm. Figure 3 shows the average particle
size distributions recorded for MPA before and after recrystallization. The particle size

RBB 8 E0 AR RS S

Diffarentlal Volume %

Figure 3 - Particle Size Distributions of Methylprednisolone Acetate for Starting Materiai and
Three Runs of Drug "Milled” by Supercritical Carbon Dioxide

distributions for the recrystallized MP A are labeled as runs B, C, and D. The average particle size
obtained after recrystallization is still larger than the value reported by Schmium, et al, of 5 mm for
recrystallization under similar cperationg conditions. Further adjustment of the equipment, such as
spacing the injecton ports | 800 apart, may improve the particle size obtained.

hitp://www.ipph.purdue edw/~nsf/projects/scf html 26/08/2000
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Plan for Second Quarter 1997 ,59@

1"— ., The objectives for the next quarter include the addition of a spray nozzle to reduce the feed solution 6q6
droplet sizein order to obtain a mean particle size of not more than S mm. The noxxle will consist of
etther a laser drilled plate of a fused silica capillary tube having orifice sizes of 25-100 mm. Critical
ff' process variables will then be identified, including temperature, pressure, bleed rate of carbon dioxide

from the autoclave, feed solution flow rate, and degree of saturation of the feed solution. Quantitation of
residual solvent will be done by gas chromatography, and the effect of post-precipitation extraction time
on residual solvent level will be determined.

ﬁ@' Literature References:

1. Schmitt, W.J., Salada, M.C., Shook, G.G., and Speaker, SM., 1995. Finely-divided powders by
carrier solution injection into a near or supercritical fluid. AIChE Journal, 41, 2476-86.

2. Ward, G.H., and Schultz, R K., 1995. Process-induced crystallinity changes in albuterol sulfate
and its effect on powder physical stability. Pharm. Res_, 12, 773-79.
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The Process

The basic process by which CritiTech wilt produce sub-micron drug particles
involves a procedure referred to as Precipitation with Compressed Antisoivent
(PCA). PCA precipitation is based upecn unique properties of carbon dioxide when
that gas is raised above its critical pressure (Pc) and temperature (Tc) (i.e.,
supercritical CO2). The critical pressure (or temperature) of a compound is that

pressure (or temperature) above which the material undergoes a phase transition.

In the case of carbon dioxide, the critical temperature is a relatively mild 31.1°C
and the critical pressure is 73.8 bar, or about 1,100 psi.

Supercritical CO2 has properties that are mid-way between those of a gas and
those of a liquid. Along a near-critical isotherm (between 1.0 and 1.2 T¢), the
density, transport properties (e.g., viscosity, diffusivity), and other physicai

properties (e.qg., dielectric constant, soivent strength) can be varied in a continuum

from gas-like to liquid-like with relatively smail changes around the critical pressure
(0.9 - 2.0 Pc). The net result is that at selected pressures and temperatures
supercritical CO2 has nearly the ditfusivity of a gas and the viscosity of a liquid.

Carbon dioxide is a non-polar solvent. This property, and the above-mentioned
properties combine to make supercritical CO2 an ideat medium for pharmaceutical
processing. Processing can take place at temperatures lower than 35° C and at
pressures, which aithough high, are not unusual in the chefﬁical processing arena.

. Particle Formation Using Supercritical Carbon Dioxide wop

TThe Company'’s process takes advantage of the fact that most organic solvents,
in essence, can be dissolved in supercritical CO2. As supercritical COZ2 is mixed
with organic solvenis containing dnug compounds, the solvent “expands” into the
supercritical CO2 effectively increasing the concentration of the solute in the
solution making it supersaturated and causing the solute to precipitate or

crystallize out of solution. The precipitate can then be separated from the

24



solvent/supercritical CO2 mixture for packaging. The solvent/supercritical CO2
mixture is partially depressurized allowing facile separation of the solvent from the
now gaseous carbon dioxide. This latter step allows for the recovery of all solvents

used in the process, and prevents venting of the solvent to the atmosphere.

In practice, the procedure is more complicated. The size of the droplet from which
the drug is precipitated and the propensity of the drug particles to agglomerate mto
larger particles determine the uitimate size of the drug particle. The former is
dependent upon the droplet forming process which is a function of the size of the
droplet when created by atomization, and the tendency of droplets to coalesce
before precipitation of the drug from the supersaturated droplet. The latter is a
function of the inherent and induced self-attractiveness of the particles, which in
turn is primarily determined by surface properties of the particles themselves.

CritiTech uses ultrasonic energy produced by a converging/diverging nozzle or an
electromechanical oscillator to shatter droplets into even droplets. This alone
wouyid not enable the formation of submicron particles, as the droplets have a
tendency to immediately coalesce into larger drops. In the CritiTech procedure,
the drug-laden soivent is sprayed Intd a flowing stream of supercritical CO2 which
allows for a rapid mass transfer of solvent into the stream of supercritical CO2.
Thes rapid mass transfer forces precipitation or crystallization to occur prior to the
coalescence of droplets. It is this combination of techniques that allows CritiTech
to produce sub-micron particles of drugs or other chemicals.

Nanoparticles too

A major application of CritiTech's core technology will be the production of GMP
grade pharmaceuticals in sub-micron or nénoparticu!ate form. The pharmaceutical
industry has exhibited substantial interest in the availability of processes to
produce nanoparticulate drugs primarily because of the problem of limited

bioavailability of poorly water-soluble compounds. By some estimales as many as
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40% of all compounds considered for formulation as drugs have such limited water g&\%
solubility as to make their use as drugs impossible. Evidence of the industry’s

interest in the fine particle solution to the bioavailability conundrum exists in the

form of contracts in place between targe pharmaceutical companies and the two

operating fine particle-producing combanies active today. SmithKline Beecham, _.
Janssen, Mimetix, Merck, Wyeth-Ayerst, Wamer—Lambeﬂ. and others have

entered into collaborative research agreements with either NanoSystems or -~ -

Bradford Particle Design to develop micronized or submicron preparations of their
respective experimental compounds.

The process of producing nanoparticulate drugs begins with a research contract to
determine the conditions under which the client's drug can be manufaciured as
nanoparticles. The client will provide the drug in bulk form along with sufficient
information to identify a suitable solvent for the drug. CritiTech will use this
material and information to produce test batches of the client's drug as
nanoparticulate material. The nanoparticulate material is retumed to the client for
bicavailability and other testing and in an iterative process an optimal formulation is

developed. '_ ‘

Al this stage, a second -contrac! would be negotiated to produce adequate
amounts of the nanoparticulate drug under GMP conditions to perform Phase |
and/or Phase |l clinical trials. If these trials were successful, production would then
be scaled up to produce amounts adequate for phase il clinical trials. Each of
these steps will produce income for the company. Finally, if NDA approval is
obtained, a contract for manufacture of the commefcial product could be
negotiated and would likely include production fees and royalties on future sales of
the drug.

Coating Technology e

o)



A - Particle Coating:

A novel use of the fine particle formation process is to perform the process in the
presence of large particle, water-soluble substrates. In this embodiment of the
technology, the solute chemical (drug or coating) is deposited as a fine film or
nanoparticulate coating on the surface of the substrate. One application of this
technique would be to apply an ultrathin coating of a taste-masking chemical onto

the surface of an unpleasant tasting drug.

in this embodiment of the technology, @ substrate (é.g.. drug partictes) is fluidized,
or lifted, by a stream of supercritical or near-critical CO2 flowing ubward through a
conical chamber. CritiTech’s coating process is simitar to the commercial Wurster
coater except that the hot air stream which serves to fluidize and to dry the spray
droplets is replaced with the therfnally mild supercritical CO2. As illustrated in
figure 2, the beads are lifted and circulaied in a continuous process that isolates
each bead. Because the beads are suspended in a flowing stream of supercritical
or near-criticat CO2, chemical-laden (e.g.: drug; taste-masking coating; time-
release coating) organic solvent can be sprayed into the flowing stream causing
the chemical to precipitate on the surface of the substrate. In this way this process
is analogous to the nanoparticle formation process except that the particles are

allowed to aggregate on the surface of the substrate.

L Scrow

Schematic of particle coating device using SCF to lift particles and remove solvent
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_ Potential uses of this embodiment are taste masking, delayed or sustained release

A

of drug matenial, rapid dissolution of drug from the surface of slowly dissolving
beads and sequenfial release of more than one drug substance. An advantage of
this process versus the air fluidization process currently in use is that a variety of
organic solvents _

can be used because the system is closed and solvenis can be recapiured.
Another advantage is that operating temperatures are substantially lower since the
process is not an evaporative one. Finally, because the coating chemical is
dissolved in non-aqueous solvents, and supércﬂtical CQO2 is essentially non-polar, -
water-soluble substrates can be easily coated with this technique.

As with the production of nanoparticulate drugs, commercial utilization would begin
with a research contract to optimize the conditions of coating'for the client
company and would progress through the various stages of drug approval until the
ultimate stage of mass production was reached. Income will be derived from

research contracts, production fees, license fees and royalties.

B - Stent Coating:

Using its patented supercritical fluid-based coating technology, CritiTech, Inc., has
succeeded in coating expanded cardiac stents with ethylcellulose containing yellow
Opaspray to facilitate viewing of the coated stenl. Stents can be fluidized in a
stream of near critical carbon dioxide in a chamber that is similar in deéign toa

Wurster coater.

Polymer, dissolved in suitable organic solvent, is sprayed into the near critical
carbon dioxide in close proximity to the fluidized stents. Thickness of coating can
be controiled by duration of spraying. Texture can be controlled by aiteration of
temperature above and below the glass transilion temperature of the palymer
used. Drugs can be substituted for the dye in order to create a timed-release drug

delivery device.
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This stent coating procedure is an extension of CritiTech's patented technology
that is used for coating water-soluble substrates with organic-solubte coating
materials. CritiTech can coat substrates in the size range from 300 microns to 1/4-

inch tablets uniformly, rapidly and in bulk.

Advantages of the Technology top

Industry insiders estimate that as much as 40% of the roughly 100,000 new
chemical entities synthesized annually by pharmaceutlcal companies have
inadequate water solublllty. These roughly 40,000 compounds often cannot even
advance to the stage of animal trials due to low water solubility, or require extreme
measures to perform the exploratory pre-clinical research that will allow the drug
companies to make a go/no go decision for further trials. CritiTech’s technology
can be of substantial value to such companies by aliowing a simple, rapid, easy- to

apply solution to this problem. New chemical entities manufactured as
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nanoparticles can be easily tested for suitability for advancement {o ciinical trials.
The cost to the drug company for this service (<350,000) is a fraction of the cost of
subsequent clinical trials (estimated to be as much as $75,000,000 {Zivin, J.A., |
Scientific American 282, 69-75, 2000]) and an even smaller fraction of eventual
sales of an approved drug. This market represents a potential early profit stream
for CritiTech and serves as the entrée to those compounds that will require
CritiTech’s service to go to.market.

CritiTech's particle coating technology has significant edvantages over the current
system of spray coating that is standard in the industry. The use of supercriticai
carbon dioxide allows the process to work with coating materials that are only
soluble in organic solvents, or are sensitive to elevated temperatures Both of
these factors preclude the use of Wurster-type fluidized bed coaters
Pharmaceutical compounds requiring taste masking, time-release, or an increased

oral absorption by coating with drug nanoparticles are example markets for this

process.




¢

= (=

P
\

—

= =

WP =3

£

L0883

D
M

5

édo

A final advantage of CritiTech’s SCF based technologies lies in the
environmentally friendly nature of the processes. Organic solvents traditionaily
used in the industry may be hazardous to the environment or toxic to humans and
animals. Because of the closed loop nature of the supercritical processes
employed by CritiTech, the release of harmful substances to the atmosphere is
substantially reduced, if not totally -eliminated.

Advantages Over Other PCA Techniques top

CritiTech’s approach to PCA uses a supercritical CO2-powered ultrasonic nozzle.
Other companies in the industry that use PCA, including CritiTech's competitor
Bradford Particle Design, Ltd., report techniques that use conventional capillary
spray nozzleé.

The main advantages of CritiTech's approach over conventional PCA techniques
follow:

o The ultrasonic nozzle-based process is capable of producing discrete
nanoparticles in a narrow size range.

s A key step in the formation of nanoparticles is to enhance the mass transfer
rate between the droplets and the antisolvent before the droplets coalesce
to form bigger droplets. With CritiTech'’s ultrasonic nozzie, the sound waves
assist the antisolvent’s break up into small dropiets increasing the interfaciat
area. In addition, the turbulence created by the focused sound waves aiso
enhances the mass transfer rate between the droplets and the CO2.

o Sound waves, rather than inertial or frictional forces, are exploited for
droplet formation. Hence, the diameter of the line into which the spray
solution is introduced can be larger than that of either capillary or micro-
orifice nozzles. This larger diameter allows for higher solution throughput
and reduces the probability of nozzle plugging, dramatically increasing
manufacturing efficiency.

o CritiTech's proprietary particle harvesting device allows continuous
processing of compounds. Conventional SCF techniques require processing
in batch lots.

Advantages Over Milling Techniques wo-

CritiTech’'s PCA method is supericr to milling.technigues (ball mill or jet mill) like



those practiced by CritiTech’s competitors NanoSystems and RTP
Pharmaceuticals.

These advantages are:

« Particle formation occurs in a far shorter time - minutes/hours as opposed to
days/weeks. . ‘

« PCA produces a much narrower range of particle sizes than milling.

« Milling processes induce the creation of electrostatic charge on the
particles, which necessitates coating of the resulting particles to prevent re-
agglomeration. PCA methods do not induce such electrostatic charges onto
particles. '

« PCA processing does not require removal of the milling agent.

« PCA processing is safely conducted in closed systems with complete
recovery of solvents and CO2 for reuse or safe disposal.

Advantages Over Fluidized Air Coating Techniques too

The CritiTech coating process has the following advantages over conventional

fluidized air based coating processes:

- A significantly reduced risk of fire and exptosion when using organic
solvents due to operation at lower temperatures (31-45°C) with dense
carbon dioxide. _

. Enormous flexibility for controlling the size and morphology of particulate

- coatings. Several of the operating parameters (pressure, tempeérature,
solute concentration, type of nozzle, type of soivent) are adjustabie fo
achieve the desired coating. Using an ultrasonic nozzle with supercritical
CO2 as the energizing gas, nanoparticle coatings are possible.

. Easy separation and recycling of the organic solvent and the €Oz

o Coatings that are virtually solvent-free can be obtained in a relatively short

time.

For additional information regarding these technologies, please contact the

company.

= Mome | 'nvestor Relations | Technolegy | Servicas { Contact
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SOLID STATE MORPHOLOGY OF PARTICLES PREPARED
BY A SUPERCRITICAL FLUID PROCESS

M. Permur, J. fung, F. Leboenf,

LAVIPHARM -SEPAREX, Champignenlles, France

The solid state morphology of many compounds is a key-parameter for their further
utlization when several farms can co-exist either as crystalline and amorphous, and/or
as different polymorphs (allotropes) ; tais is particularty important for pharmaceutical
drugs as their morphology can have a significant impact on their bio-availabulity and
stability. Supercriticai Fluid (SCF) technology is now considercd to be an innovative
and promising way to design particles, as reviewed by Kompella and Koushik (2001)
and Jung and Permut (2001). We present a review of the results already pablished in
litcrature and our own results on morphology changes and stability of particies
generated by SCF processes, focusing on neat particles and not on composite ones.

1. INTRODUCTION

Generally, a dramatic change of the soiid morphology is abserved after processing by
SCF : Average particle size and size distribution, particle shape and porosity, and
consequently, specific area and dissolution rate, are often completely different from
those of the starting material. However, it seems that, in most cases, the crystal pattem
is not modified, although relatively few results, attested by XRD and DSC
mcasurements, have yet been published.

L. SCF CONTACT

Sarprisingly, contacting a solid with 2 SCF induces a re-crystallization with crystalline
morphology modification in certain cases, as shown in several documents .

In a patent granted to Graser and Wickenhaeuser(1984), a process for re-crystallization
of finely divided crude organic pigments in C3-C5 alkanes or alkenes, or C1-C3
chloro-alkanes, is climed to lead 0 pigments with decper and more brilliant
colorations than the starting material.

Recently, the conversion of carbamazepine (an anticonvalsant drug) by contacting the
salid with SCF carbon dioxide was reported by Bertini et al. (2001). This drtg presents
fur polymorphs and a dihydrate forms ; Form [ (mp. 196°C) and form UI {m.p.
177°C) - the commercial product - forn an enantiotropic pair : Form I is stable at
ambient temperature whereas form [ is stable at higher temperature (>70°C). Different
mixtures of Form [ : Form [l were contacted with supercritical carbon dioxid® in sttic
conditions, that causes a rapid convession of Fomn i into Form [II although not



complete. The authors suspect that this transformation results fom the fact that these
two forms have different solubilities in SCF carbon dioxide. [t is to be noted thar Kike
et al. (2000) reported a significant increase in dissolution rate in water after anti-salvent
e-crystallization of carbamasepine from acetone solution either in crystalline form
(the polymorph was not identified), or in cornposite micro-spheres of PEG 4000.

We can propose the foilowing “qualitative” interpreration : When a solvent is contacted
with a solid, it gets saturated into this compound ; but this satumtian is not “static” : [n
permancnce, molecules are exchanged between the solid and the fluid phasss,
especially in SCF solvents where mass transfer is fast, causing a "re-crystallization™ of
the solid inte the moee stable polymorph at the operating temperature, the
transformation being limited by the kinetic of dissolution/recrgstallization.

2. SCF Atomization

The three main processes using SCF for atomizing pure compounds in order to reduce
the particle size, lead to salid morphology changes or not, depending on the compound,
and the process operatiig conditions.

2.1 RESS
Few publications deal with scientific evalnation of the microscapic solid morphology -
e The first evaluation of the solid formed by RESS was published by Larson
and King (1986) : The XRD patterns of the starting material and the RESS-
atomized particles of aaphthalene, Mevinolin (anticholesterol drug) and an
nndisclosed steroid show “that crystalline materials retain their crystailinity
after precipitation from supercritical fluids™ ; however, the diffraction pattems
vary somewhalt, possibly due to the presence of amorphous material
s DSC characterization of Griseofulvin particles shows that partictes obtained
by RESS {using CHF;) cohibit the same welting temperature and the same
melting enthalpy as the micronized crystalline material {Martin et al,, 2000).
e Anthracene and Phenanthrene were cither precipitated or co-precipitated by
RESS from a SCF CO, solution by Nagahama and Liu (1997), forming
dendritic particles of anthracene while the starting material was in form of

hexagonal crystals and phenanthrene needles. But coprecipitation of a mixture
leads to a solid selution different from a simple cutectic as attested by XRD.

« Jbuprofen (a chiral non-steroidal anti-inflammatory drug) was micronized
from SCF €O, leading to micro-particles exhibiting the same XRD pattern as
the starting material, although the peak intensities seemed lower, which shows
“tha decrease in the degree of crystallinity™ according to Kyrak e1al. (2001}

s  Paa-Hydroxybenzoic acid was micronizad from soiutions in SCF CO; or
SCF CO; added with methanol (3.5 wt%) by Jaamo et al {19%7), leading to

crystalline nano-particles and a few large irregnlar non-crystalline particles.

We just cbtained very attractive resuits according to a process described in a recdht
patent (Perrut et al., 2002). Cefecoxib (1 COX:2 inhibitor registered for arthritis cure)
was dissolved in SCE CO; (50°C, 29 MPa) and the solution rapidly depressur:zed o
atmospheric pressure ; we operated cither according the classical way where the
atomization vessel is mamtained at around 20°C (sample a), or by injectng an
__ _additional stream of liquud CO: in order 1o generate carbonic soow that irapped the

particles (saraple b) at very low temperature tmmediately after their aucleation, as
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described in an earlier patent (Perrut, 1999). On figure 1, is presented a SEM picture
after dry ice evaporation, showing fluffy agglomerates of elementary nano-partcles.
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Figure { : SEM picture of Celecaxib particles (sample b).

The XRD patterns of these particles after storage at low temperature during one day
{saraple b : lower curve and sample a : intermediate curve) are compared on figure 2
with the starting material one (upper curve), the two latter curves being presented with
an offsct of 2,000 and 3,000 counts per second respectively for ease of interpretation. [t
clearly appears that the starting material is highly crystalline and the generated particles
arc completely amorphous when the temperamre in the atomization vessel is kept low,
and mostly amorphous - but not free of crystals - when this temperarure is near
ambient. We consider that the very short RESS nucleation leads to amarphous materiat
that immediately tends to re-crystallize during the particle residence time in the
atomization vessel and on the collecticn filter, if the temperature is not kept lower than
a “re-crystallization temperature™ that is much below (at least 30°C according to some
estimations) the solid glass transition temperature. So, the amorphous morphology
must be “frozen” just afler particie generation in order to prevent any re-crystallization.
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Figure 2 : XRD profiles for Celecoxid raw material and RESS-CO2 samples.

12 Anti-Solvent

Salmeterol xinafoate polymorphic forms can be controlled by varyidg the
antisolvent crystallization parameters, according to Hanna and York (1995)
and Hanna et al. (1998) ; using the SEDS techrology, this compound was re-
crystallized from acetane or methanol solutions using SCF OOy at various
temperamres and pressures : At temperatures below 60°C, only the pure Form
| was obtained meanwhile polymorphic tr#nsformation to Form il was
observed since 60°C and is complete at 90°C. [t is to be noted that this anti-
solvent process permits to each this Form [I at a much lower temperature
than by heating Forma I alone (the transformation happens near 10 the melting
temperature of Form I which is 124°C). Morcover, the authors claim that the
pure Form (I obtained by SEDS is extremely stable when sored free fom
light during § years. This demonstrate that anti-solvent rc-crystallizaton can
be used to obtain very pure polymorphs that arc the more stable because no
other polymorph “imparity“may induce transformation to the ather form(s).
Sugars can be fe-crystallized from aquecus solutions using SEDS as reported
by Hanna and York (1996), Hanna et al. (1998) and Palakodan et al. (1998) :
Lactose was obtained in crystailine form with different particle shapes,
maltose and trehalose in form of spongy spheres of amorphous pature as
shown by XRD, and sucrose as a free-flowing crystalline powder.
Sulfathiazole was subjecied to the most detailed study oa polymorphism
control by Kordikowsk et al {20004, by SEDS of a methancl solution 1 SCF
C0y. SEM, XRD and DSC showed temperature 15 the key-parameter Three
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pure polymorphs (Form I ovzr 80°C, Foom (I around 40°C, Fom [V below
0°C) and mixtures of polymorphs at intermediate lemperatres were obtained.

e [buprofen, ketoprofen, saliciidic acid and micotinic acid were recrystallized in
the same marphology by a SCF process where the compound is prmanty
dissolved or suspended intn a fist SCF, and this solution/suspension is
contacted with a second fluid (nitrogen) which causes precipitation of the,
compound into fine particles, as disclosed by Hanna et al. (1999).

s Acetomiphen and P-Acetoxyacetanifide were co-crystallized by SEDS fiom
an ethanol solution of both compounds by Shelomov (2000) in form of a solid
solution with incorporation of PAA in the crystals of A (XRD and DSC).

s Subramaniam ct al {1997} reparted GAS recrystallization in the, same
mormphology (by DSC) of phenytoinby bubbling CO; intoan acetone solution.

* Similarly, Lee et al (2000) observed by XRD that crystal morphelogy is
always identical to the starting material one when re-cryswllizing NTO
(Nitrotrazolone) from a DMF solution in CO, under various conditions.

¢ ° On the con , Jaarmno et al (1997) prepared either lline or amorphous
particles of Sedium Cromoglycate starting a me ol solution : The
crystalline particles are very similar to the commercial product (same
polymarph according XRD) ; compietely amorphous spherical micro-particles
were alsa obtained and did not show any arystzllinity after S-roonth storage.
The anthors stated that the most important parameter affecting crystallinity
and stability was the residval concentration of methanol that can be drasticaily
reduced by adding a small amount of water to the organic selution.

s Thiering et al (1998} reported comparative results on e-crystallization of
Para-Hydroxybenzoic acld using GAS and ASES (and RESS : see before) ;
the particle shape, size and crystallinity strongly depend on the temperature,
the organic solvent, and the rate of addition of the anti-solvent in the batch
GAS process (crystalline particles at low addition rate and amorphous ones at
high addition rates), as a result of different nuclei formation kinetics.

e« Murher ct al (2001) recently presented results obtained by GAS @ an
nndisclosed pharmaceutical showing that either amorphous (with Ethanol) or
crystallne forms (with Acctene ar Acetonitrile) can be reached.

13 DELOS
The DELOS (Depressurization of an Expanded Liquid Organic Solution) process, very
recently disclosed by Sala et al. (2001) and Ventosaet al. (2001a, 2001b), consists in
precipitating a solute dissolved in an organic solvent by the fast and homogencous
lemperature decrease caused by depressurizing the organic solution previously
expanded by a compressed gas. This can be considered as an original variant of RESS
as the expanded liquid phasc is homogencous. Provided that a “solute/organic
solvest/ SCF™ system existing as a homogeneous liquid solution can “c found, this
process leads to nano~/micro-particles. For several compounds, the particles showed a
high degree of crystallinity, with XRD patterns similar to those of the starting material:
e Aspirin and Colarant Selvent Blue 35 from Acetone/CO; solutions ;
*  Acetomiphen from Ethanol/ CO, solutions. '

2.4 PGSS .
Few results have becn published on mocphology of particles generated fom Gas-
Saturated Solutions. Weidner et al. {1994) and Knez (2000) obtained particles of



nifedipine (a calcium anmtagonist) that are significantly different from the starting
material in size, shape and dissolution rate ; the authos suspected that the processed
particles “have a more amorphous character compared with the product obtained by
conventional process”. Howewver, po structure measurement supparted this assessment.
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EQUIPMENT DESIGN FOR SUPERCRITICAL FLUID
MICRONIZATION IN COMPLIANCE WITH GMP FOR
PHARMACEUTICAL APPLICATIONS

1. Jung, F. Leboent®, E. Frangais®, L-Y. Clavief, M. Perrut®
* | avipharm Separcx, Champigneulles, France .
* Separcx Equipements, Champigneulle;, France

Supercritical Fluid (SCF) technology is now considered as a very inpovative and
promising way to design pasticles, espevially for therapeutic drug fomulation. We will
present examples of equipment designed and built in compliance with the GMP mules
enforeed in the pharmaceutical industry, incorporating several innovations in terms of
mechanical, instrumentation and process control, environment and workforce
protection.

1.PARTICLE DESIGN AND DRUG FORMULATION

Among the most ariginal applications of supercritical fluids, particle formation
processes ming Supercritical Fluids (Jung and Perrat, 2001) are now sabjected to an
increasing interest especially in the pharmaceutical industry with three aims :
Increasing bio-availability of pooriy-soluble molecules, designing sustained -relcase
formulations and formulation of sctive agents for new types of drug delivery less
invasive than parenteral delivery (oral, pulmonary, transdermal). The most complex
challenge is related to therapeutic delivery as it is extremely difficuit to obtain a
satisfactory therapeutic effect due to bio-molecules instability and very shart halflife
in viva.

Several processes are proposed to address these different problems and to prepare such
different types of formulation :

1.1 Rapld Expansion of Sapercritical Solations {RESS) consists in atomizing 3
solution of the product in a supercritical fluid into a low-pressure vessel. This process
could find valnable applications at commercial scale only when prodnct solubility in
the supercritical flnid is not too small & 107 kg/kg), limiting the process application to
aon-polar or low-polarity compounds when carhon dioxide is used as solvent.

12 Supercritical Anti-Solvent (SAS) process applics to most molecules that can be
dissolved in a very wide range of “strong™ organic solvents. Recent development,
cspecially for preparation of very fine drugs dedicated to pulmonary delivery, opens a
bright future for "engincering” ncw types of particles of drugs or micro-spheres of drug
embedded in an excipient for sastained-release.

1.3 Sopercritical Fluid Drying can be used to “extract” water from aqueous solutions
with a polar Supercritical Fluid ; this is of special interest for obiining stabilized
powders of bio-molecules or micro-capsules of bio-molecules without denaturation.



1.4 Microencapsalation can be performed using Supercritical Fluids according to
variqus proccsses among which the one developed and patented by Permut (2000b) can
lead to micro -capseles of proteins prepared in “mild” conditions without loss of bio-
activity.

1.5 Impregnation : High diffusivity and tunable solvent power of SCF are the basis
of supercritical impregnation : [n supercritical state, the fluid is a powerfu! solvent of
the prodect to impregnate and an excellent vector, even in the smallest pores of the
matrix (when porous). Morcover, for polymeric non-porous matnixes, the swelling
cffect permits an easy penctration of the solote throughout the solid. Many
impregnation applications have been reported iocluding pharmaceutical patches,
sponges, and catheters. Perrut and Majewski (1999a) recently obtained attractive
resutts and patented a new process for on-line impregnation after extraction , especially
attractive for natural products processing as one sole operation leads directly to the
usable prodnct (active agent on excipient powder).

2. EQUIPMENT REQUIREMENT

As all high pressurc systems, the first requirement is obviously safery, which is
obtained by applying the high-pressure vessel and equipment stand ards enforced in the
country of aperation, but aiso by incorporating the constructor krow-how oa both
hardwrare and software (process control system}.

The second requirement is refiability as for all industrial systems, demanding the right
choice of all components and a sophisticated control system to help operation,
meanwhile a preventative maintenance is applied.

Specifically to equipment used for drug formulation either for clinical lots preparation
or for commercia! lots manufacture, design, construction and operation shall be in
compliance with GMP rules cnforced by the official authorities like the Food & Drug
Adminigration in the USA. This implies to esablish and follow very detailed
procedares for all design and construction steps, documeatation of all parts and
operations, and validation of ail functions, includiag the process control software.

In most cases, the operator wishes to benefit of a great flexibility, permitting to operate
one particle design process or the other, over the wider range of parameters {pressures,
temperatures, flow-gates, co-solvents, ...), what dmmatically complexifies the task of
the designer and constructor that must find compromises between the contradictory
requirements related to each process.

3. EQUIPMENT DESIGN AND SCALE-UP

In fact, most parts of SCF drug formulation plants are similar to thase used in classical
SCF operations (cxtraction, fractionation, reactions, chromatography, acrogel
drying,...}. For example, a plant used to implement a RESS process uses a classical
SCF extractor designed accarding the rules known for extraction from solid granular or
powder material. Similarty, fluid pamps, heat exchangers, separators, control amd relief
valves, instrumentation, ...are identical to those used on carlier plants designed at any
scale (lab to pilot and very large commercial scale) So, we will focns our atiention on
the charaetcristics specific to particle design plants :

3.1 Atomization nozxles : Nozzic scale-up is presently one of the unknowns when
scaling-up a SCF process. Obviously, a purc geometric scale-up would not work ! As
jet turbulence ~ that controls droplet formation - is related to the Weber oumber when




atomizing liquids, we suggest to try to maintain this adimensional number a5 we guess
it will lead to similar atomization whatever is the flnid state ; that means that, for a
given system, all other parameters being the same, the nozzle scale -up should maintain
constant u*.D, where u (m/scc) is the fluid velocity through the nozzie and D (m} the
nozzle chamcteristic diameter. We honestly say that this needs yet to be confirmed on
several examples. One original design of large flow-rate nozzles consists in using a
sintered disk as depressurization/atomization system, as described for RESS pracess by
Domingo (1997) ; however, we raise some doubts on the possibility to obtain particles
with 2 narrow size distribution, as the disk porosity is not perfectly distributed and may
vary along time with plugging of the smallest pares.

On the other hand, large fluid flowerates induce thermal effect that are mnch more
complicated to handle than when operating at lab-scale. This is especially the case for
RESS process for whuch the rapid decompression of the fluid requires a large enthalpy
input to avoid farmation of liquid droplets that mins the particle forration process for
those fluids that may be in liquid state at the atamization chamber pressure. As in most
cases, it is not possible to pre-heat. the flnid solution at the required temperature to
avoid droplet formation - as the solute would be destroyed or altered at thai
temperature ~ this imposes either that the pressure in the atomizaton vessel be

maintainad below the triple point pressure of the fluid, or that supplementary enthaipy
be brought by one of the following means : Hot inert gas flow, hot liquid flow with
particle collection in form of a suspension in that liquid.

32 Particle collection and harvesting : This is probably the most acute problem,
especially when very fine pargiclei (below 5 pm) are formed, as tey have to be
collected without losses apd without re-agglomeration, Basically, particles can be
collected under two forms :

= Liquid suspension : Scrubbing the particle -loaded fluid with a liqnid in which
both the fluid and the particles are not significantly soloble is a very cfficient way of
collection, similar to what is used for very fine dust collection (Bawsch et al, 1999,
Henriksen et al, 1997). Addition of a surfactant in the liquid (or possibly onto the
particles during their formation) may stabilize the suspension when needed (Jung etal,
2002). However, this collection system is very restrictive and can be used only in a
limited number of cases. Obviously, scale-up is not an issuc and harvesting the
suspension does not raise any difficulty. Cn the other hand, recycling the suspension as
scrubbing medium permits to cont-ol the particle content and to reach high particle
loadings.

=  Dry powder : This is the generai case where the particles must be collected in dry
fomn. For very fine particles (< 5 pm), there is almost a sole possibility : Filtening the
particle-loaded fluid onto an adequate filter medium. But, this raises several issues :

) Collection efficiency is not atways totl, &5 the findst particles may “creep”
through the mediom,

i) Re-agglome mation is frequent au the filter cake preseats an increasing pressure drop
that induces powder compression ; this re-agglomeration may also result from solvent
adsorption onto the particles when operating the ant-solvent process ;

iif) This filtration operation is difficult to scale-up and to operate for significant mass
production ;

iv) Final harvesting of the panicies is very difficult, especially in compliance with
GMP.
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However, each of these issues can be addressed : Right choice of the filtering mediom,
alternate use of several atornization chambers to limit the filter cake thickness, residual
solvent stripping prior to particle harvesting, special design of filter “bags”™ that can be
closed prior to be removed from the atomization chamber for particle removal under
strict atmospkere control. We also proposed other systems adapted to different cases :
Particle collection by filtration on a deep bed of excipient to obtain the active-excipient
mixtore directly (Perrut, 1999b), particle collection into carbonic snow (Perrmt,[999¢),
particle collection/micro-cncapsulation (Perrut, 2000a)

AJ Floid recycle: Depending on the type of process, the fluid shall be or not

‘recycled:

= RESS : When the pressure in the atomization chamber is low, near the
atmospheric pressure, fluid recycling is always an issne. When carbon dioxide is nsed
as solvent, ¢ither the atomization is made at high pressure and the fluid is recycled, or
it is vented. When other fluids are used - especially if costly or flammabtie - venting is
0ot possible and recycling mandatory, demanding gas recompression in the case where
a low pressure atomization is required to avoid formation of liquid droplets.

*  Anti-soivent :In this case, the atomization being operated under high pressure, it
seems casy 1o recycle the fluid after particle collection ; in fact, the difficnity 15 related
to the separation of the organic solvent from the flnid prier to its recycling. Experience
shows that most organic solvents are volatile and the total separation from the fluid is
not possible if operated at a pressure permitting an easy fluid recyeling (a few tens of
bars). But, it is pot mandatory that the fluid is completely rid of arganic solvent for
succeeding in particle formation, at the condition it is at a low and constant level, as
can be performed through our proprictary technology (Perrut and Jusforgues, 1986) ;
however, the final stripping of the collected particles — on which organic soivent is
adsarbed — mmst be operated with pure flnid, either through make-up or pusification of
the recycle fluid onto an adsorbent.

*  Suapercritical fluld drying : As this process is mainly dedicated to bio-molecules
on a very small scale, fluid venting/disposal can be preferred as a complete water
scparation from the flaid is difficult.

*  Micre-encapsalation : As the fluid is dissolved into the active-cxcipient mixture,
the consumptlon is very limited and there is no necd for recycling.

*  Impregnation : As impregnation is operated under high pressure, it is casy o
reeycle the floid according to the classecal means used in Supereritical floid Extraction.

4. GMP COMPLIANCE

As SCF drug formulation and particle design is a new technology for pharmacentical
companies and duthonties, 4 great cffort has to be made to teach about the technology,
its advantages, its safety and reliability, and to respect al] the comumonly enforced rules
of traceability and documentation. A special difficulty is related to cleaning of these
high-pressure systems that must be designed to permit a total cleaning without
dismounting all tubings and vessels {no dead-volumes, draining points for liquid
solvent used for cleaning,...) ; cleaning validation is also a basic procedure to be
adapted to this type of equipment.

Experience gathered on design and construction of four plants built for clinical lois
preparation {sce picture ), showed us that no major issue is met when this GMP
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compliance is taken into acconnt from the very beginning of plant design and the
constructor procedure is planned and docamented carefally.

S STERILITY

Processing bio-molecnles requires sterility. [ is mow, clearly established that
Sopereritical Floids, and especially carbon dioxide, are biocides vis-a-vis most living
micro -organisms including fungi, bacteria and viruscs. Not only SCF processes do not
increase the bio-burden, but they contribute to sterilize the processed products. [n fact,
the major difficulty is rather concentrated on particle barvesting and handling from the
SCF equipment, as for ary other fornruiation process.

§. WORKFORCE AND ENVIRONMENT PROTECTION

As all biclogically-active products are potentially harmful to humans, and should not
be released in atmasphere, a special interest must be paid to avoid any release of the
processed materials both in the working arca or outside b the environment. Because
SCF processes require high pressure with possibie leakage at any moment (powder or
aerosol release) or unpredictable relezse through the vent system, great care must be
taken :

s Protection of the operators by placing the equipment in an isolator (lab-scale as
showm on pictare 2} or in 3 wom with access limited v persons with closed respiratory
equipment ;

*  (Collection and scrubbing of atl the veat streams |

*  Amtomation of drug collection
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Use of Supercritical Fluid Technology for Particle Size Reduction:

Supercritical fluids are highly compressible, have high diffusivities, liquid-like
densities, and viscosities intermediate between the gas and liquid extremes. These
properties offer, in principle, a process which could provide consistent small
particles with a narrow particle size distribution where crystallization and size
reduction take place simultaneously in a closed, aseptic environment.

There are two basic approaches tc using supercritical fluids for size reduction. The
first is rapid expansion of a supercritical solution (RESS), where drug is first
dissolved in a supercritical fluid, than the supercritical solution is rapidly expanded
through a nozzle. This causes a sudden large decrease in solubility of drug, and an’
aerosol a fine particles is created as a result of the rapid expansion. The second
approach is called the supercriticai non-solvent approach (SAS), where drug is first
dissolved in a carrier solvent, where the carrier soivent is at least partically miscible
with the supercritical fluid and the supercritical fluid is a non-solvent for the drug.
Mixing of the carrier solution with the supercritical phase causes, in principle,
precipitation of a fine particles of drug.

This project uses the SAS approach, primarily because the main limitation of the
RESS approach is that the drug must be soluble in the supercritical phase. The

SAS approach seems more flexible, since this requirement is avoided.
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Crystallization using Supercritical Fluid Aatisolvents

G. MUHRER and M. MAZZOTTI

Keywords: crystallization, micronization, supercritical fuids,
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Ultra fine particles with narrow size distributions are gaining importance
in a wide range of fields from ceramics precursors to controlled release
drugs. Production generally follows either size reduction or direct
generation routes such as dispersion reaction, spray drying or controlled
recrystallization. Of the latter, several variants utilizing environmentally
benign compressed gases as either solvents or anti-solvents are showing
a high potential for industrial application. The main processes are termed
rapid expansion of supercritical solutions (RESS), precipitation with
compressed antisolvent (PCA) and gas antisolvent crystallization (GAS).

RESS processes require dissolution of the product in a dense gas (liquid
or supercritical) at elevated pressure. This "supercritical solution' is then
expanded through a nozzle, where instantaneous nucleation and crystal
growth takes place at very high supersaturation. Depending on the fluid
state after the nozzle, the crystals may continue to grow or coagulate in
the expanding free jet.

PCA processes avoid the drawback of insufficient solubility of many
organic substances in dense gases. The product is first dissolved in a
liquid organic solvent and this solution then sprayed into a dense gas

- antisolvent which rapidly absorbs the organic solvent from the spray

droplets thus causing rapid precipitation.

GAS crystallization is complementary to the above spray Erocesses in
that it offers slower, more easily controiled precipiiation which is
achieved by adding the dense gas antisolvent to a batch of product
dissolved in a suitable organic solvent

This project-aims at elucidating the influence and importance of
operating parameters in GAS and PCA crystallization with the goal of
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micronizing difficult-to-comminute pharmaceuticals reproducibly and in
accordance with U.S. FDA standards. A sound understanding of system
fluid dynamics, thermodynamics and mass transfer including nucleation,
crystal growth and agglomeration will be pursued and operational
aspects such as collection and recovery of product, on-line measurement
and control investigated. Product specifications like crystallinity, shape
and particle size distribution will be accounted for by standard off-line
analytical tools.

References

GALLAGHER P.M., COFFEY MP., KRUKONIS V.J.,, KLASUTIS N,
"Gas antisolvent recrystallization: new process to recrystallize
compounds insoluble in supercritical fluids”, ACS Symp. Ser. 406
(1989), 334-354

SUBRAMANIAM B, RAJEWSKIR A, SNAVELY K,
"Pharmaceutical .processing with supercritical carbon dioxide”, J. of
Pharmaceutical Science 86/8 (1997), 885-890

TOM ]I, LIM G.-B, DEBENEDETTI P, PRUD'HOMME RK ,
"Applications of supercritical fluids in the controlled realease of drugs”,
ACS Symp. Ser. 514 (1991), 238-257

Institute of Process Engineering
About us | Events } Teaching | Publications | Reséarch |Staff | Services | Search | Jobs

E[ Link to the ETH

Webhnaga

© lnusttute of Process Fngineering, Last update:03:05/2603 07:57:23 , webmaster@ ivuk mavt.ethz.ch . Info

CUTCTraging

g = e

g

file//CAWINDOWS\TEMPVATTO0000 htm 05/03/2003



X nnng

&=

:LO!'“%%F@ = =

o o
W b

L

o

L

r,

[

L

e

18

TRRN

11

Complexation and Protein Binding

LA

Metal Complexes

Organic Molecular Complexes
Inctusion Compounds
Methods of Analysis

Protein Binding
Thermodynamic Treatment of
Stability Constants

Complexes or coordination compounds, according to
the classic definition, result from a donor-acceptor
mechanism or Lewis acid-base reaction (p. 144) be-
tween two or more different chemical constituents. Any
nonmetallic atom or ion, whether free or contained in a
neutral molecule or in an ionic compound, that can
donate an electron pair may serve as the donor. The
acceptor, or constituent that accepts a share in the pair
of electrons, is frequently a metallic ion, although it can
be a neutral atorn. Complexes may be divided broadly
into two classes depending on whether the acceptor
component is a metal ion or an organic molecule; these
are classified according to one possible arrangement in
Table 11-1. A third eclass, the inclusionfocclusion
compounds, involving the entrapment of one compound
in the molecular framework of another, is also included
in the table. i :

Intermolecular forces involved in the formation of
complexes are the van der Waals forces of dispersion,
dipolar, and induced dipolar types. Hydrogen bonding
provides a significant force in some molecular com-
plexes, and coordinate covalence is important in metal
complexes. Charge transfer and hydrophobic interac-
tion are introduced later in the chapter. '

METAL COMPLEXES

A satisfactory understanding of metal ion complex-
ation is based upon a familiarity with atomic structure
and molecular forces, and the reader would do well to
go to texts on inorganic and organic chemistry to study
those sections dealing with electronic structure and
hybridization before proceeding.

inarganic Complexes. This group constitutes the
simple inorganic complexes first described by Werner
in 1391. The ammonia molecules in hexamminecobalt
{1 chioride, as the compound [Co(NH3F"Cly™ is
called, are known as the ligands and are said to be

TABLE 11-1. Classification of Complexes”

I. Metal lon Complexes
A. inorganic type
B. Chelates
C. Otefin type
D. Aromatic type
1. Pi {=) complexes
2. Sigma (o) complexes
3. “Sandwich” compounds
1. Organic Molecular Complexes
A. Quinhydrone type
B. Picric acid type
C. CaHeine and other drug complexes
D. Polymer type
111, InclusiosvOcclusion Compounds
A. Channel lattice type
B. Layer type
C. Clathrates
D. Monomolecular type
E. Macromalecular type

*This classification doss nat pretend to describe the mechanism of the typs of
chemicat bonds imaived in complexation. It is meant simply to separate out ihe
various fypes of complexes that are discussed in the literature. A hghly
systematized classification of electron donor-3ccerr interactions is grven by R.
S. Mulliken, J. Phys. Chem. 56, 801, 1952

coordinated to the cobalt ion. The coordination number
of the cobalt ion, or number of ammonia groups
coordinated to the metal ions is six. Other complex ions
belonging to the inorganic group include [Ag(NHa)]",
[Fe(CN)g*", and [Cr(H,0)F " .

Each ligand donates a pair of electrons to form a
coordinate covalent link between itself and the central
ion having an incomplete electron shell. For example,

Co®*” + 6:NH, = [Co(NHg)l'*

Hybridization plays an important part in coordination
compounds in which sufficient bonding orbitals are not
ordinarily available in the metal ion. The reader’s
understanding of hybridization will be refreshed by a
brief review of the argument advanced for the
quadrivalence of carbon. It will be recalled that the
ground state configuration of carbon is

i1
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Is 25 2p
® ¢ ©OO

This cannot be the bonding configuration of carbon,
however, since it normally has four rather than two
valence electrons. Pauling® suggested the possibility of
hybridization to account for the quadrivalence. Accord-
ing to this mixing process, one of the 2s electrons is
promoted to the available 2p orbital to yleld four
equivalent bonding orbitals: ’

s 25 2p

® O OO0

These are directed toward the corners of a tetrahedron, -

and the structure is known as an sp® hybrid because it
involves one s and three p orbitals. In a double bond,
the carbon atom is considered to be sp® hybridized, and
the bonds are directed toward the corners of a triangle.

Orbitals other than the 25 and 2p orbitals can become
involved in hybridization. The transition elements, such
as iron, copper, nickel, cobalt. and zine, seem to make
use of their 3, 4s, and 4p orbitals in forming hybrids.
These hybrids account for the differing geometries
often found for the complexes of the transition metal
ions. Table 11-2 shows some compounds in which the

central atom or metal ion is hybridized differently and it
shows the geometry that resuits.

Ligands such as H,0:, H;N:, NC:™, or Cl:™ donate a
pair of electrons in forming a cemplex with a metal ion,
and the electron pair enters one of the unfilled orbitals
on the metal jon. A useful but not inviolate rule to
follow in estimating the type of hybridization in a metal
ion complex is to select that complex in which the metal
fon has its 3d levels filled or that can use the lower-
energy 3d and 4s orbitals primarjly in the hybridization.
For example, the ground-state electronic configuration
of NP** may be given by .

3d ds ip

OOH®OO O 00O

I combining with 4CN:™ ligands to form {Ni(CN),~,
the electronic configuration of the nickel lon may
become either

d 45 4p
DOOOO [0 Q00|
sp? tetrahedrul structure

or

TABLE 11-2. Bond Types of Representative Compounds

. Examples
Coordination Orbutal
Number Configuration Bond Type Formula Structure
2 sp linear 0, 0—0
Ci
3 sp? triganal BCI, \B—CI
e
cl
g
so tetrahedral CH £ e
H
NHgoeo NH;
2 N
4 dsp? square planar Cu(NH,), 2" /Ca\ ;
NH,----NHy
f -
£
. - s
5 dsp? bipyramidal PFy F;’P\*F
:
D
NHJ--‘- ........ NH;
R
6 d?sp? oclahedrai ColNH )3 s
l N
[N T
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3d 45 ip
OOODHO O O0|O

dsp? planar structure

in which the electrons donated by the ligand are shown
as dots. The dsp® or square planar structure is pre-
dicted to be the complex formed since it uses :he
lower-energy 3d orbital. By the preparation and study
of a number of complexes, Werner deduced many
years ago that this is indeed the structure of the
complex. .

Similarly, the trivalent cobalt ion Co(IIl) has the
ground state electronic configuration

ad 45 4p

QOOOO O OO0

and one may inquire into the possible geometry of the
complex [Co(NH,)s]**. The electronic configuration of
the metal ion leading to filled 3d levels is

3d
DO®

4z 4p

00 © QOO
d>sp? octahedral

and thus the d®sp® or octahedral structure is predicted
as the structure of this complex. Chelates (see following
section) of octahedral structure can be resolved into
optical isomers, and in an elegant study, Werner used
this technique to prove that cobalt complexes are
octahedral.

In the case of divalent copper Cu(II), which has the
electronic configuration .

3d 43 ip

OEOHHO O 000 -

the formation of the compiex [Cu(NH),F* requires the
promotion of one d electron of Cu?* to a 4p level to
obtain a filled 3d configuration in the complexed metal
ion, and a dsp® or planar structure is obtained

4 4p

3d
DRG0 O OOl

Although the energy required to elevate the d electron
to the 4p level is considerable, the formation of a planar
complex having the 3d levels filled entirely more than
“pays” for the expended energy. :

The metal ion Fe(III) has the ground-state configu-
ration

3d 4s dp

OOOOO O D00

ard in forming the complex {Fe{CN)P", no electron
promotion takes place

3d 45 ip

OO0 O OO0
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since no stabilization is gained over that which the d’sp®
configuration already possesses. Compounds of this
type, in which the ligands lie “above” a partially filled
orbital, are termed ouler-sphere compleres; when the
ligands lie “below” a partially filled orbital, as in the
previous example, the compound is termed an inner-
sphere complex. The presence of unpaired electrons in
a metal ion complex can be detected by electron spin
resonance spectroscopy (pp. 90, 91).

Chelates. A substance containing two or more donor
groups may combine with a metal to form a special type
of complex known as a chelate (Greek: kelos, claw).
Some of the bonds in a chelate may be ionic or of the
primary covalent type, while others are coordinate
covalent links. When the ligand provides one group for
attachment to the central ion, the chelate is called
monodentate. Pilocarpine behaves as a monodentate
ligand toward Co(Il), Ni(ll), and Zn(II) to form
chelates of pseudotetrahedral geometry. The donor
atom of the ligand is the pyridine-type nitrogen of the
imidazole ring of pilocarpine (Fig. 3-4, p. 72, shows the
pyridine-like nitrogen of pilocarpine). Molecules with
two and three donor groups are called bidentate and
tridentate, respectively.? Ethylenediaminetetraacetic
acid (EDTA) has six points for attachment to the metal
ion and is accordingly hexadentate; however, in some
complexes, only four or five of the groups are coordi-
nated.

Chelation places stringent steric requirements on
both metal and ligands. Ions such as Cu(II) and Ni(iD),
which form square planar complexes, and Fe(III) and
Co(III), which form octahedral complexes, can exist in
either of two geometric forms. As a consequence of this
isomerism only cis-coordinated ligands—ligands adja-
cent on a molecule —will be readily replaced by reac-
tion with a chelating agent. Vitamin B,; and the
hemoproteins are incapable of reacting with chelating
agents, because their metal is already coordinated in
such a way that only the trans-coordination positions of
the metal are available for complexation. In contrast,
the metal ion in certain enzymes, such as alcohol
dehydrogenase, which contains zinc, can undergo che-
lation, suggesting that the metal is bound in such a way
as to leave two ¢is positions available for chelation.

Chlorophyll and hemoglobin, two extremely impor-
tant compounds, are naturally occwrring chelates in-
volved in the life processes of plants and anirnals.
Albumin is the main carrier of various metal ions and
small molecules in the blood serum. The N-termiral
portion of human serum albumin binds Cu(II) and
Ni(II} with higher affinity than that of dog serum
albumin. This fact partly explains why humans are less
susceptible to copper poiscning than are dogs. The
binding of couper to serum albumin is important since
this metal is possibly involved in several pathologic
conditions.® The synthetic chelating agent, ethylenedi-
aminetetraacetic acid (Fig. 11-1), has been used to te
up or sequester iron and copper lons 50 that they cannot

N
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C
. C\ C/O
N
\O
Fg. 11-1. Calcium ions sequestered by ethylenediaminetetraacetic
aid (EDTA).

catalyze the oxidative degradation of ascorbic acid in
fruit juices and in drug preparations. In the process of
sequestration, the chelating agent and metal ion form a
water-soluble compound. EDTA is widely used to
sequester and remove calcium ions from hard water.

Chelation can be applied to the assay of drugs. A
calorimetric method to assay procainamide in injectable
solutions is based on the formation of a 1:1 complex of
procainamide with cupric ion at pH 4 to 4.5. The
complex absorbs visible radiation at 2 maximum wave-
length of 380 nm.* The many uses to which etal
complexes and chelating agents can be put are dis-
cossed by Martell and Calvin.®

ORGANIC MOLECULAR COMPLEXES

An organie coordination compound or molecular com-
plex consists of constituents held together by weak
forces of the donor- acceptor type or by hydrogen
bonds,

The difference between complexation and the forma-
tion of organic compounds has been shown by Clapp.®
The compounds, dimethylaniline and 2,4,6-trinitroani-
sole, react in the cold to give a molecular complex:

03N
CHy
7\ ;\( + H;CO NOy —
== CH; ,
0.N
SEN (11-1)
— CH']
acarrTar
— “CH, ==

On the other hand, these two compounds react at an
elevated temperature to vizld a salt, the constituent

molecules of which are held together by primary

valence bonds.
O
Ol

The dotted line in the complex of equation (11-1)
indicates that the two molecules are held together by a
weak secondary valence force. It is not to be considered
as a clearly defined bond but rather as an overall
attraction between the two aromatic malecules.

The type of bonding existing in molecular complexes
in which hyvdrogen bonding plays no part is not fully
understood, but it may be considered for the present as
involving an electron donor—acceptor mechanism cor-

responding to that in metal complexes but ordinarily
much weaker.

+ H3C0

O,N
[0:N

Many organic complexes are so weak that they -

cannot be separated from their solutions as definite
compounds, and they are often difficult to detect by
chemical and physical means. The energy of attraction
between the constituents is probably less than 5
keal/mole for most organic complexes. Since the bond
distance between the components of the complex is
usually greater than 3 A, a covalent link is not involved.
Instead, one molecule polarizes the other. resulting in a
type of ionic interaction or charge transfer, and these
molecular complexes are often referred fo as charge
transfer complexes. For example, the polar nitro
groups of trinitrobenzene induce a dipole in the readily
polarizable benzene molecule, and the electrostaric
interaction that results leads to complex formaticn.

NO.
G &+
= O,N
NO>
{dunor) {acceptor)

Electron drift or partial electron

trunsier by polarizadon J7 bunding

Xeray diffraction studies of complexes formed be-
tween trinitrobenzene and aniline derivaiives have
shown that one of the nitro groups of irinitrobenzene
lies over the benzene ring of the anilina molecule, the
intermolecular distance betwesn the two molecules
being about 2.3 A. This result st
the inieraction invelves = bonding beziween the =7

ropglyv suggesis that
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electrons of the benzene ring and the electron-accepting
nitro group.

A factor of some importance in the formation of
molecular complexes is the steric requirement. If the
approach and close association of the donor and accep-
tor molecules are hindered by steric factors, the
complex is not likely to form. Hydrogen bonding and
other effects must also be considered, and these are
discussed in connection with' the specific complexes
considered on the following pages.

The difference between a donor—acceptor and a
charge-transfer complex is that in the latter type
resonance makes the main contribution to complex-
ation, while in the former, London dispersion forces and
dipole-dipole interactions contribute more to the sta-
bility of the complex. Resonance interaction is shown in
Figure 11-2 as depicted by Bullock.” Trinitrobenzene

" is the acceptor, A, molecule and hexamethyl benzene is

the donor, D. On the left side of the figure weak
dispersion and dipolar forces contribute to the interac-
tion of A and D; on the right side of the figure the
interaction of A and D results from a significant
transfer of charge, making the electron acceptor trini-
trobenzene negatively charged (A™) and leaving the
donor hexamethylbenzene positively charged (D). The
overall complex, Donor—Acceptor, is snown by the
double-headed arrow to resonate between the un-
charged D ... A and the charged D™ .. . A7
moieties. If, as in the case of hexamethylbenzene-
trinitrobenzene, the resonance is fairly weak, having an
intermolecular binding energy AH of about -4700
calories, the complex is referred to as a donor-—-acceptor
complez. If, on the other hand, resonance between the
charge-transfer structure (D~ . . . A7) and the un-
charged species (D . . . A) contributes greatly to the
binding of the donor and acceptor molecule, the com-
plex is called a charge-transfer complex. Finally, those
complexes bound together by van der Waals forces,
dipole~dipole interactions, and hydrogen bonding but
lacking charge transfer are kmown simply as molecular
complezes. In both charge-transfer and donor-accep-
tor complexes, new absorption bands occur in the
spectra, as shown in Figure 11-13, p. 266. In this book
we shall not attempt to separate the first two classes
but rather refer to all interactions that produce absorp-
tion bands as charge-transfer or as electron donor-
acceptor complexes without distinction. Those com-

O.N O,N
e, STET>—o,
QN «—3 ON
v é j :':
DA D-A-

)] (1
Fig. 11-2. Resonance in 2 donor-aceeplor complex of trinitroben-
zene and hexamethylbenzene. (From F. Y. Builock, Charge “ransfer
in biology, Chapter 3 in Camprehensive Biochemiatry, M. Florkin and
£. H. Stotz, Eds., Vol. Z2of Bioensrgetics, Elsevier, N.Y., 1967, pp.
82-83, reproduced with permission of the copyright ewner.]
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plexes that do not show new bands are called molecular
complexes.

Charge-transfer complexes are of importance in
pharmacy. Iodine forms 1:1 charge-transfer complexes
with the drugs disulfiram, chlomethiazole, and tolnaf-
tate. These drugs have recognized pharmacologic ac-
tions of their own: disulfiram is used against alcohol
addiction, clomethiazole is a sedative-hypnotic and
anticonvulsant, and tolnaftate is an antifungal agent.
Each of these drugs possesses a nitrogen-carbon—
sulfur moiety (see the structure of tolnaftate below),
and a complex may resuit from the transfer of charge
from the pair of free electrons on the nitrogen and/or
sulfur atoms of these drugs to the antibonding orbital of
the icdine atom. Thus, by tying up iodine, molecules
containing the N — C = S moiety inhibit thyroid action
in the body.®

B
CH,
HaC . '

Tolnaftate (Tinactin)

Quinhydrone Complexes. The molecular complex that
was referred to in Chapter 9 as quinhydrone is formed
by mixing aleoholic solutions of equimolar quantities of
benzoquinone and hydroquinone. The complex settles
as green crystals. When an aqueous solution is satu-
rated with quinhydrone, the complex dissociates into
equivalent amounts of quinone and hydrogquinone and is
used as an electrode in pH determinations.

The 1:1 complex formed between benzoquinone and
hydroquinone may be said to result from the overlap of
the pi-framework of the electron-deficient quinone
molecule with the pi-framework of the electron-rich
hydroquinone molecule. Maximum overlap between the
pi-frameworks is expected if the aromatic rings are
parallel and are oriented in such a way as to have their
centers directly over one another. Hydrogen bonding
may contribute in stabilizing this complex, but it is not
the sole means of association, since hydroquinone
dimethyl ether also forms a colored adduct with qui-
none.

An interesting quinone is obtained from salicylic acid.
This compound is readily oxidized, yielding blue-black
quinhydrone compounds of the type

S

COOR COOH
Quinhydrane of salicylic acid

Picric Acid Complexes. Picric acid, 2,4,6-trinitrophe-
nol, pK, = 0.33. reacts with strong bases to form salts
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and with weak bases to form melecular complexes.
Butesin picrate (Abbott Laboratones), presumably a
2:1 complex, may be represented by the formula

C CiHyg

ozx\'
N
o) £\
- HO"""\ NOg
NH, 0N

= - _2

Butesin picrate

It is a yellow powder, insoluble in water but soluble in
organic solvents. Butesin picrate is used as 2 1%
gintment for burns and painful skin abrasions. It
combines the antiseptic property of picric acid and the
anesthetic property of butesin.

It has been suggested that the stability of the
complexes formed between carcinogenic agents and
picric acid is related to carcinogenic activity, and any
substitution on the carcinogen molecule that hinders
picrate complexation also reduces carcinogenicity.
Sytmmetric trinitrobenzene forms more complexes than
does picric acid, and perhaps trinitrobenzene may also
be used to provide a test for careinogenicity.

Drug Complexes. Higuchi and his associates® have
investigated the complexing of caffeine with a number
of acidic drugs. They attribute the interaction between
caffeine and a drug such as a sulfonamide or a
barbiturate to a dipole-dipole force or hydrogen bond-
ing between the polarized carbonmyl groups of caffeine
and the hydrogen atom of the acid. A secondary

interaction probably occurs between the nonpolar parts

of the molecules, and the resultant complex is
“squeezed out” of the aqueous phase owing to the great
internal pressure of water. These two effects lead to a
high degree of interaction.

The complexation of esters Is of particular concern to
the pharmacist, since many important drugs belong to
this class. The complexes formed between esters and
amines, phenols, ethers and ketones. have been attrib-
uted to the hydrogen bonding berween a nucleophilic
carbonyl oxygen and an active hydrogen. This, how-
ever. does not explain the complexation of esters such
as benzocaine, procaine; and tetracaine with caffeine, as
reported by Higuchi et al.’® There are no activated
hydragens on caffeine: the hydrogen in the number 8
nogition (formula I) iz very wezk (K, =1 x 1074 and
is nor likely to enter into complexation. [t might be
suggesied that, in the caffeine melecule, a refatively
positive center exists that serves as o likely site of
complexation. The caffeine molecule is numbered in I
for convenience in the discussion. As observed in
formula I, the nitrogen at the 2 position presumably
can hacome strongly electrophiiic or acidic just esitisin
an imide. nwirg to the withdrzwal of electrons by the

oxygens at position 1 and 3. An ester such as benzocaine
also becomes polarized (formula I1I) in such a way that
the carboxyl oxygen is nucleophilic or basic. The
complexation can thus occur as a result of a dipole—
dipole interaction between the nucleophilic earboxyl
oxygen of benzocaine and the electrophilic nitrogen of
caffeine.

N
T

m

Caffeine forms complexes with organic acid anions
that are more solyble than the pure xanthine, but the
complexes formed with organic acids, such as gentisic
acid, are less soluble than caffeine alone. Such inscluble
complexes ‘provide caffeine irr a form that masks its
normally bitter taste and should serve as a suijtable
state for chewable tablets. Higuchi and Pitman'! syn-
thesized 1:1 and 1:2 caffeine—gentisic acid complexes
and measured their equilibrium solubility and rates of
dissolution. Both the 1:1 and 1:2 complexes were less
soluble in water than caffeine, and their dissolution
rates were also less than that of caffeine. Chewable
tablets formulated from these complexes should pro-
vide an extended-release form of the drug with im-
proved taste.

York and Saleh' studied the effect of sodium salicy-
late on the release of benzocaine from topical vehicles,
it being recognized that saiicylates form molecular
complexes with benzocaine. Complexation between
drug and complexing agants can improve or impair drug

~absorption and hioavailubilit, the authors found that

I/
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the presence of sodium salicylate significantly influ-
enced the release of benzocaine, depending on the type
of vehicle involved. The largest increase in absorption
was observed for a water-miscible polyethylene glycol
base.

Polymer Complexes. Polyethylene glycols, polysty-
rene, carboxymethyleellulose, and similar polymers
containing nucleophilic oxygens can form complexes
with various drugs. The incompatibilities of certain
polyethers, such as the Carbowaxes® , Pluronies®, and
Tweens?® with tannic acid, salieylic acid, and phenoal, can
be attributed to these interactions. Marcus'? has re-
viewed some of the interactions that may occur in
suspensions, emulsions, ointments, and suppositories.
The incompatibility may be manifested as a precipiiate,
flocculate, delayed biologic absorption, loss of preser-
vative action, or other undesirable physical, chemical,
and pharmacologic effacts.

Plaizier-Vercammen et al.'! have studied the inter-
action of povidone (PVP) with ionic and neutral aro-
matic compounds. Several factors affect the binding to
PVP of substituted benzoic acid and nicotine deriva-
tives. While ionie strength has no influence, the binding
increases in phosphate buffer solutions and decreases as
the temperature is raised.

Crosspovidone, a cross-linked insoluble PVP, is.able
to bind drugs owing to its diPolar charaeter and pcrous
structure. Fromming et al.!® studied the interaction of
crosspovidone with acetaminophen, benzocaine, benzoic
acid, caffeine, tannie acid, and papaverine hydrochlo-
ride, among other drugs. The interaction is mainly due
to any phenolic groups on the drug. Hexylresorcinol
shows exceptionally strong binding, but the interaztion
is less than #% for most drugs studied (32 drugs).
Crosspovidone is a disintegrant in pharmaceutical gran-
ules and tablets. It does not interfere with gastrointes-
tinal absorption because the binding to drugs is revers-
ible.

Solutes in parenteral formulations may migrate from

T Chapter [T+ CompleZasin dna ¢rotein Binding 1577

the solution and interact with the wall of a polymeric
container. Hayward et al.'® showed that the ability of a
polyolefin container to interact with drugs deperds
linearly on the octanol-water partition coefficient of
the drug. For parabens and drugs that exhibit fairly
significant hydrogen bond donor properties, a correc-
tion term related to hydrogen-bonding formation is
needed. Polymer—drug container interactions may re-
sult in loss of the active component in liquid dosage
forms.

Polymer-drug complexes are used to modify bio-
pharmaceutical parameters of drugs; the dissolution
rate of ajmaline is enhanced by complexation with PVP.
The interaction is due to the aromatic ring of ajmaline
and the amide groups of PVP 0 yield a dipole-dipole
induced complex.!”

Some molecular organic complexes of interest to the
pharmacist are found in Table 11-3. (Complexes n-
volving caffeine are listed in Table 11-6.}

INCLUSION COMPGUNDS

The class of addition compounds known as inclusion
or occlusion compounds results more from the architee-
ture of molecules than from their chemical affinity. Oune
of the constituents of the complex is trapped in the open
lattice or cage-like crystal strueture of the other to yield
a stable arrangement. .

Channel Lattice Type. The choleic acids (bile acids) can
form a group of complexes principally involving deoxy-
cholic acid in combination with paraffins, organie acids,
esters, ketones, and aromatic compounds and with
solvents such as ether, aleohol, and dioxane. The
crystals of deoxycholic acid are arranged to form a
channel into which the complexing molecule can fit (ef.
Fig. 11-3). Such stereospecificity should permit the
resolution of optical isomers. In fact, eamphor has besn
partially resolved by complexation with deoxychelic

* TABLE 11—3. Some Molecular Organic Complexes of Phiarmaceutical Interest”

Camgounds That Form Complexes with the Agent Listed in the First

Agent Column

Polyethylene glycols

m-Hydroxybenzoie acid, p-nydraxybenzoic acid, salicylic acid, o-phthalic
acid, acetylsalicylic acid. resorcinol, catechol, phenol, phenobarbital,

iodine (in I, + Kl solutions), bromine {in presence of HBr).

Pavidone {pclyvinyl-pyrrolidone, PYP)

Benznic acid, m-hydraxybenzoic acid, p-hydroxybenzoic acid, salicylic

acid, sodium salicylate, p-aminobenzoic acid, mandelic acid,
sulfathiazole, chloramphenical, phenobarbital.

Sedium carboxymethylcellulose
Ozxytetracycline and tetracychine

Quinine, benadryl, procaine, pyribenzamina.
N-methylpyrrolidone, N, N-dimethylacetarmude, v-valerclacione.

y-tutyrclactone, sodium p-aminobenzoatz, sedum salicylate, sodium
p-hydrogybanzeat2, sodium sacchann, caffeina.

*Compsled from {he resuils of T. Higuchr et 31, ). Am. Pharm. Assac , Sci. Ed. 43, 393, 398, 136. 1954: hic. 44, 508, 1955, ibid.
45, 157, 1956; bigd 38, 453, 587, 1957 and from J, L. Lach et ai., Orug Standards 24, 11. 1956. An sxtensove tadle of acceptor and
daror molecules *hat form aromatic molecular compleses has been compilad by L ). Andrews, Chem. Revs. 54, 713, 1954, Alsa refer 1o
T. Higuchi and K. A Cannars, Phase solubility techmiques. Advances m Analytical Chemistry and instrumentation, €. N. Reilley, Ed., New
Yark, "Miley, 1965, pp. 117-212.
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urea mulecu.}es as the host. As the lower sketch (5) shows, these molecules are packed in an orderly

gonal t;ha.nnels_, approximately 5 A in diameter,

ch as lang chain hydrocarbons, as shown here. (From J. F. Brown, Jr., Sei Am. 207, 82, 1962, Copyright D

acid, and di-terpineol has been resglved by the use of
digitonin, which occludes certain molecules in a manner
similar to that of deoxyeholic acid.

CH,—COO0H

—-

Dewwvehalio acid

Urea and thiourea also erystallize in a channel-ike
stricture permitting enclosure of unbranched parafiins,
aicohols, ketones, organic acids, and other compounds,
as shown in Figure 11-3a and b. The well-known
starch-indine solution is a channel-ty pe complex consist-

chann_el complex (adduct) of methyl a-lipoate and 15 g of urea in methanol

ing of iodine molecules entrapped within spirals of the
glucose residues.

Forman and Grady®™ found that monostearin. an
interfering substance in the assay of dienestrol, cculd
be extracted easily from dermatologic creams by chan-
nel-type inclusion in urea. They felt that urea inclusion
might become a general approach for separation of
long-chain compounds in assay methods. The muthors
reviewed the earlier literature on urea inelusion of
straight-chain hydrocarbons and fatty acids.

Layer Type. Some compounds such as the clayv
montmorilionite, the principal constituant of hentonite.
can trap hydrocarbons, alcohols, and glveols between
the layers of their lattices.’® Graphite can also interca-
late compounds between its layers.

Clathrates.*® The clathrates erystailize in the form of
a cage-like lattice in which the coordinating compound
is entrapped. Chemical bonds are not invalved in these
complexes, and only the molecular size of the encaged




component is of importance. Ketelaar™ observed that
the stability of a clathrate may be related to the
confinement of a prisoner. The stability of a clathrate is
due to the strength of the structure, that is, to the high
energy that must be expended to decompose the
compound, just as a prisoner is confined by the bars
that prevent his escape.

Powell and Palin™ have made a detailed study of
clathrate compounds and have shown that the highly
toxic agent hydroquinone (quinal) crystallizes in a
cage-like hydrogen-bonded structure, as seen in Figure
11-4. The holes have a diameter of 4.2 A and permit
the entrapment of one small molecule to about every
two quinol molecules. Small molecules such as methyl
alcohol, CO,, and HCl may be trapped in these cages,
but smaller molecules such as H, and larger molecules
such as ethanol cannot be accommodated. It is possible
that clathrates may be used to resolve optital isomers
and to bring about other processes of molecular sepa-
ration.

One official drug, warfarin sedium USP, is a clathrate
of water, isopropy! alcohol, and sodium warfarin in the
form of a whité crystalline powder. -

Monomolecular Inclusion Compounds. Cyclodextrins. In-
clusion compounds are reviewed by Frank.”™ In addi-
tion to channel- and cage-type {(clathrate) compounds,
Frank adds classes of mono- and macromolecular
inclusion compounds. Monomolecular inclusion com-
pounds involve the entrapment of a single guest
molecule in the cavity of one host molecule. Monomo-
lecular host structures are represented by the cyclodex-
trins. These compounds are cyclic oligosaccharides

Hydraguinane
molecule
forming the cage

containing a minimum of six D-(+)-glucopyranose units
attached by a«-1,4 linkages produced by the action on
starch of Bacillus macerans amylase. The natural a, B,
and v cyclodextrins («-CD, B-CD, and y-CD) consist of
6, 7, and 8 units of glucose, respectively.

Their ability to form inclusion compounds in agueous
solution is due to the typical arrangement of the glucose
units (see Fig. 11-3d). As observed in cross-section in
the figure, the cyclodextrin structure forms a torus or
doughnut ring. The molecule actually exists as a
truncated cone, which is seen in Figure 11-5a; it can
accommodate molecules such as mitomycin C to form
inclusion compounds (Fig. 11-35b). The interior of the
cavity is relatively hydrophobic because of the CH,
groups, whereas the cavity entrances are hydrophilic
owing to the presence of the primary and secondary
hydroxyl groups.2*?® o-CD bhas the smallest cavity
(internal diameter almost 5 4). 8-CD and y-CD are the
most useful for pharmaceutical technology owing to
their larger cavity size (internal diameter almost 6 A
and 8 A, respectively). Water inside the cavity tends to
be squeezed out and to be replaced by more hydropho-
bic species. Thus, molecules of appropriate size and
stereochemistry can be included in the cyclodextrin
cavity by hydrophobic interactions. (See pp. 272~
973). Complexation does not ordinarily involve the
formation of covalent bonds. Some drugs may be too
large to be accommodated totally in the cavity. As

HOH,C

CH, OH

-
-

I R
L .

IS i I

N

Falis

\Tr:pped
guest or prisaner molecule

(D)
Fig. 11~4. Cage-like structure {ormed tkrough hydrogen bonding of
hydroquinone molecules, Smail molecules such as methanol are
trapped in the cages to form the clathrate. (Medified from J. F.
Brown, Jr.. Sci. Am. 207, 82, 1962. Copyright O 1962 by Scientifie
American, [ac. AU nghts reserved.)

Fig. 11-5. {e) Representation of ryclodextrin as a truncated con2. (b
Mitomycin C partly enclosed in cyclodextrin to farm an inetzsion
complex. (From 0. Beckars, Ine. J. Pharm. 32, 240, 247, 1939,
reproduced with permission of the copyright owner.)
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shown in Figure 11-56, mitomycin C interaets with
¥-CD at one side of the torus. Thus. the aziridine ring

of mitomyecin C is protected from degradation in acidic
solution.”™ Bakensfield et al.*’ studied the inclusion of
indomethacin with B-CD using an '(H-N)MR technique.
The p-chlorobenzoyl part of indomethacin (shaded part
of Fig. 11-6) enters the B-CD ring, whereas the
substituted indol moiety {the remainder of the mole-
cule) is too large for inclusion and rests against the
entrance of the CD cavity.

Cyclodextrins are studied as solubilizing and stabiliz-
ing agents in pharmaceutical dosage forms. Lach and
associates™ used cyclodextrins to trap, stabilize, and
solubilize suifonamides, tetracyclines, morphine, aspi-
rin, benzocaine, ephedrine, reserpine, and testoster-
one. The aqueous solubility of retinoic acid (0.5 mg/
lizer), a drug used topically in the treatment of acne,
is increased to 160 mg/iter by complexation with -CD.
Dissolution rate plays an important role in bioavailabil-
ity of drugs, fast dissolution usually favoring absbrp-
ton. Thus, the dissolution rate of famotidine,™ a potent
drug in the treatment of gastric and duodenal ulcers,
and tolbutamide, an oral antidiabetic drug, are both
increased by complexation with B-cyelodextrin.®!

Cyclodextrins may increase or decrease the reactiv-
* ity of the guest molecule depending on the nature of the
reaction and the orientation of the molecule within the
CD cavity. Thus, a-cyclodextrin tends teo favor pH-
dependent hydrolysis of indemethacin in aqueous solu-
tion, whereas B-cyclodextrin inhibits it.”* Unfortu-
nately, the water solubility of 8-CD (1.8 g/100 mL at 25°
C) is often insufficient to stabilize drugs at therapeutic
doses, and is also associated with nephrotoxicity when
CD is administered by parenteral routes.”™ The rela-
tively low aqueous solubility of the cyclodextrins may
be due to the formation of intramelecular hydrogen
bonds between the hvdroxy! groups (see Fig. 11-3d),
which prevent their interaction with water molecules. ™

Derivatives of the natural crystalline CD have been
developed to improve aqueous solubility and to avoid

CH,COOH
CHL0
e
\/H\ \>—’CH3
XN —
;\.C _—J‘J::‘ ’r\,_C
N Y
Fig. 11 -6. [ndomethacin {Indocin)

f
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toxicity. Partial methylation (alkylation) of some of the
OH groups in CD reduces the intermolecular hydrogen
bonding, leaving some OH groups free to interact with
water, thus increasing the aqueous solubility of CD.*
According to Miiller and Brauns,* a low degree of alkyl
substitution is preferabie. Derivatives with a high

degree of substitution lower the surface tension of ..

water, and this has been correlated with the hemolytic
activity observed in some CD derivatives. Amorphous
derivatives of B-CD and y-CD are more effective as
solubilizing agents for sex hormones than the parent
cyclodextrins. Complexes of testosterone with amor-
phous hydroxypropyl B-CD allow an efficient transport
of hormone into the circulation when given sublin-

. gually.® This route avoids both metabolism of the drug

in the intestines and rapid firsf-pass decomposition
in the liver (see Chapter 19), thus improving bioavail-
ability.

In addition to hydrophilic derivatives, hydrophobic
forms of B-CD have been found useful as sustained-
release drug carriers. Thus, the release rate of the
water-soluble calcium antagonist diltiazem was signifi-
cantly decreased by complexation with ethylated B-CD.
The release rate was controlled by mixing hydrophebic
and hydrophilic derivatives of cyclodextrins at several
ratios.* Ethylated B-CD has also been used to retard
the delivery of isosorbide dinitrate, a vasodilator.®

Cyclodextrins may improve the organoleptic charac-
teristics of oral liquid formulations. The bitter taste of
suspensions of femoxetine, an antidepressant, is

~ greatly suppressed by complexation of the drug with
B-cyclodextrin.® '

Molecular Sieves. Macromolecular inclusion com-
pounds, or molecular sieves as they are commonly
called, include zeolites, dextrins, silica gels, and related
substances. The atoms are arranged in three dimen-
sions to produce cages and channels. Synthetic zeolites
may be made to a definite pore size so as to separate
molecules of different dimensions, and they are also
<apable of ion exchange. See the review article by
Frank® for a detailed discussion of inclusion com-
pounds.

METHODS OF ANALYSIS®

A determination of the stofchiometri ratio of ligand-
to-metal or donor-to-acceptor and a quantitative ex-
pression of the stability constant for complex foimation
are important 1n the study and application of coordina-
tion compound:. A limited number ol the ntore impor-
tant metheds for obraining these two quantities are
presented here.

Method of Continuous Variation. Job'® suggested the
use of an additive property such as the spectrophote-
metric extinction coeficient (dielectric constant or the
square of the refractive index may also be used) for tne
measurement of complexation. [f the property for twn
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SULPHAMETHIZOLE-CYCLODEXTRIN-
HYDROXY PROPYLMETHYL CELLULOSE
MULTICOMPONENT COMPLEXES -

B. Pose-Vilarnovo, C. Rodn’guez—Témez)‘o Sanchez, M. B. Pérez-Marcos
and J. J. Torres-Labandeira :

Dept. da Farmacia & Tecnoloxia Farmacéutica, Fac. de Farmacia, Univ. de Santiago de

Compostels, Campus Syr, E-1 5706 Santago de Compostela, Spain

Abstract

The effect of cyclodextrin complexation of sulphamethizole (SM) was studied, Two systems were
prepared with two cyclodextrin derivatives, pcyclodextrin (BCD) and bydroxypropyl-B-cyclo-
dexrrin (HPBCD): binary compilexes and multicomponent systems (cyclodexring and a hydroxy-
propylmethyl ceilulose K4M). Inclusion complexes were prepared by freeze-drying and character-
ized by thermal analysis (DSC) and X-ray diffactometry. The presence of the polymer in the
solution incresses the offect of cyclodexiring — specially BCD - on the sotubility of SM. [ salid
smte, binary inclusion complexes enhance the dissolution bebaviour of SM bur, from the multi-
component complexes, the polymer conmuls the release of the drug.

Keywords: ﬂ-cyclodcmm, cyclodextin faclusion complaxes, DSC, hydrexypropyl-B-cyclo-
dextrin, hydroxypropyimethyl cellulose, stability constant, X-tay diffactomery

Introduction

Cyclodextrins (CDs) are water-soluble, hydrophobie torus-shaped cyclic oligosac-
charides with 2 hydrophilic outer surface and a hydrophobic central cavity. In aque-
ous solutions CDs are capable of forming inclusion complexes with many drugs. Be-
cause of these properties CDs can be used to improve some physicochemical
properties of drug molecules such as stability or aqueous solubility [1-3].

For a variety of reasons including costs, production capabilities and toxicology,
CDs can be incorporated into drug fiormulations in a limited amount, and therefore, it
is important to develop methods that allow a reduction in the amount of CDs neces-
sary in a perticular pharmaceutical formulation [4). Among these procedures, the use
of water-soluble polymers has been extensively studied to enhance the complexing
abilities of the CDs. In fact, it has been proven that various pharmaceutical polymers,
such as cellulose derivatives, have a significant effect on the drug—CD complex for-
mation because, as surfactants, they increase the solubilizing power of CDs. The in-

A Author for correspondence: Phone: +34 981 553 100, Fax: +34 981 547 148 E-mail: fjuant@usc.es

HMI18-2874/202/ 5 5.00 Akndémiad Kiads, Budapest
© 2002 Akndimiar Kiads, Budapest Khrwer _{cademic Publishers, Dordrecht
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teraction polymer-CD results in physical-chemical changes of the systems formed,
and the solubility of the drug increases [5--7). We have used a hydrophilic polymer,
hydroxypropylmethyl cellulose (K4M) which is a well established pharmaccutical
excipient, extensively used in controiled drug delivery systems. K4M has been previ-
ously reported useful in the improvement of CD complexation {8-10], but most of the
studies carried out to analyse the effect of hydrophilic polymers on the complex for-
mation with cyclodextrins were made in solution, not in solid state. Several papers
bave been published concerning the improvement of the solubiljty and bioavailability
of drugs through the formation of binary and multicomponent complexes with
cyclodextrins [11, 12]. Acid molecules — hydrochloric, ¢itric or tartaric acids — were
included in these multicomponent systems but not polymer molecules.

Sulphamethiznle (SM) was used as a model drug, It is a skort-acting sulphon-
amide used in the treatment of infections of the urinary tract, sometimes in combina-
tion with other antibacterial agents. It is very slightdy soluble in water aod this could
be a drawback to formulate it in controlied release dosage forms, Its formulation as an
inclusion complex either with B-cyclodextrin (BCD) or hydroxypropy!-fcyclo-
dextrin (HPBCD) has showed a significant increase in its aqueous solubility [13].

The aim of this study was to prepare solid multicomponent systems containing
cyclodextrins (BCD and HPBCD) and hydroxypropylmethyl cellulose (K4M) to be
included in solid dosage forms. These systems were prepared by freeze-drying and
characterized by differential scanning calorimetry and X-ray diffractometry. Drug
dissolution characteristics from binary and muMticomponent complexes were com-
pared with these of the uncomplexed drug.

Experimental
Materials

Sulphamethizole was purchased from Sigma Chemical Co. (St. Louis, MO, USA).
BCD and HPBCD were a gift from Laisa-Roquette (Barcelona, Spain) and Janssen
Pharmaceutiche (Belgium), respectively. Hydroxypropylmethyl cellulose K4M
{Methocei®} was obtzined from The Dow Chemical Company (Michigan, USA). All
other reagents were of analytical reagent grades.

Solubility studies

Solubitity diagrams were obtained according to Higuchi and Connors methodology [14].
Excess amounts of sulphamethizole were added to water containing various concentra-
tions of cyclodextrins. The suspensions were shaken at 37°C for seven days.

To establish the effect of the polymer on the solubility diagrams, K4M was
added (0.1% wA). The suspensions were autoclaved at 120°C for 20 min and equili-
brated for at keast 3 days at room temperature, according to Loftsson er al. [15].

The stability constants K, ; were calculated using the following relationship:

J. Therme Anal. Cal, 88, 2002
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slope
' K.=
5, (i-slope)

where §, represents the solubility of sulphamethizole in water without cyclodextrins.
Drug concentration was analysed spectroscopically (Shimadzu UV-240-Graphicord)
at 264 nm (£, , o =577.31).

Preparation of the physical mixtures

Sulphamethizole, cyclodextrins and hydroxypropylmethyl ccllulose were passed
through 0.5 mm meshes, and [:1 SM/CD ratio with 0.1 g of K4M (equal amount that
is present in the inclusion complexes) were mixed in a Turbula T2C mixer for 10 min.

Preparation of the inclusion complexes

Equimolar amounts of sulphamethizole and cyclodextring — BCD and HPBCD — were
dissolved in 5% (w/V) aqueous ammonium hydroxide, K4M was added to obtain a fi-
nal concentration of 0.1 % (wA), and the solution was left to stand for 24 h at 4°C. The
dispersions were frozen by immersion in liquid nitrogen, and lyophilized in a
Labconco Lyph-lock 6 apparatus.

Thermal analysis

Differential scanning calorimetry (D5C) was performed on a Shimadzu DSC-50 sys-
tem with a DSC equipped with a computerized datzs station TA-5 WS/PC. General
conditions: scanning rate 10°C min™, scanning temperature range 25-250°C.

A-ray

X-ray powder diffraction patterns were recorded on a Philips X-ray diffractometer
(PW 1710 BASED) using CuK, radiation. In the diffractograms the relative intensity
of reflexion peaks were recorded as a function of diffraction angles 20°,

Dissolution studies

The dissolution behaviour of the complexes at 37°C was compared with that of pure
gilphamethizole and of physical sulphamethizole-cyclodextrin mixtures using hard
shell colodess gelatin capsules containing quaatities of formulation equivalent to
50 mg of sulphamethizole. Capsules were placed in 2 stainless stee! box to avoid their
flotation. Tests were carried out in a USP24 Method O apparatus (Turu-Grau) using
900 mL of distilled water and a stirring speed of 50 r.p.m. All experiments were made
in triplicate. At pre-specified times, 5 mL samples were extracted and filtered, and the
concentration of sulphamethizole was determined spectrophotometrically at 264 om,
The resulting dissolution curves were characterized by the corresponding 060 min
disselution efficiency [16]. The statistical significance of differences among formula-
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tons was estimated by one-way analysis of variance (one-way Anova) and the
Scheffe test for multiple comparisons using SPSS for Windows (v. 10.1.3).

Results and discussion

Phase-solubility diagrams

The cffect of K4M on the solubilising effect of BCD and HPBCD is shown in Ta-
ble 1. Solubilities of the drug in aqueous CD solutions (S,)) were much higher than in
water (5,), but the introduction of small amounts of K4M to the solution medium im-
proved the solubility even further. Thus, to obtain a significant increase of the solu-

bility (up to 39% with BCD and 6% with HPBCD), the sotutions have to be heated to |

120°C for 20 min (autoclaving).

Table 1 Effect of the addition of 0.1% (wA/) K4M to aqueous }%{w/) HPBCD and BCD solu-

tions on solubilizarion of sulphamethizole :
5 s; S S Sy SofSe Sy
BCD REEEY) 3271 7472 6649 10430 089 1.40
HPBCD 2337 2354 7.125 5.938 7.578 0.33 1.06

5,: solubility of SM in aqueous solutton (2.386 mM)

5, solubility in aqueous 0. 1% {wA) solution of the K4M (mM)

5, : solubdity in aqueous 0.1% (wh} solution of the K4M with autoclaving process (mM)

S0 solubility in aqueous 1% (wrv) CD solution (mM) .

S?; solubiliry in aquegus solution commining bath 0.1% {w/v) K4M aod 1% (wv) CD {mM)
sotubility in squeous solution containing both 0. 1% {w/v) KM zd 1% (w) CD wah

aoclzving process (mM)

Figures | and 2 show the phase solubility diagrams of SM in aqueous BCD and
HPBCD solutions in the presence or absence of K4M. In all cases, the solubility of
the drug increases linearly as a function'®f the CD concentration, A, -type according
to Higuchi and Connors classification. The slope of the diagrams is lower than 1, and
therefore, the complex is responsible for the ncrease in drug solubility has a 1:1
mol:mol stoichiometry [14]. K4M enhanced significantly the solubilizing effect of
CDs but did not affect the type of the phase-solubility diagram.

The spparent stability constagts of SM-BCD and SM-HPBCD with and without
K4M were calculated from the slopes of the phase-solubility diagrams assuming a 1:1
stoichiometry (Table 2). The stability constants of the inclusion complexes show an
cbhancement in the presence of K4M in the case of SM-BCD complex. This effect
was not found for HPBCD systems, in fact, the effect of K4M was negligible. Similar
results were found by Veiga [17] with HPBCD and HPMC, in disagreement with
these obtzined by other authors where the solubilization enhancement is more than
simple, it is synergistic [10].

The concentration of SM dissolved was higher when an autoclaving process was
carried out During this autoclaving process, the rise in temperature caused a satura-
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Flg. 2 Phase-solubifity diagrams of S} in aqueous HPBCD solutions conmining 0 and
0.1% KaM x 37°C

tion and an increase in the solubility of the drug, which could probably lead to im-
proved interactions between SM and the CD molecules. The improved solubilization
after autoclaving could be due to the various electrostatic forces involved and 2 facili-
tated fitting of the guest molecule into the cavity. For SM-HPBCD complex the in-
crease of temperature after autoclaving could explain the fower value of the stability
constant because it may well produce an overall exothermic reaction between the
drug and CD {5].

J Therm. dnal. Cal, 68, 2002
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Tahle 2 Stability constants (X)) of SM complexes with APBCD and BCD

BCD HPBCD

Without K4M 651.85 M 563.95 M
(#=0.9684) {r=0.9969)

With K4M 41993 M 44872 M
(r=0.9948) (#=0.9715)

With K4M and autoclaving g1ss1 M’ 409.12 M
(F=0.9721) (#=0.9626)

Preparation and characterization of solid inclusion awnplexes.

Solid inclusion complexes were obtained by freeze-drying which is a cdmmon phar-
maceutical technique useful for preparing cyclodextrin inclusion complexes [18].
The drug:cyclodextrin ratio used was 1:1 mol:mol as found in the phase solubility di-
agrams for both CD derivatives and K4M was 0.1% w/v common polymer concentra-
tion {9, 15]. .

Differential scanning calorimetry and X-ray diffractometry were used to charac-
terize the systems prepared.

DSC is a widely used apalytical technique in the chamacterization of mult-
component solid systems to analyze possible changes during heating. I[n the case of CDs,
DSC can provide a lot of information on drug/CD interactions in the solid state. Polymers
can form complexes with CDs with physicochemica properties distinct from these of in-
dividual cyclodexirin molecules {19]. Figure 3 shows the DSC curves of the physigal

" mixtures of SM and BCD as well as these of the solid binary and multicomporent com-
plexes prepared by the freeze~dried method. BCD shows an endothermic peak from 90 to
140°C, which may be atiributed to the evaperation of the adsorbed water [20]. The endo-
thermic peak due to fusion of the drug appears at 210°C. In the freeze-dried complexes,

'°-—-—.._._____._——-—'\/
5 T~
;- d‘_-—'—"‘_‘\/ :-__"__F
E . - —
;|
2
§ Y
I » w w = =

Temperatural"C

Flg. 3 DSC curves of different SM-BCD systems: a - 3, b - BCD, ¢ - K4M,
d — physical mixture SM+BCD, ¢ - physical mixsare SM+BCD/KAM,
f — SM—BCD freeze-dried complex md g - SM-BCIVK4M freeze-dried complex
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the plots show the absence of the charncteristic endothermic melting peak, as compared
to the physical mixtures in which this peak is clearly visible, The disappearance of the co-
dothermic peaks of the drug is attributed to the amorphous state and the nclusion
complexation of the drug inside the cavity [18].

The results of the HPBCD systemns were similar to these of BCD, the peak or the
drug fusion at 210°C disappeared in the binary and multicomponent complexcs.

Powder X-ray diffractometry is a useful technigue for the detection of CD
complexation in powder or microcrystalline states. The diffraction pattern of the
complex is supposed to be clearly distinct from the superposition of each component
if a true complex exists.

The X-cay diffraction spectra of SM-BCD binary 2nd multicomponent com-
plexes in compariscn with the physieal mixture are shown in Fig. 5. The diffraction

J. Therm. Anal. Cal . 68, 2002
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Intengityfa.u.

0 10 20 33 4 S0 60
29/degroe
mﬁxmcﬁ.ﬂiacdonpmmmofdiﬁ'mm—mmsﬂam: a-SM,
b - HPBCD. ¢ — K4M. d — physical mixture SM+HPBCD, e — physical mixnure
SM+HPRCIVEAM, £— SM—HPBCD freeze-dried complex and g -
SM-HPBCTVK 4M freeze-dried complex

patterns of the physical mixtures correspoad to the superimposed diffractograms of
SM and BCD, while these of the freeze-dried complexes show fewer and less intense
peaks. This indicates that all frecze-dried compounds are markedly less crystalline
than the physical mixtures or the pure components.

Similarly to BCD, the X-ray diffractograms of HPBCD complexes consisted

fundamentally of a single very broad band, whereas these of physical mixtures of the
same compositions corresponded to superimposition of the individual components

diffractograms (Fig. 6).
X-ray and DSC studies indicate the formation of amorphous binary and multi-
component complexes by freeze-drying between the cyctodextrins and the drug.
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Flg. 7 Dissolution profiles of SM and different SM-BCD systems: 8 — SM, b~ physi-
cal mixture SM+BCD, ¢ ~ SM-BCD freeze-dried complex, d - physical mixnre
SM+BCTVKAM and € — SM-BCIVKAM frecze~dried commplex
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Effect of complexation on the dissolution of sulphamethizole

Figures 7 and 8 illustrate the dissolution profiles obtained with pure drug, physical
mixtures and the inclusion complexes in water. In both cases, the liberation of the
drug is delayed from the multicomponent system, showing the typical profile of a
sustained release formulation. In fact, in spite of the stability constant of BCD being
higher when the polymer is present, for the multicomponent system prepared with
K4M, the dissolution rate of the drug is lower. This effest is also clear for HPBCD
multicomponent complex. It scems that when the complex makes contact with the
dissolution medium, K4M swells and controls the release of the drug [21].

Flig. 8 Disseluticen profiles of SM and differem SM-HPBCD sysiems: a - SM,
b ~ physical mixture SM+HHPBCD, ¢ - SM—HPBCD freere-dried complex, -
d - physical mixture SMrHPBCIVKAM and e - SM-HPBCD/K4M
freeze~dried complex ’

COne-way Anova of the dissolution efficiency 0—60 min revealed significant dif-
ferences between the formulations (BCD: F, ,,=74.09, @<0.05; HPBCD: F, ,,= 81.12,
0<0.05). The Sheffé test grouped thy: formulations as follows:

BCD:

SM+BCD/K4M SM SM+BCD SM- aM -BCD
HPBCD: ;

SM-HPBCD/E4M SM  SM+HPBCD/K4M SM+HPBCD SM-HPBCD

where SM+CD are the binary physical mixtures, SM—CD the binary complexes,
SM+CD/K4M the muitimponent physical mixtures and SM~CD/K4M are the binary
physical mixtures.

J Therm. Anal. Cal. 68, 2002
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These results confirm that K4M controls the release of the drug, and in fact, the
physical mixtures and inclusion complexes show, in both cases, the better dissolution
profiles.

Conclusioﬁé

Our results show that K4M could enhance the complexation of SM with cyclo-
dextrins in solution. This effect on SM solubility is only evident if an autoclaving
process is included to promote the interaction between the cyclodextrin and the poly-
mer. Solid multicomponent inclusion complexes with BCD or HPBCD and K4M can
be obtained by freeze-drying and their formation has been proven using DSC and
X-ray diffraction techniques. Additionally, the palymer allows to control the drug .
dissolution rate extending the process.

® & &

This work was finded by the Xunta de Galicia nder project PGIDT99-PXI203058. The authors
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Abstract

Submicron particles of water-insoluble compounds, particularly drugs, are prepared by
simultaneously stabilizing microparticulatz suspensions of same with surface modifier molecules by
rapid expansion into an aqueous medium from a compressed solution of the compound and surface
modifiers in a liquefied gas and optionally homogenizing the aqueous suspension thus formed with
a high pressure homogenizer.

BACKGROUND AND SUMMARY OF INVENTION

A major problem in formulating biologically active compounds 1s their poor solubility or
insolubility in water. For instance, over one third of the drugs listed in the United States
Pharmacopoeia are either water-insoluble or poorly water-soluble. Oral formulations of water-
insoluble drugs or compounds with biological uses frequently show poor and erratic bioavailability.
In addition, drug insolubility is one of the most recalcitrant problems facing medicinal chemists and
pharmaceutical scientists developing new drugs. Water-insolubility problems delay or completely
block the development of many new drugs and other biologically useful compounds, or prevent the
much-needed reformulation of certain currently marketed drugs. Although the water-insoluble
compounds may be formulated by solubilization in orgamc solvents or aqueous-surfactant
solutions, in many cases such solubilizaticn may not be a preferred method of delivery of the water-
insoluble agent for their intended biological use. For instance, many currently available injectable
formulations of water-insoluble drugs carry important adverse wamings on their labels that
originate from detergents and other agents used for ther solubilization.

An alternative approach for the formulation of water-insoluble biologically active compounds is
surface-stabilized particulate preparations. Small particle size formulation of drugs are often needed
in order to maximize surface area, bioavaiability and, dissolution requirements. Pace et al. ("Novel
Injectable Formulations of Insoluble Drugs” in Pharmaceutical Technology, March 1999) have
reviewed the usefulness of the microparticulate preparations of water-insoluble or poorly soluble
injectable drugs. '

In U.S. Pat. Nos. 5,091,187 and 5,091,188 to Haynes describe the use of phospholipids as surface
stabilizers to produce aqueous suspension of submicron sized particles of the water-insoluble drugs.
These suspensions are believed to be the rirst applications of the surface modified microparticuiate
aqUEeGUS suspension containing particles made up of a core of pure drug substances and stabilized



with natural or synthetic bipolar lipids including phospholipids and cholesterol. Subsequently,
stmilar delivery systems exploiting these principles have been described (G. G. Liversidge et al.,
U.S. Pat. No. 5,145,684; K. J. Lllig et al. U.S. Pat. No. 5,340,564 and H. William Bosch et al., U.S.
Pat. No. 5,510,118) emphasizing the usefulness of the drug delivery approach utilizing particulate
aqueous suspensions.

In U.S. Pat. No. 5,246,707 Haynes teaches uses of phospholipid-coated microcrystals in the
delivery of water-soluble biomolecules such as polypeptides and proteins. The proteins are rendered
wnsoluble by complexation and the resulting material forms the solid core of the phospholipid-
coated particle.

These patents and others utilized processes based on the particle size reduction by mechanical
means such as attrition, cavitation, high-shear, impaction, etc achieved by media milling, high
pressure homogenization, ultrasonication, and microfluidization of aqueous suspensions. However,
these particle size reduction methods suffer from certain disadvantage, such as long process
duration (high-pressure homogenization or microfluidization) and contamination (media milling,
and ultrasonication). In addition, these methods may not be suitable for aqueous suspensions of
compounds with limited stability in aqueous medium at the pH, high temperature and high pressure
conditions prevailing in these processes.

Among the altenatives that address to these problems is a procedure which uses liquefied gasses
for the production of microparticulate preparations. In one such method liquefied-gas solutions are
sprayed to form aerosols from which fine solid particles precipitate. The phenomenon of solids
precipitated from supercritical fluids was observed and documented as early as 1879 by Hannay, J.
B. and Hogarth, J. "On the Solubility of Solids in Gases,” Proc. Roy. Soc. London 1879 A29, 324,

The first comprehensive study of rapid expansion from a liquefied-gas solution in the supercritical
region was reported by Krukonis (1984) who formed micro-particles of an array of organic,
inorganic, and biological materials. Most particle sizes reported for organic materials, such as
lavastatin, polyhydroxyacids, and mevinolin, were in the 5-100 micron range. Nanoparticles of
beta-carotene (300 nm) were formed by expansion of ethane into a viscous gelatin solution in order
to inhibit post expansion particle aggregation. Mohamed, R. S, et al. (1988}, "Solids Formation
After the Expansion of Supercritical Mixtures," in Supercritical Fluid Science and Technology,
Johnston, K. P. and Penninger, J. M. L., eds., describes the solution of the solids naphthalene and
lovastatin in supercritical carbon dioxide and sudden reduction of pressure to achieve fine particles

.of the solute. The sudden reduction in pressure reduces the solvent power of the supercritical fluid,
causing precipitation of the solute as fine particles.

Tom, J. W. and Debenedetti, P. B. (1991), "Particle Formation with Supercritical Fluids--a
Review," J. Aerosol. Sci. 22:555-584, discusses rapid expansion of supercritical solutions
techniques and their applications to inorganic, organic, pharmaceutical and polymeric materials.
This technique is useful to comminute shock-sensitive solids, to preduce intimate mixtures of
amorphous materials, to form polymeric microspheres and deposit thirf flms.

Most studies of rapid expansion from supercritical solution on organic matenials utilize supercritical
carbon dioxide. However, ethane was preferred to carbon dioxide for beta-carotene because of
certain chenucal interactions. Carbon dioxide is generally preferred, alone or in combination with a
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cosolvent. Minute additions of a cosolvent can significantly influence the solvent properties. When

cosolvents are used in rapid expansion from a supercritical solution, care is required to prevent de- *

solution of the particles due to solvent condensing in the nozzle. Normally, this is achieved by
heating the supercritical fluid, prior to expansion, to a point where no condensate {mist) is visible at
the nozzle tip.

A similar problem occurs when carbon dioxide is used. During adiabatic expansion (cooling),
carbon dioxide will be in two phases unless sufficient heat is provided at the nozzle to maintain a
gaseous state. Most investigators recognize this phenomenon and increase the pre-expansion
temperature to prevent condensation and freezing in the nozzle. A significant heat input is required
(40-50 kcal/kg) to maintain carbon dioxide in the gaseous state. If this energy is supplied by
increasing the pre-expansion temperature the density drops-and consequently reduces the
supercritical fluid's solvating power. This can lead to premature precipitation and clogging of the
nozzle.

The solvent properties of liquefied-gas are strongly affected by their fluid density m the vicinity of
the fluid's critical point. In rapid expansion from liquefied-gas solutions, a non-volatile solute is
dissolved in a liquefied-gas that remains either in the supercritical or sub-critical phase. Nucleation
and crystallization are triggered by reducing the solution density through rapid expansion of the
liquefied-gas to atmospheric conditions. T achieve this the liquefied-gas is typically sprayed
through 10-50 micron (internal diameter) nozzles witk: aspect ratios (L/D) of 5-100. High levels of
supersaturation result in rapid nucleation rates and limited crystal growth. The combination of a
rapidly propagating mechanical perturbation and high supersaturation is a distinguishing feature of
rapid expansion from 2 fiquefied-gas solution. These conditions lead to the formation of very small
particles with a narrow particle size distribution.

There are a number of advantages in utilizing compressed carbon dioxide in the liquid and
supercritical fluid states, as a solvent or anti-solvent for the formation of materials with submicron
particle features. Diffusion coefficients of organic solvents in supercritical fluid carbon dioxide are
typicaily 1-2 orders of magnitude higher than in conventional liquid solvents. Furthermore, carbon
dioxide is 2 small linear molecule that diffuses more rapidly in liquids than do other antisolvents. In
the antisolvent precipitation process, the accelerated mass transfer in both directions can facilitate
very rapid phase separation and hence the production of materials with sub-micron features. It is
easy to recycle the supercritical fluid solvent at the end of the process by simply reducing pressure.
Since supercritical fluids do not have a surface tension, they can be removed without collapse of

structure due to capillary forces. Solvent removal from the product is umsually rapid. No carbon -

dioxide residue is left in the product, and carbon dioxide has a number of other desirable
characteristics, for example it is non-toxic, nonflammable, and inexpensive. Furthermore, solvent
waste is greatly reduced since a typical ratio of antisolvent to solvent is 30:1.

Exploiting these concepts Henriksen et al. in WO 97/14407, disclosed a process using compressed
fluids to produce sub-micron sized particles of water insoluble compounds with biological uses,
particularly water insoluble drugs by precipitating a compound by rapid expansion from a
supercritical solution in which the compound is dissolved, or precipitating a compound by spraying
a solution, in which the compound is soluble, into compressed gas, liquid or supercritical fluid .
which is miscible with the solution but is antisolvent for the compound. In this manner precipitation
with a compressed fluid antisoivent (compressed fluid antisolvent) 1s achieved.




An essential element of this process is the use of phospholipids and other surface modifiers to alter
the surface of the drug particles to prevent particle aggregation and thereby improve both their
storage stability and pharmacokinetic properties. This process combines or integrates phospholrpids
or other suitable surface modifiers such as surfactants, as the aqueous solution or dispersion in
which the supercritical solution is sprayed. The surfactant is chosen to be active at the compound-
water interface, but is not chosen to be active at the carbon dioxide-organic solvent or carbon
dioxide-compound interface when carbon dioxide is used as the supercritical solution. The use of
surface modifying agents in the aqueous medium allowed making submicron particles by the
compressed fluid antisolvent process without particle aggregation or flocculation.

Claim 1 of 15 Claims

What is claimed is:

1. A process of preparing a stable suspension of sub-micron particles of a water-insoluble or
substantially water-insoluble biologically active compound of up to 2000 nm in size comprising the
successive steps of: :

(a) dissolving a water-insoluble or substantially watet-insoluble biologically active compound and a
first surface modifier in a liquefied compressed gas solvent therefor and forming a solution of
greater than 1% wi/w of said compound in said solvent and thereafter;

(b) expanding the compressed fluid solution prepared in step (2) into water or aqueous solution
containing a second surface modifier and water-soluble agents thereby producing a suspension of
microparticles, and thereafter

(c) homogenizing the suspension of step (b) at high pressure.

If you want to leam more about this patent, please go directly to the U.S. Patent and Trademark
Qffice Web site to access the full patent.
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New Particle Emgum@@mg
Improves Drug Solubility

L'@ Scanning slectron micrographs of the androgenic steroid danazol show significantly more
_ complex structure and greater surface area resulting from treatment by evaporative precipitation
into aqueous seiution (EPAS). EPAS is one of a portfolio of proprietary solubdization technologies
_‘g used by Dow Chemical's BioAqueous solubilization services. Photo A shows untreated
micromzed danazol crystals.
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than 30% of new chemical entities

developed during drug discovery
efforts exhibir poor solubility character-
istics, severely limiting their therapeutic
usefulness. Today, however, recent
advancements in particle engineering
technology may be opening the doorto a
host of drug comipounds previously con-
sidered unviable.

Because dissolution rates are related to
surface area, one approach to increasing
solubilization is to prepare drug particles
of uniforndy small size and high surface
area. To take advantage of this, Dow
Chemical Company (Midland, MI) has
developed a series of technologies to pre-
pare such nanostructured particles and is
making them available to pharma com-
panies through a new custom service
program aimed at overconting such dis-
solution-rate limited drug compounde.

The companys BioAqueous Solubi-
lization Services currently incorporate
four different technological approaches:
controlled precipitaton, template emul-
sion, and two new advanced particle
engineering techniques codeveloped

A ccording to industry studies, more

_ with the University of Texas at Austin—

spray freezing into liquid (SFL) and
cvaporarive precipitztion into aqueous
solutions {EPAS) (see sidebar).

As described by Dr. Ed Elder, pharma-
crutics director, Dow Pharmaceutical
Technologies, “We recognized thar there
was a need in the industry not being
addressed. so we begnn working with the
Unuversity of Texas to combine their
expertise in chemical engineering as well
as phannaceutical technology. Dr. Keith
ivhnston, UT prefessor of chemical enyi-
neering, worked in paralle] with Dr. Bill
Wilkiams, professor of pharmacceutics at
LT’s Colleze of Pharmagy: Savs Johnston,



In the Field

“Chernical engineering and pharmaceut-

: {echnologies

cal science are extrernely synergistic. The
work wouldn't have been possible without
collaborarion between our two groups.”
Although both the SFL and EPAS
techniques are applicable to other indus-
tries and processes, Johnston points out
that the techniques have been spedfically
modified for the drug solubilization
application. “For example, in SFL we do
the spraving directly within the cryo-
penic fluid itself. This leads to smaller
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you can go from spraying selution in a
semicontinuous process to the final dry
powder in a relatively fast, highly unte-
grated fashion. Solvent removal can be
accomplished either via lyophilizagon in
vials or through a fluidized-bed process
using dry air, with definite advantages tw
the fluidized-bed technology.”

As described by Elder, ulimarely, a
nuniber of factors have to be considered
before choosing which technological
approach to apply to a particular druy
product. “Factors such as reladve perfor-
mance, cost, and complexity afl must be
cnsidered before we can recommend an
approach It's absolutely essential that we
completely understagd all of the unigue
challenges associated with the molecule. In addition to our own
studies, we also work to maximize the customer's existing dar”

Johnston agrees, pointdng out that “there are definite aspects
of phase separation rates, surfactant to drug ratios, and particle
morphologies, that must be considered in designing processes
for particutar goals. For exampte, SFL leads to faster phase sep-
araton than EPAS”

Ultimately, Elder says alternarive solutions, each with spedf-
ically defined advantages and disadvantages, will likely be pgo-
posed to customers. “The final choice will result from a dlose
working relationship with the customer. In addition to select-
ing the right technulogy, the optimum additives and stabilizers
will also have to be determined”

Work at the University of Texas will continue as researchers
louk for new ways to improve exdsting procvesses and to develop

L
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new ones. Says [ohnston, “We're continually achieving a better
understanding of how to stabilize these particles with very high
drug to surfactant ratios, udlizing very small amounts of excip-
ient in termns of the dosage forms. And, we're also focusing on
how to further control particle sizes”

Meanwhile, Dow will be making use of its contract manu-
facturing facility in Midland, Michigan, to provide a commer-
cial-scale manufacturing capability for each of the four tech-
nologies. The company is currenty capable of kilo-scale pro-
duction to meet the needs of Phase I and Phase 11 clinical tri-
als. Savs Robert Connors, Dot Pharmaceutical senior new
business development lender, “We expect to be worldng closely
with a2 number of pharma companies to evaluate the applica-
bility of our technologies to their products.

John Haystead
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TBE EFFECT OF PARTICLE SIZE ON BIOAVAILABILITY IN CYCLOSPORINE
PREPARATIONS BASED ON SUBMICRON DISPERSIONS
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The effect of particle size on bioavailability of 9 different formulations with cyclosporine A was studied.
A common feature of all the formulations was the ability to form submicron dispersions under diluton. The
compasition of individual formulations was chosent ia such’a way that they were based on same or similar excipicnts.
For each formuladon, pharmacokinetic study was carried out in beagle dogs. On groups of 10 dogs. the average
AUC was evaluated. Particle size of formulations under dilution in water was measured by laser scattering method.
According to the resulis of particic size measurement, the formulations were sorted out into groups of similar
particle size distribution by use of two methods of multivariate statistical analysis. The average AUC within groups
and betweea-groups was compared, and the effect of particle size on bicavailability was evaluated.

INTRODUCTION

Cyclosporine A, an immunosuppressive drug, was
introduced into the therapeuwtic practice in 80's. As a
poorly water-sotuble compound, it was originally for-
mulated into a lipophilic medium providing crude emul-
sion after dilution with warer. Since that time, a lot of
effort was paid to the improvement of cyclospcrine
bioavailability. One of the first improvements, reparted
either for co-administratian of long- and medium-chain
trigtycerides or reported for sucrose laurate, were 2550-
ciated with formation of mixed micelles in the gut or
grnall intestine (1, 2). Further approaches included for-
mulations based on formation of lipesomes (3, 4),
nanoparticles, or liquid cystals (5). The common: fea-
ture of these approaches was to control the creation of
some kind of dispersion in either the fluic for adminis-
tration, or in stomach, or gut or small intestine. There-
fore, self-establishing submicron dispersions were
generally preferred for this purpose. After microemul-
<ons or microemulsion preconcentrates were introduced
in 90%s, the size of particles has been considered an
important and almost crucial factor affecting the bio-
availability of cyclosporine A preparations which are
based on the formation of submicron dispersions (6).

To verify such an assumption is not a simple fask:
once a formulation has a controlled size distribution
independent from the conditions of administration (i.c.,
from dilution, mixing tme and speed etc), it can be
chanzed only by a change of the ratio of individual
excipients or by replacement of the eacipients. Hance.
any change of bicavailability can be aetributed © the
effect of a particular excipient rather than (o the eftect
of particle size of the formulation. For this reason. we

tried to prepare formalations which would differ in the
size of particles that the formulations form after dilu-
tion by varying ooly the same or similar excipients. In
this way, we obtained 9 different formulations in which
the effect of excipients was minimized and the particle
size of which ranged from 10 to 500 nm.

Another problem is how to evaluate the particie size.
Obviously, the use of one single parameter like the
average particle diameter, hydrodynamic diameter, or
aggregate molecular weight can be misleading not only
because of not reflecting the particle shape, but also
because of masking the information about particle size
distribution. The approach used in this study was o
compare the similarity or dissimilarity of particle size
distribution by means of statistical methods for multi-
variate analysis. Two independent methods were used:
the principal componeni analysis (PCA) and cluster
analysis (CA). To evaluate the effect of particle size on
bioavailability, the average AUC was compared for those
formulations which showed significant difference in par-
ticle size distribution both by PCA and CA.

METHODS

Materials

All the formulations tested were prepared on labo-
ratory scale equipment in laboratories of Department
of Biopharmacy and Pharmacokinetics, [VAX-CR, a.s.,
Czech Republic. Excipients used in composition of indi-
vidual formulations were commercially available mate-
vials of pharmaceutical grade. The quali-quantative
compaosition of alt 9 formulatons is listed 1 Table 1.
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Subjects

Beagle dogs, males aged between 12-36 months of
weight 9-15 kg were used in each pharmacokinetic study.
The dogs were fed with astandard pellet diet in 2 quantity
300 g per day with water ad libitum.

Pharmacokinetc studies  +

Each individual formulation was administered with
a daosing pipette in a form of pre-diluted dispersion as
a single dose of 100 mg cyclosporine A. The administra-
tion was preceded by 18 h fasting period. After adminis-
tration, blood samples were taken in 0, 1, 2, 3, 5, 8, 12,
and 24 hour intervals. Samples were analysed for cyclo-
sporine content by noa-specific radioimmunoassay
method. From the conceatration - versus - time curves,
area under the curve (0-24) was calculated.

Blood collection

Blood samples were takon from foreleg vein of the
dogs into tbes with EDTA K3 (1,5 mg/mi). The sam-
ples were immediately frozen at -20 °C and kept in
a freezer until analysis.

Cyclosporine A determinarion

Non-specific RIA assay for cyclosporine A, IMMU-
NCOTECH, Prague, Czech Republic, Cyelosporine RLA
and irs metabolites, Cat. #1444 was used. 50 i of blood
sample were extracted with 930 wl of methanol. After
centrifugation (1600 x g, 5 minutes, 5 °C), 50 pl of
extracted samples, controls and standards were trans-
ferred into polysqyrene tubes, 100wl of “I-CyA. and
50 pt of polyclonal antibody was added. The reaction
tubes were incubated 3 hours at 25 °C. 500 wl of separa-
ting reagent was added and reaction tubes were incu-
bated 1 hour at 5 °C. After centrifugation (1600 x g,
20 minutes, 5 °C) and decanting the supernatant, the
bound radioactivity of calibrators, controls and samples
were measured. All calibrators, controls and samples
were made in duplicates. The radicactivity was measu-
red using gamma scimtillation counter MULTIGAMMA
1261 (L KB, Finland). The results were calculated using
WiaCalc software (LKB, Finland). The calibration range
of RIA (non-specific) method was 81680 ngiml. Func-
tionai sensitivity was calculaled at about 8 ngfml Within
assay precision lied at 472 ng/ml - 6,0 %, at 836 ng/mi
~ 4.2 %, Between assay precision at 347 ng/ml - 5.7 %
at 754 ng/ml - 5.6 %. The analysis were performed by
Department of Nuclear Medicine at University Hospi-
tal in Ostrava. This laboratory participated in interna-
tional External Quality Assessment {DGKC - Deurche
Gesellschaft fir Klinische Chemie, Ringversuch fiir
Ciclosporin).

A. Vrdna, T Andrysek

Farticle size determination

Particle size distribution was measured by quasi-
clastic light scantering method (QELS) using Ar-laser
(Lexel Laser Inc., USA, & = 514.5 nm, output power
50 mW) as a light source and the BI-9000 AT digiral
correlator (Brookhaven Instruments, USA) as a detec-
tor. The detector and light source arrangement was set
up in angle 90° by BI 200 SM goniomerer. The samples
were prepared by dilution of concentrates with redistilled
water al ratio 1:20 followed by standard homogeniza-
tion in ultrasonic bath (10 min). All measurements were
douae at 25 *C.

The aurpcogrelation curves and the scattered lighe
intensities were processed by Brockhaver software for
dynamic light scattering. Particle size disgibution spec-
ra obtained were transformed to equal scales. All measu-
rements were dane by Department of Chemical Theory
of Drugs, Faculty of Pharmacy, Commenius University,
Bratislava, Slovak Republic.

Software and Swatistcal methods:

Pharmacokinetic parameters were calculated with
WinNoalin 1.1 (Scieneific Consulning Ianc., USA). Their
Multiple-range analysis, Two-sample analysis and Box-
and —Whisker plots were done in Statgraphics, v.7.0. To
resolve formulations into groups, principal component
analysis method and cluster analysis method in S-Plus
2000 (MathSoft [nc., USA) were used. Bi.directional
comparison of bioavailability versus particle size was
performed: for pairs of formulations which were identi-
fied as substantially different from the particle disaribu-
tion size point, two-sample comparison of AUC (0-24)
was done. Vice versa, formulations identified as signifi-
cantly different from the bicavailability point of view
(baving statistically significant difference in AUC found
by multiple comparisor method) were compared from
the point of their particle size distribution.

RESULTS

Pharmacokinetic studies

The results of bicavailability studies in dogs are sum-
marized in Table 2. The graphical analysis of the results
is done by means of Box-and-Whisker plot (Figure 1),
As can be seen from Figure 1, formulations 1261 and
L 267 appear to be significandy different from the point
of their bioavailability in dogs. As possibly different can
be identificd also the pairs of formulations L267 - 1269,
L1267 1272, and L267 — L300. |
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The effect of particle size on bioavailability in cyclosporine preparations
dispersions

based on submicron

Tuhle L Qualitative and quastitarive compasition of tested focgwlatioas

Formulations ——p
Companests .

‘L L6l 1263 |L367 |1L2673 [L26® (L2 L1 (1273 L300
Cyctasporine A 100% [100% [100% [100% [I00% [w00% [100% [t00% [i00%
Cremopber RH 40 145.0 % [40.0% 255% [350% [82% [B0% [H00%
Pofysorbate Tween [135% |200% N0%

8
Oleic Ackd NS% |10% 10.0 %
Diglyceryl 0% 95 % 2%
moadoleade
Oleyl Aloshal NS% [210% [199% [210% [190% |220%
Polysarbate Tween B0% 170%
20
Corvitol 0L5% [05%
F 1000-2
Nikkol HCO-0 S0% |400%
Decagiyceryl 85% [160% 18.6 %
Monolaonrate
Prupyiens gireol 00% 120% | 10.0 %
Decagiyceryl 170%
Pentaoleste
Tocopheryd 180 %
lingleate
Glyceryl mo- 30.0%
nalineleate
Ethano 100 %
Water 10%
) all conceatrations lsted ane wiv conoenirations
Table 2. Results of Bioavailability Studics (AUC (0-24)) dor 9 Formalations in Dogs -
[Sabjects Formulationy —_—
Hdegs)
‘L AUC (0-24) [sg/Th]
L261 1263 L267 12672 1269 1271 [F17] 27 L0
1 16747 @YY 1053 146550 19886l a1 TIH| inTd 13y
2 62168 10854 7754] 131500 (2D4SF a9 1477 PECEs e
3 15416 14192 12651 if473, 15 4EN 11531 3 9869
§ 17283 12480  1[476)  15985] 1757} o3s| 10803  13454] 11782
5 18322 13741 4145 T266 8954, 490 14725|  14516] 13495
& 13665 g9 15059]  14885]  16112] 1451 12081 8070 15750
7 1619 12000 5416 8096 9293 10381 13188] 1084 13905
] 12623 10308] 98N 10768 6193 1131 13500 | 1464
s 14351 8958) TI57 10139 AR 10836] 17987 114
10 18731 et 1m 0| 14830 12851 1673 1274
Viean ACC 14508 1171 9641  Lissal 12007 11 12853 “mﬁ 12790
[0-14) I :
Standard 3563 2339 3195 3195 4349 2649 ms'l] 1
rm1 897]

P



T2 U314

.1

}

= CT.U%D = =

==

AN BY R
- 4 .
O

N W T R e

12

(x 1000}

AUC (b-24)

{1
g el |
—

+H

;_E

L26) 1147-1 L7 nn
rmulatieas
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Another statistical method, multiple range analysis,
requires suitable criterion 1o be used for specific case.
The Least Significant Difference (see Table 3) method
provided the most discriminating power in this case and
confirmed the significant difference of 1261 and L 267
forrmilarions as well as that of formulations 1267 - 1265,
1267 - 1272, and 1267 — L300, The Tokey HSD and
Bouferroni methods identified caly the formulations
1261 and L, 267 as different. The Scheffé method did
not found any pair of formulations significantly difer-
cnt from the point of AUC(0-24).

A. Vrdna, T. Andrysek

Particle size determination

The distribution of particle sizes of individual for-
mulations is given in Table 4. These data were processed
by Principal Componen: Analysis. As can be seen from

. Figure 2, more than 54 % of the variability in dara can

be cxplained by one principal component and other
26% of vaniability by the second principal component.
Other components 3, 4, 5, 6 and 7 conmibute to the
description of variability in data by additdonal 8 %, 5 %,
3%, 2% and 1 %, respectively.

It can be concluded that the major part of vaniability
in data { > 80 %) can be explained by components
land 2 .

When the information contained in each particle
size distribution spectrum is described by two principal
components only, the 9 formulations can be divided
into 4 different groups of formulations having similar

particle size distribution within group and different par- -

ticle size disribution between groups. The situation is
graphically shown in Figure 3. Group I includes formu-
lations 1.261 and 1263 (see also Fig. 4), Group IT con-
sists of one formulation 1267 (see Fig. 5), Group III
includes formuladens 1.267.2, L272, apd L273 (scc also
Figure 6), and Group TV includes formulations L269,
[271 and L300 (sec Fig. 7).

Thble 3. Multiple Range Analysis of Bioavailability Resulis of 9 Tested Formulacions L2361 - L300

Method Coatrasts Difference +{- Limils Stgnilcunt
(puirs of samples Difference
compared)

LSD meihod (Least (1261 - 1267 £847.45 ITILGE *

Significant

Difference)

1261 1IN s 2771.86 .

L267 -1269 -J265.95% 1T .66 .

L7 -1272 =3005.70 2TTL66 .

L267 -1300 -3149.55 277166 .
i

Tokey HSD L261 -1271 486745 4409.58 .

(Honest Signifi-cant

Difference)

Boaferroai 1261 -La71 86745 %515 . i
Scheffe none - - -

= denores 1 stamocally ugnificant difference
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Table 4. Distibutions of Particke Size of 9 Differcnt Formulatioos _ classified as related (similar) formuladons, as well as ﬂ
1261 - L300 the formulations L267.2, 1272, and L273. At the same
time, Lthese two groups are relatively distant and sub- 1
stantially dJﬂ_'crcm from one another. Group IV mc‘lu-
P onTosTon - des formulations L269 and L 271, and also formulation
Sins [am] ‘mmeme i i il il il U] I which was cvaluated as a self-standing group by
L) X1 o [ L n - 9
¢ o o L T @ C o n - d PCA method
] o 4 5_ L Ci - @ o
- [ g__ L 3 - o
¥ O o o [ [ E w o [
w o [ o | [ o o w  § [
| C] L] o = -200 150 160 50 5] 50
s = L
Lii) ‘ L] ™ 2 F] : ¥ g - 15 M1 n 1" 105 -3
i L 0 T a d -\ e 5‘
: wl n 4 7 32'!
! o o we i [ - P
9« _m - d S4MPTe ¢ 3 pegpdP |- o -
w _ o [ - I
fi) L L ™ —4d
- _ o L &) - a1 - 19 = .
I o I.; ™ & e r = & 9 » 2
F Xte C & H ~
- o 3 1 - g -3 ; n ;
L L] T T e g 3 :
— et o Sy S B s 18
™ o . e S 3 o L=? v
w XA T & o w [ " a ?
v [ R T 1 d v o |8 3
1‘: g : : _a a C] CIET a - -
W s E-) [ & ﬂ [T 'E' K A 23 L 1
P =] .
e e e e e e . [ [ & dg
0 m & W & o w % .« u ] < El
:"g— o 5 :‘ ; 5 : : . -al:. -(lll ol;! -olz -u|1 Q‘D ol1 "
E - e A e 3 T £ : T Tw :
() 5@ # B Cofa. t
W a7 [3 —t:_&" E ] a8 = [ q
L = &TW Tn W d e @ o Figd Principal companent analysis of Particle Size Dustribution
. 7 : s . of 9 Differcnt Formulations - Analysis by Two Componcenoy A
F
Relatve Umportarcs of Prnopsl Camoonents ' .
1% '

Phlraes o= =

Comi Com} Cawp) Crwmt Comméd Comsd Comm7 Ommpd Gownd
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Groups I, Il and IV are substantially differeat from
cach other from the point of particle size distribation.
On the other hand, formulations being within the sam
group cannot be considered different but rather simil
with respect to the distgibution of particle sizes.

Anothet statistical method which was used for evahua-
tion of the similarity or dissimilarity of particle size
distributions is the clustecanalysis. As cap be seen from
Figure 8, the formulations L261, L 263 and L300 arc

[
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Fig. 4 (s b) Particle Sire Distribution of Formulstions L361 and
L1683 resolved as umilar by PCA method - Group [
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Fig. 8. Cluster Analysis of Particle Size Distribution of 9 Differeat
Formulations
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DISCUSSION

Which is concerning the results of multiple compari-
sons, the Scheffé method (7) produces the widest mter-
val statements and thus it is the most conservative. For
this purpose, the Tukey method (8) seems to be the
most suitable. The same result provides the Bonferroni
method. Therefore, we consider the bioavailability of
formulations L261 and 267 10 be significantly diffe-
rent, the bioavailabilty of 1261 to be significarttly higher

" than that of L267. Surprisingly, the formulation 1261
forms one of the largest particles (similarly as L263),
and the formulation 1267 forms very fine particles hav-
ing maximum particle count aroynd 25 om.

Formulations 1.267.2, L 269, L271, L272, L273 and
L300 arc all highly bioavailable, their average AUC
{0-24) lies in the range 10,000-14,000 ug/Lh. If we laok
at their particle size distribution, formulations 12672,
1272, and L273 are classified as different from formula-
tons 1269, [271 and 1300. However, ali of them have
maximum particte count for particles in the range from
10 to 50 nm, so from practical point of view, the differen-
ces in particle sizes in this range can hardly tell some-
thing about their effect on absorption and bioavailability.

Vice versa, the maximum difference in particle size
was observed for the formulation L272 oa one side (it
forms the smallest particles) and formulations 1.261 and
1263 on the other side (they form the largest particles).
If we look at their bioavailability, there is no significant
difference between these two groups, as the AUC (0-24)
of the [272 formularions is in between the formuladens
L261 and 1263, From these data, it seems that particle
size is not the key characteristic which affects the
bioavailability, and that it s possible to pgepare highly
bioavailable formulations for cyclosporine active sub-
stance which do not necessarily have to foym very fine
particles, as for example microemulsion (particle size

<200 om).

When particle size is not e key factor, a question
arises what other characteristic can explain for the dif-
ferences in absorption and bioavailability of different
cyclosporine A formulations. One of the possible expla-
pations is that the actual contact surface can be the.
answer to this question. It can explain both for the fact
why some cxperiments showed that the reduction of
particle size led to an enhangement of absorption of
cyclosporine A, as well as for the fact why some formu-
lations are hiphly bicavaiiabie even thgugh they form
very large particles in solution. In our opinion, the rea-
son for high absorption of some large particles forming
formulation lies in the deformation and/or adhesive
characteristics of such particies, which are able 1o pro-
duce much larger cffective contact surface at the epithe-
lial layer than would correspond o their approximation
by ideal sphericat shape.

CONCLUSION

We have proved that it is possible to prepare diffe-
rent formulations with cyclosporine A which have dii-
ferent paricle size distribution but the same or similar
bicavailability in dogs. According to our resulls, in the
submicron region, the particle size distribution of for-
mulations based on self-emulsifying drug-delivery sys-
tems does not explain for the differences in bioavailability
and is pot the key characieristics which has to be ob-
served when formulating the self-cmulsifying drug de-
livery system. It is suggested that a more suitable,
bioavailability-related formulation feature has to be
found out which can fulfil the role. '

ACKNOWLEDGEMENTS

The authors would like to thank to Mr M. Pisdrcik,
Department of Chemtical Theory of Drugs, Faculty of Phar-
macy, Commenius University, Bratislava, Slovak Repub-
lic, for his contribution related 1o the particle size
measurement, and (o prof. M. Meloun, Department of
Analydical Chemistry, Technical University Pardubice,
Czech Republic for his vatuablc comments on statistical
evaluation

REFERENCES

1. Behress, D, Fricker, R, Bodoky, A., Drewe, I, Harder, F,
Heberer, M. (1996) Comparison of cyclosporin A absorption
from LCT and MCT sotutions following intrajejunal adminisra-
ton i conscioas dogs. J. Pharm. Sdi. 85(6), 666-8.

2. Ledk, B C. Sucker, H (199)) Application of sucrose laoraic m
topicsl preparations of Cycotporine A o 3. Phorm. 92, 197-202%

3. (hoice, E, Masin, D, Bally, M. B, Meloche. M-, Madden, T D.
(1995) Liposomal cyclosporine, Comparison of drug and lipid
carricr pharmacokinetics and biodisribution. Transplantation
60¢9), 1006-11.

4. Ouyang, C., Choice, E, Holland, J, Meloche, M., Madden, T D.

(IQS)hp@mdqduspmmmmnonofdm;mmr

porsticn and interbilayer exchange. Transplantation 64(9),

999-1006.

Andrjsek, T. (2000} Development of ceckosporioe containing dosa-

g form Thesis, Pharmaceutical Facalty, Commenins Univer-

sity, Bratislava {in Crech language).

6. Hurchinson, K. G., MacGregor, K, Embletom, 1. K, Seager, H,,

Salomon, L. J. and Pouto, C. W. (1995) Optamuzing the gastro-

intextinal absorboon of hydrophobic dnygs using mico-cmul-

sivas and other Liquid formuiations; in Formulatioa of poorty
available drugs for oral adeunntration {Coavreur P, Duchence

D., Kalles I, ed.), Edicons de Santé, Paris; 121-125.

Scheffé, H. (1953} A method for judging all contrases in the

of variance. Biometrika. 40, §7.
R Tukey.]. W (1949) Comparing mdividual means in the anatysis of

vaganee. Biomewrics, 5, 99.

bl

=

Pl D D 2 B B BB B 2 59 B B B



=N =

wygy 0

Yy o

o e e 2

. Ju/

o &1

I

L et (8 s [0
T

X

o

T

POC 2 @Zk'

Glassy Solid Solutions of Poorly Soluble Drugs in Isomalt
for a Rapid Bioavailability

M. Langer, N. A_ Urbanetz, B. C. Lippold

' Institut fir Pharmazeutische Technologie
Heinrich-Heine-Univearsitat Disseldorf, D-40225 Disseldorf

Commonly, the term solid dispersion means the dispersion of one or more active ingredients
in an inert carrier or matrix at solid state prepared by the melting, solvent, or melting-solvent
method. Four types of solid suspensions and two types of solid solutions exist, considering the
crystalline or amorphous state of the respective drug and carrier as well as the level of
dispersion [1]. Glassy solid solutions are a specific kind of solid disperéions. wherein a drug is
dissolved in an amorphous carrier at the molecular level. In order ta distinguish between solid
suspensions and solid solutions in the case of isomalt as carrier, hot stage microscopy (HSM),
dissolution testing and differential scanning calorimetry {DSC) are used. ’

RS R

The carrier isomalt {1-O-a-D-glucopyranosyl-D-mannit dihydrate/6-O-o-D-glucopyranasyl-O-
sorbit) is registered as sugar substitute and is mainly used for the production of sugar free
hard candies. Isomalt can be heated above its melting point without decomposilion. By cooling
the melt to room temperature, it solidifies amorphously with a glass transition at 60°C. Other
sugar polyols exhibit lower Tg values, e.g. mannitol and sorbitol have reported values of
10.7°C and 0°C. Thus, glassy systems of isomalt should be more stable than glassy systems
of other polyals. Carbamazepine is chosen as model drug, since it is well known that the poor
solubitity and polymorphism can limitate its bioavailability. Solid dispersions of carbamazepine
in isomalt are prepared either by 'melting the ingredients up to 205°C in a meiting pot or by

DSC heating scans.

By HSM, 5 % carbamazepine are found to be miscible with isomait in the liquid or molten state
at 190 to 200°C. Nevertheless, when cooling the melt to room temperature, molecular
dissolved carbamazepine recrystaltizes immediately as can be observed macroscopically: The
transparent system changes into an opaque solid suspension. Only the addition of a special
excipient leads to a glassy solid solution of carbamazepine in isomalt as can be proved by
DSC scans and dissolution profiles of solid dispersions with different compositions. According
to the dissolution studies, only 2 % carbamazepine are soluble in glassy isomalt at room
temperature whereas 10 to 15 % carbamazepine are dissoivable in the isomalt syslem
containing 25 % of the special excigienl. By r:wouring the ternary melt inlo 2 g tablet moulds,
highly transparent glassy tablets with a light yellow appearance are obtained. All tablets show
‘a significantly enhanced dissolution rate of carbamazepine up to 10 % active ingredient
compared with the respective physical mixture.

(9/1:){



DSC studies identify the commercially
available carbamazepine (scan 1) as
polymorph | referring 1o Kobayashi {2},
which is thermodynamically slable at
room temperature and melts at 176°C.
Palymarph It is preferred above 71 °C
and melts at 190°C. in contrast to isomait
alone as carrier (scan 2), form | gradually
dissolves in the liquid isomalt/excipient
mixture {scan 3). '

The solid solution of isomait and the
excipient exhibils a 6°C higher Tg as
isomalt and no enthalpy relaxation peak
after 15 minutes of storage. Thus, the
excipient prevents the system from
recrystallization by specific interactions on
the molecular level, hereby improving the
solubility of carbamazepine in isomait.
With respect to these findings, it seems
necessary to use special excipients in
order ta dissolve reasonable amounts of

carbamazepine in glassy isomait.

DSC scans: Carbamazepine alone (1),
physical mixture with isomalt (2) and
physical mixiure with isomalt/excipient (3).
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[1] Urhanetz, N. A, 1999, Thesis, in press
(2] Kobayashi, Y. International Joumal of
Pharmaceutics, 193 (2000) 137-146
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PHYSICO-CHEMICAL CHARACTERISATION OF GLASS SOLUTIONS PREPARED BY MELT
EXTRUSION

Angus Forster
W Physical Properties, GlawoSmithKlina R & D, Slavenage

Melt extrusion has been used as a processing {echnique since the tum of the century and is
employed in the manufacture of the majority of piastic goods. Within the pharmaceutical industry the
use of melt extrusion is increasing, particularly in the field of solid dispersions. Solid dispersions are
homogeneous mixtures of one or more active ingredients in an inerl matrix and are predominately .
used as a means of increasing the orai bioavailability of poorly water-soluble drugs 1]

During melt extrusion, drug is incarporated into an excipient by melting or plasticising both the drug
and excipienl. Rapid cooling of this moiten mixture favours the formation of glass solutions, where
the drug is molecularly dispersed throughout an amorphous excipient {2]. Glass saolutions are the
ideal type of solid dispersion for increasing drug dissolution and oral bioavailability [3].

One of the most_fundamental issues facing the pharmaceutical scienlist when working with solid
dispersions is how to sufficiently charactzrise the product. Bym and co-workers have constructed a
well-known series of decision trees that describe steps that should to be taken for characterisation
and subsequent registration of a solid pmduct (4]. None of these decision trees specifically address
solid dispersions, as their intent is 10 characterise the solid drug alone, however, many of the
questions raised can be extrapolated to include more complex, dispersion systems. In this talk a
summary decision tree will be constructed, detailing the steps that need to be taken to fully
understand the melt extruded product. VWith this in mind, the talk focuses on the following key
points:

« Determination of the type of solid dispersion produced

« Deteclion of the presence of chemical interactions hetween the drug and excipient
« Measurement of drug dissolution compared {0 crystalline drug

o Assessment of the physical / chemical stabilily

To properly address these problems a wide-range of solid-state analytical tests should be
considered. increasingly, the use of spectroscopic lechniques is gaining prominence in this area,
because of the rich chemical information supplied and the limited amount of sample preparation
required. For example, FT-IR with an atlenuated tota! reflectance (ATR) accessory is parlicularly
suited to the analysis of glass solutions, as interactions between (he drug and polymer are thought
to be of particular importance for increa sing or potentially decreasing both physical and chemical
stability.

Perhaps, the most problematic question Is how,lo assess or predict physical stabitity. Modulated
temperature DSC can be uséd to measure the glass transition temperalure (Tg) of glass solutions
and determine the effect of sorbed water on the Tg. Critical levels of moisture that lower the Tg to
below the storage lemperature and therefore, encourage recrystallisation can aiso be predicted
using various equations [5]. However, determination of the Tg for a range of water contents with
MTDSC has shown thal significant deviation between the theoretical and measured Tg may occur,
which may have a dramalic impact on stability prediction {G).

1. Serajuddin, A.T.M. (1999) Solid dispersion of pooity water-soluble drugs. early promises, subsequent problerns and recant
breakihroughs J. Pharm. Sc1 88 1058-1066 - .

2_ Grinhagen, H H (1996) Polymet/ drug-melt extrusion: Lherapeutic and lechnotogical apgeal. Phaim. Tach. Eur, 11 22-27

3. shambhn, S L. and Zograh, G. (1999) The glfects of absorbed water on tha proparies of armorphous midures containing sucrose
Pharm. Res. 16 1119-1124
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Properties of rapidly dissolving eutectic mixtures of poly(ethylene
glycol) and fenofibrate: the eutectic microstructure.

Law D, Wang W, Schmitt EA, Qiu Y, Krill SL, Fort JJ.

Pharmaceutical and Analytical Research and Development, Global Pharmaceutical
Research and Development, Abbott Laboratories, R4P3, AP9, 100 Abbott Park
Road, Abbatt Park, IL 60064, USA. devalina. law@abbott.com

Poly(ethylene glycol) or PEG is an ideal inactive component for preparing simple
binary eutectic mixtures because of its low entropy of fusion ( approximately
0.0076 Jimol-K), lower melting point (approximately 62 degrees C) compared to
most pharmaceuticals, miscibility with drugs at elevated temperatures, and its
covalent crystalline lattice. Implication of these physicachemical properties on
eutectic crystallization and size reduction of the drug is discussed. Enhancement of
the dissolution rate of a poorly soluble compound through the formation of PEG-
drug eutectics was investigated using fenofibrate. Solid dispersions of PEG-
fenofibrate when characterized, revealed that PEG and fenofibrate form a simple
eutectic mixture containing 20-25%(wiw} fenofibrate at the eutectic point. Eutectic
crystallization led to the formation of an irregular microstructure in which fenofibrate
crystals were found to be less than 10 microm in size. Dissolulion rate
improvement of fenofibrate correlated with the phase diagram, and the amount of
fenofibrate released from the dispersions that contained fenofibrate as a eutectic
mixture was at least 10-fold higher compared to untreated fenofibrate. On aging,
the dissolution rate of the dispersion containing 15%(w/w) fenofibrate in PEG
remained unaitered. The results indicate that PEG-drug eutectic formation is a
valuabie option for particle size reduction and subsequent dissolution rate
improvement. Copyright 2003 Wiley-Liss, Inc. and the American Pharmaceutical
Association
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SOLID DISPERSIONS OF NIMODIPINE AND POLYOXYETHYLENE -AN
ADDITIVE PREVENTS THE DRUG FROM RECRYSTALLIZATION

N. A. Urbanetz and B. C. Lippold
Institut fur Pharmazeutische Technologie, Heinrich-Heine-Universitat Diisseldorf

Universitatsstr. 1, 40225 Disseldorf, Germany

Introduction: The insufficient solubility of many new drug substances in waler as well as in the aqueous

gastric fluids cause problems in bioavailability. The development of solid dispersions is an approprate _

means to overcome these problems and to guarantee a reasonable bicavailability. Several methods
exist to prepare solid dispersions, the melting method being the most convenient. The melting
procedure includes the melting of the carrier, the subsequent dissolution of the drug wilhin tha melt and
finally, the cooling of the obtained solution. During the cooling process the molecular dispersion of the
drug within the carrier may be maintained or the drug may recrystallize as a result of the increasing
supersaturation due to the lowering of tempzrature. Moreover, recrystallization can take place during
storage as well. The precipitation usually leads to a decrease in the dissolution rate of the drug in' the
dissolution medium as amorphous materiais dissolve faster because of their higher solubility. Therefore
an attempt has been made lo prevent the drug from recrystallization. )

Materials and methods: For the preparation of solid dispersions by the melting method,
polyoxyethylene 2000 has been chosen as a carrier due lo ils low melting point. Nimodipine, a poorly
soluble calcium channel antagonist was used as model drug. The characterization of the products was
performed by dissofution testing, differential scanning calorimetry (DSC) and hot stage MIcCrascopy
{(HSM). . *

Results and discussion: Sofid dispersions of nimodipine in polyoxyethylene 2000 exhibit a low
dissolutioni rate and lack the capability to supersaturate the dissolution medium. The high tendency of
polyoxyethylene 2000 to crystallize during the cooling process or during storage probably leads to an
expulsion of the drug from the crystal lattice of the camier. As a resuit, the drug first concentrales in
areas of lower crystallinity where it subsequently recrystaliizes itsell when the concentration exceeds
the solubility within the carrier. Unexpectedly, investigations by DSC can not prove the existence of
crystaliine nimodipine in these products. Thermograms only exhibit the melting of polyoxyethylene
2000. In contrast, examinations by HSM reliably allow the delection of fine nimadipine crystals after the
melting of polyoxyethylene 2000. Subsequently, as the heating program continues, the gradual
dissolution of these crystals can be observed.

The aim of further investigations was to avoid the recrystallization of the drug within the carrier in order
to obtain solid dispersions with more favourzble dissolution profiles. In contrast to most binary mixtures
of polymers where the two components are immiscible, it has been found one polymeric substance to
be soluble in polyoxyethylene 2000. The two polymers together form a new homogeneous carrier
material. The dispersion of nimodipine in the composed carrier leads to a product with an enhanced
dissolution rate and a pronounced supersaturation in the dissolution medium. Investigations by DSC as
well as by HSM indicate the absence of nimodipine crystals in these systems. Thus, the new carrier
material proves to be suitable for the preparation of solid dispersions with favourable dissolulian
properties.

Summary: The reasonable development of solid dispersions containing nimodipine and
polyoxyethylene 2000 with favourable dissolution profiles is based on the proper characterization of the
cbtained products by thermal analysis. in this context, HSM proves to be an essential tool for the
correct interpretation of DSC thermograms. By these means, it is possible to ascribe insufficient
dissoiuticn properties of sohd dispersions containing only nimedipine and poiyoxyethylene 2000 to the
presence of crystailine nimodipine within the carrier. Thus. the addition of a substance whicnh prevents
the drug from recrystaliization successiuily leads to preducts with a high dissoluticn rate and a
pronounced supersaturation in the dissoluticn medium.
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RloAguaous Sclubilization Sarvicas Technologies for Better Solubilization
Lead Technologies

Controlled Precipitation In this section
A technology that creates crystalline nanostructured

drug particles with rapid dissolution rates. With this
technology, the drug is dissolved in a water-miscible
solvent and dispersed into water. Nanostructured
drug particles are formed from the solvent dropiets
as the solvent dissolves into the water phase.
Stabilizers are added to the water and/or solvent to
control particle growth and to stabilize the final particles. The stabilized particles are
isolated as dry powders by standard techniques.

Technologies for 3etter Sclubilization
Lead Technologles
Eeatures of Technetogies -
Proof of Performance
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Template Emulsion

A technology that creates nanostructured drug particles with controlled particle size
distribution and rapid dissolution performance. With this technology, an oik-in-water
emulsion is prepared, then swelled with a non-aqueous solution of the drug and
stabilizers. The particle size distribution of the drug particles is a direct result of the size of
the emuision droplets prior to lcading with drug, a property which can be controlfed and
optimized in this process. Furthermore, through selected use of solvents and stabilizers,
emuision stability is achieved with no or suppressed Ostwald ripening. Subsequently, the
solvent and water are removed, and the stabilized nancstructured drug particles are
recovered. Various particie morphologies can be achieved by appropriate control of
processing conditions.

i
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Spray Freazing into

{:p o Liquid {SFL)
O T v 1 A novel, cryogenic
:]:@ % ] / 1/{/{—-’*——r technology to create
$_ W Y nanostructured drug
gf; l}h /}/ particles with greatly
F 5% 0 enhanced surface area.
@ 33 j‘ This technology consists
! EY wl ewmasl ~_|  of an organic or
.? ’ ! e Osnazed Av-Atceved - Stadazers organoaquegus solution
20 —a-Uanazcd As-Received T of a drug with stabilizers,
R ’ ' which is injected into a
al cryogenic liquid, such as
o " 2 % 0 w s liquid nitrogen. The

dropiets of the drug  _ .
solution freeze at a rate
sufficient to minimize
crystallization and particle growth, thus ferming narostructured paricles. Depending on
the choice cf solvent system and procassing conditions, these partictes can have varying
paricle momphology. In the isolation step, the nitrogen and solvent are removed under
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conditions that avoid agglomeration or ripening of the drug particles.

Evaporative Precipitation into Aqueous Solutions
{(EPAS)

A technology that creates nanostructured drug particles
with rapid dissolution performance. For this technology,
the drug is dissolved in 4 water-insoluble solvent and
atomized into water at a temperature above the boiling
point of the solvent. The rapid expansion and
atomization of the solvent in the water ghase causes the
formation of nanostructured drug particles. The solvent
andfor water phase contain the stabilizers for the
particles. The evaporated solvent is recovered, and the
stabilized particles isolated from the aqueous phase by standard techniques.
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SSCI Application Note #3 H@

Download pdf version

Setting Specifications for Drug Substance and Drug Product

fn August 1996 a major conference on setting drug substance and drug product specifications was held in Washington, DC. This
conference was sponsored by PDA, AAPS, USP, F1IP, and FDA. The goals were to review the international harmonization
document QGA and to provide feedback to the bodies revising this document. Seven areas were discussed including:

dentificat on impurities, dissolution tests, physico-chemical tests, and 3 more. Intense discussion was focused on physico-
chiem-cal testingisince this area is the least resolved. In this newsletter major issues presented at the conference are reviewed,
with particular emphasis on the solid-state chemistry of drugs.

ldentification

A specific test is needed for identification of a drug substance. IR seems to be the most popular. However, the section in the
USH which allows recrystallization continues to attract interest (<187>). It was pointed out that the identification test is not meant
to be a polymorph test.

The singla-crystal structure can be very helpful in developing an X-ray diffraction-based identification test. The thecretical
powaer d.ffraction pattern of a material can be calculated from the single-crystal data. This pattern is devoid of preferred
orientation and shows what lines should be present (and absent). Thus, comparison of the diffraction pattern of the drug
substance to the calculated pattern provides a direct method of identification of the substance.

It s important to point out that an identification test is not a limit test. That is, a visua! comparison of the spectrum or diffraction
paitern of a drug substance to that of a reference merely provides an identification of the substance and does nat quantify its
poiymarpiic purity. More sophisticated, validated methods are needed to prove the polymorphic purity (and chemical purity) of a
drug substance.

Physica-Chemical Properties — Polymorphs

In rscen: years, the term polymorphs is frequently used to describe polymarphs, solvates, amorphous forms, and desolvated
solvales  Thus when a polymorphism question arises it often involves not strictly polymorphs (different unsclvated crystal forms)
but also cofvates (forms containing solvent, or water), amorphous forms (noncrystalline forms) and desolvated solvates (forms
which can only be made by removing the solvent from a selvate). The flow charts published in our 1995 Pharmaceutical
Research Review (Pharm Res 1995, 12, 945) and shown in SSCI's Application Note #2 have become a popular way to
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approach the major polymorph issues, asking the questions: (1) Have polymorphs, hydrates or amorphous forms been
discovered; (2) Do they have different physical properties; and (3) What is the drug substance composition?
Discovering Polymorphs and Setting Speclfications

A limit test is often substantiated with studies showing that the contaminating polymorph(s) are bioequivalent to the major
polymorph and that the contaminating polymorphs have acceptable stability profiles.

Mixtures of polymorphs should be avoided if possible. Mixtures are sometimes indicative of lack of control in the production
process. Thus, careful optimization of the production process, in general, and the final crystallization process, in particular, are
needed to avoid mixtures. If it is impossible to avoid mixtures, research should be conducted to establish a "best effort” attempt
to achieve polymorphic purity.

Specifications on Drug Product

in cases where the polymorph affects bioavailability or chemical stability, there is a developing interest in setting specifications
for drug product. Of course, methodology must be available to determine the polymorphs present in the drug product. For
relatively high dose drugs, solid-state NMR and X-ray powder diffraction are powerful tools for drug product analysis.
Importantly, the detection limit is usually higher in drug products since the excipients often interfare with the assay.

Particle Size : '

Specifications on particle size are of great interest to regulatory agencies. This is because the particle size can have a
significant influence on dissolution rate. In addition, particle size may reflect the polymorph present. Particle size specifications
are set for most drug substances.

Particle size specifications are important as a measure of the extent of processing of a drug substance and should be set as
soon as possible. Particle size specifications should always be set if a milled or micronized drug Is used. ‘

It is difficult to devise a single flow chart to address particle size issues. Instead, four flow chartlets are presented answering the
most important questions about particle size: (1) Can the drug substance be manufactured in different particle sizes? (2) Do
the differegt particle sizes have different dissolution rates? And (3) Do the different particle sizes have different processing
properties

A major issue is the method of determination of particle size. At least five methods have been used: (1) sieve analysis; (2)
Coulter counter; (3) laser light scattering; (4) microscopic image analysis; and (5) surface area analysis. This latter method is not
a direct method for particle size analysis but rather reports a parameter related to particle size. Several ways of reporting
particle size are used, including reporting the mean, the maximum, or the distribution. In some cases, a mixture of these
parameters are reported.

file://CAWINDOWS\TEMPATTO00003.htm 10/03/2003 .
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Figure 1. Flow charllets for particle size determination.
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Title: Processes to generate submicron particles of water-insoluble compounds

United States Patent: 6,177,103

Inventors: Pace; Gary W. (Raleigh, NC); Vachon; Michael G. (Quebec, CA), Mishra; Awadhesh K. (Quebec, CA);
Henrikson; Inge B. (Stavanger, NO); Krukonis; Val (Lexington, MA)

Assignee: RTP Pharma, Inc. (Durham, NC)
Appl No: 335735 '
Filed: June 18, 1999
Abstract

Submicron particles of water-insoluble cormpounds, particularly drugs, are prepared by
simultaneously stabilizing microparticulate suspensions of same with surface modifier molecules by
raptd expanston into an aqueous medium from a compressed solution of the compound and surface
modifiers in a liquefied gas and optionally homogenizing the aqueous suspension thus formed with
a high pressure homogenizer.

BACKGROUND AND SUMMARY OF INVENTION

A major problem in formulating biologically active compounds 1s thetr poor solubility or
insolubility in water. For instance, over one third of the drugs listed in the United States
Pharmacopoeia are either water-insoluble or poorly water-soluble. Oral formulations of water-
insoluble drugs or compounds with biological uses frequently show poor and erratic bioavailability.
In addition, drug insolubility 1s one of the most recalcitrant problems facing medicinal chemists and
pharmaceutical scientists developing new drugs. Water-insolubility problems delay or completely
block the development of many new drugs and other biologically useful compounds, or prevent the
much-needed reformulation of certain currzntly marketed drugs. Although the water-insoluble
compounds may be formulated by solubilization in organic solvents or aqueous-surfactant
solutions, in many cases such solubilization may not be a preferred method of delivery of the water-
insoluble agent for their intended biological use. For instance, many currently avatilable injectable
formulations of water-insoluble drugs carry important adverse wamings on their labels that
originate from detergents and other agents used for their solubilization.

An alternative approach for the formulation of water-insoluble biologically active compounds is
surface-stabilized particulate preparations. Small particle size formulation of drugs are often needed
in order to maximize surface area, bioavailability and, dissolution requirements. Pace et al. ("Novel
Injectable Formulations of Insoluble Drugs” in Pharmaceutical Technology, March 1999) have
reviewed the usefulness of the microparticulate preparations of water-insoluble or poorly soluble
injectable drugs. '

In U.S Pat. Nos, 5,091,187 and 5,091,188 to Haynes describe the use of phospholipids as surface
stabilizers to produce aqueous suspension of submicron sized parucles of the water-insoiuble drugs
These suspensions are believed to be the first applications of the surface modified microparticulate
aqueous suspension containing parucles made up of a core of pure drug substances and stabilized
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cosolvent Minute additions of & cosolvent can significantly influence the solvent properties. When
cosolvents are used in rapid expansion from a supercritical solution, care is required to prevent de-
solution of the particles due to solvent condensing in the nozzle. Normally, this is achieved by
heating the supercritical fluid, prior to expansion, to a point where no condensate (mist) is visibie at
the nozzle tip.

A similar problem occurs when carbon dioxide is used. During adiabatic expanston {cooling),
carbon dioxide will be in two phases unless sufficient heat is provided at the nozzle to maintain a
gaseous state. Most investigators recognize this phenomenon and increase the pre-expansion
temperature to prevent condensation and freezing in the nozzle. A significant heat input is required
(40-50 kcal/kg) to maintain carbon dioxide in the gaseous state. If this energy is supplied by
increasing the pre-expansion temperature the density drops and consequently reduces the
supercritical fluid's solvating power. This can lead to premature precipitation and cloggtng of the
nozzle.

The solvent properties of liquefied-gas are strongly affected by their fluid density in the vicinity of
the fluid's critical point In rapid expansion from liquefied-gas solutions, a non-volatile solute is
dissolved in a liquefied-gas that remains ether in the supercritical or sub-critical phase. Nucleation
and crystallization are triggered by reducing the solution density through rapid expansion of the
liquefied-gas to atmospheric conditions. To achieve this the liquefied-gas is typically sprayed
through 10-50 micron (internal diameter) nozzles with aspect ratios (L/D) of 5-100. High levels of
supersaturation result in rapid nucleation rates and limited crystal growth. The combination of a
rapidly propagating mechanical perturbation and high supersaturation is a distinguishing feature of
rapid expansion from a liquefied-gas solution. These conditions lead to the formation of very small
particles with a narrow particle size distribution.

There are 2 number of advantages in utilizing compressed carbon dioxide in the liquid and
supercritical fluid states, as a solvent or anti-solvent for the formation of matenals with submicron
particte features. Diffusion coefficients of organic solvents in supercnitical fluid carbon dioxide are
typically 1-2 orders of magnitude higher than in conventional liquid solvenis. Furthermore, carbon
dioxide is a small linear molecule that diffuses more rapidly in liquids than do other antisolvents. In
the antisolvent precipitation process, the accelerated mass transfer in both directions can facilitate
very rapid phase separation and hence the production of materials with sub-micron features. It is
easy to recycle the supercritical fluid solvent at the end of the process by simply reducing pressure.
Since supercritical fluids do not have a surface tension, they can be removed without collapse of
structure due to capillary forces. Solvent removal from the prodygct is unusually rapid. No carbon
dioxide residue is left in the product, and carbon dioxide has a number of other desirable
characteristics, for example it is non-toxic, nonflammable, and inexpensive. Furthermore, solvent
waste is greatly reduced since a typical ratio of antisolvent to solvent is 30:1.

Exploiting these concepts Henriksen et al. in WO 97/14407, disclosed a process using compressed
fluids to produce sub-micron sized particles of water insoluble compounds with biological uses,
particularly water insoluble drugs by precipitaiing a compound by rapid expansion from a
supercritical solution in which the compound is dissolved, or precipitating a compound by spraying
a solution, in which the compound s soluble, into compressed gas, liquid or supercnineal fluid
which is miscible with the solution but is anttsoivent for the compound. In this manner precipiation
with a compressed fluid amtisolvent {conpressed fluid arusolvenr) is achieved
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with natural or synthetic bipolar hipids including phospholipids and cholesterol. Subsequently,
stmilar delivery systems exploiting these principles have been described (G. G. Liversidge et al,
U.S. Pat. No. 5,145,684: K. J. IHig etal. U.S. Pat. No. 5,340,564 and H. William Bosch etal , U.S.

Pat. No. 5,510,118) emphasizing the usefulness of the drug delivery approach utilizing particulate
aqueous suspensions.

In U.S. Pat. No. 5,246,707 Haynes teaches uses of phospholipid-coated microcrystals in the
delivery of water-soluble biomolecules such as polypeptides and proteins. The proteins are rendered

insoluble by complexation and the resulting material forms the solid core of the phospholipid-
coated particle.

These patents and others utilized processes based on the particle size reduction by mechanical
means such as attrition, cavitation, high-shear, impaction, etc achieved by media milling, high
pressure homogenization, ultrasonication, and microfluidization of aqueous suspensions. However,
these particle size reducuon methods suffer from certain disadvantage, such as long process
duration (high-pressure homogenization or microfluidization) and contamination (media milling,
and ultrasonication). In addition, these methods may not be suitable for aqueous suspensions of

compounds with limited stability in aqueous medium at the pH, high temperature and high pressure
condrtions prevailing in these processes.

Among the alternatives that address to these problems is a procedure which uses liquefied gasses
for the production of microparticulate preparations. In one such method liquefied-gas solutions are
sprayed to form aerosols from which fine solid particles precipitate. The phenomenon of solids
precipitated from supercritical fluids was observed and documented as early as 1879 by Hannay, J.
B. and Hogarth, J. "On the Solubility of Solids in Gases," Proc. Roy. Soc. London 1879 A29 324,

The first comprehensive study of rapid expansion from a liquefied-gas solution in the supercritical
region was reported by Krukonis (1984) who formed micro-particles of an array of organic,
morganic, and biological materials. Most particle sizes reported for organic matenals, such as
lovastatin, polyhydroxyacids, and mevinolin, were in the 5-100 micron range. Nanoparticles of
beta-carotene (300 nm) were formed by expansion of ethane into a viscous gelatin solution n order
10 inhibit post expansion particle aggregation. Mohamed, R. S_, et al. (1988), "Solids Formation
After the Expansion of Supercntical Mixtures,” in Supercntical Fluid Science and Technoiogy,
Johnston, K. P. and Penninger, J. M. L., eds., describes the solution of the solids naphthaiene and
lovastatin in supercnitical carbon dioxide and sudden reduction of pressure to achieve fine particles

of the solute. The sudden reduction in pressure reduces the solvent power of the supercritical fluid,
causing precipitation of the solute as fine particles.

Tom, J. W. and Debenedetti, P. B. (1991), "Particle Formation with Supercritical Flurds—-a
Review," J. Aerosol. Sci. 22.555-584, discussas rapid expansion of supercnitical solutions”
techniques and their applications to tnorganic, organic, phamaceutical and polymeric materials.
This techruque is useful to comminute shock-sensitive solids, to produce intimate mixtures of
amorphous matenals. to form polymeric microspheres and deposit thin films

Most studies of rapid expansion from supercritical solution en organic materials utilize supercritical
carbon dioxide. However, ethane was preferred to carbon dioxide for beta-carotene because of
cergin chemical interactions Carbon dioxide is generally preferred, alone or 1n combimation with a



Claim 1 of 15 Claims

What is claimed is:

1. A process of preparing a stable suspension of sub
substantially water-insoluble biologically active co
successive steps of*

-micron particles of a water-insoluble or
mpound of up to 2000 nm in size comprising the

(a) dissolving 2 water-insoluble or substantially water-insoluble biologically active compound and a
first surface modifier in a liquefied compressed gas solvent therefor and forming a solution of
greater than 1% w/w of said compound in said solvent and thereafter:

(b) expanding the compressed fluid solution
containing a second surface modifier and
microparticles, and thereafter

prepared in step (a) into water or aqueous solution
water-soluble agents thereby producing a suspension of

(c) homogenizing the suspension of step (b) at high pressure. -

Eyou want to learmn more about this patent, please

go directly to the U S. Patent and Trademark
Office Web site to access the full patent.
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BACKGROUND

Foumnier is the assignee of the '726 patent. The 726 patent includes claims direcled to a
therapeutic fenofibrate composition (claims 1-7), a method for the manufacture of that fenofibrate
composition (claims 8 and 9), 8 method for improving the bioavailability of fenofibrate (claim 10),
and a method for treatment of hyperipidemia or hypercholesterolemia using the claimed fenofibrate
composition (claims 11 and 12).

Abbott is Fournier's exclusive licensee under the '726 patent. Abbott also holds a New
Drug Application ("NDA") approved by the United States Food and Drug Administration CFDA"),
permitting it to markel Foumnier's fenofiprate capsules in the United States. Abbott sells the
capsules under the tradename TRICOR®.

Novopharm filed an Abbreviated New Drug Application ("ANDA") in December 1999,
seeking the FDA's approval to market a generic micronized formulation of fenofibrate prior to the
expiration of the '726 patent. Along with its ANDA, Novopharm submitted a certification under 21
U.S.C. § 355G)(2)(A)viiy(IV) {(a "paragraph IV certification™), declaring that the manufaciure, use,
and sale of ils proposed fenofibrate formuiation would not infringe the ‘726 patent. Under 21 U.S.C.
§ 355(j)(2)(B)(i). an ANDA applicant who files a paragraph IV certification is required to include in its
application a statement that it will give nctice of that filing to the owner of the patent to which the
certificalion pertains, § 355()(2)(B)}){!), and to the holder of the approved NDA for that drug,
§ 355(N2)(B)(i)(I1). Pursuant to those provisions, Novophanm notified Foumier and Abbott,
respectively, that it had filed the ANDA and paragraph IV certification. Also, as required by 21
U.S.C. § 355())(2)(B)(ii), Novopharm provided in its notice letter a detailed stalement of the factual
and legal bases for its opinion of noninfringement of the "726 patent.

Foumier and Abbott then filed suit against Novopharm. They alleged that Novopharm's
generic version of TRICOR® would infringe one or more claims of the ‘726 patent, and that
Novopharm's submission of an ANDA for approval to sell fenofibrate capsules prior to the expiration
of the '726 patent constituted an act of infringement under 35 U.S.C. § 271(e)(2). That provision, in

pertinent pan, provides that:

-

577



It shail be an act of infringement to submit — (A} an application under section 505())
of the Federal Food. Drug, and Cosmetic Act {codified at 21 U.S.C. § 355(j); i.e., an
ANDA] . . . for a drug claimed in a patent or the use of which is claimed in a patent,

_if the purpose of such submission is to obtain approval under such Act fi.e.,
Title 21 of the United States Code] lo engage in the commercial manufacture, use,
or sale of a drug . . . claimed in a patent or the use of which is claimed in a patent
befare the expiration of such patent.

35 U.S.C. § 271(e)(2) (2000). Fournier and Abbott sought, among other things, a judgment that the
'726 patent was valid, enforceable, and infringed; an order staying the approval of Novopharm's
ANDA until the January 19, 2009 expiration date of the ‘726 patent; and an injunction prohibiting
Novopharm from commercially manufacturing, selling, using, or imperting infringing fenofibrate
compositions.

Novopharm amended its ANDA twice, both times adding a new dosage form and including
a paragraph IV certification for the newly added form. Following each of those amendments,
Fournier and Abbott filed a new complaint against Novopharm. The district court eventually
consolidated all three actions into a single proceeding."!  Novophamm thereafter moved for
summary judgment of noninfringement.

Claims 1 and 10, which are the 726 patent's only two independent claims, define the
patented subject matter as follows:

1. A therapeutic composition, which is presented in the form of gelatin

capsules and which is useful especially in the oral treatment of hyperipidemia and

hypercholesterolemia, said composition containing a co-micronized mixture of

particles of fenofibrate and a solid surfactant, wherein the mean particie size of said
co-micronized mixture is less than 15 ym.

10. A method for improving the bioavailability of fenofibrate in vivo, which
comprises co-micronization of the fenofibrate and a solid surfactant, the said co-
micronization being carried out by micronization of a fenofibrate/solid surfactant
mixture until the particle size of the powder obtained is less than 15 um.

{emphases added).

11 Teva Pharmaceutical industries Ltd. (*Teva') was also a named
defendant in those three actions in the district court. The record reflects that a
division of Teva had acquired an equity share in Novopharm prior to the filing of the
appellants’ first complaint; however, the record also reflects that the parties were
negotiating a document releasing Teva from the action as of the time that
Novopharm answered the complaint, and Teva is not named as a party to this
appeal. Fournier and Abbott presently have an additional suit pending against
Teva in the United States District Court for the District of Delaware. Abbott Labs. v.
Teva Pharms USA. Inc . No. 02-CV-1512 (D. Del. filed Oct. 4, 2002)
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Claim 1 of the '726 patent was amended during prosecution, in response to a rejection
under 35 U.S.C. § 103. As originally filed, that claim recited the phrase “the said composition
containing fenofibrate and a solid surfactant, which have been co-micronized.® The amendment
made dufing prosecution replaced that phrase with “said composition containing a co-micronized
mixture of particles of fenofibrate and a solid surfactant, wherein the mean particle size of the co-
micronized mixture is less than 15 pm.” The '726 patent specification includes data showing that

the patented composition has improved properties relative to formulations in which: (1) a solid

6>

oA

surfactant is added to fenofibrate (impliedly without co-micronization): (2) fenofibrate is micronized .

on its own; or (3) fenofibrate and surfactant are separately micronized and then intimately mixed.
‘726 patent, col. 1, ll. 35-43. During prosecution of the application that led to the '726 patent,
Foumier also distinguished its composition from prior art formulations in which fenofibrate was
granulated in a matrix containing a particle size of between 50 and 500 microns.

The district court found that Foumier had distinguished the claimed invention, as amended,

fram the cited prior art, on the ground that the prior art did not teach or suggest co-micronization of

a mixture of fenofibrate and a solid surfactant, which co-micronization resutted in an improvement in
bioavailability and dissolution rate not taught or suggested in the prior art. Abbott, slip op. at 2-3.
Fournier further distinguished the amended claim on the basis that co-micronization to produce
particles having a diameter of less than fifteen microns was not taught or suggested in the prior art.
Id. The court also observed that the '726 patent's specification states that:

the “co-micronization of fenofibrat2 and a solid surfactant (i.e., the micronization of

an itimate mixture of fenofibrate and a solid surfactant) makes it passible 10

improve the bioavailability of the fenofibrate to a significantly greater extent than

that which would be achieved either by adding a surfactant {to fenofibrate], or by

micronizing the fenofibrate on its own, or by intimately mixing the separately

micronized fenofibrate and surfactant.”
Id. at 4 (alteration in original). The court thus concluded that Fournier's claims could not be
construed to include “mixtures obtained by adding a surfactant to fenofibrate, or mucronizing
fenofibrate by itself, and/or mixing separately micronized fenofibrate and surfactant.” Id. at 11,

The distnct court then found that sodium lauryl sulfate (“SLS7) was the only example of a

solid surfactant, and that a method involving co-micronization of a fenofibrate/SLS mixture prior to

the addition of excipients such as lactose or starch was the only detailed example of co-

3



micronization disctosed in the '726 patent. Id. at 4-5. Elaborating on that point, the court found
further that "[tjhe claims, description, and prosecution history do not indicate that anything other
than fenofibrate and a sotid surfactant are micronized. . . . No other excipient is identified as part of
this mixture.” Id. at 12. The court concluded on the basis of those findings that the term “co-
microniz[-ed, -ation]” in independent claims 1 and 10 does not encompass co-micronization of
excipients other than fenofibrate and a solid surfactant, but instead “is construed to mean that
fenofibrate and a solid surfactant have been micronized logether in the absence of other
excipients.” Id. The court also concluded that the phrase “fenofibratefsclid surfactant mixture” in
claim 10 of the 726 patent must be construed, according to Novopharm's proposat, so as to
exclude any ingredients other than fenofibrate and solid surfactant, noling that Fournier and Abbott
had not objected to that construction. id. The court applied essentially the same construction to the
phrase “mixture of particles of fenofibrate and a solid surfactant” in claim 1, interpreting that phrase
o mean a °“mixture wholly of fenofibrate and a solid surfactant, to the exclusion of any other
excipients.” Id. at 13.

Having so construed the claims, the district court then considered Novopharm's proposed
fenofibrate formulations. The court found that, according to the ANDA, Novopharm's process for
making its proposed products involves pre-micronizing fenofibrate on its own, i.e., in the absence of
solid surfactant. The pre-micronized fenofibrate is then dry mixed with lactose monohydrate,
pregelatinized starch, croscarmetlose sodium, and crosspovidone. Separately, a granulating
solution” is prepared by dissolving povidone and SLS in water. The granulating solution is then
added to the dry fenofibrate/excipient mixture, and the resutting mixture is then subjected to a “wet
granutation” process, which involves mixing, with the introduction of additional water, to form a
uniform wet mass. The wet mass is then dried to form a dried, granulated mixture of fenofibrate,
SLS, and excipients. The granulated mixture is dry blended with additional croscarmeilose sodium,
crosspovidone, and magnesium stearate to produce granules that can pass through a #16 mesh
screen, for storage and eventual encapsulation into gelatin capsules. Id. at 8.

In Novophamm's motion for summary judgment, it had argued that its process does not

include co-micronization of fenofibrate and a solid surfactant. and therefore would not infringe the
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‘726 patent. Foumier and Abbott opposed Novopham's motion, alleging that the wet granulation
and drying steps used by Novopharm constitute the required co-micronization, because the
fenofibrate particles are reduced in size during those steps. Nanetheless, finding that there was no
dispute among the parties that fenofibrate and a solid surfactant are not *micronized together in the
absence of other excipients® in Novopharm's process, and having already construed the claims to
require just that, the court held that Novopharm's formulations could not literally infringe either
independent claim in the patent. Id, at 14.

-The court also ruled out infringement under l.he doctrine of equivalents on the basis of
prosecution history estoppel. The court reasoned that Foumier's prosecution arguments, which
distinguished the claimed inven@ion from the prior art on the ground that the prior art did not teach or
suggest co-micronization of fenofibrate and a solid surfactant such that the co-micronization
resulted in improved bicavailability, viewed together with statements in the patent specification and
arguments that Foumnier made during reexamination of the '726 patent, would reasonably lead a
competitor to conclude that Foumier had “relinquished a product and process that involved either
adding a surfactant by itself or by micronizing the fenofibrate on its own or by intimately mixing the

separately micronized fenofibrate and surfactant.” |d. at 14-16. Having concluded that Foumier

and Abbott had relinquished coverage of Novopharm's process and thus could not prevail, the -

district court granted Novopharm's mation for summary judgment of noninfringement.
Foumjer and Abbott now appeal. 'We have jurisdiction pursuant to 28 U.S.C. § 1295(a)(1).
DISCUSSION
We review a district court's grant of summary judgment de novo, reapplying the standard

used by the district court. Ethicon Endo-Surgery. Inc. v. U.S. Surgical Corp., 149 F.3d 1309, 1315,

47 USPQ2d 1272, 1275 (Fed. Cir. 1998). Summary judgment is appropriate “if the pleadings,
depositions, answers to interrogatories, and admissions on file, together with the affidavits, if any,
show that there is no genuine issue as to 2ny material fact and that the moving party is entitled to a
judgment as a matter of law.” Fed. R. Civ. P. 56(c). “The evidence of the nonmovant is to be

believed, and all justifiable inferences are to be drawn in his favor * Anderson v_Liberty Lobby. Inc.,

477 U S, 242255 (1986).
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Determination of patent infringement requires a two-step analysis. “First, the court
determines the scope and meaning of the patent claims asserted . . . [Secondly,] the properfy

construed claims are compared to the allegedly infringing [product].” Cybor Corp. v. FAS Techs..

Inc., 138 F.3d 1448, 1454, 46 USPQ2d 1169, 1172 (Fed. Cir. 1998) (en banc} (citations omitted).

Step one, claim construction, is an issue of law, Markman v. Westview Instruments, Inc., 52 F.3d

867, 970-71, 34 USPQ2d 1321, 1322 (Fed. Cir. 1995) (en banc), affd, 517 U.S. 370 (1996), that we
review de novo, Cybor, 138 F.3d at 1456, 46 USPQ2d at 1172. Step iwo, comparison of the claim
to the accused product, requires a determination that every claim limitation or its equivalent can be

found in the accused product. Wamer-Jenkinson Co. v. Hilton Davis Chem. Co., 520 U.S. 17, 29

(1997). A claim limitation is equivalently present in an accused product “if only ‘insubstantial
differences’ distinguish the missing claim element from the corresponding aspects of the accused

[product].” Sage Prods.. Inc. v. Devon Indus.. Inc., 126 F.3d 1420, 1423, 44 USPQ2d 1103, 1106

(Fed. Cir. 1997) (citation omitted). Those determinations are ardinarily questions of fact, Bai v. L &
L Wings. Inc., 160 F.3d 1350, 1353, 48 USPQ2d 1674, 1676 (Fed. Cir. 1998), but sumimary
judgment should be granted “in any case where no reasonabie fact finder could find equivalence.”

Sage Progs., 126 F.3d at 1423, 44 USPQ2d at 1106; see also Warmner-Jenkinson, 520 U.S. at 39,

n.8 (“Where the evidence is sugh that no reasonable jury could determine two elements to be
equi\(alent. district courts are obliged to grant partial or complete summary judgment.”™.

Foumier and Abbott argue on appeal that the district court erred by construing the claim
term “co-micronization” to require micronization of fenofibrate and solid surfactant ®in the absence of
other excipients.” They argue that the court also erred by construing the claim phrase “mixture of"
to mean *mixture wholly of,” again requiring exclusion of all ingredients other than fenofibrate and
solid surfactant in the mixture during co-micronization. According lo the appellants, both
misconstructions result from the court's having improperly imported limitations into the claims from
the patent’s non-limiting examples. -
We disagree, first, with the appeilants' contention that the distict court misconstrued the

term “ca-micronization.” Although courts “must presume that the terms in a claim mean what they

say, and unless otherwise compelied, give full effect to the ordinary and accustomed meaning of
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claim terms.” Johnson Wordwide Assocs., Inc. v. Zebco Corn., 175 F.3d 985, 989, 50 USPQ2d é* ‘

1607, 1610 (Fed. Cir. 1999); see also Nike Inc. v. Woiverine World Wide, Inc., 43 F.3d 644, 648, 33

USPQ2d 1038, 1039 (Fed. Cir. 1994); E.I. du Pont de Nemours & Co. v. Phillips Petrgleum. 849

F.2d 1430, 1433, 7 USPQ2d 1129, 1131 (Fed. Cir. 1988), we have previously identified limited
situations “where a sufficient reason exists to require the entry of a definition of a claim term other

than its ordinary and accustomed meaning,” Johnson Worldwide, 175 F.3d at 990, 50 USPQ2d at

1610. One such situation is when the patentee “has chosen to be his or her own lexicographer by
clearly setting forth an explicit definition for a claim term.” Id.

The district court found that, althougri the term “co-micronization”™ was not known in the art
prior to the filing date o.f the application that led to the '726 patent, both *micronization® and the
prefix “co-" had well-known meanings as of that date, and one of ordinary skill in the art at that time
therefore would have readily understood the meaning of “co-micronization.” Had that term not been
explicitly defined in the 726 patent specifization, we might well agree with the appellants that that
term could simply mean "micronized with or together” and would not necessarily exclude the
presence of ingredients not specifically recited in the claim. However, the phrase “co-micronization
of fenofibrate and a solid surfactant® is in fact explicitly defined at column 1, lines 35-38, of the '726
patent, as "micronization of an intimate mixture of fenofibrate and a solid surfactant.” Hence, this is
a case in which the patentee has “chosen to be his own lexicographer,” and the district court did not
em by reading the patentee's definition from the specification into the claim. Moreover, the inclusion
of the word “intimate” in the definition, together with the fact that fenofibrate and SLS are the only
ingredients present in every co-micronized mixture described in the 726 patent's specification,
makes it abundantly clear that “co-micronization of . . . fenofibrate and a solid surfactant” should be
construed as referring to co-micronization of a mixture consisting essentially of fenofibrate and solid

surfactant %2

Since each of the claims of the '726 patent requires either “a co-micronized mixiure of

particles of fenofibrate and a solid surfactant® or “co-micronization of the fenofibrate and a solid

W3 By use of the term “essentially.” we do not wish to exclude the
possibility of minor impurities being present.



surfactant, . . . carried oul by micronization of a fenofibrate/solid surfactant mixture,” each of the
claims requires co-micronization of a mixture consisting essentially of only fenofibrate and solid
surfactant. Because it is undisputed that fenofibrate and a solid surfactant are not mixed in
Novopharm’s process without other significant ingredients, viz., excipients and water, being present,
we conclude that there is no genuine issue of material fact as to lite_ral infringement in this case.

Foumier and Abbott also argue, however, that the district court emed in its analysis of
infingement under the doctrine of equivalents by holding that Foumier had relinquished during
prosecution coverage of all methods in which fenofibrate is pre-micronized. Foumier and Abbott
further contend that the court erred by concluding that no genuine issue of material fact exists with
respect to infringement by equivalents, and thus that the court's grant of summary judgment of
noninfringement was improper.

tn addition to assigning error to the district court's claim construction, the appellants argue
that there is substantial, unrebutted record evidence that Novophanm's fenofibrate product
undergoes a decrease in particie size, to less than fifteen microns, during Novopharmm's wet
granulation and drying steps. Fenofibrate and SLS are simultaneously present in those sleps, and,
the appeltants assert, the reduction in fenofibrate particle size in the presence of SLS therefore
constitutes “co-micronization.”

We agree with the appellants that the court erred in its doctrine of equivalents analysis to
the extent that it suggested that Foumnier had relinquished coverage of all formulations made by
methods in which fenofibrate is pre-micronized. Although Foumnier distinguished its claimed
composition from formuiations prepared by combining pre-micronized fenofibrate with a pre-
micronized or non-micronized solid surfactant without subsequent co-micronization, and is
accordingly estopped from asserting coverage of such formuiations under the doctrine of
equivalents, nothing in the '726 patent's specification, prosecution history, or reexamination record
indicates that Foumier gave up coverage of compositions prepared by processes in which pre-
micronized fenofibrate is laler further micronized in the presence of a solid surfactant (that is, co-

micromzed with the solid surfactant) However, that error was harmless here
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The process described in Novophanm's ANDA does not include any step in which
fenofibrate and a solid surfactant are in a mixture in the absence of other excipients, and, in view of
the above claim construction, there can b2 no dispute that fenofibrate and solid surfaciant are not
*co-micronized" as that term is used in tha '726 patent. Significantly, Novopharm's process does
not involve micronization of any mixture that includes fenofibrate and a solid surfactant, irrespectivé
of the presence or absence of other excipients, as the SLS is dissolved in the aqueous granulating
solution prior 1o mixing with the fenofibrate and remains in solution throughout the wet granulation

and drying steps. Dissolved SLS is clearly not a "solid surfactant.” Thus, even assuming that

Novopharm's wet granulation and drying steps result in some reduction in fenofibrate particle size,

O

those steps nonetheless cannot, as a matter of law, constitute co-micronization of an intimate

mixture of fenofibrate and solid surfactant. To hold otherwise would vitiate that limitation altogether,

R GEENTS e e

in contravention of the all-elements rule. See Wamer-Jenkinson, 520 U.S. at 39, n.8.

=

We have considered Abbott and Fournier's other arguments, and find them unpersuasive.
: GONCLUSION '
The district court did not err in granting summary judgment of noninfringement in favor of
Novopharm, for no genuine issue of matenal fact exists in this case. The court’s decision is

therefore

AFFIRMED.
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SPECIAL PATENT INFRINGEMENT CONCERNS FOR
DRUGS

By M. Henry Heines

Reprinted with permission from Chemical Engineering
Progress (August 1999). Copyright (c) 1999 American
Institute of Chemical Engineers. All rights reserved. Not to be
uploaded to any other site without written permission from
the AIChE.

The most familiar type of patent infringement is that which
arises from the manufacture, use, sale, or offer for sale of a
product falling within the scope of a patent. Patent
infringement can also occur however by the simple act of
submitting an Abbreviated New Drug Application (ANDA) to
the Food and Drug Administration (FDA). A lawsuit that was
recently resclved on appeal demonstrates how this can
happen.

The Drug Price Competition and Patent Term Restoration Act
of 1984 (the Waxman-Hatch Act) contained provisions that
amended both the Food and Drugs statute and the patent
statute, and the effect of these provisions is seen when an
ANDA is filed for a new formulation of a known drug.

The FDA provisions require an ANDA applicant to list all
patents that claim the drug in some form and to certify that
the new formulation raises no infringement liability under any
of those patents. The applicant must also notify the owner of
each listed patent and explain why the new formulation is
believed to not infringe the patent.

The patent provisions state that if someone submits an ANDA
with the intention of manufacturing, selling or using a drug
while a patent is in force that covers the manufacture, sale or
use, the submission of the ANDA will itself constitute
infringement.

Thus, under the FDA statute, the patent owner is notified that
a competitor intends to market the drug and is told why the
competitor believes it can do so without infringing the patent,
while under the patent statute the patent owner can sue the
competitor immediately if the patent owner disagre2s with the
competitor's reasons for noninfringement.

This is exactly what happened with a new drug formulation
developed by Mylan Pharmaceuticals Inc. The drug is )
glyburide, which is known to be effective in reducing the level
of glucose in serum and is useful for treating Type II diabetes.
The effectiveness of the drug is limited, however, by its low
bioavailability {rate of entry into the bloedstream), and
various solutions have been proposed. One of these is to
prepare the drug in micronized form, 1.e., as micronized
particles compressed into a tablet, since micronized particles
have a high surface area which helps them dissoive faster.
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Tabletted drugs contain large amounts of excipients {inert
substances that form a vehicle for the active ingredients),
however, and particle size of both the drug and the excipients
must be carefully controlied so that the tablet will have a
uniform consistency and a uniform drug leading.

The excipient used with glyburide is lactose. Unfortunately,
the formation of lactose particles with sufficient size control
for use with micronized glyburide has been a cumbersome and
costly process involving wet granulation, drying, and sizing or
milling. A cheaper way was the subject of U.S. Patent No.
4,916,163, owned by Pharmacia & Upjohn Company, which
was based on the discovery that lactose particles with a high
degree of size control can be obtained directly by spray-
drying. The patent therefore claims a micronized glyburide
composition with "spray-dried lactose as the preponderant
excipient.”

The lactose in Mylan's glyburide formulation was not spray-
dried but instead anhydrous, thereby differing both in its
method of preparation and in its absence of the water of
hydration present in spray-dried lactose. When Mylan
submitted its ANDA, it listed the Pharmacia & Upjohn patent,
notified Pharmacia & Upjohn, and explained that the
formulation would not infringe the patent since the
formulation did not contain spray-dried lactose. Pharmacia &
Upjohn did not dispute the distinction but claimed that the two
forms of lactose were equivalent and that the Mylan
formulation infringed under the “doctrine of

equivalents.” (Chemical Engineering Progress, Nov. 1997, p.
26).

Patent law states that the doctrine of equivalents will not be
applied if appiying it wouid be contrary to positions taken by
the inventor or the inventor's attorney while the patent
application was pending. Before the '163 patent issued, it had
been rejected over earfier patents ont lactose-containing
glyburide formulations. In response to that rejection,
Pharmacia & Upjohn stated that the lactose in the earlier
patents was not spray-dried, and that spray-dried lactose was
a critical feature of the invention and provided test data
showing the manufacturing advantages of the spray-dried

form. This was sufficienty convincing that the patent was
granted. ‘

The argument and the test data, however, prevented
Pharmacia & Upjohn from later extending the scope of the
patent to any form of lactose other than spray-dried. The
question of whether anhydrous lactose and spray-dried
lactose were equivalents in the suit against Mylan was,
therefore, never reached, and the patent was deemed
uninfringed.

noap-fwway townsend.com/news/articles/heines | hemi

By o By e Ml e [y s

1 L

O

| 9,
ED D T T L ST FE FTy P M

08/03/2003

[q.__...



& BRSNS S B ST ©3 D B el
Serial No.. 007515 ny

Sertes Code: 10
Filed: December 5, 2001

424/489; 241/21
424/489; 241/21
A61K 005/t4, BO2C 023/24

U.S. Current Class:
U.S. Class at Publication:
Intern'l Class:

Claims

What is claimed is:

1. A process for reducing particle size of a drug, the process comprising (a) dispersing about 10 g or less of the drug in a suitable volume of a
liquid dispersion medium to form a suspension; (b) bringing together in a vessel grinding media, magnetically activatable means for stirring
and the suspension; (c) magnetically activating the means for stirring to effect milling of the suspansionto a weight average parficle size not
greater than about 1 .mu.m; and (d) separating the resulting milled suspension from the grinding media and the magnetically activatable
means for stirring. :

2. A process for reducing particle size of a drug of low water solubility, the process comprising (a) dispersing about 10 g or less of the drug in
a suitable volume of a liquid dispersion medium to form a suspension; (b) bringing together in a vessel grinding media, magnetically
acitvatable means for stirring and the suspension; (c) magnetically activating the means for stirring 10 effect milling of the suspension to a
weight average particle size not greater than about | .mu.m; and (d) separating the resulting milled suspension from the grinding media and

the magnetically activatable means for stirring,
3. The process of claim 1 wherein about 5 g or less of the drug is dispersed in the liquid dispersion medium.
4 The process of claim 1 wherein about 2.5 g or less of the drug is dispersed in the liquid dispersion medium.

5. The process of claim 1 wherein the amount of liquid dispersion medium results, after the drug is dispersed therein, in a concentration of the
drug in the liquid dispersion medium of about 0.1% to about 90% by weight.

6 The process of claim 1 wherein the amount of liquid dispersion medium results, after the drug is dispersed therein, in a concentration of the
drug in the liquid dispersion medium of about 5% to about 65% by weight.
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7. Th_e process QfC!aim l‘ wherein the ambdnt of liquid dispersion medium results. after the drug is dispersed therein, in a concentration of the
drug in the liquid dispersion medium of about 10% to about 50% by weight

|
1
'; 8. The process of claim | wherein the liquid dispersion medium comprises water

| . e . . .'

| 9. The process of claim | wherein the liquid dispersion medium comprises a non-aqueous solvent.

\

i [0. The process of claim 8 wherein the liquid dispersion medium further comprises at least one surface modifying agen

I'1. The process of claim 10 wherein the at least one surface modifying agent is present in a total amount of about 0.1% to about 90% by
weight based on the combined weight of the drug and the at least one surface madifying agent.

12. The process of claim 10 wherein the at least one surface modifying agent is present in a total amount of about 0.1% to about 50% by
weight based on the combined weight of the drug and the at least one surface modifying agent.

13 The process of claim 10 wherein the at least one surface modifying agent is present in a 1otal amount of about 0.1% 10 about 25% by
weight based on the combined weight of the drug and the at least one surface modifying agent.

14, The process of claim 10 wherein at least one surface modifying agent is selected from the group consisting of sadium dadecyl sulfate,
polyvinylpyrrolidone, hydroxypropylmethylceflulose, and hydroxypropylceilulose.

15. The process of claim 10 wherein the liquid dispersion medium further comprises at least one antifoaming agent.

16. The process of claim 10 wherein the at least one antifoaming agent is present in the liquid dispersion medium in a total amount of abeut
0.001% 1o about 2.5%. by weight.

17. The process of claim 10 wherein the at least one antifoaming agent is present in the liquid dispersion medium in a total amount of about
0.003% to about 1%, by weight.

I8. The pracess of claim 15 wherein the at least one antifoaming agent comprises a silicon-based polymer.

19. The process of claim 18 wherein the at least one antifoaming agent is selected from the group consisting of simethicone, Sigma RTM
Aatifoam A, and equivalents therelo.

20. The process of claim | wherein the grinding media comprise a materiat selegted from the group consisting of glass, lead-free glass,
zirconium oxide and latex
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21 The process of claim | wherein the grinding media comprise lead-free glass. G \( S\
22 The process of claim | wherein at least a substantial portion of said grinding media are in the shape of a sphere.

23 The process of claim 22 wherein said sphere-shaped grinding media have a weight average diameter of about 0.2 to about 5 mm.

24 The process of claim 22 wherein said sphere-shaped grinding media have a weight average diameter of about 0.33 to about 1.5 mm.
25. The process of claim 21 wherein the sphere-shaped grinding media have a weight averagé diameter of about 0.5 to about 1 mm

26. The process of claim lvwherein the weight ratio of the suspension to all of said grinding media is about 1:10 to about 1.1.

27. The process of dlaim I wherein the weight ratio of the suspension to all of said grinding media is about 2:10 to about 9:10.

28. The process of claim 1 wherein the weight ratio of the suspension to all of said grinding media is about 4:10 to about 8:10.

29. The process of claim | wherein the magnetically activatable means for stirring comprises a magnetic stir bar,

30 The process of claim | wherein the megnetically activatable means for siirring comprises a high strength magnetic stir bar.

31. The process of claim 30 wherein the high strength magnetic stir bar is cqmprises one to a plurality of magnets comprising neodymium.
32. The process of claim 30 wherein the high strength magnetic stir bar comprises ene to a plurality of NdFeB magnets.

33 The process of claim 1 wherein said step (c) is performed by placing a rotating magnet near the vessel.

34. The process of claim | wherein said step {c) is performed until substantially ail of the drug pamcles have been reduced 1o a size not
greater than about 1 mu.m

35. The process of claim 1 wherein said step (c) is performed untii the drug particles have been reduced to a weight average particle size of
about 10 to about 1000 nm.

36 The process of claim | wherein said step (¢) is performed until the drug particles have been reduced to a weight average particle size of
about 100 to about 1000 nm.

37 The process of claim | wherein said step (c) is performed until the drug particles have been reduced to a weight average particle size of
about 400 (o about 900 nm.
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38. The process of claim 1 wherein said step (c} is performed until the drug particles have been reduced to a weight average particle size of
about 500 to about 900 nm.

39. The process of claim 1 wherein said separation step (d) comprises filiration.
40. The process of claim 1 wherein said filtration step (d) comprises centrifugal filtration.
41. The process of claim 1 wherein said separation step (d) comprises removal of the suspension from the milling vessel with a pipette

42 The pracess of claim 1 further comprising diluting the milled suspension with at Jeast one pharmaceutically acceptable excipient to form a
pharmaceutical suspension.

43. The process of claim 1 further comprising drying the milled suspension to form a drug powder.

44. The process of claim 43 wherein the drying step is performed by evaporalion, spray drying, rotovapping, lyophilization, or heating in an
oven,

45. The process of claim 43 further comprising mixing the drug powder together with one or more excipients to form a powder biend
46 The process of claim 43 further comprising compressing or encapsulating the powder blend to form a solid dosage form
47. The process of ¢claim 43 further comprising granulating the powder blend to form a granulate prior to ,éompressing or encapsulating,

48. The process of claim 47 wherein granulating is performed by wet granulation to form a wet granulate, and wherein the wet granulae is
dried prior to compressing or encapsulating,

49. The process of claim 43 further comprising suspending the drug powder in an inert liquid vehicle to form an imbibable liquid
50. The process of claim 49 wherein the inert liquid vehicle is water or fruit juice. .

51. A pharmaceutical suspension prepared aéording to claim 42.

52. A powder blend prepared according to claim 45.

53. A solid dosage form prepared according to claim 46.
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54 Animbibable liquid prepared according to claim 49.

55. An imbibable liquid prepared according to claim 50.

Description

[0001] This application claims priority of U.S. provisional application Serial No. 60/251,750 filed on Dec. 6, 2000.
FIELD OF THE INVENTION

[0002] The present invention relates to a process for milling drugs on a small scale and to use of drugs milled by such a process in
manufacture of medicaments.

BACKGROUND OF THE INVENTION'

[0003] The bicavailability of an orally administcred drug, as measured by its entry into systemic circulation in the blosdstream, depends on at
least two fundamental processes: drug dissolution in gastrointestinal fluids (in vivo drug release) and subsequent absorption of the dissolved
drug. Several factors influence dissolution of a drug from its carrier, including surface area of the drug presented to the dissolution solvent
medium, solubility of the drug substance in the specific solvent medium, and driving forces of the saturation concentration of dissolved
materials in the solvent medium. Notwithstanding these factors, a strong correlation has been established between the in vitro dissolution time
determined by standard assay procedures for an oral dosage form and the rate of in vivo drug release. This correlation is so firmly established
in the ant that dissolution time has become generally descriptive of drug release potential for the active component of the particular dosage
form.

{0004] When the process of in vivo drug release is slower than the process of absorption, absorption is said to be dissolution rate-limited.
Since dissolution precedes absorption in the overall process, any change in the drug release or dissolution process will subsequently influence
drug absorption. See for example Lisberman et al. (1989), Pharmaceutical Dosage Forms: Tablets, Vol. 1, pp. 34-36. Marcel Dekker, New
York ILis clear, therefore, that dissolution time determined for a composition is one of the important fundamental characteristics for
consideration when evaluating compositions intended for rapid-onset delivery, particularly where drug absorption is dissolution rate-limited.

{0005] It is well known that one way to improve dissolution of drugs of low water solubility is to reduce drug particle size thereby increasing
the specific surface area of the drug. Indeed, patent and other literature relating to nanoparticulate drug compositions teaches that, in general,
the smaller the drug particle size, the greater is the advantage in speed of onset of therapeutic effect, or other pharmacodynamic benefit,
obtained upon oral administration. For example, at least the following patents propose reduction of particle size to about 400 nm or smaller.

[0006] U.S. Pat. No. 5,145,684 to Liversidge et al.
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[0007] U S.
[0008] U S.
[0009] U.S.
[0010]1US.
[0011]U.S.
[0012) U.S.
[0013] U.S.
[0014] U S.
(00151 U.S.
[0016] U.S.
[0017] U S.
[0018] U.S.
[0019] U S.
[0020] U S.
[0021]USS.

[0022] U S.

Pat.
Pat,
Pat.
Pat.
Pat.
Pat.
Pat.
Pat.
Pat.
Pat.
Pat.
Pat.
Pat.
Pat.
Pat.

Pat.

No

No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.

No.

No

O

. 5,298,262 to Na & Rajagopalan.

5,302,401 to Liversidge et al,

5,340,564 to IHig & Sarpotdar.

5,352,459 to Hollister et al.
5,429,824 o June.
5,503,723 to Ruddy et al.
5,510,118 10 Bosch et al.
5,534,270 to De Castro.

5,552,160 to Liversidge et al.

5,585,108 to Ruddy et al.
5,591,456 to Franson et al.
5,662,883 to Bagchi et al.

- 5,665,331 to Bagehi et al.

5,336,507 to Na & Rajagopalan.

5,346,702 to Na & Rajagopalan.

5,573,783 to Desieno & Stetsko.
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[0023] Mills are among the most commonly used kinds of particle size reduction equipment for preparation of drugs and drug composilions
While there are many different types of mills, most have at least three basic companents in common: (1) a structure for feeding material into
the mill, (2) a milling chamber with working parts, and (3) a take-off to a receiver or collector in which the milled product is deposited. See
Lieberman et al. (1989), op. cit,, Vol. 2., p. 113. Non-limiting examples of mills commonly used to prepare and process drugs include (Tuid
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[0024] Although, as described above, dissolution and bloglallabth van'figes cgn 'be realized by milling drugs particularly drugs of low
water solubility, to smaller particle sizes, many diffichlties’ preclude 1ge of- knov\Lm types of mills in certain situations. For example no
practical means of milling small amounts (e.g,, less than’ about 10 grams)‘ofdrug tiaterial to nanopamculate dimensions, i.e., to particle sizes
smaller than about 1 .mu.m, have hitherto been available Thl? has made theyenure approach of preparing nanoparticulate drugs (either
suspensions or solid composmons) for the purpose of sludymg’enhancement of dissolution, inaccessible for new drugs in discovery and early
developnient phases, and for cold- or radioactively-labeled drugs—sntuahons ift which the quantity of drug available for such studies is usually
very limited. Consequently,-development of important drug formulatlons for example rapid-onset formulations, is often delayed until larger

uantities of drug are available, £ :
a 8 i'{qre,\:w,r 'ﬁ‘

[0025] Additionally, milling is a very inefficient unit operanon wnh only approxlmalely 0.05% to 2% of the applied energy being utilized in
the actual reduction of particle size. Although milling efficiency i is ‘dépendent-iipon the type of mill and the characteristic of the material being
milled, in general, a large portion (e.g., about 10% to about 50%) ofthe energy expended during milling is converted to heat. This heat is
generated by friction of particles contacting the mill, by plastic” deformatlon ‘of-particles that are not fractured, by friction of particles colliding
with each other, and/or by friction of mechanical mlll parts, etc. In many instances, this heat generation leads to drug degradauon
Consequently, common milling processes are suitable only for’ drugslwhlch are thermally stable. Alternatively, expensive heat removal
equipnient must be employed to maintain drug stability. : A

I ua]g’kﬁb}ﬂ
[0026] A further difficulty is that traditional milling equipment suitable for particle size reduction to less than 1 .mu.m is generally very
expensive and as such, is not widely available. Moreover, given the compiexity of size reduction processes, few theories of general
applicability have been developed. Therefore, most size reduction’problems in the pharmaceutical industry must be solved empincally rather
than theoretically. See Lieberman et al. (1989), op. cit., Vol. 2., pp. 107-112. Even when available, traditional milling equipment designed for
heavy industry or large scale use is often not amenable to small scale empirical problem solving.

N 'n!

j-'»

{0027] A yet further difficulty with traditional milling is that steel or some similar grinding media are typically employed. Use of metals in
milling a suspension introduces the risk of metal contamination and consequent chemical decomposition.

[0028] Therefore, if an inexpensive, widely available, energy- ePﬁcnent laboratory-scale process for milling drugs of low water solub:lny toa
nanoparticulate size range could be developed, a significant advance would be reatized in preparation of drugs and drug compositions used in
the treaument of a wide variety of disorders, particularly disorders where rapid onset of therapeutic action is desired.

SUMMARY OF THE INVENTION

[0029] Accordingly, the present invention provides a process for reducing particle size of a drug, the process compnsmg (a) a step of

dispersing about 10 g or less of the drug in a suitable volume of a liquid dlspersmn medium to form a suspension; (b) a step of bringing
togetiier in a vessel grinding media, magnetically activatable means for stirring and the suspensmn (c) a step of magnetically activating the
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: means for stirring to effect milling of the suspension 10 a weight average particle size not greater than about 1 .mu.m: and (d) a step of
separating the resulting milled suspension from the grinding media and the magnetically activatable means for stirring.

[00307 In one embodimen't of the invention, the process further comprises (e) a step of drying the milled suspension resulting from step (c} to
form a drug powder. In this embodiment, the drying step (e) can occur prior to or afier step (d). Drug powders prepared according to this
process can be further formulated 1o provide a pharmaceutical composition.

(003 1] Other features of the invention will be in part apparent and in parnt laid out hereinafier.
BRIEF DESCRIPTION OF THE DRAWINGS

{0032] FIG. 1 shows in diagrammatic form an apparatus suitable for the process of the invention.
[0033] FIG. 2 shows a perspective representation of a high strength magnetic stir bar suitable for the process of the invention.
[0034] FIG. 3 shows a cross section view of a high strength magnetic stir bar suitable for the process of the invention.

[0035] FIG. 4 shows a side view of a high strength magnetic stir bar suitable for the process of the invention.

[0036] FIG. 5 presents particle size data for milled suspensions D1-D4 prepared as described in Example 1, as measured by Fraunhofer
diffraction. .

[0037] FIG. 6 shows optical micrographs of samples taken from milled suspensions D1-D4 under non-polarized (left) and polarized (right)
light.

DETAILED DESCRIPTION OF THE INVENTION

[0038] The process of the invention is especially suitable for reducing particle size of a drug of low water solubility. The process comprises
(a) a step of dispersing about 10 g or less, preferably about 5 g or less, and more preferably about 2.5 g or less, of the drug in a suitable
volume of a liquid dispersion medium to form a suspension; (b) a step of bringing together in a vesse! grinding media, magnetically
activatable means for stitning, and the suspension; (¢) a step of magnetically activating the means for stirring to effect milling of the

suspension to a D.sub 50 particle size not greater than about | .mu.m; and (d) a step of separating the resulting milled suspension from the
grinding media and the magnetically activatable means for stirring.

[0039] Drugs of Low Water Solubility

[0040] Any suitable drug may be utilized in methods, processes and compositions of the invention. Preferably, the drug is one having low

file://C\WINDOWS\TEMP\United%20States%20Patent%20Application%200020119200.htm 06:03/2003



F&maﬂwm pllcﬁdﬁwEJF GF]GE:@:@ @ % = = %%EETZ@::E

Y3
water solubility, for example a solubility in water, measured at 37.degree. C., not greater than about 10 mg of drug per mi of water, and
preferably not greater than about 1 mg of drug per ml of water. Solubility in water for many drugs can be readity determined from standard
pharmaceutical reference books, for example The Merck Index, 1 1th ed., 1989 (published by Merck & Co,, Inc,, Rahway, N.J.); the United
States Pharmacopoeia, 24th ed. (USP 24), 2000; The Extra Pharmacopeeia, 29th ed., 1989 {(published by Pharmaceutical Press, London); and
the Physicians Desk Reference (PDR), 2000 ed. (published by Medical Economics Co., Montvale, N.J.), each of which is individually
incorporated herein by reference.

[0041} For example, individual drugs of low solubility as defined herein includg those drugs categorized as "slightly soluble", "very slightly
soluble”, “practically insoluble” and "insoluble” in USP 24, pp. 2254-2298; and those drugs categorized as requiring 100 ml or more of water
to dissolve | g of the drug, as listed in USP 24, pp. 2299-2304. Processes of the invention are particularly suitable for drugs the absorption of
which is dissolution-rate limited.

[0042) Hlustratively, suitable drugs of low water solubility include, without limitation, drugs from the following classes: abortifacients, ACE
inhibitors, .alpha.- and beta.-adrenergic agonists, .alpha.- and beta.-adrenergic blockers, adrenocortical suppressants, adrenocorticotropic
hormones, alcohol deterrents, aldose reductase inhibitors, aldosterone antagonists, anabolics, analgesics (including narcotic and non-narcotic
analgesics), androgens, angiotensin 1l receptor antagonists, anorexics, antacids, anthelminthics, antiacne agents, antiallergics, antialopecia
agents, antiamebics, antiandrogens, antianginal agents, antiarrhythmics, antiarteriosclerotics, antiarthritic/antirheumatic agents (including
catective COX-2 inhibitors), antiasthmatics, antibacterials, antibacterial adiuncts, amicholinergics, anticoagulants, anticonvulsants,
antidepressants, antidiabetics, antidiarrheal agents, antidiuretics, antidotes to poison, antidyskinetics, antieczematics, antiemetics,
antiestrogens, antifibrotics, antiflatulents, antifungals, antiglaucoma agents, antigonadotropins, antigout agents, antihistaminics,
antihyperaciives, antihyperlipoproteinemics, antihyperphosphatemics, antihypertensives, antihyperthyroid agents, antihypotensives,
antihypothyroid agents, anti-inflammatories, antimalarials, antimanics, antimethemoglobinemics, antimigraine agents, antimuscarinics,
antimycobacterials, antineoplastic agents and adjuncts, antineutropenics, antiosteoporotics, antipagetics, antiparkinsonian agents,
antipheochromocytoma agents, antipneumocystis agents, antiprostatic hypertrophy agents, antiprotozoals, antipruritics, antipsoriatics,
antipsychotics, antipyretics, antiricketisials, antiseborrheics, antiseptics/disinfectants, antispasmodics, antisyphylitics, antithrombocythemics,
antithrombotics, antitussives, antiulceratives, antiurolithics, antivenins, antiviral agents, anxiolytics, aromatase inhibitors, astringents,
benzodiazepine antagonists, bone resorption inhibitors, bradycardic agents, bradykinin antagonists, bronchodilators, calcium channel
blockers, calcium regulators, carbonic anhydrase inhibitors, cardiotonics, CCK antagonists, chelating agents, cholelitholytic agents,
choleretics, cholinergics, cholinesterase inhibitors, cholinesterase reactivators, CNS stimulants, contraceptives, debriding agents,
decongestants, depigmentors, dermatitis herpetiformis suppressants, digestive aids, diuretics, dopamine receptor agonists, dopamine receptor
antagonists, ectoparasiticides, emetics, enkephalinase inhibitors, enzymes, enzyme cofactors, estrogens, expectorants, fibrinogen receptor
antagonists, fluoride supplements, gastric and pancreatic secrefion stimulants, gastric cytoproteciants, gastric proton pump inhibitors, gasinic
secretion inhibitors, gasiroprokinetics, glucocorticoids, .alpha.-glucosidase inhibitors, gonad-stimulating principles, growth hormone
inhibitors, yrowth hormone reteasing factors, growth stimulants, hematinics, hematopoietics, hemolytics, hemostatics, heparin antagonists,
hepatic enzyme inducers, hepatoprotectants, histamine H.sub.2 receptor antagonists, HIV protease inhibitors, HMG CoA reductase inhibitors,
;mmunomodulators, immunosuppressants, insulin sensitizers, ion exchange resins, keratolytics, lactation stimulating hormones,
jaxatives/cathartics, leukotriene antagonists, LH-RH agonists, lipotropics, 5-lipexygenase inhibitors, lupus erythematosus suppressants,
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matrix metalloproteinase inhibitors, mineralocorticoids, miotics, monoamine oxidase inhibitors, mucolytics, muscle relaxants, mydriatics,
narcotic antagonists, neuroprotectives, nootropics, ovarian hormones, oxytocics, pepsin inhibitors, pigmentation agents, plasma volume
expanders, potassium channel activators/openers, progestogens, prolactin inhibitors, prostaglandins, protease inhibitors, radio-
pharmaceuticals, 5.alpha.-reductase inhibitors, respiratory stimulants, reverse transcriptase inhibitors, sedatives/hypnotics, serenics, serotonin
noradrenaline reuptake inhibitors, serotonin receptor agonists, serotonin receptor antagonists, serotonin uptake inhibitors, somatostatin
analogs, thrombolytics, thromboxane A.sub 2 receptor antagonists, thyroid hermones, thyrotropic hormones, tocolytics, topoisomerase [ annd
11 inhibitors, uricosurics, vasodilators, vasoprotectants, xanthine oxidase inhibitors, and combinations thereof.

[0043] Non-limiting illustrative examples of suitable drugs of low water solubility include acetohexamide, acetylsalicylic acid, alclofenac,
allopurinol, atropine, benzthiazide, carbamazepine, carpofen, celecoxib, chlordiazepoxide, chlorpromazine, clonidine, codeine phosphate,
codeine sulfate, codeine, deracoxib, diacerein, diclofenac, diltiazem, enolic acids, estradiol, etodolac, etoposide, fenbulen, fenclofenac,
fenprofen, fentiazac, flurbiprofen, griseofulvin, haloperidol, ibuprofen, indomethacin, indomethacine, indoprofen, ketoprofen, linezolid.
lorazepam, medroxyprogesterone acetate, megestrol, methoxsalen, methylprednisone, morphine sulfate, morphine, naproxen, nicergoline,
nifedipine, niflumic, oxaprozin, oxazepam, oxyphenbutazone, parecoxib, phenindione, phenobarbital, phenytoin, piroxicam, pirprofen,
prednisolone, prednisone, procaine, progesterone, pyrimethamine, rofecoxib, sulfadiazine, sulfamerazine, sulfisoxazole, sulindac, suprofen,
temazepam, tiaprofenic acid, tilomisole, tolmetic, valdecoxib, etc.

[0044] Where the drug being milled is not of low water solubility, the liquid dispersion medium is preferably substantially free of water
[0045] Energy Efficiency

[00461 A presentty contemplated advantage of the process of the invention, in addition to its unique suitability where only small quantities of
drug are available, is that it requires less energy and/or produces less heat than conventional milling processes. Consequently, the process of
the invention results in substantially less or no drug degradation (and/or conversion of crystalline to amorphous state) compared to
conventional milling processes, particularly where moderately stable or unstable drugs are used. Heat production can be measured by standard
means, for example, by using a thermometer Drug degradation and conversion to an amorphous state can be measured by any method kiown
in the art, for example, by high performance liquid chromatography (HPLC), high pressure liquid chromatography, thin- layer chromatography
(TLC), paper chromatography, gas chromatography, differential scanning calorimetry (DSC), X-ray crystallography, etc’

{0047] Chemical Stability » -

[0048] Another presently contemplated advantage of the process of the invention is that it employs chemically inert grinding media which are
substantially resistant to chipping or cracking. Consequently, risk of chemical degradation of drug particles due to milling is greatly reduced
or eliminated.

[0049] Drug Particle Size
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{0050] As used herein, the term "D.sub.50" refers to a linear measure of diameter having a value such that 50% by velume of particles in the
formulation, in the longest dimension of the particles, are smaller than that diameter. For practical purposes a determination of D.sub.50 based
on 50% by weight rather than by volume is generally suitable. As used herein, therefore, D sub.50 particle size is essentially synonymous
with weight average particle size, C : o 1 -
Aol . . S
(0051] Particle size can also be characterized, for example, by D.sub.10, which refers to a linear measure of diameter having a value'such'that
10% by voluine of particles in the formulation, in the longest dimension of the particles, are smaller than that diameter, or by D.sub.90, which
refers 1o a linear measure of diameter having a value such that 90% by volume of particles in the formulation, in the longest dimension of the
particles, are smaller than that diameter. , ' T R
' . [ER SR

[0052] Drugs prepared according to the process of the invention have & D.sub.50 particle size not greater than about 1000 nn, preferab'fy“' e
about 10 nm to about 1000 nm, more preferably about 100 nm to about 1000 nm, still more preferably about 400 nm to about 900 nm and
most preferably about 500 nm to about 800 nm, ' ' ‘ .

[0053] In & further preferred émbodiment, about 50% to 100%, more preferably about 75% to 100%, and still more preferably about 90%'to
- 100% by weight of drug particles prepared according to the process of the invention have a linear diameter not greater than about 1000 nm. In"

a particularly preferred embodiment, substantially all of the drug particles prepared by the process of the invention have a linear diamater not .

greater than about 1000 nm. S : R
[0054] Any suitable detection method can be used to determine particle size of drugs prepared according to the process of the invention,
Nlustrative processes include appropriate microscopy (e.g. visible light microscopy, ultraviolet microscopy, or electron microscopy), dynamic
light scatlering (DLS), turbidimetry, etc. In general, one of ordinary skill in the art will be able to select an appropriate size detection method
for the particle size range being detected.

[0055] Liquid Dispersion Medium

[0056] The invention can be practiced with any liquid dispersion medium in which the particular drug selected is substantially insoluble (i.e,,
less than about 10 and preferably less than about 1 mg of drug per ml of liquid dispersion medium). A presently preferred liquid dispersion
mediun is water. However, the invention can be practiced with other liquid dispersion media in which the particular drug selected is
substannally insoluble, for example, aqueous salt solutions, safflower oil, and solvents such as ethanol, t-butanol, hexane and glycals. .
Altematively, the liquid dispersion medium can comprise malten material, for example molten polyethylene glycol or a gelucire, which can
be heated and maintained in liquid form during milling and then allowed to cool and solidify after milling. ' ‘

[0057] A suitable liquid dispersion medium preferably comprises at least one surface modifying agents. Surface modifying agent(s) can be
added fo the liquid dispersion medium at any step of the process, for example, before and/or after the milling step (c). Preferably, surface
modifying agent(s) are added prior to the milling step (€). Suitable surface modifying agents can be selected from known organic and -
incrganic pharmaceutically acceptable excipients. Such excipients include various polymers, low molecular weight oligomers, natural -
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products, surfactants, efc. Non-limiting, representative examples of excipients that can be used as surface modifying agents include gelatin,
casein, lecithin (phosphatides), gum acacia, cholesterol, tragacanth, stearic acid, benzalkonium chloride, calcium stearate, glyceryl
monostearate, cetostearyl alcohal, cetamacrogol emulsifying wax, sorbitan esters, polyoxyethylene sorbitan fatty acid esters, polyoxyelhylene
castor oil derivatives, polyethylene glycols, polyoxyethylene stearates, colloidal silicon dioxide, phosphates, sodium dodecyl sulfate,
carboxymethylcellulose calcium, carboxymethylcellulose sodium, methylcellulose, hydroxyethylcellulose, hydroxypropylcellulose,
hydroxypropylmethylcel!ulose, noncrystalline cellulose, magnesium aluminum silicate, triethanolamine, polyviny! alcohol, and
polyvinylpyrrolidone, preferably polyvinylpyrrolidone having a molecular weight of about 30,000, Most of these excipients are described in
detail in The Handbook of Pharmaceutical Excipients, The Pharmaceutical Press (1986). Surface modifying agents arc commercially
available and/or can be prepared by processes known in the art.

[0058] Particularly preferred surface modifying agents are sodium dodecyl sulfate, polyvinylpyrrolidone, hydroxypropycellutose and
hydroxypropylmethylcellulose. If present in a liquid dispersion medium, at least one surface modifying agent is preferably present in a total
amount of about 0.1% to about 90%, preferably about 0.1% to about 50%, and more preferably about 0.1% 1o about 25%, by weight based on
the combined weight of drug and the at least one surface modifying agent. :

{0059] For some drugs, particles will tend to agglomerate during the milling process of the invention. Without being bound by theory, itis
believed that drug particie agglomeration during milling prevents reduction of drug particles to small sub-micron sizes. Where such small
sub-micron particle sizes are desired, one or more surface modifying agents are preferably selected (by type and amount) 50 &S Lo minimize,
reduce and/or inhibit drug particle agglomeration during and/or after milling.

[0060] One of ordinary skill in the art will, through routine optimization, be able to determine which surface modifying agents (and idcal
concentrations) are effective for minimizing, inhibiting, and/or reducing agglomeration of particles of a particular drug during milling and/or
storage of the suspension. Ilusteatively, if particle agglomeration occurs during milling of a particular drug, a miniaturized screening assay
can be performed to optimize liquid dispersion medium componeits. An exemplary miniaturized screening assay is a 96-well plate screen.
Visual detection or automated absorbance can be used to measure drug particle agglomeration. Such an assay can also be used to optimize
liquids used to rinse and/or ditute milled suspensions and to test drug particle agglomeration under stressed conditions such as frecze-thaw or
elevated temperatures, ‘ ‘\

[0061] Conversely, where 8 lower limit on drug particle size reduction is desired (i.e. drug particies below a specific size are not desired) one
of ordinary skill in the art will readily be able to control the use of surface modifying agents during milling s as to not limit drug particie
agglomeration and, consequently, lismit drug particle size reduction to the desired range.

[0062] Preferably, one or more antifoaming agents are added to the liquid dispersion medium. If present in a liquid dispersion medium, one or
more antifoaming agents are typically present int a total amount of about 0.001% to about 2.5%, and preferably about 0.003% to about 1%, by
weight of the liquid dispersion medium. Silicon-based polymers are preferred antifoaming agents. Polydimethylsiloxane (e.g. simethicone

USP) and Sigma Antifoam A Concentrate or an equivalent thereof are particularly preferred antifoaming agents.
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[0063] Preferably, the apparent viscosity of a liquid dispersion medium used to prepare nanoparticutate drug particles according ta the
invention is about t to about 1000 cP, and preferably about 1 to about 500 cP. :

[0064] T the process of the invention, about 10 g or less of a drug is placed in a suitable amount of the liquid dispersion medium. What -
constitules a "suitable amount"” in the present context depends, among other factors, on the amount of drug used, the particular drug being
used, the size of the vessel, the amount of grinding media used, and the particular components of the liquid dispersion medium. In general, a
suilable amount of liquid dispersion medium is an amount which, after the drug is dispersed therein, results in a concentration of drug in'the. |
liquid dispersion medium of about 0.1% to about 90%, preferably about 5% to about 65%, and more preferably about 10% to about 50%, by
weight. Concentrations can be readily optimized by one skilled in the art depending on the particular drug and the particular liquid dispersion’
medium used. Without being bound by theory, higher drug concentrations are generally desired and tend to result in a more efficient milling .
process and in more flexibility in transferring a suspension after milling. This in turn allows for increased recovery of milled drug particles. +.

1. [ L P

[0065] Grinding Media _ : ' N ' ‘ A

[0066] Grinding media of any suitable shape (e.g., balls, banded balls, cubes, cylinders, beads, etc.), size, size distribution, density and/or ; '
material can be used in the milling step. The grinding media should be chemically inert and resistant to chipping or cracking during the.: ... -
process of the invention. Preferred grinding media comprise glass, lead-free glass, latex and/or zirconium oxide and are in the shape of ... b
spherical beads, Preferably, such beads have a weight average diamicter of about .2 to aboul 5 i, niore preferabiy about 0.33 to about 1.5:,
mm, and still mare preferably about 0.5 to about 1 mm. More preferably, substantially all of the spherical beads have a diameter of about 0.2 7
to about 5 mm, more preferably about 0.33 to about 1.5 mm, and still more preferably about 0.5 to about 1 mm. Without being bound by . ..
theory, it is generally believed that smaller grinding media are more efficient in the milling process of the invention since more bead-bead . ... .
contact results. : bt

[0067] The amount, by weight, of grinding media used to prepare nanoparticulate drug particles according to the process of the invention - |
depends on the particular volume of liquid dispersion medium used, the drug used, the size, density and shape of the grinding media, and the
size of ihe vessel in which the grinding takes place. The amount of grinding media can be readily optimized by one skilted in the art taking
into account the above factors. Generally, a suitable suspension:grinding media weight ratio is about 1:10 to about.1:1, preferably about 2:10
to about 9:10 and more preferably about 4:10 to about 8:10. The suspension in this context includes all components of the liquid dispersion .
medium as well as the drug. T

[0068] Milling Apparatus
[0069] A suitable milling apparatus for use in the process of the invention is illustrated diagrammatically in FIG. 1. ' . -

[0070] A vessel 11 is adapted to receive a suspension comprising the liquid dispersion medium 12 for the dmg,'gﬁnding media 13 and
magnetically activalabie means 14 for stirring the dispersion medium with grinding media therein.
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{0071] The vessel 11 is illustratively a vial having a capacity of abowt 0.1 ml t0 about 40 mi and prelerably has a cover 15 to prevent spiilage
during milling. The vessel is held in place by suitable support means such as a clamp 16,

[0072] The grinding media 13 are iltustratively spherical beads, about 0.2 mm to about 5 mm in diameter, and are illustratively of latex, glass
or zirconium oxide.

[0073) The magneticaily activatable means for stirring illustratively comptises a magnetic stir bar 14 which preferably comprises a high
strength magnetic material, for example neodymium. An activating device 17, lustratively a magpelic stir plate, preferably with the cover
plate removed to increase field strength, is placed near, preferably immediately under, the stirring means.

[0074) The term "magnetically activatable” as used herein with respect to the means for stirring describes a means for stirring which is
capable of being set into motion by magpnetic forces. To "magnelically activate" a means for stirring, as the phrase is used herein, describes
use of a magnetic force to cause motion, preferably rotation, of the means for stirring.

{0075} Any suitable magnetically ectivatable means for stirring can be used In the process of the invention. A preferred magnetically
activatable means for stirring is a magnetic stir baror a rolating magnet. Magnetic stir bars and/or rotating magnets used as magnetically
activatable means for stirring in processes of the invention can be of any suitable size and/or shape {e.g., oblong, oval, rectangular,
cylindrical, egg-shaped, etc.) and can be uncoated or coated with any suitable material, for example rubber, plastic, metal, fluoropolyiner, etc.
Preferably, the magnetically activatable means for stiming is of sufficient magnetic strength so as to resist decoupling during the milling
process. A sufficient strength of & magnetically activatable means for stirring will be determined based on, inter alia, viscosity of the liquid
dispersion medium, amount of grinding media being used, desired milling speed, and vessel size. One or more magnetically activatable means
for stirring can be used.

[0076] One illustrative commercially available stir bar suitable as a magnetically activatable means for stirring is a samarium-coball siir bar
(Mastco). Such stir bars are available in egg-shape having longitudinal fengths of 10 mm, 15 mm, 25 mm, and larger.

{0077] In & particularly preferred embodiment, the stir bar is a high strength magnetic stir bar comprising (i) a non-reactive, abrasion-resistant
case having a longitudinal axis, and (ii) a magnetic assembly comprising one to a plurality of lanthanide magnets completely enclosed in and

substantialfy filling the case. Preferably the assembly Nas a caercive force and/or a maximum enelgy product substantially greater than that of
a samarium-cobalt magnet, and has a polarity substantially aligned with the longitudinal axis of the case.

[0078) In a particularly preferred embodiment, the magnelic assembly comprises a plurality of lanthanide magnets linearly and contiguously
arranged, each magnet having a first facein the orientation of a north pole and an opposing face in the orientation of a south pole. Adjoining
faces of adjacent magnets have opposite polarity, and the first and second faces are substantially perpendicular to the longitudinal axis of the
case. : ’

[0079] Suilable janthanide magnets can be of any desired shape, for example box- doughnut-, triangular-, bar- or disk-shape. Pref crably the
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magnets are of disk- or doughnut-shape. Most preferably the magnets are of disk-shape. Where the magnets are of disk- or doughnut shape,
they preferably rave a diameter of about 7 10 about 25 mm and a thickness of about 0.5 to about 20 mm. Where the stir bar comprises more
than one magnet, it is preferred that all of the magnets have substantially the same'shape and preferably, the individual faces present on each
magnet are of substantially the same cross-sectional area. Preferably, each magnet has cross-sectional faces of substantially the same surface
area as the other magnets. s 0

{0080] Lanthanide magsiets herein are magnets composed of a material comprising at least one lanthanide element. Preferably such magnets,
have a coercive force and/or a maximum energy product substantially greater than that of a samarium cobait magnet. Panicularly preferred
lanthanide magnets comprise neodymium. Such magnets can comprise additional materials, for example iron and boron. An exemplary
lanthanide magnet comprises neodymiunv/iron/boron, also referred herein as an NdFeB magnet, :

[0081] A non-reactive, abrasion-resistant case herein can comprise any suitable material. Preferably, the material is water-impermeable,
resistant 1o cracking or leaking during use in the process of the invention, and is chemically inert. The case can be a single-piece case ora .
multi-piece cise. Non-limiting illustrative examples of suitable materials for use in such a case include rubber, metals, epoxy, plastics and
other polymers, and combinations thereof. lustrative polymers include RheFlex RTM. tubing (Rheodyne), polypropylene, .
polymethylmethacrylate, fluoropolymers such as polytetrafluoroethylene (PTFE, available commercially as Teflon. RTM.), ethylene-
retraftuoroethyle- ne fluoropolumer (e.g. Tefzel R-TM.), perfluoroalkoxy copolymer resin (Teflon.RTM. PFA), flucrinated ethylene
propylene, pelychlorotriflucroethylene, polyvinylidens fluotide Nuoroplasiic (e.g. Kynar), etc. A particularly preferred case comprises PTFE
wbing whereby the ends of the tube are fitted with PTFE discs and sealed with epoxy cement. '

[0082] An exemplary high strength magnetic stir bar 20 for use in a process of the invention is illustrated in FIG. 2 (perspective .
representation), F1G. 3 (section view), and FIG. 4 (side view). In this example, disc-shaped NdFeB magnets 1 are linearly sfacked to a desired
length and press fit into a piece of PTFE tubing 2 which is of slightly greater length than the stacked magnets. The endsof the tubing are then
sealed by placing epoxy cement 3 in the end of the tube, press fitting a PTFE disk 4 thereon, and placing another layer of epoxy cement.5 on ..
the outside of the PTFE disk. Alternatively, the ends of the sleeve can be sealed with epoxy cement and no PTFE disk. To reduce rotational . .
friction, a piece of external tubing 6, for example Tygon tubing, can be slipped over the tube so that the bar balances evenly when placed on a
flat, horizental surface. Preferably such external tubing is of lesser length than the stir bar and is fixably located around the midsection of the
stir bar, for example as illustrated in FIG. 2.

[0083] This high strength stir bar has at least two important advantages over conventional commercially available stir bars. First, the bar is
very difficult to decouple during milling, thus allowing for greater milling speeds and consequent reduced processing time. Second, the wide
size range of available NdFeB magnets allows for preparation of stir bars of any fength (typically to a resolution of 1 mm). Such stir bars are -
useful in processes of the invention and in any other process which would benefit from use of a high strength, sturdy, inexpensive, and . .. . -
custom-sized stir bar. g .

[0084] Any suitable device can be used to magnetically activate the means for stirring. A preferred device is a rotating magnet; preferably a
high strength rotating magnet. The step of magnetically activating the means for stirring is performed by placing the device (in the active or
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‘on’ position) near the vessel, The term "near” as used herein 1o describe the distance between the vessel and the device, indicates a distance
not greater than that from which the particular magnetically activatable means for stirring can be set in motion by the particular device used;
such a distance will be determined both by characteristics of the particular means for stiring and by characteristics of the device used to
aclivate the means for stirring. Generally, such a distance is not greater than about 2 meters, preferably not greater than about 1 mcter, more
preferably not greater than about 0.5 meter, and still more preferably not greater than about 0.33 meter. In practice, the distance will be as
short as can conveniently be arranged, for example about 0.01 to about 0.1 meter. If the device used to magnetically active the means for
stirring is a stir plate, for example a Magnestir, removal of the cover plate will enhance performance by increasing the available magnetic
field.

[0085] Any suitable size and/or type of vessel, for example a scintilation vial, a cryogenic tube, a beaker, a flask, a conical tube, a cylinder,
etc., can be used in the process of the invention. Preferably, the vessel is made of glass or Pyrex. RTM. and has a flat bottom. As will be
discussed below, when milling at the microgram scale, the vessel is preferably made of hard plastic or latex which can be punctured using
moderate force. Preferably, prior to milling, the vessel is about 20% to about 85%, more preferably about 25% to about 80%, and still more
preferably about 30% to about 75% full, by total volume. Such a volume includes the g gn nding media, magnetically activatable means l'or
stirring, drug, and liquid dlspersmn medium.

[0086} Stirring Time and Rate -

[0087] All other factors belng equal (e.g., bead size, bead amounL, bead material, vessel size etc.), size of drug particles prepared according to
a process of the invention js inversely related to stirring time {i.e., the longer lhe stirring time, the smaller will be the drug particles) and
stirring rate (i.e., the faster the stifring rate aver a given period of time, the sinaller will be the drug particles). Any desired stirring rate and/or
amount of stirring time can be employed. In practice, however, a sufficient milling time will be about 0.15 to about 72 hours, preferably about
0.15 to about 48 hours, and more preferably about 0.15 to about 24 hours. Generally, a suitable stirring rate will be about 10 to about 4000
pm, and preferably about 100 to about 3500 rpm. Typically, where milling speeds greater than about 1500 rpm are desired, a high strength
stir bar as described lerein above will be needed in order 1o resist decoupling. In performing the process of the invention, one of ordinary skill
can readily optimize stlmng time and rate as well as other factors described herein above in order to prepare drug particles to a desired size
range,

[0088] Separation of Grinding Media and Suspension

[0089] Grinding media and/or magnetically activatable means for stirring can be separated from a milled suspension prepared according 1o
the process of the invention by any suitable means. Non-limiting examples of illustrative separation means include filtration, suction .
filtration, centrifugal filtration, extraction with a syringe or pipelte, pouring off, physical removal (¢.g., with tongs or a net), ‘etc. llustratively,
the separation means can comprise removing the milled suspension from a milling vessel using a transfer pipette, for example a 1.5 !
Samco. Preferably the transfer pipette has an aperture small enough so grinding media present in the vessel wili not be not be entrained by the
pipette. Optionally, the grinding media can be washed/rinsed with fresh liquid dispersion medium to aid in recovery of drug particles. For
enhanced drug recovery, multiple small volume washes are generally preferred to one large volume wash. Filtration and pipetting ave
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preferred means [or separating a milled suspension from grinding media and/or magnelically activatable means for stirring.

[0090] When the process of the invention is performed at very small scales, for example microgram scale, recovery of suspension can be as
tow as about 50% to about 75%. Without being bound by theory, this appears to result from surface tension which causes suspension to be
retained by grinding media. In most cases this limitation is addressed by rinsing the beads with fresh vehicle. However, this rinsing also .
dilutes the suspension which, if high concentrations of drug are to be administered, may be impractical. Furthermore, making a 50% excess of
suspension to compensate for the anticipated loss in compound may be unacceptable when only small quantities of drug are available.

[0091] In such cases, centrifugal filtration may be used to remove suspension from grinding media. Where centrifugal filtration is used to
remove suspension from the milling vessel, the milling vessel should comprise a penetratable hard plastic as opposed to glass. Centrifugal
filtration is performed by using a small gauge needle or similar object to pierce one to a small plurality of holes in the bottom of the milling .
vessel. Without being bound by theory, no suspension typically drains ont of such holes by gravity because of the surface tension effects as
noted above. The pierced vessel is then suspended over a receiver vessel and the two vessels are placed in a centrifuge. The vessels are then
centrifuged for about 10 to about 60 seconds at about 100 to about 1000 rpm during which time the suspension is transferred from the milling
vessel to the receiver vessel; the grinding media remain in the milling vessel. Preferably, the minimum amount centrifugation time and speed
necessary to transfer suspension from the milling vessel to the revciever vessel should be used. Suspensions having high concentrations or
viscosities may necessitate longer or faster.spinning or the use of more holes. One of ordinary skil! in the art will readily optimize ..
centrifugation filtration conditions based on size and characteristics of the milled suspension. :

[0092] Dilution ‘ o i - . _.
. 3 - [
[0093] In one embodiment of the invention, a milled suspension resulting from step (c) or (d) of the above process is further diluted o form a
pharmaceutical suspension. The milled suspension is preferably diluted with a liquid dispersion medium selected to minimize drug particle
aggregation upon storage, for example as is described hereinabove. Any additional pharmaceutically acceptable excipients may also be added -
1o the pharmaccutical suspension.

o [

[0094] Drying

[0095] In a particularly preferred embodiment of the invention, a milled suspension resulting from step (c) or (d) of the above process is dried
to form a drug powder. The drying step can comprise any suitable method of drying, for example evaporation, rotovapping (rotary ‘
evaporation), spray drying, lyophilization, conventional heating, for example in an oven, etc. Spray drying and rotovapping are preferred
methods of drying. Any suitable spray drying method known in the art can be employed. Generally, spray drying is a process by which a
solution or suspension comprising dissolved or dispersed drug is rapidly sprayed over a current of warm air, resulting in formation of a dry
powder.

[0096] The drying step can occur prior to or after removal of grinding media and magnetically activatable means for stirring. Especia[ly- ‘
where the drying step comprises spray drying, grinding media and magnetically activatable means for stirring are preferably removed prior to
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drying.
[0097] Formulation

[0098] A drug powder prepared as provided herein can be further formulated together with one or more pharmaceutically acceptable
excipients to produce a pharmaceutical composition, for example by direct compression or granulation. The term "excipient" hercin means
any substance, not itself a therapeutic agent, used as a carrier or vehicle for delivery of a therapeutic agent to a subject or added to a
pharmaceutical composition to improve its handling, storage, disintegration, dispersion, dissolution, release or organoleptic properties or to
permit or facilitate formation of a dose unit of the composition into a discrete article such as a capsule or tablet suitable for oral
administration. Excipients include, by way of illustration and not limitation, diluents, disintegrants, binding agents, adhesives, wetting agents,
lubricants, glidants, crystalllzauon inhibitors, surface modifying agents, substances added to mask or counteract a dlsagrecable tasie or odor,
ﬂavors dyes, fragrances, and substances added to improve appearance of the contposition. .

[0099] Excuplcnls employed in preparing compositions according to the i mvennon can be solids, semi-solids, liquids or combinations thereof.
Formulation can occur by any known technique of pharmacy that comprises admixing an excipient with the drug powder, A composition
prepared by the process of the invention contains a desired amount of drug per dose unit and, if intended for oral administration, can be in the
form, for example, of a tablet, a capiet, a pill, a hard or soft capsule, a lozenge, a cachet, a dispensable powder, granules, a suspension, an
elixir, a liquid, or any other form reasonably adapted for such administration. [f intended as an imbibable liquid, for example a suspension,
elixir or a liquid, drug powder prepared according to the invention can be suspended in one or more inert carriers, for example water or fruit
juice. If intended for parenteral administration, it can be in the form, for example, of a suspension. If intended for rectal administration, it can
be in the form, for example, of a suppository. Presently preferred are oral dosage forms that are discrete dose units each containing a
predelemlmed amount of drug, such as tablets or capsules.

EXAMPLES
[0100] The following examples illustrate aspects of the present invention but should not be construed as limitations.
Example l

[0101] Dlsperswns D1-D4 containing 5% by weight celecoxib were prepared by the process described below. The dispersions dilTercd only in
the pamele size range of the celecox1b

[0102] 1. Celecoxib was micronized in an air jet mill to form a dnlg powder,

[0103] 2. The drug powder was added to an aqueous solution conlaining 2.5% low viscosity hydroxypropylcellulose (HPC-SL) and 0.12%
sodium dodecyl sulfate, to form a suspension.
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[0104] 3. The suspension was wet milled to form a milled suspension according to the following protocol. A sample amount of 6.0 ml of the -
suspension (containing 20% celecoxib), a 19 mm magnetic stir bar made by VWR, 8 ml of lead-free glass beads, and 50 .mu.l of antifoaming
agent (Sigma Antifoam A Concentrate) were added to a 20 ml scintillation vial, To provide a milled suspension having a target particle size
range of 6-7 .mu.m (i.e., the size range achieved in the micronizing step, used to provide a comparative composition), the vial was shaken for .
two minutes. To provide a milled suspension having smaller target particle size ranges, the vial was suspended over a high-strength rotating
magnet so that milling occurred by agitation of the glass beads by rotation of the magnetic stir bar. Target particle size ranges were varied by -
controlling magnet rotation rate, milling time and/or bead size, as shown in Table 1. Small aliquots were removed at intervals in order to
monitor progress of particle size reduction, . S '

[0105] 4. The resulting milled suspension in each case was transferred to a larger vial and diluted with fresh vehicle to form a final milled -
suspension. Nominal celecoxib concentration in final suspensions was 5% by weight. -

ITABLE | Mitling conditions used to produce milled suspensions D1-D4. Milled Target size Bead size Milling time Milling speed
Suspension range (.mu.m) (mm) (min) (rpm) D1 6-7 3.3-3.6 -- — D2 1-3 3.3-3.6 26 900 D3 0.5-0.9 1.25-1.55 25 900 D4 0.2-0.4 0.5 52 1250

Example 2

{0108} Celecexib pariicle stee'in milled suspensions D1-D4 as prepared in Example 1 was determined by laser (Fraunhofer) diffraction and
by optical microscopy. o . -

[0107] Fraunhofer scattering was measured on static suspensions samples using a Sympatec spectrometer. Samples were diluted with water

into a static ccll at a concentration that maintained a reduction jn laser intensity of approximately 20%. The choice of collection lens was

determined by the population of large material present in suspension, and thus was different for each sample. However, the smallest focal

length optic appropriate was used in each case. No Mie scattering corrections were applied. The results, presented in FIG. 5, show a D.sub.50

particle size consistent with the target size range. D.sub.50 and other particle size parameters shown in FIG. 5 are believed to be : A
overestimated for the 0.2-0.4 .mu.m celecoxib dispersion, since this size range is at the very limit of detection by this technique.

{0108] In arder to visually confirm particle sizes, optical microscopy was used. Observations were carried out using an Olympus BH-2
microscope wilh aitached video camera. Images were then digitized (Snappy 4.0; Play Inc, Rancho Cordova, Calif.) and manipulated (Paint
Shop Pro 6.02; JASC, Eden Prairie, Minn.) as appropriate. FIG. 6 shows micrographs of samples taken from celecoxib dispersions D1-D4
with non-polarized (left) and polarized (right) light. The bar represents 10 .mu.m. Significant Brownian motion was observed in suspensions
D3 and D4, an observation consistent with presénce:ofivery small nanoparticles. In contrast, only slight Brownian motion was noted in
dispersion D2 and none at all in suspension D1.

Example 3

[0109] Samples of milled suspensions prepared in Example 1 were dried individualty by rotovapping according to the following procedure: 3
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mi of each 5% celecoxib suspension was placed in a 10 i recovery flask and attached to a conventional laboratory roto-evaporator (Buchi,
RE11 Ratovapor). The flask was suspended in water at a temperature of 40.degree. C. and rotated at approximately 100 rpm. A gentle
vacuum was pulled on the flask for 0.5-1 hour {0 avoid bubbling of the suspension. After this time, a full house vacuum was employcd and
the evaporation proceeded for not less than 48 hours.

Example 4

[0110] Samples of milled suspensions prepared in Example 1 are spray dried individually at room temperature using a Yamato GB-21 spray
dryer to forim drug powders DP1, DP2, DP3 and DP4, respectively, under the following conditions: (a) liquid Dow rate of 5 ml/min; (b} inlet
air temperature of 110-130.degree. C.; (c) outlet air temperature of 60-70.degree. C., and (d) drying airflow of about 30% to about 50% of the
capacity of the spray dryer.

Example 5

[0111] Valdecoxib, linezolid, phenytoin, griseofulvin and carbamazepine were milled according to the general procedure descnbed for
celecoxib in Example 1. MJllmg parameters are shown in Table 2.

2TABLE 2 Milling parameters for various drugs Valdecoxib Linezolid Phenytoin Solution Components 2% PVP-2% PVP- 3.75% PVP- K30
and K30 and K30; 0.5% 0.15% SDS 0.15% SDS SDS; 10 mM in H.sub.20 in H.sub.20 Na citrate pH 3 Anti-foam (\mu.l) 3 30 40 Drug
Concentration {%) 0.25 20 10 Suspension volume (1} 0.5 g 3 g 7.5 m! or weight (g) Stir bar type NdFeB bar NdFeB bar NdFFeB bar Stir bar
length (mm) 5 3 19 Grinding media size (mm) 0.50-0.75 0.50-0.75 0.50-0.75 Grinding media volume (ml) 0.75 g 4.7 g 8.0 m{ or weight (g}
Milling time (h) 15 18 11 Milling Speed (rpm) 3000 3000 1500 D.sub.50 (nm) 460.sup.1 1900.5up.1 200.sup.1 1000.sup2 130.sup.3
Griseofulvin Carbamazepine Solution Components 3.75% PVP-K30; 3.75% PVP-K30, 0.5% SDS; 0.5% SDS; 10 mM Na citrate [0 mM Na
citrate pH 3 pH 3 Anti-foam (.mu.!) 40 40 Drmug Concentration (%) 10 10 Suspension volume (ml) 7.5 ml 7.5 ml or weight (g) Stir bar type
NdFeB bar NdFeB bar Stir bar {ength (mm) 19 19 Grinding media size (mm) 0.50-0.75 0.50-0.75 Grinding media volume (ml) 8.0 m{ 8.0 m!
or weight (g) Milling time (h) 11 11 Milling Speed (rpm) 1500 1500 D .sub.50 (nm) 250.sup.1 2500.sup.1 160.5up.3 2600.sup.3 Size
Detection Method: .sup. 1Turbidimetry, .sup.20ptical Microscepy, .sup.3X-Ray Diffraction.

X Kok Ak
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Folios

Como resultado del examen de fondo. realizado con fundamento en el articulo 45 de

la decision 486 de la Comision de la Comunidad Andina, se le comunica:

Documentos estudiados:

< Capitulo descriptivo, folios 02 a 115;
< Capitulo reivindicatorio modificado después de la oposicion, folios 424 a 426;
< 1° examen de forma, folio 317;
< Solicitud de la cual se reivindica prioridad, junto con su traduccién, folios 133 a
304,
<©2° examen de forma, folio 317;
< Documentos de oposicion, 324 a 386 a 405:
OArgumentos de contestacion a la oposicion, folios a 407 a 426 y
< Solicitud del examen de patentabilidad 650;
<OAnexos sobre el tamafio de particula de compuestos del estado de la técnica,
folios 427 a 648.

Objeto de la invencion:

El ftitulo de la invencion es "COMPOSICIONES [INHIBIDORAS DE
CICLOOXIGENASA-2 QUE TIENE RAPIDO ACCESO DE EFECTO
TERAPUEUTICO”

El objeto de la presente solicitud se refiere a composiciones que comprenden un

inhibidor de ciclooxigenasa-2 micronizada.



Objeto de invencion:

El objeto de la solicitud se refiere a la composiciones que comprenden compuestos
inhibidores de ciclooxigensa-2 conocidos tales como deracoxib, celecoxib, valdecoxib
y otros igualmente conocidos cubiertos bajo la formula (l):

Y\Z
A |
S =
Ry N\ W
O \ x

R4

El problema técnico que se pretende resclver con particulas finamente
divididas aumentar ta velocidad de disolucion, lo que lleva a una absorciéon mas
rapida.

CLARIDAD

En el articulo 30 de la decision 486 de la Comision de la Comunidad Andina se
establece: “Las reivindicaciones definiran la materia que se desea proteger mediante
la patente. Deben ser claras y concisas y estar enteramente sustentadas por la
descripcién”.

-Las reivindicaciones 2 a 5, reclaman composiciones mediante caracteristicas que se

desea que tengan, no definen ninguna composicion técnicamente.

Excepciones de Patentabilidad:

El articuto 20 de la Decision 486 de la Comisién de la Comunidad Andina establece
en su inciso d) que no seran patentables: “Jos métodos terapéuticos o quirurgicos
para el tratamiento humano o animal, asi como los métodos de diagnéstico aplicados
a los seres humanos o a animales”.

Las reivindicaciones 10 y 11, reclaman un método para tratamiento del cuerpo
humano o animal, por lo tanto estan inmersas bajo el alcance del articulo 20 de la
Decision 486.

Determinacion del estad  de la técnica:



Considerando que la fecha de presentacién de la primera solicitud de patente
de la cual se reivindica prioridad es 08-dic-99, se buscaron documentos del
estado de la técnica relacionados, con fecha de publicacién anterior a esta.
Se hizo la busqueda de documentos relevantes en el estado de la técnica, mas
los adjuntados dentro de la oposicion presentada por terceros con legitimo
interés y entendiendo como estado de la técnica la definicion provista en el
articulo 16 de la Decisién 486 de la Comisién de la Comunidad Andina y las
excepciones fijadas en el articulo 17 de la misma.

Consultadas la fuente de informacion con que cuenta este despacho se
encontro el siguiente documento, anteriores a la fecha de la prioridad invocada

item | Documento Fecha de | Titulo
publicacidn
D1 US 5.466.823 | 14-nov-1995 | Substituted pyrazilyl

benzensulfonamides

D2 US 5.633.272 | 27-may-1997 | Substituted isoxazoles for the
treatmen of inflamation

D3 Dosage form | 1995 Biopharmaceutic considerations
design

D4 Remington 1995 Efecto del tamano de particulas
Ed.192 sobre la disolucion -

La solicitud en estudio se refiere a la composiciones que comprenden compuestos
inhibidores de ciclooxigensa-2 conocidos tales como deracoxib, celecoxib, valdecoxib
y otros igualmente conocidos cubiertos bajo la formula (1):

Donde las particulas de cualquier principio activo que caiga dentro de esta formula

655
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Markush este de 100nm a 900nm.

Las anterioridades D1 y D2 ensefia compuestos que caen dentro del alcance
de la formula Markush de |a solicitud en estudio y donde estan comprendidos
especificamente la obtencién del celecoxib, valdecocib, derecoxib y otros miles
de compuestos mas que tienen efectos antiinflamatorios y que son formuladas
en forma de composiciones intravasculares, intraperitoneal, intramuscular,
capsulas, suspensiones, tabletas. Lo primero que hay que observar es que los
compuestos de la solicitud en estudio no son nuevos, o sea, las moléculas
como tal tampoco sus efectos farmacologicos son nuevos igualmente, ya son
conocidos en el estado de la técnica; la actividad terapéutica es inherentes a
las sustancias, el hombre no inventa ni confiere el efecto terapéutico, no les
inventa el efecto que deben tener, ri las propiedades fisicoquimicas que posee
cualquier molécula, ademas las formas en pequefias particulas micronizadas,
como una forma particular de la disminucion de tamano para aumentar el area
de contacto con un solvente para aumentar la velocidad de disolucién, ese
problema fue resuelto como se muestra en D3 y D4 por Willis Rodney Whitney,
el formuld la ecuacidon de Noyes-Whitney en 1897, la cual describe las
propiedades de disolucién de los sélidos en los medios de disolucion. Esta
ecuacion es de vital importancia en las ciencias farmacéuticas para explicar el

fenomeno de la velocidad de disolucién. La ecuacién es:
d/d=k.S(C,- C))

en la cual d/d, es la velocidad de disolucién; k es la constante de velocidad de
disolucién; S es la superficie de disolucion del solido; Cs es la concentracion
de saturacién del principio activo en la capa de difusion; y C, es la
concentracion del principio activo en el medio de disolucion en el tiempo.

Lo que indica claramente que la velocidad de disolucion de un principio activo
es directamente proporcional al incremento del area superficial del principio
activo, gracias a que se incrementa la solubilidad del principio activo en la capa
de difusion. Entonces queda claramente establecido que no es la primera vez
que se modifica el tamafio de particula a un principio activo para aumentar su

velocidad de difusion, porque ya esta establecida la regla técnica desde 1897 y



opera de manera tan amplia, que por tal motivo en esta solicitud se reivindica
de manera genérica, mediante la formula Markush que cubre miles cualquier
composicién que contenga tales compuestos pero cuyo aporte al estado de la
técnica sea su tamaiio de particula, para modificar su velocidad de disolucién.
Entonces lo Unico nuevo que presenta la presente solicitud es el dato del

tamano de particula.

En D1y D2 describen los compuestos que se usan en la presente invencion y
debe quedar muy claro que los compuestos no son nuevos, como tampoco es
nuevo que se conozcan formulaciones como inyectables intravenosos, o
intramusculares o intraperitoneales, donde el tamano de particula va desde
amstrongs hasta nanometros, que es 1o que se reclama como nuevo e

inventivo en la presente solicitud.

Nivel inventivo:

Entonces sabiendo los parametros para observar el nivel inventivo de la presente
solicitud que basa su nivel inventivo en la disminucion del tamafio de particula de un
principio para aumentar la velocidad d= disolucién, con lo cual esta mas rapidamente
disponible. Para lo cual debemos poner mucha atencién si el heche de haber
superado un prejuicio de los expertos en la materia es real; el hecho de haber
superado dificultades técnicas reales; la originalidad de la solucién, que se
aparta del camino tritlado y abre una via nueva; si se uso de equivalentes técnicos
conocidos, fue un simple intercambic de material por otro analogo conocido, la
necesidad de combinar por lo menos tres documentos del estado de latécnica
para llegar a la invencion en estudio donde queda perfectamente establecido
que en un solo libro de texto esta la ensefianza de disminucion de particula
para aumentar la velocidad de disolucion; cambio de tamafo sin efecto
inesperado, por el contrario con efecto esperado gracias a los equipos o aparatos
conocidos para micronizar sustancias, sin alteracién y sin efecto inesperado,
simplemente por extrapolaciéon Simple y directa de hechos conocidos las
consideraciones tedricas, ensefiadas desde 1897 y plasmadas en D3 y D4, la cual
describe las propiedades de disolucion de los solidos en los medios de
disolucion. Esta ecuacién es de vital importancia en las ciencias farmacéuticas
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para explicar el fenébmeno de la velocidad de disolucidn. La ecuacion es:
d/d=k.S(C,- C)

en la cual d/d, es la velocidad de disolucién; k es la constante de velocidad de
disolucién; S es la superficie de disolucion del sélido; Cs es la concentracién
de saturacion del principio activo en la capa de difusion; y C, es la
concentracion del principio activo en el medio de disolucién en el tiempo.

Lo que indica claramente que la velocidad de disolucion de un principio activo
es directamente proporcional al incremento del area superficial del principio
activo, gracias a que se incrementa ia solubilidad del principio activo en la capa
de difusion. Entonces queda claramente establecido que no es la primera vez
que se modifica el tamafio de particula a un principio activo para aumentar su
velocidad de difusion, porque ya esia establecida la regla técnica desde 1897 y
opera de manera tan amplia, que por tal motivo en esta solicitud se reivindica
de manera genérica, mediante la férmula Markush que cubre miles cualquier
composicion que contenga tales compuestos pero cuyo aporte al estado de la
técnica sea su tamano de particula, para modificar su velocidad de disolucion,
lo que indica claramente que solo se esta extrapolando la aplicacion de la
teoria conocida y ya aplicada en otros farmacos.

Asi, experto medio en la materia encuentra que cualquiera de los miles de
compuestos que caen dentro del alcance de la formula (1) o cualgquier farmaco,
al cual se requiera mejorar la velocidad de disolucién obviamente, la formulara
con el tamario de particula micronizado que es lo que se ensefia en los textos
que aumenta la solubilidad y por ende la biodisponibilidad; y para algunas
sustancias ademas seran los solvatos, etc., pero cuyo resultado no es
patentable porque finalmente es el mismo compuesto, con la misma estructura
quimica con la misma actividad antiinflamatoria y no parece obtenerse una

caracteristica nueva ni tampoco obtenida por el “ingenio” del inventor, tan solo es
una simple extrapolacion de la técnica conocida.

Entonces asi las cosa en la presente solicitud, no se observa el caracter
inesperado de la invencion, tampoco se observa la superacién de las
dificultades técnicas reales, o la soluciéon original al problema de la
biodisponibilidad, que es una solucidn obvia y universalmente utilizada por una

persona versada en la materia. El procedimiento de disminucion de tamafio de

456
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particula no aporta nada al acervo tecnolégico. Es decir una forma micronizada
de un principio activo que se logra de acuerdo a los equipos disefiados para
pulverizar cualquier sustancia, es evidente que las composiciones obtenidas
con esas sustancias micronizadas no constituye un aporte con nivel inventivo,

al acervo tecnolégico.

No. Documento Reivindicaciones Afectadas Requisito que afecta
D1 |(US 5.466.823 1a11 Novedad vy nivel
inventivo
D2 US 5.633.272 1a11 Novedad vy nivel
inventivo
D3 Dosage form|1a 11 Nivel inventivo
design
D4 Remington EJ.19% |1 a 11 Nivel inventivo

En cumplimiento del articulo 45 de la decisién 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta dias
contados a partir de la fecha de la notificacion de la presente comunicaciéon. En caso
de no dar respuesta al presente requerimiento, o si a pesar de la respuesta
subsistieran los impedimentos para la concesion, se denegara la patente.

Notifiquese conforme a lo dispueﬂa—tlzn el numeral 5.2, literal e), del capitulo 5° del
0 de2001.

titulo 1° de la Circular ¥)nica n°.1

CESPEDES DE VERGEL.
ion de Nuevas Creaciones

‘-" (7 1 a

El anterior requerimiento fue notificado por fijacion en lista de fecha
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SUBSTITUTED PYRAZOLYL
BENZENESULFONAMIDES

FIELD OF THE INVENTION

This invention is in the field of anti-inflammatory phar-
maceutical agents and specifically relaies o compounds,
compositions and methods for treating inflammation and
inflammation-associated disorders, such as arthritis.

BACKGROUND OF THE INVENTION

Prostaglandins play a major role in the inflammation
process and the inhibition of prostaglandin production,
especially production of PGG,, PGH, and PGE., has been
a common target of anti-inflammatory drug discovery. How-
ever, common non-steroidel anti-inflammatory drugs
(NSAIDs) that are active in reducing the prostaglancin-
induced pain and swelling associated with the inflammation
process are also active in affecting other prostagiandin-
regulated processes not associated with the inflammation
process. Thus, use of high doses of most common NSAIDs
can produce severe side effects, including life threatening
ulcers, that limit their therapeutic potential. An alternative to
NSAIDs is the use of corticosteroids, which have even more
drastic side effects, especially when long term therapy is
involved.

Pyrazoles have been described for use in the treatment of
inflammation. U.S. Pat. No. 5,134,142 to Matsuo et al
describes 1,5-diaryl pyrazoles, and specifically, 1-(4-fluo-
rophenyl)-5-[4 -(methylsulfonyl)phenyl]-3-triflnorometayl
pyrazole, as having anti-inflammatory activity.

However pyrazolyl-benzenesuifonamides have pot been
described as having such activity. Certain substituted pyra-
zolyl-benzenesulfonamides have been described in the lit-
erature as synthetic intermediates. Specifically, 4-[5-(4chlo-
rophenyl}-3-phenyl-1H-pyrazol- 1-yl |benzenesul fonamide
has been prepared from a pyrazoline compound as an
imtermediate for compounds having hypoglycemic activity
[R. Soliman et al, J. Pharm. Sci,, 76, 626 (1987)]. 4-[5-[2-
(4-Bromophenyl)-2H-1,2,3 -trinzol-4-yl]-3-methyl-1H-
pyrazol- 1-yllbenzenesulfonamide has been prepared from a
pyrazoline compound and described as potentially having
hypoglycemic activity [H. Mokhtar, Pak. J. Sci. Ind. Res.,
31, 762 (1988)]. Similarly, 4-{4-bromo-5-{2-(4-chlorophe-
nyl}-2H-1,2,3 -triazol-4-yl]-3-methyl- 1H-pyrazol-1-ylThen-
zenesulfonamide has been prepared [H. Mokhtar et al, Pak.
J. Sci. Ind. Res., 34, 9 (1991)].

The phytotoxicity of pyrazole derivatives is described [M.
Cocco et al, . Farmaco-Ed, Sci., 40, 272 (1985)), specifi-
cally for 1-[4-(aminosuifonyl)phenyl]-5 -phenyl-1H-py-a-
zole-3,4-dicarboxylic acid.

The use of 4-[3,4,5-trisubstitated-pyrazol-1 -yl]benzene-
sulfonamides as intermediates for sulfonylurea anti-diabezes
agents is described, and specificaily, 1 -[4-(amminosulio-
oyl)phenyl]-3-methyl-5-phenyl- 1H-pyrazole-4-carboxylic
acid [R. Soliman et al, J. Pharm. Sci, 72, 1004 (1983)]. A
series of 4-[3-substituted methyl-5 -phenyl-1H-pyrazol-1-
yl]benzenesulfonamides has been prepared as intermediaies
for anti-diabetes agents, and more specifically, 4-[3-methyl-
5-phenyl-1H-pyrazol-1 -yllbenzencsulfonamide [H. Feid-
Allah, Pharmazie, 36, 754 (1981)]. In addition, 1-(4-[ami-
nosulfonyl]lphenyl)-5 -phenylpyrazole-3-carboxylic acid has
been prepared from the above descdbed 4-[3-methyl-5-
phenyl-1H-pyrazol-1 -yl]benzenesulfonamide compound
[R. Soliman et al, J. Pharm. Sci., 70, 602 (1981)].
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DESCRIPTION OF THE INVENTION

A class of compounds useful in reating inflammation-
related disorders is defined by Formula I:

Rt
R3
1 'r\
R N,
\2,_2 1
N R

wherein R! is selected from sulfamyl, halo, alkyl, alkoxy,
hydroxyl and hatoalkyl; wherein R? is selected from
hydrido, halo, baloalkyl, cyano, nitro, formyl, carboxyl,
alkoxycarbonyl, carboxyalkyl, alkoxycarbonylalkyl,
amidino, cyanoamidino, amido, alkoxy, amidoalkyl,
N-monoalkylamido, N-monoarylamido, N N-dialkyla-
mido, N-alkyl-N-arylamido, alkylcarbonyl, alkylcarbo-
nylalkyl, hydroxyalkyl, alkylthio, alkylsulfinyl, alkyl-
sutfonyl, N-alkylsulfamyl, N-arylsulfamyl,
arylsulfonyl, N ,N-dialkylsulfamyl, N-alkyl-N-arylsul-
famyl and heterocyclic; wherein R? is selected from
hydnido, halo, haloalkyl, cyano, nitro, formyl, carboxyl,
slkoxycarbonyl, carboxyalkyl, alkoxycarbonylalkyl,
amidino, cyanoamidino, amido, alkoxy, amidoalkyl,
N-monoalkylamido, N-monoarylamido, N, N-dialkyla-
mido, N-alkyl-N-arylamido, alkylcarbonyl, alkylcarbo-
nylalkyl, hydroxyalkyl, alkylthio, alkylsulfinyl, alkyl-
sulfonyl, N-alkylsulfamyl, N-arylsulfamyl,
arylsulfonyl, N,N-dialkylsulfamyl, N-alkyl-N-arylsul-
famyl, heterocyclic, heterocycloalkyl and eralkyl;
wherein R* is selected from aryl, cycloalkyl, cycloalk-
eny] and heterocyclic; wherein R* is optionally substi-
tuted at a substimtable position with one or more
radicals selected from halo, alkylthio, alkylsulfimyl,
alkyl, alkyisulfonyl, cyano, carboxyl, alkoxycarbonyl,
amide, N-monoalkylamido, N-monoarylamido, N,N-
dialkylamido,  N-alkyl-N-arylamido,  haloalkyl,

- hydroxyl, alkoxy hydroxyalky! haloalkoxy, sulfamyl,
N-alkylsulfamyl, amino, N-alkylamino, N.N-dialky-
lamino, heterocyclic, nitro and acylamino; or wherein
R? and R* together form

and m is 1 to 3, inclusive; and

wherein R? is ooe or more radicals selected from halo,
alkylthio, alkylsulfinyl, alkylsulfonyl, cyano, carboxyl,
alkoxycarbony], amido, N-monoalkylamido,
N-monoarylamido, alkyl, N.N-dialkylamido, N-alkyl-
N-arylamido, haloalkyl, hydrido, hydroxyl, alkoxy,
hydroxyalkyl, baloalkoxy, sulfamyl, N-alkylsulfamyl,
amino, alkylamino, heterocyclic, nitro and acylamino;
provided R* and R? are not identical radicals selected -
from hydrido, carboxyl and cthoxycarbonyl; further
provided thar R* cannot be carboxyl when R? is
hydrido and when R* is phenyl; and further ?rovidcd
that R* is sulfamyl or N-alkylsulfamy] when R is halo;
or a pharmaceutically-acceptable salt thereof.

The phrase “further provided”, as used in the above
description, is intended to mean that the denoted proviso is
not to be considered conjunctive with any of the other
provisos.
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stituted at a substitutable position with halo; or a pharme-

ceutically-acceptable salt thereof.

A class of compounds of particular interest consist cf
those compounds wherein R! is sulfamyl; wherein R? is
selected from bydrido, fluoromethyl, difftucromethy, trifluc-
romethyl, chloromethyl, dichloromethyl, trichloromethyt,
pentaftuorcethyl, heptafluoropropyl, difluorochloromethyl,
dichlorofluoromethyl, difiuoroethyl, difluoropropyl, dichlc-
roethyl and dichloropropyl; wherein R? is selected from
fluoro, chloro, bromo, methyl, ethyl, propyl, isopropyi,
butyl, N-methylamido, N-eithylamido, N-isopropylamido,
N-propylamido, N-butylamido, N-isobutylamido, N-tert-by-
tylamido, N-pentylamido, N-cyclohexylamido, N-cyclopen-
tylamido, carboxypropyl, carboxymethyl, carboxyethyl,
N-methyl-N-hydroxyamido, N-methyl-N-hydroxyamidom-
ethyl, N-methyl-N-hydroxyamidoethyl and N-methyl-N-hy-
droxyamidopropyl; and wherein R? is phenyl optionally
substituted at a substitutable position with one or more
radicals selected from fluorp, chloro angd bromo; or a pha:-
maceutically-acceptable salt thereof,

A family of specific compounds of particular intere:t
consists of compounds and their pharmaceutically accepi-
able salts thereof as follows .
4-[5-(4-chlorophenyl)-3-(irifluoromethyl)-4-(methyi)-1H-

pyrazol-1-yllbenzenesulfonamide;

4-[5-{4-chlorophenyl}-3-(trifivoromethyl}-4-chloro- 1 H-
pyrazol-1-ylibenzenesulfonamide;

4-{5-(4-chloropheny!)-3-(trifluoromethyl)-4-fluoro-1H-
pyrazol-1-yl]benzenesulfonamide;

4-[5-(4-chlerophenyl)-4-fluoro- 1 H-pyrazol-1
sulfonamide;

4-[5-(4-Aucrophenyl)-3-(trifluoromethyl)-4-(n-propyl)-1H-
pyrazol-1-yllbenzenesulfonamide;

4-[5-(4-chlorophenyl)-4-chloro-1H-pyrazol-1 -yllbenzen::-
sulfonamide;

N-methyl-N-hydroxy- 1 -[4-(aminosulfonyl)phenyl}-5-(4
-fluorophenyl)-3-(triflvoromethyl)- 1 H-pyrazole-4-etha-
namide,

4-[5-(4-Auorophenyl}-3-(rifluoromethyl)-4  -(phenylethyl)-
1H-pyrazol-1-yl]benzenesulfonamids;

4-[5-(4-fluorophenyl)-3-(trifluoromethyl}-4-(2-[2 -pyridyl)
ethyl)-1H-pyrazol-1-yl]benzenesulfonamide;

4-[5-(4-fuorophenyl)-3-(wriflucromethyl)-4-({N N-dim-
ethylaminolethyl)-1H-pyrazol-1-1|benzenesulfonamide ;

4-[5-(4-fuorophenyl)-4-(irifivoromethyl)-1H-pyrazol-1 -yl]
benzenesulfonamide;

1-{4-(aminosulfonyl)phenyl J-5-(4-Auorophenyl)-3-chloro-
1H-pyrazole-4-acetic acid;

1-{4-(aminosulfonyl)phenyl]-5-(4-fluorophenyl)-3-(trifluo-
romethyl)-1H-pyrazole-4-propanoic acid;

methyl-1-[4-(aminosulfonyl)phenyl])-5-(4-Ruoropheny!)-3

-{trifluoromethyl)- 1 H-pyrazole-4-propanoate;
1-[4-(amincsuifonyl}phenyl]-5-(4-fluorophenyl)-3 (triflun-

romethyl)-1H-pyrazole-4-propanamide;

N-methyl-N-hydroxy- 1-[4-(aminosulfonyl)phenyl]-5-(4
-fluorophenyl)-3-(triflucromethyl)- 1 H-pyrazole-4-pro-
panamide;

N-methyl-1-[4-(aminosulfonyl}phenyl}-5-(4-fluorophenyl -
3-(trifluoromethyl)-1H-pyrazole-4-carboxamide; and

4-15-(4-fluorophenyl)-3-(triflucromethyl)-4-(methyl)- 1H-
pyrazol-1-ylJbenzenesulfonamide.

Within Formula I there is a subclass of compounds of high
interest represented by Formula II:

-yl]benzene-

iy
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wherein R? is selecled from hydrido haloalky!, alkoxy-
carbonyl, cyano, amido, arylamido, carboxyalkyl and
hydroxyalkyl; wherein R® is hydrido or halo; and
wherein R* is selected from aryl, cycloalkyl, cycloalk-
enyl and heterocyclic; wherein R* is optionally substi-
tuted at a substitutable position with one or more
radicals seiected from halo, alkylthio, alkylsulfonyl,

cyano, nitro, haloalkyl, alkyl, hydddo, alkoxy,
}:mlman.l.ln::rxyi sulfamyl, heterocyclic and amino; or
wherein R” and R* together form

provided R? and R® are not both hydride; or a pharma-

ceutically-acceptable salt thereof.

A preferred class of compounds consiats of those com-
pounds of Forrmmula IT wherein R? is selected from hydrido,
fluoromethyl, difiuoromethyl, trifluoromethyl, chlorom-
cthyl, dichloromethyl, trichloromethyl, peatafluoroethyl,
heptafiuoropropyl, difluorochloromethyl, dichlorofinorom-
ethyl, diflucroethyl, difluoropropyl, dichloroethyl, dichloro-
propyl, cyano, methoxycarbonyl, ethoxycarbonyl, isopro-
poxycarbonyl, tertbutoxycarbonyl,  propoxycarbonyl,
butoxycarbonyl, isobutoxycarbonyl, pentoxycarbonyl,
amido, N-phemylamido, N-(3-flucrophenyl)amido, N-(4
-methylphenyljamido, N-(3-cblorophenyl)amido, N-(4
-methoxyphenyl)amido, 2-pyridylamido, hydroxypropyl,
hydroxymethyl, hydroxyethyl, carboxypropyl, carboxym-
ethyl and carboxyethyl, wherein R® is selected from
hydrido, flucro, chloro, iodo and bromo; wherein R* is
selected from phenyl, biphenyl, pyrazinyl, cyclohexyl,
cyclohexenyl and thienyl; and wherein R* is optionafly
substituted at a substitutable position with one or more
radicals selected from chloro, bromo, fluore, methylthio,
methylsulfonyl, morpholinyl, amino, nitro, methyl, ethyl,
propyl, isopropyl, butyl, methoxy, ethoxy, propoxy, butoxy,
trifloromethoxy, trifiuoroethoxy, fluoromethyl, difluorom-
ethyl, (rifluoromethyl, chloromethyl, dichloromethyl,
trichloromethyl, pentafluoroethyl, heptaftuoropropyl, dif-
luorochloromethyl, dichlorofluoromethyl, difluoroethyl, dif-
luomprop}l. dichloroethyl and dichleropropyl; or wherein
R? and R* together form

or a pharmaceutically-acceptable salt thereof.

A family of specific compounds of particular interest
within Formula II consists of compounds and pharmaceuti-
cally-acceptable salts thereof as follows:
4-[5-(4-chlorophenyl)-3-(trifiuoromethyl)- 1H-pyrazol-

1-yl]benzenesuifonamide;
4-[5-(4-chlorophenyl)-3-(trifluoromethyl)-4-chloro-1H-

pyrazol-1-yl]benzenesulfonamide;
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4-[5-(4-chlorophenyl)}-4-chlororo-1H-pyrazol-1 -yl]benze-
.nesulfonamide;
4-[5-(4-bromopheny])-3-{trifluoromethyl)- 1H-pyrazol-1-yl]
benzenesulfonamide;
4-[5-(3-chlorophenyl)- 3-(rrifluoromethyl)- | H-pyrazol-
1-yl]benzenesulfonamide;
4-[5-(4-methylphenyl)-3-(triluoromethyl)- 1 H-pyrazol-
1-yl]benzenesulfonamide;
4-[5-(2-chloropheny!)-3-(rifluoromethyl)- 1 H-pyrazol-
1-yljbenzenesulfonamide;
4-[5-(2-fluorophenyl)-3-(trifluoromethyl)- 1 H-pyrazol- 1-yl]
benzenesulfonamide;
4-{5-(4-trifluoromethylphenyl)-3-(trifluoromethyl)-1H-
pyrazol-1-yllbenzenesulfonamide;
4-[5-(4-fluorophenyl)-3-(trifluoromethyl)-1H-pyrazol- 1-yl]
benzenesulfonamide; .
4-{5-phenyl-3-(trifluoromethyl-1H-pyrazol-1  -yl]benzene-
sulfonamide; '
4-[5+{4-methoxyphenyl)-3-(trifluoromethyl)-1 H-pyrazal-
1-yl]benzenesulfonarmide;
4-[5-(4-trifftvoromethoxyphenyl)-3- (triffuoromethyl)- 1 H-
pyrazoi-1-yl]benzenesulfonamide;
4-[5-(4-bromophenyl)-3-(cyano)}-1H-pyrazol-1  -yl]benze-
nesuifonamide;
4-[5-(4-nitrophenyl)-3-(cyano)- 1H-pyrazol-1 -yl]benzene-
sulfenamide;
4-[5-(2-methylphenyl)-3-(trifluoromethyl)- 1H-pyrazol-
1-yl]benzenesulfonamide; )
1-[4-(aminosulfonyl)phenyl]-5-(4-bromophenyl)-1H-pyra-
zole- 3-carboxamide;
4-[5-(4-nitropheay!)-3-{trifluoromethyl)-1H-pyrazol-1-yl]
benzenesulfonamide;
4-[5-(4-aminophenyl)-3-(trifluoromethy)-1H-pyrazol-1-y1]
benzenesulfonamide;
methyl-1-[4-(aminosulfonyl)phenyi}-5-(4 -aminophenyl)-
| H-pyrazole-3-carboxylate;
4-[5-(4-chiorophenyl)-3-(difluoromethyl)-1H-pyrazol-1-yl]
benzenesulfonamide;
ethyl-1-[4-(aminosulfonyl)phenyl}-5-(4 -chlorophenyl)-1H-
pyrazole-3-carboxylate;
1-[4-(aminosulfonyl)phenyl]-5-{4-chlorophenyl)- 1 H-pyra-
zole- 3-carboxarmide;
4-[5-(4-[methylthio]phenyl)-3-(difluoromethyl)- 1 H-pyra-
zol- ]-yl]benzenesulfonamide;
4-[5-(2,4-[difuoro]phenyl)-3-(trifluoromethyl)-1 H-pyrazol-
1-yl]benzenesulfonamide;
4-[5-(2,6-[diflucro]phenyl)-3-(irifluoromethyl)-1H-pyrazol-
1-yl]benzenesulfonamide;
4-(5-(4-chlorophenyl)-3-(heptafluoropropyl)- 1 H-pyrazol -
1-yl]benzenesulfonamide;
4-[5-(4-chloropheny|)-3-(chloro-difluoromethyl)-1H-pyra-
zol- 1-yl]benzenesulfonamide;
4-{3-(4-chiorophenyl)-3-(pentafluoroethyl)-1H-pyrazol-1-
yl]benzencsulfonamide;
4-[5-(4-biphenyl)-3-(difluoromethyl)-1H-pyrazol-1 -yl]ten-
zenesulfonamide;
4-{5-(5-chloro-2-thienyl)-3-(difluoromethyl)- 1 H-pyrazol-
1-yl]benzenesulfonamide;
4-[5-(4- (morpholino)phenyl)-3- (difluoromethyl)- 1H-pyrs-
zol- 1-yllbenzenesulfonamide;
4-[5-(1cyclohexenyl)-3-(diAuoromethyl)-1H-pyrazol-1-yl)
benzenesulfonamide;
4-[5-(1-cyclohexyl)-3-(difluoromethyi)- i H-pyrazol-1 -y
benzenesulfonamide;
4-[5-(5-bromo-2-thienyl)-3-(trifluoromethyl)- 1H-pyrazol-
1-yljbenzenesulfonamide;
4-[5-(2-thieny!)-3-(difuoromethyl)-1H-pyrazol-1 -yl]b=n-
zenesulfonamide;
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4-[5-(4-[triftuoromethyl)phenyl)-3-(diflooromethyl)-1H-
pyrazol-1-yl]benzenesulfonamide;
4-[5-(3,4-dichlorophenyl)- 3-(trifluoromethyl)- 1 H-pyrazol-
1-yljbenzenesulfonamide;
4-[5-(2,4-dichlorophenyl)-3-(triflucromethyl)- 1 H-pyrazol-
1-ylJbenzenesulfonamide;
4-[5-phenyl-3-(3-hydroxypropyl)-1 H-pyrazol-1  -yl]benze-
nesulfonamide;
N-phenyl-1-[4-(aminosulfonyl}phenyl}-5-(4 -Auorophenyl)-
1H-pyrazole-3-carboxamide;
N-[4-methoxyphenyl]-1-[4-(aminosulfonyl)phenyl]-5 -(4-
fluorophenyl}- 1 H-pyrazole-3-carboxamide;
N-{3-luorophenyl]-1-[4-(aminosulfonyl)phenyl]-5-(4 -fluo-
rophenyl)-1H-pyrazole-3-carboxamide;
N-[3-chlorophenyi)-1-[4-(aminosulfonyl)phenyl}-5-(4

-flucrophenyl)- 1H-pyrazole-3-carboxamide,
N-[4-methylphenyl]- 1-[4-(aminosulfonyl)phenyl]-5-(4

-flucrophenyl)- 1 H-pyrazole-3-carboxamide;
4-[4,5-dihydro-3-(trifluoromethyl)}-1H-benz{  glindazol-1-

yl]benzenesulfonamide;
4-[5-(4-fluoropheny])-3-(3-hydroxypropyl)-1H-pyrazol-1-

yl]benzenesulfonamide; and
1-[4-(aminosulfonyl)phenyl]-5-(4-fluorophenyl)- 1 H-pyra-
zole-3-propanocic ecid.

Where the term “alkyl” is used, either alone or within
other terms such as “haloalkyl” and “alkylsulfonyl”, it
embraces linear or branched radicals having one to about
twenty carbon atoms or, preferably, one to about twelve
carbon atoms. More preferred alkyl radicals are “lower
alkyl” radicals having one to about ten carbon atoms. Most
preferred are lower alkyl redicals baving one to about five
carbon atoms. Examples of such radicals include methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-
butyl, pentyl, iso-amyl, hexyl, octyl and the like. The term
“hydrido” denotes a single hydrogen atom (H). This hydrido
radical may be attached, for example, to an oxygen atom to
form a hydroxyl radical or two hydrido radicals may be
attached to a carbon atom to form a methylene (—CH,—)
radical. The term “halo™ means balogens such as fluorine,
chloring, bromine or iodine atoms. The term “haloalkyl”
embraces rzdicals wherein any one or more of the alkyl
carbon atoms is substituted with halo as defined above.
Specifically embraced are monchaloalkyl, dihaloatkyl and
polyhaloalkyl radicals. A monohaloalky] radical, for one
example, may have either a bromo, chloro or a fluoro atom
within the radical. Dihalo radicals may have two or more of
the same halo atoms or a combinaton of different halo
radicals and polyhaloalkyl radicals may have more than two
of the same halo atoms or a combination of different halo
radicals. The term “hydroxyalkyl” embraces linear or
branched alkyl radicals having one to about ten carbon
atoms any one of which may be substitted with one or more
hydroxyl radicals. The terms “alkoxy” and “‘alkoxyalkyl”
embrace linear or branched oxy-comtaining radicals each
having alkyl portions of one to about ten carbon atoms, such
as methoxy radical. The term “alkoxyalky!” also embraces
alkyl radicals having two or more alkoxy radicals attached
to the alkyl radical, that is, to form monoalkoxyalkyl and
dialkoxyalkyl radicals. The “atkoxy” or “alkoxyalky}” radi-
cals may be further substituted with one or more halo atoms,
such as fluoro chloro or bromo to provide “haloalkoxy™ or
“haloalkoxyalkyl” radicals. Examples of “alkoxy” radicals
include methoxy butoxy and trifluoromethoxy. The term
“ary]”, alone or in combination, means a carbocyclic aro-
mati¢ system containing one, two or three rings wherein
such rings may be atached together in a pendent manner or
may be fused. The term “ary]l” embraces aromatic radicals



661
L6¥

5,466,823

17
such as phenyl, naphthyl, tetrahydronapthyl, indane angd
biphenyl. The term “heterocyclic” embraces saturated, per-
tally saturated and unsanirated heteroatom-containing ring-
shaped radicals, where the heteroatoms may be selected
from nitrogen, sulfur and oxygen Examples of saturated
heterocyclic radicals include pyrrolidyl and morpholinyl.
The term “hetervary]” embraces unsaturated heterocyclic
radicals. Examples of unsaturated heterocyclic radicals, also
termed “heteroaryl” radicals inciude thienyl, pyrryl, furyl,
pyridyl, pyrimidyl, pyrazinyl, pyrazolyl, oxazolyl, isox-
azolyl, inddazolyl, thiazolyl, pyranyl and tetrazolyl. The
term 2lso embraces radicals where heterocyclic radicals are
fused with aryl radicals. Examples of such fused bicyclic
radicals include benzofuran, benzothiophens, and the like.
The term “sulfonyl”, whether used alone or linked 1o other
terms such as alkylsulfonyl, denotes respectively divalent
radicals -—80,—. “Alkylsulfonyl”, embraces alkyl radicals
attached to a sulfonyl radical, where alkyl is defined as
above. The term “arylsulfonyl” embraces sulfonyl radicals
substituted with an aryl radical. The terms “sulfamyl” or
“sulfonamidyl”, whether alone or used with terms such as
“N-alkylsulfamyl”, “N-arylsulfamyl”, *N,N-dialkylsul-
famyl” and “N-alkyl-N-arylsulfamyl”, denotes a sulfonyl
radical substituted with an amine radical, forming a sulfona-
mide (—-S0,NH,). The terms “N-alkylsulfamyl” and “N,N-
dialkylsulfamyl” denole sulfamyl radicals substtuted,
respectively, with one alkyl radical, a cycloalky! ring, or two
alkyl radicals. The terms “N-arylsulfamyl” and “N-alkyl-M-
arylsuifamy!” denote sulfamyl radicals substituted, respe:-
tvely, with one aryl radical, and one alkyl and one aryl
radical. The terms “carboxy™ or “carboxyl”, whether used
alone or with other terms, such as “carboxyalkyl”, denotas
—CO,H. The term “carboxyalkyl™ embraces radicals hav-
ing a carboxy radical as defined above, attacked to an alkyl
radical. The term “carbonyl”, whether used alone or wizh
other terms, such as “alkylcarbonyl”, denotes —(C=0)—.
The term “aikylcarbonyl” embraces radicals having a car-
bonyl radical substituted with an alkyl radical An example
of an “alkylcarbonyl” radical is CH,—(C=0)—. The term
“alkylcarbonylalkyl”, denotes an alkyl radical substituted
with an “alkylcarbony]” radical. The term “alkoxycarbonyl”
means a radical containing an alkoxy radical, as defined
above, anached via an oxygen atom Lo a carbonyl (C==0)
radical. Examples of such “atkoxycarbonyl” radicals include
(CH;3);CO—C(=0)— and -—(0=)C—OCH,. The term
“alkoxycarbonylalkyl” embraces radicals having “alkox:y-
carbonyl”, as defined above subastituted to an alkyl radiczl.
Examples of such “alkoxycarbonylalkyl™ radicals include
(CH,),COC(=0XCHy);— and —(CH,),(=0YCOCH,.
The term *‘amido™ when used by itself or with other terms
such as “amidoalkyl”, “N-monoalkylamido”, ‘N-monoary-
lamido”, “N,N-dialkylamido”, *N-alkyl-N-arylamido”,
“N-alkyl-N-hydroxyamido” and *N-alkyl-N-hydroxyami-
doalkyl”, embraces a carbonyl radical substtuted with an
amino radical. The terms “N-alkylamido™ and *'N,N-dialky-
lamido™ denote amido groups which have been substituted
with one alkyl radical and with two alkyl radicals, respe:-
tively. The lerms “N-monoarylamido” and “N-alkyl-N-ary-
lamido” denote amido radicals substituted, respectively,
with one aryl radical, and one alkyl and one ary] radical. The
term “N-alkyl-N-hydroxyamido” cmbraces amido radicals
substituted with a hydroxy] radical and with an alkyl radical.
The term “N-alkyl-N-hydroxyamidoalkyl™” embraces alkyl
radicals substimted with an N-alkyl-N-hydroxyamido radi-
cal. The term “amidoatkyl” embraces alkyl radicals substi-
tuted with amido radicals. The texm “aminoalkyl” ernbraces
alkyl radicals substituted with amine radicals. The term
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“alkylaminoalkyl” embraces aminoalky] radicals having the
nitrogen atom substituted with an alkyl radical. The term
“amidino” denotes an —C(=NH)—NH,, radical. The term
“cyanocamidino” denotes an —C{==N—CN}—NH, radical.
The term “heterocycloalkyl”™ embraces helerocyclic-substi-
tuted alkyl radicals such as pyridylmethy! and thienylm-
cthyl. The term “aralkyl” embraces aryl-substituted alkyl
radicals such as benzyl, diphenylmethyl, triphenylmethyl,
phenethyl, and diphenethyl. The terms benzyl end phenyl-
methyl are interchangeable. The term “cycloalkyl” embraces
radicals having three to ten carboa atoms, such as cyclo-
propy! cyclobutyl, cyclopentyi, cyclohexy! and cycloheptyl.
The term “cycloalkenyl” embraces unsahirated radicals hav-
ing three to ten carbon atoms, such as cylopropenyl,
cyclobutenyl cyclopenteny! cyclohexenyt and cyclohepie-
nyl. The term “alkylthio” embraces radicals containing a
linear or branched alkyl radical, of oxe to ten carbon atoms,
attached to a divalent sulfur atom. An example of “alkylthio™
is methylthio, (CH;,—S—). The term “alkylsulfinyl”
embraces radicals containing a linear or branched alkyl
radical, of one o ten carbon atoms, attached to a divalent
~—S5(=0)— ztom. The terms “N-alkylamino™ and “N,N-
dialkylamino™ denote amine groups which bave been sub-
stituied with one alky] radical and with two alkyl radicals,
respectively. The term “acyl”, whether used alone, or within
a term such as “acylamino”, denotes a radical provided by
the residue after removal of hydroxyl from an orgamnic acid.
The term “acylamine”™ embraces an amine radical substi-
tuted with an acy] group. An examples of an “zcylamino”
radical is acetylamine (CH,C(==0O)}—NH—).

The present invention comprises a pharmaceutical com-
position for the trcatment of inflammation and infiamma-
ton-associated disorders, such as arthritis, comprising a
therapeutically-effective amount of a compound of Formula
1 in association with at least one pharmaccutically-accept-
able carrier, adjuvant or diluent.

The present invention aiso comprizes a therapeutic
method of treating inflammation or inflammation-associated
disorders in a subject, the method comprising administering
to a subject having such inflammation or disorder a thera-
peutically-effective amount of a compound of Formula I

Also included in the family of compounds of Formula I
are the Pharmaceutically-acceptable salis thereof. The term
“pharmaceutically-acceptable salts” embraces salts com-
monly used to form alkali metal salis and to form addition
salis of free acids or free bases. The nature of the salt is not
critical, provided that it is pharmaceutically-acceptable.
Suitable pharmaceutically-acceptable acid addition salts of
compounds of Formula [ may be prepared from an inorganic
acid or from an organic acid. Examples of such inorganic
acids are hydrochloric, hydrobromic, hydroiodic, nitric, car-
bonic, sulfuric and phosphoric acid Appropriate organic
acids may be selected from aliphatic, cycloaliphatic, aro-
matic, araliphatic, heterocyclic, carboxylic and sulfonic
classes of orgenic acids, example of which are formic,
acetic, propionic, succinic, glycolic, gluconic, lactic, malic,
tartarie, citric, ascorbic, glucuronic, maleic, fumaric, pyru-
vic, aspartic, glutamic, benzoic, anthranilic, mesylic, sali-
cyclic, salicyclic, p-hydroxybenzoic, phenylacetic, man-
delic, embonic (pamolc), methanesulfonic, ethanesulfonic,
benzenesulfonic, pantothenic, 2-hydroxyethanesulfonic,
toluenesulfonic,  sulfanilic, cyclohexylaminosulfonic,
siearic, algenic, b-hydroxybutyrie, salicyclic, galactaric and
galacturonic acid. Suitable pharmaceutically-acceptable
base addition salts of compounds of Formula I include
metallic salts made from aluminum, calcium, lithium, mag-
nesium, polassium, sodium and zinc or organic salts made
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EXAMPLE 1
-continued
Scheme I
o o ° X 2°
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Synthetic Scheme IV shows the preparation of pyrazole
compounds (13), where R? is chiorine, from (ke available
pyrazole compounds (7), where R? is hydrogen. Chlorina-
tion results from passing a stream of chlorine gas at room
temperature through a solution contlaining (7).

_Scheme IV
R! R!
: R : R*
N Clz N
N/ —m /
N
— S Cl
R R?
7 13

The following examples contaip detailed descriptions of
the methods of preparation of compounds of Formula 1-T1.
These detailed descriptions fall within the scope, and serve
to exemplify, the above described General Synthetic Proce-
dures which form part of the invention. These detailed
descriptions are presented for illustrative purposes only and
are not intended as & restriction on the scope of Lhe inven-
tion. All pants are by weight and temperatures are in Degrees
centigrade unless otherwise indicated.
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4-{5-(4-Chloropheny])-3-trifiuoromethyl)- 1 H-pyrazol-
1yl]benzenesulfonamide

Step 1: Preparation of 4,4,4-triflnoro-1-[4
~(chloro)phenyl}-butane-1,3-diode

Ethyl trifluoroacetate (23.52 g, 166 mmol) was placed in
a 500 mi. three-necked round bottom fiask, and dissolved in
methyl tert-butyl ether (75 mL). To the stirred solution was
added 25 weight % sodium methoxide (40 mL, 177 mmol}
via an addition fimnel over a 2 mimte period. Next 4'-chlo-
roaceiophenone (23.21 g, 150 mmol) was dizsclved in
methy] tert-butyl ether (20 mL), and added to the reaction
dropwise over 5 minutes. After stirming overnight (15.75
hours), 3N HC1 (70 mL) was added, The organic layer was
collected, washed with brine (75 mL), dried over MgS80,,
filtered, and concentrated in vacuo to give a 35.09 g of
yellow-crange solid. The solid was recrystallized from iso-
octane to pive 31.96 g, 85% of the dione, mp 66°—67° C.

Step 2: Preparation of 4-[5-(4-chlorophenyl)-3
-(triftuoromethyl)-1H-pyrazol-1
-yllbenzenesulfonamide

4- Sulphonamidophenyl hydrazine hydrochloride (982
mg, 4.4 mmol 1.1 equivalent) was added to a stirred solution
of 4,44-trifluoro-1-[4-(chlor)phenyi]-butane-1,3-dione
(1.00 g, 4.0 mmol) in cthanol {50 mL). The reaction was
heated to reflux and stirred for 20 hours. (HPLC area percent
showed a 96:3 ratio of 4-[5-(4 -chlorophenyl)-3-(trifinorom-
ethyl)-1H-pyrazol-1 -yl]benzenesulfonamide to its regioieo-
mer (4-[3-(4 -chlorophenyl)-S-(trifiucromethyl)-1H-pyra-
zol-1 -yllbenzenesulfonamide). Afier cooling to room
temperature, the reaction mixture was concentrated in
vacuo. The residue was taken up in ethyl acetaie and washed
with water and brine and dried over MgSO,, filtered, and
concentrated in vacuo to give a light brown solid which was
recrystallized from ethyl acetate and iso-octane to give the
pyrazoie 2, 1.28 g, 80% yield, mp 143°-145° C. HPLC
showed that the purified material was a 99.5:0.5 mixture of
4-[5«(4-chlorophenyl}-3  -(trifluoromethyl)-1H-pyrazol-1-
yl]benzenesulfonamide to ils regioisomer. 'H NMR (CDCl,/
CD,0D 1/1) d 5.2 (s, 2H), 6.8 (s, 1H), 7.16 (d, =8.5 Hz,
2H), 735 (d, j=8.5 Hz, 2H), 7.44 (d, j=8.66, 2H), 7.1 (d,
7=8.66, 2H); "*C NMR (CDCl/CD,0D 10/1) d 106.42 (4,
j=0.03 Hz), 121.0(q, j=276 Hz), 125.5, 1.26.9, 127.3, 129.2,
130.1, 135.7, 141.5, 143.0, 143.9 (g, j=37 Hz), 144.0; '°F
NMR. (CDC1,/CD,0D 10/1) d —62.9. EI GC-MS M+=401.

The following compounds (Examples la to 1j} were
obtained according to procedures similar to that exemplified
in Example 1, with the substilution of the appropriate
acetophenone.
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(la) 4-[5-(4-bromophenyl)-3-(trifluoromethyl)-1H-pyra-
zol-1-yl]benzenesulfonamide:  off-white solid, mp
137°-139° C.; Anal. calc’d for C, H, ,N,0,SBrF,: C, 43.07;
H, 2.48; N, 9.42; Br 17.91 Found: C 43.01; H2.32; N, 9.39;
Br, 17.62. '

(1b) 4-[5-(3-chlorophenyl)-3-(trifluoromethyl)-1H-pyra-
zol-1-yl]benzenesulfonamide: yellow solid, mp 154°-155°
C.; Anal. cale’'d for C,;H,,N,O,SCIF,: C, 47.83; H, 2.76;
N, 10.46; Cl, 8.82. Found: C, 47.61; H, 2.85; N, 10.31; C},
8.43.

(1c) 4-[5-(4-methylphenyl)-3-(trifluoromethyl)-1H-pyra-
zol-1-yl]benzenesulfonamide: yellow solid, mp 157°-159°
C.; Anal. calc'd for C,;H,,N30;SF;: C, 53.54; H, 3.70: N,
11.02. Fourd: C, 53.17; H, 3.81; N, 10.90.

(1d) 4-[5-(2-chlorophenyl)-3-(irifluoromethyl)- 1 H-pyra-
zol-1-yl]benzenesuifonamide: white solid, mp 159°-160°
C.; Anal. cale'd for C,;H,,N,O,5CIF;: C, 47.83; H, 2.76;
N, 10.46. Found: C, 47.47; H, 2.65; N, 10.31,

(1e) 4-[5-(4-trifluoromethylphenyl)-3 -(trifluoromethyl)-
1H-pyrazol-1-ylibenzenesulfonamide: yellow solid, mp
144°~145° C,; Anal. calc’d for C,;H,,N,0,5F,: C, 46.90;
H, 2.55; N, 9.65. Found: C, 46.98; H, 2.57; N, 9.61.

(1f) 4-[5-(4-Auorophenyl)-3-(trifluoromethyl)-1H-pyra-
zol-1-yljbenzenesulfonamide: mp 168°-169° C.; Anal.
calc’d for C,,H,;N,O,5F,: C, 49.87; H, 2.88; N, 10.90.
Found: C, 49.83; H, 2.89; N, 10.86.

(1g) 4-[5-phenyl-3-(trifluoromethyl)- 1H-pyrazol-1 -yl]

benzenesulfonamide: mp 164°-165° C.; Anal. calc'd for.

C,oH,-N.0,SF,: C, 52.31; H, 3.29; N, 11.43. Found: C,
52.14; H, 3.07, N, 11.34.

(lh)  4-[5-(4methoxyphenyl)-3-(triflucromethyl)-1 H-
pyrazol-1-yl]benzenesulfonamide: mp 153°-154° C.; Anal.
calc'd for C,,H,N4O;S8F,: C, 51.38; H, 3.55; N, 10.57.
Found: C, 512.00; H, 3.48; N, 10.24.

(li)  4-[5-(4-mifluoromethoxyphenyl)-3  -(trifluorom-
ethyl)-1H-pyrazol-1-yl]benzenesulfonamide: white solid,
mp 101°-103° C,; Anal. calc'd for C;H, N;0,5F; C,
45.24; H, 2.46; N, 9.31. Found: C, 45.22; H, 2.37; N: 9.29,

(1j) 4-[5-(2-methylphenyl)-3-(trifluoromethyl)-1H-pyra-
zol-1-yl]benzenesulfonamide: white solid, mp 226°-128°
C.; Apal. calc'd for C,,H, N,0,8F,: C, 53.54; H, 3.70; N,
11.02. Found: C, 53.52; H, 3.55; N, 11.06.

EXAMPLE 2
O\\'\ //_O
S
HaN
N
N crRH

4-[5-(4-Chlorophenyl)-3-(difluoromethyl)- 1 H-pyrazol-
1-ylIbenzenesulfonamide

Step 1: Preparation of 4,4-difluoro-1-[4
-(chloro)phenyl]-butane-1,3-dione

Ethyl diflueroacetate (24.82 g, 200 mmol) was placed in
a 500 mL three-necked round botiom flask, and dissolved in
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diethyl ether (200 mL). To the stirred solution wes added 25
weight % sodium methoxide in methanol (48 mL, 210
mmol) via an addition funnel over a 2 nminute period. Next,
4'.chloroacetophenone (25.94 g, 200 mmol) was dissolved
in diethy] ether (50 mL), and added to the reaction dropwise
over 5 minutes. After stirring overnight (18 hours), 1IN HCI
(250 mL) and ether (250 ml.) were added. The orgenic layer
was collected, washed with brine (250 ml), dried over
MgSQ,, filtered, and concentrated in vacuo to give 46.3 g of
a yellow solid. The solid was recrystallized from methylene
chloride and iso-octane to give 31.96 g, 69% of the dione,
mp 65°-66.5° C.

Step 2: Preparation of 4-[5-(4-chloropheny!)-3
-(difluoromethyl)- 1 H-pyrazol-1-ylJbenzenesul fonamide

4-Sulphonamidophenyl hydrazine hydrochloride (1.45 g,
6.5 mmol 1.3 equivalem) snd 4.4-difluoro-1-[4 -(chio-
ro)phenyl]-butane-1,3-dione (1.16 g, 5 mmol) were dis-
sotved in ethanol (10 mL). The reaction was heated to reflux
and stirred for 20 hours. After cooling to room temperature,
the reaction mixture was concentrated in vacuo. The residue
was taken up in ethyl acetate (100 mL) and washed with
water {100 mL) and brine (100 mL), dried over MgSO,,
filtered, and concentrated in vacuo to give 1.97 g of a light
brown solid which was recrystallized from ethanol -and
water 10 give 4-[5+4 -chlorophenyl)-3-(diflucromethyl)-
1H-pyrazol-1 -yl]benzenesulfonamide, 1.6 g, 83% yield, mp
185°-186° C.

EXAMPLE 3

// 0
AN
N
A\ CO;H
S

0

N ¥

HzN

4-{4-(Aminosulfonyl)phenyl]-5-(4-chloropheny!)-
1H-pyrazole-3-carboxylate

Step 1: Preparation of
methyl-4-[4-(chloro)phenyl]-2,4-dioxobutanoate

Dimethyl oxaiate (23.6 g, 200 mmol) was placed in a 500
mi. three-necked round botiom flask, and dissolved in
diethyl ether (200 mL). To the stirred solution was added 25
weight % sodium methoxide in methanol (48 mL, 210
mmol) via an addition funnel over a 2 minute period. Next,
4'-chloroacetophenone (25.94 g, 200 mmol) was dissolved
in diethyl ether (50 mL.), and added to the reaction dropwise
over 3 minutes. After stirring overnight (18 hours), IN HC
(400 mL)} and ethyl acetate (750 ml.) were added. The
organic layer was collected, washed with brine (350 mL),
dried over MgSO,, filtered, and concentrated in vacuo to
give 45.7 g of a yellow solid. The solid was recrystallized
from ethyl acetaie and iso-octane to give 23 g, 48% of the
dione, mp 108.5°-110.5° C.
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then extracted three times with ether and the combined
ethereal phase washed with brine, dried over anhydl
MGSOQ,, filtered, and concentrated in vacuo to give a while
solid that was recrystallized from ether/petroleum ether to
provide 390 mg, 75% of 4-[5-(4-chlorophenyl)-4-chioro-3

_ -trifflucromethyl-1H-pyrazol-1-yljbenzenesulfonamide, mp

180°-182° C. 'H nmr (CD{C14/300 MHz) 7.97(d, J=6.6 H::,
2H), 7.49(d, J=6.3 Hz, 2H), 7.45(d, J=6.3 Hz, 2H), 7.25(dl,
J=6.6 Hz, 2H), 5.78(brs, 2H).

EXAMPLE 30

N

N/

S—cn

T
RN
0=l
HaN

4-[1-(4-Fluorophenyl)-3-(triflucromethyl)-1 H-pyrazol-
5-yllbenzenesulfonamide

Step 1: Preparation of N,N-bis{4-methoxybenzyl)-4

-(aminosulfonyl)acetophenone

To a solution of 4-(aminosulfenyl)acetophenone (2.0 g,
9.0 mmol) in dimethylsulfoxide (25 mL) was added NaO=
(450 mg, 19.0 mmol). The reaction mixture was stirred for
45 minutes and then 4-methoxybenzyl bromide (3.5 g, 19.0
mmol) in dimethylsulfoxide {5 mL) was added via canula
The mixture was stirred at room temperature for 24 hours
and partitioned between ethyl acetate and pH 7 buffer. The
aqueous solution was extracted with ethyl acetate. The
organic solution was dried (MgS0Q,) and concentrated. The
residuc was chromatographed on silica (2:1 hexane:ethyl
acetate) to give the desired product (815 mg, 21%).

Step 2: Preparation of
N,N-bis(4-methoxybenzyl)-4-[1-(4-fluorophenyl)-3-
triftuoromethyl- | H-pyrazol-5
-yllbenzenesulfonamide

Ethyl trifivoroacetate was placed in a 500 mL three-
necked round bottorn flask, and dissolved in methyl tert-
butyl ether (75 mL). To the sdrred solution was added =5
weight % sodiurn methoxide via an addition funnel over a 2

minute period. Next the protected acetophenone from step | |

was dissolved in methyl tert-butyl ether (20 mL), and added
to the reaction dropwise over 5 minutes. Afier stirming
overnight (15.75 hours), 3N HCI (70 mL) was added. The
organic layer was collected, washed with brine (75 ml),
dried over HgSO,, filtered, and concentrated in vacuo. The
solid was recrystailized from iso-octane w give the dione.
4-Fluorophenyl hydrazine hydrochloride was added 10 a
stirred solution of the dione in ethanol {50 mL). The reaction
was heated to reflux and stired for 20 hours. Afier cooling
to room temperature, the reaction mixture was concentrated
in vacuo. The residue was taken up in ethyl acetate and
washed with water and brine and dried over MgS0O,, filtered,
and concentrated in vacuo to give a light brown solid which
was recrystallized from ethyl acetate and iso-octane to give
the protected pyrazole.
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Step 3: Preparation of 4-[1-(4-fluorophenyl)-3
-trifluoromethyl- 1H-pyrazol-1-yl]benzenesulfonamide

To a solution of the protected pyrazole (50 mg, 0.08
mmol) in acetonitrile (1 mL) and water (0.3 mL) was added
ceric ammonium nitrate (360 mg, 0.65 mmol). The reaction
solution was kept at room temperature for 16 hours. The
solution was poured into water (15 mL) and extracted with
ethyl acetate (2x25 mL). The combined extracts were dred
(MgSO,) and concentrated. The regsidue was chromato-
grapbed on silica (2:1 hexane:ethyl acetate) to give the
desired product (13 mg, 42%). 'H NMR (CD,0D) 7.88
(d,2H), 7.46 (d, 2H), 7.39 (dd, 2H), 7.21 (t, 2H), 7.06 (s, 1H).

BIOLOGICAL EVALUATION

Rat Carmagesnan Foot Pad Edema Test

The camrageenan fool cdema test was performed with
materials, reagents and procedures essentially as described
by Winter, et al., (Proc. Soc. Exp. Biol. Med, 111, 544
(1962)). Male Sprague-Dawley rats were selected in each

B group so that the aversge body weight was as close as
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possible. Rats were fasted with free access to water for over
sixteen hours prior to the test. The rats were dosed orally (1
mL) with compounds suspended in vehicle containing 0.5%
methyleellulose and 0.025% surfactant, or with vehicle
alone. One hour later a subplantar injection of 0.1 mL of 1%
solution of carrageenan/sterile 0.9% saline was administered
and the volume of the injected foot was measured with a
displacement plethysmomeier connected to a pressure trans-
ducer with a digital indicator. Three hours after the injection
of the carrageenan, the volume of the foot was again
measured. The average foot swelling i a group of dmg-
treated animals was compared with that of a group of
placebo-treated animals and the percentage inhibition of
edema was determined (Otterness and Bliven, Laboratory
Models for Testing NSAIDs, in Non-Steroidal Anii-Inflam-
matory Drugs, (J. Lombardino, ed. 1985)). Results are
shown in Table I.
Rat Carrageenan-induced Analgesia Test

The analgesia test using ral carrageenan was performed
with materials, reagents and procedures essentially as
described by Hargreaves, et al., (Pain, 32, 77 (1988)). Male
Sprague-Dawley rats were treated as previously described
for the Carrageenan Foot Pad Edema test. Three hours after
the injection of the carrageenan, the rats were placed in a
special plexiglass container with a transparent floor having
a high intensity lamp as 2 radiant heat source, pasitionable
under the floor. After an initial twenty minute period,
thermal stimulation was begun on either the injected foot or
on the contralateral uninjected foot. A photoelectric cell
turned off the lamp and timer wher light was intermpted by
paw withdrawal. The time until the rat withdraws its foot
was then measured. The withdrawal latency in seconds was
determined for the control and drug-treated groups, and
percent inhibition of the hyperalgesic foot withdrawal deter-
mined. Results are shown in Table 1.
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TABLE I
RAT PAW EDEMA ANALGESTA
% Inhibidon % Inhibiton
@ 10 mg/kg body weight @ 20 mg/kg body weight
Examplesg
1 44 51
If 42¢
2 39 46
*Assay perfoomed al 20 mg/kg body weight

Also embraced within this invention is a class of phar-
maceutical composilions comprising one or more com-
pounds of Formula I in association with one or more
non-toxic, pharmaceutically acceptable carriers and/or dilu-
ents andf/or adjuvants (collectively referred to herein as
“carrier” materials) and, if desired, other active ingredients.
The compounds of the present invention may be adminis-
tered by any suitable route, preferably in the form of a
pharmaceutical composition adapted Lo such a route, and in
a dose effective for the treatment intended. The compounds
and composition may, for example, be administered intra-
vascularly, intraperitoneally, subcutaneously, intramuscu-
larly or topically,

For oral administration, the pharmaceutical composition
may be in the form of, for example, & tablet, capsule,
suspension or liquid. The pharmaceutical composition is
preferably made in the form of a dosage unit containing &
particular amount of the active ingredient. Examples of such
dosage units are tablets or capsules. The active ingredient
may also be adminisiered by injection as a compositon
wherein, for example, saline, dextrose or water may be used
ag a suitable carrier. '

The amount of therapeutically active compound that is
administered and the dosage regimen for treating a diseuse
condition with the compounds and/or compositions of tais
invention depends on a variety of factors, including the aze,
weight, sex and medical condition of the subject, the sever-
ity of the disease, the route and frequency of administration,
and the particular compound employed, and thus may vary
widely. The pharmaceutical compositions may coatain
activc ingredient in the range of about 0.1 to0 2000 mg,
preferably in the range of about 0.5 to 500 mg and most
preferably between aboul 1 and 100 mg. A daily dose of
about 0.01 to 100 mg/kg body weight, preferably between
about 0.1 and about 50 mg/kg body weight and most
preferably from about ! to 20 mp/kg body weight, may be
appropriate. The daily dose can be adminisiered in one o
four doses per day.

For therapeutic purpeses, the compounds of this invention
are ordinarily combined with one or more adjuvants appro-
priate to the indicated route of administration. [f adrninis-
tered per os, the compounds may be admixed with lactose,
sucrose, starch powder, cellulose esters of alkanoic acids,
cellulose alkyl esters, tale, stearic acid, magnesium siearsate,
magnesium oxide, sodium and calcium salts of phosphoric
and sulfuric acids, gelatin, acacia gum, sodium alginzte,
polyvinylpyrrolidone, and/or polyvinyl alcohol, and tken
tableted or encapsulated for convenient administration. Such
capsules or lablets may contain a controlled-release formu-
lation as may be provided in a dispersion of active com-
pound in hydroxypropylmethyl cellulose. Formulations for
parenteral administration may be in the form of aqueous or
non-aqueous isolonic sterile injection solutions or suspen-
sions, These solutions and suspensions may be prepared
from sterile powders or granules having one or more of the
carriers or diluents mentioned for use in the formulations for
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oral administration. The compounds may be dissolved in
water, polyethylene glycol, propylenc glycol, ethanol, com
oil, cottonseed oil, peanut oil, sesame oil, benzyl atcohol,
sodium chloride, and/or various buffers. Other adjuvants and
modes of administration are well and widely kmown im the
pharmaceutical art.

Although this invention has been described with respect
to specific embodiments, the details of these embodiments
are not to be construed as limitations.

What is claimed is:

1. A compound of Formula ]

R
R!
, Ty
R NG
A\ P "
N R

wherein R! is sulfamyl;

wherein R? is halcalky};

wherein R? is selected from hydrido, and alkyl; and

wherein R* is selected from aryl, cycloalkyl, and

cycloalkenyl; wherein R* is optionally substifuted at a
substibitable position with one or more radicals
selected from hzlo, alkylthio, alkylsulfinyl, alkyl, alkyi-
suifonyl, cyano, carboxyl, alkoxycarbonyl, amido,
- N-monoalkylamido, N-monoarylamido, N,N-dialkyla-
mido, N-alkyl-N-arylamido, haloelkyl, hydrmoxyl,
alkoxy, hydroxyalkyl, haloalkoxy, sulfamyl, N-alkyl-
sulfamyl, amino, N-alkylamino, N,N-dialkylamino,
heterocyclic, nitro and acylamino;

or a pharmaceutically-acceptable salt thereof.

2. Compound of claim 1 wherein R? is lower haloalkyl;

wherein R® is hydrido; and

wherein R* is selected from aryl, cycloalkyl, and

cycloalkenyl; wherein R* is optionzally substituted at a
subsiitutable position with one or more mdicals
sclected from balo, lower alkylthio, lower alkylsulfinyl,
lower alkyl, lower alkylsulfonyl, cyano, carboxyl,
lower alkoxycarbonyl, amido, lower N-monoalkyla-
mido, N-monoarylamido, lower N,N-dialkylamido,
lower N-alkyl-N-arylamido, lower haloalkyl, hydroxyl,
lower alkoxy, lower hydroxyalkyl, lower haloalkoxy,
sulfemyl, lower N-alkylsulfamy!, amino, lower N-alky-
lamino, lower N,N-dialkylamino, heterocyclic, nitro
and acylamino;

or a pharmaceutically-acceptable salt thereof,

3. Compound of claim 2 wherein R? is selected from
fAuoromethyl, difluoromethyl, triflucromethyl, chlorom-
cthyl, dichloromethyl, trichloromethyl, pentafluoroethyl,
heptafluoropropyl, difluorochloromethyl, dichlorofluorom-
ethyl, difiuoroethyl, difluoropropyl, dichloroethyl, and
dichloropropyl;

wherein R? is hydrido; and

wherein R* is selected from phenyl, naphthyl, biphenyl,

cyclohexyl, cyclopentyl, cycloheptyl, 1-cyclohexenyl,
2 -cyclohexenyl, 3-cyclohexenyl, 4-cyclohexenyl, and
l-cyclopentenyl; wherein R is optionally substituted at
2 substitutable position with one or more radicals
selected from fluoro, chloro, bromo, methylthio, meth-
ylsulfinyl, ¢cyano, carboxyl, amido, mcr.hoxycarbonyl.ag
cthoxycarbonyl, isopropoxycarbonyl, tertbutoxycarbo-
nyl, propoxycarbonyl, butoxycarbonyl, isobutoxycar-
bonyl, pentoxycarbonyl, N-methylamide, N-ethyla-
mido, N-isopropylamido, N-propylamido,
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57} ABSTRACT

A class of substitnted isoxazolyl compounds Is described for
usc in treating inflammation and inflammation-related dis-
orders. Compounds of particular interest are defined by
Formula IT

R, = K
4 35

3; 1o
N

wherein R* is selected from hydroxyl lower alkyl, carboxyl,
lower carboxyalkyl, lower aminocarbonylalkyl, lower
alkoxycarbonylalkyl, lower aralkyl lower alkoxyalkyl.
lower aralkoxyalkyl. lower alkylthioalkyl, lower
aralkylhthioalkyl, lower alkylaminoalkyl. lower aryloxyalkyl,
lower arylthioalkyl, lower haloalkyl, lower hydroxylalkyl,
cycloalkyl, cycloalkylalkyl, and aralkyl; wherein R? is
selected from cycloalkyl, cycloalkenyl. aryl, and hetercaryl;
wherein R? is optionally substituted &t a substitutable posi-
tion with one or more radicals independently selected from
lower alkylsulfinyl, lower alkyl, cyano, carboxyl, lower
alkoxycarbonyl, lower haloalkyl, hydroxyl, lower
hydroxyalkyl. lower haloalkoxy, amino, lower alkylamino,

lower arylamino, lower amiroalkyl, nitro. halo, lower:

alkoxy, aminosulfonyl. and lower alkylthio; and wherein R*
is selected from lower alkyl. hydroxyl and amino; or a
pharmaceutically-acceptable salt thereof.

29 Claims, No Drawings
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SUBSTITUTED ISOXAZOLES FOR THE
TREATMENT OF INFLAMMATION

RELATED CASE

This application is a continuation-in part of US. pateat
application Ser. No. 08/387,680, filed Feb. 13, 1995 now
abandoned.

FIELD OF THE INVENTION

This invention is in the field of antiinflammatory phar-
macentical agents and specifically relates to compounds,
compositions and methods for treating inflammation ard
inflammation-associated disardsrs, such as arthritis.

BACKGROUND OF THE INVENTION

Prostaglandins play a major role in the inflammation
process and the inhibition of prostaglandin prodoction,
especially production of PGG,, PGH, and PGE,. has been
a common target of antlinflammatory drug discovery.
However., common non-steroidal antiinflammatory drugs
(NSAIDs) that are active in reducing the prostaglandin-
induced pain and swelling associated with the inflammation
process are also active in affecting other prostaglandin-
regulated processes not associated with the inflammaticn
process. Thus, use of high doses of most common NSAID)s
can prodace severe side effects. including life threatening
alezrs, that 1imit their therapentic potential. An alternative ko
NSAID:s is the use of corticosteroids, which have even more
drastic side cffects, cspecially when long term therapy is
involved.

Previous NSAIDs have beea found to prevent the pro-
duction of prostaglandins by inhibiting enzymes in the
human arachidonic acid/prostaglandin pathway, including
the enzyme cyclooxygenase {COX). The recent discovery of
an inducible enzyme associated with inflammation (named
“cyclooxygenase-2 (COX-2)" or “prostaglandin G/H syn-
thase II") provides a viable target of inhibition which moze
effectively reduces inflarnmation and produces fewer and
less drastic side effects.

The references below that disclose antiinflammatory
activity. show continuing cfforts to find a safe and effective
antiinflammatory agent. The novel isoxazoles disclosed
herein are such safe and also effective antlinflammatary
agents furthering such efforts. The invention's compounds
are found to show usefulness in vivo as antiimflammatory
agents with minimal side effects. The substituted isoxazolyl
compounds disclosed herein preferably selectively inhibtit
cyclooxygenase-2 over cyclooxygenase-1.

Isoxazoles have been described for varions uses. includ-
ing the treatment of inflammation. U.S. Pat. No. DE 4.314.
966. published Nov. 10, 1994, describes 3-(2-
hydroxyphenyl)isoxazoles for the treatmeat of inflammatory
disorders. WO 92/05162, published Aps. 4, 1992, describes
5-piperazinyl-3.4-diaryl-isoxazoles as having medicinal use.

WO 92/19604, published Nov. 12, 1992. describes
S-alkene-3 4-diaryl-isoxazoles as having cyclooxygenase
inhibition activity. EP 26928, published Apr. 15. 1981,
describes 3,4-diaryl-isoxazole-S-acetic acids as having anti-
inflammatory activity. WO 95/00501, published lan. 5,
1995, generically describes 3.4-diaryl-isoxazoles us
cyclooxygenase inhibitars.

The invention’s isoxazolyl compounds are found to show
asefulness in vivo as antiinflammatocy agents with minimal
side effects.

2
DESCRIPTION OF THR INVENTION

A class of substituted isoxazolyl compounds useful in
treating inflammation-related disorders is dafined by For-

smnlnI:

R2

10

15 wherein R* is selected from hydroxyl, amino, alkyl,

carboxyalky!l, alkoxycarbonyl, aminocarbonyl,
aminocarbonylalkyi, alkoxycarbonylalkyl, carboxyl, alkoxy,
haloalkoxy, aralkoxy, heteroaralkoxy, cycloalkylalkoxy,
alkylthio, aralkylthio, heteroaralkylthio,
cycloalkylalkylthio, alkoxyalkyl, aralkoxyalkyl,
alkylthioalkyl, aralkylthioalkyl, aikylaminoalkyl,
aryloxyalkyl, arylthioalkyl, hydroxyalkyl, haloalkyl,
cydoalkyl, cycloalkylalkyl, heterocyclo. heterocycloalkyl,
aryl. aralkyl. halo, alkylamino, aralkylamino, N-alkyl-N-
aralkylamino, heteroaralkylamino, N-alky]-N-
heteroaralkylamino, N-alkyl-N-cycloalkylalkylamino,
arylcarbonylthio, alkylaminocarbonylthioalkyl,
arylcarbonyloxyalkyl, alkoxycarbonyloxyalkyl,
alkylaminocarbonyloxyalkyl, alkoxycarbonylthioalkyl, and
alkylaminocarbonylthioatkyl;
wherein R? is one or more radicals independently selected
from alkyl. cyano, carboxyl, alkoxycarbonyl, haloalkyl
hydroxyl, hydroxyalkyl, haloalkoxy, amino, amicoallyl,
45 alkylamino, arylamino, nitro, alkoxyalkyl, alkyisulfinyl,
halo. hydroxysulfonyl. alkylsulfonyl, aminosulfonyl,
haloalkylsulfonyl. alkoxy and alkylthio;
wherein R? is selected from cycloalkyl, cycloalkenyl, aryl
and heterocyclo; wherein R? is optiopaily substituted at a
40 Substitutable position with one or mare radicals indepen-
dently selected from alkyl, cyano, carboxyl, alkoxycarbonyl,
haloalkyl, hydroxyl, hydroxyalkyl, haloalkoxy, amino,
aminoalkyl. alkylamino, arylamino, nitro, alkoxyalkyl,
alkylsutfinyl, aminosulfonyl, halo, alkoxy and alkylthio;
45  orf & pharmaceutically-acceptable salt thereof.
Compounds of Formula I would be useful for, but not
limited to, the treatment of inflammation in a subject, apd for
treatment of other inflammation-associated disorders, such
as. as ap analgesic in the treatment of pain and headaches,
50 or as an antipyretic for the treatment of fever. For example,
compounds of Formula I would be useful to treat arthritis.
including but not limited to rheumatoid arthritis.
spondyloarthopathies, gouty arthritis, osteoarthritis, sys-
temic lupus erythematosus ard juvenile arthritis. Such com-
55 pourds of Formula I would be useful in the treatment of
asthma, bronchitis, menstroal «ramps. tendinitls, bursitis,
and skin related conditions such as psorlasis. eczema. burns
and dermatitis. Compounds of Formula I also would be
useful to treat gastrointestinal conditions such as inflamma-
60 tory bowel disease, Crohn's discase, gastritis, irritable bowel
syodrome and ulcerative colitis and for the prevention of
colerectal cancer. Compounds of Formula I would be useful
in treating inflammation in such diseases as vascular
discases, migraine headaches, periarteritis nodosa,
65 thyroiditis. aplastic anemia. Hodgkin’s disease, sclerodoma,
rheumatic fever, type I diabetes, myasthenia gravis,
sarcoidosis. nephrotic syndrome, Behcet’s syndrome.
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polymyositis, gingivitis, hypersensitivity, conjunctlvitls,
swelling oceurring after injury, myocardial ischemia, and the
like. The compounds are uscful as anti-Inflammatory azents,
such as for the treattment of arthritis, with the addinonal
benefit of baving significantly less harmful side effects.
Besides being useful for human treatment, these compounds
are #lso useful for treatment of mammals, including harses,
dogs, cats, rats, mice, sheep, pigs, ete.

The preseat compounds may also be used in co-therapies,
partially or completely, in place of other convenrional
agtlinflammatories, such as together with steraids, NSAIDs,
S-lipoxygenase inhibitors, L'T'B, antagonists and LTA,
hydrolase inhibitors,

Suitable LTB, inhibitors include, among others, ebuelen,
Bayer Bay-x-1005, Ciba Geigy compound CGS-25019C,
Leo Denmark compound ETH-615, Lilly compound
LY-293111, Ono compound ONQO-4057, Terumo compound
TMK-688, Lilly compounds LY-213024, 264086 and
292728, ONO compound ONO-LB457, Scarle compound
SC-53228, calcitrol, Lilly compounds LY-2100(73,
LY223982, LY233460. and LY255283, ONO compound
ONO-LB-448, Searle compounds SC-41930, SC-50605 and
SC-51146, and SK&F compound SKF-104493. Preferably,
the L.TB4 inhibitors are selected from ebsclen, Bayer Bay-
x-1005, Ciba Geigy compound CGS-25019C, Leo Denmark
compound ETH-615, Lilly compound LY-293111, Ono
compound ONOG-4057, and Terumo compound TMEK-588.

Suitable 5-LO inhibitors include, among others,
masoprocol, tenidap, zileuton, pranlukast, tepoxalin.
rilopirox. flezelastine hydrochlordde, enazadrem phosphate,
and bunaprolast.

The present invention preferably inchudes compounds
which seclectively inhibit cyclooxygenase-2 over
cyclooxygenase-1. Preferably. the compounds have a
cyclooxygenase-2 IC, of less than about 0.5 pM, and also
have a selectivity ratio of cyclooxygenase-2 inhibition over
cyclooxygenase-1 inhibition of at least 50, and roore pref-
cxably of at least 100. Bven more preferably, the compounds
have a cyclooxygenase-1 IC,, of greater than about 1 pM,
and more preferably of greater than 20 pM. Such preferred
selectivity may indicate an ability to reduce the inciden:e of
common NSAID-induced side effects.

Within Formula I there is a subclass of compounds of high
interest represented by Formula II:

R* O
\J
0=

. = ~F
4+ 3
3;}}0

wherein R! is selected from alkyl, carboxyalkyl.
alkoxycarbonyl, aminocarbonyl, aminocarbonylalkyl,
alkoxycarbonylalkyl. carboxyl, alkoxy, haloalkoxy,
aralkoxy. heteroaralkoxy, cycloalkylalkoxy, alkylthio.
aralkylthio, hetcroaralkylthio. cyeloalkylalkyltajo.
alkoxyalky}, aralkoxyalkyl, alkylthioalkyl. aralkylthioalkyl.
alkylaminoalkyl. aryloxyalkyl, arylthioalkyl. hydroxyl.
amino, hydroxyalkyl, haloalkyl, cycloalkyl, cycloalkylalkyl,
heterocyclo, heterocycloalkyl, aralkyl, halo, alkylamino,
aralkylamino, N-alkyl-N-aralkylamino, heteroaralkylamino,
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4
N-alkyl-N-hetercaralkylamino, N-alkyl-N-
cycloalkylalkylamino, arylcarbonyloxyalkyl,
arylcarbonylthio, alkoxycarbonyloxyalkyl,
alkylaminocarbonyloxyalkyl, alkoxycarbomylthioalkyl, and
alkylaminocarbonylthioalkyl;

wherein R? is selected from cycloalkyl, cycloalkenyl, aryl
and heterocyclo; wherein R? is optionally substituted at a
substitntable position with onc or more radicals indepen-
dently selected from alkyl, cyano., carboxyl, alkoxycarbonyl,
haloalkyl, hydroxyl, hydroxyalkyl, haloalkoxy, amino,
alkylamino, arylamino, aminoalkyl, nitro, alkoxyalkyl,
alkylsulfinyl, alkylsuifonyl, aminosulfonyl, halo, alkoxy and
alkylthio; and

wherein R* is selected from alkyl, hydroxyl, and amino;

or a phamacentically-acceptable salt thereof.

A prefared class of compounds consists of those com-
pounds of Formula II wherein R? is selected from hydroxyl,
amino, lower alkyl, lower carboxyalkyl, lower
alkoxycarbonyl, aminocarbonyl, carboxyl, lower
aminocarbonylalkyl, lower alkoxycarbonylalkyl, lower
alkoxy, lower haloalkoxy, lower aralkoxy, lower
heteroaralkoxy. lower cycloalkylalkoxy, lower alkylthio,
lower aralkylthio. lower heteroaralkylthio, lower
cycloalkylalkylthio, lower alkoxyalkyl, lower
aralkoxyalkyl, lower alkylthioalkyl, lower aralkylthioalkyl,
lower alkylaminoalkyl, lower aryloxyalkyl, lower
arylthicalkyl, lower hydroxyalkyl, lower haloalkyl, lower
cycloalkyl, lower cycloalkylalkyl, 5- or 6-membered
heterocyclo, lower heterocycloalkyl, lower aralkyl, halo,
lower alkylamino, lower aralkylamino, lower N-alkyl-N-
aralkylamino, lower heteroaralkylamino, lower N-alkyl-N-
heteroaralkylamino, lower N-alkyl-N-
cycloalkylalkylamino. lower arylcarbonyloxyalkyl. lower
alkoxycarbonyloxyalkyl, lower
alkylaminocarbonyloxyalkyl, lower
alkoxycarbonylthioalkyl, and lower alkylaminocarbonylth-
ioalkyl; wherein R? is selected from cycloalkyl,
cycloalkenyl, aryl, and heteroaryl; wherein R? is optionally
substituted at a substitutable position with one or more
radicals independently selected from lower alkylsulfinyl,
lower alkyl, cyano, carboxyl, lower alkoxycarbonyl, lower
haloalkyl, hydroxyl, iower hydroxyalkyl, lower haloalkoxy,
amino, lower alkylamino, lower arylamino. lower
aminoalkyl, nitro. halo, lower alkoxy, lower alkylsulfonyl,
aminosulfonyl, and lower alkylthio; and wherein R* is
sclected from lower alkyl, hydroxyl and amino; or a
pharmaceutically-acceptable salt thereof.

A mare preferred class of compounds consists of those
componnds of Formula II wherein R' is selected from
hydroxyl. lower alkyl, carboxyl, lower carboxyalkyl. lower
aminocarbonylalkyl. lower alkoxycarbonylalkyl, lower
aralkyl, lower alkoxyalkyl, lower aralkoxyaikyl, lower
alkylthioalkyl, lower aralkylthioalkyl, lower
alkylaminocalkyl, lower aryloxyalkyl, lower aryithioatkyl.
lower haloalkyl, lower hydroxylalkyl. cycloalkyl,
cycloalkylalkyl, and aralkyl; wherein R® is selected from
cycloalkyl. cycloalkenyl, aryl. and heteroaryl; wherein R3 is
optionally substituted at 2 substitutable position with one or
more radicals independently selected from lower
alkylsulfinyl. lower alkyl, cyano. carboxyl, lower
alkoxycarbonyl, lower haloalkyl, hydroxyl, lower
hydroxyalkyl, lower haloalkoxy, amino. lower alkylamino,
lower arylamino, lower aminoalkyl, nitro, halo, lower
alkoxy. aminosulfonyl. and lower alkylthio; and wherein R*
is sclected from lower alkyl. hydroxyl and amino; or a
pharmaceatically-acceptable salt thercof.

A class of compounds of particular interest consists of
those compounds of Formula II wherein R! is sclected from
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hydroxyl. methyl, ethyl, propyl, isopropyl, butyl, tert-butyl,
isobutyl, pentyl, neopentyl, hexyl, carboxyl, carboxypropyl,
carboxymethyl, carboxyethyl, benzyl. phenethyl,
aminocarbonyimethyl, methoxycarbonylmethyl,
methoxycarbonylethyl, methoxymethyl, benzoxymethyl,
phenylethoxymethyl. methylthiomethyl, beazylthiomethyl,
N-methylaminomethyl, N,N-dimethylaminomethyl,
phenyloxymethyl, phenylthiomethyl, fluoromethyi,
difluoromethyl, trifluoromethyl, chloromethyl,
dichloromethyl, trichloromethyl. peatafluorocthyl,
heptafiuvoropropyl. fluoromethyl. difluoroethyl,
difluoropropyl, dichloroethyl, dichloropropyl,
hydroxylmethyl, hydroxylpropyl, hydroxylethyl.
cyclohexyl, cyclobutyl, cyclopentyl, cycloheptyl,
cyclohexylmethyl. cyclohexyiethyl. cyclobutylethyl,
cyclopentylmethyl, cycloheptylpropyl, and lower aralkyl
selected form benzyl and phenylethyl, wherein the phenyl
ring is optionally substituted at a substitutable position with
flearo, chloro, bromo, iodo, methyl, and methoxy; wherein
R? is selected fram phenyl, naphthyl. biphenyl, cyclohexyl,
cyclopentyl. cycdoheptyl, 1-cyclohexenyl, 2-cyclohexernyl.
3-cyclohexenyl. 4-cyclohexenyl. 1-cyclopentenyl. pyricyl.
thienyl, thiazolyl, oxazolyl, furyl and pyrazinyl; wherein R?
is optionally substituted at a substitutable position with one
or more radicals independently selected from
trifluoromethoxy, N-methylamino, N.N-dimethylamiao,
N-cthylamino, N,N-dipropylaminoe. N-butylamino,
N-methyl-N-¢thylamino, phenylamino, N-methyl-N-
phenylamino, methylsulfinyl, ethylsulfinyl, methyl, ethyl,
isopropyl. butyl, tert-butyl. isobutyl. pentyl, hexyl. cyano,
carboxyl, methoxycarbonyl, fluoromethyl, diflucrometiryl,
trifiuoromethyl, chloromethyl, dichloromethyl,
trichloromethyl, pentafluoroethyl, heptafluoropropyl,
fluoromethyl. difluorocthyl, difluoropropyl, dichlaroethyl,
dichloropropyl, hydroxyl, hydroxymethyl, amino. nitro,
flucro, chloro, bromo. iodo. methoxy, ethoxy. propoxy.
n-butoxy. pentoxy, hexyloxy, methylenediory.
aminosulfonyl, me 4y11hm, ethylthio, butylthio, and hexy-
Ithio; and wherein R” is selected from methyl, hydraxyl and
amino; or a pharmacentically-acceptable salt thereof.
Within Pormula I there is a subclass of compounds of high

interest represented by Formula IH:
BN O m
\J
0o=8
Rl
—
w320

wherein R! is selected from hydroxyl, alkvl,
carboxyalkyl, aminocarbonylalkyl. alkoxycarbonylalicyl,
carboxyl. alkoxy. hatoalkoxy, aralkoxy. heterosralkoxy.
cycloalkylalkoxy, alkylthio. heteroaralkylthio,
cycloalkylalkylthio, alkoxyalkyl, aralkoxyalkyl.
alkylthioalkyl, aralkylthioalkyl. alkylaminoalkyl,
aryloxyalkyl. arylthioalkyl. hydroxyalkyl, haloalkyl,
cycloalkyl, cycloalkylalkyl, heterocyclo, heterocycloalkyl,
aralkyl, halo, alkylamino, aralkylamino, N-alkyl-N-
aralkylamino. heteroaralkylamino, N-alkyl-N-
heteroaralkylamino, alkyl-N-cycloalkylalkylamino,
arylcarbonyloxyalkyl, arylcarbonylihio,
alkoxycarbonyloxyalkyl, alkylaminocarbonyloxyalkyl,
alkoxycarbonylthiocalkyl. and alkylaminocarbonylthicalkyl;
and
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wherein R? is selected from cycloalkyl. cycloalkenyl, aryl
and heterocyclo; wherein R? is optionally substituted at &
substitutable posiion with one or more radicals indepen-
dently selected from alkyl, cyano, an'boxyL alkoxycarbonyl,
haloalkyl. hydroxyalkyl, halozlkoxy, amino, alkylamino,
arylamino, aminoalkyl, nitro, alkoxyalkyl, alkylsulfinyl,
aminosulfonyl. halo. alkoxy and alkylthio; or a
pharmaceutically-acceptable salt thereof.

A preferred class of compounds consists of those com-
pounds of Formula IT whezein R® is selected from hydroxyl,
lower alkyl, carboxyl, lower carboxyalkyl, lower
aminocarbonylalkyl, lower alkoxycarbonylalkyl, lower
aralkyl, lower alkoxyalkyl. lower aralkoxyalkyl, lower
alkylthioalkyl, lower aralkylthioalkyl. lower

alkylaminoalkyl, lower aryloxyalkyl. lower arylthioalkyl,
lower haloalkyl, lower hydroxylalkyl, lower cydoalkyl,
lower cycloalkylalkyl. and aralkyl; wherein R? is selected
from cycloalkyL cycloalkenyl, aryl, and heteroaryl; and
wherein R? is optionally substituted at a substitatahle posi-
tion with one or more radicals independently sclected from
lower alkylsulfinyl, aminosulfonyl, lower alkyl. cyano,
carboxyl, lower alkoxycarbonyl. lower haloalkyl, hydroxyl,
lower hydroxyalkyl. lower haloalkoxy, amino, lower
alkylamino, lower arylamino. lower aminoalkyl, nitro, halo,
lower alkoxy and lower alkylthio; or a pharmaceutically-
acceptable salt thereof.

A class of compounds of particular intercst consists of
those compounds of Formula I wherein R! is selected from
hydroxyl, methyl, ethyl. propyl, isopropyl, butyl, tert-butyl,
isobutyl. pentyl. neopentyl, hexyl, carboxyl, carboxypropyl,
carboxymethyl. carboxyethyl, benzyl, phenethyl,
aminocarbonylmethyl, methoxycarbonylmethyl.
methoxycarbonylethyl, methoxymethyl, benzoxymethyl,
phenylethoxymethyl, methylthiomethyl. benzylthiomethyl,
N-methytaminomethyl. N .N-dimethylaminomethyl,
phenyloxymethyl, phenylthiomethyl, flucromethyl,
difluoromethyl, trifucromethyl, chloromethyl,
dichioromethyl, trichloromethyl, pentafluoroethyl,
heptafiucropropyl, fluoromethyl, difluoroethyl.
difluoropropyl. dichlorocthyl, dichioropropyl,
hydroxylmethyl, hydroxylpropyl, hydroxylethyl,
cyclohexyl, cyclobutyl, cyclopentyl, cycloheptyl,
cyclohexylmethyl, cyclohexylethyl, cyclobutylethyl,
cyclopentylmethyl, cycloheptylpropyl, and lower aralkyl
selected from phenylethyl and benzyl optionally substituted
at a substitnteble position with filuoro, chlaro, bromo, iodo,
methyl, and mcthoxy; and wherein R? is selected from
phenyl, naphthyl, biphenyl. cyclohexyl, cyclopentyl,
cycioheptyl, l-cyclohexenyl, 2-cyclohexenyl,
3-cyclohexenyl, 4-cyclohexenyl, 1-cyclopentenyl. pyridyl,
thienyl. thiazolyl, oxazolyl, furyl and pyrazinyl; wherein R®
is optionally substituted at a substitable position with one
or more radicals independently selected from
trifluoromethoxy, N-methylaminc, N,N-dimethylamino.
N-ethylamino. N ,N-dipropylamino. N-butylamino,
N-methyl-N-cthylamino, phenylamino, N-methyl-N-
phenylamino, methylsulfinyl, ethylsulfinyl. methyl. ethyl,
isopropyl, butyl, tert-butyl. isobutyl. pentyl. hexyl, cyano,
carboxyl, methoxycarbonyl. flucromethyl. difinoromasthyl,
trifluoromethyl. chloromethyl, dichloromethyl,
trichloromethyl. pentafluorocthyl, heptafluoropropyl,
fluoromethyl, diflucroethyl, dificoropropyl. dichlorocthyl,
dichloropropyl, hydroxyl, hydroxymethyl. amino,
aminomethyl, nitro, fluoro, chloro. bromo, iodo, methoxy,
ethoxy, propoxy, n-butoxy, pentoxy. hexyloxy,
methylenedioxy, methylthio, aminosulforyl, ethylthio,
butyithio, and hexyfthio; or a pharmaceutically-acceptable
salt thereof.
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A class of componnds of more particalar interest consists
of those compounds of Formula IIT whexein R* is selected
from methyl, ethyl, propyl, isopropyl. butyl, teri-butyl,
isobutyl, pentyl, neopentyl, hexyl, hydroxymethyl,
hydroxypropyl, methoxymethyl, difluoromethyl,
trifuoromethyl], chloromethyl, cyclohexyl,
cyclohexylmethyl, 4-chlorobenzyl. 3-chlorobenzyl,
4-methylbenzyl, 4-methoxybenzyl, carboxyl,
carboxypropyl, carboxymethyl, carboxyethyl,
methoxycarbonylmethyl. and ethoxycarbonylethyl; wherein
R? is phenyl; wherein R’ is optionally substituted at a
substitutable position with one or mare radicals indepen-
dently selected from triflucromethoxy, N-methylamino,
N.N-dimethylamino, N-e¢thylamino, N N-dipropylamino,
N-butylamino. N-methyl-N-cthylamino, phenylamino,
N-methyl-N-phenylamino, methylsulfinyl, ethylsultinyl,
aminosulfony], methyl, ethyl, isopropyl. butyl, teri-tutyl,
isobutyl. pentyl, hexyl, cyano, carboxyl, methoxycarbooyl,
fluoromethyl, diflucromethyl, triluoromethyl,
chloromethyl, dichloromethyl, trichloromethyl,
pentafluorocthyl, heptafivoropropyl, fluoromethyl,
diflucrcethyl, difluaropropyl, dichtoroethyl. dichloropropyl,
bydroxyl, hydroxymethyl, amino. aminomethyl, nitro,
fluoro, chiloro, tromo, iodo, methoxy, cthoxy, propoxy,
o-butoxy, pentoxy, bexyloxy, methylenedioxy, methylthio,
ethylthio, butylthio, and hexylthio; or a2 pharmaceutically-
acceptable salt thereof.

Within Formnla I there is a subcelass of compourds of high

interest represented by Formula IV:
HC O v
\Y/}
0=S5
Rl
{
o 30

wherein R' is selected from alkyl and carboxyalicyl; and
wherein R? is selected from cycloalkyl, cydloalkenyl, aryl
and heterocyclo: whereln R® is optionally substituted at a
substitutable position with one or more radicals indepen-
dently selected from alkyl. cyano, carboxyl. alkoxycarbanyl,
halealkyl, hydroxyl, hydroxyalkyl, haloalkoxy, amino,
alkylamino, arylamino, aminoalkyl, nitro. alkoxyalkyl.
alkylsulfinyl, aminosuifonyL halo, alkoxy and alkylthio; ar
a phammaceuticaify-acceptable salt thereof.

A family of specific compounds of particular interest
within Formula T consists of compounds and
pharmacentically-acceptable salts thereof as fallows:
[3-(3-flucro-4-methoxyphenyi)-4-phenyl-isoxazol-5-yl]

propanoic acid;

[34-diphenylisoxazol-5-yl]propanoic acid;
3-(3-fluoro-4-methoxyphenyl)-5-methyl-4-phenylisoxazole;
5-methyl-4-{4{methylthio)phenyl]-3-phenylisoxazole;
3-(3-fluoro-4-methoxyphenyl)-5-methyl-4-[4-(methylthio)
phenyllisoxazole;
3-(3-chloro-4-methoxyphenyl)-S-methyl-4-[4 -(methylthio)
phenyllisoxazole;
[4-[4-(methylthio)phenyl]-3-phenylisoxazol-5-yljacetic
acid;
(3 4-diphenylisoxazol-5 -yl)acetic acid;
(3-(3-fluorc-4-methoxyphenyl)-4-[4-(methylsulfonyl)
phenyllisoxazol-5-yilacetic acid;
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[3-(3-chloro-4-methoxyphenyl)-4-[4-(methylsulfonyl)
phenyl]isoxazol-5-yllacetic acid;
5-methyl-4-[4-(methylsulfonyl)phenyl}-3-phenyl-isoxazole;
3-(3-chloro-4-methoxyphenyl)-5-methyl-4-[4-
(methylsulfonyl)phenyi]isoxazole;
3-(3-chloro-4-methoxyphenyl)-5-ethyl-4-[4-
(methylsulfonyl)phenyilisoxazole;
3-(3-fluoro-4-methoxyphkenyl)-5-ethyl-4-[4-
(methylsulfonyyphenyilisoxazole;
3-(3,4-dichlorophenyl)-5-methyl-4-[4-(methylsulfonyl)
phenyl]isoxazole;
3-(3.4-diflucrophenyl)-5-methyl-4-[4-{methylsulfonyl)
phenyllisoxazole;
3-(3,5-difluoro-4-methoxyphenyl)-5-methyl-4-[4-
(methylsulfonyl)phenyl]isoxazole;
3-(4methoxyphenyl)-5-methyl-4-[4-(methylsulfonyl)
phenyl]isoxazole;
3-(4-chlorophenyl)-5-methyl-4-[4-(methylsulfonyl)phenyl}
isoxazole;
3-(4-flucrophenyl)-5-methyl-4-[4-(methylsulfonyl)phenyl]
isoxazole;
3-(4-methylphenyl)- 5-methyi-4-{4-(methylsulfonyl)phenyl]
isoxazole;
4-[5-ethyl-3-phenylisoxazol-4-yl]benzenesulfonamide;
4-[Spropyl-3-phenylisoxazol-4-yl]benzenesulfonamide;
4-[5-1sopropyl-3-phenylisoxazol-4-yl]benzenesulfonamide;
4-[5-butyl-3-phenylisoxazol-4-yl]benzenesulfonamide;
4-[5-isobutyl-3-phenylisoxazol-4-yl[benzenesulfonamide;
4-[5-cyclohexyl-3-phenylisoxazol-4-yl]
benzenesulfonamide;
4-[5-neopentyl-3-phenylisoxazol-4-yi]benzenesulfonamide;
4-{5-cyclohexylmethyl-3-phenylisoxazol-4-y!]
benzenesulfonamide;
4-[5-(4-chlorophenylymethyl-3-phenylisoxazol-4-yl]
benzenesulfonamide:
4-[5-trifluoromethyl-3-phenylisoxazol-4-yl]
benzenesulfonamide;
4-[5-difluoromethyl-3-phenylisoxazol-4-yl]
benzenesulfonamide;
4-(5-chloromethyl-3-phenylisoxazol-4-yl]
benzenesulfonamide;
4-{5-methyl-3-phenylisoxazol-4-yl}benzenesulfonic acid;
4-[5-propyl-3-phenylisoxazol-4-yl]benzencsulfonic acid;
4-[5-methoxymethyl-3-phenylisoxazol-4-yl]
benzenesulfonamide;
4-{5-(3-hydroxypropyl)-3-phenylisoxazol-4-yl1]
benzenesulfonamide;
4-[3-(4-chlorophenyl)-5-methyl-isoxazol-4-yl1j
benzenesulfonamide;
4-{3-(4-fluorophenyl)-5-methyl-isoxazol-4-yl1]
benzenesulfonamide;
4-[3-(3-fluoro-4-methylphenyl)-5-methyl-isoxazol-4-y1]
benzenesulfonamide;
4-[3-(3-aminosulfonyl-4-methoxyphenyl)-5-methyl-
1soxazol-4-yl]benzenesulfonamide;
4-[3-(3-chloro-4-methylphenyI)-5-methyl-isoxazol-4-yl]
benzencsulfonamide;
4-[5-methyl-3-(3-pyridyl)isoxazol-4-yl]
benzenesulfonarmide;
4-[5-methyl-3-(4-pyridyl)-isoxazol-4-yl]
benzepesulfonamide;
4-[3-(3-fluorophenyl)-5-methyl-isoxazol-4-yl]
benzenesulfonamide;
4-[5-hydroxymethyl-3-phenylisoxazol-4-yl]
benzenesulfonamide;
[4-{4-(aminosulfonyl)phenyl]-3-phenylisoxazol-5-yi]
carboxylic acid;
4-[5-hydroxy-3-phenyl-4-isoxazolyl]benzenesulfonamide;
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4-[3-methyl-5-phenyl-isoxazol-4-yi[benzenesulfonamide;
4-[5-methyl-3-phenyl-isoxazol-4-yl]benzenesulfonamide;
4-[3-(3-fluoro-4-methoxyphenyl)-5-methyl-isoxazol-4-yl]

benzenesulfonamide;
4-[3-(4- mcthoxyphcnyl) 5-methyl-isoxazol-4-y1]
benzenesulfonamide;
4-{3-(3 5-difluoro-4-methoxyphenyl)-5-methyl-isoxazol 4-
yllbenzenesulfonamide;
4-[3-(3-chloro-4-methoxyphenyl)-5-methyl-isoxazol-4-yl]
benzenesulfonamide;
4-[3-(3,5-dichlaro4-methoxyphenyl)-5-methyl-isoxazol -4-
yl]benzenesolfonamide;
4-[3-(4-methylphenyl)-5-methyl-isoxazol-4-vl1]
benzenesulfonamide;
4-[5-methyl-3-(4-trifluoromethoxyphenyl)-isoxazol-4-y1]
benzenesutfonamide;
4-[5-methyl-3-(4-trifluoromethylphenyl)-isoxazol-4-yl1]
benzenesulfonamide;
4-13-(4-cyanophenyl)-5-methyl-isoxazol-4-yl}
benzenesulfonamide;
4-[3-(4-methylsulfinylphenyl)-5-methyl-isoxazol-4-y1)
benzenesulfonamide;
4-[3-(4-methylthiophenyl)-5-methyl-isoxazol-4-v1]
benzenesulfonamide;
4-[3-(4-hydroxymethylphenyl)-5-methyl-isoxazoi-4-71]
benzenesulfonamide;
4-[5-cthyl-3-(3-fluoro-4-methoxyphenyl)isoxazol-4-yl]
benzenesuifonamide;
4-[5-benzyl-3-(3-fluoro-4-methoxyphenyl)isoxazol-4-y1]
benzenesulfonamide;
4-{3-(3-flucro-4-methoxyphenyl)-5-methoxy-isoxazol-4-yl]
benzenesulfonamide;
4-[3-(3-fluoro-4-methoxyphenyl)-5-phepoxymethyl-
isoxazol-4-yl)benzenesulfonamide;
4-[5-benzyloxymethyl-3-(3-fluoro-4-methoxypheayl)-
isoxazol-4-yl]benzenesulfonamide;
4-[3-{3-fluoro-4-methoxyphenyl)-5-methoxymethyl-
isoxazol-4-yl}benzenesulfonamide;
4-[3-(3-fluoro-4-methoxyphenyl)-5-methylthiomethvl-
isoxazol-4-yl]benzenesufonamide;
4-[3(3-fluoro4-methoxyphenyl)-53-thienyl) methylthio-
isoxazol-4-yl]benzenesulfonamide;
-[3-(3-fluoro-4-methoxyphenyl)-5-
methoxycarbonylmethyl-isoxazol-4-yl]
benzenesulfonamide;
4-[5-(aminocarbonylmethyl)-3-(3-fluoro-4-methoxyphenyl)
-isoxazol-4-yl[benzenesulforamide;
4-[3-(3-fluoro-4-methoxyphenyl)-5-methylthio-isoxazol-4-
ylibenzenesulfonamide;
4-[3-(3-fluoro-4-methoxyphenyl)-S{trituoromethoxy)
isoxazol-4-yl|benzenesulfonamide;
4-[3-(3-fluoro-4-methoxyphenyl)-5-(N-methylamino)
isoxazol-4-yl]benzenesulfonamide;
[4-{4-(aminosulfonyl)phenyl]-3-phenyl-isoxazol-5-yl]acetic
acid;
[4-[4-(aminosulfonyl)phenyl]-3-phenyl-isoxazol-5-yl1]
carboxamide;
methyl [4-[4-(aminosulfonyl)phenyl}-3-phenyl-isoxazol-5-
yllacetate;
{4-[4-(aminosulfonyl)phenyl]-3-phenyl-isoxazol-5-y1]
propanoic acid,
ethyl [4-[4-(aminosulfonyl)phenyl]-3-phenyl-isoxazol-5-y1}
propanocate, and
[4-[4-(aminosulfonyl)phenyl]-3-(3-flucro-4-
methoxyphenyl)isoxazol-5-yljpropanoic acid.
A second family of specific compounds of particular
interest within Formula I consists of compounds and
pharmaceutically-acceptable salts thereof as follows:
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4-[S-ethyl-3-phenylisoxazol-4-yl]benzenesulfonamide;
4-{5-propyl-3-phenylisoxazol-4-yilbenzenesulfonamide;
4-[5-isoprapyl-3-phenylisoxazol-4-yl]benzenesulfonamide;
4-{5-butyl-3-phenylisoxazol-4-yllbenzenesulfonamide;
4-[5-isobutyl-3-phenylisoxazol-4-yl |benzene sulfonamide;
4-[5-cyclohexyl-3-phenylisoxazol-4-yl]

benzenesulfonamide;
4-[5-neopentyl-3-phenyliscxazol-4-yl[benzenesulfonamide;
4-[5-cyclohexylmethyl-3-phenylisoxazol-4-yl]
benzenesulfonamide;
4-[5-(4-chlorophenyl)methyl-3-phenylisoxazol-4-yl]}
benzenesnifonamide;
4-[5-trifiuoromethyl-3-phenylisoxazol-4-yl]
benzenesulfonaride;
4-[5-difluoromethyl-3-phenylisoxazol-4-ylj
benzenesulfonamide;
4-[{5-chloromethyl-3-phenylisoxazol-4-yl]
benzenesnlfonamide;
4-[5-methyl-3-phenylisoxazol-4-yl]benzenesulfonic acid;
4-[5-propyl-3-phenylisoxazol-4-ylJbenzenesulfonic acid;
4-[5-mecthoxymethyl-3-phenylisoxazal-4-yl]
benzenesulfenamide;
4-[5-(3-hydroxypropyl)-3-phenylisoxazol-4-yl}]
benzenesulfonamide;
4-[3-(4-chlorophenyl)-5-methyl-isoxazol-4-yl]
benzenesulfonamide;
4-[3-(4-flunorophenyl)-5-methyl-isoxazol-4-yl]
benzenesulfonamide;
4-[3-(3-flucro-4-methylphenyl)-5-methyl-isoxazol-4-yl]
benzenesulfonamide;
4-[3-(3-aminosulfonyl-4-methoxyphenyl)-5-methyi-
isoxazol-4-yljbenzenesulfonamide;
4-[3-(3-chloro-4-methylphenyl)-5-methyl-isoxazol-4-yl]
benzenesulfonamide;
4-[5-methyl-3-(3-pyridyl)isoxazol-4-yl]
bepzenesulfonamide;
4-[5-methyi-3-(4-pyridyl)-isoxazoi-4-yl]
benzenesulfonamide;
4-[3-(3-flucrophenyl)-5-methyl-isoxazol-4-yI]
benzenesulfonamide;
4-[5-hydroxymethyl-3-phenylisoxazol-4-yl]
benzenesulfonamide;
[4-[4-(aminosulfonyl)phenyl]-3-phenylisoxazol-5-yl]
carboxylic acid;
4-[5-hydroxy-3-pheoyl-4-{soxazolylJbenzenesulfonamide;
4-[3-methyl-5-phenyl-isoxazol4-ylJbenzenesulfonamide;
4-[5-methyl-3-phenyl-isoxazol-4-yl]benzenesulfonamide;
4-[3-(3-fnoro-4-methoxyphenyl)-5-methyl-isoxazol-4-y1)
benzencsulfonamide;
[3-(3-chloro-4-methoxyphenyl)-4-[4-(methylsulfonyl)
phenyllisoxazol-5-yl]acetic acid,
5-methyl-4-{4(methylsulfonyl)phenyl]-3-phenyl-isoxazole;
3-(3-chloro-4-methoxyphenyl)-5-methyl -4-[4-
(methylsulfonyl)pheayl]isoxazole;
[4-[4-(aminosulfonyl)phenyl]-3-phenyl-isoxazol-5-yl)acetic
acid;
[4-[4-(aminosulfonyl)phenyl]-3-phenyl-isoxazol-5-yl]
propanaic acid;
cthyl [4-[4-(aminosulfonyl}phenyl]-3-phenyl-isoxazol-5-y1]
propanaate;
[4-[4-(aminosulfonyl)phenyl]-3-(3-fluoro-4-
methoxypheunyl)isoxazol-5-yllpropanoic acid; and
[3-(3-flucro-4-methoxyphenyl)-4-[4-(methylsulfonyl)
phenyllisoxazol-5-yljacetic acid.
The term “hydrido™ denotes a single hydrogen atom (H).
This hydrido radical may be attached, for example, to an
oxygen atom to farm a hydroxyl radical or two hydrido
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radicals may be attached to a carbon atom to fcrm a
methylene (—CH,—) radical. Where used, cither alcne &
within other terms such as “haloalkyl”, “alkylsulfonyl”,
“afkoxyalkyl” and *“hydroxyalkyl”, the term “alkyl”
embraces linear or branched radicals having one to about
twenty carbon atoms or, preferably, one to about twelve
carbon atoms. More preferred alkyl radicals are “lower
alkyl” radicals having one to about ten carbon atoms. Most
preferred are lower alkyl radicals having one to about six
carbon atoms. Examples of such radicals incdude methyl,
ethyl, n-propyl. isopropyl, n-butyl, isobutyl, sec-butyl, text-
butyl, pentyl, iso-amyl. hexyl and the like, The temm
“cycloalky]l” embraces sahirated carbocyelic radicals having
three to twelve carbon atoms. Mare preferred cycloatkyl
radicals are “lower cydoalkyl” radicals having three tfo
about eight carbon atoms. Examples of such radicals in-ude
cyclopropyl, cyclobutyl. cyclopentyl and cyclohexyl. The
term “halo” means halogens such as fluorine, chlorine,
bromine or icdine. The term “haloalkyl”™ embraces radicals
wherein any one or more of the alkyl carbon atoros is
substituted with halo as defined above. Specifically

embraced are monohaloalkyl, dihatoalky! and palyhaloalkyl
radicals. A monohaloalkyl radical, for one exampie. may
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have cither an iodo, bramo, chloro or fluoro atom within the .

radical. Dihalo and polyhaloalkyl redicals may have two or
more of the same halo atoms or a combination of different
halo radicals. “Lower haloalkyl” embraces radicals having
1-6 carbon atoms. Examples of haloalkyi radicals include
fluoromethyl, diflneromethyl, trifluoromethyl,
chloromethyl. dichloromethyl, trichloromethyl,
pentafiuorocthyl, heptafluoropropyl. diflucrochloromethyl,
dichlorafincromethyl, diflucroethyl, diffuaropropyi, dichlo-
roethyl and dichloropropyl. The terms “hydroxyalkyl™ and
“hydroxylalkyl™ embrace linear or branched alkyl radicals
having one to about ten carbon atoms any one of which may
be substitnted with one or more hydroxyl radicals. More
prefeared hydroxyalkyl radicals are “lower hydroxyatkyi”
radicals having one to six carbon atoms and one or more
hydroxyl radicals, Examples of such radicals inclnde
hydroxymethyl, hydroxyethyl. hydroxypropyl. hydroxybu-
tyl and hydroxyhexyl. The terms “alkoxy™ and “alkoxy-
alkyl” embrace litear or branched oxy-containing radicals
cach having alkyl portions of one to about ten carbon atoms.
More preferred alkoxy radicals are “lower alkoxy” radicals
having one to six carbon atoms. Examples of such radicals
include methoxy. ethoxy, propoxy, butoxy and tert-butoxy.
The term “alkoxyalkyl” also embraces atkyl radicals having
two or more alkoxy radicals attached to the alky] radical,
that is. to farm moncalkoxyalkyl and dialkoxyalkyl radicals.
The “alkoxy” radicals may be further substituted with one ar
rooge halo atoms, such as fluoro, chloro ar bromo. to provide
haloalkoxy radicals. More preferred haloalkoxy radicals are
“lower haloalkoxy” radicals having one (o six carbon atoms
and onc or more halo radicals. Examples of such radicals
include fluoromethoxy, chloromethoxy, triflucrometioxy.
trifiuoroethoxy, fluoroethoxy and fluoropropoxy. The term
“cycloalkoxy” embraces radicals having cycloalkyl radicals,
as defined above. attached to an alkoxy radical. The term
“aryl”, alone or in combination, means a carbocyclic aro-
matic systemn containing one, two of three rings wherein
such rings may be attached together in a pendent manner or
may be fused. The term “aryl” embraces aromatic radicals
such as phenyl, naphthyl, tetrahydronaphthyl, indane and
biphenyl. The terms “heterocyclic™ and “heterocyclo”
embrace saturated, partially saturated and unsaturated
heteroatom-containing ring-shaped radicals, where the het-
croatoms may be sclected from nitrogen, sulfur and oxygen.

35

45

55

65

XS

Examples of saturated heterocyclic radicals include sam-
rated 3 to 6-membered heteromonocylic group containing 1
to 4 nitrogen atoms (c.g. pymrolidinyl, imidazolidinyl,
piperidino, piperazinyl, etc.); saturated 3 to 6-membered
heteromonocyclic group containing 1 to 2 oxygen atoms and
1 to 3 nitrogen atoms (e.g. morpholinyl, ctc.); saturated 3 to
6-membered heteromonocyclic groop containing 1 to 2
sulfur atoms and I to 3 nitrogen atoms (e.g., thiazolidinyl,
etc.). Examples of partially saturated heterocyclic radicals
include dihydrothiophenc, dihydropyran, dihydrofuran and
dihydrothiazole. The term “heteroaryl” embraces unsanur-
ated heterocyclic radicals. Examples of nnsaturated hetero-
cyclic radicals, also termed “heteroaryl™ radicals include
unsaturated 3 to 6 membered heteromonocyclic group con-
taining 1 to 4 nitrogen atoms, for example, pyrrolyl,
pymolinyl, imidazolyl, pyrazolyl. pyridyl, pyrimidyl,
pyrazinyl, pyridazinyl, triazotyl (e.g.. 4H-1.24-trazolyl,
1H-1,2,3triazolyl. 2H-1.23-triazolyl, etc.) tetrazolyl (e.g.
1H-tetrazolyl, 2H-tetrazolyl, ete.), ctc.; unsaturated con-
densed heterocyclic group containing 1 to 5 nitrogen atoms,
for example, indolyl, isoindolyl, indolizinyl,
benzimidazolyl, quinolyl, isoquinolyl, indazolyl,
benzotriazolyl. tetrazolopyridazinyl (e.g.. tetrazolo{1,5-b]
pyridazinyl, etc.), ¢tc.; unsamrated 3 to 6-membered hetero-
monocyclic group containing an oxygen atom, for cxample,
pyranyl, furyl, etc.; unsatirated 3 to G6-membered hetero-
monocyclic group containing a sulfur atom, for example,
thienyl. eic.; unsaturated 3-to 6-membered heteromonocy-
cHe group containing 1 to 2 oxygen atoms and 1 to 3
nitrogen atoms, for example. oxazolyl. isoxazolyl, oxadia-
zolyl (e.g., 1.2.4-oxadiazolyl. 1.3.4-oxadiazolyl, 1.2,5-
oxadiazolyl, etc.) etc.; unsaturated condensed heterocyclic
group containing 1 to 2 oxygen atoms and 1 to 3 nitrogen
atoms (e.g. benzoxazolyl. benzoxadiazolyl, efc.); unsatur-
ated 3 to 6-membered heteromonocyclic group containing 1
to 2 sulfur atoms and 1 to 3 nitrogen atoms, for example.
thiazolyl, thiadiazolyl (c.g., 1,2.4-thiadiazolyl, 1,3.4-
thiadiazolyl, 1.2.5-thiadiazolyl, etc.) etc.; unsaturated con-
densed heterocyclic group containing 1 to 2 suifor atoms and
1 to 3 nitrogen atoms (e.g., benzothiazolyl,
benzothiadiazolyl, etc.) and the like. The term also embraces
radicals where heterocyclic radicals are fused with aryl
radicals. Examples of such fused bicydic radicals include
benzofuran, benzothiophene, and the like. Said “heterocy-
clic group” may have 1 to 3 sobstituents such as lower alkyl,
hydroxy, oxo, amino and lower alkylamino. The term “alky-
lthio" embraces radicals containing a linear or branched
alkyl radical, of one to about ten carbon atoms attached to
a divalent sulfur atom. Mare preferred alkylthio radicals are
“lower alkylthio” radicals having alkyl radicals of one to six
carbon atoms. Examples of such lower alkylthio radicals are
methylthio, cthylthio, propylthdo. butylthio and hexylthio.
The term “alkylthioalkyl™ embraces radicals containing an
alkylthio radieal attached through the divalent solfer atom to
an alkyl radical of one to about ten carbon atoms. More
preferred alkylthioalkyl radicals are “lower alkylthicalkyl™
radicals having alkyl radicals of one to six carbon atoms.
Examples of such lower alkylthioalkyl radicals include
methylthiomethyl. The term “cycloalkylalkylthio™ embraces
radicals having cycloalkyl radicals, as defined above,
attached 1o an alkylthio radical. More prefemed cycloalky-
Ithio radicals are “lower cycloalkylalkylthio™ radicals hav-
ing cycloalkyl radicals of three to six carbonr atoms. The
term “alkylsulfinyl” embraces radicals containing a linear or
branched alkyl radical, of ope to ten carbon atorns, attached
to a divalent —S(==0)— radical. More preferred alkylsalfi-
0yl radicals are “lower alkylsulfimyl” radicals having alkyl
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radicals of one to six carbon atoms. Examples of such lower
alkylsulfinyl radicals irclude methylsulfinyl. ethylsulfinyl,
butylsulfinyl and hexylsulfinyl. The term “sulfonyl”,
whether psed alone or linked to other terms such as
alkylsulfonyl, denotes respectively divalent radicals
—50,— “Alkylsulfonyl” embraces alkyl radicals attachsd
to a sulfonyl radical, where alkyl is defined as above. Mare
preferred alkylsulfonyl radicals are “lower alkylsulfonyl™
radicals having one to six carbon atoms. Examples of such
lower alkylsulfonyl radicals include methylsulforyl, ethyl-
sulfonyl and propylsulfonyl. The “alkylsulfonyl” radicals
may be further substituted with one or more halo atoms,
such as fluoro. chloro or bromo, to provide haloalkylsnlfonyl
radicals. The terms “suifamyl”, “aminosalfonyl” and “sul-
fonamidyl” denote NH,0.5—, The term “acyl” denotes a
radical provided by the residue after removal of hydroxyl
from an organic acid. Examples of such acyl radicals include
alkanoyl and aroyl radicals. The terms “carboxy™ ar
“carboxyl”, whether nsed alone or with other terms, such as
“carboxyalkyl”, denotes —CO,H. The term “carbonyl™,
whether used alone or with other terms, such as
“alkoxycarbonyl”, denotes —(C=0)—. The term “alkoxy-
carbonyl”™ means a radical containing an alkoxy radical. as
defined above, attached via an oxygen atom to a carbonyl
radical. Examples of such “alkoxycarbonyl” ester radicals
include substituted or unsubstituted methoxycarbonyl.
ethoxycarbonyl, propoxycarbonyl, bmtoxycarbonyl and
hexyloxycarbonyl. The tam “alkoxycarbonylalkyl” means a
radical containing an alkoxycarbonmyl radical. as defined
above. attached to an alkyl radical. Examples of such
“alkoxycarbonylalkyl”™ ester radicals incdude substituted or
unsubstituted methoxycarbonylmethyl. butoxycarbonylni-
¢thyl and hexyloxycarbonylethyl. The terms
“alkylcarbonyl”. “arylcarbonyl” and “aralkylcarbonyl”
include radicals having alkyl. aryl and aralkyl radicals. as
defined above, attached via an oxygen atom o a carbonyl
radical. Examples of such radicals include substituted or
mnsubstituted methylcarbonyl, ethylcarbonyl, phenylearbo-
nyl and benzylcarbonyl. The term “aralkyl” embraces aryl-
substituted alkyl radicals such as benzyl, diphenylmethyl,
triphenylmethyl, phenylethyl, and diphenylethyl. The aryl in
said aralkyl may be additionally substituted with halo, alkyl,
alkoxy, halkoalkyl and haloalkoxy. The terms benzyl and
phenyimethyl are interchangeable. The term “heterocy-
cloalkyl” embraces heterocyclo-substituted alkyl radicals,
such as pyrrolidinylmethyl, piperazinylmethyl,
piperidinylmethyl, furanylethyl, tetrahydrofurylethyl and
heteroaralkyl radicals. The term “heteroaralkyl™ embraces
heteroaryl-substituted alkyl radicals. such as pyridylmethyl,
quinolylmethyl, thienylmethyl, furylethyl, and quinolyl-
ethyl. The heteroaryl in said heteroaralkyl may be addition-
ally substitited with halo. alkyl, alkoxy, halkoalkyl and
haloalkoxy. The term “cycloalkylalkyl” cmbraces
cycloalkyl-substituted alkyl radicals such as
cyclohexylmethyl, cyciopentylethyl. cyclopentylmethyl,
cyclohexylethyl, and cyclobutylpropyl. The term “aralkoxy™
embraces aralkyl radicals attached through an oXygen atom
to other radicals. The term “aralkoxyalkyl” embraces
aralkoxy radicals attached through an oxygen atom to an
alky] radical. The term “aralkylthio” embraces aralkyl rad:-
cals attached to a sulfur atom. The term “aralkylithicalkyl”
embraces aralkylthio radicals attached through a sulfur atomn
to an alkyl radical The term ‘‘heteroaralkoxy” embraces
heteroaralkyl radicals attached through an oxygen atom to
other radicals. The term “heteroaralkylthio” embraces het-
eroaralkyl radicals attached through a sulfur atom to other
radicals. The term “aminoalkyl” embraces alkyl radjcals
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substituted with amino radicals. The term "alkylamino™
denotes amino groups which have been substituted with one
or two alkyl radicals. Suitable “alkylamino” may be mono or
dialkylamnino such as N-methylamino, N-ethylamino, N,N-
dimethylamine, N.N-diethylamino or the like. The term
“cycloalkylamino™ denotes amino groups which have been
substituted with one or two cycloalkyl radicals, as defiped
above. The term “arylamino”™ denotes amino groups which
have been substituted with one or two aryl radicals, such as
N-phenylamino. The “arylamino™ radicals may be further
substituted on the aryl ring portion of the radical. The term
“aralkylamino” embraces aralkyl radicals attached through
ar nitrogen atom to other radicals. The term “heteroaralky-
lamino”™ embraces heteroaralkyl radicals. as defined above,
attached through an nitrogen atom to other radicals. The
term “aminocarbonyl” denotes an amide group of the for-
mula —C(=-0)NH.. The term “alkylcarbonylaminoalkyl”
embraces radicals having one or more alkyl radicals attached
to a carbonyl radical further attached to an aminoalkyl
radical. The term “alkylaminoalkyl™ embraces radicals hav-
ing one or more alkyl radicals attached to an aminoalkyt
radical. The term “aryloxyalkyl™ embraces radicals having
an aryl radicals attached to an alkyl radical through a
divalent oxygen atom. The term “arylthioalkyl” embraces
radicals having an aryl radicals attached to an alkyl radical
through a divalent sulfur atom.

The present invention fomprises a pharmaceutical com-
position comprising a th tically-effective amount of a
compound of Formulas I-1IV in association with at least one
pharmaceutically-acceptable carrier, adjuvant ar diluent.

The present inveation also comprises a method of treating
inflammation or inflammation-associated disorders in a
subject. the method comprising administering to the subject
having such inflammation or disorder a therapeutically-
cffective amount of a compound of Formulas [-IV.

Also included in the family of compounds of Formulas
I-IV are the pharmaceutically-acceptable salts thereof. The
term “pharmaccutically-acceptable safts™ embraces salts
commonty used to form alkali metal salts and to form
addition salts of free acids or free bases. The pature of the
salt is not critical, provided that it is pharmaceutically-
accepiable. Suitable pharmacentically-acceptable acid addi-
tion salts of compounds of Farmulas F-IV may be prepared
from an inorganic acid ar from an organic acid, Examples of
such inorganic acids are hydrochloric, hydrobromic,
hydroiodic, nitric, carbonic, sulfuric and phosphoric acid.
Appropriate organic acids may be selected from aliphatic,
cycloaliphatic, aromatic. araliphatic, heterocyclic, carboxy-
lic and svlfonic classes of organic acids. example of which
are formic, acetic, propionic, succinic, glycolic, gluconic.
lactic, malic, tartaric, citrie, ascorbic, glucuronic. maleic,
fumarie, pyruvic, aspartic, glutamic. benzoic, anthranilic,
mesylic, salicylic, p-hydroxybenzoic, phenylacetic,

mandelic, emboaic (pamoic), methanesulfonic, -

cthanesulfonic, benzenesulfonic, pantothenie,
toluenesulfonic. 2-hydroxyethancsulfonic, sulfanilic.
stcaric, cyclohexylamirosulfonic, algenic,
B-hydroxybutyric, salicylic. galactaric and galacturonic
acid. Suitable pharmacentically-acceptable base addition
salts of compounds of Formulas I-IV include metallic salts
made from aluminum, calcium. lithium, magnesium,
potassium. sodium and zinc or organic salts made from
N N'-dibenzylethylenediamine, chloroprocaine, choline,
diethanolamine, ethylenediamine, mecglumine
{N-methylglucamine) and proczine. All of these salts may be
prepared by conventional means from the comresponding
compound of Farmulas I-IV by reacting, for example, the
apmropriatc acid or base with the compound of Formulas
I-IV.
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GENERAL SYNTHETIC FROCEDURES
The compounds of the invention can be synthesized
according to the following procedores of Schemes 1-XIIT,
whereln the R'-R? substituents are as defined for Formulas
EIV, above, except where further noted.

Scheme [

S
con 22

R?

Scheme I illustrates the two step procedure used to
prepare substitited desoxybenzoin derivatives 3. In step one,
4-methylthiophenylacetic acid 1 is converted to the corre-
sponding acid chloride 2 with thionyl chioride, A variety of
aromatic compounds are then acylated with 2 in the pres:nce
of a Lewis acid such as aluminum chloride to provide the
desired desoxybenzoins 3 in high yield. This Friede]l Crafts
acylation can be performed ip an inert solvent. such as
dichloromethane, chloroform, nitrobenzene, 1,2-
dichlaroethane, 1,2-dichlorobenzene and similar solvents.

Scheme T1
CHO
COH
R * Rr’ 1) Ac;OERN
2) 0 ;
4 5
COH R
Ry
6
1) DPPA/ELN
2) tert-BuOH,
cone. HC1
Q R3
R:

7

Synthetic Scheme IT shows the four step procedure which
can be used to prepare substitnted ketone compounds 7 from
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aldehyde 4 and acid 5. In step one, aldehyde 4 and substi-
tuted acetic acid 5 arc heated together in acetic anhydride
and tricthylamine to form the 2,3-disubstituted acrylic acids
6 via a Perkin condensation. In step two, the addition of
water prodices the acids 6 free from any mixed acetic-
acrylic anhydrides. In step three, the acrylic acids 6 are
reacted with diphenylphosphorylazide (DPPA) and tricthy-
lamine in toluene at about §° C. and then at room tempera-
ture to form acylazides. In step four, the crude acylazides are
heated to form a vinyl isocyanate via & Curtius rearange-
ment. The vinyl isocyanates are trapped with tert-butyl
alcohol to produce N-tert-butoxycarbonyl enamine deriva-
tives. Acidic hydrolysis using concentrated HCl provides the
substifuted ketone 7 intermediates.

Scheme I

NaOCH,

CN + RCO;CHy ——— >
R2
9
8
R
CN
10
\Lm Bz, A
0 R3

R

7

Synthetic Scheme I illnstrates an altemative approach
which can be used to prepare substituted kefone intermedi-
ates 7 via the Claisen reaction of a substituted phenylaceto-
pitrile 8 and a acid ester 9. In the first step, a mixture of
substituted phenylacetonitrile 8§ and acid ester 9 are treated
with a base such as sodium methoxide in a protic solvent like
methanol to provide the cyanoketone 10. In step two, the
cyanoketone 10 is hydrolyzed in aquecus acid such as
concentrated HBr to effect hydrolysis of the nitrile and
decarboxylation of the incipient carboxylic acid to produce
the substitmied ketone intermediates 7.

Other synthetic approaches are possible to form the
desired ketones 7. These alternatives include reacting the
appropriate Grignard or lithium rcagents with Weinreb
amides of substituted acids or acetic acids. The Weinreb
methodology has beenreported in Tetrahedron Letters, 4171
(1977).
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N]:bOH

Synthetic Scheme IV shows the procedure which can be
used for the preparation of oxime intermediates 12. Treat-
ment of ketone intermediates 7 with hydroxylamine, gener-
ally prepared from hydroxylamine hydrochlaride by potas-
sium bydroxide, provides the oxime interpediates 12. A
wide variety of solvents can be used for this reaction
including ethanol, toluene and tetrahydrofuran.

Scheme V
N—O
RE
R OH
1) 2eq n-Buli
D@coro 2 "

Synthetic Scheme V shows the procedure which can be
used for the prepsration of hydrated isoxazole derivatives
13. The substituted aximes 12 are treated with two equiva-
lents of a base such as n-butyllithium in hexanes to producse
a dianion which is subsequently acylated. Suitable acylating
agents are anhydrides, acyl imidazoles, esters and the like.
Upon qoenching the reaction mixture with dilute aqueons
acid, hydraied isoxazcle derivatives 13 can be Isolated by
crystallization or chromatography,

Scheme V1

}5504

13

Synthetic Scheme VI shows the procedure which can be
used for the preparation of isoxazole analogs 14 by dehy-
dration of the hydrated isoxazole derivatives 13. Substituted
hydrated isoxazoles 13 arc dissolved in an appropriate
solvent such as tolucne and then treated with & catalytic to
stoichiometric amounnt of concentrated sulfuric acid to effect
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dehydration and thereby produce isoxazole derivatives 14,
Otiher acids can also be employed to effect this transforma-
tion such as concentrated HCI, concentrated HBr and many
others.

Scheme VI

N—oO N—0O
B Rl R R!
%
SCH, s\.—io

HC
16

15

Synthetic Scheme VII shows the procedure which can be
used for the preparation of substituted 4-[4-(methylsutfonyl)
phenyllisoxazole analogs 16 from the corresponding 4-[4-
(methylthio)phenyl]isoxazoles 15. The oxidation of an aro-
matic methythio derivative 15 to the coresponding aramatic
methylsulfonyl compound 16 can be accamplished in a
variety of ways such as with two equivalents of meta-
chloroperoxybenzolc acid (MCPBA), two equivalents of
Oxone® (potassium peroXymonosulfate) and many other
oxidizing agents.

3-8

HzN 0

17

Synthetic Scheme VI shows the procedure whick can be
used for the preparation of substituted 4-(4-aminosulfonyl)
phenylisoxazole analogs 17 from the corresponding
4-phenylisoxazoles 14. The procedure is a two step process
for the direct introduction of the sulfonamide molety into
4-phenylisoxazoles 14 or hydrated isoxazoles 13. In step
one, isoxazole 14 or hydrated isoxazole 13 is treated at about
0° C. with two ar three equivalents of chlorosulfonic acid to
form the corresponding snifonyl chloride. In step two. the
sulfonyl chioride thus formed is treated with concentrated
ammonia to provide the sulfonamide derivative 17.

A=)
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Synthetic Scheme IX shows the three step procedure used
to prepare sulfonamide antiinflammatory agents 17 from
their corresponding methyl sulfones 16. In siep one, a
tetrahydrofuran solution (THF) of the methyl sulfones 16 are
treated with an alkyllithium or alkylmagnesium (Grigaard)
reagent at ~78° C.. such as n-propyl magnesium bromide. In
step two. the anion generated in step one is treated with an
organoborane, such as tri-n-butylborane at —-78° C. then
warmed to room temperature and then heated to reflux. In
step three, an aqueous soluotion of hydraxyiamine-o-sulfonic
acld is added to provide the corresponding sulfonamide
antiinflammatory ageots 17. This procedure is essendally
that of Huang et. al., Tetrahedron Letters, 35, 7204 (1994).

Scheme X
N—o0
4
R R!
1) (CF,CO)0
2) ch, HOAc
3) NELOH
5

HC 0
18
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Synthetic Scheme X shows the three step procedure used
to prepare sulfonamide antiinflammatory agents 17 irom
their corresponding methylsulfinyl analogs 18. Methyl sulfi-
nyl derivatives 18 are available from the comesponding
methylthio compounds 15 by axidation with one equivalent
of an oxidizing agent such as MCPBA. In step one. the
methylsulfinyl compounds 18 are treated with triflucroacetic
anhydride to effect Pummerer rearrangement. In step two,
the crude Pummerer rearrangement product dissolved in
acetic acid is treated with chlorine gas to produce a sulfonyl
chloride. In step three, the sulfonyl chloride is converted to
the corresponding sulfonamide antiinflammatory agents 17
by treatment with concentrated ammonia. This procedure
was adapted from Kharash, J. Am. Chem. Soc., 73. 2240
(1951).

13

i7

Synthetc Scheme XTI shows the two step procedure used
to prepare sulfonamide antiinflammatory agents 17 from
their corresponding 4-phenyl isoxazole derivatives 14. In
step one & mixture of sulfuryl chloride and dimethylforma-
mide (DMF) are allowed to react at room t and
then mixed with 4-phenylisoxazoles 14 and heated to about
100° C. The sulfonyl chlaride thus formed is then treated
with an excess of concentrated ammonia to provide the

antiinflammatory salfonamides 17.

Scheme X1
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Synthetic Scheme XII shows the three step procedure
used to prepare sulfonamide antiinflammatory agents 20
from 4-phenyl isoxazoles 19. In step one. the
4-phenylisoxazoles 19 are converted into the comresponding
sulfonic acid by treatment with sulfur trioxide pyridine
(pyridine) complex at about 100° C. In step two, the sulfonic
acid is converted into the sulfonyl chlaride by the action of
phosphaorus oxychloride and in step three the sulfonyl chlo-
ride is treated with excess concentrated ammonia to provide
the antiinflammatory suifonamides 20.
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Schems X1
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Synthetic Scheme XTIT shows the three step procedure
used to prepare 4,5-diphenylisoxazole antiinflammatory
agents 24 from 1,2-diphenylbutenones 21. In step one, the
1,2-diphenylketones 21 are converted to the carresponding
oximes 22 by treatment with hydroxylamine in a manner
simfler to that shown in Scheme IV. In step two, the oxime
22 is converted to the 4,5-diphenylisoxazole 23 in two sieps.
The oxime 22 is reacted with potassium icdide and iodine in
the presence of base. such as sodium bicarbonate and heated
to form the halo intermedijate, Sodium bisulfite is added to
form the isoxazole 23. The isoxazole 23 is converted to the
sulfonamide by any of the procedures shown in Schemes
VIIL XTI or XTL

The following examples contain detailed descriptions of

35

the methods of preparation of compounds of Formulas I-IV, *°

These detailed descriptions fall within the scope. and serve
to exemplify. the above described General Synthetic Proce-
dures which form part of the invention. These detailad
descriptions are presented for iltustrative purposes only and
are not intended as a restriction on the scope of the inven-
tion. All parts are by weight and temperatores are in Degrees
centigrade upless otherwise indicated. All compounds
showed NMR spectra consistent with their assigned struc-
tures.
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EXAMPLE 1

o¥ g

4-[5-Methyl-3-phenylisoxazol-4-yl]
benzenesulfonamide

Step 1. Preparation of desoxybenzoin keto-oxime.

Desoxybenzoin (20.0 g. 0.102 mol) was dissolved in
toiuene (200 mL). In a separate 500 mL reurd-bottom flask
equipped with a mageetic stiring bar, hydroxylamine
hydrochicride (5.21 g, 0.132 mol) and potassium hydroxide
(7.43 g. 0.132 mol) were suspended in absolute ethanol (50
mlL) and stirred vigorously at room temperature for thirty
minutes. The desoxybenzoin solution was added in one
portion. and the yellow suspeasion was held at reflux. using
a Dean-Stark trap to remove generated water, under a
nitrogen blanket for 16 hours. The suspension was cooled to
room temperature and poured into water (200 mL). The
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system was extracted with cthyl acetate (2x150 mlL), then
the combined organic solution was washed with brine {200
mL), dried over magnesium sulfate, and filtered. The. sol-
vents were evaporated under reduced pressure to yield a
crude solid. The solid was recrystallized from hot ethanol/
water, filtered and washed with water to yield, upon drying,
desoxybenzoin keto-oxime as white crystals (17.7 g. 82%):
mp 87°-30° C. Mass spectrum, MH+=212. High resclution
mass spectrum Calc'd. for C,H,3NO: 211.0997. Found:
211.0949,

Step 2. Preparation of 4-[5-methyl-3-phenylisoxazol-4-
yllbenzensulfonamide.

A solution of desoxybenzoin keto-oxime from Step 1
(6.00 g; 28.40 mmol) in anhydrous tetrahydrofuran (THI?, 80
ml) was coaled to —=20° C. in an oven-dred 250 mL
three-neck round-bottom flask equipped with a
thermometer, pitrogen gas inlet, rubber septum and provi-
sions for magnetic stirriog. To this cold solotion,
n-butyllithium (1.6N in hexanes, 44.4 mL) was added, via
syringe, over 35 minutes, such that the reaction tempemture
remained at or below —10° C. The deep red solution was
stirred at —10° C. for 1 hour, warmed to room temperafure,
then stitred at room temperature for an edditional hour
Acctic anhydride (3.2 mL, 34.1 mmol) was added in one
portion, and the resulting suspension was stirred without
temperature control for 2 hours. Water (100 mL) was added,
and the solution was poursd into 1IN HCI (100 ml) and
extracted with cthyl acetate (2>200 ml). The combined
organic solution was washed with hydrochloric acid (1N
HCl, 100 mL) ard trine (100 mL), dried over magne:;ium
sulfate and filtered. The resulting solution was evaporated
under reduced pressure to yield a aude oil. The oil was
applied to a column of silica gel and eluted with cthyl
acetate/hexane (10-50% ethyl acetate) to yield, upen con-
centration of the appropriate fractions, 5.0 g of 3 4-diphenyl-
4-hydrido-5-hydroxy-5-methylisoxazole. The solid was
cooled to (° C,, then dissolved in cold chlorosulfonic acid
(15 mL). The brown solution was stirred at (° C. for 2 hours,
then added dropwise to a sticring suspension of ice (200 mL)
and dichloromethane (200 ml). The layers were scparated,
and the organic phase was added directly to a saturated
ammoninm hydroxide solution (100 mL) at 0° C. This
biphasic solution was vigorously stirred at 0° C. far 2 hours,
the layers were separated, and the aqueous phasc was
washed with dichloromethane (S0 ml). The combined
arganic solution was dried over magnesium sulfate, filtered
and evaporated under reduced pressure to approximately
one-half of its original volume. Crystals formed The stirred
suspension was cooled to 0° C. and held for 30 minutes. The
arystals were filtered, washed with cold dichloromethane
and dried to yicld 4-[5-methyl-3-phenylisoxazol-d-yl]
benzencsulfonamide (2.7 g, 30%): mp 155°-157° C. 'H
NMR (CD,CN/500 MHz) & 7.86 (d, J=8.39 Hz. 2H), 7.45
(m. 1H), 7.39 (s. 4H , 7.37 (d, }=8.39 Hz, 2H), 5.70 (5, 2H),
2.46 (s, 3H Mass Spectrum, MH+=315.

Proceeding an a like manuner but replacing the anhydrides
with other appropiiately substituted anhydrides and estess,
the following compounds were prepared:
la) 4-[5-cthyl-3-phenylisoxazol-4-yl|benzenesulfonamide:

mp 140°-141° C. 'H NMR (CDCl,) 5 7.93 (d. I=8.66, 2

H), 7.28-7.42 (m, 7 H), 4.81 (s. 2H), 2.83 (q, J=7.65 Hz,

2 H). 1.34 (t, =745, 3 H). Mass spectrum M'H 326,

Anal. Calc'd. for C,;H,N,0,8: C, 62.18; H, 491; N,

8.53; 8, 9.76. Fourd: C, 62.07; H, 4.88; N, 8.42; §, 9.61.
la) 4-[5-propyl-3-phenylisoxazol-4-yl]

benzenesulfonamide: mp 147°-148° C. *H NMR (CDCL,)

57.92 (d, J=8.46, 2 H), 7.28-7.44 (m, 7 H), 4.83 (s, 2 H),

10

15

35

45

35

65

e\

2.77 (1. }=1.25, 2 H), 1.71-1.85 (m, 2H), 0.98 (t, }=7.45,
3 H). Anal. Cale'd. for C,gH,;N.0,8,: C, 63.14; H, 5.30;
N, 8.18; S. 9.36. Found: C, 63.1%; H, 5.32; N, 823; §,
9.44, Mass spectrum MTH 343. :

lc) 4-[5-isopropyl-3-phenyliscxazol-4-yl]
benzenesulfonamide: mp 166°—168° C. *H NMR (CDCl5)
8 7.93 (d, J=8.46 Hz, 2 H), 7.27-7.40 (m, TH), 4.80 (s, 2
H), 3.08-3.20 {m, 1 H), 1.36 (d, J=6.58 Hz, 6 H). Mass

M'H 343.

1d) 4-[5-butyl-3-phenylisoxazol-4-yl]benzenesulfonamide:
mp 129°-131° C. '*H NMR (CD(l,) 5 7.93 (d, ]I=8.46 Hz.
2H), 7.30-7.40 (m, TH), 4.81 (s, 2H). 2.79 (t, J=7.45, 2H),
1.67-1.79 (m. 2H), 1.30~-1.42 (m, 2H), 0.91 (t, }=7.25, 3
H). Anal. Calc'd. for C,gH,oN.O;5,: C, 64.02; H. 5.66;
N, 7.86; S, 8.99. Found: C, 63.22; H, 5.52; N, 7.51; §,
8.67.

le) 4-[5-isobutyl-3-phenylisoxazol-4-y]l]
benzenesuifonamide: mp 159°-160° C. 'H NMR (CDCL;)
57.93 (d. }=8.46. 2 H), 7.28-7.42 (m, TH), 4.84 (s, 2H),
2.66 (d. }=7.25 Hz, 2H), 2.08-2.22 (m. 1 H), 0.4 (d.
J=6.65 Hz, 6 H). High resolution mass spectrum Calc’d.
for CigH,oN,0,S: 221.0841. Found: 221.0827. Anal
Cale’d. for C,H,,N,0,8,: C, 64.02; H, 5.66; N, 7.86; S,
8.99. Found: C, 63.94; H, 5.65; N, 7.86; S, $.90.

1f) 4-[5-cyclohexyl-3-phenylisoxazol-4-yl}
benzenesulfonamide: mp 191°-193° C. *H NMR (CDCl,)
0 7.94 (d. J=8.46 Hz, 2 H), 7.27-7.41 (m. TH), 4.85 (s,
2H), 2.62-2.85 (m. 1H). 1.67-1.95 (m, 7 H), 1.22-1.38
(m, 3 H). Mass spectrum M*H 383, High resolution mass
specttum Cale'd. for C, H,.N,0,5: 383.1429. Found:
383.1452.

1g) 4-[5-neopentyl-3-phenylisoxazol-4-yl]
benzenesulfonamide: ‘H NMR (CDCl,) 5 7.94 (d, J=8.46,
2H),7.26-739(m. 7 H), 4.82 (s, 2 H). 2.71 (s, 2 H), 0.94
(s, 9H). Mass spectrum M*H 371.

lh) 4-[5-cyclohexylmethyl-3-phenylisoxazol-4-yl]
benzenesulfonamide: mp 151°-153° C. *H NMR (CD(1.)
§7.93 (d, F=8.46, 2 H), 7.29-7.43 (m, 7H), 4.82 (s, 2H),
2.67 (d. J1=7.05 Hz. 2 H), 1.60-1.92 (m. 5 H), 0.85-1.30
(m, 6 H). Mass M*H 397.

1li) 4-[5-(4-chlorophenyl)methyl-3-phenylisoxazol-4-yl]
benzenesulfonamide: mp 107°-108° C. *H NMR (CDCl,
and CD,0D) 6 7.91 (d, J=8.46. 2 H), 7.26-7.42 (m. 9H),
7.14 (d, J=8.46 Hz, 2 H), 4.85 (s. 2 H). 4.10 (s, 2 H). Mass
specttum M*H=425. High resolution mass spectrum
Calc'd. for Co,H ;CIN,0,S: 425.0727. Found: 425.0736.

1j) 4-f5-trifluoromethyl-3-phenylisoxazol-4-yi}
benzenesulfonamide.

1k) 4-[5-difluoromethyl-3-phenylisoxazol-4-yl]
benzenesulfonamide: mp 172°-175° C. 'H NMR (CDCl,)
& 7.97 (d, J=8.46, 2 H). 730-7.50 (m, 7H). 6.72 (1,
I=52.57 Hz, 1 H) , 4.87 (5, 2H). *F NMR (CHCl,)
-116.45 (d, J=53.02 Hz). Mass specttum M*H 351.

11) 4-[5-chloromethyl-3-phenylisoxazol-4-yl]
benzenesulfonamide: mp 131°-133° C. *H NMR (CDCl,)
d 7.98 (d. 1=8.46. 2 H), 7.34-7.46 (m, TH). 4.84 (s, 2H).
4.61 (s, 2 H). Mass spectrum M"H 349. High resolution
mass spectrum for C H,,CIN,0,S: 348.0335. Found:
348.0316.

1m) 4-[5-methyl-3-phenylisoxazol-4-yllbenzegesulfonic
acid: mp 260°-269° C. 'H NMR (CD,0D) & 9.03 (s, >1
H exch), 8.42 (d, J=8.06 Hz, 2H), 8.12-8.28 (m, 5 H),
7.97 (d. Y =8.26 Hz, 2 H). Mass spectrum M*H 316.

1n) 4-[5-propyl-3-phenylisoxazol-4-yllbenzenesulfonic
acid: '"H NMR (CD(l, and CD4,D) 8 7.95-7.78 {(m, 2 H),
7.10-7.40 (m, TH), 2.65-2.78 (m. 2 H), 1.65-1.80 (m,
2H), 0.88-0.99 (m, 3H). Mass spectrum MTH 344.
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lo) 4-[5-methoxymethyl-3-phenylisoxazot-4-yl]
benzenesulfonamide: mp §2°~118° C. 'H NMR (CDCl,)
8 7.93 (d, }1=8.66 Hz, 2 H), 731-7.45 {m. 7 H}, 4.81 (s,
2 H), 4.51 (s, 2 H), 3.48 (s, 3 H). Mass spectram M*H
345. High resolution mass spectrum Calc’d. for
C.-H, N0,5: 344.0831. Found: 344.0807.
1p) 4-[5-(3-hydroxypropyl)-3-phenylisoxazol-4-yi}
benzenesulfonamide: mp §8°-142° C. '"H NMR (CD{l,
and CD,0D) & 7.90 (d, J=8.66 Hz, 2 H), 7.26-7.42 /m,
TH), 3.66 (t, ;=6.04 Hz. 2 H), 2.91 ( t, }=7.45 Hz, 2 H),
1.93-2.02 {m, 2H). Mass spectrnm M"H 349, High reso-
lution mass spectrum Cale’d. for C,zH,,N.0O,S:
358.0987. Found: 358.0958.

EXAMPLE 2

[4-{4-{ Aminosulfonyl)phenyl]-3-(3-fiuaro4-
methoxyphenyl)isoxazol-5-yl]propancic Acid

Step 1. Preparation of 1-(3-fluoro-4-methoxyphenyl)-2-
phenyl-ethan-1-one.

In a 500 mL., 3-neck round-botiom flask. equipped with a
pressure equalizing dropping funnel, thermometer, gas infet
tube and provisions for magnetic stirring, a suspension of
aluminum chloride (9.4 g, 70.5 mmol) in a solution of
2-fluoroanisole (6.6 mL, 58.8 mmol) and anhydroas chio-
roform (200 mL) was cooled to 0° C. under a blanket of dry
nitrogen. A solution of phenylacetyl chloride (8.6 mL, 64.7
mmol) in anhydrous chloroferm (50 mL) was added to the

vigorously stirred suspension over 20 minutes keeping the.

reaction temperature <5° C, The yellowish solution was
stirred at 9° C. for 1 hour, then poured into ice (200 mL) aad
stitred without temperature control for 16 hours. The }ayers
were scparated, and the aqueous layer was extracted with
dichloromethane (2x100 mL). The combined organic solu-
tion was dried over magnesium sulfate, filtered, and the
solvent was evaporated under reduced pressure. The result-
ing solid was recrystallized from boiling hexane to yield,
upon filtration and drying, 12.9 g (90%) of 1-(3-flucro4
methoxyphenyl)-2-phenyl-cthan-1-one as white crystals: *H
NMR (CDCl,/300 MHz) & 7.82-7.72 (m. 2H). 7.35-7.24
(m. 5H). 6.58 (dd, }=8.46. 8.26 Hz, 1H), 4.22 (s, 2H), 3.4
(5. 3H). "*F NMR (CDCL,/282.2 MHz) —134.875 (m).

Step 2: Preparation of 143-fluoro-4-methaxyphenyl)-2-
phenyl-ethan-1-one oxime.

Hydroxylamine hydrochloride (3.7 g, 53.2 mmol) and
potassium hydroxide (2.98 g. 53.2 mmol) were suspended in
absolute ethanol (25 mL) and vigorously sthred in a 250-mLL
round-bottom flask equipped with a magnetic stiring bar
under a dry nitrogen blanket for 30 minutes. To this, a
suspension of 1-(3-flucro4-methoxyphenyl)-2-phenyl-
cthan-1-one from Step 1 (10.0 g. 40.9 mmol) in toluene (150
ml.) was added in one portion. A Dean-Stark trap and reflux
condenser were added to the apparatus, and the yellow
suspension was warmed to reflux. The solation was main-
tained at reflux 16 hours, then the suspension was cooled to
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room temperature. Water (100 mL) was added, and the
resulting solution was extracted with ethyl acetate (2x100
ml). The combined organic solution was washed with brine
(100 mL), dried over magnesiom suifate and filtered. The
resulring solution was evaporated under redoced pressure to
yield a crude residue. The residue was crystallized from
boiling ethanol/water to yield, upon filtration and drying,
10.0 g (94%) of 13- ﬂuoro-4—mc1h0myphcnyl)—2 phenyl-
c¢thap-1-on¢ oxime as ivory-colored crystals: ‘H NMR
(CDCL,/300 MHz) § 7.42 (dd. J=12.69. 2.01. 1H), 7.36-7.19
(m, 6H), 6.89 (dd, J=8.66, 8.46 HZ, 1H), 4.16 (s, 2H), 3.88
(s, 3H). '*F NMR (CD(1,/282 2 MHz): 135.517 (m).

Step 3: [3-(3-fluoro-4-methoxyphenyl)-4-pheny!-
isoxazol-5-yl]propanocic acid:

A dry. 250 mL 3-neck round-bottom flask, equipped with
a thearmometer, magnetic stiming bar, reflux condenser and
rubber septum was charged with 1-(3-fluoro-4-
methoxyphenyl)-2-phenyl-ethan-1-one oxime from Step 2
(2.00 g. 7.71 mmol) and anhydrous THF (80 mL) under a
nitrogen blanket. The solution was cooled to =20° C., and
n-butyllithiom (1.6N, 12.0 mL) was added, via syringe, over
20 minutes, keeping the reaction temperature <—10° C. The
deep red suspension was stirred at ~20° C. for | hour,
warmed to room temperature, and stirred at room tempera-
ture far 1 hour. Succinic anhydrde (926 mg, 9.26 mmol)
was added in one portion, and the yellow reaction was
stirred for 16 hours without tamperature control. Sulfuric
acid (conc.. 2.1 ml) was added, and the rsaction was
warmed to reflux. After 2 hours, the brown mixhre was
cooled to room temperature, diluted with water (100 mL),
and extracted with ether (2x100 mL). The ethereal solution
was extracted with dilute sodium hydroxide (2x100 mL),
and the combined basic extracts were acidified to pH<2 with
kydrochloric acid (conc.). The acidic systemn was extracted
with ether (2x100 mL). This ethereal solution was evapo-
rated under reduced pressure to a residue. The residue was
applied to & column of silica gel (200 cc) and cluted (10%
methanol in dichloromethane) to yield, upon concentration
of the appropriate fractions, 2 crude solid. The solid was
recrystallized from hot cthanol and 0.1N HCl to yield, upon
filtration and drying, [3-(3-flzoro4-methoxyphenyl)-4-
phenylisoxazol-5-yllpropanoic acid as ivory colored crystals
(367 mg, 14%). mp 129°-131° C. (dec). Mass Spectrum:
MH+=342. 'H NMR (CDXCL,/300 MHz) 3 7.39 (m, 3H),
7.22-7.12 (m. 4H), 6.87 (t, J=8.46 Hz, 1H), 3.88 (s, 3H),
3.09 (1. J=8.05 Hz, 2H), 2.80 (1, J=8.05 Hz, 2H). “F
NMR(CDCL,/282.2 MHz): —135.466 (m).

Step 4: Preparation of [4-[4-{aminosulfonyl)phenyl)]-3-
(3-flucro-4-methoxyphenyl)isoxazol-5-yljpropanoic acid:

[3-(3-Fluoro-4-methoxyphenyl)-4 phenylisoxazol-5-yl]
propanoic acid from Step 3 (250 mg, 0.73 mmol) and
sulfuric acid (1 ml) were dissolved in absolute ethanol {10
mL). The colarless solution was warmed to reflux and held
for 16 hours. The solution was cooled to room temperature
and diluted with water (20 mL). The agueous solution was
extracted with ether (250 mL), and the combined ethereal
solution was washed with diliuted sodiom hydroxide (5%,
2x30 mL) and brine (30 mL). The organic solution was dried
over magnesium sulfate, filtered and evaporated under
reduced pressure to yield an oil. The oil was cooled 10 0° C.,
and cald chlarosulfonic acid (0° C., 12 mL) was added. The
reaction was kept at 0° C. under a nitrogen blanket for 2
hours. and was then carefolly poured into ice. The ice was
extracted with dichloromethane (2>20 mL). then the organic
extract was added directly to a vigarously stirred, 0° C.
saturated WH,OH solution (40 mL}. The biphasic reaction
was vigorously stirred at 0° C. for 3 hours. The layers were
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separated, and the aqueons layer was extracted with dichlo-
romethane {30 mL). The combined orgamic solution was
dried over magnesium sulfate, filtered and evaporated under
reduced pressure to yield a crude foam. The foam was
dissolved in dioxane (30 mL), aqueous sodium hydrexide
(10%. 0.9 mL) was added and the solution was heated to
reflux for 1 hoar. The solution was cooled to room tempera-
turc and diluted with water (20 mL). The aqueous solution
was extracted with ether (2>30 mL), then the combined
ethereal solution was extracted with dilute sodium hydrox-
‘ide (5%, 2>30 mL). All of the aquecus phases were com-
tined and acidified with hydrochloric acid (conc.) to pH<2.
The acidic aqueous phase was extracted with ether (@x30
mL). The final ether solution was dried over magnesium
sulfate, filiered and evaporated under reduced pressure to
yield a crude solid. The solid was recrystallized tfrom
ethancl/0.1N HC1 to yield. upon flitration and drying, [4-
[4-(aminosulfonyl)phenyl]-3-(3-fluoro-4-methox yphenyl)
isoxazol-5-yl]propancic acid as cream-colored erystals (182
mg, 59%): mp=159°~161° C. (dec). ‘H NMR (CDC1,/300
MHz) & 7.91 (d, I=8.66 Hz, ZH), 734 (d, J=8.66 Hz, 2H),
7.14 (dd, J=11.88, 2.01 Hz), 7.02 (d, J=8.46 Hz), 6.87 (t,
=8.46 Hz, 1H), 3.86 (s, 3H), 3.05 (t. }=7.45 Hz, 2H), 2.74
(t, J=7.45 Hz, 2H). 'F NMR (CDCi,/282.2 MHz):
~-135.020 (m).

EXAMPLE 3

[4-[4-(Aminosulfonyl)phenyl]-3-phenylisoxazol-5-
yl]prepanoic Acid

Step 1. Preparation of [3.4-diphenylisoxazol-5-yl]
propancic acid.

[3.4-Diphenylisoxazol-5-yl]propancic acid was prepared
in 45% yield from desoxybenzoin oxime (Example 1, Step
1) and succinic anhydride according to the procedure out-
lined in Example 2, Step 3: mp 123°-125° C. (dec). Anal
Cale'd for C,4H,(NO4: C, 73.71; H, 5.15; N, 4.78. Found:
C.73.78; H. 5.18; N, 4.72.

Step 2. Preparation of ethyl [4-[4-(aminosulfonyl)phe-
nyl}-5-phenylisoxazol-5-ylipropancate:

A solution of [3.4-diphenylisoxazol-5-yl]propanoic acid
was treated with cthanol in the presence of a catalytic
amount of sulfuric acid to prepare the corresponding ethyl
ester which wes immediately treated with chlorosulfonic
acid followed by ammonja according to the procedure from
Example 2. Step 4. The crude sulfonamide was purified by
flash chromatography eluting with ethyl acetate/hexanc
(10-50% cthyl acetate) to yield. upon concentration of the
appropriate fractions, ethyl [4-[4(aminosulfonylyphenyi)-3-
phenylisoxazol-5-ylipropanoate as a glassy solid (248 mg,
60%): Mass spectrum: MH+=401. ‘H NMR (CDCl,300
MHz) 5 7.93 (d, J=8.46 Hz, 2H), 7.41-7.30 (m. 7H). 4.84 (5,
2H), 4.14 (q. =7.04 Hz, 2H). 3.12 (t, =7.45 Hz, 2H), ‘.81
(t. }=7.45 Hz, 2H). 1.25 (t, J=7.04 Hz, 3H). This material
was used directly in the next step without farther purisica-
don.
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Step 3. Preperaton of [4-[4-(aminosulfonyl)phenyl]-3-
phenylisoxazol-5-yl]propanoic acid.

Ethyl [4-[4«(aminosulfonyl)phenyl]-3-phenylisoxazol-5-
yllpropanoate from Step 2 (198 mg, 0.495 mmol) and
aqueous sodium hydroxide (109%, 0.30 ml.) were dissolved
in dioxane (15 ml). The solution was heated to reflux and
held for 16 hours. Upon cooling to room temperature, water
(20 mL) was added, and the solution was extracted with
cther (230 mL). The combined ethereal solution was
extracted with dilute sodium hydroxide (5%, 2x30 roL). All
of the aqueous phases were combined and acidified with
hydrochloric acid (conc.) to pH<2. The acidic aqueous phase
was extracted with ether (230 mL). The final ¢ther solution
was dricd over magnesium sulfate, filtered and evaporated
under reduced pressure to yield a crude solid. Trituration
with dichloromethane yielded crystals. The suspension was
cooled to 0° C., filtered, washed with hexane and dred to
yield [4-[4-(aminosulfonyl)phenyl]-3-phenylisoxazol-5-yi]
propanoic acid as a white crystalline solid (135 mg, 73%):
mp 207° C. Mass specttum: MH+=373. Anal. Calc'd. for
C,H,sN,0:8: C, 58.06; R, 4.33; N, 7.52; S, 8.61. Found:
C, 5787, H,435: N, 749: §, 8.54.

EXAMFLE 4
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4-[34(3-Fluaro-4-methoxyphenyl)-5-methylisoxazol-
4-yl]benzencsuiforamide

Step 1: Preparation of 3-[3-fluoro-4-methoxyphenyl]-5-
methyl-4-phenylisoxazole,

A dry, 250 mL 3-neck round-bottam flask, equipped with
a thermometer, magnetic stirring bar, reflux condenser and
rubber septum was charged with 1-(3-fluoro-4-
methoxyphenyl)-2-phenyi-cthan-1-one oxime (from
Example 2, Step 2) (2.50 g, 9.64 mmol) and anhydrous THF
(100 mL) under a nitrogen blanket. The solution was cooled
to —20° C., and n-butyllithium (1.6N, 15.0 mL) was added,
via syringe, over 20 minutes, keeping the reaction tempera-
tre <—10° C. The deep red suspension was stirred at -20°
C. for 1 hour. warmed to room temperature, and stirred at
room temperature for 1 hour. Acetic anhydride (1.1 mL, 11.6
mmol) was added in one portion. and the yellow reaction
was stired for 2 hours without temperature control. The
reaction was poured into aqueous hydrochloric acid (1N,
100 mL) and extracted with ethyl acetate (2x100 mL). The
combined organic solution was washed once each with
aqueous hydrochloric acid (1N, 100 mL) and brine (100
ml), dried over magnesium sulfate, filtered and evaporated
under reduced pressure to yield a crude ofl. The oi! was
applied to a column of silica gel (250 ml) and cluted with
ethyl acetate/hexane (10-40% ethyl acetate) to yield, upon
conceatration of the appropriate fractions, 986 mg of 3-(3-
flucro-4-methoxyphenyl)-4-hydrido-5-hydroxy-4-phenyl-5-
methylisoxazole, This intermediate was dissolved in tetrahy-
drofuran (40 mL). Sulfuric acid (conc., 0.9 ml) was added,
and the reaction was warmed to reflux. After one hour, the
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solution was cooled to room . diluted with water
(50 mL), and extracted with ethyl acetate (2x50 mL). The
combined organic solution was washed with aqueous hydzo-
chloric acid (1N, 50 mL), satrated aqueous sodium bicar-
bonate (2x50 mL) and brine (50 mL), dried over magnesium
sulfate, filiered and evaporated under reduced pressure: to
yield a aude, dark oil. Washing the oil with 50% dichlo-
romethane in hexane dissolved the compound but did not
dissolve the dark impurities. The resulting solution was
evaporated under reduced pressure to yield 797 mg (29%) of
3+(3-fluoro4-methoxyphenyl)-5-methyl-4-phenylisoxazole
as a foam. Mass Specrum: MH+=284. Anal. Calc'd. ror
C;H, NO,F: C, 72.07; H, 4.98; N, 4.94. Found: C. 72.13;
H, 498, N, 4.92.

Step 2: Preparation of [3<3-flvoro-4-methoxyphenyl)-5-
methylisoxazoi-4-yl]benzenesulfonamide:

Chlorosulfonic acid (8 mL) was cooled to 0° C. 343-
Fluoro-4-methoxyphenyl)-5-methyl-4-phenylisoxazole
fram Step 1 (375 mg, 1.32 mmol) was added in one portion.
The brown solution was stimed at 0° C. under a nitrogen
blanket for 2 hours, then added dropwise to ice (50 mL). The
ice was extracted with dichloromethane (230 mL), and the
organic extracts were added directly to a (° C. saturated
aqueous NH,OH solution. The biphasic reaction was vig-
arously stirred at 0° C. for 2 hours, then the layers were
separated. The aqueous solution was extracted with
dichloromethane. the combined organic solutions were dried
over magnesium sulfate, filtered and evaporated under
reduced pressare to yield a crude solid. The solid was
recrystallized from ethanol and water to yicld, upon filtra-
tion and drying, 4-[3-(3-fluoro-4-methoxyphenyl)-5-
methylisoxazol-4-yllbenzencsulfonamide as ivory colored
crystals (275 mg, 55%): mp 175° C. {dec). Mass Spectrumn:
MH+=363. Anal. Calc’d. for C;,H, ,N.O,FS: C, 56.47; H,
4.17; N, 7.73; §, 8.85. Found: C, 56.47; H, 4.19; N, 7.66; S,
8.81.

Proceeding in a like manner but replacing desoxybenzcoin
with other appropriately substituited ketones, the followiag
compounds were prepared:
4a) 4-[3-(4-chlorophenyl)-5-methyl-isoxazol-4-y1]

benzenesulfonamide: mp 162°-164° C. ‘H NMR (CDCY,)

7.97 (d, 2H. J=8.46 Hz), 733-7.26 (m, 7H), 2.48 (s, 3H).

Elemental analysis Cale'd. for C, H,,N,0.8(: C, 55.1;

H, 3.76, N, 8.03. Found: C, 55.12; H. 3.73; N. 8.03.
4b} 4-[3-(4-fiuorophenyl)-5-methyl-isoxazol-4-yl]

benzenesulfonamide: mp 152°-156° C. "H NMR (CDCL,)

248 (s. 3H), 4.84 (bs. 2H), 7.04 (t, 1H, J=8.6 H2),

7.33-7.40 (m. 4H). 7.94 (d. 2H, }=8.4). High resolution

mass spectrum Cale’d for C,JH;FN;0,S8: 333.07(9.

Found: 333.0704.
4c) 4-[3-(3-Aluoro-4-methylphenyl)-5-methyl-isoxazol-4-yl]

benzenesulfonamide: mp 146°~150° C. *"H NMR (CDCl5)

224 (s. 3H). (2.48 (s, 3H). 4.97 (bs. 2H). 6.93 (t, 1H,

J=0.1 Hz), 7.04 (mm, 1H), 7.26-7.37 (m. 3H). 7.94 (d, 2H,

J=8.3). High resolution mass spectrum Calc’d for

C,,H,sFN,0,58: 347.0866. Found: 347.0865. Anal

Cale'd. for C,,H FN,0,8: C, 58.95; H, 437; N, 8.03.

Found: C. 58.09: H 4.47; N, 8.03.
4d) 4-[3-(3-aminosulfonyl-4-methoxyphenyl)-S-methyl-

isoxazol-4-yl]benzenesulfonamide.
4¢) 4-[3-(3-chloro-4-methylphenyl)-5-methyl-isoxazol-4-

yllbenzencsulfonamide: mp 120°-122° C. 'H NMR

(CD,0D)2.30 (s, 3H), 2.48 (s, 3H) 4.84 (bs. 2H), 7.11 (m,

1H). 7.33~7.40 (m, 4H), 7.92 (d, 2H, }=8.4). High reso-

lution mass spectrum Calc’d for C,,H,;FN,0,3:

363.0570. Found: 363.0584. Elemental analysis. Calc'd

for C,,H,;CIN;0,8: C, 56.28; H, 4.17; N, 7.72. Found:

C. 56.02; H. 4.38; N, 7.54.
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4f) 4-[5-methyl-3-(3-pyridyl)isoxazol-4-yl]
benzenesulfonamide: mp 110°-115° C. (dec). ‘H NMR
(CDCl,) 8.57 (br 8, 1H), 847 (s, 1H), 7.88. 7.24 (AB
quartct. 4H), 7.51-7.41 (m, 2H), 243 (s, 3H). Mass
spectrum M™MH 316.

4g) 4-[5-methyl-3-(4-pyridyl)-isoxazol-4-yl]
benzenesnlfonamide: mp 108°-110° C. (dec). 'H NMR
(CDCl,) 8.51 (d, 2H, }=6.0 Hz), 7.9 (d, 2H, }=8.46 Hz),
7.30-7.26 {m, 4H), 6.11 (8, 2H), 2.44 (s, 3H). Mass
spectrum M'H 316. Anal. Cale’d. for
CisHaN.0,80,. H,0: C, 5405; H, 4.54; N, 12.62.
Found: C, 53.65; H, 4.08; N, 12.42.

4h) 4-[3-(3-fluorophenyl)-5-methyl-isoxazol-4-yl]
benzenesulfonamide: mp 130°-136° C. (dec). *H NMR
(CDCl,) 7.95 (d, 2H, }=8.5 Hz), 733 (d, 2H), 733-7.11
(m, 4H), 2.50 (s, 3H). Mass spectrum M*H 333. Anal.
Cale’d. for C,cH,;N,0,8F: C, 57.82; H, 3.94; N, 8.43.
Found: C, 57.42; H. 4.57; N, 7.50.

EXAMPIE 5
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5-Methyl-4-[4-(methylsulfonyl)phenyl]-3-
phenylisoxazole

Step 1. Preparation of 1-phenyi-2-[4-methylthio)phen-
yllethan-1-one. .

This ketone was prepared from the Priedel Crafts acyla-
tion of benzene with 4-methylthiophenylacetyl chloride in
the presence of aluminum chloride: 'H NMR (CDCl/300
MHz) 6 7.92 (d, ]=8.66 Hz, 2H), 7.32-722 (mn, 7H), 4.24 (s,
2H), 2.51 (s, 3H).

Step 2. Preparation of 1-phenyl-2-[4-(methylthio)phen-
yll-ethan-1-one axime.

This oxime was prepared from 1-phenyl-2-[4-
(methylthio)phenyl]-cthan-1-one {Step 1) and hydroxy-
lamine in 80% yicld by the method outlined in Example 1,
Step 1: 'H NMR (CDC1,/300 MHz) § 7.54 (d. J=8.66 Hz,
2H). 7.32-7.17 (m, 7H), 4.19 (s, 2H), 2.36 (s, IH).

Step 3. Preparation of 5-methyl-4-[4-(methyithio)phen-
y1]-3-phenylisoxazole:

5-Mcthyl-4-[4-(methylthio)phenyl]-3-phenylisoxazole
was prepared in 48% yield from the reaction of 1-phenyl-
2-[4-(methylthio)phenyl]-ethan-1-one oxime (Step 2) and
acetic anhydride according to the procedure outlined in
Example 4, Step 1: Mass Spectrum: MH+4=282. High reso-
lution mass spectrum Calc’d. for C,,H, ,NOS: 281.0874.
Found: 281.0875. Anal. Cale’d. for C,-H,,NOS: C, 72.57;
H, 5.37; N.4.98; §, 11.39. Found: C. 72.56; H. 5.41; N, 5.00;
S. 11.34.

Step 4. Preparation of 5-methyl-4-[4-(methylsulfonyl)
phenyl]-3-phenylisoxazole:

5-Mcthyl-4-{4(methylthio)phenyl)-3-phenylisoxazole
from Step 3 (100 mg, 0.355 mmol) was dissolved in metha-
nol (20 mL). Oxone® ((.765 g, 1.24 mmal) and water (2
ml) were added, and the saspension was stirred at room




2

5,633,272

31

temperature for 2 hours. Water was added (30 mL) and the
resulting suspension was cooled to 0° C. and held for 30
minutes whereupon the product crystallized The product
was isolated by filtration, washed with water and drixd to
yvield 5-methyl-4-[4-(methylsulfonyl)phenyl]-3-
phenylisoxazole (32 mg, 29%): mp 54°-56° C. Mass Spec-
trum: MLi+=320. High resolution mass spectrum Calc’d far
C,+H,:NO,8: 313.077. Found: 313.078.

[3-[3-Fluoro-4-methoxypheny]]-4-[4-
(methylsulfonyl)phenyllisoxazol-5-yl)acetic Acid

Step 1. Preparation of 1-(3-fluoro-4-methoxyphenyl)-2-
[4-(methylthio)phenyl]-cthan-1-one.

1{3-Fluoro-4-methoxyphenyl)-2-[4-(methylthio)phen-
yll-ethan-1-one was prepared by Friedel Crafts acylation of
2-flucroanisole with 4-{methyithio)phenylacetyl chloride in
the presence of aluminum chioride: ‘H NMR (CDCi,/300
MHz) 8 7.80-7.70 {m, 2H), 7.24-7.15 (m, 4H). 6.98 (i,
J=8.26 Hz). 4.17 (s, 2H), 3.95 (s, 3H), 2.46 (s, 3H). *°F
NMR (CDC1,/282.2 MHz): —134.804 (m).

Step 2. Preparation of 1-(3-fluoro-4-methoxyphenyl)-2-
[4-(methylthio)phenyl}-¢than-1-one oxime.

1-(3-Fluoro-4-methoxyphenyl)-2-[4-(methylthio)phen-
yl]-ethan-1-one oxime was prepared in yield by treatment of
1-(3-fluoro-4-methoxyphenyl)-2-[4-(methylthio)phenyl )-
ethan-1-one from Step | with hydroxylamine: 'H NMR
(CDC1,/300 MHz) & 7.40 (dd. J=12.69. 2.22 Hz, LH). 7.30
(d, J=8.66 Hz, 1H), 7.18-7.12 (m, 4H), 6.38 (dd, F=5.66,
8.46 Hz, 1H), 4.10 (s, 2H). 3.87 (s, 3H). 2.43 (s, 3H).

Step 3. Preparation of 3-(3-fluoro-4-methoxyphenyl)-5-
methyl -4-[4-{methylthio}phenyl]isoxazole:

3-(3-Fluoro-4-methoxyphenyl)-5-methyl-4-[4-
(methylthio)phenyllisoxazole was prepared in 30% vield
from 1-(3-fluoro-4-methoxyphenyl)-2-[4-(methylthio)
phenyl]-ethan-1-one oxime from Step 2 and acetic anhy-
dride by the procedure described in Example 4, Step 1 and
used directly in the next step.

Step 4. Preparation of [3-{3-fluoro-4-methoxyphenyl]-4-
[4-(methylsulfonyl)phenyllisoxazol-5-yljacetic acid.

3-(3-Fluoro-4-methoxyphenyl)-5-methyl-4-[4-
(methylthio)phenyl]isoxazole (326 mg, 0.99 mmol) was
charged to an oven-dried 100 mL 3-neck round-bottom lask
equipped with a thermometer, pitrogen inlet. rubber septum
and a magnetic stiring bar. Anhydrous THF (35 mL) was
added, and the soluton was cooled to ~78° C. under a dry
nitrogen blanket. To this solution, n-butyllithiuvm (1.6 in
hexane; 0.74 ml) was added. via syringe over approxi-
mately 3 mioutes, kocpmg the reaction temperature <~75°
C.The deep red suspension was stirred at —78° C. for 1 hour.
Simuitaneously, anhydrous tetrahydrofuran (80 ml) was
cooled to —78° C. in an oven-dried 250 mL round-bottom
flask. This solvent was saturated with carbon dioxide gas.
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The red reaction solution was quenched into the carbon
dioxide-saturated THF. The yellow reaction was warmed to
room temperature over 2 hours, then diluted with water (50
ml) and ether (80 mL). The sclotion was extracied with
aqueous sodivm hydroxide (5%. 2x50 mL), and the com-
bined aqueocus solution was acidified to pH<2 with aqueous
hydrochioric acid (conc.). The acidic solution was extractad
with dichloromethane (2x50 ml.). The combined organic
solution was dried over magnesium sulfate, filtered and
evaporated under reduced pressure to a aude solid. The
solid was dissclved in methanol (20 mL) in a 100 mL
round-bottom flask equipped with a magnetic stiring bar
and a pitrogen gas inlet. Oxone® (2.13 g, 3.47 mmol) and
water (3 mL) were added, the suspension was stirred at room
temperature for 2 hours, warmed to reflux and held for an
additional 2 hours, Upon cooling to room temperature, water
(35 mL) and aqueous hydrochloric acid (6N, 1 mL) were
added. The resulting suspension was cooled to (° C., held
for 30 minutes, filtered and washed with cold water to yield,
upon drying, {3-(3-fluoro-4-methoxyphenyl)-4-[4-
(methyisulfonyl)phenyllisoxazol-5-yllacetic acdd as white
crystals (173 mg, 43%): mp 89° C. Mass spectrum: MB+=
406. Anal. Calc'd. for C, H, . NOFS: C, 56.29; H, 3.98; N,
3.46; 8, 7.91. Found: C, 56.22; H, 4.00; N, 3.44; §, 7.85.

EXAMPIE 7
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3-(3-Chlaro-4-methoxyphenyl)-5-methyl-4-[4-
methylsplfonylphenyllisoxazole

Step 1. Preparation of 3-Chloro-4-methoxyacetophenone.

A 5 L round bottomed flask equipped with mechanical
stirrer, reflux condenser. constant pressurc addition funnel
and nitrogen inlet was charged with anhydrous aluminum
chloride (281 g. 2.104 mol) and 1 L of ethanol-free chloro-
form. The solution was maintained at 0° C. with an ice bath
while a solution of acetyl chloride (162 g, 2.28 mol) in 300
mL of chleroform was added from the addition funnel over
25 minutes. To this solution was added 2-chloroanisole (250
g. 1.75 mol) in 250 mL of chloroform over 1 hour. The
solution was stired at room temperature for 16 hours and the
contents of the flask wexre poured into a mixture of icc and
water. The phases were separated and the aqueous phase
extracted with dichlorcmethane and combined with the
original organic phase. dried over ashydrous MgSO,, fil-
tered and concentrated in vacuo to afford a solid that was
crystallized from dichloromethane/hexane to give 3-chloro-
4-methoxyacetophenone (246 g, 76%) that was used directly
in the next step without further purification

Step 2. Preparation of 3-chloro-4-methoxyphenylacetic
acid.

A mixture of 3-chlero-4-methoxyacetophenone from Step
1 (10,0 g. 54.2 mmol) and boron tifluoride etherate complex
(26.6 mL. 0216 mal) in 20 mL. of methanol was added to a
sospension of lead tetraacetate (24 g, 54.2 mmol) in 50 mL
of toluenc. The mixture was stitred at room temperature for
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16 hours, treated with 50 mL of water and poured into a
scparatary funnel. The phases were separated and the aque-
ous phasc washed with toluene. The toluene solution was
dried over anhydrous MgSQ,. filtered and concentrated in
vacuo to provide an oil that was dissolved in 40 mL of
dioxanc apd ireated with excess 2.5N sodium hydroxide
solution. The solution was stirred at room temperatare for 2
hours and concentrated in vacuo. The residue was extract=d
with dichloromethane and the aqueous phase acidified with
concentrated HCL The acidic solution was extracted with
dichloromethane. The dichloromethane extract was drizd
over anhydrous MgSQ,. filtered and concentrated in vacuo
to afford pure 3-chloro4-methoxyphenylacetic scid (9.11 g,
84%) that was used directly in the next step.

Step 3. Preparation of 2-(3-chloro-4-methoxyphenyl)-3-
{4-(methylthio)phenyl]-2-propenoic acid.

A mixture of 3-chloro-4 methoxyphenylacetic acid frem
Step 2 (4.50 g, 22.4 mmol), 4-methylthiobenzaldehyde (2.70
£, 20.4 mmol) and tricthylamine (2.8 mL, 20.4 mmol) were
dissolved in 40 mL of acetic anhydride and heated to reflux
for 3 hours. The solution was cooled to 110° C. and treatzd
cautiously with 70 mL of water and cooled to rocm
temperature, whereupon crystals of 2-(3-chloro-4-
methoxyphenyl)-3-{4-(methylthio)phenyl]-2-propenoic acid
formed that were isolated by filtration and air dried to afford
5.68 g (75%) of pure comnpound which was used directly in
the next step.

Step 4. Preparation of 1-3-chloro-4-methoxyphenyl)-2-
[4-(methylthio)phenyl]-ethan-1-one.

A solution of 1-(3-chloro-4 methoxyphenyl)-3-[4-
(methylthio)phenyllpropenoic acid from Step 3 (5.00 g. 14.9
mmol) and triethylamine (2.20 g, 15.7 mmel) in 50 mL of
toluene was cocled to 0° C. and treated with diphenylphas-
phoryl azide (3.20 g. 14.9 mmol) via syringe. The solution
was maintained at 0° C. for 30 minutes apd then diluted with
water. The phases were separated and the aqueous phase
waszhed with ether The original toluene solution was cora-
bined with the ethereal extract. dried over aphydrous
MgSO0,, filtered and concentrated to remove the ether. The
remaiming toliene solution was heated to 115° C. for %0
minutes, treated with tert-butyl alochol (1.50 g, 16.4 mmc)
and maintained at this temperatre for an additional 30
minutes. The solution was cooled to 90° C.. treated with 1.4
ml of concentrated HCl and cooled to room temperature,
The solution was washed with saturated aqueons NaHC(Q,,
and with brine and dried over anhydrous MgSO,. filtered
and concentrated (o give 1-(3-chloro-4-methoxyphenyl)-2-
[4-(methylthio)phenyl]-cthan-1-one as a solid that was used
directly in the next step: 1H NMR (CDC1,/300 MHz) & 7.90
(d. J=8.66 Hz. 2H). 7.29-7.24 (m. 3H). 7.11 (dd, }=8.46.
2.21 Hz. 1H). 6.88 (d. J=8.46 Hz, 1H). 4.19 (s. 2H), 3.36 (s,
3H). 2.55 (5. 3H).

Step 5. Preparation of 1-(3-chloro-4-methoxyphenyl)-2-
[4-(methylthio)phenyl]-sthan-1-one oxime.

1-(3-Chloro-4-methoxyphenyl)}-2-{4-(methylthio)phen-
yl}-cthan-1-one oxime was prepared in 41% yield from the
reaction of 1-(3 chloro-4-methoxyphenyl)-2-[4-(methylthi>)
phenyl]-ethan-1-one from Step 4 with hydroxylamine by the
method outlined in Example 1, Step 1: 'H NMR (CDCl,/300
MHz) 8 7.69 {d, J=2.22 Hz. 1H), 7.47 (dd. J=8.66, 2.22 Hz,
1H), 7.21-7.16 (m, 4H). 6.86 (d, J=8.66 Hz, 1H}, 4.11 (s,
2H), 3.89 (s, 3H). 2.44 (s, 3H).

. Step 6. Preparation of 3-(3-chloro-4-methaxyphenyl)-+

[4-methylsulfonylphenyl]-5-methylisoxazole
3-(3-Chloro-4-methoxyphenyl)-5-methyl-4-[4-

(methylthioyphenyllisoxazole was prepared in 26% vyield
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from 1-(3-chloro-4-methoxyphenyl)-2-[4-(methylthio)
phenyl]-ethan-1-one oxime from Step 5 and acetic anhy-
dride by the method described In Example 4, Step | and then
oxidized to 3-(3-chloro4 methoxyphenyl)-5-methyl-4-[4-
methylsulfonylphenyllisoxazole with Oxone® by the
method described in Example 5, Step 4: Mass spectrum;
MLi+=384. High resolution mass specttum Calc’d. For
C,4H,,CINO,S: 378.0567. Found: 378.0573.

EXAMPIE 8-
(.
Z \
0
HC_ O COH
o¥ g

[4-[4-(Methylsulfonyl)phenyl]-3-phenyl)isoxazol-5-
vilacetic Acid

Step 1. Preparation of [4-[4-(methylthio)phenyl]-3-
phenylisoxazol-5-yljacetic acid.

(4-[4-(Mcthylthio)phenyl]-3-phenylisoxazol-5-yl]acetic
acid was prepared in 35% yield by carboxylation of 4-[4-
(methylthio)phenyl]-5-methyl-3-phenylisoxazole [Example
3, Step 3] according to the procedure detailed in Exampie 6,
Step 4: Mass spectrum: MH+=326. High resolution mass
spectrum Calc’d. for C,,H,,NO,S: 325.0773. Found:
325.0776.

Step 2. Preparation Of [4-[4-(methylsulfonyl)phenyl]-3-
phenylisoxazol-5-yl]acetic acid.

[4-[4-(Methyisulfonyl)phenyl]-3-phenyl)isoxazol-5-yl]
acetic acld was prepared in 80% yield from [4-{4-
(mecthylthio)phenyl]-3-phenylisoxazol-5-yllacetic acid
(Step 1) by oxidation with Oxone® according to the proce-
dure detailed in Example 5. Step 4: Mass spectrum: MH+=
326. High resojution mass spectrum Calc'd. For
C,gH,,NO,S: 358.0749. Found: 358.0769.

EXAMPLE 9
C .
Z \
o]
.
WN_ O COH
o¥ g

[4-[4-(Aminozulfonyl)phenyl]-3-phenylisax azol-5-
yllacetic Acid

Step 1. Preparation of 3,4-diphenyl-5-methylisoxazole.

A solution of desoxybenzoin keto-oxime (Example 1,
Step 1) (6.00 g. 28.40 mmol) in anhydrous tetrahydrofuran
(80 mL) was cooled to —=20° C. in an oven-dried 250 mL
three-neck round-bottom flask equipped with a
thermometer, nitrogen gas inlet. rubber septum and provi-
sions for magnetic stirring. To this cold solution,
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p-butyllithizm (1.6N in hexanes, 44.4 mL) was added, via
syringe. over 35 minutes, such that the reaction temperiture
remained at or below —10° C. The deep red solntion was
stirred at —10° C. for 1 hour, warmed to room temperature.,
then stired at room t for an additional hoar.
Acetic anhydride (3.2 mL. 34.1 mmol) was added in one
portion, and the resntting suspension was stirred without
temperature control for 2 hours. Water (100 mL) was added,
and the solution wes poured inte 1IN HCI (100 mlL) and
extracted with cthyl acetate (2>200 mL). The combined
organic solution was washed with HCL (1IN HCl, 100 mL)
and brine (100 mL). dried over anhydrous MgSO, and
filtered. The resulting solution was concentrated in vacuo to
vield a crude oil. The oil was applied to a column of silica
gel and cluted with ethyl acetate/hexane (10-50% «thyl
acetate) to yield, wpon concentration of the appropriate
fractions, 5.0 g of 3,4-diphenyl-4-hydrido-5-hydroay-5-
methylisoxazole. A 100 mL ronnd bottomed flask equipped
with reflux condenser was charged with 3.4-diphenyl-4-
hydrido-5-hydroxy-5-methylisoxazole (5.00 g, 19.74
mmol), 300 mg of concentrated H,SO, and 30 mi of
toluene. The solution was heated to reflux for 1 hour, poured
into a separatory funnel and washed with water. The toluene
solution was dried over anhydrous MgSO,, filtered,. and
concentrated in vacuo and the residue used directly in the
next step without further purification.

-Step 2. Preparation of (3.4-diphenylisoxazol-5-yl)acetic
acid:

(3.4-Diphenylisoxazol-5-yl)acetic acid was prepared in
53% yield by carboxylation of 3.4-diphenyl-5-merhyl-
isoxazole (Step 1) according to the procedure outlined in
Example 6. Step 4: Mass spectrum: MH-+=280. High reso-
lution 1mass Calc'd. for C,;B,;NO;: 280.0854,
Found: 280.0897. Anal. Calc’d. for C,,H,,NO,: C. 71.11;
H, 4.69; N, 5.01. Found: C, 72.91; H. 473; N, 4.97.

Step 3. Preparation of [4—[4—(a.mi.nosulfonyl)phcnyl]-3-
phenylisoxazol-5-yljacetic acid:

[4—[4-(Armnosu1fonyl)pheuy1] 3-phenylisoxazol-5-vi]
acetic acid was prepared in 60% yield by chlorosulfonation
followed by ammonolysis of 1{3,4-diphenylisoxazol-:3-yl)
acctic acid according to the procedure outlined in Example
2, Step 4: mp 61° C. Mass spectrum: MH+<=359.

EXAMPLE 10

0¥ N

4-(5-Hydroxymethyl-3-phenylisoxazol-4-yl]
benzenesulfonamide

4-[5-Methyl-3-phenyl-4-yllbenzenesulfonamide
(Example 1) (20.965 g. 66.69 mmol) and THF (1.4 L) were
cooled to —78° C. (dry-ice/acetone bath) and a premeasured
volume of n-Buli (167 ml., 266.76 mmol) in a 250' mL
round bottomed flask was added via cannula causing the
reaction solution to become bright red. After 15 minutes the
dry ice/acetone bath was replaced with a NaClAce/water
bath and the reaction warmed to —5° C. over 15 minutes and
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was maintained at —5° C. for 30 more minutes. The NaCl/
foe/H,O bath was replaced with a dry icefacetone bath and
the reaction chilled to =71° C. Oxygen was added via two 14
gauge needles (ca. 4 psi) and a similar outlet provided.
Within 10 minutes the reaction, formerly a red suspension,
became an ocre-ycllow suspension. Oxygen addition was
continued for 30 more minutes. The oxygen line and vents
were removed and trimethyl phosphite (67 mL. 566.97
mmol) was added via syringe. After 15 minutes, the septum
was removed and a solution of HOAc (125 mL) and H,O
(125 mL) was added in one portion causing the sotution to
become a hazy bright yellow and the reaction temperature o
rise to —50° C. The dry ice bath was removed and the
reaction was warmed to room temperature. Brine (700 mL)
and 1N HCI (134 mL) were added and stirred for 15 mioutes.
Ethyl acetate (700 mL) was added and the layers were
separated in a separatory funnel. The aqueous phase was
washed with ethyl acetate (150 mL) and the organic layers
combined. The organic layer was washed with water,
NaHCO, (5x100 ml) apd brine, dried over anhydroas
MgS0,, and filtered. The resulting organic phase was
diluted with tolaene (125 mL) and concentrated in vacuo
three times yielding a brown viscous oil. The crude product
was purified by flash chromatography (silica gel, 10x18 cm.
column, hexane/ethyl acetate (1/2) with a step gradient to
hexane/cthyl acetate (1/2)) yielding a yellow solid (11.25 g).
The product was dissolved in ethyl acetate (500 mlL} and
acetone (60 mL.). Partial concentration of this solution and
addition of hexane yielded a yellow solid which was col-
lected by vacuum filtration. This solid was dissolved in a
minimuam of acetone and added to hot H,O (800 mL at 70°
C.) vielding the desired product as a very fine crystalline
yellow product (7.89 g, 36%): mp 188°-189° C. 'H NMR
(DMSO dy) 6 7.81 (d, 1=8.26 Hz, 2 H), 7.26-7.55 ( m, 9 H),
5.77 (1, }=4.84, 1 H). 4.54 (d, }=4.84, 2 H). Anal. Calc’d. for
C,H,.N.0,8,:C, 58.17; H, 4.27; N, 8.48. Found: C, 58.22;
H., 4.31; N, 8.50. Mass specttum: M+H: 331.

EXAMPLE 11

o¥ o

[4-[4-(Aminosulfonyl)phenyl]- };ﬂ]cnyhsgxazol -5
yllcarboxylic Acid

To a solutdon of 4-[5-hydroxymethyl-3-phenyl-4-yl]
benzencsulfonamide (Bxample 10) (0.64 g, 1.94 mmol) in
acetone at ~=78° C. (dry ice-acetone bath) was added care-
fully Jones reagent (0.7 mL of 2.44M CrQ; in agueous
H,S0, solution). The reaction was warmed to 0° C. and an
additional 0.7 mL (2.44M Cx(, in aqueous H,SO, solution)
was added. The reaction was warmed to room temperature
and stired overnight Isopropanol {2 mL) was added and
was stired for 2 hour The reaction was diluted with ethyl
acciate, washed with H,0, dried over anhydrous MgSO,,
filtered through Celite® and concentrated in vacno yielding
a solid. Recrystallization of this solid from tolzene yielding
the desired product (0.075 g, 11%) as a tan solid: mp 300°
C. '‘H NMR (DMSO dy) § 7.70 (d, J=8.46 Hz, 2H).
7.08-7.50 (m. SH).
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4-[5-Hydroxy-3-phenyl-4-isoxazclyl]
benzenesulfonamide

Step 1. Preparation of 3,4-diphenylisoxazolin-5-one.

To a stirred solution of the deoxybenzain oxime (50.59 g.
239 mmol) in aghydrous THF (1 L) in a 2000 mL 2-neck
round bottomed flask fitted with under nitrogen
atmosphere, and chilled to =78° C. (dry ice/acetone bath)
was added n-Buli (375 mL of 1.6M in hexanes. 599 mmol)
via cannula over 15 minutes. After twenty minutes at -78°
C.. the dry ice/acetone bath was replaced with a NaClfice/
H,O and the reaction was warmed to 0° C. ovex 1 hour. The
NaClfice/H, O bath was replaced with a dry icefacetone bath.
When -78° C. was reached, the reaction solution was
transferred via cannula to a 4 L Erlenmeyer flask filled with
1500 cc of powdered dry icc and the resulting yellow
mixtare was let stand overnight at room temperature. The
clear. straw colored solution was transferred to a 3 L round
bottomed flask, and 700 ml of 3N HCl was added. The
reaction was heated to reflux for 1 hour and cooled to room
temperature. The reaction was diluted with brine (500 mlL)
and the layers were separated in a separatory funrel. The
agueous layer was extracted with dichloromethane/ethyl
acetete (2/1) (400 mL). The organic layers were cambined
and washed with brine (200 mL), dried over anhydrcus
MgSO,. fiitered and concentrated yielding a brown solid.
The solid was re-dissolved in warm THF and hexanes were
added yielding a fluffy off-white crystalline solid (30.4 g,
54%). A second crop was obtained (12.66 g, 22 %): mp
162°-163° C. (dec.). This material was sujtable for vse
without further purification.

Step 2. Preparation of 4-[5-hydroxy-3-phenyl-4-v1]
benzenesulfonamide.

3.4-Diphenylisoxazolin-5-one from step 1 (15.6 g, 65.75
mmol) was added carefully to CISO,H (160 mL) in a 250
ml round bottomed flask chilled in a NaCl/ice bath. After 2
hours, the crude reaction mixture was carefully poured over
ice, vielding the crude sulfonyl chloride as a precipitate
which was collected by vacuum filtration. The solid was
dissolved in dichloromethane yielding two phases which
were separated, and the crganic phase dried over anhydrous
MgSO,. This clear pale yellow solution wes slowly added to
a chilled (0° C) satwated solution of NH,, in dichlo-
rormethane, The resulting suspension was diluted with
CH,OH and was washed with KHSO, (0.25M aq soln.). Tae
organic layer was dried over anhydrous MgS0,. filtered and
concentrated in vacuo yielding a tan solid which was col-
lected by vacuum filtration. This solid was dissolved in a
minimnm of IN NaOH solution. filtered. and washed with
dichloromethane. The agueous layer was acidified with
concentrated HC ylelding and off-white solid (3.70 g. 18%):
mp 207° C. (dec.). "H NMR (D,0 with NaOD) § 7.48 (d,
J=B.46 Hz, 2 H), 7.38-7.20 (m, 5 H). 7.14, (d, }=8.26, 2 H).
The methanolic/aqueous KHSO, wash phase, upon partial
evaporation yielded additional desired product as a tan solld
(8.94 g, 43%).
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4-[3-Methyl-5-phenyl-4-isoxazolyl]
benzenesulfonamide

Step 1. Preparation of 1.2-diphenyl-1-butene-3-one
oxime.

A solution of 1.2-diphenyl-i-butene-3-one (1.5 g, 7
mmol) in FtOH (15 ml) and was added to a solution of
hydroxylamine hydrochloride (500 mg, 7 mmol) and
NaHCO, (1 g) in water (7 ml). The mixture was heated to
reflux for 5 hours at which time thin layer chromatography
indicated the reaction was incomplete. Additional hydroxy-
lamine hydrochloride (500 mg, 7 mmol) was added and
heating at reflux was continued overnight The reaction was
cooled, poured into water (100 ml) and extracted with ethyl
acetate. The combined organic layers were dried over
sodium sulfate, filtered and the filtrate concentrated in
vacuo. The crade material was’ chromatographed on silica
gel using 5% ethyl acetate in toluene as the cluant to give
450 mg (30%) of the desired oxime as a crystalline solid,
m.p. 138°-141°. Anal. Calc'd. for C,H, NO: C, 80.98; H,
6.37; N, 5.90. Found: C, 80.79; H. 6.25; N, 6.09.

Step 2. Preparation of 3,4-diphenyl-5-methylisomazole

To a solution of oxime from Step 1 (450 mg, 1.9 mmol)
and sodiom bicarbonate {650 mg, 7.7 mmol) in tetrahydro-
furan (6 ml) and water (6 ml) in a vessel wrapped in
aluminum foil was added a solution of potassium iodide (1.1
g, 6.6 mmol) and {odine (525 mg, 2 mol) in water (4 ml). The
reaction was heated to reflux for 7 hours and stirred at room
temperature overnight. Saturated aqueous sodium bisulfite
solution (5 ml) was added and the reaction mixnire was
extracted with ethyl acetate. The combined organic layers
were dried over sodium sulfate and the ude material was
isolated after filtration and concentration of the filtrate.
Chromatography on silica gel using toluene as the eluant
gave 290 mg (57%) of the isoxazole as an oil which
crystallized on standing: mp 92°-94° C. Anal. Calc'd for
C,sHsNO: C, 8131; H, 5.57: N, 5.95. Found: C, 8131, H,
5.71; N. 6.18.

Step 3. Preparation of 4-[3-methyl-5-phenyl-4-
isoxazolyl] benzenesulfonamide. '

A solution of the isoxazole from step 1 (250 mg, 1.1
mmol) in chiorosulfonic acid (1 ml) was stirred at 0° for 3
hours. The reaction was cautiously added to concentrated
ammonium hydroxide (6 ml) in the cold (0° C.). The
resultant reaction mixture was stirred at 0° for 1 hour. The
reaction was cautiously diluted with water and extracted
with ethyl acetate., The combined arganic layers were dred
over sodium suolfate, filtered, and the filtrate concentrated in
vacuo to give the crude product. This material was chro-
matographed oa silica gel using 25% ethyl acetate in tolnene
as the eluant to give the desired sulfonamide as a erystalline
solid (110 mg, 40%): mp 85°-87° C. Anal. Calc'd. for
C,H,,N,0,8: C,61.13; H, 4.49; N, 8.91; S, 10.20. Found:
C, 60.88; H, 4.61; N, 8.55; S, 10.40.
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BIOLOGICAL EVALUATION

Rat Carrageenan Foot Pad Edema Test

The carrageenan foot edema test was performed with
materials, reagents and procedures ¢ssentially as described
by Winter, et al., (Proc. Sec. Exp. Biol. Med., 111, 544
(1962)). Male Sprague-Dawley rats were selected in cach
group so that the average body weight was as close as
possible. Rats were fasted with free access to water for over
sixteen hours prior to the test. The rats were dosed arally (1
mlL) with compounds suspended in vehicle containing 13.5%
methyleellulose and 0.025% surfactant, or. with vehicte
alone. One hour later a'subplantar injectiogiof 0.1 mL of 1%
solution of carrageenan/sterile 0.9% saline was administered
and the volume of the Jnjected, fo foo{, was measured with a
displacement plcthysmomctcr connected to a pressure trans-
ducer with a digital indicator. Three hours after the injcstion.
of the camrageenan, the volume of the foot was ﬂ.gain
measured. The average foot swelling in a group of drug-
treated animals was compared with that of a group of
placebo-treated animals and the percentage inhibition of
edema was determined {(Otterness and Bliven, Laboratory
Models for Testing NSAIDs, in Non-stercidal Anti-
Inflainmatory Drugs, (J. Lombardino, ed. 1985)). The %
inhibition shows the % decrease from control paw volume
determined in this procedure and the data for selected
compounds in this invention ar¢ summarized in Table L

Rat Carrageenan-induced Analgesia Test

The rat carrageenan analgesia test was performed with
materials, reagents and procedures essentially as described
by Hargreaves, et al., (Pain, 32, 77 (1988)). Male Sprague-
Dawley rats were treated as previously described for the
Carrageenan Foot Pad Edema test. Three hours after the
injection of the carrageenan, the rats were placed in a special
plexiglass container with a transparent floor having a high
intensity lamp as a radiant heat source, positionable under
the floor. After an initial twenty minute period, thermal
stimulation was begun on either the injected foot or on the
contralateral oninjected foot. A photoelectric cell tmrned off
the lamp apd timer when light was interrupted by paw
withdrawal. The time until the rat withdraws its foot was
then measured. The withdrawal latency in seconds was
determined for the control and drug-treated groups. and
percent inhibition of the hyperalgesic foot withdrawal deter-
mined. Results are shown in Table L

TABLE 1
RAT PAW EDEMA ANALGESLA
9% Inhibition % Tnhibition
@ 10 mg/ks body weight @ 10 mg/kg body weight

Example ) 33
1

Evaluation of COX-1 and COX-2 activity in vitro

The compourds of this invention exhibited inhibiticn in
vitro of COX-2. The COX-2 inhibition activity of the
compounds of this invention illustrated in the Examples was
determined by the following methods.

a. Preparation of recombinant COX baculoviruses

Recombinant COX-1 and COX-2 were prepared as
described by Gierse et al, [J. Biochem., 305, 479-84 (1995)].
A 2.0 kb fragment containing the coding region of either
himan or murine COX-1 or human or murine COX-2 was
coned into a BamH]1 site of the baculovirus transfer vector
pVL1393 (Invitrogen) to generate the baculovirus transfer
vectors far COX-1 and COX-2 in a manner similar tc the
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method of D. R O'Reilly et al (Baculovirus Expression
Vectors: A Laboratory Manual (1992)). Recombinant bacu-
loviruses were isolated by transfecting 4 pg of baculovirus
transfer vector DNA into SF9 insect cells (2x10%) along with
200 ng of linearized baculovirus plasmid DNA by the
calclum phosphate method. See M. D. Summers and G. E.
Smith, A Manual of Methods for Baculovirus Vectors and
Insect Cell Culture Procedures, Texas Agric. Bxp. Station
Bull. 1555 (1987). Recombinant viruses were purified by
three rounds of plaque purification and high titer (107-10°
pfu/mi) stocks of virus were prepared. For large scale
production. SP9 insect cells were infected in 10 liter fer-
mentors (0.5x10%ml) with the recombinant baculovirus
stock such that the multiplicity of infection was 0.1, After 72
hours the cells were centrifuged and the cell pellet homog-
cnized in Tris/Sucrose (50 mM: 25%, pH 8.0) containing 1%
3-[(3-cholamidopropyl)dimethylammonio]-1-
propanesuwlfonate (CHAPS). The homogenate was centri-
fuged at 10.000xG for 30 minutes, and the resultant super-
natant was stored at —80° C. befare being assayed far COX
activity.

b. Assay for COX-1 and COX-2 activity

COX activity was assayed as PGE, formed/pg protein/
time using an ELISA to detect the prostaglandin released.
CHAPS-solubilized insect cell membrapes conmtaining the
appropriate COX enzyme were incubated in a potassium
phosphate buffer (50 mM, pH 8.0) containing epinephrine,
phenol, and heme with the addidon of arachidonic acid (10
pM). Compounds were pre-incubated with the enzyme for
10-20 minutes prior to the addition of arachidonlc acid. Any
reacton between the arachidonic acid and the enzyme was
stopped after ten minutes at 37° C./room temperature by
transferting 40 pl of reaction mix into 160 pl BT ISA buffer
and 25 pM indomethacin. The PGE, formed was measured
by standard ELISA technology (Cayman Chemical). Results
are shown in Table IL

TABLE I
COX-2 COX-1
Example IDgo kM g M
! .1 >100
la <0.1 174
tb 0.1 13.2
1c <01 6.2
id <0.1 253
le <1 377
1f 0.2 54
1g <01 >100
1h <0.1 4.7
1i <1 8.6
1k <0.1 >100
IV <.t 50.7
1m 1.5 >100
o 51 >100
lo il »>100
1p 0.1 >100
2 0.9 17.4
3 2.6 0.6
4 3 >100
4a .1 80,5
4ab <0.1 >100
4c <1 66.5
4d <.l 44
de
4f 2 >100
4g >100 >100
5 4.0 >100
[ 357 »>100
7 86.7 >100
8 >100 >100
9 14 »>100
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TABLE Il-continued _—"

COX-2 COX-1
Example Dy, M ID,, iM ,
10 “02 >100
1 35
12 25 >100
13 0.1 64

Also_embraced within this invention is a class of phar-
maceutical compositions com;n'isi.ng one of _mare_com-
poundsof "Forfiula~1~in_ associition with _one_or_more
noh-toxic, phm'maccw:[cauy acceptable carriers and/or dilu-
ents™ Amd/or 8¢ adjivants ( (collccuvcly referred 0 hu'cin‘

The compounds=of 'tHe present invention may be adminis-
tered by any suitable route. l:m:fu'ably in the form of a

—— .

“Carrier” Thatenals) and, if desired. other acﬁ\_'e_ingrcd.lcnts E

and con_1p051tlon ‘may, for examp example be adm.lmstcr-d
Uptravascularly, Yintraperitoncally, subcutn.neously, mtramus—
cularly or topically.——
~For oral administration. the pharmaceutica.l compositin
may be in the form of, forcxmn_l_matablct capsule,
suspéision or liquid. The ocutlcmlp—o_siuon is 25

pa.rtlcular amount of the ; active mgred.lcnt_ Exa.mplﬁ of su..h
dosage units.are.tablets_or capsules. The active | ingrcdlt
may also be administered by Sjection. as.a_compoition
wherein, for example. saline, dextrose or water may be us=d/ 30
“as a suitable carrier,
" THE amount of therapeutically active compound that is
administered and the dosage regimen for treating a disease
condition with the compounds and/or compositions of this
invention depends on a variety of factors, including the age, 35
weight, sex and medical condition of the subject, the sever-

ity of the disease. the ronte and frequency of administraticn,
and the particular compound employed, and thus may vary
widely. The pharmaccutical compositions may contain
active ingredient in the range of about O.I to 2000 mg,
preferably in the range of about (.5 to 500 mg and most
preferably between about 1 and 100 mg. A daily dose of
abouwt .01 to 100 mg/kg body weight, preferably betwesn
about 0.1 and about 50 mg/kg body weight and most
preferably between about 1 to 20 mg/kg body weight. may 45
be appropriate. The daily dose can be administered in one to™
four doses per day.

For therapeutic purposcs, the compounds of this invention
are ordinarily combined with one or more adjuvants appro-
peiate to the indicated route of administration. ¥ adminis- so
tered per os, the compounds may be admixed with lactose,
sucrose, starch powder, cellulose esters of alkanoic acids,
cellalose alkyl esters. talc. stearic acid, magnesium stearale,
magnesium oxide. sodium and calcium salts of phosphatic
and sulfuric acids. gelatin. acacia gum, sodium alginate, 55
polyvinyipyrrolidone. and/or polyvinyl aleohol. and then
tableted or encapsulated for convenient administration. Such
capsules ar tablets may contain a controlled-release formu-
lation as may be provided in a dispersion of active cormn-
pound in hydroxy-propylmethyl cellnlose. Formulations for 6o
parcnoteral administration may be in the form of aqueous or
non-aqueons isotonic sterile injection solutions or suspen-
slons. These solutions and suspensiohs may be prepared
from sterile powders or granules having one or more of the
carriers or difnents mentioned for use in the formulations far 65
oral administration. The compounds may be dissolved in
water, polyethylene glycol, propylene glycol, ethancl. comn

42
oil, cottonseed oil, peanut oil, sesame oil, benzyl alcohol,
sodiom chloride, and/or varions buffers. Other adjuvants and
modes of administration are well and widely known in the
pharmaceutical art.

Although this invention has been described with respect
to specific embodiments, the details of these embodiments
are not to be construed as limitations.

What is claimed is:

1. A compound of Formala IT

4
s, 1o
e

wherein R! is selected from alkyl, carboxyalkyl,
alkoxycarbonyl, aminocarbonyl, aminocarbonylalicyl,
alkoxycarbonylalkyl, carboxyl, alkoxy, haloalkoxy,
aralkoxy. cycloalkylalkoxy, alkylthio, aralkylthio,
cycloalkylalkylthio. alkoxyalkyl, aralkoxyalkyl,
alkylthioalkyl, aralkylthioalkyl, alkylaminoalkyl,
aryloxyalkyl, arylthioalkyl. hydroxyl, amino,
hydroxyalkyl, haloalkyl. cycloalkyl, cycloalkylaikyl,
aralkyl, halo, alkylamino, aralkylamino. N-alkyl-N-
aralkylamino, N-alkyl-N-cyclealkylalkylamino,
arylcarbonyloxyalky}. arylcarbonylthio,
alkoxycarbonyloxyalkyl, alkylaminocarbonyloxyalkyl,
alkoxycarbonylthioalkyl, and alkylaminocarbonylthio-
alkyl;
wherein R? is selected fram cycloalkyl, cycloalkenyl, and
aryl; wherein R? is optionally substinuted at a substi-
tutable positdon with one or more radicals indepen-
dently sclected from alkyl, cyano. carboxyl,
a]koxycarbonyL haloalkyl. hydroxyl, hydroxyalkyl,
haloalkoxy, amino, alkylamine, arylamino, aminoalky],
pitro, alkoxyalkyl, alkylsulfinyl, alkylsulfonyl,
aminosuifonyl, halo. alkoxy and alkylthio; and

wherein R* is sclected from lower alkyl, hydroxyl, and
amino;

of a pharmaceutically-accepiable sailt thereof.

2. A compound of claim 1 wheyein R is selected from
hydroxyl. aminro, lower alkyl, lower carboxyalkyl, lower
alkoxycarbonyl, aminocarbonyl, carboxyl, lower
aminocarbonylalkyl, lower alkoxycarbonylalkyl, lower
alkoxy, lower haloalkoxy. lower aralkoxy, lower
cycloalkylalkoxy, lower alkytthio. lower aralkylthio, lower
cycloalkylalkylthio. lower alkoxyalkyl. lower
aratkoxyalkyl. lower alkylthioalkyl, lower aralkylthicalkyl,
lower alkylaminoalkyl, lower aryloxyalky!l, lower
arylthioalkyl, lower hydroxyalkyl, lower haloalkyl. lower
cycloalkyl. tower cycloalkylalkyl, lower aralkyl. halo. lower
alkylamino. lower aralkylamino, lower N-alkyl-N-
aralkylamino. lower N-alkyl-N-cycloalkylalkylamino,
lower arylcarbonyloxyalkyl, lower alkoxycarbonyloxyalkyl,
lower alkylaminocarbonyloxyelkyl, lower
alkoxycarbonylthioalkyl, and lower alkylaminocarbonylth-
ioalkyl; wherein R’ is selected from cycloalkyl,
cycloalkenyl, and aryl; wherein R? is optionally substituted
at a substitutable position with one or maore radicals inde-
pendently selected from lower alkylsulfinyl, lower alkyl,
cyano, carboxyl, lower alkoxycarbonyl, lower haloalkyl,
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hydroxyl. lower hydroxyalkyl, lower haloalkoxy, amino,
lower alkylamino, lover arytamino, lower aminoalkyl, nitro.
halo, lower alkoxy. lower alkylsulfonyl. aminosulfonyl, and
lower alkylthio; and wherein R? is selected from methyl,
hydroxyl and 2mino; or a pharmaceutically-acceptable salt
thereof.

3. A compound of claim 2 wherein R* is selected fram
bydroxyl, lower alkyl, carboxyl, lower carboxyalkyl, lower
aminocarbonylalkyl, lower alkoxycarbonylalkyl, lower
aralkyl, lower alkoxyalkyl lower aralkoxyalkyl, lower
alkylthioalkyl, lower aralkylthicalkyl, lower
alkylaminoalkyl. lower aryloxyalkyl, lower arylthioelkyl,
lower heloalkyl. lower hydroxylalkyl, cycloalkyl,
cycloalkylalkyl, and aralkyl; whercin R? is sclected from
cycloalky}, cycloalkenyl. and aryl; wherein R? is optioaally
substimted at a substitutable posidon with one or more
radicals independently selected from lower alkylsulfinyl,
lower alkyl, cyano, carboxyl, lower alkoxycarbonyl. lower
haloalkyl, hydroxyl, lower hydroxyalkyl, lower haloalkoxy,
amino, lower alkylamino, lower arylamino, lower
aminoalkyl, nitro, halo, lower alkoxy, aminosolfonyl, and
lower alkylthio; and whesein R* is selected from methyl,
hydroxyl and amiro; or a pharmaceutically-accepiable salt
thereof.

4. A compound of claim 3 wherein R? is selected tfrom
hydroxyl. methyl, ethyl, propyl. isopropyl, butyl, tert-butyl,
isobutyl, pentyl, ncopentyl, hexyl, carboxyl, carboxypropyl,
carboxymethyl, carboxyethyl, benzyl, phenethyl,
aminocarbooylmethyl. methoxycarbonylmethyl,
methoxycarbonylethyl, methoxymethyl, benzyloxymethyl,
phenylethoxymethyl, methylthiomethyl, benzylthiomerhyl,
N-methylaminomethyl, N.N-dimethylaminomethyl,
phepyloxymethyl, phenylthiomethyl, Buoromethyl,
difluoromethyl, trifluoromethyl, chloromethyl,
dichloromethyl, trichloromethyl, pentafluoroetayl,
heptafuoropropyl, fluoromethyl, difluoroethyl,
difiuvoropropyl, dichloroethyl, dichloropropyl,
hydroxylmethyl, hydroxylpropyl, hydroxylethyi,
cyclobiexyl. cyclobutyl, cyclopentyl. cycloheptyl,
cyclohexylmethyl, cyclohexylethyl, cyclobutyletayl,
cyclopentylmethyl, cycloheptylpropyl, and lower aralkyl
sclected form benzyl and phenylethyl, wherein the phenyl
ring is optionaily substitited at a substitutable position with
fluoro, chloro, bromo, iedo. methyl, and methoxy; wherein
R? is selected from phenyl, naphthyl, biphenyl, cyclchexyl,
cyclopentyl, cycloheptyl, l-cyclohexenyl. 2-cycichexenyl,
3-cyclohexenyl. 4-cyclohexenyl, and l-cyclopentenyl;
wherein R? is optionally substituted at a substitutable posi-
tion with one or mare radicals independently selected from
riflucromethoxy, N-methylamino, N,N-dimethylamino,
N-ethylamino, N,N-dipropylamino, N-butylamino,
N-methyl-N-ethylamino, phenylamino, N-methyl-N-
phenylamino, methylsulfinyl. ethylsulfinyl. methyl. ethyl
isopropyl, butyl. tert-butyl, isobutyl, pentyl, hexyl. cyano,
carboxyl. methoxycarbonyl. fluoromethyl. difiucrometityl,
triluoromethyl, chloromethyl, dichloromethyl.
trichloromethyl. pentafluoroethyl. heptafluoropropyl.
fluoromethyl. difiuoroethyl, diflucropropyl, dichloroethyl,
dichloropropyl, hydroxyl, hydroxymethyl, amino, niro,
fluoro, chloro. bromo, iodo, methoxy, ethoxy, propcxy,
n-butoxy, pecatoxy, hexyloxy, methylenedioxy,
aminosulfonyt, methylthio, ethylthio, butylthio, and hexy-
lthio; and wherein R* is selected from methyl, hydroxyl nnd
amino; or a pharmaceutically-acceptable salt thereof,

5. The compound of claim 4 which is 4-[5-methyl-3-
phenyl-isoxazol-4-yllbenzenesulfonamide, or a
phaimaccutically-acceptable salt thereof.
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6. A compound of Formula IT
HN O e
\Y/J
=5
RI
B -°

N

wherein R' is selected from hydroxyl, alkyl,
carboxyalkyl, aminocarbonylalkyl,
alkoxycarbonylatkyl. carboxyl, alkoxy, haloalkoxy,
aralkoxy, cycloalkylalkoxy, alkylthio, aralkylthio.
cycloatkylalkylthio, alkoxyalkyl, aralkoxyaikyl,
alkylthioalkyl, aralkylthioalkyl. alkylaminoalkyl,
aryloxyalkyl, arylthicalkyi, hydroxyalkyl. haloalkyl,
cycloalkyl, cycloalkylalkyl aralkyl, halo, alkylamino,
aralkylamino, N-alkyl-N-aralkylamino, N-alkyl-N-
cycloalkylalkylamino, arylcarbomyloxyalkyl,
arylcarbonylthio, alkoxycarbonyloxyalkyl,
alkylaminocarbonyloxyalkyl, alkoxycarbonylthioalkyl,
and alkylaminocarbonylthicalkyl; and

wherein R? is selected from cycloalkyl, cycloaikenyl, and

aryl; wherein R? is optionally substituted at a substi-
tutable position with one or more radicals indepen-
dently selected from alkyl, cyano, carboxyl.
alkoxycarbonyl, haloalkyl, hydroxyl, hydroxyalkyl,
haloalkoxy, amino, alkylamine, arylamino, aminoalkyl,
nitro, alkoxyalkyl, alkylsulfinyl, aminosuifonyl, halo,
alkoxy and alkylthio; or a phammaceutically-acceptable
salt thereof.

7. A compound of claim 6 wherein R is selected from
hydroxyl, lower alkyl, carboxyl. lower carboxyalkyl, lower
aminocarbenylalkyl, lower afkoxycarbonylalkyl, lower
aralkyl, lower alkoxyalkyl, lower aralkoxyalkyl, lower
alkylthioalkyl, lower aralkyithioalkyl, lower
alkylaminoalkyl, lower aryloxyalkyl, lower arylthicalkyl,
lower haloalkyl. lower hydroxylalkyl, lower cycloalkyl,
lower cycloalkylalkyl, and aralkyl; wherein R® is selected
from cycloalky), cycloalkenyl, ard aryl; apd wherein R? is
optionally substituted at a substitutable position with one or
more radicals independently selected from lower
alkylsulfinyl, aminosulfonyl, lower alkyl, cyano, carboxyl,
lower alkoxycarbonyl, lower haloalkyl, hydroxyl, lower
hydroxyalkyl, lower haloalkoxy, amino, lower alkylamino,
lower arylamino, lower aminoalkyl, nitro, halo, lower
alkoxy and lower alkylthio; or a pharmacecutically-
acceptable salt thereof.

8. A compound of claim 7 wherein R' is selected from
hydroxyl. methyl, ethyl, propyl. isopropyl. butyl, tert-butyl.
isobutyl, pentyl. neopentyl, hexyl. carboxyl, carboxypropyl,
catboxymethyl. carboxyethyl, benzyl. phenethyl,
aminocarbonylmethyl. methoxycarbonylmethyl,
methoxycarbonylethyl, methoxymethyl. benzyloxymethyl,
phenylethoxymethyl, methylthiomethyl, benzylthiomethyl,
N-methylaminomethyl, N.N-dimethylaminomethyl,
phenyloxymethyl, phenylthiomethyl, fluoromethyl,
difluoromethyl, trifluoromethyl, chloromethyl,
dichloromethyl, trichloromethy!, pentafluoroethyl,
heptafluoropropyl, fiuoromethyl, difluoroethyl,
difivoropropyl, dichloroethyl, dichloropropyl,
hydroxyimethyl. hydroxylpropyl, hydroxylethyl,
cyclohexyl, cyclobotyl, cyclopentyl, cycloheptyl,
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cyclohexylmethyl, cyclohexylethyl, cyclobutylethyl,
cyclopentylmethyl, cycloheptylpropyl. and lower aralkyl
selected from phenylethyl and benzyl optionally substinuted
at a substitutable position with fluaro, chloro, bromo, iodo,
methyl, and methoxy; and whercin R* is selected from
phenyl, naphthyl, biphenyl, cyclohexyl, cyclopentyl,
cycloheptyl, l-cyclohexenyl, 2-cyclohexenyl,
3-cyclohexenyl, 4-cyclohexenyl, and 1-cyclopentenyl;
wherein R’ is optionally snbstituted at a substitutable pesi-
tion with one or more radicals independently selected from
trificoromethoxy, N-methylamino, N,N-dimethylamino,
N-ethylamino, N,N-dipropylamino, N-butylamino,
N-methyl-N-ethylamino, phenylamino. N-methyl-N-
phenylamino, methylsulfinyl, cthylsulfinyl, methyl, ethyl,
isopropyl, butyl, tert-butyl, isobutyl, peatyl, hexyl, cyano.
carboxyl. methoxycarbonyl, fucromethyl, difluoromethyl,
trifluoromethyl, chloromethyl. dichloromethyl.
trichloromethyl. peatafiuoroethyl. heptafluoropropyl,
flucromethyl, diflucrcethyl. difluoropropyl. dichleroethyl,
dichloropropyl, hydroxyl, hydroxymethyl, amino,
aminomethyl. nitro, flnoro, chloro, brome, iodo, methoxy,
cthoxy. propoxy, n-butoxy, pentoxy, hexyloxy,
methylenedioxy, methylthio, aminosuifonyl, cthylthio,
butylthio, and hexylthio; or a pharmacentically-acceptable
salt thereof.

9. A pharmaceutical composition comprising a
therapeutically-effective amount of a compound. said com-
pound sclected from a family of compounds of Farmuls I

R‘\ //0 I

Q=

R.I.

4 5
b |

R

v -°

wherein R' is selected from alkyl, carboxyalkyl,
alkoxycarbonyl, aminocarbonyl, aminocarbonylalkyl,
alkoxycarbonylalkyl, carboxyl. alkoxy. haloalkoxy,
aralkoxy. cycloalkylalkoxy. alkylthio, aralkylthio,
cycloalkylalkylthio, alkoxyalkyl, aralkoxyalkyl,
alkylthioalkyl, aralkylthicalkyl. alkylaminoalkyl,
aryloxyalkyl, arylthioalkyl, hydroxyl, amino,
hydroxyalkyl., halealkyl, cydoalkyl, cycloalkylalkyl,
aralkyl, halo, alkylamino, aralkylamino, N-alkyl-N-
aralkylamino, N-alkyl-N-cycloalkylalkylamino,
arylcarbonyloxyalkyl, arylcarbonylthio,
alkoxycarbonyloxyalkyl. alkylaminocarbonyloxyalkyl,
alkoxycarbonylthioalky!, and alkylaminocarbonylthio-
alkyl;

wherein R? is selected from cycloalkyl, cycloalkenyl. and
aryl; wherein R? is optionally substituted at a substi-
tutable position with one or more radicals indepen-
dently sclected from alkyl, cyano. carboxyl.
alkoxycarbonyl, haloalkyl, hydroxyl. hydroxyalkyl,
haloalkoxy, amino, alkylamino. arylamino. aminoalkyl.
nitro, alkoxyalkyl, alkylsulfinyl, alkylsulfonyl.
aminosulfonyl. halo, alkoxy and alkylthio; and

wherein R* is selected from lower alkyl, hydroxyl, and
amino;

or a pharmaceutically-acceptable salt thereof.

10. A pharmaceutical composition of claim 9 wherein R*

is selected from hydroxyl, amino, lower alkyl, lower
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carboxyalkyl, lower alkoxycarbonyl, aminocarbonyl,
carboxyl, lower aminocarbonylalkyl, lower
alkoxycarbonylalkyl, lower alkoxy, lower haloalkoxy, lower
aralkoxy, lower cydoalkylalkoxy, lower alkyithio, lower
aralkylthio. lower cycloalkylalkylthio, lower alkoxyalkyl,
lower aralkoxyalkyl, lower alkyithioalkyl, lower
aralkylthioalkyl, lower alkylaminoalkyl, lower aryloxyalkyl,
lower arylthioalkyl, lower hydroxyalkyl, lower haloalkyl,
lower cycloalkyl, lower cycdoalkylalkyl, lower aralky], halo,
lower alkylamino, lower aralkylamino, lower N-alkyl-N-
aralkylamino, lower N-alkyl-N-cycloalkylalkylamino,
lower arylcarbonyloxyalkyl, lower alkoxycarbonyloxyalkyl,
lower alkylaminocarbonyloxyalkyl, lower
alkoxycarbonylthioalkyl, and lower alkylaminocarbonylth-
ioalkyl; wherein R* is selected from cycloalkyl,
cycloalkenyl, and aryl; wherein R? is optionally substituted
at a substitutable positior with cne or more radicals inde-
pendently selected from lower alkylsulfinyl. lower alkyl,
cyano, carboxyl, lower alkoxycarbonyl, lower haloalkyl
hydroxyl, lower hydroxyalkyl, lower haloalkoxy, amino,
tower alkylamino. lower arylamino, lower aminoalkyl, nitro,
halo, lower alkkoxy, lower alkylsulfonyl, aminosulfonyl, and
lower alkylthio; and wherein R* is selected from methyl,
hydroxyl and amino; cr a pharmaceutically-acceptable salt
thereof.

11. A pharmaceutical composition of claim 10 wherein R!
is selected from hydroxyl. methyl. athyl, propyl, isopropyl.
butyl, tert-butyl. isobutyl, pentyl, neopentyl, hexyl.
carboxyl, carboxypropyl, carboxymethyl. carboxyethyl.
benzyl, phenethyl, aminocarbonylmethyl.
mcthoxycarbonylmethyl. methoxycarbonylethyl,
methoxymethyl. benzyloxymethyl, phenylethoxymethyl,
methylthiomethyl, benzylthiomethyl,
N-methylaminomethyl, N ,N-dimethylaminomethyl,
phenyloxymethyl, phenylthiomethy), fluoromethyl,
difluoromethyl. trifluoromethyl, chloromethyl,
dichloromethyl, trichloromethyl, pentafluoroethyl,
heptafluoropropyl, fluoromethyl, diflucroethyl,
difluoropropyl, dichloroethyl, dichloropropyl,
hydroxylmethyl, hydroxylpropyl, hydroxylethyl,
cyclohexyl. cyclobutyl, cyclopentyl, cycloheptyl,
cyclohexylmethyl, cyclohexylethyl, cyclobutylethyl,
cyclopentylmethyl. cycloheptylpropyl, and lower aralkyl
selected form benzyl and phenylethyl, wherein the phenyl
ring is optionally substituted at a substitutable posidon with
fluoro. chloro. bromo, iodo, methyl. and methoxy; wherain
R? is selected from phenyl. naphthyl, biphenyl, cyclohexyl,
cyciopentyl, cycloheptyl, 1-cyclohexenyl, 2-cyclohexenyl,
3-cyclohexenyl. 4-cyclohexenyl, and l-cyclopentenyl;
wherein R? is optionally substituted at a substitutable posi-
tion with one or maore radicals independently selected from
trifleoromethoxy. N-methylamino. N,N-dimethylamino,
N-ethylamino, N.N-dipropylamino, N-butylamino.
N-methyl-N-¢thylamino, phenylamino, N-methyl-N-
phenylamino. methylsulfinyl, ethylsulfinyl. methyl. ethyl.
isopropyl. butyl. tert-butyl. isobutyl, pentyl. hexyt, cyano.
carboxyl. methoxycarbonyl. fiucromethyl. difluoromethyl,
trifluoromethyl, chloromethyl. dichloromethyl,
trichloromethyl, pentafluoroethyl, heptafiuoropropyl.
fuoremethyl. difluoroethyl. diflucropropyl. dichloroethyl,
dichloropropyl, hydroxyl, hydroxymethyl, amino, nitro.
fluore, chloro. bromo, iodo, methoxy, cthoxy. propoxy,
n-butoxy, pentoxy, hexyloxy, methylenedjoxy,
aminosulfonyl, mnth4yltl1jo. cthylthio, butylthio, and hexy-
ithio; and wherein R* (s selected from methyl, hydroxyl and
amino; or a pharmacextically-acceptable salt thereof.

12. A pharmaceutical composition of claim 11 wherein
sald compound is 4-{5-mecthyl-3-phenyl-isoxazol-4-yl]
benzenesuifonamide, or a pharmaceutically-acceptable salt
thereof.

o 0:
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13. A pharmaceutical composition comprising a
therapeutically-effective amount of a compound, said com-
pound selected from a family of compounds of Formula IIT

HN O m
\Y/J
o=35

R!

0
R N/

wherein R! is selected from hydroxyl, alkyl,
carboxyalkyl, aminocarbonylalkyl.
alkoxycarbonylatkyl, carboxyl, alkoxy, haloalkoxy,
arafkoxy, cycloalkylalkoxy, alkylthio, aralkylthio,
cycloalkylalkylthio, alkoxyalkyl, aralkoxyalkyl,
alkylthioalkyl, aralkylthicaikyl, alkylaminoalkyl,
aryloxyalkyl, arylthioalkyl, hydroxyalkyl, haloslkyl,
cydoalkyl, cycloalkylaikyl, aralkyl. halo, alkylamino,
aralkylamino, N-alkyl-N-aralkylamino, N-alkyl-N-
cycloalkylalkylamino, arylcarbonyloxyalkyl,
arylcarbonylthio. alkexycarbonyloxyalkyl,
alkylaminocarbonyloxyalkyl. alkoxycarbonylhthioatkyl,
and alkylaminocarbonylthioalkyl; and

wherein R is selected from cycloalkyl, cycloalkenyl, and

aryl; wherein R? is optionally substituted at a substi-
tutable position with one or mare radicals indepen-
dently selected from alkyl. cyano, carboxyl,
alkoxycarbonyl, haloalkyl, hydroxyl hydroxyalkyl,
haloalkoxy. amino, alkylamino, arylamino, aminoalkyl,
nitro, alkoxyalkyl, alkylsulfinyl, aminosulfonyl, halo,
alkoxy and alkylthio; or a pharmaceutically-acceptable
salt thereof.

14. A method of treating inflammation or am
inflammation-associated discader in a subject, said method
comprising administering to the subject having or suscep-
tible to sald inflammation or inflammation-associated
disorder, a therapeutically-effective amount of a compound
of Formula IT

R3 —

wherein R' is selected from alkyl, carboxyalkyl,
alkoxycarbonyl, aminocarbonyl. aminocarbonylalkyl,
alkoxycarbonylalkyl, carboxyl. alkoxy, haloalkoxy,
aralkoxy, cycloalkylalkoxy, alkylthio, aralkylthio,
cycloalkylalkyithio. alkoxyalkyl, aralkoxyaikyl,
alkylthiocalkyl, aralkylthioalkyl. alkylaminoalkyl,
aryloxyalkyl, arylthloalkyl, hydroxyl, amino,
hydroxyalkyl, haloalkyl, cydoalkyl, cycloalkylalkyl
aralkyl, halo, alkylamino, aralkylamino, N-alkyl-N-
aralkylamino, N-alkyl-N-cycloalkylalkylamino,
arylcarbonyloxyalkyl, arylearbouylthio,
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alkoxycarbonyloxyalkyl, alkylaminocarbonyloxyalkyl,
alkoxycarbonylthicalkyl, and alkylaminocarbonylthio-
alkyl;
wherein R? is selected from cycloalkyl, cycloalkenyl, and
aryl; wherein R? is optionally substituted at a substi-
tutable position with one or more radicals indepen-
dently selected from alkyl, cyano, carboxyl.
alkoxycarbonyl, haloalkyl, hydroxyl, hydroxyalkyl,
haloalkoxy, amino, atkylamino, arylamino, aminoalkyl.
nitro, alkoxyalkyl, alkylsulfinyl, alkylsulfonyl,
aminosulfonyl, halo, alkoxy and alkylthio; and

wherein R* is selected from lower alkyl. bydroxyl, and
amino;

or a pharmaceutically-acceptable salt thereof.

15. A method of claim 14 wherein R! is sclected fram
hydroxyl, amino, lower alkyl. lower carboxyalkyl, lower
alkoxycarbonyl, aminocarbonyl, carboxyl, lower
aminocarbonylalkyl, lower alkoxycarbonylalkyl, lower
alkoxy, lower haloalkoxy, lower aralkoxy, lower
cycloalkylalkoxy, lower alkylthio, lower aralkylthio, lower
cycloalkylalkylthio, lower alkoxyalkyl, lower
aralkoxyalkyl, lower alkylthioalkyl, lower aralkylthicalkyl,
lower alkylaminoalkyl, lower aryloxyalkyl, lower
arylthicalkyl, lower hydroxyalkyl, lower haloalkyl, lower
cycloalkyl, lower cycloalkyialkyl, lower aralkyl, halo. lower
alkylamino, lower aralkylamino, lower N-atkyl-N-
aralkylamino, lower N-alkyl-N-cycloalkylalkylamino,
lower arylcarbonyloxyalkyl, lower alkoxycarbonyloxyalkyl,
lower alkylaminocarbonyloxyalkyl, lower
alkoxycarbonylthicalkyl, and lower alkylaminocarbonylth-
ioalkyl; wherein R* is sclected from cycloalkyl,
cycloalkenyl, and aryl; wherein R? is optionally sobstituted
at a snbstilutable position with one or more radicals inde-
pendently selected from lower alkylsulfinyl, lower alkyl,
cyano, carboxyl, lower alkoxycarbonyl, lower haloalkyl,
hydroxyl, lower hydroxyelkyl, lower haloalkoxy, amino,
lower alkylamino, lower arylamino, lower aminoalkyl. nitro,
halo, lower alkaxy, lower alkylsulfonyl, aminosulfonyl, and
lower alkylthio; and wherein R* is selected from methyl,
hydrexyl and amino; or a pharmaceutically-acceptable salt
thereof.

16. A method of claim 15 wherein R? is selected from
hydroxyl, methyl, ethyl, propyl, isopropyl, butyl, text-butyl,
i1sobutyl, pentyl. neopentyl. hexyl, carboxyl, carboxypropyl,
carboxymethyl, carboxyethyl., benzyl, phencthyl,
aminocarbonylmethyl, methoxycarbonylmethyl,
methoxycarbonylethyl, methoxymethyl, benzyloxymethyl,
phenylethoxymethyl, methylithiomethyl, benzylthiomethyl,
N-methylaminomethyl, N ,N-dimethylaminomethyl.
phenyloxymethyl, phenylthiomethyl, fluoromethyl.
difluoromethyl, triluoromethyl. chloromethyl,
dichloromethyl, trichloromethyl, pentafigoroethyl,
heptafivoropropyl. fluoromethyl, difluoroethyl.
difluoropropyl. dichloroethyl, dichioropropyl,
hydroxylmethyl, hydroxylpropyl. hydroxylethyl,
cyclohexyl, eyclobutyl. cyclopentyl, cycloheptyl,
cycliohexylmethyl, cyclohexylethyl, cyclobutylethyl,
cyclopentylmethyl, cycloheptylpropyl, and lower aralkyl
selected form benzyl and phenylethyl, wherein the phenyl
ring is optionally substituted at a substitutable position with
fluoro, chlaro, bromo, iodo, methyl, and methoxy; wherein
R? is selected from phenyi, naphthyl, biphenyl, cyclohexyl,
cyclopentyl. cycloheptyl, 1-cyclohexenyl, 2-cyclohexenyl,
3-cyclohexenyl, 4-cyclohexenyl, and 1-cyclopentenyl;
whercin R? is optionally substituted at a substitutable posi-
tion with one or more radicals independently selected from
trifluoromethoxy, N-methylamino, N,N-dimethylamino,
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N-ethylamino. N,N-dipropylamino, N-butylamino,
N-methyl-N-cthylamino, phenylamino, N-methyl-N-
phenylamino, methylsulfinyl, ethylsulfinyl, methyi, ethyl,
isopropyl. butyl, tert-butyl, isobutyl. pentyl, hexyl, cyano,
carboxyl, methoxycarbonyl, fluoromethyl, difluoromethyl,
trifinoromethyl, chloromethyl, dichloromethyl,
trichloromethyl. pentafluoroethyl, heptafluoropropyl,
fluoromethyl, difluoroethyl, difinoropropyl. dichloroethyl,
dichloropropyl, hydroxyl, hydroxymethyl, amino, nitro,
fluoro, chloro. bromo. iodo, methoxy, ethoxy, propoxy,
n-butoxy, pentoxy, hexyloxy, methylenedioxy,
aminosulfonyl, mcd:‘ylr.hio, cthylthio, butylthio, and hexy-
1thio; ard wherein R” is sclected from methyl, hydroxyl and
amino; or a phamaceutically-acceptable salt thereof.

17. A method of claim 16 wherein said compound is
4-[5-methyl-3-phenyl-isoxazol-4-yl]benzenesolfonamide,
or a pharmaceutically-acceptable salt thereof.

18. A method of treating inflammation or an
inflammation-associated disorder in a subject, said method
comprising administering to the subject having or suscep-
tible to said Inflammation or inflammation-associated
disorder, a therapeutically-cffective amount of a compound
of Formula EH

N O m
\Y/J
Q=5
Rl
R? N/O

wherein R' is selected from hydroxyl, alkyl,
carboxyalkyl, aminocarboanylalkyl,
alkoxycarbonylalkyl, carboxyl, alkoxy, haloalkoxy,
aralkoxy. cycloalkylalkoxy, alkylthio, aralkylthio,
cycloalkylalkylthio, alkoxyalkyl. aralkoxyalkyl,
alkylthioalkyl, aralkylthioalkyl, alkylaminoalkyl,
aryloxyalkyl, arylthioalkyl, hydroxyalkyl, halealkyl,
cycloalkyl, cycloalkylalkyl, aralkyl, halo, alkylamino,
aralkylamino. N-alkyl-N-aralkylamino, N-alkyl-N-
cycloalkylalkylamino, arylcarboryloxyalkyl,
arylcarbonylthio, alkoxycarbonyloxyalkyl,
alkylaminocarbonyloxyalkyl, alkoxycarbonylthioalkyl,
and alkylaminocarbonylthioalkyl; and
wherein R? is selected from cycloalkyl, cycloalkenyl, and
aryl; wherein R is optionally substitoted at a substi-
tutable position with one or mare radicals indepen-
dently selected from alkyl, cyano, carboxyl,
alkoxycarbonyl, haloalkyl. hydroxyl. hydroxyalkyl,
haloalkexy, amino. alkylamino. arylamino. aminoalkyi,
nitro. alkoxyalkyl, alkylsulfinyl, aminosulfonyl, halo.
alkoxy and alkylthio; or a pharmaceutically-acceptable
salt thereof.
19. A method of claim 14 for use in treatment of inflam-
mation.
20. A method of claim 14 for use in treatment of an
inflammation-associated disorder.
21. A method of claim 20 wherein the inflammation-
associated disorder is arthritis.
22. A method of clajm 20 wherein the inflammation-
associated disorder s pain.
23. A method of claim 20 whercin the inflammation-
associated disorder is fever
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24. The compound of claim 4 selected from compounds,
or their phammaceutically acceptable salts, of the group
consisting of
4-[5-ethyl-3-phenylisoxazol-4-yl]benzenesulfonamide;
4-[S-propyl-3-phenylisoxazol-4-yl]benzencsulfonamide;
4-[{5-isopropyl-3-phenylisoxazol-4-yl]
benzenesulfonamide;
4-[5-butyl-3-phenylisoxazol-4-yllbenzenesulfonamide;
4-[5-isobutyl-3-phenylisoxazol-4-yl]
benzenesulfonamide,
4-[5-cyclohexyl-3-phenylisoxazol-4-yl]
benzenesulfonamide;
4-{5-peopentyl-3-phenylisoxazol-4-yl]
benzepesulfopamide;
4-[5-cyclohexylmethyl-3-phenylisoxazol-4-ylI]
benzepesulfonamide;
4-[5-(4-chlorophenyl)methyl-3-phenylisoxazol-4-yl]
benzenesulfonamide;
4-{5-trifluoromethyl-3-phenylisoxazol-4-yl]
benzenesulfonamide;
4-[5-difluoromethyl-3-phenylisoxazol-4-yl]
benzenesulfonamids;
4-[5-chloromethyl-3-phenylisoxazol-4-yl]
benzenesulfonamids;
4-[5-methyl-3-phenylisoxazol-4-yl]benzenesnfonic acid;
4-[5-propyl-3-phenylisaxazol-4-yl]benzenesulfonic acid;
4.[5-methoxymethyl-3-phenylisoxazol-4-yl]
benzenesulfonamide;
4-[5-3-hydroxypropyl)-3-phenylisoxazeol-4-yli]
benzenesulfonamide;
4-[3-4-chlorophenyl)-5-methyl-isoxazol-4-yl]
benzepesulfonamide;
4-[3-4-fluorophenyl)-5-methyl-isoxazol-4-yl]
benzenesulfonamide;
4-[3-3-fluoro4-methylphenyl)-5-methyl-isoxazol-4-yi]
benzenesulfonamide;
4-[3-3-aminosulfonyl-4-methoxyphenyl)-5-methyl-
isoxazol-4-yl]benzenesulfonamide;
4-[3-3-chlaro-4-methylphenyl)-5-methyl-isoxazol-4-yl}
benzenesulfonamide;,
4-[3-3-filnorophenyl)-5-methyl-isoxazol-4-yl]
benzenesulfonamide;
4-[5-hydroxymethyl-3-phenylisoxazol-4-yl]
benzenesulfonamide;
[4-[4-(aminosulfonyl)phenyl]-3-phenylisoxazol-5-yl]
carboxylic acid;
4-[5-hydroxy-3-phenyl-4-isoxazolyl]
benzenesulfonamide;
4-[3-methyl-5-phenyl-isoxazol-4-yl]
benzenesulfonamide;
4-[5-methyl-3-phenyl-isoxazol-4-yl]
benzenesulfonamide;
4-[3-(3-flucro4-methoxyphenyl)-5-methyt-isoxazol-4-
ylJbenzenesalfonamide;
{3-(3-chloro-4-methoxyphenyl)-4-[4-( methylsulfonyl)
pheayljisoxazol-5-yl]acetic acid;
5-methyl-4-[4-(methylsulfonyl)phenyl]-3-phenyl-
isoxazole;
3-(3-chloro-4-methoxyphenyl)-5-methyl-4-[4-
{methytsulfonylyphenyl)isoxazaole; .
[4-[4-(aminosulfonyl)phenyl]-3-phenyl-isoxazol-5-yl]
acetic acid;
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[4-[4-(aminosulfonyl)phenyl}-3-phenyl-isoxazol-5-yi}

propanoic acid;

cthyl {4-[4-(aminosulfonyl)phenyl]-3-phenyl-isoxazol-5-

yllpropanoate;

(3-(3-fluoro-4-methoxyphenyl)-4-[4-(methylsulfonyl}

phenyl]isoxazol-5-yl]acetic acid; and

[4-[4-(aminosulfonyl)phenyl]-3-(3-fluorn-4-

methoxyphenyl)isaxazol-5-yl]propancic acid.

25. The compound of clalm 4 which is 4&-[5-
hydroxymethyl-3-phenylisoxazol-4-yl]
benzenesulfonamide, or a pharmaceutically-acceptable salt
thereof.

26. A pharmaceutical composition of claim 11 wherein
said compound is selected from compounds. or their
pharmaceutically-acceptable salts. of the group consisting of

4.[5-ethyl-3-phenylisoxazol-4-yl]benzenesulfonamide;
4-{ 5-propyl-3-phenylisoxazol-4-yl]benzenesulfonamide;
4-[5-isopropyl-3-phenylisoxazol-4-yl]
benzenesulfonamide;
4-[5-butyl-3-phenylisoxazol-4-yllbenzenesulfonamide;
4-f5-isobutyl-3-phenylisoxazol-4-yl]
benzenesulfonamide;
4-[5-cyclohexyl-3-phenylisoxazol-4-yl]
benzenesolfonamide;
4-[5-neopentyl-3-phenylisoxazol-4-yl]
benzenesulfonamide;
4-[5-cyclohexylmethyl-3-phenylisoxazol-4-yl}
benzenesulfonamide;
4-[5-(4-chlorophenyl)methyl-3-phenylisoxazol-4-yl]
benzenesolfonamide;
4-[5-triffluoromecthyl-3-phenylisoxazol-4-yl]
benzenesulfonamide:;
4-[5-difluoromethyl-3-phenylisoxazol-4-yl]j
benzenesulfonamide;
4-[{S-chloromethyl-3-phenylisoxazol-4-yl]
benzenesulfonamida;
4-{5-methyl-3-phenylisoxazol-4-ylbenzenesulfonic acid;
4-[5-propyl-3-phenylisoxazol-4-ylibenzenesulfonic ncid;
4-[5-methoxymethy)-3-phenylisoxazol-4-yl]
benzenesulfonamide;
4-[5-3-hydroxypropyl)-3-phenylisoxazol-4-yl]
benzenesulfonamide;
4-[3-4-chlorophenyl)-5-methyl-isoxazol-4-yl]
benzencsulfonamide;
4-[3-4-fluorophenyl)-5-methyl-isoxazol-4-yl]
benzenesulfonamide;
4-[3-3-fluoro-4-methylphenyl)-5-methyl-isoxazol-4-yi]
benzenesulfopamide;
4-[3-3-aminosnlfonyl-4-methoxyphenyl)-5-methyl-
isoxazol-4-yl]benzenesulfonamide;
4-[3-3-chloro-4-methylphenyl)-5-methyl-isoxazol-i-yi]
benzenesulfonamide;
4-[3-3-fluorophenyl)-5-methyl-isoxazol-4-yl]
benzenesulfonamide;
4-[5-hydroxymethyl-3-phenylisoxazol-4-yl]
benzenesulfonamide;
[4-[4-(aminosulfony]l)phenyl]-3-phenylisoxazol-5-yl]
carboxylic acid,
4-[5-hydroxy-3-phenyl-4-isoxazolyl]
benzenssulfonamide;
4-[3-methyl-5-phenyl-isoxazol-4-yl}
benzenesolfonamide;
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4-[S-methyl-3-phenyl-isoxazol-4-yl]
benzenesulfonamide;
4-[3-(3-fluoro-4-methoxyphenyl)-5-methyl-isoxazol-4-
yl]benzenesuifonamide;
[3-(3-chloro-4-methoxyphenyl)-4-[4-(methylsulfonyl)
phenyl]isoxazol-3-yl]Jacetic acld;
5-methyl-4-[4-(methylsulfonyl)phenyl]-3-phenyl-
isoxazole;
3-(3-chloro-4-methoxyphenyl)-5-methyl-4-[4-
(methylsulfonyl)phenyl]isoxazale;
[4-]4-(aminosulfonyl)phenyl]-3-phenyl-isoxazol-5-yl]
acetic acid;
[4-[4~(aminosulfonyl)phenyl]-3-phenyl-isoxazol-5-yl]
propanoic acid;

cthyl [4-[4-(aminosulfonyl)phenyl]-3-phenyl-isoxazol-5-

yl]propanoatc;

(3-(3-fluoro-4-methoxyphenyl)-4-[4-(methylsulfonyl)

phenyllisoxazol-5-yllacetic acid; and

[4-[4-(aminosulfonyl)phenyl]-3-(3-fluoro-4-

methoxyphenyl)isoxazol-5-yl|propanoic acid.

27. A pharmaceutical camposition of claim 11 wherein
said compound is 4-[5-hydroxymethyl-3-phenylisoxazol-4-
yllbenzenesulfonamide, or a pharmaceutically-acceptable
salt thereof.

28. A method of claim 16 wherein said compound is
selected from compounds. or their pharmaceutically-
acceptable saits, of the group consisting of

4-[5-ethyl-3-phenylisoxazol-4-yl]benzenesulfonamide;

4-[5-propyl-3-phenylisoxazol-4-yl]benzenesulfonamide;
4-[Sisopropyl-3-phenylisoxazol-4-y1]
benzenesulfonamide;
4-[5-butyl-3-phenylisoxazol-4-yllbenzenesutfonamide;
4-[5-isobutyl-3-phenylisoxazol-4-yl]
benzenesulfonamide;
4-[5-cyclohexyl-3-phenylisoxazol-4-yl]
benzenesulfonamide;
4-[5-neopentyl-3-phenylisoxazol-4-yl]
benzenesulfonamide;
4-[5-cyclohexylmethyl-3-phenylisoxazol-4-yl]
benzenesulfonamide;
4-[5-(4-chlorophenyl)methyl-3-phenylisoxazol-4-yl]
benzenesulfonamide;
4-[S-trifluoromethyl-3-phenylisoxazol-4-yl]
benzenesulfonamide;
4-[5-difluoromethyl-3-phenylisoxazol-4-yl]
benzenesutfonamide;
4-[5-chloromethyl-3-phenylisoxazol-4-yl]
benzenesulfonamide;
4-15-methyl-3-phenylisoxazol-4-ylibenzenesulfonic acid;
4-[5-propyl-3-phenylisoxazol-4-yljbenzenesulfonic acid;
4-[5-methoxymethyl-3-phenylisoxazol-4-yl]
benzencsulfonamide;
4-[5-(3-bhydroxypropyl)-3-phenylisoxazol-4-yl]
benzenesulfonamide;
4-[3-(4-chlorophenyl)-5-methyl-isoxazol-4-yl}
benzenesulfonamide;
4-[3-(4-fluorophenyl)-5-methyl-isoxazol-4-yl]
benzenesulfonamide;
4-[3-(3-fluoro-4-methylphenyl)-5-methyl-isoxazol-4-yl1]
benzenesulfonamide;
4-[3-{3-aminosulfonyl-4-methoxyphenyl)-5-methyi-
isoxazol-4-yljbenzencsulfonamide;
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4-[3-(3-chloro4-methylphenyl)-5-methyl-isoxazol-4-yl]
benzenesulforamide;
4-[3-(3-fluorophenyl)-5-methyl-iscxazol-4-y1]
benzenesulfonamide;
4-[5-hydroxymethyl-3-phenylisoxazol-4-yl]
benzenesulfonamide:
[4-[4-(aminosulfonyl)phenyl]-3-phenylisoxazol-5-y1]
carboxylic acid;
4-[5-hydroxy-3-phenyl-4-isoxazolyl]
benzenesulfonamide;
4-[3-methyl-5-phenyl-isoxazaol-4-yl]
benzenesulfonamide;
4-[5-mecthyl-3-phenyl-isoxazol-4-y1]
benzenesulfonamide;
4-[3-(3-fluaro-4-methoxyphenyl)-5-methyl-isoxazol-4-
yl]benzenesulfonamide;
[3-(3-chloro-4-methoxyphenyl)-4-[4-(methylsulfonyl)
phenyl]isoxazol-S-yljacetic acid;
5-methyl-4-[4-{methylsulfonyl)phenyl]-3-phenyil-
isoxazole;

10

15
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3-(3-chloro-4-methoxyphenyl)-5-methyl-4-[4-
(methylsulfonyl)phenyllisoxazole;
[4-[4-(aminosulfonyl)phenyl]-3-phenyl-isoxazol-5-y1]
acelic acid;
(4-[4-(aminosulfonyl)phenyl]-3-phenyl-isoxazol-5-y1]
propanoic acid;
ethyl [4-[4-(aminosulfonyl)phenyl]-3-phenyl-isoxazol-5-
yl]propanoate;
[3-(3-flucro-4-methoxyphenyl)-4-{4-(methylsulfonyl)
phenyllisaxazol-3-yl]acetic acid; and
[4-[4-(aminosulfonyl)phenyl]-3-(3-fluoro-4-
methoxyphenyl)isoxazol-5-yllpropanoic acid.
29. A method of claim 16 wherein said compound is

4-[5-hydroxymethyl-3-phenylisoxazol-4-yl]
benzenesulfonamide, or a pharmaceutically-acceptable salt
thereof.
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is slow, as may be dus to the physiochemical
characteristics of the drug substance or the dos-
age form, the dissolution process jtself would
be a rate-limiting step in the absorption process.
Slowly soluble drugs such as digoxin, may not
only be absorbed at a slow rate, they may be
incompletely absorbed, o, in some cases largely
unabsorbed following oral administration, due
to the natural mitation of time that they may
remain within the stomach or the intestinal tract.
Thus, poorly soluble drugs ar paorly formulated
drug products may result in a drug's incomplete

and its passage, unchanged, out of
the system via the feces.

Under normal circumstances & drrg may be
expected to remain in the stomach for 2 to 4
honrs (gastric emplying time) and in the small in-
testines for 4 to 10 hours, although there is sub-
stantial variation between people, and even in
the same person on different occaslons. Various
techniques have been used to determine gastric
emptying time and the gastrointestinal passage
nfdrughnmvaﬁmunraldcm;eforms,indud-
ing the tracking of dosage forms labeled with

radionuclides through gamma
scintigraphy.** The gastric emptying time for a
drug is most rapid with a fasting stomach, be-
coming slower as the food conlent is increased.
Changes in gastric emptying time and/or in in-
testinal motility can affect drug transit time and
thus the opportunity for drug dissolution and
absorption.

These changes can be effected by drugs the
patient may be taking. Certain drugs with anb-
cholinergic properties, eg., dicydomine HCl,
amitriptyline HG, have the ability to slow down
gastric emptying. This can enhance the rate of
absorption of drugs normally asorbed from the
stomach, and reduce the rate of absorption of
drugs that are primarily absorbad from the small
intestine. Alternatively, drugs which enhance
gastric motility, e.g., lnxatives, may cause some
drugs to move 50 quickly throngh the gastroin-
testinal system and past their absorptive sife at
such a rate to reduce the amount of dnug actually
absorbed. This effact has been demonstrated
with digoxin, whase absorption is significantly
decreased by accelerating gastrointestinal mo-
tlity.

The aging process itself may also influence
gastrointestinal absorption. In the elderly, gastric
acidity, the number of absorptive cells, intestinal
blood flow, the rate of gastric emptying and in-
testinal motility are all decre.sed. It appears,

(1995)

however, that drugs for which absorption {s de
pendent upon passive processes are not affected
by these factors as much as those that are depen-
dent upom active transport mecharisms, e.g., cl-
dum, iron, thiamine, sugars. A decrease in gas-
tric emptying time would be advantageous for
those drugs that are absorbed from the stomach
but disadvantageous for those drugs which are
prone to acid degradation, e.g., penicillins, eryth-
romydn, or inactivated by stomach enzymes,
e.g. v-dopa

The dissolution of a substance may be de-
scribed by the modified Noyes-Whitney equa-
ton:

28

1 .
= X8, - o)

in which dc/dt is the rate of dissolution, k is the
dissclution rate constant, S is the surface area o
the dissotving solid, ¢, is.the saturation concen-

I8 g e )

ation of diug I ths diffusion layer (which Giays

be appraximated by.the maximum solubility,df.
the drug in the solvent since the diffusion layer |
isconsidered saturated), and g, i thie concentra-
tion“of the drug in the dissotution medium at
time (& ¢ 1s the conoentration gradient). The

rate'of dismolition ts

usion of solutte molecw g5 tiow :
“layet 1ito the body of the salution, The equation

“eveals that the dissolittion, rate. of a.drugmay

“Be Increased by increasing the surface area.{re-
diicng the partide size) of the drug, by increas—
ing the sohubility of the drug,in,the diffusion
layer, ang by factars embodied in the dissolution

. 1aie constant, k, Incuding the itensity of agita™
tion of the solvent andthe diffusion cocthcent
of the dissotving drug. For a given drug, the dif-
fusion coefficient and usaily. the concentratot
of the drug i the diffusion layer,will inEa¥
the m’e_of'agihﬁm:of;ﬂ\e‘dw_;mﬂs_@g
will h“u‘@_mhe_qu@ﬁ'ﬂomkmduﬁm
Tilie viscosity of the solvent employed Is 2™

other means whictimay, be used-to e!lhﬁ"?;_"h‘H.z,

disso}@l;on,nte_.of:&mgzﬂmses-inﬂhﬂ P

of the nature of the solventyvhich. influece 7

solizbility of the drug may be used to advant2gt

in increasing dissalution rate. Effervescent. o

ered aspirin tablet formulations use so0* b

these principles to their advaniage. Due 0 o

alkaline adjuvants in the tablet, the solubilly

the aspirin is enhanced within the i

L4
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layer and the evolution of carbon dioxide agi-
tates the solvent system, i.e,, gastric juices. Con-
sequently, the rate of aspirin absorbed into the
bloodstream is faster than that achieved from a
conventional aspirin tablet formulation If this
dmageformisaempﬁablehothepaﬁmt.ilpm—
vidsaquinkermamforthepaﬁmtogajnm
lief from a troublesome headache. Many manu-
facturers will utilize a particular amorphous,
aystalline, salt or ester form of a drug that will
exhibit the solubility characteristics needed to
achieve the desired dissclution characteristics
when administered. Some of these factors which
affect drug dissolution briefly are discussed in
'ﬂwfoﬂowmgpmmp}u,whmothmwﬂlbe
discussed in succeeding chapters in which they
are relevant.

It is impaortant to remember that the chemical
and physical characteristics of 3 drug substance
that can affect drug/drug product safety, effi-
ch.mdmbﬂikymus!bem:ﬂydeﬁmdby
appropriate standards in an application for FDA
approval and then substained and eontolled
throughout product manufacture

Surfa.cem‘

Whmadmgpa:ﬁdeismducedto.a;largéa
number of smaller particles, the total surface area
“Geatad 5 increased: rased:Far drug substances fatar
‘podtly $ slowly Soluble; this penerally results in
an ifcTease in the rate of dissodution. The actual
solubility of a pure drug remains the same. .
Increased therapentic response to orally ad-
ministered drugs due to smallsr particle size hag
been reparted for a number of drugs, among
them theophylline, a xanthine derivative used to
treat bronchial asthma; griseofulvin, an antibj-
otic with antifungal activity; sulfisoxazole, an
anti-infective sulfonamide, and nitrofurantoin, a
urinary antl-infective drug. To achieve increased

mﬁaumphamceudmlmanuﬁcmmﬁ-e- :

quently use mictonized powders in_their solid
dosage form products. Mictonized powders

T proch 2 #6C powders cory
%ist of drug parides educed in size t5 about 57

Jmicons-and:smaller, The use of micronized.)

drugs:is’not Snfined to oral" preparations” For
mﬁo@ﬂ;@gm.ﬁma@
,nents ‘ubilize n&annized*dmip?:for:ﬂtd:;pre-
fﬂ;xtd:reie‘}se:cﬁa?a‘qlma‘rﬂmnb:anj&_ﬁng
Cquality after application —
jDue to the different rates and degrees of ab-
sorption obtainable from drugs of VATiOus parti-
cle™size” i *I3-Conetivable that- products of ‘e

Same.drug substance prepared by two or. mire

%phmuﬁal.muﬁﬂmm-mrw

sultindiffcrmtdegmesallhmpcuﬁcresporue
in the sane individual A dassic example of this
occurs with phenytoin sodjum capsulss where
there am two distinet forms. The first is the
Tapid-release type, ie., Prompt Phenytoin So-
dium Capsules, USP, and the second is the slow-
dissolutinn type, Le, Extended Phenytoin So-
dium Capsules, USP. The former has a dissohy-
tion rate of not less than 85% in 30 minutes and
i.-.ru:ommendedforpaﬁannse:}tolﬁmupa

15 to 35% in 30 minutes, which lends itself for use
in patients who could be dosed less .
Because of such differences in formulation for
numbu-nfd.rugsanddmgpmdmh,hkm
aﬂyadmuefmapmmmﬂnuchkﬁlsﬂw
mhandofmdiaﬁnn,pmvidedupmdnm
the desired therapeutic effect. Patients who are
stabilized an one brand of drug should not be
nﬁuhedmm&umdmmry.ﬂowm,
whaachmgeknmary,'nppmpﬁamblmd
orphsma‘mmﬁomofdudmgshouldbe
monitored until the patient is stabilized on the

new prodoct.

may emplay agents of varying particle size to
provide a controlled dissolution and absorption
process. Summaries of the physical chemtical prinei-
Ples of particle size reduction end the relation of parti-
cle size to surface area, dissolution, end solubility may
be found in' the accompanying Physical Pharmacy
Capsules.

Crystal or Amorphous Drag Farm
Soliddmgmterialsmaymruptmayn-
mmamw&m
Or a8 Amorphous particles without defirdbe struc-
ture. The amorphous or crystalline character of
admgmbaiammybeo{cmﬁdmbhhpnb
fance to its ease of formulation and
I:sdlmimlrltabnity,md,uhubmrmuy
ahown,evmttsb&oloycalmivﬂy.&mtnme-
dicinal agents may be produced to exist in either
a aystalline or an amorphous state. Since the
amrphnmlmmofnmemimlisumﬂym
form,
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! Particle Size, Surface Area and Dissolution Rate

Particte size has an affoct on dissolution rate and solubifity. As shown In the Noyes-Whitnay

equation:

L - s(C - ©)
whare dC/dT is the rate of dissolution (concentration with respect to ima),

k Is the dissolstion rale constant
particles,

S ig the suxface area of the

C, ks tha concentration of the drug in the immediate proximity of the dissolving particia,

Le., the solubliity of the drug,

G is the concentration of the drug in the buk fluld,

It is avidant that the “C," cannat be significantty changed, the “G," is often under sink condl- .
tions (an amount of the drug Is used that is Yess than 20% of i3 solubility) and “k" comprises
many factors such as ajitation, temperature. This leaves the *S," surface area, as a factor
that can affect the rate of dissolution. )

An Increase In the surface area of a drug will, within reason, increasa the dissolution rate.
Circumstances when it may decrease the rate would include & decraase in the “effective
surface area,” [.a., a candition in which the dissolving fluid would not be able to “wet” the
particlos. Wetting is the first slep In the dissofution process. This can be demonstrated by
visualizing a 0.75 Inch diametar by ¥ inch thick tablat The surface area of the tablet can be
increased by drilling a series of ¥4 inch holes in the tablst. However, even though the surface
area has been Increasad, the dissolution fluid, 1.e., water, woulkd not necessarily be able to
penetrate into the new holes due to surface tension, atc., and displace the alr. Adsorbed air
and other factors can decraase the affective surlace area of a dosage form, including powders.
This is the reasen that particle size reduction does not atways result In an increasa [n dissol-
tion rate. One can also visuakze a powder that has besn comminuted to a vary fine state of
subdivislon and when it i3 placed in a beaker of water, the powder floats due to the entrapped
and adsorbed air. The “affective surtace area” is not tha same as the actual “surface area”

of tha resulting powder.

amphenicol palmitate, have revealed that these
materials are essentially inactive when adminis-
tered in aystalline form, but when they are ad-
ministered in the amorphous form, absorption
from the gasirointestinal tract proceeds rapidly
with good therapeutic response. In other in-
stances, crystalline forms of drugs may be used
because of greater stability than the correspond-
ing amorphous forms. For example, the crystal-
line forms of Penicillin G as either the potassinm
or sodium salt are considerably myare stable than
the analogous amorphous forms. Thus, in for-
mulation work involving Penidllin G, the crys-
talline forms are preferred and result in excellent
therapeutic response.

The hormonal substance insulin presents an-
other striking example of the different degree of
activity that may result from the use of different
physical forms of the same medicinal agent. In-
sulin is the active principle of the pancreas gland

and is vital to the body’s metabolism of glucose.
The hormone is produced by two means. The
first is by extraction procedures from either beef
or pork pancreas. The second process involves a

process with strains of Escherichiz
coli, Le., recombinant DNA. Insutin is used by
man as replacement therapy, by injection, when
his body’s production of the hormane is insuffl-
dent. Insulin is a protein, which, when combined
with zinc in the presence of acetate buffer, forms
an extremely insoluble zinc-insulin complex. De-
pending upon the pH of the acetate buffer solu-
tion, the complex may be an amorphous precpi-
tate or a cystalline material Each type B
produced commerdally to take advantage of
their unique absorption characteristics.

The amorphous form, referred to as semilenie
insulin or Prampt Insulin Zine Suspension, USF,
ismp'u:llynbsm’bedupani.nmmusmhlofwb'
cutaneous (under the skin) injection. The larges
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! pquid. Gcnernuyaoomac:a.ngieofmnret.hanm'lndimm
poor welzability. Incorporation of & surfactant, either in the
, formulation or In the dissohution medium, Jowers the contact
mgiemdenhamdlmomﬂon. Also, the presence of alr In
1 the dissolution medium causes the air bubblesto be entrapped
in the tablet pores and actas a at the interface. For
hydrophilic and, there-

mmmmwwm,mmw-
uduhcomupmedmmed]ssohnioumecﬁumanddimh-
ton proceeds as previously discussed under the Film Theory.
Figure 41 graphically presents the model proposed by
Ca.rsunsan.

Correlation Between Dlslrnegraﬂon and
DlssohJﬂon

Th:clnaecmrela.ﬁonbawamdimwgrﬁonanddl.mh-
Uonhasbeeuswﬂitdbymuvhwesﬂm Both processes
exhiblt “S"-shaped curves and & probit ar a weibul function
memggmdtoexplnhﬂ:edna. In general, however,

test Several other factors such as solubllity, particle alze
and crystalline sructure, amon,goihers,h.nvebemfomﬂno
affect the dissolution of the drug substance but have no rel-
evance to disintegration.

Factors Affecting the Rate of Dissolution

Factors that affect the dissolution rate of dreg dosage forms
unbe ified under three matn categories.

} . ) MMWWM
of the Drug

Effect of Solnbility on Dissolution—The physicochemi-
cal properties of the drug substance play a prime role in
controlling its dissolution from the dosags form.  The modi-
fied Noyea and Whitney equation as expressed In Eq 3 shows
that the aqueous solubility of the drug is the major factor
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Fig4. The S-shaped dissolution curve of 5ofid dosage forms.?
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exist for the dosage iiself

which determines its dissohution mte. Actually, some stud-

 Effct-of Particle Size on Dissolution—Equation 3]
nhowu'n'd_tect ) between the surface area of the

drugs s opposed to tha regulss form._ Microniza-

1 T 3 485 6 780 80
Time,min -

’ -]

FAg 5. mawammmwmdmm
salld dosage forma.?

A Key: {Phanscetin) O particie size: u.11—0.1srrmmnflchdu [/R{. o4
021 mm; A particle se:  0.21-0.90 mr O pavficie sty 0,30-0.50 mwm;
O particle skex:  0.50-071 mm. () Key: Phenoberbital O paxticle sizec
0.07-0.15 e & partichs sizw: o.:s-o.zsmAmm .025-0.62
mm; O particle size:  0.42-0.71mm
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: f;q”‘i"”d'“ : ;dbcri.sualmo como el polimorfismo y el estado de
diso]uiim “Matacién. 1a solvatacion, la formacion de comple-
Fooo, v tes asf como las sustancias tensioaclivas y otros
S j:dmvu:, reactivos {4cidos, bases. buffers, etc.).
L 1,t[]:a:q propiedades fisicay como, la densidad. la vis-
y ' «wgdad-y la capacidad de humidificacidn contribu-
Foe e v 8 los'problemas generales de.disolucién de flo-
K nlmén flotacidn y aglomerucion. También se ha
' *.Wado_que las caracteristicas de absorcidn de las
~, fogas tienen un efecto significativo sobre la diso-
o - bifn de ciertas drogas.
LT . Efecto del tamaiio de las particalas sobre Is di-
- "phuén La ecuacién 3 muestra una relacién directa
lem el drea de superficie de 1a droga y su velocidad
1!d1solucx6n Dado quwmrﬁue BUMCTL-
ucon la disminucién del wdmafo de 135 particulas,
LEET logratse” velOTidades~deT digolucion mayores
ipor“ﬁledm a1 arediecibn dcl tamann, de,las. particu;
{ . 1bPEsteefecio hasido 1do pucsto de relieve por_ta velo;
"rdsd'ﬂmton _superior_observa obrervada después de:la

F?eww?%“ /?gd( (@Af DISOLUGION. ST

gmc:dn y' . Y&Sropasicion a 1a forma regularments_ mohda “La,
""'e-‘*['!;ﬂ'- ! HAGNIZACION aumenta el drea de %uperﬁc:e expues-
pn sfafma ‘Lh“nl‘rg;dm de_disalicion y por ende mejora. i velo-
ito wéiy v .’ ;7 tad de disolucion.,
Lgeneral . Thiversas investigadotes.han demostrado una ma-
ndlcador C o velocidad de absorcitn de la gnseo‘rulvma na des-
12 agua— . péedelTTHiCToN|ZaciGn. Se han informadoelectos ——
ada ' Que . jifiNates-con el cloramfenical  1as tetraciclinas. la
‘amano | g7 v €l el acetato de noretisteronda.. Ehelcasos
Fe otros, _¥tloramfenicol 1G5 estudios demostraron que los
b ticnen A pedueh
Pt pmpamdos que-confenfan. panfculas nias pequcms
o v TSUa 700 ppm} eran absorbidos nias_cap raptdamcme gug
- " AT O e
AR 'k\s Preparados con particulds 35 mdas grandes (400 a
.- - N " _!__-__‘-H_ﬁﬂ
L, . E}O my- BT figura=34:5ise?presenta el efecto de
St e B e S e e
DRI +Las difereniciasdel Tamafo_de_las_particulas sobre 13
T vl idad de disolucién de la fenacetina y el feno-
—s

- eREmital =
d"‘:’["“ -+ FNo obstanie, debe reconocerse que el simple au-
‘rm ot mento del drea de superficie de la droga no siempre
* giranniza un aumento equivalente de ta velocidad
{:de disolucidn Mds bien. es ¢l aumenio del drea de
“aperficie efectiva o el drea expuesta al medio de
!'disolucidn y no el drea de superficie absoluta lo que
- } : Ies directamente proporcional a la velocidad de di-

1. 1Lus o slucion.
Pdm i "%y Otras propiedades ffsicas de las particulas de
Fidn ‘a ;‘dmga ademds del tamafo también afecta en forma
Whﬂ' *"indirecta el drea de superficie efectiva por modifi-
iGn :.5" .. tcacadn de la velocidad de deslizamiento del solven-
es €l g quevo que entra en contacto con el s6lido. Estas
diso- - - propiedades incluyen la forma de Ias pariculas y la
datos dcnsndad
o ‘"‘" ! . Otro mecanismo por el cual la reduccién del (a-
Icual ot —'mm’lo de las particulas mejora la disolucnin ¢s a tra-
s un L Sk ves del ineremento de la solubilidad: de Ta droga
pudn ,

f (c,)- Debe senalaise que la ecuacién 3 tienc una li-
l‘, _» o Vlmitscién mherente por cuaito da por cierto que ¢,
diso-" < independiente del tamaiio de las particulas. En
e5Td- reahdad, la ¢, y e irea de superficic pueden corre-
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Fig. 24-5. Efccto de) 1amafto de las particulas sobre 1a velocidud
de disnlucitn de drogas de preparados sélidos * A. Clave - (fenace-
1ina) O tamaflo de las particulas: 0,11-0.15 mm: A 1amafio de los
partfculas: 0.15-021 mm: & 1amafio de las parfculas: 021030
mm, O tamaiin de las particulas. 0.30-0.50 mm; @ wmatio de las
paniculas. 0.50-0.71 mm. B. Cfave: fenobarbyal @ lamabo e las por-
ticulas. 0.07-0.15 mm: A tamurio de las pardculss. 0,15-023 mom; &
mmaito de las particulas. [}_?_‘) 042 mm: O tamafio de las porteulas:
042-0.71 mm

lacionarse por medio de la ecuacién de Ostwald-
Freundlich

My l @
myf=—— —=—
PRT r r

{10

donde M es el peso molecular. p es la densidad, y es
la tension interfacial o la energia libre de superficie
del sélido. r es el radio de la particula y T es la tem-
peratura. .
Lie 1a ecuacion 10
§5=58,-e" (11)
La ecuacién muestra que la solubilidad es -
versaments proporcional al radio de las particutas.
Por tanto. § podifa considerarse como la solubili-
dad de las microparticelas y . como la solubilidad
de las macroparticulas: Sin embargo. es obvio que
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