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CAPITULO 1

CONTENIDO

Introduccién  Generalidades de las formas farmacéuticas sélidas

caractensticas del tamaiio, morfologia y distnbucion de tamafio,

definiciones no oficiales del tamaiio de particula, nformaci6n de
equipos utihzados en la determinacion del tamario y distnbucién
de tamafio no oficiales en farmacopea tablas de catalogacién del
tamafio no oficiales en farmacopea, aspectos biofarmacéuticos de
la solubihdad del farmaco en el agua

Efecto de las Propiedades Fisicoquimicas del Farmaco sobre la
Velocidad de Disolucidn

Solubiidad del farmaco, formacion de la sal, tamaiic de particula, efecto
del tamafio de particula sobre la solubiidad, estado cnstalino del
fdrmaco

Pohmorfismo

Distnbucidn del tamafio de particula

Representaciones de la forma de las particulas, tamario y distribucién,
E! problema del muesteo de sdlidos en polvo, determinacién por
tamizado analitico, tabla comparativa de tamafios de particula de vanos
matenales Andlisis por tamizado

4, Determinacion de las propiedades de los polvos en el laboratono

Anéhisis por tamizado, , método expenmental, determinacién de

las propiedades de flujo, método experimental, densidal real, global y
apisonada, tabla comparativa d los tamices con sus aperturas
nominales, tabla de comparacion de 1SO 12013-1 para grados de
polucién con polvos




FORMAS FARMACEUTICAS DE DOSIFICACION SOLIDAS
Son sistamas unitarios de entrega del fdrmaco para adrunistracsdn oral y/o peroral.

Estos sistemas de entrega de firmacos comprenden tabletes, cdpaulas, gninulos y
(sachets” ( "Dry syrups®)

VENTAJAS DE LOS SISTEMAS

Consifiuyen la forma do dosilicacidn mas uiiizeda por
a) [a exaciud y flexbikiad en ia dosificacidn del firmaco
b) consfiuyen la forma de dosiicacion més utiiizada
c) mayor establixiad fisica y quimica
d) permitir la versafiblidad en su formulacién facilitando e control de liberacidn del fimaco
e) permitir ol control de las camcisristicas organcidpliicas del firmaco
) facikdad de adminitracién
Q) permitir su fabricacién a gran escaia reducen las costos de slaboracién

DESVENTAJAS DE LOS SISTEMAS

8) Problemas de biodisponbiiidad causados por deficencas en su formulacién, en el
empaque o sn su aimacenamisnto

h) Prablemas de degluadn y potencial efecto de la mritacidn de a8 mucosa gastramisstinal
causado por aigunos famacoa

CARACTERIZACION DEL TAMARO, MORFOLOGIA Y DISTRIBUCION DEL TAMARO DE
PARTICULAS

Dursnis el desamolio de un nuevo fdrmaco la caracterizaciin de sy estado sélido juega un papel
importante an la seleccién de la forma quirica ( ef. base Ibre o su sal), la forme fsica ( estado
criatalino), ! tamafio de particula y su morfologfa, la porosidad, la superficle especlica y las demds
propledades fislco quimicas

La salsccidn de ims propledades fisicas del fimaco conirbuyen al logro de la cakded
biofarmacéutica en sus especios de biodisponiblidad y en el aseguramiento de la cinélica de
Bberacién requerida del fimaco Ademds, las propredades mencicnadas, debe recordaras que en
la formulackin de un sistama de entrega del firmaco sdlida unitaria, se requiere asegurar la
unformided de contenido ¥ la estabiiidad del sistemna de entrega

De acuerda con of canceplo del Doctor Harty G Britam asesor de la USP y director del Centro de
Flsica Farmecéutica en Milford N.J el concepto de tamafio de particula estd Inimaments igada a
fos aspecios de forma y merfologia, porque ol didmetro de particula Involucra los factores de forma
S1 tenemos en cuenta esta afimaciin, no es posbie consderar el tamafio de una particula o
cuaiquiera distnbucién asociada con los tamafios de un conjunio de particules sin la consideracién
pnmarta de las caracteristicas tndemensionales de la particula en s/ Esto obedecs al tamafic de la
particula que e expresa en tanio en térmmos de dimensidn fneal dervadoa de su forma o en
ténmunos de su superficle proyecteda o su volumen Como podnd apreciarsa algunos métodos
expresan el tamafto de perticula sn tener en cusnta ¢l conceplo de la forma y en su lugar lo
expresan an ténmunos de algin tipa de tamafo equivalente al esfbrico



-

(I e gy i) =)

-

= OPu—— =

e

-

jumy

Como ejemplo el diémetro de superficie e ef didmetro comespondients a una eafera que tiene la
misma drea superiicsal de In particula y ol diémetro de volumen sa define como el voluman de una
esfara que tlene ol mesmo volumen de la particula,

La Farmacopen Americana en ¢l capliulo (776) de Prusbas Ganerales, comespandiente a
Microscopia oplica , define y describe los pardmetros de forma de las particulas.

El tamafio de particula consiuye un aspecto importents en el desamoiio de un medicamento en
forma sdikia puesin que esta propedad, constiiuye uno de los factores determinantes de su calidad
biofarmacéutica de les formas séildas unitarias para administracién peroral

En |a actualidad sa dspone de muchos métodos pam la determinacién del tamafio de partfcules y
su distrhucién de amefic

Desafortunadaments las farmnacopeas no definen ol tamaiio de particula denominado sub-tamiz y
se fimitan tan solo a pressntar pruebas generales para la determinacién del tamafio por el método
de tamizado anailiico. Este méindo oficial an las Farmacopeas tan solo permils catalogar pasticuias
con un tamafio minimo de 48 pm Sin embargo, la ediciin 28 de la Farmacopea Americana en el
capliivio {811) Pam la detsmainacién de lu finura de los polves, descsibe un método pam
determinar la finura de polvos sub-tamiz, por medio de la permeacién de aire para tamafios
comprendidos 0.2 y 50 ym.

La Farmacopes americana sn capitulo (776) Microscopis Optica sstablece que esie aistema so
apiica a tamafios de pariicula comprendkios entre 0.5 y 100 pm.

Hasta la fecha ninguna de las farmacopess lenen un capftulo dedicado a la determinacdn de la
distrbucién del tamafio de particulas por medio de medidas de difreccién con Laser

La dnica poabilided que se flene pera la determinacdn de tamafios de particula menores a 0.5 ym.
es la utitzaciin de la Norma 180 13320 para andliss de la distrbucién de tamefio de particula por
difraccién con Laser

Definiciones de tamafio de particula no oficiales en las Farmacopeas

Micronizacién

Proceso de slevade energia para reduccién de tamafio de particuin de filrmacos por via seca
Usuaimente el tamafio de un firmaco micronizado comprende el rango de tamafio da 1 2 10 pm.
www nektar comicontentiglossary

Particula ULTRAFINA.

Particula con un dimetro equivalents < 0.1gm (SO 14844-1)

Nanoparticula -
Tamafio <a1ym

Particulas portadoras (camers) sdlidas colodales conmstentes sn compuesios macromoleculares
cuyo lamallo varia enke 10y 1000 nanometros (nm)



informaclion sobre equipos no oficiales, utilizados en el control de
tamafio y distribucién de tamafio de particulas
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LASER DIFFRACTION (Malvern MasterSizer and FHoncywell X-100)

@ Highly reproducible analyss covermg a broad sze rmge: 0.05 pym —  900pm

9 Widely utilzed m many mdustnes for quality coutrol snd development
9 Analyzes m vanous camer finds a3 well as dry powders sod asrosols
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ULTRAFINE PARTICLE ANALYZER (UPA)
by Honeywell

" High-resolution sub-rmcron snslyzer with & dynsmme rnge of 3nms t0 6.5ums
WDengned to snslyze & wide range of partcle concentratwns

P Effectrvely messures most types of dastributions (narrow, broad, monomodsal,
multinndal, etc.)
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FHOTON CORRELATION SPECTROSCOPY (PCS)
via Nicomp C370

Sub-mieron particle sze snalyzer with 2 range of 3nms to approximately 2 pms
< Classic techniology withue dyefmigment, emulsion, and protewn mdustries

S Yae S Sl
\



Kk

]

. '&- ]

" R B

AERODYNAMIC PARTICLE SIZE (Acroseer snd BAHCO)

Aerosizer (by TSI

Asrodynsaucally messures particle scze with & mamfacturer's specified nge of
0.1 ym ~ 700 pm

Works well with very smail amounts of sunple

¥ Bumilt-m antodspersmg umit promotes flull and reprodncible dispersaons for all
dry powders -

@ Data results reported m Number Mass, Area, and Time of Fhight formats on
esther serodyamc or equivaient sphencal dumeter bass,

Nicomp 380/DLS Sub-micron Particle Sizer %_NICOHP

e basic Nicomp 380 uses the principle of dynamic
g o measure the particle sixe dishibution



T ETET TS

Ny g =

al

L

e
w W

g e e R

Catalogacion no oficial de tamaio de particolas
The Amencan Insttute of Chemical Engmeers

Coarse >100,000 >100 -
Medhum Coarse 10,000 10 2
Medium fine 1000 1 18
Fine 100 01 150
Superfine 25 0.025 500
Ulirafine 10 0.010 1,250
Collold 5 0.005 2,500
EJEMPLO DE APERTURA DE TAMICES
_ ; -
i STD iSO STDUS __STDTYLER
! 150um No 100 ) 100 mesh
125pm No 120 ! 115 mesh '
106pym No 140 150 mesh
“90um No 170 170 mesh |
75pm No.200 200 mesh '
_63uym No.230 250 mesh
a3um No.270 | 270 mesh i
45pm No 325 i 325 mesh
_38um No 400 I 400 mesh
32m No 450 | A%0meh
25um No 500 500 mesh L
20pm No 6315 635 mesh !
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LA SOLUBILIDAD ACUOSA DEL FARMACO COMO FACTOR DETERMINANTE DE SU
BIODISPFONIBILIDAD

La solulnlidad acucse ded firmaco desempedla un papel muy mmportante en & disefio y brmulacein de de los
medcgmentos  El profesor Hennng G Krestensen del Departamento de Farmacia de 1a Escocla Resl de
Famecia de Copenhagen sfimna que los firmacos ulzados en medicamentos peara uso peroral deben tener
una sohubihdad en el agua supenor s 10 mg/ml. en e rango de pH comprendudo entre 1 y7 puesdelo
contrano, se pucden presentsr problemas en se sbsorcsin.

La solubihdad scucsa de un fizmaco menor de lmg/ml. presentard waa velocudad de digolucadn hmmtads por
cumio is solubibdad y 1s velocadad de disolucadm estén mteyrelacsonades.

Segiin el profesor Knstensen mésdel  40% de los auevos fixmacos sprobados en la Fannacopea Enropes
entre los afios 1992 y 1995 presentmn solubihdades menores 2 1 mgfml y el 32% tsenen una sclubiludad
menor al 0.1 %.

El pimtesmento def Profesor Knstensen comeciude con Ias opmnones de emitidsy por investigadores de
laboratonos feemeciuneos nortesmenceanos como el Dr Hauss de X Lilly

Coments el Dr.Humes que cerca de ]a mitad de los auevos firmecos sbtemdos por Quumics Combmastona
tenen una muy reducids solubihdad en o agua

Los quonicos farmacéuticos de haveshgaciin y Desarrollo de nunestra mdustrig farmscduticas estin de acuerdo
en la afirmacién que se plantea  més de un tercio de los flrmacos hstedos en 1s USP 26 podnen catalogarse
en 1a categoria de msolubles o muy poco solubles en el agua.

ALTERNATIVAS PARA CONTRARRESTAR EL PROBLEMA TECNOLOGICO

Histdrcamentr: fisé en Iy déscads de los s803 60 que se planted que coando Ja solubihdad de un Simaco era
mfenor s 1 mg/ml., ¢ tamaiio de particala (0 krea efectiva de superficae), representaba un factor mportante
s conmderar pera ssegurer la biodsponibilidad del mmsmo.

Cabe motar que con antenondad a la década de los 60 1 G Rhemold y colaboredores en 1945 observaron
nrveles plasmaticos mis elevados con uns suspensdn de sulfichazma micronizade ( tamafio 1 4 3 my ) que
aquedla que e venia otilzzndo con mecrocnstales del firmoaco.

Con Ia inxciacda de las caenciss bofarmacéutcss en 1a década de los afios 60 se establece la smpartancia que
tiene Ls relacyda entre las propiedades fimcoquinmcss de on firmeco ea una forma de dosficaadn y la

respucsta terspéutica observada despuds de <u admmisiracidn.

S1 bien la mucronrecsén del frmaco soluciond parcsimente el problema de hhodispanibihded de firmeco de
baa solubnixiad, tambrén cmsd problemes en formes umtanes de admmistracsén sbhdas por fendmenos de
eglomeracifn, problemas de carga estiica con la consectiente segregacidn de las mezclas séhdes.

Se trabmyd tambsén en sistames de adnnmstracadm liqunde utilozado sicohol. y/o propienghicol pera
solubiizar el firmaco, el cual precipitria en particules microozades a mvel gisirico, al dilmrse con los
flwdos boldgwcos.

Otro sisterna utihzado para subdrvisdin de firmacos poco solubles en sgua yqueumvngmn.b
constinryen Ias |lamadss dispersones shlyles caya clasficacsdn
Mezcias eutéctices amples

|
|
|
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En la sctunlxded los  métodos disponibles pare incrementsr 1a velocudad de disolucdn de firmacos de baja
solubilxdad en el agua coorespanden &

Incremento del &res sperfical

Formacién de compleyos con excamentes
Solubiizacsin utilrandn tenpucactivos

Cambio de la Sy cnistalins por precsptacafin con polimeros hadrofilicos
Formmlaciones lpofilices

Preparecain de dispersiones sSbdes

Formacitn de sales de dcados y beses débiles

Utilhzacatin de profirmacos
‘Nanoestructuracdm del firmaco por tecnologia cnogéruca
Comeronrracsin firmaco - tensoactiva
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CHAPTER 4

g

Effect of the Physicochemical Properties of the Drug

on Dissolution Rate

Factors that affect tha dissolution rate of
dosage forms can be clasaified under three
main categories; first, factors relating to the
physicochemical properties of the drug; sac
ond, factors relating to the dosage form, and
third, factors relating to the dissolution ap
paratus and the test parametars. The phym-
cochemical properties of the drug substance
that affect its dissolution rate include solu-
bility, particle smize and crystalline state
such as polymorphism, state of hydration,
solvanon and complexation

Other physical propertiss such as densi-
ty, viscosity and wettability contnibuta to
the general dissolution problems of floccu
lation, flotation and aggiomeration. Ad-
sorption characteristics of the drug have
also been found to have a mignificant effect
on the dissolution of certain drugs

Drug Sotubliity

Solubility of the drug substance plays a
prime role m c¢ontrolling 1ts dissolution
from the dossge form. Accordung to the
modified Noyes and Whitney equation

R -%=h%'—g(c, —c) =k (c,—¢)
(4-1)
and, under sink condition
de
R '&F ke, (4-2)

The abova equations show that the aqueous
solubility of the drug (c,) 1s the major factor
that determines 1ts dissolution rate Aec-
cording to Eq 4-2 a plot of R, the dissolution
rats, vs ¢, should y1eld a straight line whuch
passes through the ongn and has a slope
equal to ks - _
Hamlin, et ol,! studied 45 compounds
representing many dufferent chemical class

s3

esand a wide range of solubilities to demon

strate that the mmtial dissolution rates of
these substances directly are proportionsl
to their respective solubilities Under cherr
experimental conditions, the authors found
that, R = 2.24¢,. Using this empincal rela-
tionship 1t was suggested that 1t 15 possible
to predict the appromimate imtial rates of
dissolution of a broad range of compounds
when their solubility values are kmown.
Furthermore, the solubiity data may be
used as & rough predictor of the likelihood
of any future problems with bioavailabihity

For example, 1t has been advocated® that 2
muumum aqueous solubihity of 1% 1s re-
quired to avaid potential solubility -limited
absorption problems Parrott, et al,3 mves-
tigated the effect of solubility of benzaic
acid on 1ta dissolution rate from compressed
tablets Figure 4-1 shows that the dissolu-

0.040
H
= 0030
=
H
a
= 0.020F
[ _J
1]
- 4

QQIoR

¢ g o220
Moles /L Har

Fig 4-1 Influence of the solubllity of benxow acld
on the dlasolution rate i sodium sulfate sohsticns
[Reproducad fram Pasrot, of &l J Pharm Sci, 44,
269 (1955) |
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log intrinsic rate of dissolution, mg/cm’s
Fig 4-2. Carrelation between solubiiities and In- T
trizsle rates of diasoltion at infinite rotation
speed. - - ~ contric disk — vertical disk. [Repro- 2]

cuced from Nickiasson, et al, Acts Pharm Suec,
15 25 (1982).]

tion rats of the acid was dapendent hnearly
upon the solubility of the actd 1n the partic
uler solvent as would be expected theoreta-
cally from Eq 4 2 Later findings by Nelson
apd Shah* and Nicklasson, et al3® con-
firmed the close association between the
in‘rinuc dissolution rate of the drug and its
sotubility Figure 4-2 shows a log log plot of
the solubilities of several drugs vs their cor-
responding 1ntrinsic rates of dissolution at
10inite rotation speed. It 1s evident from
the graph that compounds with high solubil-
1tes exhibrt significantly higher dussolution
ra.es

Solubilities of drug compounds tn vanious
aqueous/organic solvent s stems also have
bean of interest 11 dissolution studies espe
ciflv during the preformulation stage Dis
s ation rates of choles erol have been
skwn to e proporuoral direct'y to the
mzasured solubilities 1n organic solvents
Nicklasson and Brodin? suggested that for
ve™ poorly soluble drugs 1. might be pref
erenle to use solven. mixtures during the

R T S
logh; mg em-2 ot

Fig 4-3 Relationship betwean sofubliity and intrin-
sic rate of disgolution for different substances In
the water-ethanol binary system The symbol with-
In parentheais denctaa the solublifity data obtained
for daxtrapropoxyphane napsyiats in sthanol after
20 v [Reproduced from Nickiasson, and Brodin
intJ Pharm, 18, 149 {1984) |

Kayr O slaprociets hydrochiaride; 4 dexropropoxyghane
mpsylaty, ® Gxuzeysm.

early formulation stage of new drug cands-
dates, instead of increasing the aqueous
sink volume The authors studied the solu
bilities and intrninsic dusolution rates for
alaproclate hydrochlonde, oxazepam and
dextropropoxyphene napsylate in binary
muxtures of water and ethanol Figure 4 3
shows that a log log plot exhibits a hnear
-elationship between the solubihities and
“be corresponding intrinsic dissolution
~ates vith aslope of 10

[nvestigation of the effect of neutral 1onic
and nomonic compounds on the solubility
and dissolution rates of drugs have also
been conducted Parrott et al® observed

g - -
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that the dissolution rate of benzoic acid de-
creased when vanous concentrations of so-
dium chlonde, sodium sulfats and dextrose
ware added to the dissolution medium. So-
dium chlonde 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 other hand, enhanced
the dimssolution of benzoic acad, probably
because of complex formation. Thy effect of
sodium chlorids on the solubility and disso-
lution rats of tnnamanolone acetonide was
mnvestigated by Block and Patel? The au-
thors confirmed Parrott’s finding as they
noted a marked decrease 1n both solubihity
and dissolution rate of the drug in potass:

um chloride solutions (Figs 4-4a and 4 4b)

L L " | '] 'R
0 02 04 05 08 10
Potassium Chioride, M

c

Fig 4-4, a. Solubility of triamcinoclone acatoniie in

tions at speed 7 (308 rpm) and 28° plotied In
accordance with the Integrated form of tha modl-
flad Noyes-Whitney squation c: Setachenow plots
for riameinolone acetonide In potaasium chioride
solutiona [Reproduced from Biock and Patsl, J
Pharm Sci, 82, 617 (1973).]

“Salting out™ coefficients were calculated
using the empirical Setschenow equa-
tion'®!! for the effect of an slectrolyts on
the solubihity of & nonelectrolyte

log So/S = ke (4-3)

where S 13 the solubility of ths nonelectro-
lyte in pure solvent, S is the sclubihity of the
nonelectrolyts in the electrolyts solution of
& grven molar concentration ¢, and k 15 the
salting-out coefficient. Setachenow plots of
the solubility data are shown m Fig 4-4c,
along with the respective slopes (k values)
for each system The values ranged from
0 3-0 4 which significantly are hugher than
those previoush reported!? for other non-
slectrolytes such as diacetone alcohol (0 03—
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0.14), mesty! oxide (0 02-0 18) and certmn
barbituates (0.04-0 21) The salbing out
effect, however, tends to decrease at higher
temperatures.

Sah Formation

Sait formation 15 ona of the most common
approaches used to mcrease drug solubility
and dissolution rata.!'*-* Higuchi, et al,"4
reportsd mcreased dissolution rates for
benzoic acad when certamn hases and buffers
were added to the aqueous solvent. Nal-
son!?studied the dissolution rates of several
weak scids and thewr sodium salts 1n aque
ous solutions having pH values correspond
g to those of the gastromntastmal flnds. In
all cases, the dissolution rates of the salts
were greater than those of the free acida.

It should be pontad out, however, that
after attaining a certain salue of base
strength, the dissolution rates of solid weak
scids become essentially independent of the
base concentration. Instead, it becomes a
bnear function of the product of the base
concentration and the base diffusion coefTi
ctent. Higucht!%19 showed that m most
cases the diffusion controlled dissclution
behavior of monophase solids 1n reactive
media may be predicted by knowledge of
the appropriate solubility equilibrium and
the effective diffusion coefficients of the
species 1n solution (the diffusion coeffi-
aents for most drugs of sumilar density
would not expect to vary greatly® since the
diffusion coefficients vary approximately
a3 ths cube root of the molecular weight,
according to the Stokes-Einstemn equation)

For situations winvolving more than one
phase,!*13 guch as when dissolving diwsks
exhibit simultaneous surfdce depasition of
new phases, the problem becomes compler
In these cases, Higuchi'? showed that there
appeated to be two kinds of dissalution be
bavior for the sodium salt When the buffer
concentration was high a 'd tne pH was low
an acid coat may torm after a briet period
aud the dissolution rate becomes similar to
that of the acid phase tself InFig4 5a, the
solubility results for toluzamide ac:d in

20
13
I

03

Jog solublilty (M) ¢ 4

05 10 15 20 23 30
log Initial (PO /HPOT 2

Dissolutlon rate [moles ssc~'em™ 1) x$0*

02 04 06 08 10
Solubltity molarity X 10%
b

Fig #-5. s: Solublfity of tolazamide scid st 30°C se
a function of the bulfer sal-to-acki ratio. Total
buifer concentration la 0 10M Smocth curve s
theoretical carve baged on {HA)y = 2.1 X 107'M
andK =8 0 b: The dissolution rates of tolaramide
acid (circias on solid Rine) as a function of the total
solublly C,. Tha dissohstion retes of sodiumn tolie-
amide in the same bufter following suriace con-
version o the acld are given by the circles on the
broken fine  [Reproduced from Higuchl, ot &, J
Pharm Sci, 54, 8 (1985).]

phosphate buiTers are presanted as a Func

tion of the imytial (HPO,+~)/(H3PO,~) ratio.
The smooth curve 13 theory based where
(HA)g 1s the solution concentration of the
untonized tolazamide acid 1n equuilibrium
with the solid and K s defined by the equa

tion

 §
HA + HPO,* = H,PO,” + A~

In Fig 4 50 the dissolution rates of sodium
tolazam'de in 0 LM and 0 2M phosphate
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buffers ara plotted as a dashed hne and
compared with the data from the tolaza-
pude acid experiments. These values wers
within a factor of 2 of the rataa for tolaza-
mde acid Thus, the coat which formed
over the sodium salt phase must have been
relatively impermeable to diffusion, and to
soms sxtent, it must have been “self-heal-
1ng™ as 1t dissolved away

Higuchi'? reported another lnnd of be
havior which occurred 1n the mtermediate
region, when the impermeable coat of the
redeposited acd on the disk surface dis-
solved and dissolution appeared to occur
simultansously from both phases and flak
mg became noticesble Finholt and Sol
vang™ noticed that imtially the same high
drug concentration was obtawned for both
the sodium salt and free acid of phenobarh:
tal 1n tablets using 0 LV HCI and diluted
hurman gastnc juice However, the precip
tation of the free acid n axceas of solubility
took place at a much slawer rate in gastne
Juice than in HCl said, probably because of
the presencs of surfactants.

The preceding results have a large bear-
ing on the question of the relative availabil
1ty of sohd acsdic drugs and their mere solu-
ble sodium salts It has always baen
assumed that the sodium salts dissolve fast
er than theiwr corresponding msoluble acids
and consequently became the prefarred
chaoice for drug formulators to assure bio-
avarlability Thus may be the case for several
drugs,'” e g , sodium and potassium salts of
pemucilin G, sodium saits of sulfa drugs,
phenytoin and barbituates, however, on
many occasions, the reverse was found to be
true. That 1s, the dissolution of the sodium
salt was slower than that of the weak acd.
In a comperative study of the dussolution
rates of phenobarbitsl and ita sodum salt,
Solvang and Firholt® found that the rate of
drssolution of the sodmum gsalt was consis
tently less than the acud form both mn 0.1LN
HCI and diuted human gastric yjuce. The
wet granulation and compression processss
decreasad the dissolution rate of the pure
sodium salt, while they increased that of

Jﬁll(? ST

phenobarbital acid. The increase, 1n the
case of the acid form, was more pronounced
in diluted gastric puce than in 0 LN HC),
mainly because of the lower surface tension
of the gastnc juice and therefore 1ta better
wettability and solvent penetration charac-
teristics The reason for the lower tablet
dissolution rate of the freely soluble sodium
phenobarbital, as compared to the tablets
of the poorly soluble acid form, was the
result of the difference in dimintegration
time Although the sodium salt tablets dis-
integrated rapidly i water, they did not
disintegrate 1n the acidic media, 1nstead,
they swelled and dissolved slowly from the
surface The phenobarbital acid tablets,
however, disintegrated very rapidly in aad
1c media gs well as in water
Solvang and Finholt tried dry granula-
tion (or direct compression) 1n order to in-
crease the dissolution rats of the sodium
phenobarbital tablets 1n the acdic med:s,
but no improvement over the wet granuls
tion procedure was observed The situation
18 similar for weak base drugs Strong and
salts, such as the hydrochlondes and sul
fates, are the most common forms used for
weak bases such as epmephrine, tetracy-
choe and alkaloidal bases due to their high
solubiity However, Miyazak, et al,¥ con-
firmed that the frae bases of chlortetracy-
chine, demethylchlortetracycline and meth-
acycline were more saluble than the
corresponding hydrochlonide salts at the
gastric pH values, due to the common 100
suppression of the solubility product equi-
hbrnium Furthermore, the fres bases of
chlortetracycline and methacycline, yield-
ed higher drug levels in the body fluwds of
rata and humans than the hydrochlonde
salt, mdicating bettar bicavailability
‘The suppression action of the commen

1on effect on solubility and dissolution rate
was also demonstrated? for papaverme
HCl Using an acetate buffer, the solubihty
of the salt increased with decrease in pH as
1s normally expected for weak bases. How
ever, when a HCl sodum scetats buffer was
employed, a solubihity maximum was ob



58 Dissoluilon, Bloavgilability and Bloequivalence

Seolublilly {mg /mL)

% 3 4 3
Malar concn, of sodwam chierefs X0

Pg 4-8a. Effect of sodlum chioride concentration
on the aqueous solubliity of papaverine-HC! at
37°C. [Reproduced from Miyazeld, ot al, Chem
Pharm Buil 29 3414 {1981) )

Lay -O-, water -@-" 0.INHC?

-5

Caaca. ba woia. (mg/mL)
[ ]

5

Timg (el

Fig 4-85. Dissolution behavior of papaverine—HCl
n 0 IN HCl at 37°C In the presence and absence
of sodlum chioride [Reproduced from Miyazaki et
&l, Chem Pharm Bufl, 29 3414 (1981) )

Key: -0-, 0.IN HCE; —a~, 0 5% NaCI In O.IN WG -0O0-
G9% M3 In 0 YN HCY

wuned at pH 37 Similarly, the dissolution
rates of the fres bases of papasenns, tnhex-
vphenidyl, and 1soxsuprine were much
hugher than the hydréchloride salts at the
pH range of the stomach (pH 1 0-1 4)
Mivazuly, et al ** confirmed Jhe 1nhib
tary act on of the chloride .on on tha solu
bilits ard dissoiution rate of papaver ne
HC! not only i Jit=o fusing a meawm rich
11 chloride 1on) but also in Lito When the
arug was administe~»d to rats with 0 9%
NaCl e resulted in a devrease in the drug

Plasme contn,{pg/mi)

Time (br)
Fig 4-8¢. Effact of chioride lon on the plasma drug
lsvels tollowing oral administration of papaverne—
HCI to raty. [Reproduced from Miya-
xakl, of af, Chem Pharm Bull, 29 3414 (1981).]
Key: O water T2 0.8% NsCL

blood level from that obtained when the
drug was administered alone The authors
interestingly, suggested that it may be pos
uible to formulate sustained release prepa
rations of papaverine HCIl by combination
with NaCl (Figs. 4-6e, 4 6b, and 4-6¢) The
common 10n effect was also demonstrated?”
for other am:ine hydrochloride salts such as
phenazopyridine HCl, cyproheptadine
HCl, and bromhexine HCL These findings
are of extreme importance for the research
pharmacist who hes 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 Im
ited to the sparingly soluble free acids Ac
cording to the above discussion, the con-
cerns should be extsuded equally to the
freely soluble salts as well Thus also points
to the unportance of selecting the proper
dissofution medium, if a meanngful in n-
tro/in viwo comparison 13 sought

Paﬂlg_le Stze

Equation 4-1 ghows a direct relationship
between the surface area of the drug and 1ta
dissolution rate Since the surface area i
creases with decreasing part cle size, higher
dissolution rates may be achieved through
reduction of the particle size Under sink
conaitions, according to Eq 4 2, a plot of
dissolution rate va time should give a
straght line with a slope or & However,
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given various samples of the same drug with
different particle sizes, the number of drug
particles and hence the surface area would
differ Thus in turn results in a difference in
the dissolution rate constant k. Conse
quently, Wagner®® related the apparent
first order kunetics under sink conditions to
the fact that a percent dissolved value at
tme ¢ may be equvalent to the percent
surface area ganerated at the sams time, 10,
the firat order kinetics actually = not due ta
dussolution per se, but rathar to ths dutn
bution of the avmilable surface ares, which 1s
dependent on the drug particle saze.

The effect of particle size has beent dem-
onstrated by the supernior dissolution rate
and higher absorption efficency observed
after micronization, as opposed to the regu-
larly milled form, of certamn spanngly solu-
ble drugs such as griseofulvin, -2 chloram
phenicol® and various salts of tetracy-
clite ¥ Review articles on the affect of paz-
ticle size on drug availability have been
published by Lavy® and Fincher %

Reliable investigation of the particle size
effect on the dissolution of spanngly soluble
drugs has, on many occasions, been hin-
dered by the problems of flotation and floe-
culation. Finholt, et al,5 could not duffer-
entiate dissolution rates of differsnt
particle size acetylsalicyhe powders in 0.LN
HCI contaming 0 2% polysorbate 80. Lin, et
al® also encountered sumilar problems in
their attempt to establish a rank order 1n
the dissolution rates of differant particle
mze powders.

Ismat Ullah and Cadwallader®® designed
aspecial dissolution epparatis to overcome
thess problems and were able to establish a
rank order for in vitro dissolution times of
dufferent particle mize salicyhic acid powders
(Fig4-Ta) In studying the effect of particle
s1zs reduction on the dussolution rate of
griseofulvin, [smat Ullah and Cadwal
Iader! reported that the presence of a sink
Phase (e g, organic solvent) and the intro-

duction of samples 1n the form of suspen _

$10Nns were necessary to obtain appropnate
rank order in the dissclution rates of m:

Walght Ig ) In solulion

0O I3 30 43 60 75 %0
Minutes
Fig 4-Ta. Effect of particie size on dissohution of
salicyiic acid under sink conditions using four pro-
pellers at 30 rpm and 37°C [Reproduced from
(h‘:r’nt“l;nidlwcuwdbdv JPharm Scl, 59 978

Key:O 2007230 mesi A 1207148 masix O 80/80 mosi: 4
40/80 magh; B 20730 mash.

[7, D - ]
I S

wiks weight undissalvad, mg

F 3
L]
(=)

i F 3 4 5
Hours

Fig 4-Th. Plats of Wt'P3 vy time [nmm

lamat Ullah and Cadwalladar JFPlsarm Sdl. 80, 230

230 (1971).]

Kay: A reguiar millsd grissciulvin powder B micronized

grisechiivin powder

cronized and regularly milled powders. The
authors were able to plot theirdata, accord- |
g to a modified Hixson and Crowell cube
root law tn order to obtain dissolutic 1 rate
constants for two different particls aize
gnseofulvin powders (Fig 4-7b) Regarding
the effect of particle size on the dmsolution
of granules and tablets, Fmholt, 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) Simularly, Solvang and
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Ameunt dlussived ling ia 5OOmL}

1 2 3 4 5 & T % % ©
Time (minstes)

Fig 4-8s. Effect of particie size of phenobarhital
on diasolution rats of the drug from granulas. [Re-
produced from Finholt, st al Medd Norsk Farm
Selsk, 28, 17 (1888) )

Kay: O particie sirs. 0.07-0.18 m; A pariicie siee. 0.18-

023 m: A particie siza, 0.29-0.42 mer; O particie slze, .42~
a7t mm.

Amsust dissaived Loy in 1DOmL )

I JR—1 A A A

-] -] » a0 » [ ]
Tiaw (alautes)

Fig 4-8b. Effect of particle slze of phenobarbital
on dissolution rats of the drug from kablets, In
diluted gasiric julce (surface tension 40.5 dynes
em™! pH 150). [Reproduced from and
Finholt, J Pharm Sci, 59, 51 (1970) |

Finholt*? demonstrated the same pettern
for phenobarbital tablets (Fig 4-8b) Tulad-
bar, et al,¥ howgver, pointed out that con
trol of particle size of the drug substance
may not be sufficient to control the dissolu
tion rate of the drug from tablets if parti le
bonding or crushing of the drug occurs dur
ing the tableting process

In addition, 1t has been found that mu
cromzation of spaningly soluble drugs ta re
auce particle size, 1s by no means a guaran

tee of better dissolution and loavailability
Micromzation of hydrophobic powders, as
Finholt¥ found, can lead to aggregation and
flotation when the powder is dispersed 1n
the dusolution medium La3tter, et al,# also
found that for drugs that are more hydro-
phobic than the onss studied by Finholt,
larger aggregates and clusters of perticles
can enst even 1n the drug powder before
compression. Furthermore, these clusters
or aggregates are not dispersed eamly 1n the
dissolution medium as they tand to float to
the surface or settle to the bottom. As &
result, mudely divergent data for the same
drug may be obtaiped between diffsrent
studies and withun the same study Itshould
be recogmuzed, therefors, that the mere n-
crease'm the surface area of a drug doesnot
always guarantee an equivalent increasa 1n
dusolution rate. Rather, it 1s the increase in
the “effective” surface area, or the area ex-
posed to the dissolution medium, and not
the absoluts surface area that 13 directly
proportional to the dissclution rats. Fin-
holt, et al¥7 rased thus pomnt after he dem-
onstrated that the dissolution rate of asp:-
rn, phenobarbital and phenacstin powders
actually decreased after reduction of their
particle sizes. Thus wes éxplained by the
fact that because these drugs have hydro-
phobic surfaces, they tend to adsorb air at
the surface and mhubit their wettability

Increase mn the surface area causes a parallesl
mcresse of the air adsorbed and a decreass
1n the surface area availabis to the dusolu

tion medium and, therefore, the disaglution
rato decreases. This inhibitive effect, how-
aver, could be shminated 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
dussolution medium, which does axactly the
sams as the evacuation process by lowering
the inte~facial barrier?” (Fig 4 9a) In tne
case of granules or tablets made from these
drugy, howsver, Finholt¥ showed that the
reduction 1n the particle size of the drug
generally causes a significant increase tn the
dissolution rate (Figs 4 9b and 4 9¢) Tlus
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Amsunt dissolved {mg In BOOmL)

Flg 4-Ba. Effect of particla sizs on rate of dissolu-
tion of phenacetin [Reproduced fram Finholt, ef
al, Medd Norsk Farm Selsk 28, 17 (1966).)

Key: & purticis iz, 0.11-0.15 mn O paticta siza, 0.15-
021 mex; A particis slzs, 021-0.30 mm; O particie sire
0.30-0.50 mox; B particle alze 0.30-0.7 1 mne — dissuhution
onadiuns 0. 1N HCE ~ ~ - dissolution medium, 0.14 HCI con-
taining 0.2% Tween 80

was explained by the suggestion that mix
ing of the drug with the usual hydrophihe
diluents and with subsequent granulation,
makes the surface of thess hydrophobic
drugs more hydrophilic. In vwo condrtions
also exhibnt excellent wetting properties
due to the presence of natural surfactants,
such g3 the bile salts, and this allows the
mcrease 1n the effactive surface area wmath
particle miza reduction of the drug Fin-
holt's™ findings egreed 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 quinazolinons compounds. The au-
thors found that the air-attntioned powder
with particle size of 1.5 um, dissolved more
slowly than the spray-dried powdar wmth
particle size of 1-15 ym. The data was also
substantiated more recently by Macek® 1n
1975, and by Brossard* 1n 1981

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

Amsun! disseived (mgin 300mL)

T 2 3 4 5 6 7 8 3 16
Time { minyten)

Flg #-9b Elfect of particls size of phanacetin on

dissokution rate of the drug from granuies [Repro-

ducad from Finholt ef &, Madd Narsk Farm Salsk

28, 17 (1988) |

Kay: O particie. size, 0.11-0 15 mr & paricie size, 0 15-

021 mnt A perticle sizs, 0.21-0.30 mwe O particle slae
0.30-0.50 mny; @ particle size, 0.50-0.71 mm.

_ o
.'l [ ]
§ =
&
-Eml-
-
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§
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] 2 T —
Time{minutey)
Fig 4-S¢. Effect of particle slzs ot

on dissolution rate of the drug from tablets [Re-
produced from Finholt, ef al, Medt Narsk Farm
Seisk, 28, 17 (1986) |

Key O particia sure, 0.07-0.15 metg A particie sz, &.13-

025 m A puticls shaw, 0.25-0.42 mm; © perticie size,
0.42-0.71 mm.

ences 1n the motion of particles, changes 1n
electrical potential between particles, mo-
lecular layers of molvent tightly bound
around particles, as well as many other in
fluences, can retard dissolution upon redue-
tion of particlemze Therefore, the common
generalization that size reduction of drug
particies enhances dissolution should not
be accepted mithout qualification and cau
tion.
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Effect of Particle Size on Solubllity Crystaline State of the Drug
Another mechaniam by which the redue-
tion 1 particle skze mmproves dissolution 18 The sohd phase charactenstics of drugs,

through enhancement of the drug salubality
(c,) Itshould be pointed out that Eq4-1 has
an inherent limitation 1n assuming that ¢, 1s
independent of the particle size Actuallyc,
and the surface area can be correlated by

the Ostwald-Freundlich equation
MYy 1 @
WWS=Crr 777 WO
where
® = PRT

and M 1 the molecular weight, 13 the den-
mty, v 18 the intarfacial tension or surface
free energy of the solid and r 1s the radius of
the particle.

From Eq 4-4, 1t can be shown that

S=S, " (4-5)

Equation 4-5 shown that the log of solubility
1s inversely proportional to particle radius
Therefore, S can be niewed as the solubihity
of the micro particles while S. ean be
viewed &3 the solubility of the macro parti-
cles. However, 1t 18 obvious that the particle
radius has to be reduced to a micro level
before it can effect a change 1n solubility
Thus axtrame reduction 1n particle size usu-
ally cannot be achieved through regular
milling or even micromzation procedures,
however, other methods haves been recom-
mended One of these methods s the forma-
tion of a “solid-solution” or “molecular dus-
persion™ whers the molecules of the
sparingly soluble drug are either dispersed
mterstitually 1n a water soluble drug or re-
placed 1n 1ts crystal lattice

Another techmique which also produces
extremely small parucles, but stll larger
tnan «hose produced by a sold solution, 1s
bv dispersion of the drug 1nto a soluble car
rrer such as a polyvinylpyreolidine aglution
Tkese techniques usually are utilized for
the e~~zncement of the dissolution rate of
insolucle drugs and will be discussed later
'n more detail (Chapter 13)

such as amorphicaty, erystallinity, state of
hydration, solvation, end polymorphic
structures have been shown to have a mignif-
1cant influsnce on the dussolution rate Whi-
dermann® and Gross™ were the Grat to re-
port on these influences when they noted
that speaific crystalline faces produced
changes m the rate of dissolution of certan
compounds.

According to Haleblian,’? crystalline
modification of sohd drug substances can
be sather polymorphs or molecular adducts
Solvate forms, stoichiometric types of ad-
ducts, are not molecular compounds but are
dentified as complexes that incorporate
solvent maolecules 1n therr crystal lattice.
Hydrates are the most common solvate
forms of drug compounds. As early as 1931,
Roller’33 gbserved that anhydrous calcium
sulfate has greater aqueous solubility (1 45
tumes) than tha hydrated form. Roller, how-
ever, reported thet under certan cond:-
tions, the dissolution rate of the hydrate
wus hugher than the anhydrous form This
later was duputed because thermodynami-
cally the anhydrous forms of drugs are more
active than the hydrates and consequently,
as shown by Shefter and Higuch1, the an
bydrous forms have greater solubility and
dasclve fastar than the hydrated forms

Wurster and Taylor® suggested that Rol
ler's results may have been distorted by
entrapped awr at the particle surface Also,
in support of Shefter and Higuchi’s thermo-
dynamic argument, Poole, et al, %37 found
that anhydrous ampiciilin has higher aque
ous solubility and faster dissolution rate
than ampiallin trthydrate {Fig 4 10a) In
addition, bioas atlability studies in dogs and
humans show ed that the mean blood serum
concertration of anhvdrous ampicillin, foi
lowing the oral intake of commercial cap
sules or suspensions to be higher signiii
cantly than those obtained for the hvdrated
crysta'line form {Fig 4 10b) Other re
ports 35 hou prer suggested that Poole s
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PERCENT N SOLUTION

- a @ -ﬁ{. [ ] 4
0 © 20 % 4 % €
MINUTES
Fig 4-10a Dissalution of amplcililn In diatilled
water at 37°C from trade capsule formuiations
inset: Solubility of amplcillin anhydrous and ampl-
cliiin tritydrats in distiied water ot 37°C (Repro-
duced from Poole Curr Ther Res 10 292

(1088) ]

21 AMPICLLIN
\. o ANHYOROUS
%m« -~ * TRINYDRATE
2
:-ls-
& :
O | 24
2
W 03/
z :
goe ’
Z 034

1 2 3 4 5 &
HOURS
Fig 4-10b. Mean blood sarum concantrations of

arnpichlin in human subjects after oral adminkstra- _

tion of 250 mg doses of the oral suspensions
[nopro?cdmmoh Curr Ther Res, 10, 292
{1988)

o

bicavailability studies were co/Mucr.ed on
commercigl products and thereby formula
tion factors may have been responsible for
the d:fferences in bioavailability In order
to clarify these conflicting reports Al and
Farouk® evaluated the in vivo performance
1n man of two identical formulations of pure
ampicilhin anhydrate and tnhydrate In ad
dition, two commerctal dosage forms of the
anhydrous and the tnhydrate forms were
wncluded 1n the study Examination of the
urinary excration dats indicated that ampi-
cilhn from the experimental capsules con-
tamung the pure anhydrous form (wmth no
excipients) was absorbed at both a faster
rateand toagreater extent than from either
of the experimental capsules containing the
tnihydrate form, or the two commercial cap-
sules. Approximately two times as much
ampicilin was excreted from the pure an
hydrous form as compared wath the pure
trihydrate drug Nevertheless, the boavail
ability of ths commercial eapsules contain
ing the anhydrous form was less than that of
the pure expennmental drug, but 1 case of
the trihydrate form, the reverse was true In
other words, formulation of the drug for
commercial use has helped to improve the
biocavailability of the trihydrate form, but
decreased the in nvo performance of the
anhydrous form. This may explan the find-
angs of Mayersohn and Endreny:,™ Hill, et
al, % and Cabana, et al 3%

Smudt, et al® mmvestigated the diasclu-
tion kinetics of theophylline manohydrate
and anhydrous theophylline 1n buffer solu
tions under sink conditions. Thes study
agamn confirmed that the anhydrous form
generally dunolves faster than the hydrated
form, however, the course of ths dumalution
process of the anhydrous drug was found to
be rather complex. Three phases wers 1den-
tified (a) a pretransformation phase 1n
which the snhydrous theophylline dissolves
at a fast rate, (b) the transformation phase,
durnng which the dissolution rate drops to
the level of the thegphylline monohydrats
dusolution rate, and {c) steady state, at
which the dissolution rate of the anhydrous
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d-10c. Dissolution of anhydrous theophylline
n sofutions. (A} Dirsct conversion of the

srisce the surface of anhydrous theophylline Is
converted to thae monchydrate by knmediats reac-
ton aftar contact with water (B) incdirect conver-
sion of the surface theophyiline crystallizes on the
anhydrous surface via diffuglon from a layer of
supersahuration [Rsproduced trom Smidt, ot al, J
Pharm Sci, 75, 497 (1986).]

K= () rate congtant of dizschsfion resctior; (i) rate congtant
of convective difusional trnsport i) rale conatant of mriace
ansformalion: (ky) rata constant of cryssallization.

theophylline equals the dissolution rate of
theophylline monchydrate (Fig 4-10c) Thae
presence of theophylline monchydrate
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 form and as a dthydrate was reported
by Stahl® to have a crvsuallm= structure
that 18 aepende~t highiv on temperature
and relative hurnditv Memard,, et al,5% as
well ag others,83-%2 showed that the absorp

tion from the suspension formulation of

Dissolution, Bloavallabliity and Blosquivalence
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Fig 4-10d. Dissohution bahavier of carbamazepine
snhydrate (-O-) and diydrats (-9-) in O 1A hy-
Reproduced

drochioric ackd. (i from Kahela ot &/,
intJ Pharm, 14, 103 (1083) |

thus drug, where the dihydrate form 1s used,
18 faster than that from tablets where the
anhydrous form 1s utihzed. Although the
fine particle size of the suspenston may have
been an important factor, Kahela, et al,%®
bave suggested that the differsnce 1n ab-
sorption mught also be attributed partly to
the diufferent crystal modifications. In theirr
study of the dussolution and serum levels of
the two crystalline forms (the anhydrous
and the dihydrate) of carbamazepme, the
authors found that whan 0 QLM HCl 1a used
as the medium, the dihydrate dissclved
faster than the anhydrous form (Fig 4 10d)

On the other hand, whan 1% watting agent
was added to the medium, ths dissolution
patterns changed (Fig 4-10s) Absorption
data also showed that the dihydrate ap

peared tn the serum at a faster rate than the
anhydrous form These observations of
crystal transformations previously have
been reported bv others 958 More impor

tan. the observation bv Kahela regarding
the inhibiting effact of the surfactants on
the crystal growth in aquegus media was in
agreemant with a similar finding by Mous

tafa etal®rorsuccinylsulfathiazole Allan,
et al " too has reported earlier, that eryth
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Fig 4&-10e Dissolution behaviar of carbarmazapine

anhydrale {—) and dihydrate (- = = = ~ - )in 0 1M
hydrochloric acid with 0 01% polysorbate 80

from Kahela, at al int J Pharm, 14,
103 (1983) ]

romycin dihydrate dissolves faster 1n a
phosphats buffer of pH 75 than the less
hydrated or anhydrous forms. Although
these findings appear contradictory to the
general pnocple based on the thermody-
namic stabiity of the anhydrous and hy-
drated formas, the contrast, according to Ka-
hela, et al,% 13 only apparent. The
wettability of the solid phase and particle-
particle interactions are the real reasona for
therr findings. In this case, crystal growth of
the anhydrous forms 1o 0 1LV HCI, as well as
its transformation in solution to the
dihydrate, which 1s the only stable form in
aqueous media, are probably the reasons for
the faster dissolution of the dthydrate. In
presence of the wetting agent, the crystal
growth appeared to be inhibited, though
temporarily, and consequently faster drsso-
lution for the anhydrous 15 observed imtial-
y

Bix crystalline forms of flupredmusolons
were studied by Halebhan, et al 272 Of
these forms, thres wers anhydrous, two
were monohydrates and one was a tertbutyl-
amine d1 solvate. Figure 4-11 shows that, 1n
genera), the anhydrous forms dissolved
faster than the hydrated and ci solvate

= o o
& -] ]

]
(]

Fiupradnisolone dissolved {mg cm-1)

03 i0
Hours
Fig 4-11 Diasoiution of varicus phasss of flu-
prednisoions in water at 23° [Reproduced from
Halablian of &l J Pharm Sci, 60 1485 {1871) ]
Key-® Formb ¢ Fomik O Formir v a-monaivwdat A
f-moncihydrais; ¢ terroutylamine disolvate.

forms. This 1n uttro result was also substan
tiated by an in vivo study whare solid pellety
of the drug were 1maplanted subcutaneoualy
wn the abdominal region of rats Arumal
weight loas and adrenal gland atrophy wera
utihized as two biological responses to mea-
sure the drug biwefficacy Nogamu, et al, 21n
1969, mvestigated the dussolution behavior
accompanying simultaneous phase changes
of p-hydroxybenzoic 2e1d and phenoharbs-
tal which transformed to their respechve
kydrates. The maximum concentrations of
the anhydrous forms wers 1 5 times the re-
spective solubilities of the hydrates, manly
due to a higher 1rutial dissolution that ac-
compantes the transformation of the dis
persed anhydrate to the hydrate form. Thus
concentration, howaver, decreases gradual.
ly until 1t reaches the equilibnum stats
Nogami explained that this convex curve
shows that the bulk hiquid 18 supersaturated
with reapect to the solubility of the hydrate
(Figs 4 12a, 4 12b, and 4-12¢)

It 18 also interesting to note that, amor
phous (noncrystaliine) forms of drugs, n
general, tend to dissolve fastar than crystal
hinematerials. Mullins and Macek ™ showed
that the amorphous form of novobiocin has
a greater solubility and higher dissolution

——
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Fig 4-12a. Dependanca of spparent dissolution
rate constant, K, of barbital polymorphs in water
on the rotating velocity of disk at 30° [Repro-
duced from Nogami et al, Che.n Pharm Bull, 17
28 (1969).]
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Fig 4 12b. Plots of the reciprocsl of apparent
dissolution rate constant 1/ va that of squars
roat of rotating velaclty at 30° from
Nogaml et al, Chem Pharm Bull, 17 28 (1968).]

ra & than the crystalline form (Fig 4 13a)
Blood level studies confirmed such firdings
where adminstration of the amorphous
form vielded about 3-4 tumes the concen

|
£ 1000
[ - ]
£
'§ p ~hydroxybanzolc.acid
g 700 (307
b=
§
g 2 00
< 00 phancharbital
R 209,
0 2 4 6
Timaliv)

Fig 4-12¢. Dissolution behaviors of anhydrate and
b ;lr:umumhmutn pheno-

amount -3
mhlﬂ.!uhso mi water [Reproduced from
Nogaml etal, Chem Plwrm Bull, 17 501 {1989).]
Kay: ~®-, Artydrater —O-, hyydrata.

tration of that found after the admunustra

tion of the crystallme form (Fig 4-13b)

Similar differences,® though less dramatie,
wers demonstrated for gnseofulvin, pheno-
barbital, cortisone acetats and chloram

phemcol

Polymosphism

The existance of polymorphic structures
1 apother yuportant vanant of the crystal-
bne forms that can effect greatly the duso-
lution rate behavior of drugs. For thermo-
dynamic resscns,”™ compounds that exhubit
crystal polymorphiam should possess dui-
ferent fugacities (thermodynamic activi-
ties) that vary according to the crystalline
modification. Accordingly, the dissolution
rate and bicavailability may depend, to a
large extent, on the dissolution characteris
tics of the speafic polymorphic forms uta
lized m the formulation Because many of
the polvmorphic crystalline structu-es ex
hibit vast ranges of solabiutr and rates of
solution polvmarphiam has been a major
source of dose to dase varability of the bio
availability of severul drug compounds

In general, the metastable (tigh activa
tion energy ) poly morpn ¢ forms rave cetuer

) o 2 B DB Okt ol o) - M) A AP = = B
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B Ca salt micra

Absorbance

5 8 § 8

Crystulline

'l b p—
0 | 2 3 4
Hours

Amorphaus

Jcq pwr mh

[+] 1 2 3 4 3 [ -]
Hours

{No deteciable biood ievels wmith crysialling)
b

nu-ﬁ.gmmmmmm
vatluas) tor various forms of novoblocin. b: Blood
level va tima data for tha various forms of novoblo-
cin [Reproduced from Goldberg Academy of
Pharm. Sl 2215 Constitution Ave NW Wash-
ington, DC 20037 Graph Is based on data from
Mullens, and Macek J Amr Pharm Assoc Scl Ed,
49 245 (1980).]

dussolution than the stable forma. Hamhn,
¢t al,7 m 1962, showed distmct dwsoluhion
rates for the two polymorphs of methyl-
predmsolone These differences, however,
disappeared at higher agitation spesds
Wurster and Taylor™ later found sumilar
results for three differsat polymorphs of
methylpredmisolone Levy and Procknal™
also confirmed Hamhn's findng that the
difference in the dissolution rate of the twd
polymorphs of methylpredmusclons disap-
pearat highe- agitation rate, and attnbuted

2 o1}
- ]
E
-
4
E -o z -
3
(-]
k]
a
- “O3F
2
20 22 24
log stirnng rate{ram)

Fig 4-14. Dissolution rates of methyiprednisolone
polymorph [ (@) and polymorph H (O) from rotating
disks {127 cm?) as a function of mte af disk
rotation [Reproduced from Levy and Procknal, J
Pharm Scl 53, 656 {1084) ]

such behavior to an intrinsic property of the
drug and not to effects caused by a particu-
lar apparatus or methodology (Fig 4-14)
Higuchu, et al,2*3! studied this phenomenon
and found a correlation between the rates of
reversion of the metastable polymorphic
form to the stable one dunng dimsolution
and the crystal growth rates of the stable
form (Figs 4-15a and 4-15b) When the rate
of the crystal growth of the stable form 1a
slow, there 1s & hittle tendency for polymaor-
phuc reversion during dissolution. Based on
their studiea of the dissolution behavior of
the polymorphic mixtures of sulfathiazole
(Fig 4-16) and methylprednisolone in dif-
ferent solvents, the authors proposed thair
“mixture theory” to interpret their data
and to provide an explanation for the loss of
senntivity i distinguishing the difference
mn duissolution rates of polymorphs at hugh
agitation speeds. Figure 4-18a shows aache-
matic diagram of the three stages (laft to
nght) of the dissolution process. It 18 as-
sumed that initially the nuxture 13 uaform
and no reversion occurs. As dissolution pro-
coeds by diffusion across the effective hquud
diffusion layer of thickness A, only form II
_drssolves mutially, 1 &, at tune zero (', the
solution concentration at the tablet bound
ary and solution interface, 1 equal to C,Y,
the solubility of forma I At later times C,1
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Fig 415 & X-ray recording of sullathinzote form | b X-ray recording of sulfathiazo’s form T c: Dissokution
rates of sultathlazols (form | and form H and mixture of 80% | and 20 % 1) at two agile.Jon spesds in n-propyl
alcohol [Reproduced from Higuchl, et al, J Pharm Sci, 56, 200 (1967).]

Kay Q@ tlormi(Ar & mbaure (A O lomE(AL O lomH{fx O mishre (B & farm1(85 A Effusion tayer thickness = 152 X 107

om: B, dMusion layer hickneas = 294 X W7 em.

>C'> C,!, and finally at ateady state, C’ =
C,!,and both forms I and I/ dssolve at rates
proportichal to their percentages in the
onginal mixture The results of these con

siderntions are ulustrated \n Fig 4 16b
where ¢ u the point where deviation of the
mixture curte from the pure form If curve
hegins to become important ard ¢° 15 tne
point at which the rate of dizsolution of the
migture becomes equal to the rate for pura
form I Higuchy, et al ® derined the mathe

matical treatmant for the model that fita
their data and that of Hamlin 5 10 Jhe theo

retical equation. Phenylbutazone too, has
been reported to exist i several polymor
phic forms. Matsumsga, et al,® reported
the sxistance of three polymorphs and Ibra
tum, et al® reported four polymorphic
forms. MQller howaver, showed that two of
forms reported by Tbrahim are actually sol
va.es and reported the existence of two new
ones

‘Tuladhar, et al 3 prepared and charac
terszed five different poly morphic forms of
ohenylbutazone using differential scanning
calorimetry The authors observed inter

-
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Factors Affecting the Rate of Dissolution VAR
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- I g DE ~I p, 1
R=(D/hICs" R=—22Cs" R (D/h)Cs

Amount dissolved

Fig 4-18 a Mixture theory model. b Comparison
of dissotution rate of the two polymorphs and a
mixturg according 1o theary [Reproduced from
Higuchu et al, J Pharm Sci, 56, 200 (1967) ]
Key:A KA mizturs: 8 L

conversion between polymorphs on grind
mg Based on the equibbrium sclubihty and
intrinsic dissolution rates data of the van-
ous polymorphic forms (Fig 4-17), the au
thoss concluded that the dissolution pro
cess could be described by the Berthoud
model Thus model, which 13 also known as
the consecutive process -concept, was first
proposed by Berthoud® 1n 1912, and was
then highlighted by Wurster and Taylor™
to explain their predmsolone findings Be
cause all molecules originating from duffar

S

Form

&
T
(]

20+ 3

o]
i 72
IOL

Amount dissolved{mg/100mL)

L 1 ' 2 1L g L P L
80 120 180 240 30
Time (min)

Flg 4-17 Comparison of dissotution rates of phen-
yhutazone crystal forms in 0 2M phosphate buffer
pH 7 5 at 37°C and 100 rov min~' [Dlssohution
Properties of Phenylbutazons Polymorphs. Repro-
duced from Tulachar &f al, J Pharm Pharmacol,
35,208 (1983) ]

Ney® FormA, A FormB, N FormC- O FormD; O FomE

ent crystalline forms exist in the same state
in solution, they should have the same dif

fusion coefficient and the same dissolution-
rate constants. As this relationship = not
followed 1n the case of many different sol-
vated and polymorphic forms, Wurster and
Taylor” proposed the consecutive process,
where a phase reaction at the interface 1a
suggested to take place, followed by the
trensport away from the interface Nogam:,
ot al 328 yiilized the same concept to ex

plain their findings regarding the different
dissalution rate constants for three barbal
polymorphs and proposed the existence of a
double diffusion layer for the matenal
transport. Combining this concept wath Le-
vich's¥ equation, they were abls to calcu-
late the rate constant of the interfacal
chemical reaction and that of the transport
process. Figure 4 18 explains this douole
layer concept.

Other polymorphic forms have been e
ported for a wide variety of drugs Aguiac®
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Fig 4-18a Schermatic dlagram of concentration
prufite on the dissohstion procsss of solids C,,
smarated concentration; ¢, effective concentra-
tion, §,, thickness of affective or saturatad con-
centration layer J,, thickneas of diffusion layer
[Reproduced from Nogaml of al, Cham Phamm
Bull, 17 24 (1969).]

demoanstrated a dramatic difference in dis
solution and bioavalability between two
distinct polymorphic forms of chloram-
phemeol. Shibata, et al,® characterixed dif
ferent polymorphic forms of ametdine,
and Rowe and Anderson® described the
sability of the various polymorphs of tol
butamide

Behme, et al %! pointed out that predic
uon of the relative stabiite of a pair of
polymorphic solids can be factlitated great
I of the polymorphs are characterized as
aither monotropic or enantiotropic. For
monotropic solids, the higher melting form
has the lower fres energy at ail tempera
tures and consequently s more stable at all
temperatures. Far enantiotropic solids,
their relative stabilities depend on the tem
perarure of the system relative o the trans:-
tion temperature However, as the numbaer
of polymorphs increases, the interpretation
of data becomes difficult Burger and Ram
bergar™ recommended the use of an energy
t2amperature diag-am to facilitate the inter
pretation process Thesr “heat of [usion
ru'e states rhat tthe higher melring form
bas the lower heat of fus:on the two forms
are usually enartiotropic otnecrwiss thev
are conotropic Bzhme, et ¢l utihized
sucn a rule in therr :nterpretation of th»

’

Bulk Liquid

L

H 1

Bulk hquid

o

Fig 4-18b. Schemastic dlagram of concentration

profiles on the diaschition procass of sofids. Cs,
saturated concentration of anhydmta C, slfective
concentration on solld surfeca” Cx, Saturated
concentretion of hydrate [Reproduced from No-
gaml, et al, Chem Pherm Bufl, 17, 499 (1969) ]

stability data of three polymorphic forms of
gepirone hydrochlonde, an investigational
annialytic drug

It 13 mtaresting to note that from one
standpoint, the presence of different poly-
morphic forms of the same drug can lead
either to satisfactory or problematic conse
qQuences. If the existence of multiple crys
talhne modifications 1 unrecognized 1n a
particular formulation, i1t may result 1n too
wide a range of dose-to-dose variation i the
drug bioavaslabilitv On the other hand, Hi
guchy, et al,® as well as-others™ have advo
cated, and successfully demonstrated, the
utilization of a polymorph of sigmficantly
greater thermodynami activit, than that
of the stable crystaliine modification to pro
v de better dissolution charactanst cs end
higher blood levels for an otherwise poorly
absorbed drug
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Fig. 2-8. The melting pomnts of alkanes and carboxylic acds as 2

function of carbon chmun length (Modified from C R Noller
Philadelphus,

The melting points of normal carboxyhe acds also
show this alternation, as seen m Figure 2—-6. This can
be explaned as follows Fatty acds crystallize m
molecular chains, one segment of which 18 shown n
Figure 2-7 The even carbon acids are arranged 1n the
crystal as seen in the more symmetne structure I,
whereas the odd numbered acds are arranged accord-
ing to structure II The carboxyl groups are jomed at
two pownts in the even carbon compound, hence, the
crystal lattice 18 more stable and the melting point 15
higher

The melting points and solubilities of the xanthines of
pharmaceutical interest, determined by Guttman and
Higuchy,? further exemphfy the relationship between
melting point and molecular structure Solubihties, hke
melting points, are strongly infinenced by mtermolecu-
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 caffeme, and
lengthening of the side chain from methyl (caffeine) to
propyl in the 7 posthon results m a decrease of the
melting points and an increase i solubilittes These
effects presumably are due to a progressive weakening
of ntermolecular forces

Polymorphism Some elemental substances, such zs
carbon and sulfur, may exist in more than one crystal-

VAR

Fig. 2-7 Configuration of “atty acd molecules n the crystalline
state (Modified irom A E Buley Melting and Solidircalion of
Fats Interscience Publishers, New York 1850 p 120}

Chapter 2 States of \latter B

TABLE 26 Melting Points and Solubiitres of Soms
Xanthines*

AR
O
s 0
N
|
CH,
Basic structure
Salubility
in Water
Melting Posnt at30°C
Compound ("C uncormectad) {molefliter x 107%)
Treaphyliina 270-274 45
(R = H)
Caffemne 238 13.3
{R = CHy)
7-Ethyitheophylline 156-157 176
(R = CH,CH,)
-Propyitheophylline 99100 1040
(R = CH,CH.CHy)

“Ffrom D Guttmanand T Higuchy, J. Am. Pharm. Assoc. Sa. Ed. 48, 4, 1357

hne form and are sad to be polymorphic Polymorphs
generally have different melting points, x-ray diffrae-
tion patterns, and solubihties, even though they are
chenmucally 1dentical

Nearly all long-chain orgame compounds exhibit
polymorphuism In fattv amds, this results from daffer-
ent types of attachment between the carboxyl groups of
adjacent molecules, which in turn modify the angle of
tit of the chans n the crystal The tnglycende,
tnstearin, proceeds from the low-melting metastable
alpha () form through the beta prime (B") form and
finally to the stable beta (B) form, having a hugh meltung
pomnt. The tranmtion cannot occur m the opposite
direction

Theobroma oil or cacao butter 1s a po
natural fat Since it conmsts mamly of & smgle glycer-
e, 1t meits to a large degree over a narrow tempera-
ture range (34°-36° C) Theobroma oil 13 capable of
exishing n 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
meltmg at 34 5° C Riegelman' has pomnted out the
relationship between polymorphism and the prepara-
tion of cacao butter suppositories If theobroma oil 1s
heated to the point at which it 1s completely hquefied
(about 35° C), the nucle: of the stable beta crystals are
destroyed and the mass does not crystalhze unti it 1s
supercooled to about 15° C The crystals that form are
the metastable gamma alpha, and beta prime forms
and the suppositores melt at 23° to 24° C or at ordirary
room temperature The proper method of preparation
involves melting cacao putter at the lowest posable
temperature, about 83° C The mass 1s sufficiently dud
to pour, yet the erystal nuclei of the stable beta form
are not lost. When the mass 15 chilled 1n the mold, 2
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stzble suppository, consisting of beta crystals and
melting at 34 5* C, 1s produced

Polymorplusm has achieved mgrnificance in recent
years owing to the fact that duferent hs
exhiit different solubilities In the case of s
soluble drugs, this ma\ afffect the rate of dissolution
As a result, one polvmorph may be more active
therapeutically than another polymorph of the same
drug et al '* ha e shown the polymorphic state
of chloramphemcol palmitate to have a sigmficant
influence on the hwologae availability of the drug Khahl
et aL ** reported that form II of sulfameter, an antibac-
tenal agent, was more active orally in humans than
form I, although marketed pharmaceutical prepara-
tions were found to contain mawly form III

Polymorphism can also be a factor m suspension
technology Cortisone acetate has been found to exast 1n
at least five different forms, four of which were found to
be ungtdBl¥ in the presence of water and which change
toas form.!* Since this tranaformation 1s usually
accompenied by apprecusble calung of the erystals,
these should all be 1a the form of the stable polymorph
before the suspension 15 prepared Heating, grinding
under water, and suspension 1 water are all factors
that affect the mtercon ersion of the different cortisone
acetate forms '

It 15 chificult to determune the crystal structure and
molecular conformations of different polymorphs of a
single drug and the reports of such work are not
common. Azitx et al'® studied two polymorphs of
spiperone, a potent annpsychotic agent used mamnly in
the treatment of schizophrema. The chemical structure
of spiperone 18 shown 1n Figure-2-8a, and the molecular
conformations® of the two polymorphs, I and II, are
shown in Figuie 2-8b The difference between the two
polymorphs 18 in the posiuoning of the atoms in the side
chaing, as seen in Figure 2-8b, together with the
manner 1n which each molecule binds to neighboring
spiperone molecules mn the crystal The results of the
mvestigation showed that the crystal of polymorph Il 1s
made up of dimers (molecules m pars), whereas
polymorph crystal I 1= constructed of nondimenzed
molecules of spiperone In a later study, Azibi et al **
examined the polymorphism of a number of drugs to
ascertain what properues cause a compound {0 exist 1n
more than one crystaline form Differences in ntermo-
lecular van der Waals iorces and hydrogen bonds were
found to produce duferent crystal structures in ant-
psychotic compounds such as halopendol (Fig 2-9) and
bromperidol Varabiien in hydrogen bonding also
contributes to polvmoronism ir the sulfonarudes '*

Goldberg ard Beche='¥ s.udved the crystaline forms
of tamoxifen citrate an antiestrogenic and antineoplas

*The arrangemen of he 1 oms 1 a particular sercoisomer s es
the coniguration of a molecale On the other hand conformation
refers to the differeot arrangements of atoms resul.ing from rotations
about sing'e bands

¢
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Fig. 2-0 {ﬂ&ruemnllllmmbch{otqﬂmr.(b)m
conformation of two polymorphs I and H of spiperone (L. Azitn et
al J Pharm Sa. 72222 1983. Reprudoesd with pernusszon.)

tic drug used in the treatment of breast cancer and
postmenopausal symptoms. The structural formula of
tamoxifen 18 shown in Figure 2-10 Of the two forms
found, the stable polymorph, referred to as form B, 15
held n 1ts molecular conformation in the sohd state by
hydrogen bonding One cerboxyl group of the eitric amad
molety donates its proton to the mtrogen atom on an
adjacent tamoxifen molecule to bring about the hydro-
gen bonding and to stabihze the molecular cry~<tal of
form B The other polymarph, known 2s form A 15 1
metastable polymorph of tamoxifen citrate, its molecu
lar structure bemng less organized than that of the stable
B form. An ethanohe suspension of polymorph A
spontaneously rearranges mto polymorph B

Lowes et al.'® made physical, chemecal, and x ray
studies of carbamazepine Carbamazepine 1s used 1n the
treatment of epilepsy and tngemnal neuralgia (severe
pan in the face, Lips, and tongue) The 8 polymorph of
the drug can be erystalized from solvents of high
dielectric constant, such as the ahphatic alcohols Thea
polymorph 1s crystallized from solvents of low dielec
trie constant, such as carbon tetrachloride and cyclo-

— ?I' oM
)
a

Fig 2-3 Hauperdal
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Fig 2-10. Tamoxzfen citrate

hexane A rather thorough studv of the two polymor-
phic forms of carbamazépine was made using wnfrared
spectroscopy (p 89) thermogravimetrie anslysis (p
49), hot-stage mucroscopy, dissclution rate (p 330-
332), and x-ray powder diffraction (p 30) The hydro-
gen-bonded structure of the a polymorph of carbam-
azepine 18 shown in Figure 2-1la, together with its
molecular formula (Fig 2-11b)

Estrogens are essential hormones for the develop-
ment of female sex charactensucs When the potent
synthetic estrogen ethym lestradiol 13 crystallized from
the solvents acetomtrile, methanol, and chloroform
saturated with water, four different erystalhine solvates
are formed Ethynylestradiol has been reported to exast
1n several polymorphuc forms. However, Iahida et al *
have now shown from thermal analysis, infrared spec
troscopy, and x-ray studies that these forms are
erystals contaiming solvent molecules and thus should
be classified as solvates rather than as polymorphs
Saolvates are sometimes called pseudopolymorphs *'

()

Ag. 2-11 fa) Two molecules of the polvmorph a-carbamazepwne
Jowed toypthe~ by hydrogen bonds. (M H J Lowes, et al J
Pharm S T8 T4 1987 Reproduced wilh permusion.) (b) Carba
mazenme
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Other related estradwl compounds mav exist in true?s—

polymenc forms

Behme et al ™ reviewed the principles of polymer-
phism with emphasis on the changes that the polymor-
phic forms may undergo. When the change from one
form to another 15 reversible 1t 15 saud to be snantio-
troptc When the transition tahes place in one direction
only—for example, from a metastable to a stable
form—the change 1s saud to be monotropic Enantio-
tropism and monotropism are unportant properhes of
polymorphs, as described by Behme et al =

The transibon temperature 1n polymorphism 15 un-
portant because it helps to characterize the system and
determine the more stable form at low temperatures
At thewr transition temperatures, polymorphs have the
same free energy, udentical solubihities mn a particuiar
solvent, and identical vapor pressures. Accordingly,
plots of leganithmic solutuhty of two polymorphic forms
against LT provide the transition temperature at che
tersection of the extrapolated curves Often the plots
are nonbnear and cannot be extrapolated with accu-
racy For diute solutions, in which Henry's law
{p 152) apphes, the loganthm of the solubihty ratios
of two polymorphs can be plotted aganst I/T, and the
mtersection at a ratio equal to uruty gives the transiton
temperature.™ This temperature can also be obtamed
fromthephase&lmmofpmsureversustempenmre
and by using differential scanning calormetr;
An example of the solubiity method 15 given as
Problem 2-20

Biles,™ as well as Halebhan and McCrone,™ have
discussed 1n some detail the mgruficance of polymor-
phism and solvation in pharmaceutical practice

Amorphous Solids. Amorphous sohds may be conmd-
ered as supervooled hquds 1n which the molecules are
arranged 1n a random manner somewhat as in the hqud
state Substances such as glass, pitch, and many
synthetic plastics are amorphous solids. They dufer
from erystalline sohds in that they tend to flow when
subjected to suffictent pressure over a period of time,
and they do not have definite melting ponts In
Chapter 17, it will be learned that the rhedlopist
clasnfies as a sohd any substance that must be sub-
Jected to a definite shearing force before it fractures or
begins to fow This force, below which the body shows
elastic properties, 13 known as the yield ralue

Amorphous substances, as well as cubic crystals are
usually tsotropic thatis they exhibit sumlar propernes
m all directions Crystals other than cubie are anusolro-
pic, showing different charactenstics (electric concuc-
tance, -refractive index, rate of solubihty) 1n varous
directions along the crvstal.

It 1s hot alwavs possible to determune by csual
observation whether a substance is crystalline or
amorphous Beeswax and paraffin, although thev ap-
pear to be amorphous, assume crys.allne arrarge-
ments when heated and then allowed to cool slowly
Petrolatum, as already mentioned, contans bath crvs-
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taline and amorphons constituents. Some amorphous
materals, such ss glass, may crystallze after long
standing

Whether or not a drug s amorphous or crystalhne
has been shown to affect its therapeutic acivity Thus
the crystalline form of the antibtotic novobiwean acid 15
poorly absorbed and has no actiity, whereas the
mrpl:_'ousformuread:ly absorbed and therapeutically
active

THE LIQUID CRYSTALLINE STATE

Three statss of matter have been discussed thus far
m this chapter gas, hqud, and sohd A fourth state of
matter 18 the liquid crystalline state or masophase The
term liquad crystal 13 san apparent contradiction, bot
13 useful 1n a descriptive sense since matenals 1n this
Rate are m many ways intermediate between the hqund
and sobid states.

Structyra of Liquid Crystals As seen earher, molecules
mn the hqud state are mobile in three directons and can
also rotate about three sxes perpendicular to one
another In the sold state, on the other hand, the
molecules are immobile, and rotations are not possble

It 18 not unreasonsble to suppose, therefore, that
mtermediate states of mobility and rotation should
exist, as In fact they do It 18 these intermediate states
that const'tute the hqud crvstaline phase, or me-
sophase, as the hqud crystalline phase 1s called

The two man types of hiquad crystals are termed
smectic (soap- or grease-like) and nematw (thread-like)
In the smectic state, molecules sre molile m two
directions and can rotate sbout one axis {Fig 2-12q).
in the nematic state, the molecules again rotate only
about one axis but are mobile m three dimenmons (Fig

|

(a) Sm-e:hs mesophase

2-125) A third type (cholesteric crystals) exist but
may be considered as a special case of the nematie type

The smectic mesophase 13 probably of most pharma-
ceutical sgnufieance since 1t 15 this phase that usually
forms m ternary (or more complex) mixtures contminmg
a surfactant, water, and a weakly amphiphihic or
nenpolar additive (see Chapter 18)

In general, molecules that form mesophases (1) are
organic, (2) are elongated and rectihnear 1n shape, (8)
are ngd, and (4) possess strong dipoles and easily
polanzable groups. The hqud erystalline state may
result ether from the heating of sclids (thermotrope
hqud erystals) or from the action of certain solvents on
sobds (lyotropic iquud erystals) The first recorded
observation of & thermotrome hqud crystal was made
by Remitzer m 1888 when he heated cholesteryl
benzoate At 145° C, the sobd formed a turbid bhqud
(the thermotropie hiquid erystal), which only became
clear, to mive the conventional hqund state, at 179° C

Properties and Significance of Liquid Crystals. Because
of their mtermedaate nature, hqmd erystals have some
of the properties of hquds and some of sohds. For
example, hquid crystals are mobile and thus can be
consdered to have he flow properties of bquds At the
same time they possess the property of bemg bwrefrm-
gent, a property sssocited with erystals In burefnin-
gence, the lght passing through a matenal w divided
mto two components with different velocities and hence
different refractive indices

Some bhquid crystals show consistent color changes
with temperature, and this cheractenstic has resulted
i therr being used to detect areas of elevated temper-
ature under the skin that may be due to a disease
process. Nematic hquid erystals are sensitive to glectne
fields, a property used to advantage in developing
display systesns The smectic mesophase has applca-

It

Fig. 2-12 Ligud crvataline Rate (o) Smeclic structure {b) nematie structure
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Factors Affecting the Rate of Dissolution of Solid

Dosage Forms

There are several factors, other than
those related to the physicochemical char-
acteriatics of the sctive ingredient that may
affect the dissolution rate and bioavailabnl-
1ty of solid dosage forms. Thess generally
can be discussed under five major catego-
ries. formulation factors, processing fac-
tors, packaging and storage factors, the dis-
solution apparatus and the teat parameters
Although the magnitude and sigmificance of
these affects must be determined mdivid
ually for each product, the followng discus
sion of earher and current findings can
serve as a guidehne for the pharmacesutical
scientiats, especially during the imtial
stages of formulation demign and product
development.

Formulation Factors

It has been shown that the dwsolution
rate of pure drugs can be aitered sigmifi-
cantly when muxed with vanous adjuncts
dunng the process of manufactunng solid
dosage forms. These adjuncts are added to
satisfy certamn pharmaceutical functions
and may nclude diluents (fillers), dyes,
binders, granulating agents, dimmntegrants
and Jubrnicants. Genancally 1dentical tablet
and capsule products, manufactured by duf-
ferent pharmaceutical houses, wers found
to exinbit sigmaficant differences in the dis-
salution rates of their active ingredients.
Nelson and Schaldemose,! Levy, 5 Varley,$
and qthers?™ showed that some tablet and
capsule formulations can lead to 2 marked
decrease in the dussolution and bioavaulabil-
ity of drugs from solid dosage forms. Such
findings during the 1960"s, especially tn the
case of digoxin and tolbutamide tablets, as
well as chloramphenicol and tetraeycline ~
HC]l capsules {all hfesaving drugs), were the

73

main tngyenng factors that compelled drug
regulatory agencies and compendial au

thonties tonstitute the diasolution testasa
legal requirement for most sobd dosage
forms

Diluents (Fillers)

Diluents are used to give the powder
bulk, so that a tablet of an acceptahle size s
produced.

Lavy, et al,S m 1963, studied the effect of
starch, one of the most commonly ugsed dilu
ents, on the rate of dissolution of salicyhc
acid tablets manufactured by the dry, dou
ble compression process Increasing the
starch content from 5 to 20% resulted m a
three-fold merease 1n the dissolution rate
(Fig 5-1) This was artnibuted to better and
more thorough disintegration {starch 15 an
excellent disintegrant). Finholt, et ol,” m

T
1w
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Fig 5-1 Effect of sterch contant of granules on
dissolution rats of salicylic acid contalned In com-
pressed tablets [Reproduced from Levy et el J
Pharm Sci 52, 1050 (1963) ]

Key O 5% @ W% X 20% sarch in granules
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1966, mnvestigated 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
Dry granulation alone did not improve the
dissolution rate They suggested that the
hydrophobic drug crystals acquure a surface
laver of fine atarch particles that impart a
hydrophulic property to the granular formu-
lstion and thereby increase the effective
surface area and hance the dissolution rate

Yen,%1n 1964, studied the effect of duffer-
ent diluents on the dissolution rate of the
spanngly soluble drug tnamterene when
manufactured by wet granulation. Four fll-
ers were tried starch, lactose, glvane and
terraalba The results showed significantly
better dissolution rates with the first three
diluents, all hydrophilic powders, but hard
and less soluble granules were abtained
with terra alba es diluent.

In another study by Marlowe and Shan
graw,? the use of starch as a diluent was
shown to produce sodium sahicylate tablets
with a much faster dissolution rate than
when lactose was used Dnfferent types of
starch were studied by Underwood and
Cadwallader!9, however, the type of disso-
lution apparatus utibized for testing was
found to affdct the ranking of the dafferent
starch varieties amployed With sturring
type of agitation, the order was, potato
starch>corn>arrowroot>nce with the os
cillaung type of agitation, a different order
wa: observed, corn>rice>arrowroot>po-
tato

Dismtegrant

A disintegrant 13 used to cause the tablet
todsintegrate vhen exposed to an aqueous

svronment.

The studies of Solvang, et ¢! and kin
holu ot al !’ showed that starch not onlv 15
an sxcellent diluent but also a superior dis
wtegrant due to its hydrophihcitv and
swelling oropertv Varley® reported a sigmf
icant dacrease tn tre serum level of tolbuta
mude when the amount of Y eegum used asa

disintegrant 1n 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
methylceallulose (Nymcel), was found to be
less effactive than Pnimojel, a sodium glyco-
late of potata starch. It may be painted out
that care should be taken mn investigating
the posuibility of adsorption of some drugs
to the surface of certain diluents and disin
tegrants. Highly adsorbent subatances, e g,
bentonite, should be avoided 1n tablet for
mulations of drugs used 1n very small doses,
such as cardiac glycosides, alkaloids, syn
thetic estrogens and atercids These sub
stances can be adsorbed-permanently so
that only a fraction would be available after
administration Yen® found that tnamter
ene was adsorbed by the disintegrant Vee-
gum.

The delstenious effect of lubricants, espe
cially magnestum stearate, on the effective
ness of disintegrants has been highlighted
by Bolhwis, et al, 1418 Lerk, et al,!617 Shah
and Mlodozeniec,® and DeBoer et al ?
The lubricant forms a thin hydrophobic
film around the tablet exaipients, thereby
thubiting the penetration of water into the
tablet pores and delaying diusintegration
Bolhws, et al,)® showed that the efficacy of
potato starch as a disintegrant 1s decreased
by an increase 1n the mixing time of the
tablet ingredients with magnesium stea-
rate However, Proost, et al,® pointed out
that because the hydrophobic film formed
by the lubricant never envelopes the disin-
tegrant particles completely the swelling s
not mhibited at the surface of the tablet
where the disintegrant particles are in di
rect contact with water Working with diaz
epam tablets (Table 5 L) the authors dem
onstrated that with disintegraqts of a
modera.e swelling capacity sucn as pota.o
starch, the disintegrauon and disselution
rates depend toa large extent on *ne mixing
time of the drug/excipient prsblend with
the lubricant magnesium atearatz In this
case the disintegration also was largelv in
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Factors Atfecling the Rate of Dissolution

Table 5 1—Diazepam Tablet Formulations with Variable Swelling Capacities of Dliuents

Fonmulason

inrodiont, % (ww) = = |- I | = 2 =0
Duzapam 25 25 23 25
Diaaloium phosphate dihydrata T rr 93 53
Potato starch 2 2
Sodium starch glycolats 1 4
Magnesum stearats 05 43 03 03
Mixing time with magnesium stearate (min) 2 30 2 30

Parcanlage dissdived

o 15 30 43 60
Time, mun
Fig 5-2 Dissclution profiles of dlazepam deter-
mined with the rotating baskast at 100 rpm. [Repro-
duced Iliomﬁmst. ot al, it J Pharm, 13, 247
(1903)

Koy R A2 A.P30:0 82 A 3-30{sbrevistions ses Table
1

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 dussolution rates hardly were af-
fected by the time of mixing with magne-
sium stearate In this case, the surface
structurs was dusrupted comapletely, per
mittihg water to penetrate into the tablet
and hence, effecting rapid disintegration
and dissolution mithout the aid of mechan:-
cal means (Fig 5-2)

Binders and Granulating Agents

Substances added to impart cohesive or
binding qualit es to the powdered drug for

mulation, m order to insure that the tablet
remains intact after compression, are called
binders or granuiating agents. These mate-
nals tnclude gelatin solution, starch, sugar
natural and synthetic gums such as gum
acacia, gum tragacanth, polysthylene gly-
cols, polyvinylpyrrolidons, Veegum and
carboxvmethyicellulose

Wet granulation, 1n general, has been
shown to impro+e dissolution rates of poor
ly soluble drugs by imparting hydrophilie
properties to the surface of the granules,
Solvang and Finholt!! determined the rate
of diasolution bf phenobarbital, phenacetin
and predmsolone before and after granula-
tion and compression into tablets. In afl
cases, the dissolution rate was faster with
the grenules than for the pure drug. The
rate of release was also faster after compres-
sion than that obtaned for the uncom-
pressed granules (Fig 5 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 dunng
compression, thus increasing the effectrre
surface aree, a finding reported earher by
Higuchu, et gl 1-**The authors showed that
with normal tablet compreasion, deforma-
tion of the granules takes place but mithout
the particles breaking up The particles are
changed from heng slmost spherical ta be-
ing nearly disk shaped and hence thewr sur-
face area 15 (ncreased

Regarding the most suitable binding
agent, Solvang and Finholt'! showed that
phenobarbutal tablets granulated with gela
tin solution dissolved much faster 1o human
gastric Juice than those prepared with sod:
um carboxymethy leellulose or polyethvlene
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Amsunt djssolved, mg in JIOOmL
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Fig 3-34. Rate of dissolution of phanacetin from
powder pranules and tablets In diluted gastric
Julcs (surface tension 42 7 dynes cm™! pH 1 85)
[Reproduced trom Solvang and Finholt, J Pharm
Sci, 59, 50 (1870).}

Koy Q phacacetin powder A phenacetin granules, @ phen-
acetin ity

Amoun! disselved, mg In I00mL

Time, min

Fig 5-3b. Dissolution rate of phanobarbital tablets
in diuted gastric juice {srface tenmon 39 4 dynes
em™ pH 150). {Reproduced from Solvang and
Finholt, J Pharm Sci 58 50 (1970) ]

Key'® gelalin binder- A CNMC © polystivlens glycol 6000,

glveol 6000 as a binder (Fig 5 3b) They
suggested that gelatin imparts hydrophilic
charactenstics to the hydrophobic drug
surface, whereas sodium carboxymethy lcel

lulose 15 converted n the low pH gastric
Juice to 1ts less soluble acid form In case of
polyethviena glveol 1t was proposed thatit
forms a poorly solub'e complex with pheno

barbital probably during the dissolution
test. This fact was reported earher by Higu

chi and Lach?® and later by Singh et al™®
who found that the complex ratio 1845 Smg

Fig 5-4. &: Comparison of filler-binders In a tablet
formuia containing starch, hydrogenated vegsta-
ble ol! and 3 5 5-C hardness b: Comparison of
filler-binders in a tablet formuia containing no
starch magnesium stsarate and 6 5 5-C hard-
ness [Reproduced from Mariowe and Shangraw, J
Pharm Scl, 58 500 {1947) )

Koy-8,, spray-dried lnctose: By, stirylcafiuiose and iacioss 8.
acacia muctiags and lectose: B, starch paste ard iactosy

of polyethvlene glyeol 4000/100 mg of phe
nobarbi.al at 37°Cand pH3 3

Finholt, et al 2 reported sumilar results
using sulfadiazine and phenacetin as test
drugs, when the fastest dissolution rate was
obtained with drugs granulated with gelatin
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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 formulations con

taining spray dried lactose dissolved faster
than other formulations The slowest disso

lution was obtained when ethyl cellulose
was used 1o combination with lactose (Figs
5-4aand 5-4b) The retarding effect of ethyl
cellulose was confirmed by Jacob and
Plewn"” who compared the dissolution rates
of phenobarbital tablets manufactured
with gelatin as well as other popular binders
such as gum acacie, ethyl cellulose and hy-
droxymethylcellulose The authors report

ed that gelat:n produced the best dusolu-
tion behavior, whereas the use of the
cellulose denvatives resulted in tablets with
poor dissolution charactenistics On In

creasing the amount of gelatin, however,
tablets with decreased dissolution rate (and
increased hardness) were obtauned Yen®re

ported similar results on increasing the
amount of gelatin used as binder

Lubricants

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

During the miud 50s, Takeru Higuchiai-#
and bus colleagues at the School of Pharma
cy, Univermity of Wisconsin published an
important series of articles on the physics of
tablet compression In their discussion of
the theoretical aspects of tablet lubricants,
they categorized them 1nto two major
groupsa the first called the fluid (or hydro
dynamic) type, such as hydrocarbons (min -
eral ol and paraffin), and the second known
as the boundary type lubricant, such as the

metallic stearate salts and tale, considered
to be the best lubricants These investiga
tors, however, warned that the addition of
lubrnicants, such as tale 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 ind1
vidual granules, which appeared to remamn
almost intact during the compression pro
cess. The lubricant did not mux mtimately
with the granular content dunng compres-
s1on, 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 1n influene
ing the rate of dissolution of sohd dosage
forms. It greatly inhibits the wettability of
the tablet and decreases the penetrabihity 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 1s added to the granula
tion can affect greatly its performance and
reduce its unwanted waterproofing proper-
ties The lubricant should be added only 1n
small amounts (1% or less) and should be
divided finely by passing 1t through a 100-
mesh nylon clothr onto the granulation The
blend then should be tumbled or mixed
gently for only a very short time Prolonged
mxing of the lubricant with the granulation
may significantly affect the hardness, disin
tegration and dissolution tumes of the re-
sulting tablets. Lubricants that cannot be
pulvenzed efficiently, such as stearic acid,
can be dissolved in an organic solvent, such
an ather, and sprayed over the granules.
Levy and Gumtow® investigated the effects
of different types of lubnicants on the disso-
lution rate of salicylic acud tablets They
found that magnesium stearate, & hydro
phobte lubricant, retarded the dissolution
rate of salicylic acid tablets, while a water-
soluble surface active lubricant, sodium
laurylsulfate enhanced the dissolution rate
sigtficantly (Figs 5 oa and 5 5b) Invest
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§-Sa. Effect of magnesium stearats on dissols-
::'lrdlol salicylic acld from rotating disks made
trom fina salicylic acid powder [Reproduced from
Levy and Gumtow JPharm Sdi, 52 1140 (1963} ]
Kay O 3% magnesiun stearate: @ o hiwicant sdded.

gating the mechanism of retardation they
suggested that hydrophobic lubricants,
such as magnestumn stearate, aluminum
stearate, stearic acid and tale, decrease the
effectine drug solvent interfacial zrea by
changmng the surface charactenstics of the
tablets which results in reducing its netta-
bulity, prolonging 1ts disntegration tme
and decreasing the area of the interface be

tween the active ingredient and solvent.
The enhancing effect of sodium laun! sul

fate, on the other hand, was suggested « be
due, 1n part toan increaseia the microenwvi

ronment pH surrounding the spanngls sol

uble weak acid and to increased wettingand
better solent penetration into the tablets
and granules as a result of lowenng the 1n

ter.ac il tension bet veen the solid su- ace
and tne solvent This conclusion war In
agree nent with obseration oy Wusster
ard Senz® who tound that dissoluuca ot
pellets with aruficial pores increased when
sodium laurt | sultate was added o0 thedia

80 . /'
mo :
=/ /./'
A
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0 20 30 40 %0 60
Time min
Fig 5-5b Effectof hubricant on dissoluton rate of
salicylic acd contained In compressed tablets
(formula A). [
J Pharm Sci 52 1140 (1863) |

Key X, 3% magnealun siearats: @ no lubricant: O 3%
sodium [yl slitsta.

solution medium. The fact that sodium lau-
ryl sulfate 13 a water-soluble lubricant was
not considered a factor tn improving the
dissolution rate, since sodium stearate, an
other water soluble lubnicant, was found to
have a retarding effect on the dissolution
rate Other water soluble lubricants did not
fare any better Carbowax 6000 was tried by
Yen®and 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 salicylate tablets, and
this also was found to produce tablets wmith
slower dissolution rates than those made
with magnesium stearate

Jaminet, et al 3* investigated the eifect of
different lubricants on the dissolution rate
of pnenobarbital tahlets and found Jhat the
optimum con.entration of magnesium stea
rate 1s ahout 1% or less Increasimgits quan
tuty to 10% resulted 1n tablets with de
creased d ssowution rate Iranloye and

L T
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Fig 3-8a. Eflect of concantration of magnesium
stearate on dissolytion rata of 80/ 100-mesh male-
rials compreased at 1135 kg [Reproduced from
T tranioye and Parrott J Pharm Scl, 67 535
(1878) ]

Key: O saficylic ackd; O sspiin, @ salicylic acid fom equl-
swlar mixture of aspirin and salicyfic ackt: B aspwin from
equimolar mixture of syprin and salicylic acid.
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Fig 5-8b Effect of concentration of calchum sise-
rate and glycsryl monostesrats on dissolution rate
of 80/ 100-mesh squimolar mixture of aspirin and

salicylic acid compressed at 1135 kg [Repro-
duced from lranioye and Parrott, J Pharm Scl, 67
535 (1978) )

Kay: O suficylic acld with ceiclum sigarsta: O espirin with
cuiciumsisaraie; @ salicylic acki with glycery! monosiasrabs;
AL aspirin with glyceryl monosiserats.

Parrott® compared the sffect of several hy
drophobic lubnicants on the dissolution rate
of aspinn and salicylic acd tablets. The
authors found that an increase in concen
tration of magnesium stearate, calcium
stearate, glyceryl monostearate or stearc
acid decreased the dissolution rates of disks
of an equumolar mixture of aspirin and sah
eylic acid (Figs 5 6a and 5 6b) With mag
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Flg 5-8¢. Eifect of concentration of talc on dissohu-
tion rate of 80/100-mesh materials compressad at

1135 kg [Reproduced from ranloys and Parrolt,
J Pharm Scl, 87 535 (1878) ]

Koy O salicylic ackt O zapiim; ® pallcylic acld rom equl-
moter misture of asperin and saficylic acki N ampirin from
equimolar mixture of sspirin and saficylic acid

nesium stearate, a concentration of 0 5%
decreased the dissolution rates of salicylic
acid and aspinin by 33 and 27%, respective
ly, whereas steanic acid at 1% decreased the
dissolution rate by 7 and 10%, respectively
Talc on the other hand, behaved different-
ly Asshownn Fig 5-6¢, the dusslution rates
of disks compressed from sslicylic acid, as
puria and an equumolar mixture of aspirin
and salicylic acid essentially were mdepen-
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 matnx
than talc.

Iranloye and Parrott™ also confirmed Le-
vy's and Gumtow’s finding that the use of
water soluble lubricants, such as polysthyl-
ene glycol 4000, does not enhance the disso-
lution rate since a Jubncant must be simul-
taneously a water-soluble and surface sc-
tive agent (e.g, sodium laury} sulfats) to
produce an enhancement. Finholt, et al,’
however, reported that while sodium lauryl
sulfate enhanced the release of phenoberb:
tal from granules 1t had hittle effect on the
dussolution from tablets. The use of paraffin
and silicone as lubnicants and their effecton
dissolutipn was discussed by Igwilo and Pil-
pel3 and others.3'35 Addition of these lu-
bricants produced a parallel increase in dis
integration and dissolution time (Fig 3-T)
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Fig 3-7 Wagner plot on dissolution tasty of tablets
compressed at 20°C contaming 0 0-10.0 X 10~%
mol g of light liqud paraifin |[Reproduced from
\gwilo, and Plipel int J Pharmn, 15, 73 (1983).]
oy ¥ lactoes “blank™ (0.0 X 10~ molg™% @ 0.9 X 107
=00 1 X 10 'molg~" A 50X 10 malg~™ 0, 100
% 107" mokg™?

This was attntbuted to the fact that paraf
fins and silicones not only reduce the wetta
bility of the surface of a tablet by increaning
its contact angle wath water but also re
duced the interparticle friction and change
the nature, shape and size distnbution of
the capillaries which conduct water into it
The presence of a pacaffin or silicone 1n the
tabler saids makes the internal surface
more hvdrophobic and reduces the oumber
of capillaries which are contnbuting to the
transport of water, thereby decreasing dis-
solution rate

Evaluating all factors metallic stearates
are corsidered the bhest lubricants, so long
2s thev are used m tery small amounts
1 1%} and mted wih the mat 1x foraven
short t me Howaever if an enhancing eifect
in the dissolution characterist'cs of hydro
phobic granules 15 desired, a surfoce active
nate- soluble lubmicant such assodiumlau
~ | sulfate, mav be tried

Amounl dissoiwd agis 300mL
’

1 2 3 4 53 &4 T 38
Tims mm

Fig 5-8. Effect of Polysorbate 80 on the dissolution
rale of phenacetin from granules. {Reproduced
from Finhoht, ‘Dissolution Technology * published
by the Induzirial Pharmaceutical Tachnology Sec-
tion of the Academy of Pherm Sci p 133 (1874),
edited by Lesson and Carstensen |

Koy A pheracetint gremiss; 4 phanacetin gravaies | with
0.1% Polysarbate 50 added, diasolved in the granuisting aolku-
tior O phanacetin granules Nl with 19 Polysorbate 80 akied,
dizsscived in the granulating salution: X, phenacelin granuies
with 0.1% Palysorbele 30 aprayad on the dried granules.

Effects Of Other Tablet Additives

Effact of Surfactanis in Forrmulations on the
Dissolution Rate

The addition of surface-active sub-
stances to hydrophobic tablet formulations
had been shown, in some cases, to enhance
the dimolution rate of poorly soluble drugs
This 1s due to the lowering of the interfacial
tension between the soivent and the solid
surfaces of the tablet and granules, thereby
incressing the effective surface area, which
In turn results in a faster dumsolution rate
Solvang and Finholt!! have shown that the
addition of polysorbate 80, a nontonic sur-
factant, to phenacetin granules wncreased
the dissolution rate (Fig 5 8) The increase
was more pranounced when the surfactant
was sprayed on the granules than when it
was dissolved 1n the granulating agent
Gantt et al, 3% also reported that the add:
tion of surfactants to certain tablet formu
lations resulted 1n bette- absorption of the
poorly soluble drug Although this was at
tributed wnitially to a physiologic effect 1t
later was shuwn that the low concentration
of the surfactant could not account for auch
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Flg 5-8e. Correlation of contact angle of water on
the powder compacts cantaining 0 5-10 0 X 10™2
mol g™! of paraffins and silicones with the disn-
tablets
from igwilo
and Plipel MntJ Pharm, 15, 73 (1983) ]

Key: ® Byt luld paraifin: O Hcuid parsffie; A white soft
paratin: O parsific % siicona dc 200/20° ¥ sliicons ¢
200/50; N sliicone dc 350

a mechaniam 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 contamed in
the compressed tablets and thereby causes
them to be more rapidly and completely
abeorbed lgwnlo and Pilpel® pointed out
that the water penetrates through the ma
tnx capulanes as a result of the preasure
difference, Ap, which exists across the en-
trance tb each capillary according to the
equation of Carman®®

ap= Ycosé

where Y 13 the surface tension of water, # 13
its contact angle on the capillary surface
and m s the ratio of the cross sectional area
of the capillary to 1ts perimeter It is clear
that the slowest penetration occurs when _
Ap 18 mimmum {1 e, when 8 13 90°) Figure
5 91llustrates this relationship between the
contact angle and the disintegration time as

(5-1)
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Fig 3-3%. Correlation of contact angle of water on
the powder compacts containing 0 5-10 0 X 10~%
mol g~ of paratfins with &g and t,g of the corre-
spanding tablets compressed at 20°C. [Repro-
t(i:l::g,ﬁiom igwllo and Plipel int J Pharm, 15 73

Koy Light Bcuid paraffie @ fo. O {e0- Licuid pavatfin: ¥
3 e W st pr & e & s, PESII et B

well as the dussolution time of lactose tab-
lets, using paraffin and silicones as lubn-
cants, The presence of these hydrophobic
substances in the tablet voids increases the
contact angle and reduces the number of
capillanes which contributs to the trans-
port of water Newton, et al,% demonstrat-
ed that the eddition of 1% of the surface
active agent, sodium lauryl sulfats, -
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, 1t 18 un-
portant to differentiate batween the ‘en-
hancement of dissolution rate by lowering
the surface tension and increaning penetra-
bility which requires enly small amount of
surfactants, and the micelle solubilization
of a drug which requires significantly larger
amounts of the surface active agent. ¥4t
Kakemi, e¢ al,’2 demonstrated that the
rectal absorption of sulfisoxazole was n-
creased when the compound was solubilized
with polysorbate 80 Ravin et al ¥ reported
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Fig §-10. Eftect of suriactant concentration on the
solublity of SKAF 33134-A [Reproduced from
Ravin, ot al, J Pharm Sci 58, 1242 (1969) |

that the aqueous solubility of SK&F 3314-
A, an expennmental antifungal agent, was
increased 1n the presencs of sodium laury!
surfate, cetyldimethylbenzylammonium
chlonide or polysorbate 80 (Fig 5-10), the
effact being proportional to concentration.
A two-fold izcreass in availability was also
observed for SK&F 33134-A when the com-
pound was administered 1n polysorbate 80
solution to bils-cannulated rats, as com-
pared to a tragscanth suspension Al-
though, 1n many instances, the apparent
increase 1 aqueoua solubility has some of-
foct on the availability of the drug, results
have been at times anomalous An example,
18 the data reported by Levy and Reuning#
where the solubibzation of salicybc acd
with polysorbate 60 led to a decrease 1n the
absorption of the drug Therefore, care
should be taken w utilizing different types
of surfactants in large concentrations eape
cially because of the toxicity effects some of
these compounds may umpart to the formu
lation

Ettects of Certifled Water-Soluble Dyes on
the Dissolution Rate

The inhibiting eifects of low concertra
tiona of various certified water soluble dyes

o

T™

Disssluiion,
d
L)

20 40 ) ™)
Minutes

Fig § 11a Single-cryatal diasolution of mudfathla.

zole a3 a lunction of ime Effect of water soluble

dyes on the dissolution rate of drugs. {Reproduced

from Piccolo and Tawashl J Pharm Sci, 80 59

(1971).]

Key O In diiiied weltr & in 0.04M solution of sodium

cholsts: O In 0.04M solution of sodium cholsis Contaning 5

mey/il. FOLC Blug Ne, 1

on the dissolution rates of several crystal-
line drugs was first demonstrated by Picco-
lo and Tawashi 44 The dissolution rate of
a single crystal of sulfathiazole was found to
decrease mgmificantly in the presence of
FD&C Blue No L The inhibiting effect was
related to the preferential adsorption of the
dye molecules on the pnmary dissclution
sources of the crystal surfaces. Sumular eof-
fects were alao observed when compressed
dusks of sulfathiazole were used” (Fig 5-
11a) Piccolo and Tawashu 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 shsorption through the miceliar
solubihzation by the bile salts in the intes-
tine (Fig 5-11b) Thusg later was confirmed*
in wiwo on human volu~teers (Fig 5 11c)
Other in witro studies*” ¥ showed similar
tnhubitory effeets by a relatively large num__
ber of the existing certified water soluble
dyes on the dissolution ratz of diechv]stil
bestrol. The authors also showed that cat
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Fig 5-11b. Dissohtion behavicr of sulfathlaroie
compressad disks. Effect of water sokibls dyes on
the dissoiution rate of drugs [Reprocduced from
Piccolo and Tawashl JPharm Scl, 80, 59 (1871) ]

Kay- @ comprassed diaka of drug crysials sione; O com-
pressed disks of drug crystels contsining $ mg FOSG Blue No.
1

ionic dyes are more reactive tn 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 implicatedo-53 mth
interactions and other stabilicy problems
Pnllig® investigated the effect of colorants
on the solubility of modified cellulose poly-
mers such as hydroxypropyl methyl cellu-
lose and sodium ethyl cellulose sulfats. Free
film solubility studies showed that aix dyes
mignificantly altered the solubility of the
polymers tested Figure 5-12 shows that the
dissolution rate of riboflavin tableta de-
creased when FD&C Red No. 3 dye was
mcorporated mn the film coat. Riboflavin
urine excretion studies confirmed that sev
eral of the certified dyes may adversely of _
fect tn o product performance Because
these cellulose polymers have considernble
use tn tablets gels and suspension prepara

ncenirgllons, mg /100mL
o

i ] 3 4 s
Hours
Fig 5-11¢. Biood concantrations of frae suifathia-
zole following oral administration of 1 g sulfathla-
_ ole crystals. [Reproduced trom Tawashl and Pic-
colo J Pharm Scl, 81 1857 {1972) ]

Key O In presance of FDAC Blus No. 1 @ In shsence of
FDLC Bue Na. 1
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Time mis

Flig. 5-12. AMboflavin dissolution rats study on hy-
droxypropyimethyicsiiuloss coaiad tablots USP
XVil disintegration apparatus, 37° (without plastic
disks). Effect of colorants on the schubility of mod-
fisd calkilose [ from Pritag.
J Pharm Scl, 58, 1245 (1969) ]

Key: -, controk; —, Bim with FOAC Red No. 3 dye.

tion, ths above findings are of parbcular
maportance for the formulator

Effect of Coating Components on Tabilet
Dissolution

Coating ingredients, espectally shellac,
cellulose acetate phthalate, etc, also have
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significant effects on the dissolution rates
of coated tableta. 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 Processing Factors on
Dissolution Rales of Tablets

Many processing methods used 1n tablet
manufactunng greatly influence the disso-
lution rates of the active ingredients. The
metnod of graaulation, size, density, mors-
ture content and age of the granules, as
well as the compression foree utihzed in the
tableting process, all contribute to the dis-
solution rate characteristics of the final
product

Metihod of Gramiation

Several studies have shown clearly that
the granulation process, tn 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-dned lactose56 and mi-
crocrystalline celluloss,?” tends to increass
the hydrophilicity of the active ingredients
and improve thewr dissolution characters
tics In thus regard, the wet grancilation pro-
cedure traditionally was considered as a su-
panor method compared to the dry or dou-
ble compresaion procedure. With the ad
vent of newer tableting machines and
materials, however, it became more evident
that the careful formulation, proper mixing
sequence and tims of additton of the geveral
ingredients are the main critiena that affect
the dissolution charsctanstics of the tablats,
and not the method of granulation per se
Marlowe and Shangraw? studied the disso-
lution of sodium salicylate tablets prepared
by both wet granulation and direct com-
pression procedures (Fig 5-14) They found
that «ablets prepered by d.rect compression
with sprav dried factose umformly exhibit
ed more rapud and complete dissolution
profiles compared to those prepared by wet
granrulation The presence of a disintegrant
(starc*) in the dry compression formula was

Reproduced
Scl, §9 50(1.70)]
Ky O prednisone powder A prudnisons gramules: ® pred-

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 gave very slow and incomplete
dissolution Tablet hardness did not have a
significant effect 1n either method al

though it seemed to be of some impartance
for those formulations contaiming starch

Finholt. et al,7 reported anothe- compara

tive study utibzing phenobarbital tablets
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Fig 3-14. Dissolution rate of sodium salicyiate
tablets. [Reproduced from Marlow and Shangraw
J Pharm Scl, 56, 500 (1967) ]

Koy: O B—direct compression with sprey drisd laciose” X
By—wet grarulation with and lactose; A, By—
acacis muciisge and isctose O §,—sterch pasts s lacinsa.

that were manufactured by both wet granu

lation (with gelatin) and by dry granulation.
Other formulatian 1tems such as fillers and
lubncants were the same Both manufac

tuning procedures gave comparable rates of
release provided that a disintegrant
(starch} was incorporated and mixed with
the drug before dry granulation. A sigrufi-
cantly slower rate was obtaned if the drug
was dry granulated first and the disminte-
grater was added later Levy, et al’ studied
the effect of the size of granules on the
dissolution rate of salicylic acid tablets gnd
found that the dissolution rats increased
with a decreass in granule si1ze, but not pro-
portional to the increase in the apparent
surface area of the granules (Fig 5-13a)

They also found that the dissolution rate
decreased sigruficantly with the increase n
the age of the granules (1-5 weeks) (Fig 5-
15b)

Although wet granulation 18 employed
widely, the method has several drawbacks.
The hiqud present may cause crystal bruige
formation and lower the activity of micron
1zed drugs ¥or at times, provides the vehicle
for chemical changes such as hydrolysis and

2 as
f Z o
/I./K

[] 0 ] 0

Tims mis
Fig 5-15a, Effect of granuie size on dissalution
rate of salicylic acid contalned In compressed
tablets. (Reproduced from Levy ot al, J Pharm
Sci, 52 1048 1049 (1963) |
d‘:. 18-20 masix O 2040 masix; X, 40-80 rmash gran-

Amsunl dlsasived, mg

Time, mis
Flg 5-15b, Efiect of granule age on dissolution rata
of salicylic acid contained In compressed tablsts
{Reproduced from Levy st &/, J Pharm Sdl, 52
1048, 1049 (1983) |
Koy: @ ons wesl: O 3 waeks: X 3 wesk old granuies.

degradation. Also, n the subsequent drymg
step, the use of heat and awr may decompose
thermolabile drugs and affect content un-
formity through selective solute migra-
tion® Inaddition due to the several equip-
ment componsnts required and the time
and labor consumed, wet granulation 18
more costly than other granulation proce

dures.® Because of this Ho and Hersey%! 22
introduced a novel method of granulation
based on the fact that agglomeration usual-
ly occurs spontaneously after prolonged
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Fig 3-18a Ofasokstion (T68 T7%) of paracetamo!
iablets prepared at different energy laveis O
Paracetarnol tablets prepared by wet granulation
mathod A& Paracetamol tablets prepared by
APOC method [Reproduced from Ho et al, J
Pharm Pharmacol 32 180 (1980) |

grinding of several drugs 1n a ball mill. The
method, called Agglomeratine Phase of
Comminution, “APOC," was found to pro
duce mechanically stronger tablets with a
higher dissolution rate than those compact
ed from gramules made by the conventional
wet granulation method, urrespective of the
compaction energy used (Fig 5 16a) A pos-
sible mechanmam for the increased dissolu
tion rate 18 the increased mternal surface
area of the granules produced by the APOC
method Krycer and Hersey® also showed
that agglomeration of ground particles dur
ing prolonged comminution in a vibratory
ball mill 1s an ureversthie process that
forms granules of excellent bunding quality
The authors compared® the dissolution
charactentstics of granules produced by a
prelimmary compression, “PC,” technique
and those produced by the APOC method
Four materials were utilized as models, Iac
tose, sucrose, sodium chlonde and parace-
tamol While the granules produced by the
PC meathod dissolved faster than pure crys
tals of the drug, the POC granules had the
fastest dissolution rate (Fig 5 16b)
Hasegawa et ol$ studied the factors
that affect the di.solution propersies of di
goxin tablets Thev noted that the dissolu
tion of tablets prepared by the powder dilu
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Fig 3-18b Dissoiution proflles of paracetamol
grarulss and crystais sized between 355 and 500
pm, accarding % Wagner's pjot. Each point 1s the
average of five determinations. [Reproducad from
Ksycer and Hersey int J Pherm Technol Prod
Manuf X2), 51 (1981) ]

tion method was influenced to a great
extont by the difference in mean particle
s1ze of the digoxin powder, whila the releass
of digoxin from the tablets produced by the
solvent deposition method showed a fast
dissolution rate compared with the tablets
made bv powder dilution without depend-
ing on the difference tn batch.

Nizon and Hassan® discussed the factors
affecting the dissolution of thisbendazole
tablets prepared from, or contaiung, 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 filtered and washed with 1sopro
pyl alcahol. Because of the noabinding na
ture of the microcapsule wails 1t usuallv 1s
necessary to use addicives duning tableting—
and their effect on the drug release was
examined by the authors The addition of
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steanc acd as lubricant led to an increase in
the disintegration as well as the dissolution
tumes, but no break 1n the dissolution pro-
file parallel with disintegration was exhibit
ed. Starch produced fast disintegration but
no significant effect on dissolution, howev-
or, the dissolution of uncompressed micro-
capsules was affected. It also was noticed
that higher compression pressures pro-
duced a slower 1mtial release rate, but after
45 mm approximately 95% of the drug was
released. It was suggested that the mitial
slow relesss rate probably 13 due to an n
creased difficulty of flmd penetration mnto
the compressed mass. Nevertheless, after
disintegration, a fastar digsolution rate,
compared to the uncompreased microcap
sules, nhay result because of some damaged
microcapsule walls, though none were visi
ble Balancing this effact, howsver, 15 the
sffect normally found when diffusion oc
curs from a depot:As thé depot dpproachés
exhaustion, there 1s always & decrease in the
rate of release This agreed with previous
findings by Luzz, e al,¥ who reported that
the dissolution rate of sodium phenobarbi-
tal was wnversely proportional to tablet
bardness. Similarly Jalsenjak, et al® re-
ported that tableting slowed down the re-
lesse of sodium phenobarbital from ethyl-
cellulose microcapsules

In manufacturing tablets 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-
turmg tachnology and the introduction of
high speed shear mixers and granulating
equipment have helped to minimize several
in-process variables, still, the systematic
control of vartables such as the type and
time of mixing of the granules, method
time and temperature of drying, blending
tume with the lubricant, age of the granules
moisture content of the granules at the ime
of compression and the tablet crushing
strength s of vital importance to ensure the
producuon of tablets with consistent disso
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Fig 5-17 Plots of parcent in vitro drug dissolution
at the 10-min time.point aa a function of the tablet
crushing sirength at differant granulation malsture
cantents The moisture contants at the time of
compression were {(O) 09% (A) 18% (V)
20% (O0)30% (©)38% (O) 43% [Repro-
ﬁ::d;r]omquhm. otal, JPharm Sci, 71 1371
2
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lution characteristics Chowhan, et al,®-"3
studied the effect of mowsture content and
crushing strength on ticlopidine hydrochlo-
nde tablet friability and 1ty dissolution. It
was shown ™ that at lower mowsture contant
(1-2%), the drug dissolution 15 related
strongly to the tablet crushing strength.
The hugher the tablet crushing strength, the
lowsr the percent drug dusolved and vice
versa. Howaver, at highar mowsture content
(3—4%), the dissolution of the drug showed
very hittle relationship to the crushing
strength of the tablets (Fig 5-17) Ina later
study,? Chowhan and Chetterjee™ studied
the characteristics of granules produced in
a high speed shear mixer in Lieu of the plan

etary mixers used 1n their previous studies

The authors reported that granulations
made 1n 2 hugh speed shear mixer generally
are less porous than those made in a plane

tary one They also found that by uulizing a
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Fig 5-13 a: Plots of tablet crushing strength va /n
vitro drug digaaiution at the 30 min {ims point at
different molature contents for the extra deep con-
cave punch-tip face The moisture con-
tants in the granuiation at the time of comprassion
were (0)12% (A)21% (D)3 0% (0)40%

b~ Coniour overiays showing the suparimposed
contour plats of tablet friabliity and m witro drug
dissolution for the deep concave punch-tip face
geometry The area within the bouncares repra-
santy tha ranges In which process spacificabions
for tablet crushing strength and granulation mals

ture content could be established [Reproduced
from Chawhan and Chatierjes it J Pharm Tech-
nol Prod Manul R2) 8 (1984) |

Dissolution Bloavallshiiity and Bloequivalence

general quadratic response surface model,
the optimum w3 witro dissolution, corre-
sponding to the tablet crushing strength
and granulation mosture, was a simpla
maximum (Fig 5-18a) Tablet fnabihty,
however, exlubited a mimmum-maximum
responss surface precluding an absoluts op-
tmum. Dissolution rate also varied with
changes 1n punch-tip face geometry, at dif-
ferent crushing strengths containing differ-
ent granulation moisture contents. Cho-
whan and Chatterjes, demonstrated that
the responss surface contour plot for the :n
witro drug dissolution consisted of elliptical
level curves with an ellipucal parabolowd
surface The contour overlays of the fnabil-
1ty and dissolution contour plots indicated
a region where both friabibty and dissolu-
tion requirements could be satisfied by con-
trolhing the in-process vanables, such as
granulation moisture content and tablet
crushing strength (Fig 5-18b)

Ellects of Compression Force
Dissolution Rate -

In early studies of the physics of tablet
compression, Higuchi*! pointed to the great
influence of the compressional force
employed m the tableting process on the
apparent density, porosits, hardness, disin-
tegration time and average pnmary particle
mze of compressed tablets Higuchy, et al,¥!
utihzed a sulfathiazole granulation as a
model to show that there 1s a loganthmic
relationship between the compressional
force and the apparent density or porosity
of the tablets The percent porosity was
caleulaved by the equation

Percent porosity =

apparent density
of tablet -
true density
of tablet

Apparent density of the tablet 1s the quo
tient ot 1ts » e:ght and 11s geometric volume—
True tablet density refers *o the density of
the compact solid mixed ingredients of

X100 (3-2)
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which the tablet 1s composed, excluding the
entwre pore volume that are larger than
spacings of molecular or atomic dimen
sions, which exist i the crystal lattices of
the solid mgredients. The porosity of the
tablet may improve dissolution by facihitat-
ing solvent penetration, but, the entrap-
ment of air 1 these pores inhibits the wetta
bility of the tablet in dissolution media with
high surface tension, such as water and 0 1
M HCL Thus effect however, could be mni-
mized by deaerating the dissolution med:-
um or by using a surfactant. Higuchi’s stud
1es also showed that a Linear relationship
exists between hardness and the loganithm
of the compressional force and between the
loganthm of the disintegration time and the
compressional force The speafic areas of
the compressed tablet, a key factor in deter-
minmg the dissolution rate, were found to
undergo marked changes during the com
pressional process, exhibiting a pronounced
maximum at about 2,500 Ib for ¥-m. tablets.
The interdependence of these factors and
their significant influence on dissolution,
project a complex and vanable relationship
between the compression of the tablet force
and the rats of dissolution of the drug (Fig
5 19) There 1a always a competing relation
ship between the enhancing effect due to
the increase n surface area through the
crushing effect and the mhibiting effect due
to the mcrease in particle bonding that
causes an increase in density and hardness
and, consequently, a decrease in solvent
penetrabiity The high compression also
may mhibnt the wettability of the tablet due
to the formation of a firmer and more effec-
tive sealng layer by the lubricant under the
high pressure and tamperature that usually
accompany & strong compressive force.
Therefors, the curve profile of the com
pression force of the tablet vs dussolution
rate can take one of several shapes. Levy, et
al’® reported that sahicyhc acid tablers,
manufactured by double compression (to
avoid the effect of binders used 1n wet gran
ulation), showed an increase 1n dissolution
rate with an .ncrease in precompression

764 .,
R

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 Higuchy, et al,™ with aspinn
tablats and also a finding by Nelson that
aspinn tablets manufactured at very hugh
compression were absorbed much faster by
bumans than those made at a lower pres-
sure. Yen? atudied several formulations of
tnamterene tablets and found that both
maxima and minima were exhibited 1n the
dissolution rates as a functior of the tablet
hardness, whuch 13 directly related to the
compression force Ganderton, et al,’6
found that by increasing the compression
force used for pemindione tablets prepared
by wet granulation, the disintegration time
progressively decreased with increasing
pressure Dissolution rate, however, fol-
lowed a more complcx course, decreasing at
lower pressure (better bonding), then n-
creasing at higher pressure (crushing effect)
and decreasing agmin with further increase
1n pressure because of extra rebonding and
formation of denser tablets with poorer dia
solution characteristics

Armstrong and Gnffith”™ and Armstrong
and Hames-Nutt® tried to explan these
nonlnear relationships mn diussolution rate
and compression force via a thorough mea-
surement of the specific surface area of com
pacts of ssveral different granulations as a
function of compression force using a nitro-
gen adsorption method. It was found that a
maximum existed 1n this function for each
granulstiod used This demonstrated the
crodibihity of the previous theoretical con-
capta that have been advanced for the expla-
nation of thus nonhinear and complex rela
tionship between dissolution rate and
compression force 1e, the existence of an
optmum ratio of bonding to cleavage or
crushung of the drug crystals that occurs dur
ing the compression event. Jacoband Plein™®
studied the effect of hardneas on phenobar
butal tablets and tound chat dissolution de
creased with tne increase in wablet hardness
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Fig 5-20. Effect of precompression presaurs on
dissolution rata of salicyllc acid contained In com-
pressed tablets [Reproduced from Levy et &l J
Pherm Scl, 52 1047 (1983) ]

Key:® TiSkg X 1430 kg & 2000 kg © 5730 kg prasmrs
parem? {Average of five tablets sach, fonmuls D)

Hardness determinations usually ure made
throughout the compression process to de-
termine the need for any preasure adjust-
ments on the compression machine If the
tablet 1s too hard, the tablet mey not disin
tegrate in the required tume, and 1f 1t 1a too
soft, it could not withstand handhng during
coating, packaging and shipping. The hard-
ness test indicates the resistance of the tab-
let to clupping, abrasion or breakage durmg
processing operations Thus s accomplished
by measuring the force, in knlograms, re-
quired to break the tablet when s force i
applied diametrnically Anothar test for tab
let resilience is the friabihity determination.
The frigbilator avaluatas the abihity of the
tablet to mathstand abresion dunng a tum-
bling process Basad on these findings,
Snuth, et al,% agreed with Ganderton’s in-
terpretation that the complex dissolution
behavior 1n responsa to vaniable compres
sion force demonsirates 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 sugzested that the

Hidavia (loska by}

Osudusion tuis fug L OO, duenivad wlier M suis}
[ ] ]
5.

& 4_

— 1 a
- a3

" & [ ] an "R
Tabiot thishmas (ubes)

Fig 5-21. Diasoiution rate {O—O) of LI;CO4 tab-
leta containing 8 mg per tablet of PVP as a function
of tablet thickness for lablets of constant weight
(left-hand scale). Hardness {8 —@&}) of same tab-
lats with varying thickness {right-hand scals). [Re-
produced from Smuth, ot &/, J Pharm Pharmacol
23,538 (1871) ]

data csn be sxplained only 1n tarms of the
dependency of dissolution rats on the
changes m particle size or specific surface
area duning tablet compression. Dissolution
rate shouid decrease when particle bonding
s ths predomunant factor durnng compres

sion and should nerease whan particle
cleavage 18 predomuinant. Further, the ratio
of cleavage to bonding would not be related
linearly to the compression force The au-
thors sssessed the roles of tablet hardness
and compression force used and the result-
mg dissolution charactenstics of Lthium
carbonste tablets with vanous concentra-
tions of polyvinylpyrrolidone (PYP) as bind-
or Figare 5-21 shows that two maxima were
exhilnted, one at lower compression force
{(greater thickness) and a second at a hugher
compression force. The authors suggested
that the low compression force maxima ars
related to the structure and crushing char-
actenstics of the granules and therafore to
the concentration of the binder Up to this
maxiumum, fission of the granular structure
resultsin increased dissolution release rates
with wcreasing pressure With increasing
pressure compact fusion or bonding occurs
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which markedly reduces dissolution rate (a
mummum) At still higher pressure, in
crease 10 dissolution rate may reaccur as a
result of a new relative dominance of a
cleavage component. This phase was con
sidered to ba dependent mainly on the 1n-
herent compression characteristics of the
drugs and the formulations, and not the
binder

Carless and Sheak® showed that duning
compression of powders of different part
cle mize, there was a cntical size where the
phenomenon of bonding and cleavage of
particles within the tablet balanced each
other Changes in particle size distnbution
after compaction were studied by measure
ment of the changes in the particle size dis-
tribution after disintegration which, ac-
cording to Kitamor: end Makino,® can
elucidate whether particle bonding or
cleavage occurs within the tablet dunng
compression

Tuladhar, et al, ™™ studied the effect of
polymorphusm on the dissolution/compres
s10n force relationship Uulizing two poly
morphuc forms of phenylbutazone as a mod-
el, the authora assessed the relative change
1n the particle size of the drug dunng com
pression by companng the dissolution rates
of the drug particles before and after com-
pression (a change 1n the particle mzs of the
drug will be reflected by a change in the
dissolution rats) When the excipient was
Avicel® the critical particle size of poly
morph A was approximately 90 ur, howev
er, with lactose, the value was higher The
entical particle size for polymorph B was
approximately 600 um when either Avicel®
or lactoss was used With a low drug
concentration (10%) 1n the tablet, the dilu-
ent prevented the drug particles from bond
ing together Lactose had an abrasne action
on polymorph A compared with Avicel but
had no effect on the more ductile form B
When the contact time of compression was
decreased from 20 to 026 sec, the 6 um,
particles of drug exhibited less bonding at
the shorter time but wath latger particle
size, the effect was independent of .he com

quh Form A
e '
i e

el

200 00 800 800
Particie nize om

Fig 5-22. E!fact of rme of comprassion on dissolu-
tion of phanyibutazona tablets. Polymorphic Form
Aavd FormB ----0 28 sac contacttime -- -
29 sec contact time [Reproduced from Tuladhar
et al, J Pharm Pharmacol, 35, 269 {1883) ]

pression rate (Fig 3-22) Therefore, the
study shows that the effect of the compres-
sion rate will be important for time-depen-
Uent mitenals when the degree of elastic/
plastic flow wll be affectad by the rate of
application of stress (under lugh compres-
siou rate, the elastic properties predomu-
nats, while at low compression rate plastic
flow can lead to increased bonding) Thus 15
clear from the finding that the dissolution
mte of the more plastic crystal form B -
creased by a greater sxtent than the less
plastic crystal form A as the contact ume
was reduced from 29 to 0 26 sec.

Several authors®8 tried to interpret the
complex relationship between the compres-
sion force and dissolution as a reflect:on of
the changes in relative density that occur
duning compression. The relative density 1s
defined according to Lew:s 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 densitv of tablets becomes greater until
& mazumum 1s reached. The force at which
the maximal relative density 1s obtaired
depends on the composition of the tablet
formulation Polderman and Braaiman®
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Table 5-2—Relatlon Betwean Compression
Force, Relative Density snd Dissolution Time

Ralsths  Dimsalution

farce, kg density tme, sac cv

1 0 [5.}} 1400 14.0

2 w0 0.52 953 112

3 no Q.83 680 150

4 318 085 440 183

5 430 Q.89 135 160

8 600 090 110 142

T 50 a9l (A1) 124

g 550 o4 19 1L4

9 900 098 250 105

10 1140 087 350 1]

11 1350 0s7 435 9

12 1640 097 40 a4

13 1800 0.97 4“0 3 §

14 2000 097 40 38
Note: CV (e coefficient of variation) la given only for The
dawoiution tma and at tor the relative densily since this iy sleeys
o than 03% from Pokisrran snd Braaloven, J

PMrarn Fharrucal 30, 223 {1988).]

compared the dependence of both the dis-
solution time and the relative density on the
force of compression for sodium chlonde
tablets In Table 5-2, the average values for
the 90% diasolution times and the relative
densities at 14 different compression forces
are Listed. The data show that the dissolu
tion tune becomes almost constant at about
the same compreasion force at which the
relative density becomes constant, the dis-
solution profile exhibits a minimum, This
behawior, however, was not the same wmith
other tablet formulations where an mutial
decrease was not found

From the above discussion, it 1s apparent
that a full dissolution/compressional study
for each granulation formulation 1s essen
tial to determne the compression parame
ters that will assure good dissolution char-
actenistics and adequate bioavailabihty

The Effect of Formulation and Processing
Factors on the Dissciution Rate of
Capsules

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

2);2’3

a smple pharmaceutical nnmpﬂ.'/hm that
unparts hittle, 1If 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 gastrointestmal tract
and, therefore, the release of the drug was
expected to be fast and complets Nelson®®
ranked the bioavailability of the oral dosage
forms in the order solution>suspension
>powder-filled capsule>compreased tab-
let>coated tablet. Wagner, et al,®% found
that soft gelatin capsules have better hio-
availability than the powder-filled capsules
and are about equivalent to emuluons (Fig
§-23a) Later on, however, 1t was recognized
that, 1n spite of rapid breakdown upon In-
gestion, capsules could have severe bio
availability problems. Tannenbaum, et al,9
showed that, 1n 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 tume of about 15 mun.

Glazko, et al, R reported different absorp-
tion rates from capsules containing ident:-
cal amounts of chloramphenical manufac
tured by different pharmaceutical houses
(Fig 5-23b) Poole¥ observed measurable
differences 1n the dissolution rates of cap
suls formulations of empicillin produced by
several manufacturers.

Brice and Hammer® also noted ugnufi-
cant bicavailability problems with oxytet-
racychne capsules when the antibiotic se-
rum levels of about 18 commercially
available brands were measured (Fig 5-24)
These alarming findings have prompted
several investigators to study the dissolu-
tion charactenatics of capsules and the of-
fects of the formulation design and process-
1ng techniques on their bicavailability
Certan factors were 1dentified readily as
the main contributors to the differences be
tween the dissolution charactenstics and
physiologic availability of the same drug
that 1s available tn several market formula
tions. Factors such as particle size density
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0z 4 6 & 0 12 i4 16 18 B 2 29
Tima after dosing, hrs
and crystalline form of the active ingredh- Effects of Additives on the Dissolution

ent, forced packing, addition of lubncants
and their retarding effect on the wettability
and penetration charactenstics of the pow-
der bed, particle deaggregation and rate of
dispersion: of the wet bed, all have been
shown to be of prima :mportance The prob
lama related to drug particle sizs and crys-
talline form have baen discussed previously
under the effects related to the physico
chamical properties of the drug maternal
Therefare, the following discussion will be
concerned mamnly with the influence of the
several additives that usually are incorpo
rated 1n capsule formulations, as nell as the
processing factors such as weight/voume
filling ratio and the packing pressure em
ployed

Rate of Capsaules

It » known that several adjunets have to
be added to the purs drug in capsule formu-
lations to aimplify weight adjustments and/
or to allow mechamzed filing of the cap-
sules. Typically, capsule formulations con-
tain a relatively high proportion of the drug
moiety as compared to the amount of the
diluent and fillers present. Therefors, 1f the
d-ug has a dominant hydraphobic charac
ter, the wettaoility and dispersion of the
powder bed wll be very poor, even if the
capsule shell dissolves very rapidly McGee,
et al % investigatea the in mtro dissolution
of acetyIsalicylic acad packed 1n hard gela-
un capsules and reported that the capsules
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showed distortion and did not appear to
break down readily even in the presence of
the digestive enzyme used and the relative
ly ugh apitation intensities of the oscallat
mg tuba method Figure 5 25 presents
sketches of the appearance of the capsule at
vanous dissolution stages. The authors also
studied the effects of two excipients, lactose
and dibasic calcrum phosphate, on the dis
solution and absorption rate of acetylsali-
cylicacid from hard gelatin capsules Their
resnlts showed that the use of dibasic caic1
um phosphate as a diluent provided a faster
dissolution rate than did the use of lactose -
Plaama level data confirmed the in witro
findings The authors alse noted that the
acetylsalicylic acid became moist and after

awtule, the gelatin stretched and broke down
only after striking aganst the 100 mesh
screan It was suggested that this was
caused by some modification 1n the gelatin
properties probably because of the acidity .
of tha acatylsalicylic acd. This srratic dis-
solution behavior of aspirm from hard gela-
tin capsules confirmed the early finding of
Wood.2 Calesnick, et al,% reported that in
their study of the dissolution behavior of
capsules, the contents of the hard gelatm
capsule remained as a pasty mass for some

tume after the gelatin capsule had dissolved

Agwar et gl 9% gmphasized the impor

tance of particle dispersion from tablets
and capsules It mav be remembered that
the granula.on step, 1n the case of tablets,
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Fig§-25 Appearance of capsule st various stages
vaing the Lavy and Hayes beaker method Stage 1
whiskers or neadlias 3 min, Stage 2 mushrgom,
8-10 min; Stage 3 pyenidiurn, 25-120 min Stage
4 cylinder over 120 min {Reproduced from
McGee ot a/ JPharm Sci, 59 1433 (1970) |

imparts better hydrophilicity to the drug
particies and thus minumizes the effects of
the wet bed diapersion charactanstics as
compared to capsule formulabans where no
granulation step exists. Presencs of hydro-
philic diluents in capsule formulations how
ever, may tmprove the wettablity and dis-
permion properties of poorly soluble drugs
as reported by Paikoff and Drumm!® (Fig
5-26)

Aguar, et al,® investigated the deaggre-
gation (or dispersion) rats of four commer-
asl lots of chloramphenicol capsules by
mamtoring the percent tranzmmittance of
tha dissolution media after the capsule shell
has dissolved. The authors reported that
whie one brand was found to hava a very
fest deaggregation rate and resched the
steady state 11 10 mun, another had a very
poor deaggregation rate to the pownt that,
aftar 3 hr, the product mamtaned 1ts cap
sular appearance (Fig 5 27a) Quantifica-
tion of the deaggregation rate was based on
the premuses thact the deaggregation rale
followed a fi~st order process and that the
spec es present in the media we-e either the
large aggrega.es and/or small aggregates

3
:
i
b
¥
%
Wimten

Flg 5-26. Efect of diluents on diasolution rate of
drugs from capsules [Reproduced from Palkolf
ang Drumm, J Pharm Sci, 54, 1693 (1985).)
Key: ® drug alone” A drug plus diivent.

The following equation was deseloped to
describe the deaggregation process

A, Kt
log A -4 2303

whare i, 13 the absorbance at the final state,
and A; 19 the absorbanceat ime¢,1 e ,a plot
of A,/A, = A, vs t should be hinear From the
slopes, the relative aggregatian rates can be
evalusted. Dissolution studies correlated
well with the deaggregation profile (Fig 3

Z7b) In addition, a qualitative correlation
was found between the deaggregation rates
of the four commercial lots of chloramphen

1col capsules and the plasma levels shown in
Fig 5-27¢. The same brand that exhibuted
fast deaggregation rate also provided the
hughest plasma level alter administration to
adult humans. Capsules that had a vary
slow desggregation rate, also gave signifi-
cantly lower plasma levels. In order to study
the effects of the diluents on the absorption
of chloramphenicol the authors conducted
permeation studies using the everted sac
techmque Agein a profile that correlated
with the other parametars such as deaggre

gation and dissolution was obtained (Fig 5

27d) Samyn and Jung'™* examined the in

fluence of commonly used phar-naceutical
sdjuvants on the disintegration and disso

(5-3)
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Fig 5-27a. Plot of percent tranamittance of chior-
amphanicol vs ime showing the relative deaggrs-
gation rates of the four capsules In simulated
gastric fluid TS [Re from Aguler efal J
Prarm Sci, 57 1844 (1968).]

Kay:® Cagmule A, 0] CapmieB; O CopsulaC; A CapmieD.

i 7

- 50 ™ 00 s
Tims min

Fig 5-2Th, Dwsohution ratss of chioramphanicol
capsules In simuiated gastric fuid TS [Repro-
ducad rom Agular ot af, J Pharm Scl, 57 1844
(1968).]

Koyt Capwin A.O Capsuis B: O CapmulnC; @ CapsulaD.

lution from experimental capsule formula-
tions The study clearly indicated that the
filler (lactose or dibasic calcium phosphate
dihydrate) and the capsule lubricant (mag-
neaium stsarate) had the greatest influence
on the disintegration and dissolutioa prop
erties of the capsules Without magnesium
stearate, the dissolution was rapid from
capsules contamning either lactose or cala-
um phosphate both 1n water and simulated
gastric flud Thé slowest dissolution was_
observed for the formulation containing di
basic caleium phosphate and 2t magne
stum stearate tested in water This was due

Factors Alfecting the Rate of Dissolution %{8 :17?) ~J

Chioramphanical mg

W 40 60 60 &0 0
Tine min

Fig 5-2Tc. Mean plasma levels in human volun-
teers of nitro (chioramphenicol equiv-
alents) following single oral dosas of chloram-
phenicol capsules {Dose 0 5 g (92 capsules), 10
subjects ] [Reproduced from Aguar et al J
Pharm Scl, 57 1844 (1988) ]

Key:® CapmisA, & Copsuiei, O CopmiyC; N CapwuleD.

L
a

Chiloramphanicol
awncn, meg
> A o

T 6 10 6 -
Tume af or done A

Fig 3-27d. Perrneation ratea of chioramphenicol
from capsules through the evertad sac Solutions
not fiitered. [Reproduced from Aguier of al, J
Prarm Scl, 57 1844 (1988).]

Key:® CapgusA E CapsulaB; A CapsuisC, O CepsulsD

to the hydrophobic nature of the magne-
sium stearate and the insolubility of calex

um phosphate n water (Fig 5-28a) Howev-
er, in sunulated gastric flud, there was no
significant difference between the two fill-
ers. The concsntration of magnesium stea-
rate on the other hand, seemed to be the
entical factor 1n controlling the disolution
rate (Fig 5-28b) In those cases where slow
dissolution was observed, the capsule con-
tent remained as 2 “slug” of wet powder
pack long after the gelatin wall had dis

solved At this stage the drug dusolution
was lim:ted by the rate of erosion, diffusion,
and/or solution of the drug and/or filler
from this wet powder mass The hqud pen-
etration rates of the various drug/lactose/
magnesium stearate blends are shown in
Fig 5 28¢ The data were plotted as the
square of the depth ol iquid penetration vs
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Fig 5-28a. Dissolution of drug from capsules. loft, drug-laciose-2% magnesium stearste drug-
CaHPO 2H;0-2% magnesium stearate. [Reproduced from Samyn, and Jung Jﬁwmsr::‘s 169

(1070) ]
Koy X sivulning gastric fuld: O watar

9% Theeratical ameunl releasnd
BEAPBIBS

24000 HEUAVRH/NND
Time, min

Fig 5-285. Dissclution of drug from capsules ln

simulated gastric fiuld (drug—tactoss—magnesium

stearats) [Reproducsd from Samyn, and Jung, J

Prarm Scl, 58, 169 (1970) ]

ey X, @ 2% magnesium swarste; O Q) 2% muprasium
stosrais; § ©, 5% magnealum shirEia.

time. Decreased penctration ratas clearly
were related to the increase in mangemum
staarate level Slow dissolution rates wers
obtaned for powder blends that showed
reduced liquid penetration rates Addition

al measuraments of the water content of
the various powder beds and their niscos:

ties suggested that the high v scosities of
several of these powder packs were due to
their restricted water content arising from
the edded hydrophobic lubricant Newton,
et @l 191-13 1, 4 study of the effect of add:

{Depth of liquid pansirotion)® (em)®

0O M 40 6 W Do ™
Time win

Fig 5-28¢. Liquid penetration of packed powder

bads (drug-iactase

{Reproduced from

59 169 (1970).)

Koy X, 0% sugneshan stesraie- O 1% mugnesion stearsie:
@ 2% mugnesium steerate; B 5% magnesiun sisarsts.

tives on the reloase of the hydrophobie drug
ethinamate, reported that the additives
have a greater effect on dusolut:on when
finer particle size fractions are used due to
the less permeable structure of the powder
beds formed by the smaller part:iclas In
order to modify the hydrophobic nature of
the drug Newton and Rowley'® found that
alarge amount of the diluent 15 required {p
to50%) The authors reported that the pres-
ence of g lub~icant at & 1% level reduced
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Ethinamats ralasead Inig soluian {30)

K

Labricuse (92}
Fig 5-29 The affect of lubricant contert on the relsase of ethinamate from high Ml weight capsules aiter 40

min &t zero wetting agent (@), low wetting agent {X) and high wetting agent {O) content for {(a) zero diluent
{b) law diluent, (c) high dliuent. [Reproduced from Newton and Rowley J Pharm Pharmacol 22 Suppl 163S

(1970).]

drug release, but apparently there was no
Larther mgmificant decreass until a concen-—
tration of 5% 1s reached The adverse sffect
of lubricants on dissolution, however, was
found to be allevzated, at least partially, by
the addition of a wetting agent such as sods-
um lauryl sulfate (about 1%) to the capaule
formulaton (Fig 5-29) In addition, Newton
and Rowley demonstrated that drug release
and permeability decreass with the de-
¢reass m particle size and poromity of the
powder bed. A moist granulation process
was shown to transform a nonpermeable
powder bad, which causes slow drug release,
mto ons with high permeahility and lugh
drug releass. The permeahility of powder
bed of different porasities, was measured by
the pressure decline method of Dodd, Da-
vis, and Pudgeon.!™ A final note on the of-
fect of addrtives 1n capsule formulation s
that care should be exercised that these ad-
dit:ves do not have any tendency to react
with the drug, such as in the case of dibasic
calaum phosphate which reacts mith tetra
cychne hydrochloride to form the poorly
soluble caléium tetracycline complex Also _
Poamible interaction between the drug (es
Pecially of acadic or alkaline in nature) and
the gelaun shell has bean reported

Effects of Capsule Processing Factors

McGee, et al, 99 investigated the effects of
two dufferent pressures of fill on the rate of
absarption of acetylsalicylic acid from hard
gelatin capsules in rabbits, utihzing two dal-
uents, lactose and dibasic caleium phos-
phats (Table 5-3) They found that more
rapud in niro dissolution and better plaima
lavels ware obtained with the more tightly
compactsd capsules wrespective of the ex-
cpient used. This was explained by the as-
sumption that the diffusion of the gastric
juice through the tightly packed capsule,
created higher preasurs withun, leading to
fastar dissolution.

Newton and Rowleay!® studied the effect
of packing and 1ts relation to the particle
a1ze on the i vitro release of the water
wnsoluble drug ethinamate from hard gela
tin capsules They found that the rate
of drug release and hquid permeability
decressed with a decrease 1n particle size
and porouty of the powder bed If dussolu
tion 1 compared with sample porosity, the
rats of drug release is faster from cap
sules containing larger particle mze frac
tiona and packing has hittle effect. However,
with finer parucle size, compact packing



100

Table 5-3—Averags Concentrations Obialned
in Dissolulion Daterminations of No. 3 and No. 4
Capsuiles Containing Acstyl Salicylic Acid and
Lactose” -~

Cancsotration.” mg/ 100 mL
Tna, ﬁ 5 h E—‘ ! Capsule

min uw W
10 43 10 153 a5
0 10.8 100 14.1 163
0 133 120 173 199
45 143 155 131
@ 163 188 189
9% 148 19.1

120 183 19.4

180 194 195

* Osciliating ube methnd, 100-masi) soreen.

[Mepretuced rom MoOes, st &l J Mhenn Sci, 591430 {1970) |

causes a marked decresse in the rate of
drug release (Fig 5-30) Reducing the par-
ticle size also decreases the size of pores
between the particles which m turn reducea
the sase 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 appesr to influence greatly the
effect which additives have on drug release

Samyn and Jung!® studied the nfluencs of
paclung density on ths dwsolution of drugs
from capsules by measurmg the hquid pen-
etration, water content and viscostties of
the powder beds. The authors utilized the
method of Studebaker and Snow,1® where
various powder blends wers packed into
open-ended cvlindnical tubes to provide
large samples and controlled packing dens:-
ty for accurate measurements. The data
showed wide variation 1n viscosity and wa

ter content of the powder beds. Some of the
net compacted powders were thick pastes
while others were quite flmd At any given
water content the lactose based capsu’e
blend appearad to be more fluid than with
calcium phosphata blend probablv due to
the partwal solution of lactose Figure 5 31
shows that 1n the absence of hydrophobic
luoricants the dissolution behat1or was not

Dissoiuiion, Bloavalabliity snd Blosquivalence

influenced by the packing density Howev-
er, In the presence of 5% magnesium stea-
rate dense packing caused a marked de-
crease 1n the drug dissolution rate from
capsules containng either diluent.

Dissolution Rate of Soft Elastic Capsules

Hom and Miskel!%® studied the dissolu-
tion charactenstics of soft elastic capsules
Thexr comparative data showed that for
several poorly soluble drugs the dissolution
rate was much faster when the drug 1s filled
into soft elastic capsules after being dis
solved in polyethylene glveol in conjunction
with noniomc surfactants, than when for-
mulated into tablets This agrees, 1n gener
al with earher 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-fillad hard gelatin capsule.

_Hom and Miskel investigated hydrocort:-
sone, ethinyl estradiol, phenobarbital, diga-
toxin, bishydroxycoumarin, suifadiazine,
phenylbutazone and propylthiouracil (Figs
§ 32a and 3-32b) In evary cass, the dissolu-
tion raxe from soft capsules was faster than
a tablet formulation because suspensions or
solutions of these drugs wers ancapsulated
easily Furthermors, surfactants or other
solubilizers could be encapsulated conve
nmently along wmith the drug to improve its
dissolution and bicavailability They rec-
ommended the use of soft capsules for low
dose medication of sparingly soluble drugs
especially when an early hugh blood level of
the drug 15 indicated.

Armstrong and James'% reviewed several
articles an drug relesse-from lipid based dos-
age forms and pomted to the advantage of
soft gelatin capsules as an excellent mecha
mism to seal the oil and mask the unpleasan.
taste associated nith the drug orits oily base
Stella, et al,'® showned that the bicavailabil
w of 2 qunoline denvative (antimalerial
drug) in the dog was better from soft gelatn
capsules containing the drug base 1n oleic
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Fig 5-32. a: Dissolution rates of digitoxn capsule
and tablats In sinndated gastrie fluld TS b: Dissohu-
tion rates of b capsule and tab-
let in simulated gasiric fluid TS, {Reproducad from
Hom and Miskel J Pharm Sci 59, 827 (1970) ]
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from hard gelatin capsules containing the
hydrochlonde salt. Fischler, et al ' found
that the peak plasma leval 1n man was high-
eat and attained quckest from a syTup con-
tainung chiormethiazole edinylate, followed
by soft capsules containing the fres base 1n
arach:s oil. Oral edministration of the edis-
ylate in tablet form gave the lowest bio-
avallabihity performance Fuccells, et al,110
administered temazepam to healthy sub-
Jects as a single dose, both as a powder in
hard gelatin capsules or as a solution 1n
polyethylene glycol, in soft gelatin capsules

Absorption from the latter provided earher
and higher peak plasma levels although
there was no signuficant difference between
the overall total availablities Also, digox

in, when drssolved 1n a water soluble mix

ture containing polsethylene glvcol and
packed 1n soft gelatin capsules was found to

dissols e faster 1n witro and 17 vivo than the
tablet formulation 111-1M Griseofulvin gave
85% absorption from soft gelatn capsules
compared to 45% for commercial tablets
and 33% for hard gelatin capeules contain-
ing the micronized drug.115
Armstrong and co-workers! 117 gyvgluated
the Bnitush pharmacopoeis i1 nitro disinte-
gration test for soft gelatin capsulesy using
commercial lots of cod liver ol capsules.
The majority of capsules swelled on being
placed 1n water but after 3 min, a small drop
of o1l appeared, ususally from & point on the
capsule seam The capsule then ruptured at
this point releasing the contents, and the
shell then dusolved. However, an appreciable
number continued 1o swell until the shall dis-
solved without first releasing the oil by break
age, a behavior which caused prolonged dis-
integration ume. [t nas suggested that thus
erratc behavior can be due to vanations in
the efficiency of the capsules sealing pro-
cess by shght differences in machine adjust-
mments dunng manufacturing Weight and __
dimensions of the capsules showed no cor-
relation with disintegration time but 1t was
noted that as the water content of the shell
increased the disintegration time de
creased. The nature of the capsuls contentsa
did not appear to wfluence the disintegra-
tion tume, but the addition of less than 1% of
surfactants to the encapsulated o1l signifi-
cantly reduced the time of disintegration.
The apphecation of disks m the dismintegra-
tion test seemed to affect dramaticully the
capsule behavior and therefore, their use
was not recommended b the authars
The 1n v1ro disintegration and dispersion
of soft gelatin capsules was also investigat
ed by Armstrong, et al,'" using X radiogra-
pht 1n rabbits and gamma santigraphy m
humen volunteers. Thus procedure showed
that in viwo disintegration usuallv began
within 2-3 min and that the capsules
swelled into sometric shapes The presence
of a surfactant 1n the o1l ard food in the
stomach appeared to assist disirtegration
which was in agreement with the findings of
Hunter,e af 1'3and Casey, et al 17 Gamma
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acid than scintigraphy data in humans inds-
cated that the disintegration and dispersion
tumes were shorter tn humans than in rabbits
probably because of the larger human stom
ach which permits more efficent agitation
of the capsule Also, 1t was found that thein
rivo times weare very close to those obtained
in citro. Serayjuddin, et al,'® pomnted out
that the physicochemucal charactenstics of
soft gelatin capsules are different from oth-
er conventjonal dosage forms, and hence,
the properties of the drug, the sclubiizing
hiquid, the gelatin shell and the compatibil-
ity of these three components after encap-
sulation must be evaluated carefulls during
formulation. The authors pointed out that
due to the high initial water content of the
soft gelatin capsule shell (>20%), water mi-
grates from the shell to the fill matenal
during the drying process and subsequent
equilibration periods.!112 Consequently,
the objective of bioavaillability enhance
ment through drug solubilizatton can be
Jeopardized if the drug crystallizes inside
the capsule due to water migration from the
soft gelatin capsule shell to the fill matenal
Such possibility however, can be avoided by
selecting the proper vehicle for drug solub
hization.
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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
formutation

Particle size, morph logy, shape and surface area

For Instance, In the case of a drug to be administered In tablet form, the size and
shape of the partides can influence the flow and mixing of powders and granules, both
affecting the efficieny of tablét formulation

Our laboratory staff have an indepth knowledge of the characterisation of particulate
matter with respect to size, shape, morphology, surface area, surface energles etc

For more Information on how we may be able to assist with your needs, please contact
us
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n the July 2001 Pharmaceutical Technology article about

particle-sze determmation, the question of what constitutes

a"correct” method for the determination of particle-see dis-
uributions was addressed (1) A correct method was defined as

one whose sample was obtained by an appropruste sampling pro-

gedure, in whach the sample was prepared properly and intro-

duced into the instrument, and wn whuch all instrumiental para-

meters were used correctly for the analysis. It alyo was ponted

out that all of the correct ‘but differing) particle size results ob-

taned through vanous methodologies are equally accurate, but

each method sunply might be expressing uts correct results in

P different terrns When viewed in tlus light the decnion about
Particle size determinations a-¢ Uindertaken which particle-size methodology 15 most approprate for a given
to obtain icformation about the size stuatron can be seen as u mmple matter of accuracy versus pre-
charactenstics of an ensemble of particles ason. If absolute sccuracy s most unportant, then ane must

tud s not conduct rigorous research to venly that the method Raally
Because the particles being studied ar2 no Sopted does indeed yield pornd I1s that are absohurtely

usually the exact same srze mformation is mdicative of the & of the bulk LIE D
required regarding the average pasticig size oae 1s more unterested m devdoping profiles of lot-to-lot vari-
and the distributian of sizes abaut this ability, then the use of any of the available methods that yelds
average However, the concept of particle correct results 13 appropriate
size Is Irrevocably derived from aspects of The next :ﬂ‘;ﬂ'ﬂ articles i the ';:hﬂfmm“hﬂl Physia® ::-
umn senes aamnea correct t
particie shape and morphology because the can be used to deduce afo "’::{1 . lbout’:h“cdahmlpe parp
idea of a particie diameter proceeds from fiaribubon of les. However one cannot begn to dd
preconceived shape factors those topics without a prior exposition of what 1s meant by the

shape and size of the particles that cons:tute a powdered solid

Partide shape

[t 15 not possible to discuss rationally the size of a particle oc
aoy distribution assocusted with the sizes of an ensemble of par-
ticles without first considering the three-dimensional charac-
tenistics of the parucle itself This is because the size of a part-

Harry G Brittain PhD Is the director of - dumenso

tha Center for Phurmacautical Physics, 10 :k "3;""" ‘“’h‘“ " “"""“ﬂ“"“‘f n “dd“‘““'ﬁ —
Charlos Agad Miford NJ 08848 tel 908 en farm its shape or 1N termys or s projecied surface ar
208 3509 fax 908 §98.3560 hbntan® volume As will be shown some methods of expressing parti-
garthlink net He s a member of Pharma cle siz= discard any concepe of particle shape and instead ex
ceutcal Technology's Editonal Adwsory press Jhe size 1n terms of some type of equivalent sphenical suze
Soard An appropuate starting place for a discussion of particle shape

can be found in USP Ceneral Test (776) (sce Figure 1) (2) Inthe
{ shape performance aspect of tis particular test procedure USP

J—-M-_mb'f‘m.amul 25 (!:, TP RTTATNT by I W
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requires that “for trregularly shaped particles, charactenzation

of particle size must also include informanon on partude shape.”

The general method defines several descniptors of particle shape

(see Fupre 2) The USP definunons of these shape parameters are

e acicular slender needle-like particle of sumilar width and
thuckness

« columaar- long, thin partude with 2 width and thickness that
are greater than those of an accular parucle

o flake thun fat particie of sunilar kength and width

) - - - . i e g TR i ol iy ke

A -
. =

Equant Colurnssr .
Slade -
—= =2
. Mdoular .ot

Figurs 1 Description of parficle shape as defined by USP
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o plate: fiat particlz of amilar length and wadth but with greater
thickness than flakes

o lath. long, thin blade-like partcle

« equant partidles of umilar length, widih, end thickness; both
cubscal and sphencal particles are inchuded.

In ordinary practice, one rarely observes discrete partscles but
typially u confronied with parndes that have sggregated or ag-
glomerated 1nto more-complex structures. USP provides sev-
eral teems that describe any degree of assoaatma.

o lamellar stacked plates

o aggregate: mass of adhered parucles

o agglomerate fused or cemented partucles

« conglomerate muxture of iwe or more types of particles
o spherulite: rudial cluster

o drusy" particle covered wath tiny particles (2)

The partide condinon also can be described by another ge-
nes of terms:

o edgex: angular rounded, smooth: sharp, fractured
e opucil color transparent translucent opaque
@ defects. ocdusions, indusions.

Furthermore sucface charactenistics can be described as
o aracked. partial split break, or Gssure
e smoath. free of uregulanies, roughness, or projections
e porous: having openungs or passageways
¢ rough. bumpy, uneven, not smooth
o prtted small indentations.

The pharmaceutical descriptacs of partice shape are denived
from the general concept of crvstallographac habit. The exact
shape acquired by a crystal will depend on vangus factors such
as the temnperature, pressure and composntion of the crystal-
hnng saluton. Nevertheless, preapitaton of a given compouad
generally creates a chamctenstic shape or outline. Because the
faces of 2 crystal muat reflect the internal structure of the solid,

L Eg el Yk mm il e P A LR Y -- o~ o= p—
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Figura 2 Growth along certain crystal directions can profoundly aitr the characteristic hablt of various crystals.
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Fgure 3: Soma commonly used descriptors of particio sim.

the angles between any two faces of & crystal will remain the
mame even if the arystal growth 15 sccelersted or retarded in one
direction or another (see Figure 2) Optical crystallographers
usually will catalogue the vanous crystal faces and document
the angles between them a3 they identify the crystal system to
whuch the given particle belongs. When the particle Is particu-
larly well formed, a descniption of symmetry elements aiso s
comptied.

Far many ndividuals, however, the concept of qualitative
shape descriptors has proven inadequate, and this deficiency
has necessitated the definition of more quantitatively defined
shape coeffiaents (3) For instance, Heywood describes the eon-
galion ratio, m, a8

A=k (1)
and the fakiness ratio, m, as
"'=€= (2l

1n which T'1s the particle thickness (the punmmum distance be-
tween two parallel planes that sre tangential to opposite surfaces
of the parudie), B 1s the breadth of the partxcle (the muumum
distance between two paralle planes that are perpendicular to
the planes defining the thiciiness), and L1s the partcle length
(the distance between two parallel planes that are perpendicu-
lar to the plancs defining thickness and breadth) (4)

Partide sxe
It really 13 not possible to continue a discusuion of particle shape
or size without first developing defirutions of particle diame
ter This step 18, of course, rather trmal for a spherical partide
because 1ts srze 1 uniquely determaned by 1ts diametec. For ir-
regular partidles however, the concept of size requires defint
tion by one or more parameters. It often 15 most convenient to
discuss particle size 1n terms of derived diameters such asa
spherical diameter that 15 in some way equivalent to some size
property of the particle These latter properties are calculated
by measunng a size-dependent property of the particle and re-
lating 1t to a Lnear dimension

Certainly the most commonly used measurements of parti-
cle sizes are the length (the fongest dimension from edge to exdge
of a particic oriented parallel to the ocular scale) and the swredth
{the longest dimension of the particle meisured at right angles
ta the lensth) Intintive as these pmpertics may be thair defin-
inn il e hasr shawm in Nimire 4 Cloeely related to these pron-

mﬁu = 4vio~the- descr Fb’% of o'yl o Fprere-

2 gl/@a\

whuch 15 the distance between imagwnary paraliel hnes tan-
gent to a randomly onented partide and perpendicular to
the ocular scale, and Martin s diameter, which s the diam-
eter of the partcle at the point that divides a randomly on-
ented particde into twn equal projected areas (see Figure
3b)
The coordinate system assoqated with the measurement
1s imphcit 1 the definitions of length, wmidth, Feret s di-
amelez, and Martin s diameter because the magnitude of
these quantities requires some reference pomt As such,
these descriptors are most useful when diuscusmng particle e
23 measured by mucroscopy because the partdes are immobile.
Defining spatual descriptors for freely tumbling particles is con-
siderably more difficult and hence requires the definttion of a
series of dertved partide descriptors. However, given the popu-
lanty of techniques such as electrozone sensing or lager Light
scattening, derived statemnents of partide diameter are extremely
useful

All of the dertved descriptors for particle nize begin with the
homogenization of the length and wadth descriptors into erther
aarcular or sphencal equivalent and make use of the ordwnary
geometrical equations associated with the dertved equrvalent.
For ainstance, the perimeter diameter is defined as the duameter
of a arde having the same perimeter as the projected outline of
the partide. The surface dmmeter 1s the diameter of a sphere hav-
ing the same surface area as the particle, and the volume dia-
meter s defined as the diameter of 2 sphere having the same vol-
ume as the particle One of the most wadely used derived
descriptors 15 the projected erest diameter wiuch 15 the dmmeter
of 1 arcle having the same area as the projected arez of the par-
ticle resting in a stable position The concept of projected ares
duameter 19 illustrated m Figure 3c.

Several other denved descniptors of partide diameter have
been used for vanous applications. For instance, the neve dia-
meter 13 the wadth of the mmimum square aperture through
whuch the particie will pass. Other descriptors that have been
used are the drag diameter which is the diameter of a sphere hav-
mg the same resistance lo moton as the partide n a flud of the
same viscosity and at the same veloaity; the free-falling diameter
which 15 the diameter of a sphere having the same density and
the same free-falling speed as the particle 1n 2 fnd of the same
density and viscosity: and the Stokes diameter which 1 the free-
faling diameter of a partide m the larmnar-flow regon.

Distributton of partide s;es
Al znalysts know that the particles that consutute resl sam-
ples of powdered substances do not connst of any nngle type
but instead will generally exhibit a range of shapes and sizes.
Particle-size-deterrmnations therefore are undertaken to ob-
tain information about the size characteristics of an ensemble
of particles. Furthermore because the particles being studied
are not the exact same size information 1s required about the
average particle size and the distribution of sizes about that
average

One could imagine the situatron th which 2 bell shaped curve
& fiund to describe the diinhution of narticle sizes in a hv
|-|"-I||rln_ 1] = JIrg HHA v Farsltttn im nen & e o i
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1n each nize fraction 13 sdentified, and
then one calculates the percentage of par

tices in each uze fraction. This calcula-.
twoa ywlds the paricle size histogram
{see Figure 42) The number frequency
ordunacily 1s used to construct 2 cumu

latrve distrsbution, which can be as-

Cumuisiive distrintion 2

o B 828 8

Pucticls size (um)

Figure 4. Particie-siza repressniations for a hypathetical normal distRution. Shown are {x) the

froquancy distribution and (b) e cumutstive distribution,

0 1020 b 4 50
Panticls sizs (um)

cending or descending depending on the
nature of the study and what wnforma-
tion ts required (see Figure 4b)

The anthmenc mean of the ensemble
of parucle duumeters 1s alculated uting
the relation

Lad, £)
Xn

i, =

16 which » 1s the oumber of particles

{0 20 ®_ 20 having a diumeter equal to d. The stan
' E 5 dard deviation 1n the distribution then
! ts calculated uung
[ 10‘ (3 10 1 }
- 4
s g 5 \ ¢=[-———(d".")] (4l
v ———— — ] v

on 10 20 30 40 50 60 7O 10 100 In the exaxmple shown in Table L, one cal

Pacticte siza (um)

Figure 5: Particis-sire representations for a hypothefical log-normel disiribution, plotted on a {a)

{inear scale and on 2 (b) logariihwic scale.
Sk  Number Numby  Percesd Percant
(aa) lnBesd Froquency LsssTham Grester Thad
8 50 1687 167 4.3
10 90 300 487 [T - ]
15 110 .57 883 9167
20 280 2.33 1787 233
a5 580 10.39 37.00 8300 -
30 600 20.00 57 00 43.00
a5 540 18.00 75.00 2500
40 360 1200 87 00 13.00
45 170 5.67 92.47 733
50 120 4.00 96 67 3.33
55 60 200 2a.87 133
80 40 133 100 00 G oo
Toml 3000 100

distribution Samples that conform to the charatenisucs of a
normal distribunion are described fully by 2 mean paruicle uze
and the standard deviation. Table [ shows an example of a sam

ple exhibitng a normal distrebution 1 which 3000 particles
have becn sorsed accerding to an undefined Jeterminer of their
¢ 7¢ Tq Yie usual data reprasentation the aumber of particles

Pardcie size (jum)

culates that d_ = 30.2 ym and that o =
11
The most commonly ocourcing value
1n the distribution 15 the made, which 1s
the value 3t which the frequency repre-
sentatzon ts & manmum value, The wee-
dian divides the frequency curve mto two equal parts and’squals
the particie size at whidl the cumulative representation equals
50%. I 2 ngorous nomal distribuhoo, the mean, mode, and
' median have the same value. For a shghtly shewed distribution,
however, the fllowing approxumate relationship holds,

mesn — mode=3{mean ~median] {3}

It would be if powder distributions could
be described by the normal dustribution Ranction because all of
the statestical procedures developed for Gaussian dustributions
could be used 1o describe the properties of the sample How-
ever, uniess the range of partide nzes 13 extremly narrow, most
powder samples cannot be described adequately by the normal
distribution function. The size distribunon of the majonty of
real powder samiples usually 1s skewed taward the larger end of
the pasude s2c scale Such powders are better described by the
log normal dustribunon type This termunology arose because
when the parucie distribunon is ploteed by means of the logn
nithm of the parudie size, the skewed curve is transformed uto
one closely resembling a normal distribution {see Figure 5)

The dustnbution n 2 log nurtal reprexentauon can be com-
pletely speaified by two paameters. the geomctne median par
ticle size (d) and the standard duviation in the geometnc mean
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mn whuch 11 s the number of partices hav-

(8 320- ®) ing partice sze equal to 4, Two samples

% mag 100 1 having identical 4 and o_ values can be

}mj -‘z"’ _ 0 said to have been drawn kom the same
foquecy & 601 Curnulalive total population and exhibit propertics

':w ® 404 W mazs of charactenistics of the total population.

20 - u'""'"w" In many applications, partide-size re-

0. 0 - — sults are processed by plotting the cu-

0 1S 30 45 B0 78 mulattve frequency data on a loganth-

Size (um) Slzs {jum) muc seale. If a straight line 13 obtawned,

the partide-uize distribution s sald to

obey the log-normal function. The value

Figurs B: Parficie-siza representations for a hypothetical log-normal distribution. Shown are (s}  of 4 13 equal to the 50% value of the cu-
the frequency distribution and (b) the curmuiative distribution. Each contains the difference mulatrve distribution. The value of o,
obiained when processing e dala in ferma of efther parficle nomber dr parficle mass, 18 obtained by dividing the 84 1% value
of the dustribution by the 50% value.

Although the distribution m the log-
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Fgurs 7* Particie-size representations piotted in a log-probabiitty
format for (2} a smgle hypothetica log-narmal distribution and for
(b)-a-rypothatical sampia cortaimng two log-normal dlstributions
whoss average particle size differs by ~50%.

(r ) The geometric median s the partile size pe-tain ng to the
50% valuc wn the cumulative distribration 1nd 13 caleulated using,

d 5" mtio![_'_—:n I:;‘J')I tel

44 PErwretol ketwingy cecewern nor

normal representation 1s specified completely by the geomet-
ric medun particde sze and the geometric mean standard de-
vution 2 number of ather average values have been derived to
define useful properties. These values are especally useful when
the physical s;igmficance of the geometric medmn partide se
15 not dear The anthmetic mean {d_) partidle nze 15 defined
a3 the sum of all particle diameters dvided by the total num-
ber of particles and 1s calculated using Equation 3 The swrface
mean (d) particle size 15 defined as the diameter of a hypo-
thetical purticde having an average surfuce arce and 1s calculated

e

The volume mean (d ) particle size 13 the diameter of & hypo-
thetical partcle baving an average volume and 1 obtained from

& .l.
_{Znd,’P (8]
""[ %n ]

The volume-surface mean (d ) particle sze i the aversge sxe
bused on the speatfic surface per unit volume and is calculated

unng

(71

i =Ind]
" zﬂ"l

(9]

For the dustribution plotted n Figure 5 one can caiculate that
d,=3291 pm,d_= 442 um d = 3593 um. d, = 3743 um,
and d_ = 40 62 um.

Various types of physical significance have been attached to
the various exnressions of parucle size For chernical reactions,
the surfacc men 1s important, although for pigments the vol-
umc mean value 1s the appropriate picameter Deposiuon of
particles n the respiratary tract is refated to the weight rmean
dumeter and the dissolution of particulate matter 1§ related to
the volume surface mean

Partde size dutributions can be sorted according 1o tie mass
(or volume) of the particles contained within a grven size band

«x¥ zh1 rteg) ~uom

J‘




“Recommended readlay .

or to the number of particles contained 1n the same srze
band. With substances having real density values, the dis-
triburion of the same ensemble of parudes can look quite
different depending on haw the data ace plotted. Figure
6 shows the frequency and cumubative distribution plots
for the same sample, but the data have been separately
processed 1n terms of the mass and particle aumbers.

Unfortunately not every powdered sample 15 charac-
terzzed by the exstence of  single distribunion, and the
character of res! samples can be quite complicated. Recogniz-
mg the existence of mulumodal distributions 1s not always a
straightforward process, but thewr existence ofien can be detected
by plotung the daw an log-probability paper. The ensience of
more than ane particle populanon i indicated by a change in
the slope of the line. Figure 7 shows a single log-normal disn-
buhon and a roultimodal sample connsting of two populations
whose mesa differed by approximately 50%. The break 1a the
log plot 1s dearly evident, but if one were to umply plot the at-
ter sample in exther a frequency or cumulative view, one would
not have been abie to detect the existence of two particle-size
papulations in the sample

Summary

Thus rather amplified discussian of particle shape, se, and dus-
tribution represents only an ntroduction to the topic. Inter-
ested readers should consult the pnmary sources in the hist of

.ummammkmmumw
Wiley & Sons, Kewr York, 1963).

» 11 Jefinek, At e Anaf (His Rorwood Lad, (hihestes, 1978).

© 110 Stackham and £ Focheman, Portide Ste Anclies (Ao Athae Scleoe Publishers,
AanArbor ML, 1977}

» BK.Xaye, Owect Chamctuization of Foe Partices [Jobn Whey & Sons, New Yk, 15811

« HLG.Barth, Hodonn Mot of Aartice See Anclyses (ohin Wiy & Sares New York, 1954).

o LAlen, At Stze Mecyement, Sth e [Chapuian and iall, London, 1997).

recommended references to additonal information (see *Rec-
ommended reading™ nudebar) Maost lughly recommended are
the vanous aghuons of Parnicle Size Measurement by Allen be-
cause they contain some of the most detailed and informative
expositions available about these topics. However the scope of
the discusnon in this opening article provides a sufficient basis
for the expouitions of the various methodalogtes that will fol-
low 10 subsequent instaliments of this column .

Refarences
1 H.G. Brztuin, “Wint & the ‘Correct Method to Use for Pacdcle-Seze
' Dewrnusstwnl™ Phare Technol. 25 (7), 96-98 {2001).
2. "Opucl Muroscopy” General Test (776), USP 24 {The Unuted States
Pharmacopocal Coovention, Rockville MD, 2008), pp. 1965-1967
3. T Aben. Fartcke Size Memsuremens (Chapman and Hall, Leadoa, 3rd
ed_1981) pp. 107-120.
4 H Heywood, J Pherm. Pharseacol. ($15) 56T, (1963) PT
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Particle-Size Distribution Il:
The Problem of Sampling
Powdered Solids :

Hamry G.Brittain

All methads for the determunation of
particle-size distribution have absolutely no
value unless the composition of analyzed
samples Is representative of the bulk from
which they were removed. Obtaining a
representative sample from a static powder
bulk 1s difficult and may not even be
possible For instance, although st Is widely
believed that the use of sample thlevesisan
sdequate method for good sampling, this
reems to be an Iimproperly held view The
yeneral consensus is that only sampling
rom a buik powder while it is in motion can
rleld the deslred representative sample
hese procedures present their own range
»f difficulties, but equipment exists that
sermits one to sample from moving powder
seds on a varlaty of sultable scales.Itis
srabably true that the use of a rotatory
rampling device, or spinning riffler, s tha
sast Instrument available for the
mbdivision of powders that have
1eterogeneous particle-size distributions

Harry G Bnttam PhQ o tha drector of
the Centar for Pharmaceubcal Physcs 10
Charles Road “dtord NJ 08348, tel
P03 996 I509 fax 9CA 96 J560
htrittain@earthiink.nat

he first article of this senies autlined some of the gen-
eral precepts of particle suze and shape (1) One might
have thought it appropriate to move into duscussions of
same of the most umportant experimental methods used
to deduce that type of information, but those topics cannot be
sddressed untl the procedure for obtaining a proper sample
for analyss 15 discussed (2,3) Although ane may use extra-
ordinary care and techmcal skill while performing a given
method for the deduction of the partide-size dustribution of
a powdered solid the results wall have absolutely no value un-
less the sample used for the analysis 1s indicative of the bulk
from which it was taken. Nowhere clse 1s the phrase “garbage
w1, gacbage out” more appropriate.
Because it 15 never practical to test the entire bulk of a pow-
dered solud (leaving none for s intended application), one must

+ remoave sppropnate sumples from the bulk to obtan inferences

as to the compositton of the entire ensemble Semples axe there-
fore defined as the untts upon whech 2 program of testing 1
conducted. The purpose of measuring or observing a property
of 3 ample s to obtam 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
assoaated mth the implementation of s sampling procedare
will depend on the exact nature of the expenmental situation.

For most pharmaceutical materials {(and especially in the
sampling of powders), a mumber of factors must be conndered
when deviaing a sampling scheme. These factors include the na-
ture of the ensemble from where the sample 1 to be drawn, the
cost of the ssmpling and assoaated assay(s), converuence, and
the degree of preciston requared in the final cesult.

'he goal of any sampling program s not only to obtain rep
resentative samples, but to avord any bias 1n the selection of
these samples. Independent ampley are obtained when the se
lection of one particular sample does not affect the selection of
any other sample. Bias w sarapling will result when the selec
tion of a sample changes the way in which other samples arc
taken Randomization and blinding are ways to overcome ias
but, a8 this articde dascusses, these factors can be eluninated only
though the adoption of ngorous procedures.

The structure of 2 samphing program consists of a number of
deasion pounts The analyst must determme how many sariples

NareertdT 2y v w57
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are needed (0 represent the bulk materml and the stze these wall
be. The analyst also must decde haw the various samples are to
be analyzed (e.g., pooled to y1eld 2 common sample or each to
be characterized indnidually) and the required degree of acou-
racy n the results. The vanahdity of the bulk matenal beang sam-
pled, the size of each mdividual sample, the number of samples
taken, and the method in which these sampiles are prepared for
anslysis will deternune the accuracy of the ssmphing program.

Proballity sampling
Sampluig procedures may be classified as exther nonprobabil-

ity sampling or probabiliry sampling. Nonprobable methods
typically are procedures of convenzence and are chosen because
the alternatives are deemed too dafficult to implement. This
type of sampling 15 also known as judgment or authorstanive
samphings. Samples often are chosen using the expertse of those
who have 2 feel for the process and believe that they intustively
know when and where to oblain a represctauve sample. Non-
probability samples often contain hidden buases, and statstical
methods for the estumation of precudon cannot be applied.

On the other hand, probability sampling ensures that the
sampling scheme is developed 1 such a manner that will y1eld
samples that are highly indicative of the properties in the bulk
ensemble. It goes without ssyaing that althocgh probebility meth-
ods are more complicated than nonprobability methods, thew
use 15 infinitely more desirable

Sampling methoedologies

Although a considerable number of probability-sampling pro-
cedures can be used, thus articde describes the foar most com-
mon approaches.

Random sampling. In random samphing, each of all possible
sample ururs has an equal chance of bang inchuded 1 the sam-
pling procedure. To obtamn a random sample, a number 15 con-
ceptually assigned to each potennal candidate, and pumbers

~then are selected at random to sdentfy the unts to be sampled.

Altermatively, samples are selected during andom tme penods
during & production run to obtain s pscudorandom sample
For instance, consider 2 process used to manufacture a mater-
sal that 15 eventually packaged wx 10,000 bottles contunng 100
g of powdered sohid 1o each. Each botile 1 the run 18 asugned
an identification aumber duning the procesang, and & random-
number generator 13 used 1o select 10 boitles from the produc-
tion run. The entire coateat of each bostle should be used to
conduct the analyus, unless this 15 impractical for the type of
mensurement o be conducied. In that case, one must execute
a further random procedure 10 select the ssmple for analysie-

Stratified sampfing. In stratified samphing, the ensemble to be
sampled 13 divided into subsets, and random samples are taken
fram each subset Ttus method is best apphed wher the subsets
themselves are very dilferent in their properues, but objects 1n
individual subsets are equivalent To apply the method samples
are taken n 2 andom manner but anty within speafied aine
intervals. For example, consider a process used to manufaciure
a powdered sohd at the rate of 5 kg/h that 18 scheduled to run
for 10 h Ta perfarm a stratified sampling procedure, ane might
sample 50 g of powder dunng cach hour of operation At the

A8 __Mocmcadlrl RSS2 D
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end of the production run, the 10 50-g samples are combined

, 10ta a single 500-g sample, and thus constitutes the sample that

15 subjected to analyns

Systematw sampling. In systematic sampling, a definite sam-
pling schodule 1 followed to obtan the unus for testing. In other
words, every nth ssmple 13 chosen during a production fun to
ensure regular sampling through the process. The ume at which
the sample s taken 13 not regulated, merely its ponition 1n the
run. One should note, however, that systematic sampling only
works when the ensernble 13 homogencous, If the process hep-
pens to be cyclic or penodic 1n nature, then thus procedure can
lead to sertous errors. As an example of systematic mmpling, con-
sider x process used to sanufecrure a powdered solid at the rate
of 5kg/h that 1 scheduled 1o run for 10 b, ‘I perform system-
atic mmpling, the operutor pulls a 50-g sample exactly midway
through each hour of operation. At the end of the production
run, the 10 50-g samples are cambined mnto one 500-g sample
wiuch consistutes the smple ulunatdy subjected 1o analyss.

Claster sampling. In duster sampling, the ensembile 13 drvaded
1o groups or clusters, each of which contains subsets. Clus-
ters are chosen at random, and all the elements in a cluster sre
induded in the ssmple. This method 1s used when there are
many prunary units, each of which can be sampled. The sub-
samples from the dusters make up the sample taken for analy-
1, For a cluster sampling eample, consider 2 process used to
manufacture a matenal that is eventually packaged 1 10,000
bottles coataning 100 g of powdered solid in each. The pa-
mary unts are the bottles, and the subsample unity will be sub-
divisions of the bottle contents. To perform cluster sampling,
one nandomly selects 10 bottles fram the stock produced and
then randomly selects a 25-g samiple from each bottle. ARer all
the subsamples are properly combined, the resulting 250-g pow-
der maxs constitutes the sample to be analyzed

Static powder sampling methods

Vanous methods can be used to obtaun samples that are pur-
portedly representanve of the bulk from which the samples were
drawn. The most common of these are scooping off the top sur-
face and pouring and quartenng, methods
mclude the use of a graia thief, & sample sphitter—reducer, or
rotalory sample divider. Unfortunately, » general rule of thumb
that bus emerged 15 that the sumpler the ssmpling method, the
less likely &t i3 to yreld an acceptable sample.

Scooping frera ths tep. [t 12 aimost painful to mention the
most widely used method of samplhing, namely that of uuag
a spatula to scoop off some powder from the t0p surface of
its bulk. Although thus is by far the easiest method for sam-
pling a powdered solid there 1s no doubt that scooping off
the top 15 less cffective than the least demrable method that
could be imagined Leaving aside questions of chemical degra
dation at the upper layer 1015 well known that particle seg
regation wall result in the top fayer of a powdered sold be
comung enrched 1n 1ts coarse parude fraction (4) As a result
sampling this top layer would bias the particle size distribu
tion toward larger parnicles. Shaking the powder may not solve
the problem because one may 1nduce even maore segregation
in thus process. Because the composition of the upper surface

g v v Atarme2ch cogl
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powdex, (3) Once the thiaf 15’3t th desked posion the init is reied w0
¥t the Intarfor Eaipariment is now empoad b tis bulk powdes. Powder
s Into e this{ compartment of ts awn accord, (c) Once the intertor
compartrin 6 Uhe i 1§ Mited, iha'stgove of i thiefis rotaied so that

tha Warior com{iartment I iigatn s iram e buk powdex The tnel

Is han withdsawn {0 the powder, and he sampls & analyzed
b S Bl 1 [, o -

of a bulk powder rarely 1s indicative of the bulk composition
this method of ;ampling 1s the worst posnble way to obtain
a sample

Sample thief. A significant improvement i sampling can be
achieved with the use of a2 sample thief, sometunes known as s
gran thief for hustoncal reasons, This device connsts of two
tubes, one fithng trghtly innide the other, and with oblong holes
cut through the tubes 1n corresponding penitions. One end of
the outer tuhe is fitted 1o a point 1o faciluate its inserbion inte
allk powder the mngilng procedure, iflustrated 1n Figure |,
conststs of rotaung the tuner tube lo dase the holes, inscrung
the device into the powder rotating the inner tube to open the
holes, allowang the powder to enter the device, rotating the inner
tube once more to close the holes, and Gnally removing the thuef
from the bulk powder

Although thief sampling 15 a better method than mecely
scooping off the 1op of a bulk powder s sulian infenor tech-
nique (5 6) Even though most thieves have rdatvely sharp ends,
the very act of plunging the thicf through the bolk powder ronst
perturb the sample to séme degree. A compressional force prop-
agates ahead of the thicf as it1s pressed mto the bulk thus po
tentially changing the strata of the bulk and alering the wall of
powder at the outer walls of the thief Furthermore, because
farge particies will flow more essily than will smali parudes an

f %l alaw ma aen

compariment ia isotated from the bulk powies, While In

cone, (b) division 5 tha Ratienad cone min’ 5. 20
mm.(qﬁmmuumm‘f,i
cone Into quarters, snd {d) removal of - 4-&:,,5
altemate quarters io define the subdivided ]

sample.

openced thief 15 liable to be filled preferentally with the coarse
fraction of the partide distribunon.

Conmg and quartenng The main problem with scoop and
thief sampling 1s that the samples are femoved from & statie
powder bed and there 1 sumply no effective way to sample o
nonmoving powder and obtain a representative sample. One
procedure that attempts to address thus problem i that of con-
ing and quartening. For this procedure, one begins by pounng
a cone of matenial, which 1 then flattened as evenly as pos-
ble. The matenal is then divided into quartets, whereupon two
oppostite quarters are discarded. The remamung two quarters
are recombined and poured into another comeal pile, which
1s then flattened and divided The quartenng process 1§ con-
tmued until one 15 left with an amount of material thats the
desired sample size (see Figure 2)

Great care must be taken wher obtaining & ssrople by coning
and quartering When the initial powder sample 1 poured, it will
undergo the full range of processes that result in segregation of
particies according 1o ther relauive size. Because theur flowabil
1ty 1s the poorest the finer parucles wall collect st the ceater of
the cone and the coarser particies will Slow toward the edges of
the cone. Hence cach wedge of a poured cone will become s¢

verely segregated by the act of pouring making the process of
subcivision and recombination critical It 15 not unusuat to ob-

www pharmi=ch com
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samples are assembled n

tad on the rotary siage {5)

tan large standard devisuons in perticle-nze yesubts when the
conung and quartenng method 1s used lo cbtam a sample.

Dynamic powder sampling methods

There u httle doubn that the supenor methods of powder sgm-

pling entall procedures whereby the sample 4 removed from &

maoving powder bulk. 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 m motion.

& Rule 2 The whole of the stream of pewder should be taken
for msay shart increments of time, 1n preference to pnnot‘
the strcam being taken for the whole of the hme.

One method that has been developed to abtain more rep-
resentative samples from bulk powders involves the use of
sample splitters or sample reducers These devices work by
systematically rejecting segments of materal Sowing down &
preset incline (see Figure 3) The sample 15 drverted from the
moan bulk and fed into a collection vessel If the powder being
divided has strong segregation tendencies the powder flow
must be rendered as homageneous as possible to avord buas
Oaly through homogenization of the powder stream will each
subdivision of the bulk contain the same dutnbution of par
ticle sizes as the mass fromn which it was taken,

The number of chutes necessary for a spilting device has been
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= beofequal mze and their efficency 15 improved when the sze

of the chute operung is reduced. However, when the system 1
appropraately designed and validated, 1ts use can yield appro-

prutcly dvided samples.
Arguably the best method for properly subdividing a pow-
dered sample 15 through the use of a rotatory smple divider,
known as a spinnung riffier and whose operstion 1s

Nlldﬂli-ﬂ_,,“‘ g flustrated 1o Figure 4 This device uses mechanical enexgy to

provide a constant flow of matenal from 1ts holder. The steady
flow passes through a divider head opersting at constant speed,

o 8y @17+~ ~ thus mnimizing segregation. Each sample from a rotatory
¥A= v 4 gample divider can be analyzed separately or recombined to
= T -~ - yteld a representative sample It almost goes without saying

that the powder being tested mua be free-flowing or it can-
nol be processed by the device.

A typreal spinnung nffler conums of three components. The
powder bopper holds the bulk of powder that 1 to be subdmded,

=¥ - = and 1ts output 15 regulated by a feeding device. The most 1m-

portant part of the spinmng nffier i the dwiding head, which
coatans & number of sample collectors that are mounted on a
rotnng platform. Duning the romtion of the platform, the stream
of powder emansting from the hopper 18 penodically cut into
small portons. The nifler works best when the speed of rota-
toon 18 relatively fast compared with the feed rate so that effects
of Bow segregatton are sunimal amang each of the sample col-
lectors. In other words, it 18 desirable that the powder accumu-
lating m each sample collector 15 amembled from muluple sam-
plas of the powder in the hopper Common sense dictates that
the combuned voluroe of all sample collectors must exceed that
of the bulk powder volume in the hopper

Condusions

Regardless of how the sample 1s obmined, its composntion must
be representative of the bulk from which 1t was removed for
analyucal resuits to have any sgmficance Obtaining s repre-
seqtative sample from a staatic pawder bukk 1 difficult and msey
not be possible even with the most thoughtful expenmentsl
design. Although it 1s wadely bebeved that the use of sample
thieves 15 an adequate method for good sampling, the Iitera-
ture seems to indicate otherwise. The general consensus 15 that
only sampling from a bulk powder while it 15 1n motion can
ywid the desised representative sample. These procedures pre-
sent ther own range of difficulties, but equipment exists that
permits one 1o sample from moving powder beds on a vanety
of switable scales One can conclude that the use of a rotatory
sampling device or spinmng nifler 1 probably the best 1n-
strument available for the subdivision of powders having het-
erogeneous particle size duistnbutions.
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(Valag Ohenve Deexfield Beach, 194)
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4 K Sommer Semphng of Powders sud Bulk
Matersals (Sprmger-Veslag, New York, NY,
1985)-

5. M.] Rhodes, Prnciples of Powder Tichnelogy
{John Wiley & Sons, New York, NY 1990).

6 N Harnby M.F Edwards, and AW Nicnow,
Mixmg = the Procexs Industries (Batterwerth-
Hienemenn, Oxford, UK, 1992)

7 P Gy, Sampling for Analyeucal Puspases (John
Wiley & Sons, Cluchester UK 1998}
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delrverables with storage location of the
validation documents. In other words, the
validation testing report e 2 place to docu
ment what happened and how 1t hap-
pened for each valrdation test. In addition,
the report captures all deviations and out-
of-speaficaton results.

Procedures and polldes manual. A com
puter system can have all the bells and
whystles that wall help it comply with ap-
plicable regulations. However, built-in
functionality and validation documenta-
tion does not make a computer system
compliany. Polices and procedures are an
enforcement tool that compasnues use to
protect their computer systems from
fraudulent use. These wntten gudelines
provide & framework for speafying how
the system will be used and managed, how
datx will be recovered, and what duaph-
pary actions can be taken for vinlations.
Procedures should be wnitten and imple-
mented and should include secunty and

data integnty system operation, and sys-
tem maintenance.

2

The actmtics of tearn development are an
integral purt of any development activity
— validated or noavalidated. The plannmg
process helps the validat:on teamn wnple-
ment 2 validated system. Standard docu-
ments are requured to prove that a system
15 valdated, and pohaes and procedures
are necessary to umplement and maintain
2 computer system m & validated state.
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Part;;le-Size Distribution, Part Il
Determination by

Analytical Sieving -

Harvy G. Brittais

Analytical sleving is one of the fundamental
msthods for the dassification of powders,
and itis probably the method of cholce for
granular or coarse powders.The method Is
falrly ssample to perform, its vahdation Is
relatively straightforward, and the
interpretation and presentation of results
are falrly standard. Well-established
procedures for analytical sleving are
found in the Umited States Pharmacopeia,
and appropriate apparatus for its use are
relatively avallable.

Fl

-

HMarry O Brittain k tha dnchor of the
Conier for Pnavmecsutical Physcs, 10
Charies Road Mitord, NJ 08848, tet 308
904 3509 fax 908.986.3560 hivitain®
surthink net,

S8 Plamscartical Trchaslagy 1n:cuasmen ooy

ow that some of the general precepts of partle sre and
shape have been outlned (1) and the all-umportant topsc

of powder sampliog has been addressed (2) & 1 sppro-

prute to move into a duscusson of the expernimental
methods used to deduce informanon sbout particle mze Ana-
lytcal nevang 15 one of the most conceptually ample methods
for deducing the partide-sue dustribation of a powdered sold.
En meving amalvaus, oue mroplv passes the sample through ware
meshes that have opeaings of vanous sizes aod then measures
how much of the sample 55 retuned on each sieve.

Seeving 13 one of the fundamental methods for the dasafi-
cation of powders, and 1t s the method of chosce for deter-
mimung the sure distribution of coa~se powders. Although slev-

1 tng is most suitable for powders whose average particle size
cxceeds 25-50 um it can be used for finer grades of powders
of the method s preperly vahdated and cxccuted. Sieving analy-
sis w difficult to perform for oily or cohesve powders beanuse

they tend to clog sieve openings.

—
Sleve coustruction

Sreves are conatructed from wure mesh that o scaled into the
base of an open cyhindexcal contnner The wieal neve opemogs
arc spertures that sre nesrly square Fgure | shiows cxsmples
of the iwo most commonly used tvpes of mesh screen Analyt-
cal weving unng wire-mesh ueves provides a rwo-dimensional
estimate of itre becanse the smallest lateral dimension of
each particle dictates its ability to pass through a piven sieve
opeung.

The Tver Standard Sale 15 2 widcly wsed dasnfication scheme
for sieve pzes. In ths system the standard 1x based on a ware
cloth with 200 openings per hnesr iach, which s known as s
200-incsh sieve. The dameter of the ware used for s 200-mesh
screen 13 53 um and the uze of the opeung 1s 74 pm. The rabo
hetween the adjacent szes of the screm scale 13 the square root
of twa, Thus, the areas of the openings of each sieve arc twice
thase al the.next finer ueve In addiion the rutio between the
widths nf openings of alternaie sicves mn the senies is two, Closer
srung an be attancd using screens that have a fixed opening
wdth raun equal ta the fourth root of two

awww Jharmiech com
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Figure 1. Poitmicograpta of () wover-wke sroen n (1) icromest
screen.

Ancther sysicm was defined by the Nabonal Buresn of Stan-
durds usng the same ratio s the Trier Stundard Scale, bur it i
based oo an operung of 1 juon Thas system = hoown as the US
Sieve Sarvex. The dilferences between Tyler and US uiaves are
sk, and the sieves ace often used tomerchangeably However,
USP General Test (706) sperafies the use of scves that meet the
US Series definzton (3)

A summary of Tyler and US Standard niewe cusuficanons
and the cornesponding sieve upenungs has been documented
(4) and Thhle I compares the systems. For fine nieves, the dif-
ference betwesn the two syscema is very smail However, for
coarser geves the differener between the Tyler and US Standard

Reves 33 more pronsumced

Canducting sleving analysis
Conducung analyncal ueving for the chasiiaton of pharma
ceuncal matersals has been fully described an USP General Test
(786) (3) The general method describes the use of both dry-
lenng(Mﬁhﬂdl):ndm-smgMndll) procedures. In
aither method sieves are stacked on lop of each other 1n as-
cending degrees of coarsencss, and the powder to be tested 18
placed om the 10p seve. The nest of seves 1 completed by »
well ficing pan at the base and a bd a1 the 10p. The Ineramre
provides asddnional sources of informauon about the perfor-
mance of seving amiypss (5-8)

The next of sieves 18 subjected 10 3 sandardiaed penod of
agusinga wiuch causes the powder sampie to dustribute be-

~  bween the ueves. Agiatnon can be conducied using vibaauon

rotahon-tapping, oz vitrasound. The baruoatal seve mouon
lootens chi powder packing and permas subsieve parucies o
pass through. Verucal motion mixes the parudes and brings
more of the subsicve particles w the soreen surface Although
USP General Tent (788) allows aguanon by hand it does not
favor Lhe use of Ui method

In & prope*ly Josgned steve Last Uie sample 15 parntionad n
approximarelv equal wesghis on cach of five or six acves and
on the bottom pan, The sieving analyss 11 complete when the
weight on any of the test neves docs not change by more than
5 *» of the prevanus wenght on that sieve. Performance of a siev-

38 Pamcertics kxhulosy oers ussn 2o

ang test yickds the werght pertentage of ptndeg setmuned
Sacve SOk range.

Summary of ISP General Test (726) Methed L. USP Geaeral Ten
{*35) Method | grves the procedure to be followed when can-
ducung the seving analysis of drv powdered solids. The steps
are as follnws:

» Tare each test seeve to the nearest 01 g

« Place an acxurately waghed quantty of est speamen on the
top {coarsest) meve and replace the bid.

o Agratr the nest of steves for 5 min-

» Carefully remove each sieve from the nest without losing ma-
terul

» Rewaigh each sieve and determine the weght of matenal on
enh weve,

o Determune the weight of matenal in the collecting pan o a
sémuar manner

» Rexssembie the nest of sieves and agitate b for 5 min.

» Remove and weigh cach neve as previously described.
o Repeat these steps unul the end point amena are met (the
weaght o aay of the test sweves Joes not change by move than
5% af the previous werght on that weve).

When the analysis s completed, the analyn zeconciles the
wesghts of matenal. The total logses must noc exceed 5% of the
weight of the oniginal tzs1 speamen. If parudes revaned on any
ucve are aggregates (rather than sngle particles) then the use
of dry meving is not likcly 10 be an 28sily reprnducibile method.
At that pount the analyst could consider the use of Method I
24 an alteruate Lechnque

Sammaryef USP General Test (786) Method !l LSP General Test
{784) Mcthod L gives the procedure tw be followed when con
ducnng the neving analvns of wet or susperded solids The
steps are as follows:

v ar hatmiedd <cm
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® Modify the 1d and collecturg pan of the sieve nest to pevmit
the additon of 3 iquil anto the surface of the tp sreveand
the coliection of the liqusd from the pan.

@ Select a iquid 1n which the test specsmen 13 insoluble and
modify the sieving method as follows

o Thoroughly disperse the dned test matenal in the hqumd by
gentke apitation and pour tha disperxion onto Lhe top sarve

« Runse the dupersion equpment with fresh Gqusd and add the
nnungs to the rop Keve

« Feed the neving biquid through 2 suable pumping mecha
tusm ta the nozzle(s) in the d and colleat the sieving hqud
from the pan n & sntable container

o Continue the wet-sieving process until the emerging Bqud
appeacs Lo be free of pastades.

@ Remove cach suweve [roca the sxeve nest and dry cach meve W
constant weight at the same temperature a5 that previously
doscrihed.

» Determine the winght of dned materal on each neve.

The results are analyzed 1o the same manner as those that are

ohtaipel using Method L

Yafidation of uevmg metheds. One of the most important &
perimental parameters lo be defermined in a sieving analyns u
the tme requared (o completely equilibrate the sample berween
all of the sicves This tme typically is determined by repeating
the analyms with a fresh sample and contimnng the mechant
aal sgitation for succesnvely fonger penads of ime. The proper
sreving ume 15 the smalient amount of ume that leads 1o con
forroznce with the requirements for end pomnt determumation

‘When tha end pownt has been validaved for a speaific maeral

then a single fixed ime of seving can be used for future analy

ses, providing the partcle-nze distribution does no change 3

mficandy. The determunatson of the proper sieving time s part

of the robustness evaluation of the mecthod

The two mast impurtam analytical performance parameters

t0 be determined during the validation of a seving procedure
are the precrsion and the accuracy associsted wath the analyns.
To cvaluate preaision one repeats the particle mze determina
tion of a properly subdrvided sample threr to five imes (2) and
compares the percentages ussoaaled with each size fraction. The
accuracy ul a sieveng analysis 15 usually evalisated usimg standard
puwders canmsung of micrun sized glass spheres of knawn
parucle size distribution  The size opentnes ir a sicve can be
venficd according 10 the amount of pastape of the reference ma

80 Formcssifor fecheslgy pecesmen 2000
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1 tenal or with 2 mucrascopic study of the

screens themaelves,

N [n scving analysis, o 15 usually not pos-
| sible to determine the analytcal perfor

3  mance parameters of speafiary, limsts of

detection and quanntaton, hneanty or

REHR FNec

Bata interpretation and
presentation
l In addition to including informatioa
shout the welghts an the indrvidual seves
AR  snd 1n the pan, the raw data must sndude
T ihe weight of the lest speamen the wotal
saeving e, and the precise neving methodology. The raw data
are converled e a cumubiive weight distribution and if nne
wishes to express the distributyon 1n teyms of & cumulztive
weyght underazze then the tange of sieves used should indude
a ncve through whuch all the meterial pesses.

In many cases, the partscle -nze dustribution of a real sample
turns out to be adequstely represented lry 8 log-normal disini
bution In such cases, the distribution can be specified by the
geometnc median partide size (d) and the geemetnc mean
standard devianon (o) One coald conclude that two samples
with 1katca! 4 and g, vahies were drawn Grom the semc total
populanon The valur of 4 m equal to the 50% value of the cu-
mulative distribution, md. the value of o, 5 obtamned by divid-
ing the B4 196 value of the dustribution by the 50% value

Sicvuny results are mast asmmonly plotted on 3-cyde log paper
0 compare the partude s wnh the cumulative percentage of
undersre parudes. i the plot s knear throughout the entue
range, then the matenal n ed br s log-normal distn
butson. If the Lme 1 curved ar connsts of Two or more linear seg
menty, then the distributron 11 polvmodal These concepts are
described later in Uhs article,

Tabiz 11 shows the seving results obtaned from a powdered
sample exhibiting 3 canie log normal distributon. The data
are typically present.d br histing them as a function of both
the sicve mesh number and associated meve sae apenmg (tym
cally descrifved 1n mecrans) Far esch sicve in the nested series,
onc detath the mess of sample retained on each seve the per-
centage of sample retuned oz each sieve, and usually the cu
mulative percentage of sample retained on cach seve. The cu-
mulauve percentage of sample passng through each sieve can
slso be summanged, akhough this quaatity =5 not ordinanly
used jn an analyns.

To dlustrale the smeving resul.s, one caz plot ather the per-
centage of sample retaned (from Table II) on each sieve m 2
hastogram plot {see Figure 22) or the cumulative Jisteibution
a5 a function of neve sxze (see Figure 2b) A 3-cyde plot 1s the
most dlustrative means for repesenting these data (see Figure
3c) becausc any departure from hinearity that would indrcate
the enisience of a polymadal dis ribution 1s readily apparent

e the particle soe dsinbutinn shown in Figure 2 the value
of the peometnec medsan partade size (d,) 13 210 um and the geo-
mieiric meun standard deviation (af) 15 1.57 As Jiscussed in Part
1 of Uus articke seraes (1} several other mezn particle values can

~drvt ghar@ierh car
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Figars 4 Repressaiation of 8 ampte consisling of 3 bimocal dstribuion, the modes of which diferby 100 xl.

be calculated. For tus distribution the surface mean-paruce swe  Steving analyns of samples charactenzed by

5215 um the volume mean parhide uize 231 wm, and the  palymodal butions

volume-surface ncan particle sme s 267 po. Orpendingon the  When the particle size distributien of an analyzed sample 15
intended use for the mformanon about parude see one mean  adequatdy charactenized by a single (1 ¢, unimodal) dueribu
vulue c3n have more ngmificena: 1o the anahst than another twon then the mvedwd uf dats presentatian Jescribed i the pre-
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ceding section works very well However i 1s equally impor
tant to be abie w recogatre when the sample contains more
than one population i its distribution.

To Blustrate this sitvation, a senes of model disteibutions
consisung of two populittons hus been sinulated and the dis
iributions have been analyzed according io the weus! techmque.
Frgure 3 showr the representairon of 2 vnumadal distribrution,
and Figures 4-6 show the representations for ssmples consist
ing of imodal distributions in which the modes differ by 100,
700, and 300 um. respectively The Ggures illustrate the power
of the log plot 10 wiuch the presence of the two partyde-size
poputations & far more discernable thag m ather the hstogram
or cumulateve-ditributron plots,

Sammary
Sieving s one of the fundamental methods for the daspifica

tion of powders. and 1t s the method of choice for dasnifying
coarse powders. The general consensus 1 Jhat sieving 1s most
suitable for granular solids or powders whose average particle
size exceeds 25-50 wm. One must remenber that the parude
drameter mformation obtuned using anaviieal sisving repre-
ients the mimirum square aperture through which the par
ticle can pass Details of particultie shape will influence the
scparation of parucles by sievang because particles wal, pass
through vpenings un the bans of therr cross sectional dame

o4 Phssceicy clmby ovcevoen or

y — astion.” m Phermaccuncal Losspe

ter Nevertheless. snalytical sieving, when it 5 properly per-
formed, % 2 vahuable method for determining the sze distribe-
tion of granular and coarse powders.
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together with the Wavelangth of Lipit and Gther Eleciromsgnetic
Waves That iffumingte Materials Fouod in These Sizre Ranges.
From Gelman Scleace, 1580, p. 4.
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\ndlisis por tamizado -
| "patito feo" del laboratorro

noderno

or Framk Beh')

dca anafitica que va mis altd de pro-
reer datos granulomdaricos ripidos,
mactos y reproducdbles.

& preparaciin de muestras no & una
dencla esacta. Durante o submues-
reo y k2 diviidn de muestras pueden
produdirse errares debidos a la hete-
rogeneided del magenal en su compo-
lidén o en b disrbudén granulomé-
irica no slearorla que normaimente
oasTe coma resultado de ks fuerzas
gravimcionales. Algunas muestras -
das para pruebas snaifticas deben re-
ficlar exactaments la cornposidén de
maverisl 3 granel original. S el material
& granel tene un tamaito de particuls
inicial muy grande, es pricdcaments
imposthie olstener una mueitra repre-
tenzatva del misma. En @l caso, el t-
mafio de partiaiy debera ger redud-
do empleando méoodos tles como
molienda ¢ fa rtwraddn. B tmale
de particula juega un papel prindpal en
eslz proces, por lo que ¢ conod-
mientn adecuada de b distribucion
Irmdomdarica es vital para asegurar
que 3¢ ammplan los requisitos del
fMuestren, y con elic se sicance la cal-
dad deseada en o productn. La vécri-
< def tamizado resulta rentable con
particdas ayo tymalio es mayor de
75)1, surcre puede ser usada con ok
2unos materisles de mencor tamafio
d método puede ser validado. Asu-
Meendo que se cumplen fas normas re-
levantes para la aphicacidn y se dispon-
£% de un equipo implo y blen mante-
fiio en conformidad con las msmas,
el amizrada brinda una medicdn exac-
2 y reproducible de la distribucdn
Franuloméirica de las muestras.
PROGRAMA PARA UN
TAMIZADO DE CALIDAD

Los elementos mendonados a cont-
huackdn son esenclales parz garant-
Iar yn mmizade exactor

Las muestras parciales usadas para
enmyos deben representar eacta-
mente la mass toxal del matertal est-
digdo. La manera mis efectiva de to-
Mar ung muestrs representathve &
inanlar un muestreador complets-
mente auomddao en o lugsr spro-
piade. Sl e no es posible, deberd
witrse un divisor o partidor de
Muesiras para reduci- una gran masy
de material 8 muestras de tamafio
analfdcn.

Tamuces analiticos conformes con
las normas mportantes

Los mamices snaifticos son unz herra-
mienta indispensable pars ka tecnolo-
ﬁpﬂrloqueadehemqn-

e de Smpleza, tal como estipula s
norma 50 3310, partes 1 2y 1
Cada tamiz que aimple con didm
norma se suministra con un cerdl-
cado de conformidad y un rénio
mostando los datos: sher-
vra de mafla nominal, referencaa b
norma, mawriyd del wido y dd
marco, identficacdidn del fabricome
con Aimero de piezs y ndmero de
serle.

8 marco portatamiz debe tenér una
syplrfide suave y aplarse ficimenms
¢on otros tamices. La malla debe ser
fjads al marco de tal manera que
ninguna muestra de material quede
atrapada en la misma.

Segun las necesidades individugles, &
comprar los tarmices analidcos ésms
pueden sumunisuarse con o certl-
cado estindar de conformidad, o
wn un cert‘lado de inspecdidn
detaflado Ambos certficados asegy-
fan & conformidad de tos tamices.
Pero, pqud hacer cudndo los amices
erwepecan y siguen siendo utifyados
y mnlados nfinidad de veces? Un

\Ilfmdo para verificar el rendimsento

“

\ E Retéch - Tamizad
para un contr | de
calidad perfect

- > -

iMejsre sus analisis y sus
productos con RETSCH!

lu-'l*upru&dnmm
tox RETSCH ofrecan resullados expctos ¥

o T "= | cumgla, sino que supers les altss exigen-
- das de sus dientes
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~42gs de tendenca de procedimenmos de produccdn

le ot tamnices es realizar tamiradas periddicos de
na muestra conodda bajo exactamente las mis-
nas condiciones y controlar fos resultados com-
arandolos con los resultados de cuando los ami-

es estaban muevos. S los resuita-
los se salen de los jos ami-
=3 pueden recalbrarse. Sin s los ami-

23 no cumplen con la norma requerida, la solu-

Tamuxadoras fiables
¥ balanzas analitioas
Las mmizadoras se
han v sujens a
grandes ambos en
su disefio para redudr
& ruldo excesivo. Los
modedos de acdona-
miento

tico fbres de manteni-
miento son muy sllen-
<igeos y pueden usar-
se sin atemumdores de

como alternativa alas
lomiradove AS 200 Control Izad radiclo.

1zles con movinmento vibraterio y de golpeten,
Ngunas tamizadoras electromagnéticas funtionan

nejor con la corriente eldéarica de los Estados
Jmdos por su frecuenda preds y constame
6CHz) pudiendo alcanzar amplitudes de hasa
imm a pesar de la autoamplificacién de a reso-
ancia. Sin la USP recormwenda mante-
veria amplitud entre 1 y 2mwn Una ventaja del di-
iaflo es que a fas pardadas se
es aplica por un periodo de tlempo dado una fuer-
@ constante ndependientemente dal nGmero de
@mces que puede afectar la frecuencia de otras
amizadoras electromagnéticas. Esto propordona
una reprodiucibifidad precisa, a sl es fimdamen-
@l o se comparan rendradas de diferentes tame-
tadoras analficas, ya sea en un solo kugar de plan-
= a planta, o de pals a pais.
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doras deben ser en- L.
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batanza, Ia anl deberfa tener un rango hasta los
5000z, una exactitud entre 0,01 y 0.1g. y una ca-
pacidad para tamices de 200mm u ocho pulgadas.

Evaluacién y documantaciin fbre de ervores
Despuis del tamizado y pesada, i distribucidn gra-
mulométrica puede calcularse y presentarse en for-
mplhndeuHLEnnpuedehmunmnl-
mente, tarea que requiere mucho dempo y en b
que s posibilidad de cometer evrores es mayor o
udizznda un paquets de software comerdat Para
tener 3 disposiddn todas las prestacdiones que ofre-
e ol softwire. se recomienda conectar la batanza y
la tamizadora directaments al ordenador

En muchos kboratorios ios equipas, y particuar
mente los tameces analiticos COmMo Instrumentos de
preciidn, son trazados en csanto a ks kmpleza y as-
dado como utenaliios de coding de segunda cego-
ra. La kmpezs y mantenumiento rigurnsos de los
mmuces ayuda & mantener b Gilidad de los rendu-
doxs y les da una wida mis larga,

-Bﬂmﬁndemu;ynmwaﬁniﬂnyu
w1 de control de mane ol

Sumergir brevernente los tamices nuevos en un ba-
fic con solvents aave para eliminar residuos de
acelte, Dursnte bz impieza de nutina, tener culdado
de no daflar el materigl del tamiz nl aquelios tami-
ces con aberturas de malia menores de 500p Lim-
plarios en un bafio Jhrasdnico con agua y wn de-
tergente suave por 3 & 5 minutos. Los tameces con
abertura de malla mayor de 5001 pueden Emplar-
se primero con un cepiio Rusve y luego an un ba-
fio uhrasénico. Despuds de la Empleza los tamices
deberin ser enjusgados a fondo y puestos en posk
adn vertcal pars ef secado

1) Frank Bath es jafe de Producto pam ko Retsch, Inc. EE
/U, Ha obrendo su Licencionrg en Cencias Medicos det
Labonzaria de! Neath Techrwcol Colisge de Gales, Reng
Urodn, Desde s rostade o los EC LRJ en 1977 ha trabo-
Jodo ectivarmente o compo de andite de temallo de por
taulss, Coreo electrdmcn: fronk bath@retsch-us.com.
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POWDER PROPERTIES LABORATORY '5

round Rules

You will work as a team of no more than 6 students At the end of this laboratory session
each teamn will tumn in a singie report The report wiil be reviewed, and all members of the
team will be given the same grade for completing the assignment o it 1s acceptable Itis
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 reporied, calculations shown,
graphs drawn and questions answered The final report should have a coversheet with the
pnnted name of each team member and therr signature If a signature 18 missing no credit
will be awarded to that person

As a phamacist you are expected {o be able to communicate in wning Accondingly, an
organized, legible and tharough report will receive a huigher grade than a disorganized,
scruffy or cursory one  Similarly, pharmacies are expected to be neat, tidy and have a
professional appearance The same is {rue of your bench and shared areas, partcularly
after the laboratory session 1s over Do not ignore tius hintl

4

Part I: SIEVE ANALYSIS A
INTRODUCTION

Dry sieving allows the frachonation of relatively coarse powders o &
and granules Sieves are stacked ("nested") with the largest @ .' (Y
apertures at the top and the smallest at the bottom (Figure 1) A \.. &
sample of powder is placed on the top sieve and shaken for a -
fixed penod of ime at a given amplitude and pulse frequency
The weight of powder on each sieve can then be calculated and

the particle size distribution obtained \k::o ol : eg
Particles must have a two dimensional profile smaller than the -2

sieve aperture in order to pass through a parbcular sieve A

mean sioved diameter 1s calculated Since the weight of

particles on each sieve 1s determined the mean sieved diameter e, "-:o .
represents a mass distnbution et & .;'/

The size of the apertures in each sieve are denoted by a mesh
number The mesh number 1s the number of wire strands (of
constant drameter) per inch used to weave the square mesh
pattern The side length of the aperture in microns i1s inversely : “m/
related to the mesh number

Figure 1



EXPERIMENTAL METHOD '

You will detarmine the particle size distnbution of a sample of coarse powder using a nest
of sieves shaken in a Sonic Sifter A TA will instruct your group when it is your tumn to use

the equipment.

1
2

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

Arrange the sieves in a saquential 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 shakan for 5
minutes with a sieve “Amplitude” greater than 3

Rewelgh each sieve and the collection pan Calculate the welght and percentage of
powder on each steve and in the collection pan Then calculate the cumulative
weight percentage of powder that is finer than the aperture, see tables 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
dewviation (If the TA suggest it you may want to calculate the geometnic mean and
standard dewviation) for the coarse and fine powder parhicles

RESULTS TABLES
Mesh Aperture Sieve Waight (g)
Number Size (um) Em&t! !Imhallx! ] With Sieved Powder
Pan —_




7p

Aperture Amount of Powder in Range TA's Data

Size '(lum) Mass retained (g) l % Finer than d % Finer .(

L —_ Total = Total = Total =

QUESTION N SIEVING

1

Determine the mean sieved diameter and standard deviabon {normal or log normal,
see TA for direchons) of your powder sample and with the data supplied by the TA,
using the probability paper given on the last page

Would you expect to gel the same mean sieved diameter f you performed the
expenment descnbed above, but made the following changes? Jushfy your answer

a Increased the sieving bme to 10 minutes
b Decreesed the sieve amplitude to setting 1

Dry sieving i1s a useful technique for paricles down to around ~25 pm Why s 1t
usually impossible to get a reliable particles size estmate with smaller parhcles by
this method?

Descnbe as many limitations as you can think of for parlicle size determination by
sieving What types of particles couid not be sized by sieving

If a large percentage of powder ware deposited on the top sieve or the bottom pan,
1s the particle size you determined representative of the powder sample? Justfy your
answer



Part Il: POWDER FLOW PROPERTIES

Dunng many pharmmaceutcal produchion processes it is necessary o transfer large
quanbties of powder from one location to another in a controlled manner For example

Figure 2

Powder blending

Powder filling into containers (e g dusting powders)
Powder flow into capsules

Powder filing into the dies of a tablet press

o -

One method of assessing flow properties 1s the Angle of
Repose Powder s allowed to flow fraely through a funnel
onto the center of an upiumed petn dish of known radius
(Figure 2) When the powder reaches the side of the patn
dish the height of the cylindnical cone 1s delermined From
the petn dish radius (r, cm) and cone height (h, em) the
angle of repose (between the petrt dish and base of the
powder cone) can be calculated Flow rate can aiso be
determuned by measunng how fast a powder fiows through
an aperture Free flowing powders exhibif a ugh flow rate
and a smaller angle of repose Angle of repcse and flow
rate depend on particle size, shape and surface
roughness Flow properties are frequently enhanced by
the use of glidents (4]

EXPERIMENTAL METHOD

1 Measure the extemal diameter of the pelri dish supplied to you Posihon the bottom of
8 funnel or paper cone about 5 to 15 cm above the center of the uptumed petn dish
using a ring stand ’

Z Make sure there is a piace of paper under the pein dish so you can pick up the powder
and reuse the powder for all your replicates

3 Slowly paur the coarse powdar sample into the funnel, tapping the funnel as necessary
to ensure that powder flows through the hale  Continue this process until the bottom of
the powder pile just begins to fall over the edge of the petn dish Measure the haight of
the pile using a ruler If the powder is lumpy, sieve it pnor to beginning the expenment.

4 Repeat Step 2 unfil you consistently obtain the same answer Calculate the mean
height of the coarse powder pile and the mean angle of repose (8) Remember Tan 0
= Opposite / Adjacent, therefore Tan6=h/r

5 Repeat Staps 2 and 3 using both fine powder and fine powder with glident.



ESULTS TABLES

Sample Run # Height of Conical Powder Pile {cm)
Coarse Powder 1
2
3
Mean
Fine Powder 1
2
3
Mean
Fine Powder with Glident 1
2
3
Mean
Petri Dish Radius = cm
Mean Angle of Repose (*)
Sample {From Your Expenment) Carr Index®
Coarse Powder
Fine Powder
Fine Powder and Glident
“ see below for dafinition

QUEST]I NS ON FLOW AND ANGLE OF REPOSE

1 Plot angle of repose (X-axis) against Carmr Index (Y-axis), see below s there any
cormrelation between these two measures of powder flow? How about particie size

2 Name a lypical ghdent used in tableting What properties would you expect this matena!
to have?



3 Why s granulabon (the process of producing larger aggregated particles from smaller
individual particles) important in tableting?

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

Part lil: REAL, TAPPED and BULK DENSITY

The true density (p) of a powder sample 1s the weight per urut volume of the matenal with
no alr spaces between particles Tharsfore, if a matenal has a true dengtyof1g cm™, 160
g of matenal will occupy 100 mL assuming Individual particles fit together exacﬂy In
practice most powders do nat fit together very well Therafore, if one fills a graduated
cylinder to 100 mL with a powder, the weight of powder required may ony be70g This
apparant density is known as the bulk or expanded density (pn, 0 7 g cm™) Ifthe100 mL
cyhinder is then tapped, the particles slide past each other and become consolidated The
70 g of particles which once accupied 100 mL may now only occupy 80 mL They have an
apparent packed or tapped density (pg) of 0 875 g cm™

Carr's index i1s a measure of interparbculate forces If the interparhiculate forces are high,
powders will have a low bulk density because bndging will occur between parhcles This
results in a large Carr's index and a large change m volume caused by tapping If the
interparticulate forces are low, parhicles will have Iittle affinty for one another, and will
compact spontaneously Under these arcumstances, Car’s index 1s small and little change
m apparent density ts induced by tapping

Pp - Po

Carr's Index =
Pp

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

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




°
EXPERIMENTAL METHOD /?5:9

1 The true density of powder s 1 6 g cm™.

2 Determme the weight of a 100 mL graduated cylinder (supplied by the TA's) Without
fapping use a powder funnel to fill the cylinder to 100 mL with coarse powder Record
the weight of the cylinder and powder

3 Give yaur filled cylinder to a TA for tapping using an automated tap density apparatus
Record the volume occupied by the sampie after 100 taps

4 Repeat Steps 1 and 2 using the fine powder sampie

RESULTS TABLE
Weight of 100 mL Graduated Cylinder (g) | Volume occupied by
Sample powder ater 100
Emply Filled to 100 mL taps (mL)
Coarse Powder * .
Mean =
Fme Powder
Mean
Packed Porosity
Sample Bulk Degsaly Dens:g( Can’s
cm™) om™) Index Bulk Packed
Coarse Powder
Fine Powder




Questi ns n REAL, TAPPED and BULK DENSITY

1 A granulation has been prepared with a bulk density of 0 73gcm™® Ifthe granulation 1s
tableted with 10 mm diameter, flat faced tooling (circular), and the lower punch drops to
a depth of 8 mm in the die cawity, what will be the theoretical weight of the resulting
tablet?

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

Probabllity Paper
0 1 3 |16 |50 |84 |97 99 100
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Pkarmaceutics- 2002

Selected Practice Problems
on Powder Properties

1 Given a cube whose edge 15 2 um, what 13 the surface shape factor calculated from
nts projected area dmmeter?

2 A drug has a 5 mg dose and constitutes less than 1% of a formuiation. The
formulstion pharmacest decided that each tablet should contam 1600 drug
particles to help ensure aeceptable content uniformity  To what particle size
(ideafly) should the drug be milled to achreve the above goal if 23 true density =
1.5 g cmi® and ssswming sphencal shape?

3 What 1s the volume equrvalent sphenical diameter m um of a rectangular prism
(length = 3 um, wadth = 2 um, thickness =1 um)?

4 The total surface area m 2 powder 1s & function of particle size and 1s 2 measure of
its “covenng power”, an mmportant attribute of both therapeutic dusting powders
as well as such excipients as ghdants and lubneants. Given that the mean
volume-surface diameter (d,,) of a powder 15 2 um. What 15 the total surface area

ml\,{’ 1n a 100 mg sample? (assume spherical shape and a true denstty of 15 g
cm”)

5 Given the followwng parucle sizes (dp) measured (in um) usmng a microscope 1,
3,5 What s dnl and dg?

6 Given 2 Normal disttibution of particles with 2 mean of 10 pm and 2 standard
devianon of 5, esimate the percent of particles between 10 pm and 15 pm?
‘You may wish 1o consult the table below

' Standard Devistions Correspond to this % Ares Around the Meen Linder the
around the mean Nomal Curve
3.00 98.70
2.68 98.25
260 29
233 o8
1.96 [
1.65 90
130 a2
100 68

7 Inaplot of Cumnlative % Undersize (Probabilnty Scale) vs Pamcle size (Log
Scale) for a parucular powder for inhalation, 84%-of the particles 15 less than what

particle size? The geometnic mean 1s Spm and the geometne standard deviation 1s 2



SOLUTIONS

1 S of partcle = 6 faces x 4um’/face = 24
Proj Area of Particle = area of one fice = 4’
Projected Area of s sphere = xd?/4
Therefore, £d?/4 = 4 and & = d,? (by definmton) = 16/n
S =0y’ = 24jur’ = a(16/)
snd, o, = 3x/2

2 N =N 1600 _ .10 porticles / g required

"~ Dose(g) 0005z

1/3
i =5 =(0398x10")"" =1.58x107*cm = 158x10" em = 158m
N zp

3 Ve3x2xl=6un’
3
V#=£6-—=6;m’

d=d, =225

4 58 6

= =2110°cm*g™
Y dp (2x107 em)Xl Sgem’) me

S=S_ g=(2x10*cm*g™' X0 1g) = 0.2x10*cm? =0 2M*

=l+3+s=

5d
“ s

3um

d, =(1:8x5)" =2 47m
6 Fmnd how many SD’s up from the mean 15@m s

15-10 _

NoSD's = 1



e

Then consult table to see that '1 SD mncludes 68% area around the mean. Thus, one

SD up from mean 1s 34% of the area. Therefore, 34% fall in the mterval from the
mean (10 pum) to the mean + one SD (15 pum).

7 Recall that o a log-Normal distnbution, the geometnc standard deviation 1s

estmated from the ratio of dg4 and dsp because is 1t a distribution of the logarthms
of the diameters. Thus.

o
' d, Smy
dg, =10myu



i __IMP HOME L STAFF CHARACTERIZATION “

Particle Characterization

The Institute of Matenals Processing uses many different methods and types of equipment to
determune the mze and shape of & particle Listed below are some of the methods used and a
description of the mechanism for determining esther particle size or shape

Sieve Analysis

Definition One of the most fundamental methods for determining particle size 15 a siove analysis
This method involves passing the matenal being sized through opemngs of a particular standard
size 1n a screen The particle-nize distnibution 18 then reported as the weight percentage retained on
cach of a series of standard sieves of decreasing size and the percentage passed of the finest size

~ Ro-Tap

* Equipment Large sssortment of screens available for sieving. Have Ro-tap for doing large (up to
100 kg) sample s1ze as well as Sonic Sifter for small (2g) samples

«  Particle Size Analysis
Definition The lineal dimension of a particie as determined by vanous analytical methods

Equipment Leeds & Northrup Microtrac - laser based method for determining particle sizo
Sample 18 put into solution 1n an aqueous flmd Laser intensity through the turbidity 13 used to
determine matenal and particle size The range of particle size1s from 700 to 1 uFm

Migroirac (nsirument

Micromeretics Sedigraph 5000ET - x-ray based method for determiming particle size Sample 18
mixed with a viscoaity specific flid which allows the particles to go into solution while being
stirred with a magnetic stirer X-ray intensity 1s used to determine the settling rate and to calculate ! :

-

the particle size distnbution Normatly used for charactenzation of sphencal particles between 100
and 0 3 uFm in s1ze

Sedigmph ipstrument

hitp /Awww imp miu edu/matchar/part_mor html 19/03/2003
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Surface Area Analysis
Definition Measurement of the exposed external area of a particle

Equipment Micromeretics FlowsorbIl 2300 - the measurement of surface area of a matenal 1s
made by detecting the amount of nitrogen given off after absorption, considenng one atomic layer
of mtrogen edsorbed Normally used for charactenzation of non-sphencal and porous particles

Morphology

Definition Particle shape

Bquipment SEM and image analysis can be used to define particle shape Particle shape can be
documented with & nucrophotograph Particle shape can be quantified by using tmage analysis 1n
conjunction with SEM The image analysis unit has the capability to generate an array of chords
across the parhicle to anthmetically define the shape of the particle

To Scapmng Electron Microscope Specs

~ Back to the Matanal Charactenzation Page

Copyright OMM
Isstiuic of Mstschis Procamsing (IMI™) ,
igan Tochnological Univerity

Mich
I 1
T



" STANDARD SIEVES - 8" DIAMETER

Nominal Sieve Opening

STD 150 STD US STD TYLER
5 6mm No 3-172 3-1/27 mesh
4 75mm No 4 4 mesh
4 00mm No 5 5 mesh
] 3 35mm __Noé 6 mesh
2 80mm No 7 7 mesh
2 36mm No8 8 mesh
2 00mm _ _No10 9 mesh
1 70mm No1Z |~ ~ i0mesh
1 40mm No 14 12 mesh
1 18mm No 16 14 mesh
1 00mm No 18 16 mesh
B50pm No 20 20 mesh
[T 710pum No 25 24 mesh
600pm No 30 1T~ "8mesh
'500pm No 35 32 mesh
425um No 40 ~__35mesh
355um “No 45 42 mesh
300pm ‘No 50 ] 48mesh |
250pm | 2 No&@ | 60 mesh
212um No 70 [ 65mesh |
180pm No 80 80 mesh
STD ISO STD US STD TYLER
 150pm No 100 100 mesh
| 125um No 120 115 mesh
106pm No 140 150 mesh |
90pm No 170 170 mesh
75um No 200 200 mesh
B 63um No230 ~ | 250 mesh
53um No270 270 mesh
45ym No 325 325 mesh
38pm No 400 400 mesh
3Zym No 450 ~_ #50mesh |
T " 2%mm | No500 - = S500mesh
20pm No 635 ) 635 mesh__
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Frachosm, S

Szey |AfUmrafine | A2Fine | ASMedum | A4 Coarse
-1 10030 | 25035 | 101020 | 06in10
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Graphical Comparisen of ISO 12013-1 Test Dust Grades
Sased on IS0 12103-1 Spacified Limits Median
(Cumulative Volume)




CAPITULO 2

CONTENIDO .

1 Visién critica de los métodos propuestos para determunar
tamafio de particula

2. Determinacién de la distribucién del tamaho de particula
por tamizacién analitica, microscopia éptica (USP 26)

3 ISO 13320 Analisis del tamafio de particula por difraccién Laser

4. Caracterizacidn de sdlidos farmacéuticos utilizando varias
técnicas de medida del tamaiio.

5. Beneficios de Ja difracclén Lasser en el andlisis de tamafio
De particula.

6. Analizador de tamafio de particula SUBMICRON
71 Particulas certificadas para callbracién de equipos

8. Avances en la caracterizacién de microparticulas para
inhalacién.




Back to index of articles
Critical Overview of the Proposed Parficle Size Analysis Tests

Harry G Bnttan, Ph D and Gregory Amidon, Ph D
Center for Pharmaceutical Physics and Pharmacsa Corporation

The determination of particle size distribution 1s an essential aspect of
the charactenzation of drug substances and phamacsutical exciplents
The field 1s somewhat confusing in that a large number of methods axist
for such determinations, and each has its own particular requirements for
reduction and dispiay of the results in this arlicle, the current state
associated with the two most important methods of particle sze
determination (analytical sieving and laser kight scattenng) will be
discussed

Particle size determinations are undertaken to obtain information about
the size charactenstics of an ensembile of particles. A non-cribeal, and

entirely unsatisfactory, iew of this process can be represented as
Powdered Sample - Some Type of Machine - Parbcle Size information

However, the nature of the sample under study, and the type of particle
size information required, places a far higher degree of spectficity on the
pracedure to be followed Since the particles under study are not usually
of the same exact swe, information 1s required regarding the average
particle size and the distnbution of sizes about this average

it 1s well known that if one performs particle size distnbution studies on a
given sample using microscopy, sieving, or light scattenng, one wll
usually obtain different values for the mean particle size and the overall
distnbution There simply 1S no single standard definthion in current use
for “particle size " The vanous statishcal diameters that have been
defined yieid measures that have meanmg, 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 biasad in any sense and that the methods used for their sampling
and measurement are entirely random

Most workers would be happiest 1f the United States Pharmacopeia
(USP) contained detailed methods for all methods of particie sizing
Unfortunately this ideal stuation has not yet amved, but the Expert
Committees of USP are actively working to reach nirvana In this article,
the current state of the compendial methodology will be summanzed




Bnief History of USP Particle Sizing Chapters

in the 10th edition of the Untted States Pharmacopeia, a general chapter
entitied, “Powders - Fineness” was published [1] Ttus chapter provided a
sanes of standards for categonzing the fineness of powdered solids, and
introduced the definthions 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 siave), 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
addrtiqn, the chapter aiso contained a bnef descniption 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 beiween the fineness of
powdered vegetable or amimal drugs and the fineness of powdered
chemucals 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 aiso provided The manograph 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 Fineness" test had become
identified as General Test <81 1>, but the content had actually changed
very {ittle 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 Sze Estimation by Analytical Sieving” [4] This
monograph represents the first inclusion in the pharmacopoaia of
methodology designed for the measurement of actuail particie size
distnbutions The chapter contained a strong discussion of sieves and
sieving principles, including sample sze, agrtation methods, and
endpoint determination Two methods of analysis were outined and
identrfied as Method | (dry sieving) and Method II (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 definttions of d10, d50 and d90 as determined by sieving
Unfortunately nesther chaoter included as much discussion reqardina
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data interpretation or its presentation as would have been useful

Particle Size Distribution by Analytical Sieving

In ts current incamation in USP 26, General Test <786> “Particle Sze
Estimation by Analytical Sieving” [5] does not differ greatly from the
version set forth n USP 24 The ganeral chapter still contains a good
discussion of sieves and sieving pnnaiples, including sample size,
agrtation methods, and endpaint determination The use of dry sieving
(Method 1) and wet sieving (Method 11) 1s shil included, but the -
monograph now includes a discussion of ar jet and sonic sifter sieving
Unfortunately, there is still not enough discussion on data interpretaton

or its presentation

Sieving remains one of the mast popular methods for the classification of
powders and is probably the method of choice for coarse powders
Although sieving i1s most suitable for powders whose average parhicle
size exceeds 25-50 mm, it can be used for smaller szed powders if the
method can be validated. Sieving analysis 1s difficult to perform for oily or
cohesive powders, since they will tend to clog the sieve openings

Sieves are constructed from wire mesh that i1s sealed into the base of an
open cylindncal 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 (1 e,
sieve diameter) Sieving results are typically plotted on 3-cycle log paper
to compare the particle size with the cumulative percentage of undersize
parhicies If the plot 1s inear over the entire range, then the matenal is
charactenzed by a log normal distnbution If the iine 1s curved, or
consists of two or more linear segments, the distnbution is polymodal

To illustrate the type of results obtained upon performance of a typical
sieving analysis, consider the perticle distribution of a powdered sample
The histogram and cumulative distnbution illustrated in Figure 1 are
charactenstc of a log-normal distributon When the results are plotted in
the usual manner on 3-cycle log paper, the straight ine behavior noted
confirms the exastence of a single size population in the sample To mest
the need for addtional 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 déscnptive terms (e g,
median diameter, width, use of percentilas) Such an informational
chaoter when published in USP will provide additional guidance

3



regarding interpretation of both sieving and laser light scattering data

Figurc 1

Histogram of a powdered sample exhibiting a
log-normal distnbution (upper plot), and the
cumulative distnbution associated with this

distribution (lower plot)

Frequency Distribution (Weight)

Figure 2
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Particle Size Distribution by Laser Light Scattering

At the time when this article was written, no official general chapter
describing the determunation of particle size distribution by means of
laser Iight scattenng had been published in the pharmacopoeia.
However, a proposed chapter has been published in Pharmacopoeial
Forum [6], which forms the basis for what will eventually become the
offictal compendial method General Test <429> contains a good
discussion of general prninciples, and typical instrumentation for laser
diffraction measurements, as well as procedures for wet and dry sample
preparation The chapter contains a strong module on validation,
discussing rephcates, system surtabilty, accuracy, and repeatability At
prasent, the discussion of result reporting 1s bnef and hopefully will be
expanded in the final version

1t 1s worthwhile to bnefly discuss how laser light scattenng can be used
to deduce particle size information, since the method is not as direct as
generally belleved When laser light 1s passad through an ensemble of
particles, the angle of scattenng will depend on the size of the diffractng
particles Expenmentally, this angular dependence is typically measured
using detectors consisting of photosensitive nngs separated by insulating
gaps Distances in the detector plane are measured from the central
optical aas, and the intensity measured at each nng represents the
observable signal -
The intensity results must be processed in order to obtain particle size
information, and the most commonly used approach uses least-squares
critena for deconvoiution 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 distnbution i1s uitimately denved from the modifications required
by the least-squares minimalization

For instance, in the unimodal model-dependent method, one begins by
assuming a mode} (such as log-nommal) for the sze distribution and the
detector response expected for this distnbution is then ssmulated The
model parameters are then optimized by minimmang the sum of squared
deviations from the measured detector response, and thus minimzed set
18 then used to deduce how the onginal madel distribution i1s to be
modified to fit the empincal results Thus fitted distnbution 1s uthmately
displayed as the "particle size distnbubon.”

Ancthet popular approach uses the urwmodal model-s

method Hers, one assumes that the sze distnbution consists of a finite
numbaer of fixed sza classes, and the detector responsa expected for
this distribution 1s then simulated One then optimizes the weight
fractions in each sze class by miniming the sum of squared deviations
from the measured detector response When the minimalzation criterion
is attained, the deduced distnbution is ultimately dispiayed as the
“particle size distnbution *

When particle sze measurements are made using the same laser light
scattenng system, following the same method of sampie preparation,

and obtained using the same system parameters, it is possible to obtam
good information regarding the particle stxe differences between different
lots of matenal For instance, the particle size distnbutions of two
different grades of microcrystaliine celhuilose are shown in Figure 3

Figurc 3
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Current pharmacopoeial activiies in the area of light diffraction include
recent publication of a Proposal Stage 3 draft harmonized chapter 2 9 31
Laser Ddfraction Measurement of Particle See {71

What 1s the Particle Size Method of Chotice to Use on a Routine Basis?

Assuming the instrument i1s properly working and has been calibrated (if
necessary), the questions to address when determining how “correct” a
particle size distnbution are

1 Was the sample obtained usmg appropnate sampling procedures?
2 Was the sampie properly prepared and introduced o the
instrument?

3 Ware all instrumental parametars correctly used for the analysis?

If all of the answers to the preceding queshons are in the affirmative,
then one may believe that the perticle size distnbution 1s “carrect” The
“correct” (but diffenng) particle size results obtained using differant
instruments are all equally “correct,” but each.may simply be expressing
its "correct’ resulis in different terms

The decision as to which particle size methodology 1s most appropriate
for a given situation becomes largely a matter of accuracy vs precision
If absolute accuracy 1s most important, then ngorous research must be
canducted to venfy that the method finallv adopted does indeed vield

2



particle size results that are absolutely indicative of the charactenstics of
the bulk lot from which the sample was drawn Iif, however, one is more
interasted in developing profiles of lot-to-lot vanabiltty, then use of any of
the available methods that yields “comect” results 1s appropnate
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X-Ray Diffraction for Solid State
Pharmaceutical Products.

-3

Introduction

X-ray diffraction Is a umque analybcal tool for solld state pharmaceutical
products. Many paramebers recusired by the FDA, legal patent issues and
drug performance are only accessible by utilzang x-ray diffraction. With the
introduction of new systems specifically designed for the

industry, x-ray diffraction has now become cost effective and easy to use.

Any pharmaceubcal company sinving to compete in the aggressive world
of drug development with all the associated Jegal issues and FDA
requirements, would be lost without x-ray diffraction to characterize
unambiguously the solid state nature of pharmeceutcals.

Strategic Pharmaceutical Analysis
Charactenzation of Solid State Parameters

X-ray diffraction is a direct result of the crysial structures which are present
in the pharmaceutical under study As such, the parameters typcally
associated with crystal structure can be smmply accessed For example,
once an active drug has been isolated, an mdexed x-ray powder diffrachon
pattem 1 required to secure a patant and protect the company’s
investment. An analysis of the active drug under most environmental
conditions reveais the formation of any polymorphs that could adversely
affect performance and toacity

The detection and quantification of polymorphic contaminabon can aiso be

usad o improve produchon efficsency and cost. Once the active ingredient
_ is in the final dosage form the morphology parameters measwured by x-ray

diffraction can ba direclly related to the final drug performance.

Famuhmmmm.u;ammdmm
ingredients in the final dosage form can be accurately analyzed in shiu,
along with the percentage of any amorphous packing ingredients used

1



X-ray diffraction ls the key technique for solid state drug analysis
banefiting all stages of drug development, teshng and production
Dedicated X-Ray Diffraction Technology

in the past, the nggest bariers to the wide use of x-ray diffraction have
been ease of use and cost of ownership.

The XRD-8000 systarn addresses both concemns. The system Is fully
1Q0QPQ certified according to FDA procedures making &t ready for
inmediale operdtion. Many of the special requirements for pharmaceutical
anslyas have been pre-automatad with dedicated measurement and
analytical mathods for easy operation without specialized training. Many
attachments have been developed to facllitets the analysis of
pharmaceubcal producis, such as a non-ambient environment for high and
low temperatures, controlled humedily and gas fliow When other
specsafizad non-standard methods are required, these can be developed
in conjunction with our in-house team of spaciaists

The pre-certification and ease of use have reduced the overall operating
cost of the XRD-8000, but real savings are also avaiable m the inubal
purchase price. The specialized production of the XRD-6000 provides a
prica/performance ratio significantly better than any other comparabie x-
ray diffraction system.

ANALYTICAL METHODS

Formulation Analysis, Polymorph ldentification and
Percentage Crystallinity

Phase analysis and polymorph identification are the study of different
polycrystal structires within a pharmeceutical 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 restrictad to idenfification only or can be extended to a full quantitative
analysis. The analysis 1 applicable to polymorphs or to mulb-component
formulabons Phase analyss is usually considered to be a "19% technque”
excapt In special cases where thes can be extended to 0 1% sensiivity A

2
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special case of this analysis is parcentage crystaliinity whare the volume
percentage of an amorphous filler to a crystafime active mainx is
measured within the dosage form.

Some typical results of phase analysis are shown in Figure | (of the full
Nots) 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 m of the Alpha
and Della polymorphs of Manniiol. The same Mannitol sampie s analyzed
for percent crystalfinlly After removing the amarphous component by
profie filfing the cryataline contant of the sampile was calculated at
approximaialy 26% (Rafer to Figure 2 in the full Note)

Crystal Structure Determination

Although & = poasible to determine the crystal structure from a general
powder diffraction pattermn, in most cases it Is sufficlent aimply to identify
the unit call symmetry and cell parametars. With this information it @
possible to Index the complete measured patterm. If addibonal peaks are
observed which cannot be indexad then additional phases must be
present In the sample or the unit cell chosen was not the carmect one
Once afl peaks are indaxed from a pure active drug is crystal siructure is
understood and It can be uniqualy fingerprinted

in addition to fingerprinting active drug components the unit call can ba
usad to pradict morphology and hence physical propertias. The unit cell
index and fingerprint of the alpha polymorph of mannitol is displayed.

Non-Ambient Analysis

All the above methods can be performed under non-aminent conditions.
High and iow tamperature and/or humidity and different gas environments.
This haips to track possible changses In polymorphism and/or formulation
changes under a wade range of conditions posalbly encountared by the
drug As with the phases analywms ftself this can he performed on either the
final dosage form or the raw materials or any stage between the two in
Figure 3, a non-ambrent study of Aspnn s shown, performed over a
tamperature range of 40° to 180°C mn 20°C steps

3 .
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M rph logy

There are many morphoiogy componants measured by x-ray diffraction
that are directly related to drug parformancs in both its rew form and final

dosage form.

Some of the mom typicaily measured propertias anercrystal shape, size
and orlentatién. All of these affect the activation rates and uptake speads
for the Mneasured drug. The analysis (given in the full version of this report)
using the full pattern Hall mathod on the aipha palymarph 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 sampie to sampie the method s very senaitive
o any change In average crysiat size. The characteristic spread i the
data points indicates a distinct cheracteristic morphoiogical shape for the
eiphe manniiol cryatals. As the crystailita shape changes, the Hall plot
spread will reflect this.

Reference

1 Kratos Analytical Applications Note "X-Ray Diffraction for Solid State
Pharaceutical Products®, NY Office, August 1808
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Figue 1 Phase analysis - 85/45 mix of sipha and deita palymorphs of

Figure 2 Percent crystallinity calculated by total pattem fithng
Figure 3 Non-ambilent study of aspirin over a tempershae range 40° to
1280" m 20" steps.

Figure 4 Full pattern hall method showing varighon of crystal sxze
Table 1 Unit cell indexing and fingerprint of the alpha polymorph of
mannitol

(31 fines. cf J. Appl. Cryst. 12 (1679) p80 )
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(786) PARTICLE SIZE
DISTRIBUTION ESTIMATION BY
ANALYTICAL SIEVING

Sieving 13 one of the oldest methods of clasufying powders by
ncle uze distribution. Sievmg 18 most suiable whee the majorny
the parucles are thany abowt 75 pm. ahhough 2 can be used
some powders having smaller particle sezes where the method can
valufated In pharmaceutcal termos, seving 15 usualhy the method
choice for clasuificanon of the cosrsergrades of single powders. hisa
parhcularly sttractive method m that powders are clasafied only on
the bass of particle sze, and 1n most cases the enalyss cen be cxrnied
out m the dry state.
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the method. Where
Ihmdpomdw t(Le. matenal does not ;ﬂﬂmm
utmuunnn-?vmmhm:ndo the

Thum for the dsibunon of
Reving mocess for estmating nze
asmgle ) mtenuded for use where at

ng d:?amhqﬂkﬁﬂed‘hnhm through
] Square apermere
mﬂewdﬂm

TEST SIEVES _
Tesz neves aintable for tests conform i the most
current edition of American Society for Testing and Marenials
{ASTM) ENUS Stunderd Sieve (see Table

1). Uniess otherwise spectfied m the use those ASTM
sweves histed m Table | s recommended sieves -

Table 1 Skees of Stundard Sleve Series in Range of Interest.
Sieve

|

Sweve

Size
4 00 mm
335mm
2.80 mm
236 mm
2 00 mm
1 70 mm
140 ;mm
118 mm
100 mm
850 pm
710 pm
600 pm
500 pum
425 pm

ASTM
Ell"___ USP Sieves’

MﬂNHHHHg

US No.
5
6
7
|
10
12
14
16
18

20
25
30
kL3
40

P e el el G D D e D D e G el

{786) Particle Size Distribution Estimation by Analytical Sieving /| Pihsical Tests

A

Steve Sicve ASTM Recommended
Sor US Na E 1l USP Sieves?
155 ym 45 X X
300 um 50 X
250 pm ] X X
212 pm 70 X
180 pm 80 X X
150 um 100 X
125 pm 120 X X
106 pm 140 X
90 pn 170 X X
75 um 200 X
63 pm 230 X X
53 pm 270 X
45 pra 325 X X

ASTM £ 1 US Staadard Sieve Series. For farher mfbrmation, refercoes may be
made i ASTM STP 47+ A Mommal on Tent Sieving Methods,™ svallshis fom tu
Assecicen Secsery for Testing and Mazerials. 100 Barr Harbor Drive. West Conshaclom,
PA 19825-2999.

! Ko The epavelen [SO Standend meves sy be subsiitaed.

Sweves sre selecsed to cover the enture range of partrcie sizes pregent
m the test specemen and melude all the recommended USP st seves
n this mope; Le., none should be omutted. This nest of sreves 13 com-
pleted by a well-fittmg collecting pan at is base and Iid a2 s top. Use
micrometers or millomerers 1n denoung test ueve opemngs.

Mesh mumbers are provided in the mble for conversion purposes
oniv] Tex neves are made from suunless steel or less preferably,
from brass or other surable nonreactive wire

Calibrahon snd recalibrahion of test seves 13 m accordanee with the
mm& o mmﬁﬁﬁnmﬁh:‘;

BrOss n
screen fame jomts, before use Sieves may be calibrated w0
eshmare the gverage ing size and opening vanebility of the
sieve mesh, , for the evahmtion of uﬂ'mm
of test sieves m the size range of 212 w 850 pm, S Glass
_!‘;Pluauu\-uhble from the Nanonal Insnnne of Standards snd
echnology s Standard Reference Metena] 1018. Unless otherwme
speafied m the individual mon perforr the sieve smlyns st
comrolled room tempemture a relative bumudity between 20%

and 70%.

Cleamng Test Sievey—ideally test sreves should be cleaned usng
anlyspamjeara stream. If some reman blocked bv
test parnicles, gentle brushing may be used as a last resort.

Test Speckmen—If the test specamen weight 1s not given m the
gy oErwren 24 md 100 5. depending o0 e Tk deoady of he

on
mlndumh&v:ﬁgnl-m:tdmllm Determme the
Coraiety Arghen mesimens of et weights, mach ug 23, S0.

wfm
and 100 the same time od on a mechanical shaker

OTE—I{ the test results are sumuler for the 25-g and S0-g specumens,

IIulllllﬂ . l.ll'p]““'i!:emly e
sieve, specumen Sze 18 oo a fpecunen
of 10 to 25 g s available, smaller dixmeter test sieves conformmg
the mme specifiezhons mav be substituted, bin the endpomt

test matenal 15 prone to pickmg up or losing ngmficant

lmuuof-u'mlhnrymghul;udny ﬂ:eutmngtlnumed
out w an appopnately controlied envronment. Smmilarty 1f the test
matens! 11 known 1o develop an electrostahc charge, careful observe-
mmmﬂdemmﬂmmdlchuynglsnutmﬂnnm%ﬁ:
snaltyss [If bath of the above effects canmmot be elinmated, ao &
pative parcle-sizing techoaque must be selected.

Agitation Methads—Use a mechanical device that umparts erther
2 rotnng-ap (200 to 300 honizontal revolutions and 140 w 300 wps
per munute) or vibrstorv (1 to 2 mm amplitude) motion to the sicves as
the reference method of aguating test sieves, unless otherwise swred
m the mdrvidoal monograph Methods sulizing entramnment of the
parmicies 1n an 2)r stryeam mav also be used. The results must mdicate
that an air enroinment sieving method was used.

Alternanvely but less desirable because of difficultzes mn reprodu-
cibiliry and validarnion, agrtanon by hand may be used, but the meth
odology must be such as to 1mpart a rotary motion to the matenal on
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meves by ultmg the sieve nest. In addinon the neves are tapped on
ard surface at approximate 10- 10 15-second mtervals. The resolts
st dscate that a hand sreving method was used.

Endpoint Determination—The test sieving analyss 13 complete
ugwug!umwofdnmmduunﬂdn;eb:{m
n 5% (10% mn the case of 3-inch seves) of the weaght on
t eve. I less than 5% of the wom] specimen weight s preseat on a
en sreve, the endpoint for that ;eve 1s mereased to a weight change
ot S0%6 of o st spevr gt 5 foumd o

more tis on any one
mhﬂwhnm&dﬁmnum
ldhmmﬁmnhm&mm
» Mddinon of the ASTM senes seve from the USP senes i
ble | For fmmmd‘ﬁennlm-uﬁ
foond on the | sieve, the ASTM 212-pm meve should
iced betoreen the 180-um and 250-um sitves m the seve nest.

SIEVING METHODS

masenial. Reweigh each sieve and determune the of mztenial
1 ench sieve Determune the of matenal n the pan
a umilar manner Reassemble the nest of neves, and agatwe for 5

uwures. Remove and weigh esch sieve as previously described. Re-
s these steps unnl the endpomt cniteria are met (see De-
ruringrion under Tast Sieves) n completion of the snalyns,
ﬁ:nleﬂuuf ofmlltmll. otal losses must not exceed 5%
angnal test Specunen.
Repeat the analysis with a fresh specunen. but uning 2 aev-
gmqudbﬂﬂofﬁemhdmmmcmh
it seving tme conforms o the requirements for endpont desenn-

mhrdmmglemlchﬁeunofdlymu Y
;g:gmmmhq. mnd Method I should be considered as
ne technque

Method II (Wet Sleving Method)—Modify the hd and
nofﬂ:esmnutmpenmudﬁmohhﬁidmﬁemﬁno
s¢ top sieve and collection of the hquad from the pan. Dry a suficient
usntity of the test matenial t constant weight at 2 temmperature that
vifl not have a detnmental effect oa the marenal, e g.. :f«t s & sobvage
wlect & hquid 1o wihich the test spectmen 15 msoluble md modifv the
seving method as ndicoted below Tharoughly disperse the dned test
paterial 1n the hiquid by gentle agatahon, snd pour tns disperuon
o the top sieve. Rinse the dispernion t with fresh Ixpnd,
Mﬂhmbﬁewm!&dﬂmqlmﬂ a
autabls mechanism to the nozzie{s) m the I, and

- o ﬁmldlﬂ:emn. hqud ﬁafl‘ ::
vet seving process nntil the emerging hiquid appears free of perne!
Remove each sieve from the sieve nest, and drv each meve to con-
imur wesght at the same us that used above, Determune
he weight of dried matenal on each nieve.

Alr Jet and Sonic Sifier Sleving—Dnfferent types of commercial
Mqurpment that use 2 moving aur current are svmlable for A
ryxtem that uses 3 single seve ot a tnne 13 referred 10 as air fer sieving.
It uses the same general sievinz methodology as thar deseribed umder
Mevhod I but with & sandardized air pet replacing the normmal agita
iran mecharusmy It requires sequennal analyses on mdmdual seves
to provide a parncle nize distnbution This techmique 15 more surtable
where anly oversize or undersize fractions are needed.

Tn the sonrc sifung method o nest of sieves 15 used and the st
specirien 18 camed in 2 verticallv osciliatme column 6F aur that hifts
the specymen and then cames 1 bauk agoins® the mesh opemings ata
§rven number of pulses per rinute The air jet sieving and sonic siev-
ing methods may be usetul when the siandard drv and wez sieving
techmques are mcapable of giving a meaning. ful analysis,

These methods are hughly dupendent upon proper duspersion of the
powder m the air current. This requrement mav be hard w0 achieve 1if
the method 1s used at the lower end of the sicving range (1 &, bedow
75 ym) when the particles 1end 1o be mare conesive, aod espeuially 1f
there 15 any tendunev for the matenal ty develop an electrostanc

Phyncal Tests | {788) Particulate Matter in Infections 2189 }4

charge. In the iaster case an smhiszanc sgent. such &5 sikeon dioxade a
or alumumum. oxde, may be sdded at the 0.5% (wAs) level to min-

muze: thus effect, For the above reasons endpont determunation 1s par-
trcularly entxcal, and 13 very mmportamt to confirm that the gversze
matenal 1 m fact smgie and 1 nat camposed of aggregates.

INTERPRETATION

The raw dats mmst melnde the waight of test specimen, the toml
mevmg bme, and the precsse sievng meshodo m sddition o
the weighys on the mdividual sieves and m the pan

(788) PARTICULATE MATTER IN
INJECTIONS

Paruculste matter consists of mobile. randomly-spurced, extra-
neous substances, ather then bubbhdmmmtbeqﬂnmﬁm
bv chemmeal due to the small amount of materml that nt rep-
resents and to ity ocomposiion. Injectable solutrons. in-
clodmg solutions constituted from sterile solids ir ended for
parenteral use, shoald be exsentialhy fiee from partéles that cun be
observed on visual axpection. The tests described hevern are phywcal

s for the purpose of enumerarmg subwvisible extrancous
parncles walm speafic sxe ranges.
‘Viicroscopae and fight cbscuranon for the determma.-

ton of parnculate marver are given herein. This chapter provides u tet
spproech m two stages Thmnﬁmmdhyhhpnob—
mmp;:udme(,ﬂqal)’. (I:mes;ﬂ:e 'bedlm:fn.it
nmst mnfnu:dw: sage 2 s own set of text
lmp.\l’f‘hefnrudm reasons the mpecnon cannot be tested by
hghtobscmmnmg: mn be used exclustvely Doc-
umevaatn demonstrating that the obscuration procedure i m-
capable of testing the myechon or produces mvalid results is required
m each cue Tt in thar mow arucles will meet the require-
ments on the basis of the hghe obscuranon vest alone  however, it
mav be necessary 10 test some arucies v the light obscunanon test
followed bv the macroscome test 10 resch & conclusion on confor-
ENCE 10 Fefeurensenty.
All large-volume 1yjecuons for smgie-dose wmfumon and those
small-volume myectons for which the monographs specify such me-
are sibyect o the prmculaze maner liouts set forth for the
test bemp applied, unless otherwnse m the mdividual mone-
m:mmmummormmmm
solely fior mamusculyr md subcutaneous
Not all mgection formulanons can be examined for particles by oae
or both of these tests. Any product that 1 aot a pure solution having a
chnwuﬂavmywux;\mnqﬂm:ofmmmmc-

ronegus darx when analyzed h the obacuranuon counting meth
od. Such.matenals may be analvzed dnv the microscopic method
Emulsioni. dollowds, and hipo=omal are examples. Simu-

larv  products thaz produce arr or gas bubbles when drown into the
sensor such as bicarbonats buered formulanons mav also require
muroscope festing. Refer to the speeific monographs when 3 ques-
non of 151 applicability occurs. Hipher limits are appropnate for cer-
wn arteles and will be speified w2 the wmdi idual monographs

In some mstances, the viscositv of 2 marenal © be tested mav be
sufficiently luph $0 a5 to precivde ns analysis bv aither test method In
ihs evenl. 3 quapumsive diluuon with m approprte diiuent may be
made 10 decrease viscosiy  as necessan to allow the analysis © be

performed.

In the wan descnbed below for large-volume and small volume
mnpections, the results obauned o exameung a discret. umit or group
of unuis for purnculate mamer cannot be exrrapolated with cerainrv to
other umts thar remasn umested Thus stansticailv suund sampling
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Compendial Arvcies (IZ.!T;). Ophthlnncw "m‘.':" e
ance omines are
mh‘.{edmmleummmmnqwdnmnﬁbn-
mmmhyﬂhmmﬁrwo Tan

1

Conunalners—Contamers. mchuding the elosures, far ophthalmic
ontments do not inieract phyncally or chemmucally wath the prepar-
tion m any manner to alier the strength, quality or pumty beyond the
officis] requurements under the onfinary or customan condimons of
handling. shipment, storage, sale. and use

Metal Particies—Follow the Procedure set forth ender Mese! Par-
ticles in Ophthaimic Ointments (151)

Leakage—Select 10 mbes of the Ointment, with seals spplied
whnnznﬁd.wehnuddqthemmﬁ
each with an sbeorbent cloth. Piace the tubes in a horzontal
son on a sheet of mmmesu

occurs

the first 10 mbes tested, or f leakage 15 observed
one of 30 tubes wested.

(776) OPTICAL MICROSCOPY
wq:nul nucroscopy for partic

enalysis 5 bv use of analysis. Ofien stereo-microscopy
ameﬁd:dmu:hg;%numudﬁm Optical

microscopy 15 particul for charactenzing particles that
are nal ca ﬂnl:e'ylhdnylbomeulhu:hdnuh-

brutson of thater and more routme methods that may be developed.
Apparsmus—LUse 2 microscope that 15 stable and frem
mmmdmmwu -
tom-
m)mhaﬁnﬂblhldqmmsdh
smallest les t0 be classified m the test speermen. The greatest
apernure of the objecrve should be sought for esch magm-
ficanon mange. Polarired hgit may be used 1o conjuncton with sut-
sble analvzers and retardation Calor filters of rebaarvely narrow
spectral tranmmussion should be wsed with achromatic obpectrves and
are preferahie with apochromsts and are requured for ate col-
or rendinon m photomicogrephy Condensers cogrected for at least
wmmuwmumm
with the Iamp The mumencal spermre df the substage
should mauwch that of the uder the conditvons of use; this
13 affeeted by the actual sperture of the eondenser dszphragm and
the presence of immersion oils.

Adjustment—The precise alignment of all elements of the opucal
system and proper focuning are essential The focusing of the ele-
ments should be dooe in accordence w ith the recommendanons of
the microacope menufacurer Criscel axial alignment i1s recom-
meuded.

INuminston-—A requrement for good illummation s & uatiorm
and adjustable mtznaity of Light over the entire field of view- Kohler
Niamoation 15 With colored particles, choose the color of
the filters used so as 1o control the contrast and detml of the unage.

Visual Charactertzation—The magnificaton and numencal
ture should be sufficiently high o aliow adequate resolunion of the
edges of the umages of the parocies o be characienzed. Determme

% Usp 2:‘7 \0\

the acrual magnificanon using a calibrated
brote an ocular mmcrometer can be mmimized if the magmfi-
cation r sufficient that the of the parucle 15 at least 10 acular
divinons. Each must be calibraied scparately To calibmate
the ocular seale, the stape micrometer scale and the ocular scale
should be shymed. In this wa)y a precise determunation of the distance
berween ocular stage divemons can be made Several different magm

fications razv be accossary to cheracterize materals havmg a wide
particle suee draribution

Photographlc Choracterixatian—If parucle size 15 to be deter-
mined mqtmnﬂnds.ukembmumm"heobjm
- y a the plane of the photograpine emuision. Deter.
sune the sctus] by Mb?‘phngnulibntedmpnn-
crometer using phic Elm of sufficient speed, resolvin,

mnd coutrast. Exposure and pl'oeﬂ:ndg should be ldermn‘
photopraphs of both the test specimen and the determmation of
mﬁxhwﬂmdnﬁ%mwuﬂ
enced exposyre, prinung processes a3
" Preparasen ot to Meant—The ot mecdsam il
ount— nam ol ac-
Wguhﬂﬂmofuumsﬂm

the and the mountmg me-
dnum 15 requued 0 €xsure adequate detad of the The
pucle o =t = e i b oy dopenel's do
terest.
must be ofel';: dl:m'bunon of m:f.ndnmumn

Crystulilaity Characterization—The crystalhnity of a matenal
mav be characerzed o detertune complumce with the er)
requrement where sxted m the individual monograph of o drug sub-
stance Unless otherwase specified in the individusl monograph,
mount 2 few parucies of the mmmmlmlmulﬂms
shde Exwnme the mmxure a polanzing mucroscope  the par-

Nomber of Particles to Charaeterize—The number of parncles
charactenzed must be sufficient t ensure an scceptable kevel of un-

I:el:my drspers the

non mav to ensure mof

An estimate of the oumber of # to be measured that will
provide sn Tevel of uncermnty m the mean paruele dis

meter can be obtamed from the stanstical theory of normal populs-
tons. For a sufficeentlv large populanion (p > 30), the uncertiinty m
the estumase for the mean perucle diameter, &, 15 given mn the for-

ol

m which =, corresponds © the desired confidence coefficient and 5 5
mmmamﬂw For n > 30, z, 13 about
1 96 ar the 95% confidence level confidence coefficients can
be obuatned from reference books on statisties, and. if necessary
sanstcs can be stmilarly spplied. From this eque-

of 20 ym would require that 61 particles be messured.

An esumate of the uncertainty in the standard deviahion of » spect
men can be obtained in a sumiar fashion  The sandard deviation of
the populanon, o, 15 esumated 1o fic in the mrerval
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2 o
m:-hmﬁdh@«th&nﬂx,’dx"m meter was 50 pm, only 51 _ would have 1o ‘b
the confidence coeflicients obtuned from the x? distribubion. xand  obtam an imcertunty of 10% fo the diameter (e g d= 50+ §
" can be obtuned from standard statsucs references or apoxi-  pm), but about 200 partcles would have to be measured 1o obtam

uﬁb{&efnﬂm ons st the 95% confidence level - a similar confidence of 210% m the standard devistion (g, 18.3

where x,* and x,? represent the 97.5 and 2.5 percentile values, respec- <3< 223).

avely For 2 matenal thet confiyms more closely to a log normal distribu-
tion, the loganthem of the indrvidus] dameters ean be com-

1 - t the mean and standard devmtion,
x,!-i(+1ss+\/zn__3)! comegpond to the geometne geametnc st

sample sre, and data analyss 18 svailable, for example, m ASTM

Farticle Sixe Characterization—The measurement of particle

wtmY-156+ vE=I) E&?ﬁﬂr&mgﬁﬂé’ﬁ

amofdm&pndemmh
W chamcterzzation of particle sixe must also
mnformanoa on the of dameter measured as well s m-

‘d -

et~ i-l —  Feret's diameter

Martin's diameter

Projected area diameter
Maximum hor:izontal intercept

o

Fig. | Commonly vsed messurements of particle size.

Lengrh—The longest dimension from edie to edge of 5 parucle or-

Ferets Diameter—The distance between imagunry paraliel lines  tonted pamalic] 1 the ocular scale
tangent to a randomly onented particle and perpendicular to the ocu- Widih—The loagest drmension of the parucle measured ot nght an-
lar scale gles to the length.

Marrin’y Digmeter—The dumeter of the parucle at the pont that Particle Shape Charucterization—For imegularly sluﬁ“plm
divides & randomlv onented particle into two equal projected areas. cles, charactenzanon of parncle sizu must also include informauon

Proyected arec Dipmeter—The diameter of a circle that has the  ©0 pericle shape. The following defines some commonty used de
fame projected area as the particle seriptors of particle shape (sec Figure 2)
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Aciculor

Floke
_/
—— A= Plﬂfe
Columnar l
=" Lath

Fig. 2. Commoaly used descnptions of parucie shape.

Acicular—Slender needle-like particle of sumiler width and tuck.
ness.

Columnaar—Long, thin parucle with a widih and thickness that are
greater than those of an acrculer percle.

Flabe—Thm, fiat perucle of ninilar deagth and width,

Plate—Fat parucles of mmilar length and wadth buz with grester
thickness than fiakes.

Lath—Lang, thin, and biade-like partcte

hﬂmnl—hu:luofmﬂnrhﬂ.wﬂﬁ,ldﬂnm both eu-
and sphencal parncles are mcluded,

General Observations—A r geaenally considered to be
the smallest discrete umt. A particle mxy be 3 hquid or semusohd dro-

let;as or lyay:ﬂhu:nn:rhnnwmw
pm::lumg:y lnug:mimm a350C3anon may be de-
scyibed by the followmg terms

Lamellar—Stacked plates.
Aggrepote—Mass of adhered parncles.
Agglomerute—Fused or cemented partcles.
Cangiomerate--Mxuure of two or more types of partcles.
Spherulite—Rach) clugter,

Drusy—Particle covered with tmy patcles.
mmwuﬁdwumm
Edges—Anguisr, romnded, smooth, sharp, fractizred.

Crached—Partial spht, break, or fissure.
Sinooth—Free of uregulanbes, roughness, or projections.
Porous—tisving openmgs or passagewuys.
upy, tneven. oot srnooth,
Pitted—Small mdentations

(781) OPTICAL ROTATION

Many pharmaceutical substances are opucally active m the sense
that they rotate an mcident plsne of polanzed hght 3o that the trans-
mitted hght emerges at a measurable angle 1w the planc of the meident

Light. Thus uchmmofammlsndormn_y
bepads or sohmons of sohds. the property is
mpomdﬁﬁt:ynhwﬂ:byanhmmnluﬂu 1t 15 genenlly the
t presence of ooe or more asymnetne centers, ususlly a
uﬁmmuﬂh&ﬂuuumhnmﬁmbuorwll?ul
momers 5 2 , wheve a 1 the aumber of asymmetne centers. Polanme-
try the measurement of optical rotstion. of a pharmaceutical article
may be the only coavenient means for distmguishing optically scuve
Mmﬁmuhduﬂtmumlmmmmofﬂmm

purty
Substances that mxy show optical rotaory are clural Those
that rotate by u-:{n&wnm:vwmmum
won £ alled levovesatony o () opuiay
are EVOrola| or (—
wﬁdmdamo—
owing 1o confu-
sion with D- and 1, which refer to configuranon relanve to
akiehyde. The symbols R end 5 and o and 3 are aiso used

configuraton, the of azoms or groups of atoms m
properties of nonsupenmposable chu

crose. Altsrnativelv calibrabon may be checked umng s Polanzanon Refer-
ence Suaderd, which conums of 3 plate of quarz mounted ;o » holder
Frpﬂldﬂhrwlhtllrmmn s are avatlable wacesble 10
NIST from Rudolph Research Analynical 35+ Rovte 206 Fland=3, ™J
07836 or from Rudalph [nstrumetts Ine ~0 Pier Lave Fawfield Ni

) lpLh- waadldewain 1m o

‘Elﬂ'l bl o
S AT

ol
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 S——

TIME

Fig. 4. Plot of Current Versus Tunc m Pulse Polarography

Differentua] pulse polarography 1s a technique whereby a fixed-
heuhtpluupphduﬁemcronhhﬂ:ofudl&wm

posed on a linear incressmg de ramp (see Figure 5). Curremt
messured just before applicanan of the puise and agam at the end of
the pulse The difference between these rwo currents 13 messured and
presented o the recorder. Such a differentl provades a curve
approxupating the dervvanve of the wave, and grves &
peak presentstion. The pesk potennal s equvalit ©

- AL/,
where AZ us the pulse heaght The peak height 11 durectly propertional
- ]

tunn:umdeomupln

Thus ue 11 especiaily senunve (levels of 107! M may be deter-
muned) affords improved resolution between closely spaced
waves,

‘M

E aopted

fe———eDAOP TIME ———efo—e—— DROP TIME -]

Fig. § Dufferential Pulse Polarography

Anodie Stripping Volmmmetrv—Anodic stnppmg voltammetrv
1san el::ncth technque wherchy muce amounts of substances
m solution are concentrated (reduced) onto an clectrode and then
::'lﬁed (oxrdvzed) back 1o solution by scanning the apphied voltage

ically The measurement of the current flow as a function of this

USP 26
3

voltage and scanning rate provides qualiintive and ‘e mfor-
mation on such substances. The concentration permuts analyses
"E;Mmmmm - mchales a vol iy axvent-
aw »
measanng ciremiry” a cell with mckm:gmm Tme@
w:mognph“npnbirdwt gen:rJI mt
or pulse-po I mes are y quite fo
m'::mg apphcanon The working electrode commonly used x d.I;
hanging mercury drop electrode (HMDE) aithough the mercury
thin-film ¢lecrode (MTFE) has acquired acceptance. For analyxis
of metals such s nilver, platmam, and gold, whaose condation poten.
nhals are more positive than mercury and mercury uself, the use of
sold electrodes such a1 platioum, gold, or carban 15 requered. A 3.
e i rftoence coceps e e mintyns of ety o shver A plac
[ except ysa of merey or silver
mm wire 18 commonly employed as the counter electrode.
Test specimens contmning smtsbie electralyte ars pipeted o the
eell. Duzoived oxygen 15 removed by bubbling nitrogen through the

, an electrolyps posental equivalent to 200 10 300 mV
mm\tmmmfmpoﬁﬂdofﬁemnluhm
lyzed = apphed (although the oal 15 ©0 be determmed expen-
mentally) wath sumng for | 1o 10 mimutes. For reproducible
results, maintain constant condiuons (i ¢ deposition ame, sumng
rale, lemperature specimen vohme end drop size if HMDE 15 wsed),

After depontion, the sarrmg w5 discontinued and the solunon and
electrode are atiowed o equilibrase for & short penod. The potentnl
then mpudlv scanned anodically (10 mV/second or greater m de po-
larography and 5 mV/second i differennal pulse polarography). As
mzlamm.phy the lumiting current 15 proportional o concentration
of the spectes (wave height in de and pulse, peak height in differennal
m‘hﬂewhﬂfuupmml(d:._puh:)orpkgml(dlf-

pulse) idennfies the specyes. Tt is imperative that the chowce
of:mm;dmlynbemd:mﬁmymudumobumm&
tory mor Quannwnon is usually achieved by a standand addinon

o caltbranon

Thes techmque 15 for trace-metal analyss, but has lim-
wed vse m orgamic since rany of these reachons are
mreversible. In anal subsstances such as chlonde, cathodse

png mny be uped, The =chriique 15 the same as
vol that the substance 1s
S D, S S e

anod-

(811) POWDER FINENESS

Text procedures for powder matenals are described under
FPariele Sizr Dustribution

PUrposes 13 moat sutsble

where a majonty of the purticles are larger than abont 75 pm,
it can be used for some powders having smaller particle

sires the method can be valudaeed Avord processing condibons
that would aher the true parucle soe duisribunon of the powder benig

Sleves for Pharmacopeiat Testiag—Sicves for Pharmacopeial
testing are described under Paracle Sice Disribinign Esnmanon by
Amalytical Sieving {786)

Powdered Vegetable and Animal Drugs—In determunung the
powder fineness of a vegemble or enrmal drug, no portion of the drug
may be rejected dunng mulling or sifting unless spectfically permutted
in the mdivsdual monograph. —

Alr Permeadon ‘iethod for Deternuniag Flneness of Sub-geve
Skze Partickes—The average parncle size measured 13 1n the range of
02 o 30 ym. The test specunea 15 loaded mto a precision bora wwbe
und 18 compacted between two paper disks and porous plugs by 2
rack snd-pimon packing pluager The determanation of the particle
size of the specimen 1n the umifarmly packed column s based on
1s resance to the Jow of a closelv regulated current of dned ar

S

eimpa) §) SN Rl SR g -

Mﬂ"ﬁ; Vel el ) W oy i A
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The biquid level of a Aowmeter-manometer cocresponds durectly &y
handling mstructtons sod

Fried m e bl comographs. procedires ere pro-

Classification of Powder Flaeness—TFowder fineness uxh

s
da = zmallest nieve opemng through which 90% or more of the
matena] passes .
dyy = smallest sieve opemng through whuch 50% or more of the
marenial passes
d,s = smallest neve opening through whach 10% or more of the
material passes.
The and lower-humut of the sicve opening values may be re-
ﬂmmduofMNmmhmwmbmd.%
“Lot A hay a dy value of 1000 um with a mage of §50-80 ym."
An alterastive but leas mftrmative method of clesufying powder
finenesy 13 by use of the teyms in the followmg table.

Classification of Powders by Fineness

Clasuficanoa of Powder dy, Sieve Opening (um)
Very Cosrse > 1000
Coarse 355-1000
Moderately Fine 180-355

Fne 125-130

Nexy Fing _90-1325

(821) RADIOACTIVITY

Radioactive pharmaceuticals require specaalized ues m thew
handling and testing 10 order that comect resalts may be ned and
hezards 1 personnel be munumzed. AL ns should be camed

out ha bandl
ormp:medbypmonnel ving bad expest tmuung o hog

A2

The facihnes for the produchon, use, and storage of mdisactive
pharmaceuncals gre generxlly to licenmng by the federal Nu-
clear Reguistory Commussion, al m certaun cases dus suthorxy
has been delegated to seatz agencies. The fiederal Department of
Transportanon regulates the conditions of Ammno radwactive
materials. Swmte and local agencies often bave Ilﬂﬂlwllﬁ
lanons Each or user must be ly cognizant of

apphicable reguianons of the federal Food, Drug and Cosmene
Act, and wmﬂlmofmUsmedeu-
:::‘:d wate and agencies patumng to the arches con-

Physical 1ests | (821) Radioachvity 2205
Defluttions, specaal

e ™ er——— S
v ol arl

- T -
GENERAL CONSIDERATIONS
Fundamental Decay Law
The decay nfamdmwsaw_uu_dumhdhthlm

Ny = Njg=™

1n which N, 15 the number of atoms of a mdioactive substance at
¢ tme 1, N, 13 the nomber of those stoms when ¢=0, md A
13 the transformarion or decay constmt, which bes a chersctenstic val-
ve for each raciormchde. The Aalfciffe, T, s the tme mterval re-
quired for & grven activity af & eadignnciide w0 decay to one-helf of
tts wstral value, and 15 related ta the decay constant by the equation,

The acavity of a radiwactive source ({) 15 related 10 the oumber of
radioactive ajoms present by the equanon

A = AN

from which the pumber of radhoactive atoms a1 lime 7 e be com-
and hence the mass of the rndicactive omtenal can be deter-

acuvity of a pure radioactive substance a5 a functon of tme
obﬂmedﬁmdmlmmnl or from decxy tables,
or by graphical means on the half life (see Normalred Decay

327
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~ Particle size analysis by laser dilfraction:

ISO 13320, standard operating pmccdures
| - and Mie theory

-
= r - é [ -
* --a-h-.'-ll L4 | _HE-:E-‘- al - l-ll'\-m.{ ='--l.--g-—-l-....m.-".ns - s ™

Red M Jones

ublished in late 1999 ISO

13320 was the first formal

internatonal standard to
provide the basis for harmoniza-
tion of particle size analyzers
based on low angle taser light
scattering (LALLS) techniques
This san developmers
because of the wide variety of par
ticls sizing methods avallable and
the fundamental dilTerences be
tween them Approsches may vary
and harmanization is undoubt
edly a vital lssue

ISO 13320 is a guidance docu

menc that clearly describes the
principles of LALLS defines termi
nology end explains what ane can
expect from an instrument of this
type Sample handling arxd disper
sion guldance on the use of dry
powder feeders Information on er
ror diagnosis, and a discussion of
Mie theory versus the Fraunhafer
approximation are alf included.

Censisiant preasurrenis

The purpase of the international
standard is to provide a methodol
ogy for adequate control in particie
alze analyyis. In practice, ensuring
conalstency and reliabtlity of mea
surements is the real key to sucoss-
ful control and one way to achleve
this is through the development
and spplication of standard operst
Ing procedures (SOPY)

The Importance of SOPs in an
Industry such as pharmaceuticals
manufacturing is well docurmentad.
However it i the ease with which
they can be developed and the sub-
sequent adherence to these SOPs
that make a difference when evalu

atng conskuency and comparabil

tov of resuls. Prodhsct development
and production are increasingly
global operations rasing lssues of

44 AR 2003
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Figure 1 Effect o disparsive prasase on the pertcis siza of milk powder

The thres

plated Fnas show tha sizes in aucrons of ihe 90% (df0.S]), the median

{af0.5]), and the 10% ({d[0. 1]) of the mik powdar As can ba seen, incragsing the
disparsive pressure from 0.1 o 3 8 tar causes the sizs of the matesial io ba
reduced unth it raeches a primery perticls sire st & presase of 3 bar

method transfer and comparabllity
of results.

Rugged hardware and robust
software do not in themselves
gusrantee good performance As
more people are called upon to
undertake the same¢ measure
ments the degree of variation can
mcrease enormously Therefore

Some milk pownders are fragile ag-
glomerates of granules of many dif
ferent siesx; thuss, it Is critical o de
cide whether the Intentian is to
measure the composite particles
or the primary particles from which
they are [ormed H one is trying ta
preserve the aggiomerates, the dis-
persve alr presaure rmast be carefully

In the past, the need to input the 1efracave
indices of the matenals being measured may
have deterred some from using the Mie theoi y

individual operator Involvement
must be kept to 2 minimum and
protocols and SOPs rmust be easily
set up and protected.

Conrmiiing par uneien

The Issue of sample handling
and dispersion techniques Is raised
within the guidelines of the inter
national standard The impoctance
of gnsuring a conalstent approach
for specific sample types and In
corporating this Into SOPs can be
Ulustrated using the dry analysts of
milk powder as an example

controlled In order to avoid exces-
sive breakup. Genenally the granules
are agglomerated loasely through
the freeze-drying process, and sppil-
cation of more than a small snount
of energy (0 25-0.5 bar) Is sufficient
o bresk thes Beyond
this the milk is milled to & more
fumdamental size.

Figure 1 shows the effect of
changes In dispersive aic pressure on
the particle size of milk powder
Control of the alr pressure to ensure
the same degree of dispersion b ap
plied to the sample every time, and
15 crucaal for producing particle size
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Figura 2 Overpiot of results from flve asperienced and five novice analysis.
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Figura 3 Camparison of results obitzined for symthatic diamond using Mie theary

and Fraunhofer appraximation.

information that will enable valid
sssestment and control of the mate-
rial being tested. ISO 13320 recom-
mends dry analysis at a number of
pressures to fully understand how
the material under test is dispersed.
Once the optimum conditions have
been determined they can most
exlly be arhisved routinely through
the development and use of an SOP

Removing operator aciabuitv

The practical advantages of
SOP driven operation were dem
anstrated In an exercise In which
five novice and five experienced
users marie the same measure
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ments of alumina side by side us
ing the sams SOP on the Master
stzer 2000 (Malvern Instruments
Lod Worcestarshire, UK} The re
sults were overplotted {Figure 2)
and show no significsnt difference
for elther group

Optical moiels

One of the key recommenda
tions in the new standard Is the
chaice of the carrect opticel
model for the material belng mea
sured, Laser diffraction operates as
2 slzing techmique by predicting
the hight scattering behavior of
paruiclies and the quality of this

- g = g o2

7
prediction determines the accu

racy of the size determination per

Tformed The most rigorous and
comprehenslve 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 2 premium and the first
PCs were limnited wo 8 K of random
access memory {RAM) Sinca the
use of Mie theory demanded a
considerable amount of comput

ing power manufacturers used an
approximation of Mie theory
known a3 the Fraunhofer spproxd

mation The computing power
provided by modern PCs ensures
that there s no langer 2 valid res

san 1o continue its use.

The new ISO standard states
that although Fraunhofer can sull
be used for the measurement of
particies greater than 50 pm Mie
theory s recommended for those
below 5) um and it 1s applicable
across the entire measurement
rsnge Instruments designed to
measure in the stys range below 50
pm should therefore uniformly
support Mie theory

In the pust, the need to input
the refractive Indices of the mate-
rials being mensured may have de
terred some from using the Mie
theory Ta simplify this procedure
the Mastersizer 2000, for example
has a database containing the re
fractive indices of the most com
mon materials, raking the imple-
mentation of Mie theory very
straightforward The advances in
computer power referred to above
make ity sdoption transparent to
the user,

Prucical applications

The following examples dem
onstrate the importance of the
Mie theory.

1 Syathetic diamond powder
Synthetic dlamond powder was
fractonated In such a way that it

<had a limited stze distribution and
a tight specification of medlan
size This type of fraction s used In
the gnnding and polishing Indus

tries The refracuve index RI) of
synthetic diamond Is well known
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Figure 5 Extinction cosificiancy of caiclum carbonaia as a Axxtion of particie size
&5 tuiculated wning Ae theory.

and has a value of 2 41-0 0 The 2 Caleium carbanate For the
material was suspanded In water  messurement aof calcium carbon
(RI13Y) FiguweIdshowstheresults ate the Fraunhofer approxima
of messuring this material apply  tion interpreted the size distribu
ing both the Fraunhofer approxi tion as being too large (see Figure
mation and Mie theory. 4) This error stems from the ap-
Using the Fraunhofier approsdma prosdmation s imability to predict
tion, the results indicate a blimodal ~  the true extinction behavior of the
distribution butitisknown from  particles. The Fraunhofer approxd
extersive electron microseope evalu mation assumes that the extine
ation that tis Is incorrect. The curve  tion efficiency of all sizes of pard-

produced using the Mie theory in
which the appropriate RI values
were entered  provides the correct re-
sult. Again this was confirmed bv
detailed electron microscogry

cle is 2 [n practice for most
commonily found materials this
approximation 13 only carrect for
particles greater than about 10
¢#m The extinchon efficlency for

382

calcium carbonate ls shown in
Flgure 5.

As can be seen the scattering
power actually fulls off rapidly be-
low 2 pm The amount of light
scattered from the 0 3-um contrl
bution for this example Is very
small Therefore the Fraunhofer
approximarion assumes that there
must be very little of this size pre
sent. Mie theory however predicts
this fall off and thus continues to
weight the fine sizes corcectly

The above examples demon
strate how Mie theory correctly
anticipated the sffect on light
scattering behavior caused by dif
ferences in refractive Index the
relative transparencies af pardcles,
and the extinction eficiencies of
particles. The Fraunhofer approxd
mation was unable to consider
these variations and was in error
in each case described.

Conel isinn

The publication of ISO 13320
has been a welcome advance Laser
diffcaction methods have been in
existence for many years, but the
devalopment of this standard
shows that laser diffraction s now
u fully accepted and mature tech
nology Application of these best

lmportance of SOP development
and the use of appropriate and
caomrolled sample dispersion tech
niques cannot be underestimated
in ensuring greater camparahility
of results. The standard highlights
the weaknesses of the Fraunhofer
approximation and the need for
Rull application of the Mie theory

Mr Jones Is Procuct Proaucr
Support, Maivern Instruments Lid
Enigma Business Park Grovawood
Rd Worcastershire WR14 1XZ, UK
tel 44 1884 892455 fax +44
16584 882789 s marl rod jones®
maivern.co. uk
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Characterization of Pharmaceutical Solids Using Vanous Particle Sizing Techniques

Yuzhuo L1 Xiaopng Shi and John Westbrook
Center for Advanced Materials Processing (CAMP), Department of Chemistry, Clarkson University Potsdam, NY

Particle sizing Is an impogtant aspect of phanmacsutical development and validation process as the particle size of
active ingredients strongly affects their bio-avatiabliity There are many methods avaliable for particie size and stze
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 tekes a snap shot of a sampie and then
elucidates the distribution of particles sizes based on the physical properties revealed by the measurement. A
counting method characterizes the sample one particie at a time in a more direct manor The accumulative accoun
the particles provides the size distribution information A separstion method, on other hand, first physically separat:
the samplas according to their particie size Then various techniques are applled to determune 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 disadvaniages of each technique will be given based on their performanca in
terms of sensitivity dynamic range, and resolution. Finally some general comments and recommendations will be
given In relationship to the charactertzation of pharmaceutical solid particles.

Ensemble Techniques

Common ensemble techniques include Low Angle Laser Light Scattering (LALS) Photon Comelation Spectroscopy
(PCS), and Back-Scattering Spectroscopy 1 In & lypcal LALLS system, a iaser beam passes through a sample of
particles and the hght intensity data at different low scatiering angle away from the aas of the laser bearn are
collected Mie theory light scattering caiculations are appiled to the imensity data to generate a disuibution of partic
size LALLS method requires a relatively low particle concentrabon to avold multiple scattering The method has vt
broad dynamic range on particles ranging from 0.1 um to millimeters. Yet, the resciving power Is somewhat low an
is difficult to deconvolute data generated from a mbdure of particles with different optical properties.

For smaller particles, a dynamic light scattering system Is preferred 3 A PCS method uses laser light with well defir
properties (wavalength polacization etc) to determine the velocity distribution of particles by measuring dynamic
fluctuations of scatiered light intensity The particlas suspended in a liquid medium undergo Browning motion that
causas the fluctuatrons of scattering light Intensity By extracting information from such dynamic behavior (auto
correlation function obtained in the time domain), average particle size and size distribution can be caiculated The
typleal scattering angle Is 80 degrees. To avoxd muitiple scettering, high dilution 1s needed Rigorous dilution may
introduce many variables such as pH shock, lon strength change, and surfactant migration An additlonal
disadvantage s that small particies can get lost in the crowd of larger particles. One innovative sst up incldes an
array of detectars at different scattering angles and simuttanecusly conducts measurement on the dynamic and sis
light scattering properties. Such a time-resoived simultaneous static and dynamic light scattering (6SDLS) techmiq
(Figure 1) permits the investigation of early-stages of particle aggregation With proper assumptions, the Informati
on particle shape and particie-particie interaction can also be revealed 4
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spectroscopy has been developed 1o utillze the information at high scattering angle One such system Involves the
use of a single fiber optics that providas both the probing and scattering beam The most imporiant advantage of th
technique I the abrfity to measure particie size and distribution for concentrated samples without dilution When an
effectrve photon correlator Is used n a back scattering system, it offers very high sensitivity as well as high dynamb
range Rt has been claimed for one such instrument that, using Lysazyme (Mw = 14400 Dalton) as an example, the
messurement can be conducted st mass concentratons as little as 0 1 mg/mi and sample volume as small as 150
This transiates to an imprassive detection limit of 15 pg of the protein (Lysozyme) At the same time, it can also
handle solid content as high as 20% wt for some particies

Anaother very useful feature In such a setup s the ablity to vary sampiing volume by adjusting the sample cell positu
When the sampie ceil is moved toward the detector (negative position), the sampiing volume Is decreased, which
further lowers the amount of multiple scattering and allow even higher concentrated samples to be measured
Converssly, when the sampie cell moved away from the detector (positive position), the analytic volume Is increasr
The Increased analytic volume allows for more dilute sampies. Figure 2 shows two sats of sllica particies that are
surface modified for pharmaceutical applications. For smaller particles (115 nm diameter), the Instrument can prov
anticipated particie sixe at salid content as high as 2 % wt without dilution For a higher concentration sampie (10%
wi) the cell posithion has to be adjusted to a negative position (decreased sampiing volume) to yleld an anticipated
particle size For langer particles (300 nm), a similar trend s found even at lower solid concentration From signalb
nolse point view an eptimum call position should be selected to balance the need for strong signal and weak mult)
light scattering in addition to back scattering systems, acoustic method has aiso attracted attention for high
concantration sampling without dilution The particle sizes can range from 10 nm t0 1000 um The method is
particularly useful for highly concentrated samples.5
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fractionation As sieves and gravitational sedimentation are relatively seif-explansatory, they are not included in this
aricle

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 bquid m the spinming disc chamber has a slight density gradient the liquid at the outside edge of
the ring 1s shghtly denser than that near the Inside edge The particles suspended in the iquid move at rates that
depend on particle size Large particies move much faster than the small ones A hght beam detector 1s used to
monlitor the amount and the size of particles that pass through the edge of the disc. The ime required to reach the
detector versus the degree of fight attenuation can be correlated to a size disirfbution The disc centrifuge method
should have extremely high resolution It has been clalmed that particles with <5% differance in dlameter can be
completely resolved The method can handle particles from <0 02 to >40 microns, with dynamic range up to 1000
Maost measurements require only 3 - 15 minutes. The method provides more accurate results for spherical particles
that non-spherical ones.

In Capillary Hydrodynamic Frachonatlon (CHDF) system, a very dliute suspension of particles flows through a very
thin capillary 7 Due to Browrnsan motion, over time, a parabolic velocity profile s developed for each particle size
group On average, large particlds have a higher veloaity than small particles, due to the fact that they would have
lass Interaction with the capillary wall As the particles pass through the detector at the end of the capillary, the relative
particie concentration 1s determinad according to the amount of light obstruchon The method, therefore, requires
minimal iInformation 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 familles must differ in dlameter by 35% to be physically
separated In capillary In addition, the particles must be compatible with aqueous emulsifier envimonment. Large
particles or strong aggregation of small particies may plug the capiliary

One method that combines the strangth of a hydrodynamic frachonation and disc centrifugation Is called
Sedimentation Fleld Flow Fracionation.d In an SF instrument, a rotating disc provides a flow chamber for the particle
suspension to be analyzed As the disc Is spinning at up to several thousand RPM, the particies are driven by g-force
toward the outside edge of the flow chamber (if higher In density than the fluld), or toward the Inside edge of the
chamber (If Jower In density than the fluld) 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 Browman motion and
exdt the chamber sooner during the initlal phase of high g-force As the spesd of rotation falls, the g-forces fall as well,
aliowing larger and larger particies to spend time away from the chamber wall and move faster than smaller particles
After this pont, the flow velocily profile Is similar to CHDF again Extremely complicated algorithm s required to
unravel the size separation and distribution profile For particles that are less than 3-S5 microns, the method can
provide extremely good resolving power It has been claimed that narrow peaks with 5% difference In size can be
resoived In addition to the highly convoluted separation mechanisms, the run time Is typicalily long (1 hour or more) 7

A modified version of hydrodynamic fractionation is the packed column hydrodynamic chromatography In essence,
the capiliary 15 packed with chromatographic materials that create many tiny channels for the suspended particles to
fiow through The basics of hydrodynamic fractionation are still applicable here An advantage of this technique is the
increased resolution for particles with small size difference or particles that may have different surface chemistry
Figure 4a shows a sifica ssmpls that is contaminated with larger particles. The packed column chromatographic result
shown in Figure 4b clearly revealed the extent and particie size of the contaminates




Counting Method

In a counting method each particie Is identified and counted at a bme Among the popular counting methods are
electrozone counter, optical counter Ume of flight, and microscope During an electrozone measurement, pariicles
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

NG & e N Ve T NI | o oty Ui evort
represents the number of S bR e pDarticies travellng through the

aperture, whereas the A comparison betwamr: tve saipies thet yled aimast Mentical | magnitude of the change in
voltage I related to the partice | ™ T G T e o tver st boicin 7Y™ | size Although this method can
be used to measure a broad T ——— — range of sizes (0 5 um o 300
um) using corresponding T h e orifice, each orifice can only
provide limited dynamc range - - (ca 2% to 60% of the orfice)
In addition, the sampie must be ., r?i ) placed In a conductive fluld
ﬂﬂﬂlﬂﬂlﬂdﬂl‘l\tﬂbﬂ i‘ b"-""-""r_""_: e ':ﬁ_u‘i‘ O J— |ll$|.l|llﬂ|'5
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A light counter Is very much - ] ; = I the optical aquivalent of the
electrozone counter 8 Particles < -1 ' are forced through a counting
chamber, where a focused - - - y laser beam s partiaily blockad
as the particle passes. The . . A e a ! reduction in ight ntansity
reaching a detector is related | - - - - - ; to the optical cross section of
the particle and this s — converted to a size distribution

The method provides the "true” particle sze distribution (PSD) by quickly sizing and counting large numbers of
particlas, one at a time The light counter has resolution and accuracy comparable to electrozone and LALLS
methods [t does have a much wader size range (~0 5 micron to >2,000 micsons), akthough resolution appears 1o suffe
with smalier particles As matter of fact, it Is impossible for this method to measure particles below 0 S micron An
advanced instrument shoulkd have a high counting rate (>20,000 particles/sec) and autodiiution feature One must tak
precaution when using autodiution, pH shock or lonuc strength change may have a negative impact on the stablity of
the siurry This method Is particularly useful for counting number of oversized particles that other methads would hav
difficulty to quaatlfy Figure 3 show a comparison that iwo samples yweld almost identical resuits on a back scattering
system described above, but they contain a very different number of particles above 1 0 micron This s particularty
important as aversizs particlas not only decraase the bloavsiiability of a pharmaceutical formulation, it could also be
dangerous in a blood stream

In a Time of Fight Counter a very dilute particulate suspensions in water Is first "nebullzed® After the evaporation of
water particies gre carried by airflow through two adjacent delectors. As small particles are accelerated more rapidh
than larger particles, the tme that 3 required to flight between the two detectors is shorter The perticle 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 sotvent

In a microscope counting scheme, the sample could be erther piaced under a regular fight microscope or an electror
microscope As we are mainly interested in particles that are smaller than 8 micron, the ussfulness of & light
microscope s limited For SEM or TEM micrascope the sample preparation is somewhat destructive The svaporatk
of solvent can aher the environment of the sampie and produce artificial larger particies. in addition, the counting
process requires axtensive imaging analysis and complicated deconvolution logarithms Therefore It is not practical
as a tool for routine analysis

Sepzratien dethords

A separation method exerts an extemal force to a sample and physically groups the particles according to size Onc
the particles are separated the characterization of individual groups of particles can be conducted using erther a
counting method or an snsemble method Commeon separation techniques include sieves gravitational sedimentatic
disc centrifuae caoillary hvdrodwnamic fractionation packed column chromatoaraochv and sedimentation fleid flow
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Conclusion

Amangst the ensemble methads, a back scattering system coupled with an effective photon corelator for DLS
measurement and adjustable cell position feature is a viable cholce for general particle 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 siurty and particle size distrtbution (>0 5 um) in the category of separation method, packed
column chromatographic method is easy to use and seems to be able o provide the separation needed for a mbdure
samples
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12/01 Analyzing Powder Particle Size

Reaping the benefits of laser diffraction

By Mark Bumilier
Decamber 04, 2001

The partics size distribution of powdars is an Important pinsical charscteristic. The size and shape of powder
particles influsnce how the material fiows through plant equipment such es bins and hoppers, and effect many unit
oparatiorn including aive reduction, ssparstion, bisnding fitration, granulstion and coating processes.,

An sburdiance of fine particles can cause powdar flow probioms, and ¥ the perticulsts maberial is later dsperasd In
a8 a kpid suspenmon, fines will changs the rhedlogy of the sysiam. On the ather hand, large particlss can reducs
firal product quaiity through a varisty of mechaniama such as incressed dissolution time. They can cresis a poor
finish on surface costings end an unetiracive texture

Bacmsma particls size iy a cnfical physical property plant engnsan use a varlety of analytical schniques o
quantify the powder distribution. The cldest particle-sbzzyg techreque — sisving — has besn around sincs the
Egyptans and el i used in modem faciiies. More advanced measurement methads currently in use include
slectrical ssnang zone tachnology sedimentation, image snalysia, acoustic attenuation spectroacopy and severs]
fight-ecqiiaring tachniques such as photon correlation spectroscapy (PCS) and leser diffraction.

Each of thess methads has iis own advantages and disadvaniages. Sieving, for natance offl is the best spproach
for pardeis sizss greater than 3 milimeters {mm} but it » quite iadious and cannot generate sccepiabie resulis for
fine matericia. Laser diffraction has become the most populer particls-size analysis techruque bacause It ls assy to
usa, covers a broad dynamic range {current analyzars can messure from 0.02 pm to 2,000 pm with a eingle
systam) and Is fleadbls snough o measure powders, suspensions and sprays |1 addition, (sser diffraction now can
be appiied not only In the lsboretory but sleo in the process as a ool for powder process Ines.

Lasar diffraction In the lab
A laboratory nser diffraction particie-sirs snslyrer conaiats of a light source, & deteciion system, 2 sample

dispersing system to pess the particies through the optical banch end software to convert acatiered ight into a
particie-siza distribution. See Fig. 1

Figure 1 Opticat Bench of a Lasar Diffraction Particia Slaer

LA: LA

RL
A laboratory laser diffraction particle sizer has a light source, a detection system and a

sample dispersing system to pass the particies through the optical bench Software
converts scattered light into a particle-size distribution.

The ight scurce m the optical bench typically ie a laser or lasers with different wavelengths. Adkfing a second Oght -
sourca at 2 lower wavelangth — for exampis, a blua nsar-amitting diods (LED) | = 422 nanometars (nm) —

improvea both the ability to detect smaller particies and the ablity to resolve multple peaics n muttimodal
distributions m the submucrorn regron  Detection systems ales have unproved over tme  axpanding the anglea
imapected from smaller than 14 degrees m the past o current natrumants that measure up to 150 degrees

The raw deta fe of scatiered hight for each of the detactors must be converted nto a particie-sze distnbubon using
an wrabve mathemstical process Tha Fraunhaler approometion was used years ago prior o the mcreese m



commustionsl power availshie m parsangl compuies. The Mis theory now Is used hecause this spproach
genaraies More sccurate results.

The recantly publlshed intrrational Stendard Organization (1S0) document 13320-1 "Parbcle Sas Analyss —
Laser Diffraction Mathods.” suggests thet the Mie theory be yaed for particls diametars jess than 40 timea the
wavelangth of the light source — mround 25 gm for a hellum neon leser Balow the 25 pm ss it » essantiel to use
the Mis theary

The Fraunhofer sppresimation can mesrepresent the ectual distribution, cresting peaks of fine materals that do not
really exist. To reap the banelfits of the Mis theary the refractive mdex of the material must be entered inio the
analyzer software. Many refraciive incex tables are avaiishbie to faciitate this effort, nchuding exensive ibraries
now bullt ino the software of most diffraction srelyzsere. Those interested in 2 review of the theoretical

of imser diffraction should refer to the (80 13320 document, which is svaliebls through the American Nationsl
Stancards Insditute (ANSI) Web sibe st www.snm ong.

From » practical stancipoint, what should happen 10 an uninown powder that comes 1 the lsb for lsser-diffraction
pariicie-size anslysis? Tha firet step afien Is 1o proparly sub-ssmpie the matenal brougitt to the isb. Thes step can
be averiooicad when the entire sampile s mecsurad as & dry powder Otherwise, the sample should be splt with a
spinning riffler and a portion of the fokal then shaukd be placed into the analyzer's dry powder fesder Poor
sampiing practices are comrmon sources ¢f unnecsssary viristions in msuits — up to a 30 percent variation,
deperxiing on the sire ar breadth of the distribution.

Aftar the powder has besen sub-sampind, the ansiyst neods o decide whether 1o messure the powder in s natural
sints or to daperee the material in a iquid medium, Messuring powders m a dry-powder fesder » preferabls when
the goal 18 B deterrnine the distribution of the metrial In ke neturdl stat, Sampie deperson n a iqud might be
requered whan the goal s to messure uxividual perlicle sizes of egglomarsted matermle.

Powcders dispersad in iquda can be exposed to ulliresound or surfactanis ¥ break up loosely heid sgglomentes.
Caytion must be used whan analyang uninown poucders with s dry-powcder fesder to investigats the sffect of ar
prossurs on the e distribution; oo much energy can result in commnution fettvar than good dispanson.

Now sampies shouki be messured repestadly st 2 minimum of three pressures — 1 bar 2 bar and 3 ber for
oample — o nvestigate dispersion ve. comminuiion. Once the proper air pressure hes been selected, & standard
apereting procedurs {SOP) for that poucder shouk] be crested and adhened to for future messucementa. The SOP
shoyld inchuxie sampling procedures, refractive rdsx veiuss for the matersl, snslysis modes and the air pressure
used In the dry-powder fesdar ideslly the air pressure » both controlied and recorded sutomshcally by the
mnalyzer software.

Not all pawdars can or should be sralyzed in their netural stete — some should be analyzed dispersed in & lquid

suspension. Samgpies et are too sensitive 10 changss n air pressse (ses Fg. 2} powders with strong cohaslve
forces and powders with a significant portion of submicron materkl should be analyzed as & suspsnalon.

Figure 2. Effect of Pressura on Paracetamal Powder Size
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Samples vary In their sansitivity to changes in air pressure

Dampareing powders In a suspsnson requires choosing a soivent (preferably water) and oftsn sslacting the
sppropriate surfactent and ultrasors snergy needed to wet the material and break up loosaly held egglomerates,

AWMMMMd.“Mth“.W the addition of a fow

drope of surfactant to wet the melerial and then the eddition of just snough solvent to crests a concentratad paste

that can be pipetied miio the lquid sampler

Once the sampis ls dropped into the sampler the settings must be invesligated to find what pump and stirrer rates
are required o keep the heavisst particies i suspension without entraining air in the sampie. An SOP for a powder
suspended n iqued must inchude the sampling procedures, the choice of surfactant snd solvant, sty ullresorsc
treatmant, the refractive ndex of the powcier and salvant, and all sampler ssiiings.

I a powder can be analyzad 2e both a powder and a suspansion, much can be lsamed by comparing the results
from these iwo approaches. If the dsin closaly matoh, than the anslyst can have confidence in the resulta.
Differences betwesn the wet and dry results will shed ight on wisch mathod i mors suliad ¥ the sample under
investigalion. Any resuit showing that the reported particie sires from the dry-powsder fesder are amalier than those
from a lquid diapersion should be questionad.

Laser difiraction In the plant

Although most particie-size ensiysle ol is pacformed in the eborstory fnnckeds of in-ine snalyzere now have
been installad successiully in powder procesees, including those located in cement plante, mineral processing
operations, toners, pharmacseuticsl plants snd powder coaling and powder metel plards. The adventages of in-
procass messwement mnciuds conlinuous monitorng rather than beteh saempling, the ahiity 1o fesd aize data into &
Wmhﬁmmﬁhmhmmmmmthdmhm

inprocess laser diffruchon analyzene perform the actual corvanson from ecatiered light 1o particle elze distribution
mn the same way laboratory instrumenis do. The real differences come from how the powder & iroduced to the
laner the requarements for robust optics and slscirornice capshie of withstanding harsh plant ervironments and the
ability to operats at legher concentrations.

Most r-process enslyzers remove a porion of the total product flow pass the sample through the analyzer and
then return the powder to the process stream. See Fig 3. The optics are continuously purged with clean ar t©
prevent any paricls contamnation on the vandows. In a laboratory msirument operators contral the sample
concantrabon through dilution or sampler settings. In process environments, the concantration not only can
fluctuats, st siso can bacome hegh enough to produce muliple scattanng ermors that could lsed to
underestimating the trus particle-size distribution For this reason n-process analyzars requine sutbmatc



correciions for multiple scatiamg at hgh concanirstions.

Figure 1. In-Process Lasar Diffraction Particle-8lze Anslyzer
_ Analyzer _—

in-process analyzers require automatic corrections for multiple scattering at high
concantrations

Now that inprocess particle-slze snaiyens have bean proved in the flaki, the question arises: in which
sppiications and process positions doss the anslyzer invesbment provide & justifisble retun on investment? Most
curent instaliytions are placad someswhare downaiream of aize-reduciion steps, aftert irevadiniely sfter mile.
mmmmwmm-ﬂmmmm
ocondirmmus particie-eze analyss. Confinuous manitoring aleg can detect hardware fellures such ae screen breais,
and cen be umed to locaty end rectily biips crested by hopper fiow fuctustions and compressor stgeiups. Plants
uming wir-cissaifier mile have successfully used the aulput from the in-rocess amalyzar o contral particle size
fwough classifier-apesd control. Other sdvaniages n-process moniltring offers over leborsiory analyes include
quickar startup and product changeovar times end proosss optimization based on
anulyzer-gonerated date.

Conclusion

Lager diffraction hes proved to be a valushis inal for measuring the particie-size distribution of powsiers, both in the
lahoretory and m the plant. Before parforming b eralyses, however remember

1 Bring a representative semple io the lab

2 Sub-sampie in the Ssb using & epinning riMar

3. Create SOPs for all samples.

4, Always repsat massurermenis wtan creating SOPe.

5. Repeat messuremenis at seversl ar presaures for unknown samples using & dry powdar fesder

4. Measure and record the air pressurs for all analyees.
7 Use the hie theory for sampies balow 50 pm.

8. Compars wet to dry results whenever possible.

Burruller 18 vice premdent of busnesas davalopment of Malvern insiruments, Soiuthiboro Assy, Contact hon &t
mbumlie@maivernusa com.
R
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Dynamic Light Scattering

When a beam of light passes through a colicidal dispersion, the particles or droplets scatter soma of tha
light In afl directions When the particles are very smail comparad with the wavelength of the light, the
intansity of the scaitered light is uniform In all directions (Rayleigh scattering) for larger particles (above
approxxmataly 250nm diameter), the intensily s angle dapendant (Mie scattenng).

if the Hight Is coherent and monochromatic, as from a laser for eample it 13 possible to observe tme-
dependent fluctuations in the scattered Imtensity using a suitable detector such as a photomultiplier
capable of opereting in phaton counting made.

These fluctuations arise from the fact that the particles are smafl enough to undergo random thermal
{Brownian) motion and the distance between them Is therefore constantly varying Constructive and
destructive intarference of ight scattared by neighbounng particies within the liluminsted zone gives rise
to the intensidy fluctuation et the detsctor plane winch, as It arises from particle motion contains
Information about this motion Analyas of the time dependance of the intensity fluctuation can thersfors
yreld the diffualon coefficient of the particles from which, via the Stokas Einstsin equation, knowing the
viscosity of the medium tha hydrodynamic radius or diameter of the particies can be calculated

The time dapendence of the intensity fluctuation is most commonly snalysed using a digita) comelator
such a3 the Brookhaven 3i-3000AT Such a device determines the intensity autocommeistion functon
which can be described as the ensamble average of tha praduct of the signal with a delayed version of
lizeif as a funchon of the delay time. The “signal” n this casa Is the number of photons counted in one
sampling mterval At short delay tmes, correlation is high and, over ime as particies diffuse, comralation
diminshes to zero and the exponential decay of the comelation functian  characteristic of the diffumion
coafficient of the particles. Data are typleally collected over a delay range of 100ns to saveral seconds
depending upon the particle aze and viscosity of the medium

Analysis of the autacomeletion function in terms of particle sae distribution ls dane by numerically fiiting
the data with calculations based on assumed disinbutions A truly monodmperse sampie wouid give nse
to a singie exponential decay to wiuch fithng a calculated particle size distnbution is relatvely
streightforward. in practice, poiydisperse samples give risa to a series of exponentials end several quite
comptex schemea have been devised for the fiting process. One of the methods most widely used today
is known as Non-Negatively Consirained Least Squares (NNLS), the Brookhaven cormelataor software
inciudes this along with several other approaches to the problem

Particle size distributions can be calculsted elther assurming some standard forrn such a3 log-normal or
without any such assumption In the laiter case it becomes poasible, within certain limitations to
characterisa multimodal or skewed distributions. The s:ze range for which dynamuc light acattenng is
appropriste i typically subimucron with some capainlity ta desl vith parbicies up to a few microns in
diameter The lower limit of particla skxe depends on the scatiering properties of the particles concamed
(relative refractive index of particle and medium), Incxdent light intensity {laser power end wavelength)
and datector / optica configuration

Dynamic light scattering (also known as Quasi Elashe Light Scattering [QELS] and Photon Comrelation
Spectroscopy [PCS]) Is particularly sulted to determirung amall changes in mean diameter such as those
due to adsorbed laysrs on the parbele surfaca or slight variations In manufacturing procssses

Y
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80P%us - Simpin Yot Powerful Submicron
Analyser

Chape! Housa StodkWeod Particie Size Distribution

Redditch Worneshexhira

908 88T UK Dynamsc Light Scattering (also calfed PCS) pro
Tal: +44Q)1300 792727 - a fast, mple method for submicron partide a
F ax +440) 1388 702720 Random Intenally fluctusona in scatbered lese
1 wrising from the Brownlan motion of colloidal par
sre anslysed to give slther a aimple mean sixx
_——— - e (dGatribution widih) or comr
~ el olafs distribution data even for multimodal distribution:
I Choose the 80Pilus for routine messuremen
size distibutions from sbout 2 am
microns in virtually any kuid it s a compact,
conlpined unit which msslp:u;tma
Particle diode laser and dual angle - 16” and 90Y - dett
Size Ansiyls sysim For stil higher sensitivily fo extremely
or weakly scatiering pariicdles, an APD detacin
Light Scattering even mors powerful, S0mW S3iZnm, feser
aveilsble =3 options. A high specification Pe
o B0Plua computer is bulit into the 80Pius and Win
« FOQELS sofiware Is uaad throughout faciitating transi
e BI-200SM data and resulls io other programmes
You can add ol the facliies of Brookhaven's ZstaPlus and ZstaPALS to combine
Cantrifugal Sedimentation potential determination with perfice sizing in one comprehensive particde characterl.
system. Thee can be selected at the ime of purchase or later
¢ BLDCP
* BXDC Typical appiications of the 90Pius include palymer coloids (iatax), Eposomes, emulsions
microennisions, pharmaceuticals, pigments, foners.
Zeta Potantial
90Pius Specificstions
Colioldal Particles 2 /m %o 3 um depending an refraclive index, concentration ¢
Range scatiering angle. 10 nm % 1 ym typically with standard lesen
. ZemPALS Precislon 1% byplcaly
* Sample Type. Most colloidal-sized materials, suspended In sny clesr iquic
Macro Surfaces Sample Volume ;?;“:;_"',:L_s“m“' call requires anly 130 microl
BI-EKA 10°C 1o 759 20.19C, active controL No external circulator
. Betraidnatic Temperature Control required.
Anziyaser Laser 30 mW red, standard S0miVV green optional
Scattering Angles 15°  soP
Light Scattering
Dats Presentation ::umam lognommal fit, and muitimodal size
v Brookhaven BLOO0GAT multa research coreiaor with S
o BI-9000AT 1mmmmmmqu-m
range
Bulk-in PC WindowaTM Softwere included Check with
Accessories Computer Brookhaven for Iatest specficabans Extemal computer opt
« BI-DNDC Printer Colour Inijet, standard. Others avaiable
s BI-870 Monltor Colour SVGA graphics card

» BI-SFS
hitp//www brookhaven.co uk/products/particle-size-analysis/hght-scattening/O0Plus htm!  02/09/2000
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Standards and
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Sample Type ﬁmﬂoﬂd—aﬂmﬁﬂsswmmy
1 to 3 mL New' Small-volume cell requires only

Sample Volume 54 ) crolstres or less of sample

Temperature 10°C to 759C, £0 19C, active control. No external
Control ~ « Grculator required.

Laser «= ~ 30 mW, red, standard. 50mW green, optional
Scattermg Angles:  15° & 90° "

5 5 =  Mesn dusmeter & width, lognormal fit, and
Data Presentafion®: multumidal sizr distribution.
Brookhaven BI-S000AT, multi-tau research

Correlator correlator with 510 channels, (equivalent to 10
milhon nearly-spaced channels), 100% efficient
“ - .Teal-time operation over the entire delay-tme ran

Buwit-m PC. WindowsTM Software included. Chy

Computer: with Brookhaven for latest specifications Externu
computer optonal

Printer Colour inkget, standard, Others available

Monitor Colour, SVGA graphics card.

Power

Regq ents- 100/115/220/240 VAC, 50/60 Hz, 300 Watts
267(H) x 625(W) x 445(D) mm (excluding monit

Dunensions and printer)

Weight 37 Kg (exchuding momitor and printer)

Environmental Temperature 10°C to 75%C Humdrty 0% to 95%,
Characteristics: non-condensing,

ZataPlus and ZetaPALS facilihies for zetg potentt
Options analysis, Small volume glass cell, Disposable squ
plastic cells, Round and square glass cells

« back to products

http //www brookhaven.co uk/products/particle-size-analysis/ight-scattening/O0Plus hyml 0240972000



Cartified Particle Size Standards

As Authorised Drstributors for Duke Sclentific Corporation USA, Brookhaven are pleased to
supply the full range of Duks Sclentific certified particie size standards. Thess standards provide
third party traceability of cafforation procedures to national or intemational agencies through an
unbroken chain of measuraments with speafied uncertainbes

They are avaflable as uniform spheves of polymer glass or silica in a range of diacrete sizes from
20nm to 2000um caiibrated with linear dimensions transferred from NIST (National Institute of
Standards & Technology) by Duks Scientific using methods developed in Duks's own
laboratories

Each standard is supplled with 2 Certificabe of Calibvation end Traceablity a description of the

callbration method a table of its chemical and physical properties and a Materiais Safety Data
Sheet (MSDS) with handfing and disposal instructions.

3000 Serles Nancaphere Sizxe Standards 20 - 900nm

Uniform polystyrane micraspheres In a range of sizes, sach packaged as an aquecus suspension
In 1SmL dropper-tipped battlea The concantration Is opbmisad for sase of disperaton and

colloidal stability The microspheres have a density of 1 05 g/cm® and refractive index (586nm) of
158.

Nanocaphers Saw Standerds are usad for a wide varialy of applications including calibration In
electran microacapy lasar hght scaitenng and colloxd research

4000 Series Polymer Microsphere Size Standards 1 -1000um

With the same compoaltion and physical properties as the 3000 Serles these
microsphere standards sre supplied as squecus suspansions 1n 15ml dropper-ipped botties {1 -
160pum) or in dry form in 1g screw capped botties (200um and lerger).

8000 Saerles Sillca Microspheres 0 5 - 1 6um

Designed for appiications requiring monodisperse Inorganic microspheres, thess particles have a
higher densty than polystyrans and prowwda more contrast thun polymer microspheres m optical
and electron beams. They wre paciaged as aqueous suspansions at 2% solids in dropper tipped
bottles.

The silica spheres have a density of 1 8 ~2.2 g/cm® and an index of refraction of 1 40 — 1 48 at
589nm

9000 Serles Glass Particle Size Standards 2 -2000pm

This range consists of borosificate giass microsphares (mean dlameters 2 - 20um) and soda ime

giasa microspheres (30 — 2000pm) all with narrow size distribution and NIST traceable mean
diameters

Small borosliicate microspheras have fewer sphencal imparfections and inciuslons and batter
mechanical and tharmal stebility The are packaged in 1g quantities of dry microspheres having a
density of 2 50 - 2.55 g/em® and refractive index of 1 58 at 586nm.

The soda [ime glass of the larger microsphares contains trace amounts of metsllic elaments
malung them easily dstectable by non-dispersive x-ray methods and improving thelr contrast and
reflochvity In opticsl uitrasonic and alaciron beams They are processad to removs most of the
non~sphencal or broken matenal enauring a high percantage of spharical particles

Soaa lime microspheres have & density of 2 4 ~ 2 5 g/em” and index of refracton of 1 51 at _

346 237



586nm Therr softening temperature |s 720°C and the dielechic constant is 7 3 at 1KHz and 20°C,

To downioad a brochure in Adobe Acrobat format giving full details of the Cartified Particle 8ize

Standsrds range including individual stzes availsble, click here. Altamatively vrsit the Duke
Scientific web site for more information

2000 Sarles Uniform Polymer Size Standards 3 - 40um

First inbboduced In 1971 this renge of microspheres continue to find application where moderate
undarmity of particle sire s required rather than the very narrow distributions (CV <5%) of the
other standards. They are widely used with leser diffrection and light blockage instruments,
acoustical imaging, slectrolyte displacerment (e.g. Coulter principle) and ather methods oftan
used to charactense cosrse distributions.

LUika the 3000 and 4000 Serles microaphares, they are composad of crogs-linked paolystyrens
ghang thern good dursbility and chemicsi stabillty Their denalty Is 1 05 g/em® and refractive index
1 50 at 580nm. They sre pacikaged In 16ml. dropper tippad vials end supplied with ceriificate of
NIST traceabla callbration

To downjoad a brochure in Adobe Acrobat format giving ftl detalls of the 2000 Serles Uniform
Polymer Size Standards range, including individual sizes avaliable, click hare

Altamatively wisit the Duke Scienbfic web site for more Information.

Additional certified particle size standards ars described In the section on 3tardards *or Sarucle
Counting Alethods,



Advanced Surface Characterisation of -’3/(’
Inhalation Microparticlies

Stephen Ebbens, Shen Luk and Nikin Patel, Molecular Profiles Lid, 1 Faraday Bullding, Nottingham
Science and Tachnology Park, University Bivd, Nottingham, UK

Introduction

The application of advanced surface analyteal methods to
the chamacterisabon of mhalation partdes alows dvect
determination of the physical and chermcal properbes that
are critcal to dewce funchion. Propertses that can be
detenmnad for ndwdual mucronsed particies ndude s,
texture roughness and surface heterogenerty. Such
mnformaton 5 cruaal to mnfimung that partxdes are
enginsered within msprable dimenuions, and present the
desred surface structure and compasihon  Furthermore
the adhesion betwesn partidies, or between a paritxie and
a surface an be measured. Micronsation produces
partcies with a lagh surface area, wiach are prone to
form unstable cohesve systems, agglomerates or adhers
to surfaces, such as packaging matevials. These factors
fead o potentally senous problems weth dosage control,
dispersion and delivery i1 mhalaton dewnces. In this artade,
an overvew of the capahdlities of cuvent surface
analytical methods s given, along with exampie
applicabons of ths technology

Determunation of Partide Physical
Properties

The marphology of the paraculate components of an
mhaler dewce 8 mmportant m determining mhaler
functhion. At a basic level, t & necrssy to asmess partice
sae, to ensura that delivary o the respiratory tract s
possible (generally a size criterla of 1-5 mm must be
satsfied). Conventonal partice szng methods such as
light scattanng produce average particle diameters
assumng spherical parcle shape, whch aan be
inacourate for the arystal geometries of many actve
ingredients. An altemative mathod s to use Scannmg
Electron Mcroscopy (SEM) i conjunction with image-
analyss. Ths approach enables partedls shape 10 be
visyalised and quantified, snsuing an accurate assetsment
of the respwable fraction (see Figrre 1)

Pactcle roughness s another impartant parameter, as it
plays a lamge role in determunng the level of adheson to
other acuve partdes, exxipents and mhaler dewce
surfaces, via s effect on contact area (Standfarth, 1995),
Atomic Force Microscopy (AFM) prondes an wdeal method
for determiming surface roughness, through its ability to
generate true 3D topographxal images with am
resolution  ARM operates bv scanning a sharp tp

attached to an ultra-iight cantilever across the surface An
wmage 5 formed from the displacements required to
masntan a constant tp-surface mteracton, and ths
constant foroe surface forms a representation of
topography. As an eample of the data obtaned Rgume
2 displays the results of APM analyss of active ngredient
particles that have been praduced 1sing the sohstion-
enhanced disperson from supercritical fiuds meathod
(SEDS In addibon to the 3D and 2D data
represemations, whisl ooss-sechons can be produced 1o
allow quantfication of surfare features. Here, this was
used to measure the heght of a aysial step, prowding
mformaban about the aystal habtt of the actve
ingredent. ARV data s also madily analysed o provide a
range of surface roughness parameters. In ths case there
was mterest in determmng i the nowel partxie
preparaton method had succeederd n smocthing the
parade surface compared with conventional mucronsabon.
The roughness data presented in Figure 3 confiems that
the SEDS process does produce significantly smoother
parndes, whuch s Ekely to seduce particie saif-adheson,
and so reduce undeliverable agpiomenate formation,

Phase mageng extends the use of AFM for partide
characterication. Thes mode allows vamabons it surface
properties such as hardness and hydraphobacty to be
maged. For eampls. phate ynagng = able to distingush
aystaline and amorphous matenal and has even been
shown o differentaie two polymarphs of an actne

Figure 1 SEM analysss of SEDS Salbutamol partices
enables dwect determinabon of pactcle dimensions and

shape
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Figum 2. ARM analyss of SEDS produced Sabbutamol partides. A virtual cross sechon & generated along the red line
allowang the crystal step hesghts 1o be measured

wngrecient (Danesh et ol 2000). tn additon, by utiiang
the force sensing abiity of AFM 1t & possbie tb measure
and compare mechanal properties of partcies such as
alastclty and plastx deformation. These propertses
oontribute 1 partcle adhesion levels, and can ako reveal
mformation about the state of the parhde

Chemical Characterisation of Single
Particle Surfaces

in additon to characterisation of the final physical
peoperties of inhaler actve ngredients, confirmation of
partcie cherrecal qomposioon 8 also wmpartant. This s

Fgure 4. TOR-SIMS analysss of the contents of a dry powder inhaler reveals the presence of 8 contaminant drstnbuted
on acuve ngrecient partcies

The Orug Debvery Comparwes Report Autumn/Manter 2002



partculary mportant as miling processes have the
potential to modify partcdie surfaces, One of the few
chemecal analyss methads with the spatial resalution to
interrogate individual micronesed parides 8 time-of-flight
sacondary mass spectrometry (TOR-SIMS). Ths advanced
method allows surface samsitve mass spectrum to be
cbtained from requons as small as 1 mm. The techrque
acheves ppm senstwty, and only samples the top
monolayer of the sample. intdpmtanon of the mass
fragments sllows acourate determunation of the sudface
chemucal compasition. A signficant festure of TOR-SMS s
the abafity to form mmages of the distributon of specific
molecular fragments, allowng the mapping of
heterogeneous surfaces with & resolution of 100 nm

An example 5 the chemscal analysis of the contents of a
dry powder nhaler uung TORSIMS (see Figure 4). The
total son mage 5 usad to locate the possbon of the
pamcdies after expulann from the mihaler device, and
provides an indicaton of ther soe distribution. The
retrospective analyss capability of the techruque allows
mass spectrum to be extracted from mdivdual partides. in
ths se the spectra contaned fragmants that could be
assigned m the actve ngredent and exciments, however
some additional sgnals were present. Reference o TOF
SIMS Fbranes revealed the sgnals to be attributable to an
irgafos 168 contamenant. Agan, retrospective analysis of
the data allows images of both the actwe ngredient and
contaminant dstribubon 1o be produced (see Figure 4).
From these images it s apparent that the contamnant &
located on the acowe mgredient partcies, Further analyss
revepled that the Igafos contamnant orignated from the
packagng material used o contan the actve ingredient.
This case fughlights the importance of chemscal
characterisation of nhaler components in thewr final form,
and allowed detection of a contarmnant that may have
otherwsse gone unnobceed

Although TOF-SIMS has unrivalied srface sensitrty and
detection levels, the data obtained 5 qualtatve. For this

A pocin

Agure § Schematx of the use of ARM to measure
interachon forces between mhaler components.

wsed in conjunction with TOF-SIMS. XPS allows surface
clemental compositions w0 be determined, and aho
provedes some quantitative mformation about the
fundtional groups present (Daves of al 1998).

Partide interaction Measurements

Thm performance of mhaler devioss 5 haghly dependamt
on the ntwractons between thew constituents. For
example, n a dry powder inhaler, the active ngedent s
present 2 a reconsed powder Due in the hngh cohasve
energy of such small parbides, the artve ngredient on s
own would form aggregates exceeding nesprable
denensons, For this reason an esopeent (usially lactose,
termed the camer) s induded o axl disperson of the
actwe mgredent. Duwing the mhalaton process, the actve
ingeedient rust release from the taciose as ndidual
rmgonsed parbcies. it s apparent that for such a sysiem
1 sucoeed, the balance of mteractons between the
aciose and the actve ngrediant must be aarefully
contralied Furthermore, adhason to the wails of the
dewee prowdes an addronal loss mechansm for the
actwe mgrechient that must be mrwneed.

Conventonal methods for assesang partcle-partcie
mizrachons nchude tests 1 wvo, on “slectronc ungs”®
and uang Andersan-Cascade impaciors. In addibon, some
expenments uang aantrifuges have also been parformed
(Podcaeck ot al, 1995). All thess eperiments have the
deadvantage of measuring the properhes of particle
ensambies, rather than indivdual partcdes, and offer no
meams of probeng spatal variatens n adhenion strength

due 10 heterogenerty of one or both of the mteractng
matenals.

Locallsed Partide Interaction
Measurements using Atomuc Force
Microscopy

ARd prowdes 3 method that avouds thess drawbacks. By
attarhing a single partcie of wmerest o an ARM
cantilever, the interaction with other partxdes or surfaces
can b probed (see Figure 5 The ype of data dbtaned
is tymed “force-distance” as graphs of the force on the
partide 2 » lunction of &= distance from the probe
material are generated Mathematcal analyss of these
graphs allows quantitative perameters such a5 maamum
adhesn enargy 1 be extracted. These can be used to
fank the strength of adhesve mitzraction hetween a series
of materals -

As an example of ths appmach, a study examining the
intErachons n a dry powder nhaer comprsng
salbutamol (actve), lactose (camen) and
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Figure 6. SEM image of a Salbutamal particle Tocalised on
an ARM Gantiever,
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Fgura 7 Typcal force destance curves obtamned for the
nteracton of a Sabutamol partide with the dry powder
device components. The 5ize of the wel n the mtract
cuve mdicates the exent of adhesion.

polytefafisomethyiens (canster coatng) 8 described (Eve
etal 2002). The first stage of the interaction measuring
expanment s 1o altach a Sabutamal partcle 0 &
cantilever uzng the micomaapuiation capabiites of
APM A SEM wmage of a cantilever prepared n this way &
shown m Fgure 6.

- Topography

yme

P

Lactose
Salinstamol
PTFE

Y

Average Adbasion Forcalni
N EEEERE

re
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Figure & Awerage nteraction forces between the
components of the dry powder dewce

Interacon Medtuements are performed by challenging
the modified cantilever 1o & disk of Sabutamal partdes
{salforimraction), a disk of bctose carvier and & model
palytetrafiuoroethylene film. Wpecal force dstance
mevachon asves obtamed from thesa experimens are
shown in Figure 7 The sae of the well n the force-
distance arve, chsanved a8 the Hp s withdrawn from the
sample mrfiects the strength of the adhesion between the
N0 COMponENs. At lsast 100 memuremens were
mecorded for a gven funcoonalised bp, and aweraged to
provede an adhesion maasurement. n additon, to allow
for variations caused by the geomatry of the drug
partcie, three different tps were employed. The resulls
ndicate & comstent ranking of adhesion of the order
salixtamol-iascicee > salkertamol-salbutamol > salbutamol-
PTFE, (see Figare 8). It should be noted that the tp-to-tp
varishon n adheson enargy 5 2 msut of the different
shapes of the attached particies pmducing diffevent
contact arest. Tha renders the data quaiitative, aithough
moent advances enable esbmations of contact aea {p
allow cuantitatve analyss. The wmpact that the data has,
s to suggest that @ & snemetcally favourable for the
sabutamal aggregates to daperse onto the bclose arier
as desined. Furthermore the low level of adheson of

Joree L viomr 4

Fgure 9 Force volume imagng of the interacon of a sshutamol partie with a lactose camer partde
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actve mgmdient to the Ganster coatng s deswable. Thes
later finding was tempered by the discovery that repeated
contact of the actve particie with the same region of the
PTFE coating produced & large mcrease in adhesion
anergy. Thes effect 5 Fely to be due to contact charging,
and may result in the active ingredient adhering strongly
to the anster Thes finding couid have an mpact on
subsenuent devie design

Atomic Force Microscopy interaction
imaging

The above epenment can be extanded to enable the
spatal variation in the interaction bebwesn a partcde and
a substrate 1 be determuned. T acheve ths, an amray of
forca-distance graphs s recorded over the area of interest.
This method s termed “force-volume® maging and
generates a spatal map of partcie adhesnon
smultaneously with tnpographical data. As an eample a
forca-volume image was produced to measure the spatial
Varanon n nterachon between a sabutamol partxie and
a larger laciose carmier (e Figure 9). The force-volume
mage 5 genarated i & manner whereby darker regons
oomespond to noeased partcleurface adheson ik s
apparemt that some of the features n the adhesion map
eormespond to the tapography, and so are Eely o be due
to changes in tp-sample contact area. Thes effect 5
remaved by companng regions with smoath topography.
Careful @amnaton of the fomevolume mages reveals
that there am vanations m adheson i thess regions that
do not show abwaus comelation to topography. Ths &
confirmed m Fgure 10, where force distance curves ane

- ~

i
- - —-‘_4

Figwre 10. Force-distance curves extraced from the force-

volume map shown i Figure 9 Topography mdependent
vanatons 1n the adhesion force are seen.

extracted from two reqions of mterest. Rt can be seen
from the size of the force wells, that the actve partide
enperiences less achesan in regon A, than region B
Topography independent vamatons n adhesion of the
actwe ingrediant w0 the Iactose camrer may help to explan
the prenously reported sustence of actve and passwve
sites for absorptuon,

3/*5;(

Although the experiments described here have focused an
dry powsdar devims, apphcations o pressurisad aerosol
mhalers ko exst. The study of such dewices & possible
through the ability of AFM to operate in a controlled
smonment, or under fluxds, T smulste the conditions
N 2 prestiurged nhaleg experiments ane performed under
a mods fluorochemical soivent. To date, ths appmach
has been usad to detenmune the effect of a surfactant on
nterpartcls adhegon, and to map the variabon In
mteraction between an achve ngredient and the walls of
the nhaler canister,

Summary

Advanced surface analytcal methads find numerous
applicatons for the chaactensanon of mhaler dewnces.
The applicaton of 2 comivnation of technques (SEM,
APM and TOF-SINS) facilitates analyss of partde soe
roughness, morphology and chemical composiuon
Furthermore, AFM providas an deal toal to explore the
nteracons beeween inhaler components, knowdedge that
Gn aest tmprovements m dewce pasformance
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THE WERSITE FOR THE PHARMACEUTICAL INDUSTRY
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MICRON TECHNOLOGIES - EMERGING TRENDS IN MICRONIZING

As our understanding of the impact of particle sze on Active Pharmaceutical Ingredients (APIs)
continues ta develop, the pharmaceutical industry is faced with numerous challenges. Challenges
which Include, but are nol imited to, achleving the desired particle size In a consistent manner,
measuring particle size in a repraducible manner, and meeting cument and future regulatory
requirements. Below Is a discussion of the existing and emerging options as related to microntzing
(defined as particles smaller than 20um)

PARTICLE SIZE REDUCTION

The most commonly used pieces of equipment are tangential flud energy mifis or pancake mils.
Size reduction occurs via particle to particle collision The benefit is that no heat Is generated (as in
machanical miiling) The pancake mull grinds and classifies In a single chamber High-pressure,
alrfgas is Introduced through specially designed nozzies. Raw materials are Introduced into the
grinding chamber through a venturl feed injector The solld particies are entrained in the flow,
causing them to colide These high-velocity collistons pulvertze the solids Into micron and
submicron parhicies As the particies are reduced to the desired size, the viscous drag of the
exhausi draws onty the reduced particles into the discharge system

Alr or gas Is introduced into the loop mill through specially designed nozzies. Solld particies are
Injected Into this stream The high-velocity collisions that result provide thorough and effective
pulverization of the feed into smaller particies. The particla stream leaving the reduction chamber
flows to the classificabon zone As the stream enters the classifier, the direchon of the flow Is
reversed Propertly sized product is entrapped by the exhaust flow and conveyed to collection
equipmant. Larger particies remain In chamber for further grinding

PARTICLE CLASSIFICATION

With classification mills, air or inert gas Is Injected through specially designed nozziss directly into
the grinding chamber of the mill Raw material Is Introduced into the mill. Slze reduction Is
accomplished by collisons 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 classlfier,
back into the grinding chambers for further reduction

PARTICLE SIZE REDUCTION MONITORING

Monitaring of particle size reduction 1s typscally performed using laser diffraction Thes techmique can
be retatively simple and fast, malang such methods ideal for in-process testing Due to the potental
for the formation of loose aggregates during micromzation wet dispersion methods are prefemred
Care must be taken however in developing reproducible and robust methods In cases where
particle size will be used as a releasa specification thorough method development and validation



studles are required Method transfer studies must also be performed when using contract
manufacturers, as it is not uncommon to see considerable variabllity between laboratories
employing different sampie preparation mathods or instrumentation

SURFACE AREA ANALYSIS

Surface area analysis may provide more relevant iInformation with respect to particie dissolution
and/or lsoavailability, but is not a practical In-process test due to sample preparation requirements.
Additional physical charactedzation may be required If changes in crystallinity, polymorphism,
hydration/solvation or other parameters are expecited Some of the techniques employsd include x-

WW.WMMMTGM.MMMH-R.MM
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GMP IN THE MICRONIZING PROCESS

Good Manufacturing Practices (GMPs) are becoming an Integral part of the micronizing process

the pharmaceutical Industry cmﬂmhmhmemdvmaormmm
size methods, computars, instrumentation), employee training (employees have been trained to
perform job functions), and documaentation (if k Is not dacumented & did not happen)

The new ICH guideiines (GMPs for APis) show a trend toward making all APl manufacturing
procasses adhere {o the same standanrds &s phamacsutical companies dealing In final dase forms.
Micron Technologies

Crossways Boulevard

Crossways

Dartford

Kant

USA

Contact Phil Birkatt - Business Development Manager
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Micronization of Active Pharmaceutical
Ingredients

Dieter Krimmer*

Abstract: malaco chermicals ag Is a young and

company thet provides several services, The services

are 3} CMC managament: This involves all tecinical aspects during the development of a new drug. For generic
drugs, mifaco chamicals axperience can alsg be countad on b} Micronization of APis: mifaco chemicals Is
spaciaizad in comract micronizadon of APls, Micronizaton is parformad under cGMP conditions tn muli
purposa finas. Each ine 1= located in dedicated suites. Our specialty Is micronization below 10 i,

Keywords: cGMP/GMP CMC managememt Consulting Mcronization Partcle size distribution

mfaco chenmcals 15 the outsourciag part-
ner for the mdustry fo-
cusng on scze recuctzon for active phar-
maceutical and other mgred-
cats. Our axm 14 to establish s parmemsiup
with our ciemts, not only providing the'

petence of the pecsonnel easure that man-
ufiicture 19 camed out accortng to cur

rent Good Manufacturmg Practce
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(cGMP) Furtheomore, we have £ good
understanding of the pharmaceuncal 1n
dustry which helps to accelerate FDA or
other government approval

The equipment was consructed 1
1997/1998 and the modern plant has been
fully operational since the final quarter of
1998 mufaco chemrcals was succeasfil

Fig 1 View of the claan rooms and HVAC systams

mspecied by several leading pharmaoceu-
ucal compames. The two industnal o
cronzanon lmmes and one bemchscale lab

oratory plant mull offer following possi
nlitics

Micromzation can be performed with
nstrogen or oil ee compressed ar
bath also at lower temperatures



START UPS AND SPIN-OFFS - COMPANIES

Fig. 2. Micronization Bine CGS 32
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rooms (Fyg. 1).
* Batches for mronizsnon cm be

from 100 g up to several metnc tons,
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ed cabins with locks for matenal and for
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A clasmfier sscures the desired parn
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Process.
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tribution less than 10 pm.
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more
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Abstract

Powder producers m chemical, mineral and pharmaceutical markets are explonng new
processing methods to 1solate smaller average particle sizes and tighter overall particle size
distribytions. Consumer demand for higher quality end products 1s dnving these producers to
explore new technologies m the area of powder processing  Manufacturers of powder processmg

equipment have, m tum, developed new and improved methods for producmg powder products
that meet/exceed these stnngent parameters.

Ths paper will review the basics of particle size reduction and classification, and
describe recent developments i powder manufacturng technologies A summary of avalable
technologies will assist the participant to determme the optrmal powder processing method for
hug/her specific application. The presentation will conclude with an overview of recent case
studies within the powder processing imdustry
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INTRODUCTION

Solid parucle arze reduction and classification techmiques have been used for a number of
years, m order to modify particles for a vanety of chemical, pharmaceutical, food and mmeral
applhications. Virtually any powder used m commercial production has passed through some type
of machine to alter its size or shape Practical examples nclude the powdered sugar on
confectionery products, the toner used m copy machines, the powder coating matenal used for
automotrve firushes; the talc used m baby powder; the starch used in a vanety of food products,
the active ingredients used m prescniption drugs. These represent 4 small eample of the
applications were the raw matenal has been altered m some way to mprove the quality of the
finished product as well as the efficiency of the manufacturing method.

The science of sze reduction and grmdmg has changed dramancally mn order to keep up
with the demand for mproved consumer products. In addrtion, this demand 1s derived by the
desme of the mamufacturer to produce a product maore efficiently, with less off spec matenal to
recycle or discard. Thus paper will review size reduction and classificanon methods, i addition
to the advances made m tlus area.

PARTICLE SIZE REDUCTION

Three mam princples govern the size reduction of solid particles. umpact, compression
and shear Mechaucal-tmpeact grindmg mulls utilize the mpact ponciple of grindmng; etther
mpacting & particle with an outside force or accelerating the particle agamst a particle
Compression mvolves size reduction caused predommantly by pressure but also by fnchon from
the surfaces of the neighbonng particles. Sheanng, oc stressing by cutting, 18 used for soft or
fibrous matenals such as plastics and anmal and vegetable products. These machmnes make use
of rotary knufe cutters, which consist of mtatmg and stationary knives thet cut matenals on the
shearing edges.

Mechamical-umpect mills are 1deal for easy to gnnd (“soft™) matenals requmnng
“medium” fineness (see Table 1). Harder matenals (typically defined as solids with a harness of

the Mohs scale of greater than 3) requre special processing techniques which will be descnibed
1n a later section.

JABLE1
Degree of Hardness Mohs Scale Example
Soft 1 Talcum
Soft 2 Gypsum
Soft 3 Caimte
Medium-hard 4 Fluonite
Medum-hard 5 Apatite
Medum-hard 6 Feldspar
Hard 7 Quartz
Hard 8 Topaz_
Hard 9 Corundum
Hard 10 Diamond

-l



Mechanical impact mills are limited m their usage to relatively soft matenals. Harder
matenals will cause wear and abrasion to occur raprdly mside and mmpact nuill.

Types of Impact Mills

Technological advances have led to a whole bost of machine configurations designed to
reduce particle size. These mills mclude (but are not linrted to) Cuttmg Mills/Crushers,
hammer and screen mulls, unrversal and pm mills and mills with clasuifiers. Each machine offers
s OWn unique processing charactenistic m order to achieve a specific product upon discharge

Cutting Mills/Crushers

Cutting mills or crushers utilize shear for s1ze reduction and are used when matenal 1s
required m a coarse to medum fine product range (see Table 2). Cuttting mulls (also known as
granulators) make use of rotatmg and stationary knives that cut matenials on the sheanng edges.
Sets of rotor-knives rotate inside a set of stanonary karves, thus rumickmg the action of hugh-
speed scissors domg nmdreds of cuts per mmute (See Figure 1). The kmfe design can be vaned
depending on the material to be processed.

e~

- - - ! .'.r
Figure 1 Rotary-kmfe Cuttig Mill

Applications for cutting mills include the size reduction of fibrous matenals such as
vegetable matter, spices, herbs, plastc bottles and film, automobile components
dashboards and door linmgs) for end-product particle mze m the range of 1-6 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 mnerals, gravel and ores
resulting m particle size distributions m the range of 1 mm-100 mm. A specialty use 1s as a pre-
crusher, to provide a uniform feed material for the next step in size reduction. Most crushers are
located at mme sites, for immediate size reduction prior to bemg loaded for transportation.

Universal and Pin Mills

Universal mills are often referred to as fine-gnuding ympact mills. Particle size reduction
occurs by impact against the gnnding media, and through inter-particle collision and attrition.
These mulls typrcally utilize a variety of gnnding medra within the same milling chamber to
allow for complete flexibility in the resulting particle size distnbution (see Figure 2)

v
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A unrversal mill equipped with pm discs consists of one stationary set of pins and one
rotatmg sct of pins. Matenal enters the center of the grinding chamber via gravity, and s
accelerated by centrifugal force agamst the meshing pins  The speed of the discs sets the
strength of this force The feed rate and the penpheral speed of the pm discs determne particle
size These mills do an ideal size reduction when the desired particle-size distnbution 1 narrow
Millmg of pharmaceutcals, food confectionenes, antmal feeds, mmeral powders, pesticides,

pamnts pigments as well ag the cryogenic milling of herbs and spices can be accomplished using
the universal null.

Hammermills

Size reduction m a hammermill 18 accomplished by impactng the solid particles agamnst a
ngd surface, namely the mill housing A retainmg screen on the discharge end of the mull
“rejects” oversized particles and prevents them from exmting the gnndmg chamber Three basic
vanables affect the grmdmg process. hammer type, screen bole aize and penpheral speed of the
hammers.

Hammemnills (see Figure 3) are ideal for a wide vanety of particle sizes in the medum to
medum-fine particle size range (20-150 microns). Apphications mclude the grinding of
pigments, vatious mdustnal chemicals and food mgredients. Hammermills are :deally surted for
a tryogenic mhpact-millng set-up that embnitries the matenal pror to arze reduction. Ties makes
possible the gnmdmg of tough, fibrous materals or thermoplastics as well as heat-sensitive
products.

Mills with Classifiers

A recent advancemem: m the area of impact milling has been the incorporation of a
classifier wheel as an mtegral part of the gnnding machine The classifier acts as a rejection
mechanism that only allows particles below a specified size to pass through the wheel Matenat
to be ground 18 conveyed nto the null chamber to a rotor equipped with pins or hammers. As
particle size reduchion occurs the particles are picked up by the airstream and eventually pass



through the classifier wheel to the product collector Those particles that are rejected by the
clasarfier are cormmuousty recycled back to the hammers for further size reduction (See Figure
4)

Rotor speed, classifier wheel speed and anrflow control particle size m an air-classifier
mill. Due to the constant airflow passing through the air-classifier mill, the overail temperature

remans relanvely low, allowimg for low-meltng or softening point matenals to be ground with
this device

Figure 4 Alr-classifier mill

Apphicanon examples for the an~classifier mill mclude a vanety of heat-seasitive
materials and minerals such ag kaolin, talc and diatosnaceous earth, Powder coating matenals are
1deally suited for this gnnder, due to the need for temperature control m the mill as well as
control of particle azze on the top end of the distnbution. Average particle sczes as fine as 30
microns are possible, dependmg upon the matenal and apphication.

Long-gap Mills

A further advancement in the area of impact milling has been the development of the
long-gap oull. The design of the long-gap mill mcludes a vanable rotor height to diameter ratio
well as an adjustable gap clearance between the mupact harnmers and the mill lmer (See Figure
J).

I-‘lgure-:'i Long-gap mill



The umt includes an independent or smgle shaft classifier, for controlling the top end of
the resulting particle size distribution. Gnit-reduction m the processing of carbon-biack 1s a
popular apphicanion for the long-gap oull, as well as the simultaneous drying/grmding of a
vanety of runerals and metal oxides

Flud Energy Impact Mills

Fluid energy mpact (jet) mulls utilize the pnnciple of size reduction via particle-to-
parucie collision. Parucies are accelerated m a lugh-velocity gas stream and are reduced by
mter-particle collision or mpact agamst a solid surface. Unlike mpact millmg devices, flusdized
bed jet mills are suitable for-the fine and uitra-fine size reduction of any material up to a hardness
of 10 that can be flurdrzed by the expandmg compressed gas m the grmdmg chamber In
addition, heat sensitive apd abranive matenals can be easily processed m thus type of mill

‘Two genem! types of jet mills exist those that do not have an mtemal classifier and those
that do. A pancake or spiral jet mill has no internal classifier (See Figure 6) A fluidized bed jet
mull mmcorporates an mteraal mir clasufier which allows matenal of a grven fineness to exit the
mill, while rejecting over-sized particles back mto the grmding chamber for addimonal size
reduction (See Figure 7).

Figure 6 Spiral Jet Mil} Figure 7 Fhudized-bed Jet Mill

Applications for these fhud energy mills mchude fine chemicals, ceramic matenals
mcluding oxides, pharmaceutical powders, resins, waxes pigments, dyes, pesticides and rare -y
carth powders. The fluidized-bed jat mill 1s specmily surted for toners due to their requirement
for very fine particies m narrow, overall partcle se distnbution

AIR CLASSIFICATION OF POWDERS

Arr classification 15 used m processmg ndustries where a high degree of umformuty 19
required 1n the fimshed product. Oversized particles can spbil the surface fimsh of plasucs,
paunts and coatings, cause fathure of electronic componenty and profoundly affect the flow or
packing charactenstics of powdered products. Particles that are too fine can also cause problems
 powder performance and handlng- flow properties deteriorate, airbome dust increases and
process loss and waste can become = senous factor In addihion, very fine particles may cause
tubofT 1n coating applicanions or cannot be tecycled upstream in the process -

Whale the simpiest means of separating a powder mto two distinct fractions 1 through
sieving, developments m air classification have remfited 1n more economucal classificanon
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processes. Sieves depend on the size of the screen mesh w0 divide matenal mto a coarse and & ’1)
fine fraction. Screens are susceptible to blindmg when hugh throughput rates are desired or if the

product bemg clasufied contains moisture. Arr classification 18 used where when screens cannot

effectively make the separation, mcreased throughput 18 desired, plant space 1s imited or when

the cutpoint 18 more easily vatied with amr classification.

Axr classification relies on the fact that there are always two forces that affect particles m
an amstream. mass force 15 exerted on the particle by acceleration due to gravity, mertia or
centrifugal force Drag force 1s always the force exerted on a particle by the surrounding
mednum as affected by 1ts acrodynamuc properties. Drag foree depends on several vanables
mcluding velocity of the particles in the surroundmg medmum, the density of the fluid and the
drag coefficient of the particles.

Dispersion of sold particies 15 often the most critical matenal charactenstic affectmg
classification. A classifier cannot effectively clasaify the mdvidual particles mnto fractions £ the
particles carmot be physically separated and distributed evenly m the fhnd. Mossture, oil or fat
content or electrostatic mteraction can mhibt dispersion and negate classification.

Advancements m the dispersive capabilities of classifiers have been made which improve the
performance and efficiency of these machines,

Centrifugal Claanifiers with Mechanical Disperuion

A centnfugal cassifier with mechanical dispersion (Figure 8) uses low energy dispersion
to disperse matenal. Matenal enters the classifier and 15 dispersed at the top of the classifier
wheel pnor to actual classification. A further result of tus dispersion is the equal dispersion
around the clasufier wheel. Arrflow and classifier wheel speed determmes the cutpomt for the
material bemg classified.

A further method for improving the performance of classifiers by operatmg two
classifiers m senies. The first classifier’s coamse fraction 18 lughly dispersed as 1t 1s immedhately
fed to the second classmafier Thus results 1n improved product quality and espectally higher
product yield. A umique tandem classifier design has advanced the prmeiple and applied t to a
smgle unit. This new development m high performance classification (Figure 9) 1s mtended for
products that are from the coarse classification fraction.

Fig. SContrifugal classifier wimechasical dispersion Figure % Tandem Classifier

The tandem classifier has become an 1deal machme for use m toner mamufacture In
recent years, the particle size requrrement has become finer, as the demand for higher image



quality 1n terms of resolution and colar saturation has mcreased. An extremely sharp top size cut
(d97~12 micron) and a very sharp fines cut st 3 microns or less 18 requmred to aclueve these
desired parameters. The tandem classifier 15 capable of achieving these specificanons m the
fimshed product. Powder coating matenal, while shightly coarser than toner, also requares tight
parucle size control. While powder-coating matermls are typically ground on a mechanical mr
classifier mill to control maximum particle size, further classafication 1s requured to remove the
fracuon of fine particles that remain after grmdmg.

CONCLUSION

Mamufacturers of powder products continue to mmovate m order to merease product
quainy and mamufactunng efficiency These product mnovations have led to unique machme
configurations designed to process matenals to the more exacting specifications required m the
marietplace '

The applications and examples outlmed m this paper represent a small samplmg of those
that have been opumized through the use of new processmg technology In order to keep up
with the changing demands of the powder processing mdustry, the science of size reduction and

classification has advanced dramatically All mdustnes have been affected and can benefit from
mproved particle sze distributions of powders and better overall control of the process.
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Micronization of potent compounds. 3/&(

An integration with the isolation

Piero M. Lixsa u the Techrcal and RAD Manager of The
JETPHARMA Group

He has 18 years of experience in micronization
technologes and has registered patents for spral Jetmill
Systerma. In 2002 he mvenied a new concept of
mirsaturtzation jet milling and feeding technology wihach
has recaved avards woridwade.

Since 1996 Me. Laiso has been managng the
JETPHARMAS new iechnology develapment program
::&my’smwmnw

Micromzation defined a2 controlling and reducing
the saz of powder particies into microscopec particies
of 0 1-20 um (mscroms) In particular, this sechmology

market hay moreasmply utilized highly poweat active
ingredients (in 1990 the HPAIs were 5% of the
produced APL in 2002, they are increased to 30%)
The mcreasing production and utilszation of these
potent and high potent compounds has forced the
design and concept of solators to consider both hugh
contmnment levels as well as a ugh level of
protection agtmst Operator Exposure. The laat 10
years have iestified a dramanc upgrade in the
requested contmnmest systems, 1.2, the ficst isolators
installed in the pharmaceutical field were for stenle
apphcatons, sad then they were adapeed to
contammment apphcations. This concept 1s carreatly 00

2g0 Were more geNenc.

To address this actmal aced, two differeat sechnologies
must be stnctly commected wath Micronizahoa in
Countamment:

« Microntzanon, Flud Jet Mills technology sung
high-pressore gas (from 7 to 12 bar); and

- e W e o o

Agune |l - Galhlulrhrl'l!&

technology

PERO M. LABO

 Contamment, charactenzed from a negative pressore
eavironment.

Considering the contrasting particalacities of the

sbove ecinologies, the combmanon 18 dafficult to

adeguately execute but this s a must.

The Fimd Jet Mill techpique 15 well established and
well known in the field of the drug deltvery for kg
diseases, as 1t allows t0 accelerate the absorption of

“dosage fonn,” especanlly when It 15 utilxzed for

potent

The most wadely used instrumet for the
micromzation of pharmaceutical active mgredients 18
the Spical Jet Mill, introduced in the iste 19408 The
spural jet mill techaology operates ander sinctly
controlled constant temperamre and pressure
condmons and can reach very fine particle sizes, from
0.1 to 20 oxcrous; these featares - constant

pressure, followed by a sub-somc acceieranion

(50 m/sec). A senes of “De Laval™ acexies, quickdy
increases the accelerstion of the particles w a
supersonic speed (300-500 m/sec) m a spual
movement. The micromzation is generated by the
collison between the parucics entenng and the

S1zZe
Inside of a jet mull umt, there
s a positive hagh pressure
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(up to 12 bar), and this particular technology has to be
integrated wnto an Isolator. The challenge is: how o
accomphish thus? The Jet Mill conce could appear to
dramatically contrast with the basxc concepts of the
isolator itself, which has an meernal eavironment
under constant negative pressure. As each technology
are radically dafferent conceptually; to control the
SAFETY and the PERFORMANCE of both

arder (o avosd compronusing sefety and performance
of each. The perfisct feedback across the system sod
the reactzon of each system is difficolt, but necessary,
to aclueve. The goal is a perfect integranon of all
process controls. a troe ntegration of two

car the eagme is one important component,
must aiso consxder the perfect combmation with the
other componeais to generate an excelient result.

How to demign and creaie the nght canbnation

Isolasoo’Micromzer”?

« Furstly, the designer needs the end-omr’s
penspective and the design expertue of 8
manufactgrer of both technologes m order to focus
ail particulzrities of each process, thos creating the
optrmused process duslogues A typecsl oustake 15
encountered when a generic Jet Mill u adapted nto
generic Isolators without particnlar modifications,
or worse, ifl-conceived modificattons. This simation
1 quuie frequent and 13 due to generc mowledge of
the uses, sometunes addressed 1 “ecomomy”™
solutions present on the market.

In tins apphcation ficld any compromise in term of

* The designer mnst have the necessary knowledge to
modify the Jet Mill umt to be moegrated into an
Isolator in order to reach the configuranon required

» The designer must be able (0 create a tulor made:
Isolator sround a Jet Mill able to guacantee the
performance m this particular confipuraton.

The MUST in the design criteria for a poteat

compound isolator has to focus cspecially on the

HIGH LEVEL of SAFETY of the operator and the

CONTAINMENT LEVEIL. That means the same

safety level should be maintuned even during

accidental and/or emergency sinanons,

Consudering an Isolator configured with a Jet Mill

enclosed, some of these sutuations are sunvnarized as

¢ Emlure of electncal power;

« breaking of elements (as Gloves) by meormect
utilizanon,

« wcorrect fitings or leakage by process gas pipe
lines

The worst case sruahions mentioned above have also
to be considered 1 the safety desagn onenia of an
Isolatoc-Micronszer thar means to constantly measure
the [solator performances (OEL) expressed 1n y1g/m?

The conclusions are summanzed 10 two wonds

mdmhshmmmmgk\
woard safety 13 8 MUST Ay compromuse

mumnuhmmm
fatore nsk for the Actoally the OEL
requested < 1 is a startmg pownt, the ulimate
goal is w lower thus valoe down towards the range of
0.1 pg/m’ TWA (8 hours tune-werghted-average)
Bur what does an OEL 0.1 yg/m’® mean? It means
that this valne must be acineved, monstored, and
goaraniee withan life cycle of the Isolator dunng any
Eni-

A T ST CAAS e Ay WL W e

Almdnumluhh:
—hl- q-m

circumstances and events, for example dunng
anergency situations, msintenance m/out process,
leskage/tweakage, ctc.

Parformances
‘The Jet Mill mmat be concerved and tulor made for an
Isolator configuration. As the contamment

for this kind of JetMill (alone) mpst be quate high 1n
order to maxymze the contzinmest performance m the
Ths ergonomics 13 snother important aspect of the
Isolstion iechnology Tins mesns that all components
of the Jethill must be ight and easily disassembled.
For a laborstory scale JetMill the Isolator 1s normally
pravided with gioves in order to reach the nternal
environment through the front panels where one or
more pams of gloves are located. For a prodoction
scalo JetMilt m Isolation there should be one or more
Half Suits 1= order to maximize the ergonom:c. This
solution allows a better efficiency wheu the parts to
be mampulated 1nto the Isolator are guute big and
beavy, 35 can be the case with production systems. In
efficct, the Half Smt has sumilar ergonomics as
compared to 6-8 pas of Gloves

These two goals “safety” and “performance™ are
acinevable onlv when a pser creaies the technoloey

23

CHIMICA OGG1

=

F100)



CAPITULO 4 /5

CONTENIDO

1
2.

3
4.
5
6
[4

8

9
10
1
12.

13
14,

Principios y métodos para incrementar la disolucién
y absorcidn de farmacos
incremento biodisponibilidad de firmacos muy poco
solubles en agua
Mecanismo para incrementar la disolucién del Diazepam
Temazepam en dispersiones sélidas de PEG 6000
Tecnologia supercritica flinda para la reduccién del
tamafio de particula
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proceso supercritico fluido
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acorde con las BPM
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Nueva ingenieria de particulas para incrementar la
Solubilidad de firmacos.
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la Clclosporina en dispersiones submicrén
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lsomalt para una ripida Biodrsponibilidad
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preparadas por extrusién por fusién

15. Mezcla eutdcticas de Polietilenogiicol - Fenofibrato
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de disolucion rapida
Dispersiones de Nimodipino y Pollietilenoglicol
aditivo que previene recristalizacién del firmaco

17 Precipitacién controlada una tecnologia para la

obtencién de nanoparticulas con rapida disolucién

18 Estabilec miento de las especificaciones del firmaco y

del medicamento




Enhanced Drug Dissolution and Absorpbon ;,i%

Professor Henning G Kristansen Department of Pharmacsutics The Royal Danish School of
Pharmacy Copenhagen

The aqueous solubility of drug substances plays an important role in the formuiation of drug dosage
forms For the oral route of administration It s well experienced that, unless the substance has an
aqueous solubility above 10 mg/m over the pH-range 1-7, then potantial absorption problems may
occur A solubliity less than | mg/mi is fikely to give dissolution-rate imited absorption becsuse
solubliity and dissolution rate are interrelated

The proportion of drug substances showing aqueous solybifities below | mg/m] seems to increase
steadily along with Increasing specificity in the biclogical action of new chemical substancea, A
review of new monographs (1892-1985) in the European Pharmacopeia bt the author shows that
more than 40 per cent of the drug substances have aqueous solubliities below 1 mg/mi, and that 32
per cent have an aqueous solubliity below 0 1 mg/mi. The implementation of dissolution and
absorpton methods Is, therefore, a major fleld In the formulation of drug dosage forms,
in particular for the oral routs of administration.

A wide range of principles and methods ls avadabie for the purposa of enhancing dissolution and/or
dissolution rate of ‘low-solubliity’ substances for example

gelection of salt form for weak aclds and bases,
reduction of particle size and, thereby, increasad specific surface area,

use of surfactants for ncreased wettabliity

complex formation with exciplents, e g hydrophilic polymers or cyclodexdrins,
preparation of solid dispersions,

change of crystal form by precipitation with hydrophilic polymers,

lipophilic formulations, | @ emulsions, microemuisions etc.,

Selection of an appropriate salt form - or in case of fiqud 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 deveicpment. The survey of monographs In the European Phammacopoela shows that the main
part of substances having aqueous solubliities above 10 mg/mi was hydrochlorides, sulphates,
maleates, citrates etc of basic drugs or for acdic drugs potassium, sodium, calcum or other salts.
Once the proper drug substance has been selected, praformuistion studies are needed ta
characterise the physical and phyalco-chetrucal properties of the substance, 8 g pKa, pH-solubliity
profile, intrinsic solubllity and dissolution rate, polymorphisms, hygrascopicity, log P etc. Although
these characteristica may give some kiea about potenilal absorption and bioavaliability problems,
there Is, at present, insufficient knowledge about the systematics on how to formulate a given
substance [t Is difficult to predict the factors Eniiting the dissolution and absorption rates. it is
belleved that present Industrial practiss Is the trial and esror method based upon laboratory
experiments and animal testing

Marksted formuiations of very slightly soluble substances, for example steroids, show that particle
sizs reduction and hencs, increased specific surface area are important means to achlave a
satisfactory dissolution rate In principle, the lower the aqusous solublitty, the lower particle size is
required For the practically insoluble substances (< 0 1 mg/ml) the required particle siza Is so low
that «t may be technically difficult to prepars the desmed size range Significart progress has heen
made in recent yaars in the field of ‘nanc-particle’ technology On the other hand physical mstability
of the Size distribution 15 ntroduced when the size range is reduced to micrometer and sub-
micrometer scale

Physical instability Is a major problem aiso with other dissolution enhanching methods where the
state of the drug substance 1s made ‘high enemetic’ 1 ¢ sohd dispersions and coprecipitates with
hydrophilic polymers where the drug substance typically is present in an amorpheous state Despite
the great interast these systems had 1-2 decades agu, few products based on such means have



been marketed

Physical and chemical stable compounds can be made by the synthesis of inclusion complexes with
cyciodextrins The potentials of the varlous types of cyclodexirins for solubllity and absorption
enhancement are weil documnented in the Fterature In this fieid, there Is atso a lim-dted number of
marketed products probably because documentiabon of the safety aspecis of cyclodextrins for the
various routes of administration are not yet ffilly clarified Ancther reason mught be that
manufacturers apply for markeling authorisation of the inciusion compilex as such and not for a
formulation based upon the

Research on the effect of the luminal liquids on dissolution and absorption of low solutwfity drugs
has disclosed the significant role of natural surfactants such as blle saits, degradation products of
trigtyceriies and enzymes for the dissokstion, solubllisation and transport of hydrophoixc
substances. Effects of fat-enriched diets on the bioavallabliity of for exampie giteafulvin can
probably be atiributed to effects of the formatidn of mixed micelles and solubllisation of the drug
substance I Is likely that the effacts of the luminal Bquids are dependent on the hydrophobicity as
expressad by the log P value of the drug substances.

The newest trend in the formulahon of igw-solubliity drugs Is accordingly the usa of so-called {ipidic
formulations, In particular microemntuisions and other seif-emulgating systems which can dissolve a
sufficient amount of the substance Nficroemuisons 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
presanca of triglycerides as well as the direct effect of the high concentration of surfactants upon
the permeation of the gut wall

An apparently over-looked means to improve drug dissolution Is the possibility to form sofuble
compiaxas by means of widely accapted excipients, for example to make benefit of the reactive
sites in the moleculs and ther interactions by hydrogen bondings with axcipient materials. For
example acetylates may interact with boric acid or povidone to create a soluble compound If the
compound is stabie and the compiex constant not acessive, 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 difiunisal and borate huffer, preparation of an inclusion complex betwasn

steroxds and bela-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
E& Lilly and Company

Developing an effective oral dosage form is the sine qua non for the successful lsunch of a new
drug product in the marketplace For well over a decade, the pharmaceuticat industry has embraced
combunatorial chemistry as a means to expedite the discovery of new drug molecules. This
technology, which utliizes increasingly avallable drug receptor structural information, often resuits In
the synthesis of polycyclic, highly hydrophobic compounds with poor agqueous solubliity Indeed, it
has been estimated thai nearly half of all potentlal new drug molecules identified by combinatorial
chemisiry fit the categary of poorly water-soluble Although the inherent lipophilicity of many of
these compounds often aliows for faclle permeaton of gastrointestinal barrier membranes, the
combined impediments of poor aqueous solubllity and siow dissolution rate frequently result in low
and ermmatic absorption This Is particularly problematic for compounds requiring hugh leveis of
systemic exposure to achieve clinical efficacy or for compounds with a narmow therapeutic index,
where erratic bioavailabidy transiates Into either unexpected toxdeity or treatment fallure In many
instances, an othermise promising new chemical entity (NCE) will be removed from development
due to the inability to formuiate an acceptable oral dosage form using conventlonal exaplents. For
some time now, a conskderable gap has existed between our ability to synthesize poorly water-
soluble NCEs and our ability to effectively and efficlently formulate these compounds for oral
delivery

Excipionts used In conventonal oral farmulations perform the following functions.

e Bind and provide bulk to the dosage form
« Facilitate or control drug releass from the excipsant matrix
« Allow manufacturing on high-speed, automated production equipment

Conventional formulations have proven cost-affective, relatively easy to produce and are well-sulted
to drugs for which an efficacy dose can be readily solublized In the gastrointestmal tract (GIT)
Compounds amenable to this formulation approach include either highly soluble drugs or highly
potant, poorly soluble drugs for which the dose is sufficiently smail to permit rapid and complete
solubiization in the GIT

Traditional approaches to improving the bicavailabllity of poorly watér-aaluble drugs most frequently
invoive sali selechon or, less frequently, prodrug syntheasls

Sall Selaction

For compounds possessing lontzable functional groups, the method of choice for improving
absorption Is through salt formaton Salts of poorly soluble compounds typrcally dissolve more
quickly in the GIT, thus improving absorption, which Is typically imited by the slow dissolubion of the
parent free acxd or base compound Limitations to this approach involve wlentifymg a non-toxic
counter-ion that will yield a pharmaceutically-acceptable salt. Additional salt requirements Include
the abiilty to prepare, in sufficient yield, a chemically stable non- or mimimally hygroscopic
crystailine product of sufficiently high melﬂng polit to withstand milling and formulatlon processing
Prodrnug Synthesis

A less frequently smployed method for improving NCE solubility Involves auachlng a solubdizing
molaty such as an amwno acd which is cleaved by an endogenous snzyme subsequent to
absorption thereby regenerating the active parent molecule The added complexaty of prodrug

development wiuch requires addtional studies for venfying bioconversion and demonstrating lack
of toxicity has kmited the application of this approach



Another infrequently used method for improving the bloavailability of poorly soluble compounds
involves stabilizing the drug in the amorphous, or high energy solud” state, thereby facliitating its
dissolution relative to that of the stable crystalline form Although this technology has been
effectively applied in a faw instances it is nat a method af choice due to the metastabie nature of
most amorphous solids, which can spontaneously revert to the less soluble, stable crystaliine form,
with a concomitant reduction In bioavallability

While several novel approaches to improving NCE solubilly have been proposed and have in some
instances formed the basis for the creation of companies, all are basically variations on 3 central
themes discussed below

Particle Sire-Reduction

Particle stze-reduction effectively increases the suface area to volume ratio, thereby Increasing the
dissolution rate In the GIT and promoting absorpbon Vanous technologies used for particle size
reduction include micronization, nanonization and, most recently, super critical fluld technology,
which deposits nanometer-sized drug particles on a pharmaceutically-acceptable support matrbe
Particle size-reduction must include a method for preventing aggregation which commonly occurs

after miliing and effectively negates any impraovement in dissolution effected by psrticle size
reduction

Solubliization in the Exciplent Matrix

Formulations which solubiiize a drug In a {ip«d or water-miscible co-solvent sysiem can provide
dramatic improvements in bioavallability by eflminating the need for pre-absorptive dissolution in the
GIT Duse tu their immscibifiity with water, lipkis can maintain a poorly soluble drug in solution unitke
water miscible co-solvent systems, which often precipitate the drug followang dliution in the
predominantly aquecus Gl flulds. Lipid systems can also be formulated to have self-emulsifying
properties, which provides further enhancement to absorption by increasing the surface ares of the
lipid dispersion presented to the GIT

inclusion Complaxes

Cydodaxtrins are water-soluble molecules contaming a hydrophobic pockat, which can form a
dissociable Inclusion compiex with a hydrophobic drug molecuie This typicaily results in Improved
water solubility and tvoavallabifity for poacty water-soluble drugs.

The application of this approach Is kmitad by the ability of the cyciodexdrin to form the inclusion
compiex, which Is strongly dependent on the malecular characteristics of the drug mofecule and cen
be very specific.

Standard Requirements for an Oral Formulation
The of any oral formulation 1s determined by several factors, including

s Development of a stable, market-image product amenable to efficent and cost-sffectiva
mass production on conventional or readily available manufaciuring equipment

« Availabiity of simple and accepted teshng methods to assure product quality and batch-to-
batch consistency

s Acceptance of the formulation by reguiatory agencies
e Ability to manufacture the formuiation ‘in-house’
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Mechanism of increased dissoluti n of diazepam and
temazepam from polyethylene glycol 6000 solid dispersions

Verheyen S, Blaton N, Kinget R, Van den Mooter G

Laboratonum voor Farmacotechnologie en Biofarmacie, K U Leuven,
Campus Gasthuisberg O+N, Herestraat 49, 3000, Leuven, Belgium

Solid dispersion literature, describing the mechanism of dissofution of drug-
polyethylene glycol dispersions, still shows some gaps, (A) only few studies
include expenments evaluating solid solution formation and the parhicie size
of the drug n the dispersidh particles, two factors that can have a profound
effect on the dissolution (B) Solid dispersion preparation involves
recrystallisation process (which 1s known to be highly sensitive to the
recrystallisation conditions) of polyethylene glycol and possibly also of the
drug Therefore, it 1s of extreme importance that all expenments are
performed on dispersion ahquots, which can be believed to be physico-
chemucal identical This is not always the case (C) Polyethylene glycol
6000 (PEG6000) crystallises forming lamellae with chains either fully
exterded or folded once or twice depending on the crystaillisation conditions
Recently, a high resolution differential scanning calonimetry (DSC)-maethod,
capable of evaluating qualtatively and quantitatively the polymorphuc
behaviour of PEGS000, has been reported Unraveling the relationship
between the polymorphic behavior of PEGS000 in a solid dispersion and the
dissolution charactenstics of that dispersion, s a real gain to our knowledge
of solid dispersions, since this has never been thoroughly investigated The
am 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 charactenstics, pure drugs
(diazepam, temazepam), polymer (PEG6000), sohd dispersions and
physical modures were charactensed by DSC, X-ray powder diffraction
{Guimer and Bragg-Brentano method), FT-IR spectroscopy, dissolution and
solubility expenments and the particle size of the drug in the dispersion
particles was estimated using a newly developed method Addition of
PEG6000 improves the dissolution rate of both drugs Mechanisms involved
are solubilisation and improved wetting of the drug in the polyethylene glycol
nch 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 highly crystalline state in the soiii dispersions,
while no significant changes in the lattice spacings of PEG6000 indicate the
absence of solid solution formation IR spectra show the absence of 2
hydrogen bonding interaction between the benzodiazepines and PEG6000

1



Furthermore, it was concluded that the reduction of the mean drug particle
s1ze by prepanng solid dispersions with PEG8000 s imrited and that the
influence of the polymorphic behavior of PEGE000 (as observed by DSC) on
the dissolution was negligible



ENHANCING WATER-SOLUBILITY OF POORLY SOLUBLE DRUG, ITRACONAZO
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WITH WATER-SOLUBLE POLYMER USING SUPERCRITICAL FLUID PROCESSING
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Keywords: solubility, bioavailability, traconsrole;
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INTRODUCTION

Fig t Schematic diagram of the SAS equipment

EXPERIMENTAL METHODS

Preparation of salld dispersinn particles by SAS
Itvacooazole snd water-soluble polymer, HPMC

were dusolved in mixture of methylene chionds and

cthanol s 2 feed solution And then sobd dispermon

particies ware prepered by spaymy (he solution i the

vessel filled with supercritical carbon dioxide as an snb-

Scasalay dertron micruscopy

Samples were sputiered-coated AwPd usmg a
vatmm ¢ md caammed uwtmyg & scamning
electroa microscope at 20 kV accelerating voltage st the
magmfication of 5000<
Differential senaniap calorumetry

DSC was performed on rtraconamnls raw matenal
and SAS processed particies umng Rhcometnc Sceatific
model DLOS. Samples of 3~4 mg were sealed m
almomnym pans and the DSC thermograms were recarded
&t hesting rate of 10T from 40T 10200T
X-rav diifraction

X ray diffraction patterns of the samples were
obtained by X-may chffractomneter Each diffeactogram was
recarded from 10° to 70%f angle (20 ), &t & scannmg
speed of 3°%/mm with o step ske of 0.01° Cu-Ka
adstvn %as wmed a5 the X-my source, whach was
opersied st the voltage 40 &V snd the cusrrent 45 mA.
Salnbility test

The solubility of prepared particies was mvestigated
in the pH 1.2 symuinted gastric jmea (without pepam) The
smmlated gastrc quice of 6 uf was added to the partacles
equvalent to 6 ng iraconazole m 8 test tube. The tube
was vortesed for 5 mmutes and then someated for 30
mmubes. It was kept on shaking with the conditions of 60
pm, 37C for 24 hours m the shaking water bath. A
patum of the solution was tekem and fltered with &
memheane filter (045 =) The coscentrahon of
Exaconazaoie was determuned by HPLC.
In vive absorption test
In arder to inveshgate the bicavailainlity of the preparad
particles, m vivo absorption (ests were camed Qut 88 o
Sllows. The product shown bughest solubility and
Sporsnox tablet (marketed product) were arally
admmustered mio the mele Sprague-Dawly rats,
respectivély, m a dose of 20 mg iracoaszole/kg body
weght of the mt. Drug concentrations 1 plasma were
deiemuned by HPLC meshod
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RESULTS AND DISCUSSION
Partlele marphaiogy

To mvestigate the effects of the process parameter
tempersture snd pressure on morphology several
expenments were performed m the range of 80~ 150 bar
st 45C and also 80~ 150 bar at 60T The shape of
untreated drug particles was ureguisr and crystallne and
parucle uize dastribuhon was also brosd. On the contrary,
SAS-processed partcles had a relatively reguisr end
sphencal shape with nermow sze dustribution. The particle
sax of all the sxxnples was reduced 1 Joss thax 1 jm.

saton way, much smaller payhcles will be axpected to
prepere at & ngher- pressure condmons,
DSC and XRD

The DSC thermogram of draconszols exhibuted an
endotherruc pesk at shbout 168C with s enthalpy of
12189 Vg, comespondmg w 1 owiung pomt. The
location of endathermuc pesk and enthalpy (A H) for the

particles by SAS wiuch shown hghest solubilitv after oral
admunistrauon

It can be sud that from the pharmacolonetic data,
biouvaishility of prepared particies has beent anbenced as
much as marketed produst.

Table [ Solubility data from streconszole powder and

SAS processed products (n =3 ).
Temp (T) P(bar) Solubihty (ug/nl)

10 B149%8.3

S 120 1153041

SAS-processed 10 ssiting
products. 10 1240170

60 120 16141059

150 s;doa

Raw

traconercle " - oo

I

Puatss sbdt. agrmd
3

Fig.1 Average plasma concentration va. time of SAS
processed particles and Sporanox tablet (n = 3)

CONCLUSIONS

Supercribeal anti-solvent method 18 8 prommmyg new
techmque for prepering se-reduced particies and
enhancmg solubility and tuoavailabilty of poorly soluble
drug. And m order to reduce particls aggregation and
stablo buwavilability, firther works are needed including
adding mxfactenty or other encrpients.
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Supercritical Fluid Technology for Particle Size
Reduction

Principal Investigator: Steven L. Nail
Graduate Student Investigator: Greg Sacha
Project Status as of January 1999

Broad Objective:

Determine the feasibility of using supercntical flud techaology as a unit operation for perticle size
reduction which ts precisely controllable, compatible wath aseptic operations, and amensble to
contanment of potent drugs.

Specific Auns-

1 Buld a research/pilot system for particie s1ze reduction using the supercntical noa-solvent
approach.

2 Determmne cntical process vanables affecting parncle size and particle size distnbution, as well as
the reproducibility of these parameters when the process 1s repeated under the same set of
conditions

3 Compare the degree of crystallimty of supercnitically “milled” drug wath that of the same drug
after mechamcal particle size reduction

4 Determune, using suitable model drugs, the degree to which residual camer solvent 13 a problem
when using the supercnitical non-solvent technique.

Background and Sigmificance*

A umformly small particle uze and a narrow particle size distnbution are often cnitical quality attnbutes
of pharmaceutrcal solids, particularly for spanngly soluble drugs and for drugs intended for aerosol
admumstration The reduction of particle uze can affect such properties as dissolution rate, solubility,
gccesaibility to the lungs and, therefore, bicavailability The processing required to obtamn these
desirable atiributes can adversely affect the physical properties of the pharmaceutical solid. Properties
that may be affected include powder flow, aggiomeration, snd suspendabihity, which can be cntical in
the manufacture of such dosage forms as injectable suspennons and dry powder aerosols

Current methods of reducing parhcle suize utilize mechamcal methods such as the ball mill, hammer mull,
or flud energy mill The energy input from these operations may induce amorphous regions 1n
crystalline matenal Water may be absorbed by the amorphous regions and lead to physical or chenucal

instability of the product dunng subsequent processing or storage_This was observed after milling
aibuterol sulfate and was reported by Ward and Schultz (1995)"

For injectable suspensions, 1n additron to providing consistently small {(no more than a few microns)
particles, there is the addiional concem for sterthity of the final product Since the final suspension
cannot, (n general be terminally stenlized a stenle powder must be combined wath the stenle vehicle
using aseptic processing While stenlization of the vehuicle can be easity done by filtration, production of

http //www 1pph purdue edu/~nsf/projects/sct htmli 29/08/2000
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a stenile powder 1s more challenging The most common method for powder stenlization 1s ethylene
oxide gas, howefer, ethylene oxide 15 a surface stenlant only, and will not penetrate the drug crystal to
kall occluded microorgamsms For this reason, many pharmaceutical companies have invested millions
to carry out the crystallization process under aseptic conditons After aseptic crystallization, the drug s
mcromzed, followed by ethylene oxide stenlization 1n order to kill any microorganisms on the surface
of the drug parcles pnor to aseptically incorporating the drug into the suspension vehicle Whle this
process 1s effective, 1t does not elimimate the use of ethylene onde. This 1s a disadvantage, since
ethylene oxade 1s under contimung regulatory scrutiny from the standpoints of worker exposure to the
gas 1tseif, as well as residual levels of EtO and EtO byproducts in the drug product. This method of
processing pounts to the need for a size reducton process which would combine aseptic crystallization

with aseptic particle size reduction, thus providing a more efficient process and eliminating the need for
ethylene oxide stenlhization.

Contaznment of drug powders dunng pharmaceutical processing 13 an ongoing concemn from the
standpownt of worker safety, particularly wath the trend i drug discovery toward lower doses of more
potent compounds. The need for contmnment 15 most evident 1n size reduchon operations, whether by
conventional milling or by ar micromzation Both processes generate a consderable amount of dust,
which 18 difficult to contain adequately A size reduction process which operates as a closed system,
generating no dust, ts a largely unmet need in the pharmaceutical industry

Use of Supercntical Fluid Technology for Particle Szze Reduction®

Supercritical flads are lughly compresaible, have ugh diffusivities, iquid-like densities, and visconties
intermediate between the gas and hquid extremes These properties offer, 1n pnincple, a process which
could provide consistent small particles with a narrow parncle size distnbution where crystallization and
size reduction take place smultaneously 1n a closed, aseptuc environment.

There are two basic approaches to using supercntical fluds for size reduction, The first 1s rapid
expansion of & supercnitical solution (RESS), where drug 1s first dissolved ins supercntical flud, then
the supercritical solution is rapidly expanded through a nozzle. This causes a sudden large decrease 1n
solubility of drug, and an aerosol a fine particles 15 created as a result of the rapd expansion The secoad
approach 1s calied the supercntical non-solvent approach (SAS), where drug 1s first dissolved n & camer
salvent, where the carner solvent 1s at least partically muscible with the supercntical fluid and the
supercritical flud 18 & non-solvent for the drug. Mixing of the camer solution with the supercntical
phase csuses, 1n pnnciple, precipstation of a fine particles of drug.

Ths project uses the'SAS approach, pnimanly because the mamn hmitation of the RESS approach 1s that
the drug must be soluble in the supercnitical phase The SAS approach seems more flexible, since this
requirement 13 avoided

Descriphon of Equpment:

A photograph of the system 13 shown 1n Figure 1 It consists of a 2 liter, bolted closure, stirred autoclave
(Autoclave Engineers) which houses supercntical carbon dioxade (CO2) and acts as a precipitation
vessel The autoclave 1s jacketed for temperature control by a circulating water bath A steady flow of
CO2 through the autoclave 1s established using a 6000 PSI double-ended gas compressor (Newport
Scienufic) Constant system pressured 15 maintained by a backpressure regulator The system pressure ts
read by a test gauge which monutors the pressure of the supercnucal flud entenng the autoclave A feed
solution containing a drug and an organic solvent is injected 1nto the top of the autoclave by a double-
headed lugh pressure metenng pump (Milton-Roy) through staunless steel, 0 0625 inch OD tubing The
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supercnitical flud / organic solvent mixture exits through the hottom of the autoclave leaving be’In)Zd the
precipitated drug. The precipitation vessel contains a collection basket wihich 1s constructed to shide into
the cylindncal bore of the autoclave (Figure 2) The battom of the basket contains a removable 2 mm
sintered metal filter plate (Fuj1) which collects the precipitate, allowing the supercntical fiwd phase to
pass through An inverted cup style baffle wath four holes 1n the top 1s placed over the filter plate to

avoid the possibility of fhud passing through the vessel without adequate mixing To further facilitate
mixing, the autoclave 1s equipped with vanable speed, turbine agitator

SEPTTNEN s v v Jp Ee 2RSS n i
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Figure 2 - Photograph of Inner Basket mn Autoclave for Collection of Powder

Current Project Status
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Supercntical Flud Project Pagina 4 de 5

Set up of the equtpment was complete as of December 1996 and thereafter the operating limuts of the
equipment were determined. The operating hinuts included determining the maxsmum and mmumum
carbon dicvade flow rates at specific pressures, and cahbration of the feed solution flow rate as well as
the speed of the agtator

Next, recrystallization expenments began using aspinn as a model compound It was determmned
through these expennments that aspirin 1s soluble in supercniical carbon dioxade and, therefore, would
not be sitable for SAS recrystalization Methylpredmsolone acetate (MPA) was chosen as the new
model compound based on 1ts use 1n previous recrystaflization expenments completed by W J Schmutt.
Expenments were conducted by feeding a 10% subsaturated solution of methylpredmisolone acetate and
tetrahydrofuran (THF), at 2 5 ml/mun, 1ato supercnitical carbon dioxide at 2300 PSI and 450C A steady
state flow of carbon dioxide was maintmned throughout the experrments winch included a post-
precipitation extraction time of one hour The product yield was determuned at the end of each
expenment as well as charactenzation 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 1n distilled water were used for each analysis Three
samples were analyzed for each run and the average value was reported. MPA as recetved was milled by
Pharmacia & Upyohn using a fluid enesgy muil and 1t was found that at least 50% of the particles had a
diameter of 2 82 mm or less with a standard deviahon of 0 01 mm by Microtrac analysis Three different
runs operated under the same conditions were tested by Micrgtrac 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 distnbutions recorded for MPA before and after recrystallization. The particle size

Figure 3 - Particle Size Distributions of Methylpredmisolone Acetate for Starting Material and
Three Runs of Drug "Milled” by Supercritacal Carbon Dioxide

distnbutions for the recrystallized MPA are labeled as runs B, C and D The average particle size
obtained after recrystallization 18 still larger than the value reported by Schmitt, et al, of 3 mm for
recrystatlization under similar operating conditions Further adjustment of the equipment, such as
spacing the injection ports 1800 apart, may improve the particle size obtained
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Plan for Second Quarter 1997 n)g)\ ;0@/

The objectives for the next quarter include the addithon of a spray nozxle to reduce the feed solution
droplet sizein order to obtain & mean particle size of not more than 5 mm The noxxle will constst of
erther a laser dnlled plate of a fused silica capillary tube having onfice sizes of 25-100 mm Cntcal
process vanables will then be 1dentified, including temperature, pressure, bleed rate of carbon dioxade
from the autoclave, feed solution flow rate, and degree of saturation of the feed soluton Quanttation of

residual solvent will be done by gas chromatography, and the effect of post-precipitation extrachon time
on residual solvent level will be determined

Literature References:
1 Schmtt, W.J, Salads, M.C, Shook, G G, and Speaker, SM., 1995 Finely-divided

camer solution mjection 1nto & near or supercntical flmd. AIChE Journal, 41, 2476-86

2 Ward, GH., and Schultz RK , 1995 Process-induced crystatlimty changes in albuterol sulfate
and 1ts effect on powder physical stabiity Pharm Res, 12, 773-79
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The Process
The basic process by which CniiTech will produce sub-micron drug particles
invoives a procedure referred to as Preciprtation with Compressed Antisolvent
(PCA) PCA precipitation 1s based upon unique properties of carbon dioxide when
that gas is raised above its cnical pressure (Pc) and temperature (Tc) (e,
supercnitical CO2) The cntical pressure (or temperature) of a compound is that
pressure (or temperature) above which the material undergoes a phase transition
In the case of carbon dioxude, the cribical temperature is a relatwely mild 31 1°C
and the critical pressure Is 73 8 bar, or about 1,100 ps:
Supercniical CO2 has properties that are mid-way between those of a gas and
those of aliquid Along a near-critical isotherm (between 1 0 and 1 2 Tc), the
density, transport propesties (e g , iscosity, diffusivity), and other physical
properties (e g , dielectnc constant, solvent strength) can be varied in a continuum
from gas-like to iquid-iike with relatively small changes around the critical pressure
(09 -20Pc) The net result is that at selected pressures and temperatures
supercntical CO2 has nearly the diffusivity of a gas and the viscosity of a liquid

Carbon dioxide 1s a non-polar solvent. This property, and the above-mentoned
properties combine to make supercriical CO2 an ideal medium for pharmaceutical
processing Processing can take plave at temperatures lower than 35° C and at
pressures, which although high, are not unusual in the chemical processing arena

Particle Formation Using Supercritical Carbon Dioxide top

TThe Company’s process takes advantage of the fact that most organic solvents,
In essence, can be dissolved in supercriical CO2 As supercritical CO2 1s mxed
with organic solvents contaming drug 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 solubon The precipitate can then be separated from the



solvent/suparcritical CO2 mixture for packaging The solvent/supercntical CO2
mixture is partially depressunzed allowng 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 8 more complicated The sze of the droplet from which
the drug 1s precipitated and the propensity of the drug particles to agglomerate into
larger particles determine the ultimate size of the drug parbcle The former s
dependent upon the droplet forming process which s a function of the sze of the
dropiet when created by atomization, and the tendency of droplets to coalesce
before precipitation of the drug from the supersaturated droplet The latter s a
function of the inherent and nduced selif-attractiveness of the particles, which in
turn 1s primarily determined by surface properties of the particies themselves

CritiTech uses ultrasonic energy produced by a converging/diverging nozzie or an
electromechanical oscillator to shatter droplets nto even droplets This alone

woyld not enable the formaton of submicron particles, as the droplets have a
tendency to inmediately coalesce into larger drops. In the CrtiTech procedure,
the drug-laden solvent is sprayed Into a flowmng stream of supercritical CO2 which
allows for a rapid mass transfer of solvent Into the stream of supercritical CO2
This rapid mass transfer forces precipitation or crystailization to occur pnior to the
coalescence of droplets. It is this combmation of techniques that allows CritiTech
to produce sub-micron particles of drugs or other chemcals.

Nanoparticies top

A major application of CritiTech's core technology will be the producton of GMP
grade pharmaceuticals in sub-micron or nanoparticulate form The pharmaceutical
industry has exhibited substantal interest m the availability of processes to
produce nanoparticulate drugs pnmanly because of the problem of imdted
bioavailability of poorly water-soluble compounds By some estimates as many as
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40% of all compounds considered for formulation as drugs have such kmited water
solubility as to make their use as drugs impossible Ewvidence of the industry’s
interest in the fine particle soluton to the bicavallability conundrum exists in the
form of contracts i place between large pharmaceutical companies and the two
operating fine pariicle-producing companues active today SmithKline Beecham, .
Janssen, Mimetix, Merck, Wysth-Ayerst, Wamer-ambert, and others have

entared into collaborative research agreements with either NanoSystemsor - -
Bradford Particle Design to develop micronzed or submicron preparations of their
respechive expenmental compounds.

The process of producing nanoparticulate drugs begins with a research contract to
determine the condibons under winch the client’s drug can be manufactured as
nanoparticles The cllent 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 nancoparticulate material 1s retumed to the client for
bioavaiability and other testing and in an literative process an optimal formulation s
developed

At this stage, a second contract 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 tnals were successful, production would then
be scaled up to produce amounts adequate for phase Ill cliinical tnals Each of
these steps will produce income for the company Finally, if NDA approval
obtained, a contract for manufacture of the commercial product could be

negotiated and wouid hikely include production fees and royaities on future sales of
th drug

Coating Technology too



A - Particle Coating

A novel use of the fine particle formation process is to perform the process in the
presence of large particle, water-solubie subsirates 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 Ona 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, a substrale (e g , drug particles) is fandized,
or lifted, by a stream of supercritical or near-cribcal CO2 flowing upward through a
conical chamber CniiTech’s coating process s similar to the commercial Wurster
coater axcept that the hot air stream which serves to fluldze and to dry the spray
droplets s replaced with the thermally mild supercritical CO2 As illustrated in
figure 2, the beads are lifted and circulated in a continuous process that isolates
each bead Because the beads are suspended in a flowing stream of supercritical
or near-cntical CO2, chemical-aden (e g drug, taste-masking coating, tme-
release coating) orgamc solvent can be sprayed inio the flowing stream causing
the chemical to precipitate on the surface of the substrate (n this way this process
Is analogous to the nanoparticle formation procass except that the particles are
allowed to aggregate on the surface of the subsirate

Schemalic of particle coahing dewvice using SCF fo it particles and remove solvent
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Potential uses of this embodiment are taste masking, delayed or sustamned release
of drug matenal, rapid dissolution of drug from the surface of slowly dissolving
beads and sequenfial release of more than one drug substance An advaniage of
this process versus the air fluidzation process currently in use rs that a vanety of
organic solvents

can be used because the system i1s closed and solvents can be recaptured
Another advantage Is that operating temperatures are substantially lower since the
process Is not an evaporative one Finally, because the coating chemical is
dissolved n non-aqueous solvents, and supercriical CO2 Is essentially non-polar,
water-soluble substrates can be easily coated with this technique .

As with the production of nanoparticulate drugs, commercial utization 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
ultmate stage of mass producton was reached Income will be derived from
research contracts, production fees, kcense fees and royalhes

B - Stent Coating

Using its patented supercribical fluid-based coating technology, CritiTech, Inc., has
succeeded in coating expanded cardiac stents with ethylceliulose containing yaltow
Opaspray to facilitate iewing of the coated stent. Stents can be flndized in a
stream of near critical carbon dioxide in a chamber that is similar In design to a
Waurster coater

Polymer, dissolved in surtable organic solvent, is sprayed into the near critical
carbon diaxide 1n close proximity to the fludized stents Thickness of coating can
be controlled by duration of spraying Texture can be controlled by alteration of
temperature above and below the glass transition temperature of the polymer
used Drugs can be substtuted for the dye in order to create a imed-release drug
delivery device




This stent coating procedure is an extension of CntiTech’s patented technology
that 1s used for coating water-soluble substrates with organic-soluble coating
materials CntiTech can coat substrates m the sze range from 300 microns to 1/4-
mch tablets unformly, rapidly and in bulk.

Advantages of the Technology top

Industry Insiders estmate that as much as 40% of the roughly 100,000 new
chemical entities syntheszed annually by pharmaceutical companies have
madequate water solubiity These roughly 40,000 compounds often canpot even
advance to the stage of animal trials due to low water solubility, or require extreme
measures to perform the axploratory pre~cinical research that will allow the drug
companies to make a go/no go decision for further tnals CritiTech's technology
can be of substantial vaiue to such companies by allowing a sumple, rapud, easy to
apply solution to this problem New chemical entihes manufactured as
nanopartcles can be easily tested for suitabilty for advancement to clinical irials
The cost to the drug company for this service (<$50,000) is a fraction of the cost of
subsequent clinical trials (estimated to be as much as $75,000,000 [Zivin, J A.,
Saentific American 282, 89-75, 2000]) and an even smaller fraction of eventual
sales of an approved drug This market represents a potental 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 particie coating technology has significant advantages over the current
system of spray coating that Is standard m the industry The use of supercritical
carbon dlaxide allows the process to work with coating matenals that are only
soluble in organic solvents, or are sensitive {0 elevated temperatures. Both of
these factors preciude the use of Wurster-type fuadized bed coaters )
Pharmaceutical compounds requiring taste maskng, time-release, or an increased
oral absorption by coating wath drug nanoparticles are example markets for this
process
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A final advantage of CntiTech's SCF based technologies lies in the

environmentally fnendly nature of the processes Organic solvents traditionally
used i the industry may be hazardous {o the environment or toxic to humans and
animals Because of the closed loop nature of the supercritical processes

employed by CntiTech, the release of harmful substances to the atmosphere s
substantally reduced, If not totally eliminated.

Advantages Over Other PCA Techniques top

CntiTech’s approach to PCA usas a supercritical CO2-powered ultrasonic nozzie
Other comparues in the industry that use PCA, mcluding CntiTech’s competitor
Bradford Particle Design, Ltd , report techniques that use conventional capiilary
spray nozzies

The main advantages of CritiTech's approach over conventional PCA techniques
follow

« The ultrasonic nozzle-based process Is capable of producing discrete
nanoparticles in a narrow size range

« Akey step in the formation of nanoparticles 1s to enhance the mass transfer
rate between the droplets and the antisolvent before the droplets coalesce
to form bigger droplets. With CritiTech’s ultrasonic nozzle, the sound waves
assist the anbsotvent's break up into small droplets increasing the interfacial
area In addiion, the turbulence created by the focused sound waves also
enhances the mass iransfer rate between the droplets and the CO2.

« Sound waves, rather than inertial or fnctional forces, are explorted for
droplet formation. Hence, the diameter of the line into which the spray
solution 1s introduced can be larger than that of erther capillary or micro-
orfice nozzles This larger diameter allows for higher solution throughput
and reduces the probability of nozzle plugging, dramatically ncreasing
manufactunng efficiency

« CntiTech's propnetary particie harvesting device allows continuous

processing of compounds Conventional SCF techniques require processing
in batch lots

Advantages Over Mllllﬁg Techniques oo

CntiTech's PCA method i1s supenor to milling techmques (ball milt or jet mill) ke



those practiced by CntiTech's competitors NanoSystems and RTP
Pharmaceutcals
These advantages are

« Particle formation occurs in a far shorter time - minutes/hours as opposed to

days/weeks.

PCA producas a much narrower range, of particle scpes than milling

Milling processes induca the creation of electrostatc charge on the
partcles, which necessitates coating of the resulting particies to prevent re-
agglomerahon. PCA meathods do not induce such electrostatic charges onto
particles.

PCA processing does not require removal of the milling agent.

PCA processing 1s safely conducted in closed systems with complete
racovery of solvents and CO2 for reusa or safe disposal

Advantages Over Fluidized Awr Coating Techniques too

The CrtiTech coating process has the following advantages over conventional
fluidized air based coating processes

« A significantly reduced nsk of fire and explosion when usig organic

solvents due to operabon at lower temperstures (31-45°C) with dense
carbon dioxide

« Enormous flexibility for controliing the size and morphology of particulate

cogtings Several of the operating parameters (pressure, temperature,
solute concentration, type of nozzie, type of solvent) are adpstabie to
achieve the desired coating Using an ultrasomc nozzie with supercntical
CO2 as the energizing gas, nanoparticie coatings are possible

Easy separation and recycling of the organic solvent and the CO2
Coatings that are virtually solvent-free can be obtained n a relatively short
time

For additional nformation regarding these technologies, please contact the
company

~ Homs | invastor Relations | Technology | Servicas | Contact




SOLID STATE MORPHOLOGY OF PARTICLES PREPARED
BY A SUPERCRITICAL FLUID PROCESS

M. Perrut, | Jeng, F Leboenf
LAVIPHARM -SEPAREX, Champngneulley, France

The solid st morphology of many compounds 15 & key-parameter for thewr further
nhlixaten when several farms can co-enust etther ox erystalling and amoxphons, and/ar
ag different polymarphs (sllotropes) thus 15 partcularly unportant foc pharmaceutical
drugt as thewr morphology can beve 3 significant unpact on their buo-availability and
stability Supercriiical Fimd (SCF) technology 15 now canndered to be an mnovative
and promusing way to design pacticles, az reviewed by Kompells and Koushik (2001)
and Jung and Perrut (2001). We present a review of e remits alrendy published 18
lisstare and our own resulis an morphology clumges and stabillty of parhicies
genctated by SCF processes, focusing on nest particles and not an compotiie ones

1 INTRODUCTION

Genenlly, a drsmatic change of the solid morphology = observed after procexmng by
SCF Avenge paricle sive and size distribetioe, partecle shape and porosuity and
conseguently specific area and dussolution tate, are ofies completely different from
those of the starting matertal However it seems that, w most cases, the crystal patem
u pot moddied, although relstrvely fow results, sftested by XED and DSC
messurements, bave yet been pobhished.

L SCF CONTACT

Surpdsingly, contactmyg a solid with a SCF mdnees a -crysiallizdtion with exystajline
marphology modification in ceriain cases, us shown 1o several docoments

In & patent granted %o Orser aad Wickenhasnser(1984), a process for re-crysmllizshon
of finely dvided cude orgame pigments 18 C3-CS5 alkanes or afkenes, ar C1-C3
chioro-alicanes 1w claimed tn lead o pigmenty wth deeper and more brillient
colombons than the starting muterial

Becently the convernon of cerdemscepine (an anficomvulzapt drug) by coatacting the
solid with SCF carban dioxide was reparted by Bettuu et sl (2001) Tius drug presents
fur polymorpls and a dihydraie formos  Fom [ (mp. 190°C) and form 0T (mp.
177°C) - the commerrial product form an esantiottopec pair Foon [ is stable m
mmbient temperitore whereas form I s stable st lughey Sempersiure (>70°C). Different
mmxiares of Form 1  Form [ were contacted with supercritieal carbon doxide 1 static
cond:ttons that emises 2 mpd convertion of Foom [ o Form (L shthough oot

5" s



complese. The agthors mespect that tus taasformation resulty foumn the fact thet these
two forms bave different solnbilities 1n SCF earbon digmade. It 15 %0 be soted that Kilne
«t al. (2000) reported & agmficast increase in dissalntion mxte 18 water aftey ant] -solvent
m-aysullzanon of carbamazepine fhom acetuns sointon ether m crystaliing form
(the polymorph was not ulcatrfied), or m composie mucre-spheres of PEG 4000
We can propose the followng “qualitstrve™ interpretation ' Whea a solvent is contacted
with 2 solid 1t gets saturated 1990 tins compound  but this sstoration Is ot “static” In
penospence, molecules e exclunged between the solid and the fivid phases
mnymscrmm_mﬂumn:mm of
the poiid [bts the more swmbis polymorph at the opemimg temperstme, the
mmfbraation beang bmited by the hactic of dissoinhon/re-cxgstallizannon.

1 SCF Atumiration

The three maa processes uung SCF for atomuzng pure compotnds 1 order to rednce
the paricle ize  ead 10 solid morphology changes or not, depending an the compound,
and the process operating condmions.

11 RESS
Few publications deal with saeaufic evaluahon of the mcroscopic solad morphology

» The first evalnatem of the solid formed by RESS was publizhed by Larson
apd King (1986) mm::md&mmdad&lﬁs&
stomyzed particles of asphdhalene AMeviaslin (sntrcholesterol drug) and an
mndisclosed steruld show “dat aystalhine materials mtun thewr exrysmllmity
after preciprtation from superenitical fauk™ however, the diffiaction paterns
vary somewhat, possibly duc 1o the presence af amorphous matenal.

e DSC chanctenztion of Griscofisiwin particles chows that particles obtmned
by RESS (vung CHE) edubnt the sane melting tempesature and the same
melting enthalpy =2 the mucromired crystallins matenal (Martin et al, 2000).

»  Aathrecens :mad Phensnthrans were elther precimtnted or co-precipaated by
RESS from a SCF CO; wiuhom by Nagehmra and L= (1997), fommng
dendatie partcies of anthocene whils the sarting merial was in fhom of
bexagonn! eryatals snd phesctitimene needles. But coprecpustion of 3 muxtme
leads to 2 selld seindea diffevent from a simple catectic as attested by XBD

o  bagvefen {2 clural non-steroidal ant-mflamuratory drug) was mucromzed
fiom SCF CO,, leading to nucro-particles exhilnt myg the same XBD pattern as
the starting matermal, althongh the peak intansities soemed lower which shows
“the decrease in the degree of crystallinty”™ sccondmg 10 Kymak et al. {2001)

s Puu-liydrexpbenzele acld waa nucronized from solohops n SCF CO, or
SCF COy added wnth methanol (3 5 wi’6) by Jaarso et al (1997), leading to
crystalline asmo-parncics aad 3 few Large iregnlsr non-crysallns particiss.

We [ust obtuned very stiractive resslts accordusg 10 & process described i a reodit
MMHLMLCM(:W!MW&MM)
wi dssalved wm SCF OOy {S0°C, 29 MPa) and the solution cepudly depressunzed ©
stmosphene presse wa operated aither according the clmngal way where the
stoouzation vessel 5 muntaned ot wround 20°C (ssmple a2), or by uyecting an
additional stream of hqmd CCk 1 order ®o geacrate carbonic saow that trapped the
parncles (sample b) st very low emperaturc unmedisicly after their nucleation, as
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described 1n an earbier patent (Perrut, 1999). On fignre 1 135 presented 2 SEM pichue

Flgure | SEM picrure of Celecoxdh parsicles (sampla b)

The XRD patterns of these particles after storage at low empersture during ene dxy
{sample b lower ctnve and sample & intermediate curve) are compared an figure 2
with the starimg matenal onc (opper curve), the two latter curves besng presented with
an aifset of 2,000 and 3,000 counts per second respectively for ease of unerpretstion. It
clearly appears that the starting matenal 13 ughly crystalline and the generated particles
arc compictely amorphous when the Srapemtore i the stomizanon vessel s kept low
and mostly amorphous — but aot fice of oystils - when tus temperatore 5 nexr
aminent We conmider that the very short RESS nucleation leads to smorphons matenal
that immediately tends to re-crystallire dunng the particle resudence tine 1n the
moouzation vessel and an the collection filter, 1f the tempertore 13 not kept lower than
8 "re-ayshllizstion temperaiure”™ that 15 much below (at lesst J0°C acconding to same
esthmations) the sobd glass tansibon tempemature. So, the amorphous morphology
must be “froxen™ just after particle generation in order to provest any re-arystallzaton.



Figura2 XRD projiles for Celecoxih raw mataricl and RESS-C02 samples.
12 Anmtl-Solveat

Selnaterel xingfoste polymorphy forms caa be controlled by varyidy the
antisolvent crysiallizstion pammoters acconding %o Hanna and York (1993)
and Hamus etal. (1998) =mg the SEDS techanlogy thus compound wes m-
crystallized fiom accinne or methanol saluhoas using SCF CD; at wnous
wmpersiures and pressures Al femperatures below 60°C, only the pare Foom
[ was obtaimed meanwhile polywmorphic tmsiormation to Form I was
observed kince 60°C and is complese at 90°C. It [s 10 be oated that this antl-
solvent process pomits o sach s Form il at & moch lower tempersiure
than by beating Foarm [ slone (the tumfornation happens near ® the melting
tempemstere of Form [ which 15 124°C). Mareover the mthors clum that the
pure Form [ obtained by SEDS s extremely stable whan sured five hm
light dunng 3 yeass. Thus demonstrate thet snti-salvent m-crystallizatzon can
be used to obiun very paxe polymorphs thet sre the mare stabla becyuse no

mmﬁmﬁzmm the other
s  Sagary can be fe-crystallipnd mmubmsmm

Hanoa and Yock (1996), Hanoa et al. (1998) and Palakodan et al. {1998)
was obtained 1n crystalling form with differest particie shapes
maltose aod trekaiess 18 form of spongy spheres of amorphous matare as
shown iy XRD, and sncrese 21 & free-flowing erystalline powder
Sulfashiazels was mubjected W the most dealled study o polymorplusm
control by Kondikowsk: et al. (20005, by SEDS of 2 methanol soluhion @ SCF
CO: SEM XRD and DSC showed temperature 18 the key-parameter Three



pure polymarphs (Form | over 30°C Form [l around 40°C, Form IV below
0°C) and muxtores of polymorphs at interediste temperninres were obtuned.

s Ihaprefen, ketoprefin, sslicylic acld snd sicetinic acld were cecrystalhized 1n
the same morphology by a SCF process where the compoond 18 pedmaniy
dhmolved or smpended o g fint SCF and ths solvhoo/sespenpon 15
coutacted with & second fimud (nutrogen) whech canses precprtstus of the,
compound into fine particles 23 disclosed by Haans et al. (1999).

o deosiomiphen snd Fricetexpaceianilide were co-cystilized by SEDS fiom
an ethapol sobriron of both compommds by Shelomow (2000) la form of a solud
nluﬂnvﬂmd?MnlhuﬂlhdAMDndm

¢ Sphramemam et al (1997) repored GAS cecrywallizstion in the, same
mphhg(bynsq«mwmcqmumm

. 8 Lee et al (2000) gbsexved by XRD that is
al‘rlysmﬂemd 10 the startmg Illﬂlllh, ane whdlyeﬂqﬂhmm%
(Nitmtravolone) from a DMF salotvan a COy tader vanoos condrtions

. Jsamo etal prepared exther smorphous
m%mma angnm ‘The
crysialiing particles are very mmilar o the commensal prodnet (same
polymorph acconding XRD)  completely smarphoos sphencl mucro-particles

were also obtuned and did not show sny cyssllnity after S-month stomge

‘The anthars stated that the most impartant parameter affecting crystallimty
and stalelty was the remdunl concentration of mathanol that can be drastically

reduced by adding a snall amount of water 10 the orgame solution

. etal (1 resalts of
mw( o m::.m .u“asss (ﬂnlmnq?umm),
the particle shape, mze and crystallmity strongly depend on the tempemture,
the argamic solvest, and the rate of addition of the ant-solvent m the batch
GAS procsas (crystalline particles at low addition rte and amorphons ones st
high addition rates), 23 a resalt of different oncla fonmation kineties

s Musher ot al (2001) recestly presented tesulis obtaused by GAS o an
undiscioyed pharmacentical showing that exther mnorphoss (wath Bthancl) or
crystallane forms (with Acetnne or Acetonitrile) can be reachad.

23 DELOS
The DELOS (Depressurizstion of an Expanded Liquid Organic Solution) process, vexy
recently chselosed by Sals et al. (2001) md Ventosa et al. (2001, 2001b), conmsis 1n
pecipitating a sobxte dissolved 1a an orgame solvest by the fist and bomageneous
wmpermhye decyesse cansed by depressunzing the oqEmc solwhon previously
expanded by 2 compressed gas. This con be consxdered as an onpnal variaet of RESS
as the expanded lipnd phase = hamogencoos. Proviiad that a “sahoeforgamc
solvent/SCF™ sysiem existing a5 a homogeneous luquid solnhon can e found, this
process leads 0 nano-imcyo-particles. For several componnds, the particles showed a
lugh degree of cxystallinty with XED patterns somulsr to those of the atarting metenal.
o Aspirin and Celerant Selvent Bine 33 from Acetone/COy solntions
o Acetpuiphen from Ethancl/ CO; solutions.

24 PGSS

Few results bave been published on mombology of puticles generated fom Gas-
Ssturted Solutions dedd(lﬂ)ﬂlemmmﬁ



sifedipise (2 calcium mtagomist) thet are sguficamty different from the starting
mareral in sze, shape and dissolution peie  the sothow sespected that the processed
particles “have a mare amorphons character compared with the product obimned by
convenhonsl proces™ However, uo structare measiprenest suppostod tus essespment.
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EQUIPMENT DESIGN FOR SUPERCRITICAL FLUID
MICRONIZATION IN COMPLIANCE WITH GMP FOR
PHARMACEUTICAL APPLICATIONS

J Jung' P Leboeut”, E Foogan®,1-Y Clavie?, M. Perrer®
7L avipharm Separex, Champignenlies, France
¥ Separes BEqupemcnts, Champigacolles, France

Supercntical Fimd (SCF) techoology » now considercd as a very inmavative and
promising way o denign partcles, cspeally for therapennc drog formalation. We will
present exzmples of equpment demgoed and bmlt 10 compphianee with the GMP rules
enforced 1u the pharmacenncal indnsry 1ncorpomnng severnl innavatons m texms of
mechamcsf, iasttumentzhon and process control, environment apd workforce
protectios.

LPARTICLE DESIGN AND DRUG FORMULATION

Among the most crigenal applicanoms of sopercmihicsl finids, particle fhrmation
procemses mung Superesitical Findds (Juag and Perrut, 2001) are sow suigected 10 an
[ncrentmg intevest ewpecally m the pharmaceutical idustry with three mnm
increamog wo-availsbilny of poody-soluble molecules, deugning sostamsed-relense
formnisteps snd formnlatton of active sgenis for new types of dmg delivery less
wvantve than perenteral delivery (ol pulmonsry tramedermal). The most complex
cinllenge » misted to therapoatic delivery as it 3 extoamely diffienlt 0 obtun a
sstisfactory thevapentic effect due to ho-molecnles insabllhty and very shost halftlife
invvo.

Sevenal pwocesses are proposed 1 address thege different probiems apd to prepare sich
diffierent types of formmlstion

11 Rapld Expansien of Sspercritieal Solmtions (RESS) coasists i stomunng a
soletion of the product 10 a sopexyitesl finid mio a low-pressure vessal. This process
could find valsable spplicatoms a2 commeraial scales only when product solchility
the superedtics] finid 15 not 100 small @ 10° ky/kyg), limitmg the process spplication to
moa-polar &x lowpolanty compounds whes enrbon dhoxude ia nsed s solvent.

12 Supereritical Anti-Selveat (EAS) pmcess spplies 90 most molecales that can be
dissolved in a very wiie mnge of "simeg”™ organse solvents. Recent devalopment,
especmlly for preparstion of very fine drugs dedicated %o pulmonary debivery opens a
brigitt fxture for "enguneeting™ new types of particles of drugs or mucrm-spheres of drig
embedded » ma excipuant for sestained-reloung,

13 Sepereritical Fluld Drylung can be ssed (0 “extract™ water fioen squeows selotions
with 2 polar Scperenitical Finid , tus b of specual mtxrest for obtaung stebalized
powalers of ao-molecules or micto-cipeules of buo molecnles withomt densturston



14 Micreeacapsuintion can be performed vsmg Sepercntical Fimds acconling t©
various processes among which the one developed and patented by Perrat (2000b) can
lead to mucm -capsules of protems prepared in “wild™ conditions without ioss of bio-

actrvity

LS Impregustion High drfficivity and tomable sulvent power of SCF are the bams
of supercritical unpregnation  In supercritcal state, the filmd 13 a powesful solvent of
the product to mmpregnste and an excellent vecior, even n the snallest pores of the
matnx (when porom) Moreover for polymesic sos-porous mutrxes, the swelling
effect poouts an ey penctaton of the wmisie throughout the solid Many
unpeegnaton have been reported meinding pharmacentical patches,
sponges, and catheters. Pecnt and Majewskn (19992) recently obtmned sttmactive
resulis and patented a new process for on-line impregnahon afier extraction , especially
atiractive for ostunad products processung ss onc sole operation leads dureetly to the
nsable produoct (sctrve agent on exeruent powder).

2. EQUIPMENT REQUIREMENT

As all high pressure systems, the first requrement 13 cbvicusly syfery, which 13
obtuned by applying the high-pressure vessel and epmpment stand ards enforeed 1n the
country of operahos, but also by mcorporstng the constroctor knowhow on bath
bandware end software (process control system).

The second requirement 18 reflsbill(y as for all indmtns] systems, demanding the ngit
cholce of all components and a soplusticxied control system t belp operation,
meanwhile a preventattve maintensnce 13 applied.

Wbmukh‘wmhﬁdhm
or for commenesal lots hz.e-:unul shall be n
campliance with GMP rales enfirced by the Food & Dmg

Adounigration In the USA. Ths boplies o estblsh and follow wery detsiled
procedures for all design and constroction steps, documentatyn of all parts anf
opershosy, and valuishion of sll fimetons, 1neindisg the process coatrol software,

In most cases, the opemator wishes #0 benefit of & grest exibifly, pecmitting to operate
ane particle deugn process or the ather, over the wider ange of pammeters (pressures,
temperztores, fiowgies, co-golvents, ), what damatically complexsfies the task of
the designer and constroctor that most find compromis® between the contradictory
requirements related o each process.

3. EQUIFPMENT DESIGN AND SCALE-UP

In fact, most puts of SCF drug formmmlstion plants sse smmilar 1o those used in classical
SCF operstions (extraction, fiactiomation, reactions, chromstogmphy asemgel
drylng, ). For example, a pjant naed 10 moplement & RESS process nses s classical
SCF extractor dengned according the rules knawn for extraction from solud gramulsr or
pwllnml.&lil-b fiuud poups, beat exchangen, sepamtan, caneal amd relief

valves, inctrumenitation, .are wextical o thoss wed on earliar planty designed af any
scale (lab to pilot aod very large comunercial seals). So, we will focus our sttenton on
the chamctenshey spectfic 1o particle design plants

11 Atomizmtisn noxzies Noxxie scale-up i3 prgsently oue of the nuaimowns when
scahing-up a SCF process Obwvionsly a pure peometnc scale-up would not work ' As
Jet turbulence — that controls droplet formoation — i related to the Weber number when



atomunng haqmds, we suggpest to try %0 mamtun tus adimentional number as we goess
it will lead to smilsr stocurstion whatever 18 the e state , thet meaps that, for a
grven system, all other patamacters being the same, the mozzie scale -up should maunmin
constant v.D, where 3 {m/sec) 15 the finid velocity throngh the noxxle and D (m) the
noxzie chamcienste dismeter We honestly say that this seeds yet to be confinned on
several exsmples. One onginal dengn of lnrge flowmte noxzies comists 1n naing a
aninteved disk as depressonzation/siomizstyn gysiem, as deseribed for RESS process by
Domingo (1 997) , however, we raise some doubis on the possibility to obimn partsclos
with a naxrow uze distribuhion, as the dusk porosity Is not perfiectly distributed and may
vary along time with pluggog of the smallest paves.

On the other hand, Iarge fimd flow-mates indoce thermel effect that sre much more
comphested to handle than when opesatmg st Inb-scale. Thus 1s especially the case for
RESS pmcess for which the rapid decompression of the fiud requures a lacge eathalpy
mpot 1 svad farmation of hqmd droplets that nems the particls formation process for
those fimuds that may be mn lqmud state ot the stomization chamber pressare. As m most
cuses, 1t 15 not possihle 1o pre-heat the fimd solntion a¢ the required temperature to
avaud droplet formation - as the soiute wonld be destroyed or abred st thm
temperzture ~ this imposes esther that the pressure m the atomuraton vessel be
malntained below the triple point pressore of the finid, or that supplementary enthalpy
be txought by one of the followmg meass Hot inert gas flow bot Lqud fiow with
paracle collection m form of & suspension 1n that liqmd.

12 Particls collection and harvesting Thas Is probably the most acate problem,
especaally when very fice parpeles (below 5 pm) are formed, as ey have to be

collected without losses and without re-sgglomeration. Baucally particles can be
collected under two forms

s  Lisguid suspensisn Scrubbing the particle-loaded finid with a hqud m which
both the finid and the particies are aot significantly soluble [s 2 very efficient way of
callechon, aumilar to what 15 wsed for very fine dost collection (Bavsch et al, 1999,
Heasiknen et al, 1997). Addibon of & smfactant m the hgmd (or possthly auto the
patticles dunng ther formetion) may ctabilize the suspeaton when neoded (Jung of al,
2002). Howeves, thus collection sysiem o very restictive sndd can be wsed cnly m a
liouted nomber of cases. Obviowsly scale-op is oot an issoe and harvesung the
suspenson does not alse any dfficnity On the other hand, recyeling the suspension a3
scrobiung medinm permuts © control the particle confeat and to reach hugh particla

loadings.

= Drypowder Thus is the gencral case where the perticies momst be collected 1n dry
form_ For vexy fine particles (< § pm), theve 1 almaost a sole poscibility Filtering the
pustcle-lasded fluid onto an adequate filter medinm. But, this reises scveml wsors

D Collecion efficiency 15 not always ®otal, a3 the findst particles may “aeep®
through the mediom,

i) Beagglome rxhion is frequent as the fllter cake preseats an increazing pressure drop
that radoces powder compresnon  this re-sggiomenation may also result from solvent
adsexption onto the particles when opemting the anti-solvent process

fil) Tins filration aperation Is difficult to scale-up and to operate for ngmficant mass
production

iv) Fimal harvesting of the particies 13 vary difficult, especially 1 compliance with
amp
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However, sach of thege smpues can be addremsed  Rught choxce of the filvenng medom,
allemsie use of sovem! siomizahon chambers o Emit the Siser calee thuckness, remdoal
solvest sinppmg poor i particle barvesting, special design of filter “bags™ that can be
closed poor to be removed from the mtomeration chamber for parttcle cemoval under
stnet stmospheye control. We also proposed other rystems sdaptod to differext cases
Pexticle collection by filtraiion on a decp bed of excmpient o obtuin the active-exciplent
mixtore directly (Perrut, 1999b), particle collectu 1o carbome suow (Peout, 1999¢),
particle coliection//mcro-encapsulwtion (Ferxat, 2000s).

1) Flud recyels Depending ou the type of process, the finid shall be or mot
recycled:

s RESS When the presme 1n the stosmsstion chamber s low pear the
stmosphenc pressure, fioud recycling s alway: s lssne. When carbon digxide s ueed
as solvent, crther the sloanrshion is made at high presyure and the fimd = recycled, or
2 u veed, When othey fimds are wed — especially if contly or ameombls — ventmg
sot possihle sod recycling mandstary, desmanding gas recompresnion m the case where
a low pressure stouzstion 13 requared to avosd formatyon of iquid droplety.
s Asmi-solvent In thus case, the stomoraton bang opemted under high pressure, it
scems casy 1o recycle the finld after parhcie collection  m flact, the diffienity 19 reimed
o the sepamtion of the argame pojvent fom the finid prier f0 its recyelng. Expenence
shows that most orgame solventy are volsgile and the el separation from the find =
oot possible of operated ot & pressure permrthng zn easy find recycling (a few tens of
h!)h.hﬂﬂnﬂhyhhhﬂhm:ﬂdmnhh
succoeding in particle foxmation, at the condition it 1 st a low and constest level,
amn be performed through our propoetary tecimology (Petrnt and Jusforgues, 1986)
however, the finsl sippung af the collected paiticles — an which organxe solvent =
atsarbed — must be opersted with pure fimd, exther throogh make-up or ponfication of
the recycle finud anin en adsorbent.
*  Supeveritical fintd drylng  As this process uw manly dedicxied to bio-molecoles
oa & very somll scals, finid venting/dispoml cam be prefizred as & complete water
scparstion from the fimd 19 difficult.
* Micre-encapsuiation As the fimd 13 dissolved ioio the active-emapent muxmye,
hmﬂuuwhﬁﬂhhnﬂhm

Impregastien As inpregnstion 18 opersted ander hghprmllu-yh
qdnhhdﬂlﬁquhdl-d—--duw Exteaction.

4. GMP COMPLIANCE

As SCF drug formuishen mnd particis desiga Is a acw wxinology for plurmacenticsd
compameas and suthonics, § grest cffort has to be made i teach about the technology
its advaainges, ity safity and relishility and to respeet all the conumonly enforced rales
of traceabilily and documentanon. A speelal difficully is related to cleaning of these
ingh-gressurn systerps that mmst be demgmed 10 permbt a toml cleanmy without
damountmy all wings and vessels (no deadwvolnmes, druning poorts for haqmd
solvent weed for clesning,. ) clexmung valulation » slso a basic procedore o be
addspted to tus type of eqmpment.

Expenence gsthered on design and construcuon of foor plants bmlt for chinical lots
preparation (see pictare 1), showed ws that no maor mame 13 met when thus GMP



compliance 13 taken mte account from the very begmnmg of plant design and the
constructor procedure 15 planned and docomented casefhlly

& STERILITY

Processing leo-molecnles requues sierlity [t 5 sow, clesrly established thmt
Supercritcal Fluds, mnd especsally carbon diomude, e bsocdes vis-ivis most Living
sucm orpansms incindisg fengs bacteria and viroses. Not anly SCF processes do oot
increase thy ng-burden, bt they contribute 10 stentlae the processed products. [n fact,
the oajor Gfficnlty s ather concentrated on particle harvesthing and handiing from the
ACY equupment, a5 for asy other formmiation proces.

6. WORKFORCE AND ENVIRONMENT PROTECTION

As dil bulogicaily-active products are poteahially bermful to humans, sad shoaid not
be released in atmosphere, 2 tpecial urterest mun be pud to svoud any release of the
processed materals both m the wornng area or omsade 1 the envionment. Because
SCF processes requure lugh pressure wmith possible keniage at any moment (powder ar
seresol release) or ampredictable release tirough the vem system, great care must be
taken

»  Protection of the opemtors by placing the equpment 1n an wolstor (labscale as
shown on pectare 2) of m 8 mom with access Lmuged o peraons with closed respicatory
oqupment ,

*  Callection and scrabbing of all the vent streams

*  Amonshon of drog collection
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Us f Supercntical Fluid Technology for Particle Size Reduction

Supercntical fiuids are highly compressible, have high diffusivibies, iquid-itke
densities, and viscosibes intermediate between the gas and hquid extremes These

properties offer, in pnnciple, a process which could provide cansistent small
parhicles with a narrow particle size distnbubon where crystallization and size
reduction take place simultanecusly in a closed, aseptic environment.

There are two basic approaches to using supercrniical fluids for size reduchon The
first 1s rapid expansion of a supercntical soluton (RESS), where drug ts first
dissolved in a supercrbical fluid, then the supercritical solution 1s rapidly expanded
through a nozzle This causes a sudden large decrease in solubilty of drug, and an
aerosol a fine particles is created as a result of the rapid expansion The second
approach s called the supercritical non-solvent approach (SAS), where drug is first
dissolved 1n a carner solvent, where the camer solvent s at least partically miscible
with the supercritical fluid and the supercntical fluid i3 a non-solvent for the drug
Munang of the camer solution with the supercnitical phase causes, in pnnciple,
precipitation of a fine particles of drug

This project uses the SAS approach, pnmarily because the mam limitation of the
RESS approach 1s that the drug must be soluble in the supercriical phase The
SAS approach seems more flexible, since this requirement 1s avoided
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Gerhard Muhrer

RESEARCH ACTIVITIES - PROGRESS
REPORT 1998

Separation Process Technology
Crystallzation using Supercritical Fluid Antisolvents
G MUHRER and M MAZZOTIT

Keywords crystallization, micronization, supercriiical fluids,
anusolvent, RESS, PCA, GAS

'Ultra fine particles with narrow stze distnbutions are gmmng importance
1n a wide range of fields from ceramics precursors to controlled release
drugs Production generally follows either size reduction or direct
generation routés such as dispersion reaction, spray drying or controlled
recrystallization Of the latter, several vanants utilizang environmentaily
bemgn compressed gases as esther solvents or anti-solvents are showing
a lugh potential for industnal application. The man processes are termed

rapid expansion of superciitical solutions (RESS), preaipitation with
compressed antisolvent (PCA) and gas antisolvent crystailization (GAS)

RESS processes require dissolution of the product in a dense gas (liquad
or supercritical) at elevated pressure This ‘supercntical solution’ 15 then
expanded through a nozzle, where instantaneous nucleation and crystal
growth takes place at very high supersaturation Depending on the flurd
state after the nozzie, the crystals may continue to grow or coagulate 1n

the expanding free et

!CA processes avoud the drawback of insufficent solubility of many
organic substances in dense gases The product 13 first dassolved ina
hiqud orgamc solvent and thus solution then sprayed 1nto a dense gas
antisolvent which rapidly absorbs the organic solvent from the spray
droplets thus causing rapid precipitation

GAS crystallization 13 complementary to the above spray processes in
that 1t offers slower, more easily controlled precioitation which 1s
achieved by adding the dense gas antisolvent to a batch of product
dissolved 1n a suitable organic solvent

Ths project aims at elucidating the influence and importance of
operating parameters in GAS and PCA crystathzanon with the goal of
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micromang difficult-to-comnunute pharmaceuticals reproducibly and 1n
accordance with U S FDA standards A sound understanding of system
flud dynamics, thermodynamics and mass transfer including nucleation,
crystal growth and agglomerztion will be pursued and operational
aspects such as collection and recovery of product, on-ine measurement
and control investigated. Product specifications like crystallimity, shape
and particle size distnbution will be accounted for by standard off-line
analytical tools
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Complexation and Protein Binding

3
+f

Metal Complexes

Organic Molecular Complexes
Inclusion Compounds
Methods of Analysis

Protein Binding
Thermodynamic Treatment of
Stability Constants

Complexes ar coordination compounds, according to
the clasmic defimtion, result from a donor-acceptor
mechanism or Lewis acd—-base reaction (p 144) be-
tween two or more different chemical constituents Any
nonmetallic atom or 10n, whether free or contamed n a
neutral molecule or mn an iome compound, that can
donate an electron pair may serve as the donor The
acceptor, or constituent that accepts a share in the pawr
of electrons, 13 frequently a metallic 10n, although 1t can
be a neutral atom. Complexes may be divided broadly
into two classes depending on whether the acceptor
component 1$ 2 metal 10n or an orgame molecule, these
are classifled according to one possible arrangement 1n
Table 11-1 A third class, the wnclusion/ocelusion
compounds, nvolving the entrapment of one compound
n the molecular framework of another, 1s also ncluded
m the table

Intermolecular farces mvolved in the formation of
complexes are the van der Waals forces of dispersion,
dipolar, and induced dipolar types Hydrogen bonding
provides a sigmficant force In some molecular com-
plexes, and coordingte covalence 1s important 1n metal
complexes. Charge transfer and hydrophokie interac-
tion are introduced later in the chapter

METAL COMPLEXES

A satisfactory understanding of metal won complex-
ation 1s based upon a familianty with atonue 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 electromic structure and
hybndization before proceeding

Inorganic Complexes This group constitutes the
simple norganic complexes first descrioed by Werner
in 1891 The ammoma molecules in hexamnunecobalt
I chlonde, as the compound [Co{NHy)P“Cl™ 1
called, are known as the [igands and are sad to be

TABLE 11-1  (Classification of Complaxes*

1
i
i Orgunic Molecular Complexss

classificatson does not pretand (o describe she mechanism or the type of
cheomeal bonds invalved i compiexstion. It Is msant simply to sepurata out the

coordmated to the metal sons 15 six. Other complex wns
belonging to the morgame group mclude [Ag(NHyhI",
(Fe(CN)o]*~, and [Cr(H,0)I**

Each hgand donstes a pair of electrons to form a
coordinate covalent link between itself and the central
ton having an mcomplete electron shell. For example,

Co® + 6.NH; = [Co(NHy)l**

Hybnidization plays an important part in coordination
compounds 1n which sufficient bonding orbitals are not
ordinanly avalable in the metal 1on The reader’s
understanding of hybrdzation will be refreshed b a
brief review of the argument advanced for the
quadnivalence of carbon It will be recalled that the
ground state configuration of carbon 13

5
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This cannot be the bonding configurabion of carben,
however, sunce it normally has four rather than two
valence electrons Pauhng® suggested the possibihty of
kybrdiration to account for the quadnivalence Accord-
mg to this ouxing process, one of the 23 electrons 18
pramoted to the avuilsble 2p ortatal to yeld four
equivzlent bonding orbitals:

Is 2¢ 2p
® O OO0

These are directed toward the corners of a tetrahedron,
and the structure 18 known as an sp® hybnd beeause 1t
involves one s and three p orbutals. In a double bond,
the carbon atom 18 considered to be sp* hybrnidized, and
the bonds are directed toward the.corners of a triangle

Orbitals other than the 25 and 2p orbitals can become
mvaolved in hybndization. The transition elements, such
as iron, copper, nickel, cobalt, and oinc, seem to make
use of thexr 3d, 4s, and 4p orbitals in formmg hybnids
These hybnds account for the differing geometries
often found for the complexes of the tranmtion metal
ong Table 11-2 shows some compounds m which the

—— . S ali

central atom or metal 10n 15 hybridized differently and 1t
shows the geometry that results

Ligands such as H,0, HyN , NC ~, or CL™ donate a
paur of electrons in formung a complex with a metal ion,
and the electron pair enters one of the unfilled orbitals
on the metal 1on. A useful but not imviolate rule to
follow 1n estimating the type of hybridization in a metal
son complex 1 to select that complex in which the metal
10n has its 34 levels filled or that can use the lower-
energy 8d and 4s orintals prrmarily in the hybndzation,
For example, the ground-state electrome configuration
of N** may be given by

3d 4z

1p
DOH®OO O OO0

I combming with 4CN ~ hgands to farm (NCN)J*~,
the electromic configuration of the mckel ion may
become esther

ad 4s 4p
®B®OO0 (O 00O

sp? tetrahedral structure

TABLE 11-2. 8ond Types of Reprasentative Compounds

Examples
Coordination Orbital
Number Configuration Bond Type Formula Structure
2 » hovesr Ox 0—0
cl
3 .p= trigonal 8c, f‘\)---c.l
H
.4} \
H o .J-;'>H
H
NHr Hy
4 e’ square planar Cu(MH,),**
NH; - NH,
- F
1§
- .-'{I
5 dsp? bipyrarmdal PF, . -,"—f\_F
F
e
NH; NH,
6 P octahedral ColiH )¢ -

Nl M,

NH,




ad 4s 4ip
®OODO O O0J0
dsp® planar structure

m which the electrons donated by the bgand are shown
as dots The dsp® or square planar structure 1s pre-
dicted to be the complex formed since it uses the
low er-energy 3d orbital. By the preparation and study
of a number of complexes, Werner deduced many
years ago that this 15 wndeed the structure of the
complex

Sumilarly, the tnivalent cobalt ton Co{Iil) has the
ground state electronic configuration

ad ds 4p
®OOODO O 000

and one may wquire into the possible geometry of the
complex [Co(NHy)s'* The electronic configuraton of
the metal 10n leading to fllled 3d levels 15

3d s 4p
oO® |00 O 000
) disp® octahedral

and thus the d®sp® or octahedral structure 18 predicted
as the structure of this complex. Chelates (see following
section) of octahedral structure can be resolved nto
optical momers, and in an elegant study, Werner used
this techmque to prove that cobalt complexes are
octahedral

In the case of divalent copper Cu(lD), which has the

electrorue configuration
ad 43 ip

®PpeOO® O 000 -

the formation of the complex [Cu(NHy),* requires the
promotion of one d electron of Cu®* to a 4p level to
obtain a filled 3d configuration i the eomplexed metal
10n, and a dsp® or planar structure w obtained

ad 43 4
) ooosl O OoP
Although the energy required to elevate the d electron
to the 4p level 158 conmderable, the formation of a planar
complex having the 3d levels filled entwrely more than
“pays” for the expended energy

The metal 1on Fe(III) has the ground-state configu-
ration -

ad ds ip
OOOOO O O0O0

and in forming the complex (Fe{(CN)J*~, no electron
promotion takes place

ad s 4p

OO0 _O 000
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since no stabilization 15 gamed over that which the d%sp®
configuration already possesses Compounds of this
type, in which the hgands he “above” a partilly filled
orbital, are termed outsr-sphere complexss, when the
hgands he "below” a partuallv filled orbital, as in the
previous example, the compound is termed an wner
sphers complex The presence of unpaired electrons 1n
a metal 10n complex can be detected by electron spmn
Tesonance spectroscopy (pp 90, 91)

Chelates, A substance eontaining two or more doner
groups may combine with a metal to form a specal type
of complex known as a chelats (Greek: kelos, claw)
Some of the bonds i a chelate may be 10me or of the
prnimary covalent type, while cthers are coordnate
covalent inks When the ligand provides one group for
attachment to the central ion, the chelate 1s called
monodmtiate behaves as a monodentate
bgand toward Co(Il), Ni(II), and Zn(I) to form
chelates of pseudotetrahedral geometry The donor
atom of the hgand 1s the pyndine-type nitrogen of the
imdazole ring of pilocarpine (Fig 3-4, p 72, shows the
pynidine-hke mtrogen of pilocarpme) Molecules with
two and three donor groups are called hdentate and
tndentats, respectively * Ethylenediaminetetraacetic
aad (EDTA) has six paints for attachment to the metal
ton sid 15 accordingly heradentats, however, in some
complexes, only four or five of the groups are coard:-

Chelation places stringent sterc requrements on
both metal and hgands. Ions such as Cu(I) and Ni(ID,
which form square planar complexes, and Fe(III) and
Co(I1D), which form octahedral complexes, can exist m
etther of two geometric forms. As a consequence of tins
1somensm only cts-coordinated ligands—hgands adja-
cent on & molecule—will be readily replaced by reae-
tion wmith a chelating agent. Vitamin B, and the
hemoproteins are incapable of reactng with chelating
agents, because thewr metal 13 already coordinated m
such & way that only the trans-coordmation posbions of
the metal are avauable for complexation. In contrast,
the metal ion m certan enzymes, such as aleohal
dehydrogenase, which contsina zine, can undergo che-
lation, suggesting that the metal 18 bound m such a way
as to leave two cis positions available for chelation.

Chlarophyll and hemoglobin, two extremely impor-
tant compounds, are naturally occwrring chelates m-
volved in the hfe processes of plants and arumals
Albumin 1s the main carrier of vanous metal 10ns and
small molecules m the bicod serum. The N-termurcal
portion of human serum albumm binds Cu(II) and
N(II) with higher affiuty than that of dog serum
albumun This fact partly explains why humans are less
susceptible to copper poisorung than are dogs The
binding of coppe~ to serum alburun i1s important sizce
this metal 15 possibly invol ed in several pathoiogic
conditions ? The synthetic chelating agent, ethylenedt
amnetetrzacebic acid (Fig 11-1), hes been used to ne
up or sequester won and copper 10ns 3o that they cannot

2%
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11=1 Calcdom ethylanediaminatetrascetic
zEDTA). wns sequestared by

catalyze the oxdative degradation of ascorbic acmd 1n
frwt juices and 1n drug preparations. In the process of
sequestration, the chelating agent and metal 10n forma
water-soluble compound EDTA 13 widely nsed to
sequester and remove eslum 10ns from hard water

Chelation can be spphed to the assay of drugs A
calorunetric method to assay procamnanude in injectable
solutigns 18 based on the formation of a 1.1 complex of
procanamude with cupne 10n at pH 4 to 4.5. The
complex absorbs viaible radistion at 2 maximum wave-
length of 380 nm.* The many uses to which thetal
csmplexes and chelating agents can be put are dis-
cussed by Martell and Calvm.®

ORGANIC MOLECULAR COMPLEXES

An organee coordination compound or molecular com-
plex conmsts of constituents held together by wesk
forces of the donor-acceptor type or by hydrogen
The difference between complexation and the forma-
tion of organic compounds has been shown by Clapp
The compounds, dimeths lanihne and 2,4,6-tnmtroan:-
sole, react in the eold to gave a molecular complex

c Ogiv
Hy
Q—-N( + H,CO NOp —»
CH,
[0 Y
O\ (a1-1
CH,4 )
D—\/ cO NO
N Hj NOa
CH;
0,V

On the other hand these two compounds react at an
elevated temperature to yveld a salt, the conatituent

molecules of which are held together by pnmary
valence bonds.

CH OsN

3

araraY.
CH,3

ON
[O,N

CHa |
O-Ef o
CH,
i

The dotted hne n the complex of equation (11-1)
mndicates that the two molecules are held together by a
wezk secondary valence force It 1s not to be considered
as a clearly defined bond but rather as an overall
attraction between the two aromatic molecules.

'l‘howneofbond.mgemhngmmolecuhreomplm'
mn which hydrogen bonding plays no part 1s not fully
understood, but it may be eonmdered for the present as
mvolving an electron donor-acceptor mechamsm cor-
responding to that mn metal complexes but ordinarily
much weaker

Many orgamic complexes are so weak that they
cannot be separated from theiwr solutons as definte
compounds, and they are often chfficult to detect by
chemical gnd physical means The energy of attraction
between the constituents 18 probabiy less than §
keal/mole for most orgune complexes Since the bond
distance between the components of the complex 18
usually greater than 3 A, a covalent link 1s not mvolved.
Instead, one molecule polanzes the other resultingina
type of wnic interaction or charge transfer, and these
molecular complexes are often referred to as charge
transfer complexes For example, the polar mitro
groups of tnmtrobenzene induce a dipole 11 the readily
polanzahle benzene molecule, and the elect-ostat
interaction that results leads to complex formauwa.

NOg
( )" . g >
——ON
NOa
) {accoptar

{donuy )

Electron drift or purtial electron
tramber In polarizaion r bunding

X rav diffracrtion studies of complexes formed be-
tween trimitrobenzene snd amline dermvatines have
shown that one of the mitro groups of tritrobenzene
Lies over the benzene nng of the amline molecule the
intermolecular distance between the two malecules
being about 33 1 This result stronghh suggests that
the mn.eraction Involves = bonding batween the 7




electrons of the benzene ring and the electron-accepting
nitro group

A factor of some wmportance in the formation of
molecular complexes 1s the stenc requirement. If the
approach and close association of the donor and accep-
tor molecules are hindered by stenc factors, the
complex 18 not likely to form., Hydrogen bonding and
other effects must also be considered, and these sre
discussed 1n connection with' the specific complexes
considered on the following pages

The difference between s donor-acceplor and a
chargs-transfer complex 18 that in the latter type
resonance makes the man contnbution to complex-
stion, while 1n the former, London dispersion forees and
dipole-dipole interactions contnbute moare to the sta-
bility of the complex. Resonance mteraction 18 shown n
Figure 11-2 as depwcted by Bullock.? Trimtrobenzene
13 the acceptor, A, molecule and hexamethyl benzene 1s
the donor, D On the left mde of the figure wezk
dispersion and dipolsr forces contribute to the nterac-
tion of A and D, on the nght side of the figure the
mteraction of A and D results from a mgnficant
transfer of charge, making the electron acceptor trum-
trobenzene negatively charged (A™) and leaving the
donor hexamethylbenzene pomtively charged (D*) The
overall complex, Danor-Acceptor, 15 shown by the
double-headed arrow to resonate between the un-
charged D A and the charged D* A”
moleties If, as i the case of hexamethylbenzene-
tnmtrobenzene, the resonance 15 fairly weak, having an
intermolecular binding energy AH of about —4700
calones, the complex s referred to 23 a donor-acceptor
complex If, on the other hand, resonance between the
charge-tranafer structure (D~ A™) and the un-
charged species (D A) contributes greatly to the
hinding of the donor and acceptor tolecule, the com-
plex 15 called & charpe-trangfer complez Finally, those
complexes bound together by van der Waals forves,
dipole-dipole interactions, and hydrogen bonding but
laclang charge transfer are known simply as molscular
complexzes In both charge-transfer and donor—accep-
tor complexes, new shsorption bands occur in the
spectra, as shown m Figure 11-13, p 266. In this book
we ghall 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 wmthout distinction Those com-

O'NQ-"O- °’"§3‘E‘.E>-Nc.
=% =%

D*-A"
(ll (y
fig. 11-2 Resonance m 2 donor-acceptor complex of trintroben
umuﬁhuumﬁlhmm&ﬁhm?‘!BwukChnpuuMH
wblology Chapter 3 in Compredanzice Swochermustry M. Florian and
E H. Stotz, Edy Vol. 22of Biosnergeiwes Elsevier N Y 1967 pp.
§2-85, reproduced with perrmugsion of the copynight ewner )
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plexes that do not show new bands are called molecular
complexes

Charge-transfer complexes are of mmportance in
pharmacy Iodine forms 1 1 charge-transfer complexes
with the drugs disulfivam, chlomethnazole, and tolnaf-
tate. These drugs have recogruzed pharmacologic ac-
tions of thewr own disulfiram 13 used against alcohol
addiction, clomethiazole i3 a sedstive-hypnobe and
anticonvulsant, and tolnaftate 15 an antifungal agent.
Each of these drugs possesses a mitrogen-carbon-
sulfur molety (gee the structure of tolnaftate below),
and & complex may result from the transfer of charge
from the pair of free electrons on the mtrogen and/or
sulfur atoms of these drugs to the antibonding arbital of
the wodme atom Thus, by tymg up 10dine, molecules
contaming the N — C = S molety inhibit thyrad achon

m the body ®
S
L0

Tolnaftate (Tinactin)

Quinhydrona Complexss. The molecular complex that
was refarred to in Chapter 9 as quinhydrone 13 formed
by muxing alcohohe solutions of equumolar quantities of
benzoquinone and hydroqumone. The complex settles
23 green crystals When an aqueous solutn 1 satn-
rated wmith quinhydrone, the complex dissociates into
equvalent amounts of qunone and hydroqumone and
used 25 an electrode 1 pH determmations.

The 11 complex formed between benzoquinone and

may be said to result from the overlap of
the fa-framewark of the electron-deficient qunone
molecule with the pi-framework of the electron-neh
hydroqunone molecule Maxymum overlap between the
pr-frameworks 15 expected of the aromatic nings are
parallel and are onented in such & way ai to have ther
centers directly over one another Hydrogen bontng
may coutribute n stabilmng this complex, but it = sot
the sole means of assocation, since hydroqumone
dimethyl ether also forms a colored adduct with qu-
none

An interesting quinone 18 obtaned from salicyhe aod.
This compound 18 readily oxudized, yielding blue-black
quinhydrone compounds of the type

s

OOH  COOH
Quinhydrone of suheyhe acud

Pieric Acid Complexes Picric amd, 2,4,6-tryutrophe-
nol, pX, = 0 38, reacts mith strong bases to form salts

- g g ——t—,
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and with weak bases to form molecular complexes.
Butesin pierate (Abbott Laboratones), presumably a
2.1 complex, may be represented by the formula

i 0 j
o\’
o Cats
HO— NO,
| NH, 1, o\
Butesin picraty

It 18 a yellow powder, 1nsoluble m water but soluble n
organic solvents. Butesin picrate 158 used as 2 1%
ontment for burns and pamfil slan abrasions. It
combines the antiseptic property of pienic actd and the
anesthetie of butesin.

It has been suggested that the stability of the
complexes formed between earemogemc agents and
piene acid 18 related to carcinogeme activity, and any
substitution on the carcinogen molecule that hinders
piecrate complexation also reduces carcinogematy
Symmetnic tnmtrobenzene forms more complexes than
does picric acd, and perhaps trmitrobenzene may also
be used to pronide a test for caranogenaty

Drug Complexss. Higuchi and hus associates® have
mvestigeted the complexing of caffeine with a number
of aadie drugs They attribute the mteraction between
caffeme and a drug such as s sulfonamude or a
barbiturate to a dipole—dipole force or hydrogen bond-
mg between the polarized carbomyl groups of caffeine
and the hydrogen atom of the amd A secondary
interaction probably occurs between the nonpolar parts
of the molecules, and the resuitant complex 1s
“squeezed out” of the aqueons phase owing to the great
internal pressure of water These two effects lead to a
lugh degree of mnteraction.

‘The complexation of esters Is of particular concern to
the pharmamat, since many mmportant drugs belong to
this class The complexes formed between esters and
amines, phenols, ethers and ketones have been attrib-
uted to the hydrogen bonding between a nucleophihe
carbonyl oxygen and an active hydrogen This, how-
ever does not explain the complexation of esters such
as benzocaine, procaine, and tetracame with caffeine, as
reported by Higucu et al ° There are no activated
hydrogens on caffeine, the hvarogen in the number 8
position (formula I) 15 very weak (K, = 1 x 10~") and
15 not hkely to enter into corplexauon It might be
suggested that, in the caffeine mowecule, a relatively
positive center exasts that serves as a hhely site ot
complexation The caffeine molecule 15 numbered n {
for comenience in the discuszion. As observed in
formula I[, the rutrogen at the 2 position presumably
can become strongls electrophuic or acidic just as1t 1910
an irude owing to the withdrawal of electrons by the

oxygens at pomtion1and3 An ester such as benzoetine

also becomes polarized (formula III) in such a way that

the carboxyl oxygen s nucleophilic or basmic. The

complexation can thus occur as a result of a dipole~

dipole mteraction between the nucleophilic carbaxyl

zgenofbemmdtheelectrophﬂnmtmgenof
eine

fl-!;
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Caffene forms complexes with orgame asd amions
that are more solyble than the pure xanthine, but the
complexes formed witk organic acds, such as pentime
aad, are less soluble than caffeine alone. Such mscluble
complexes provide caffaine ur a form that masks its
normally bitter taste and should serve as a smtable
state for chewable tableta Higuchi and Pitman'! gyn-
thesized 11 and 12 caffeime-gentisic acid complexes
and measured their equbbnum solubility and rates of
dusolution. Both the 11 and 12 complexes were less
soluble ;n water than caffeine, and their dissolution
rates were algo less than that of caffeme Chewable
tablets formulated from these complexes shouid pro-
vide an extended-release form of the drug with im-
prosved taste

York and Saleh!® studied the effect of sodium sahey
late on the release of benzocaine from topical vehicles,
it being recogruzed that salicylates form molecular
complexes with benzocane Complexation between
drug and complexing agents can impro 2 or impair drug
sbsorption and bicavalability the authors found that




the presence of sodium sabeylate mgmficantly influ-
enced the release of benzocaine, depending on the type
of vehicle involved The largest merease n absorption
was observed for a water-misdble polyethylene glyeol
base

Polymer Complexes Polyethylene glycols, polysty-
rene, carboxymethyleellulose, and similar polymers
containing nucleophilic oxygens can form complexes
with vanous drugs The mcompatibilities of certan
polyethers, such as the Carbowaxes®, Pluromcs® , and
Tweens® with tannic acd, salicylic and, and phenol, can
be attributed to these interactions. Marcus™ has re-
viewed some of the interachons that may occur m
suspensions, emulsions, omntments, and suppositones
‘The incompatibzhty may be memfested as a precipatate,
flocculate, delayed biologac absorption, loss of preser-
vative action, or other undesirable phymcal, chemical,
and pharmacologic effects.

Plainer-Vercammen et al™ have studied the mter-
action of povidone (PVP) with waic and neutral aro-
matic compounds Several factors affect the binding to
PVP of substituted benzoic and and nicotine dernva-
tives Whule 10nic strength has ao nfluence, the binding
increzses 1n phosphate buffer solutions and decreases as
the temperature 18 raised.

Crosspovidone, a cross-linked macluble PVP, 18 able
to bind drugs owing to 1ts d charaeter and porous
structure Frimming et al.™ studied the interaction of
crosspovidone with acetaminophen, benzocaine, benzawe
acd, caffemne, tanme acmd, and papaverine hydrochlo-
nde, among other drugs The interaction 18 mainly due
to any phenche groups on the drug Hexylresorcinol
shows exceptionally strong bindmg, but the interaction
18 less than &% for most drugs stucied (32 drugs)
Crosapovidone 15 a chaintegrant m pharmaceutical gran-
ules and tablets It does not interfere with gastromtes-
tinal absorption because the hinding to drugs 18 revers-
ible.

Solutes in parenteral formulatians may mgrate from
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the solution and interact with the wall of a polymenec
contaner Hayward et al * showed that the ability of a
polyolefin contamer to mteract with drugs deperds
lnearly on the octanol-water partition coefficient of
the drug For parabens and drugs that exhubit farly
significant hydrogen bond donor properties, a correc-
tion term related to hydrogen-bonding formation 1s
needed Polymer-drug contaner interactions may re-
sult 1 loss of the active component in hqud dosage
forms

Polymer-drug complexes are used to modify bw-
pharmaceutieal parameters of drugs, the dissolutwn
rate of 3ymaime 13 enhanced by complexation with P\'P
The interaction s due to the aromatic ning of aymalme
and the amude groups of PVP <o yield a dipole—dipole
induced complex.

Some molecular arganie complexes of interest to e
pharmacist are found m Table 11-3 (Complexes m-
valving caffeine are hsted in Table 11-6)

INCLUSION COMPOUNDS

The class of addition compounds known as inclusnion
or occlusion compounds results more from the arclutec-
ture of molecules tnan from thewr chemical affiuty One
of the constituents of the complex 1s trapped m the open
Iattice or cage-hke erystal structure of the other to yield
a stable arrangement.

Channe! Lattice Type The cholerwc acids (bile amds) can
form a group of complexes princpally invelving deoxy-
chohic acd 1n combination with paraffins, orgame acids,
esters, ketones, and aromatec compounds and with
solvents such as ether, alcohol, and dwxane The
erystals of deoxyeholic acd are arranged to form a
channel mto which the complexang molecule can fit (ef
Fig 11-8) Such sterecspeciiaty should permit the
resolution of optical 1somers. In fact, camphor has been
partially resolved by complexation with deoxychdlic

TABLE 11-3. Some Melecuiar Organic Coraplaxes of Fermscsutical infersst*

Compounds That Form Complexes with the Agent Listed in the First

Agant Column

Polyethyiens gycols Hyd

Pondone (polyvinyl-pymelidone PVF)

udlr'lel'nl. K sojutions} bromune (in presence of HBr)
Berizmc acid, acd

acid p-hydroxybenmic acd sabicylic acxd o-phthalc
acud resavcinol cstechol phenol phenobarbital

acxd salicyle

acld sodium salicylate p-aminabenzee sexd mandelic acd

sulfathlamis chioramphenicol phenobartetat

Sodlum carboxymethylceliulose
Oxytatracychine and tetracycline

Qumine benadnd, procaine, pynbenzamine
N methylpyrolidons & N-dimethylacstamide v-valerglacions

y-butymiactons, sodium p-aminobenzoate sodium salxcyiate sodium
p-hydroxybenzmate sodium sacchann caifene

Comgpiled fram tha resultsof T Higuchm etal J Am. Phamn Jssc Sc Ed 43, 393 398 158 1953 1w 44, 508, 1935, bd
45 157 1956.1bwd 48, 458 587 1957 and from J L. Lach ot ol Orug Stendards 24, 11 1956, An axtensve table of accapiar and
doner mojecules that form sematic molecular complexes has been coageied by L. | Andrews, Chem, feve. 54, 7.3 1934 Also referto

T Higuchi and X A Connors, Mhase solubnlity tachniques. Adwancrs w Analyieal

York, Wiley 1965 pp. 117-212

and imstrpmentatron, C. N Reilley Ed New

<
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acd, and dl-terpineol has been resolved by the use of
digitonin, which occludes certmn molecules m & manner

sumilar ¢to that of deoxychohe acad
CH,

H H-—CH.

H,
CH.~—COOH
CH
H

Deasclwl sond

Lrea and thiourea also erystalhze in a channel-hke
structure permutting enclosure of unbranched paraffins,
aleohols, ketones, organic acids, and other compounds,
as shown m F'gure 11-8¢ and & The well-known
starch 1wdine solution 15 a channel-type complex consist-

&t room ‘Thm inclusion o
overnight tamperatare. n 0 comp g bagine
» Schardinger daxtrin), Sea Merck Index

mg of 1odine molecules entrapped within sparals of the
glacose residues,

Forman and Grady® found that monostesrin an
mterfering substance m the assay of dienestrol, ecould
be extracted easly from dermatologic creams by chan-
nel-type nclusion in urea. They felt that urea inclumon
nught become a general spproach for separstion of
long-chain compounds in agsay methods The zuthors
reviewed_the esrlier lhterature on urea mnelusmion of
straxght-chain hydrocarbons and fatty acds

layer Type Some compounds such as the elay
montmonlionite, the principal constituent of bentomte
can trap hvdrocarbons aleohols, and glycols between
the layers of their lattices '® Graphite tan also interca-
late compounds between 1ts layers

Clathrates 2 The clathrates crystallize in the form of
a cage-ltke lattice :in which the coordinating compound
1s entrapped Chemical bonds are not wnvolved in these
complexes, and onlv the molecula: size of the encaged



—ponent 15 of importance Ketelaar*' observed that
%e stability of a clathrate may be related to the
afinement of a prisoner The stability of 2 clathrate 1s
'a to the strength of the structure, that 18, to the high
—rgy that must be expended to decompose the
—ypound, Just as a prisoner 13 confined by the bars
hat prevent hus esc;pe
Powell and Paiin™ have made a detailed study of
iathrate compounds and have shown that the highly
-xic agent hydroquinone {qunol) erystalhzes mn 2
age-like hydrogen-bonded structure, as seen in Figure
11-4 The holes have a diameter of 42 A and permit
he entrapment of one amail molecule to about every
wo quinol molecules. Small molecules such as methy!
virghol, CO,, and HCl may be trapped wn these cages,
_t smaller molecules such s H; and larger molecules
_th as ethanol cannot be accommodated. It 15 possible
“hat clathrates may be used to resolve optiral isomers
~] to bring about other processes of molecular sepa-

allon.
[ One offimal drug, warfarm sodium USP, 18 a clathrate
{nter. 1sopropyl alcohol, and sodum warfann in the
m of a white eryatalline powder
| Monomolecular Inclusian Compounds. Cyclodextrns. In-
" 1910n compounds are reviewed by Frank ® In add-
" 3n to channel- and cage-type (clathrate) compounds,
adds classes of mono- and macromolscular
~elugon compounds. Monomolecular melusion com-
sunds mvolve the entrapment of a mingle guest
<lecule mn the cavity of ane host molecule. Monomo-
~zular host atructures are represented by the cyelodex-
rins. These compounds are eycle ohgosacchandes

\\Trapped
geast tv prsoner meleculs

contaiming & murumum of six D-(+)-giucopyranose units

attached by a-1,4 hnkages produced by the action on
starch of Bacillus macerans amylase The naturaia, B,
and vy cyclodextrins (a-CD, B-CD, and y-CD) conmist of
6, 7, and 8 unita of glucose, respectively

Their abihity to form inclusion compounds in aqueous
solution 18 due to the typical arrangement of the gincose
unts (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, wiuch 18 seen in Figure 11-5a, it &n
accommodate molecules such as mitomyen C to form
tnelusion compounds (Fig 11-5b) The mtenior of the
cavity 18 relatively hydrophobic because of the CH,
groups, whereas the cavity entrances are hydrophihc
owing to the presence of the pnmary and secondary
hydroxyl groups.}** o-CD has the smallest eavity
(nternal ciameter almost 5 A) B-CD and y-CD are the
mast useful for pharmaceutical technology owmg to
thewr larger cavity mze (internsl diameter almost 6 A
and 8 A, respectively) Water mside the cavity tends to
be squeezed out and to be replaced by more hydropho-
bic species Thus, molecules of appropriate mze and
stereochemustry can be included m the cyclodextrin
cavity by hydrophotic interactions. (See pp. 2:2-
273) Complexation does not ordinanly invoive the
formation of covalent bonds. Some drugs may be 100
large to be accommodated totally in the cavity As

HOH,C CH, OH
< enmmi——
HO OH OH

o

"wmassennane®

HaN.

H,C

pumwaSASE &S ay

-
.

/)]
;i[f 11-5 (a) Representation of eyclodastnn 35 & truncated cone {4}

tomyan C partly enclosed m grclodextnin to form an inc2pman
camplax. (From O Beckers, In.. J Pharm. 57 240 247 (989
reproduced witk permussion af the eopyTight owner )
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shown in Figure 11-5b, mitomyan C interacts with
¥CD at one mde of the torus Thus. the azindine nng

|
C
”
| SN—R

dmtm!anCuproteetedfromdegndmonmaudm
solution ** Bakensfleld et al.™ studied the mclusion of
mdomethacin wath B-CD umng an '(H-N)MR techmque.
The p-chlorobenzoy] part of mdomethacin (shaded part
of Fig 11-6) enters the p-CD nng, whereas the
substituted mdol moiety (the remaunder of the maole-
cule) 13 too large for nclumon and rests aganst the
entrance of the CPD cawity

Cydodextrina are studied as solubilining and stabiliz-

nn, benzocaine ephedrne, reserpine, and testoster-
one The aqueous solubiity of retinoic acd (0 5
hzer), a drug used topically m the treatment of acne,
15 incressed to 160 mg/hter by complexation with g-CD
Disaolution rate plays an important role 1a bicavailabil-
1y of drugs, fast dissolution usually favorms absorp-
tion. Thus, the dissolution rate of famotidine,™ a potent
drug n the treatment of gastne and duodenal ulcers,
and tolbutamude, an oral antihsbetic drug, are both
mcreased by complexation with B-cyclodextnn 3
Cyclodextrins may or decresse the reactiv-
ity of the guest molecule depending on the nature of the
reaction and the ortentation of the molecule within the
CD eavity Thus, a-cyclodextrin tends to favor pH-
dependent hydrolysis of indomethacmn in IT_.leoul solu-
tion, whereas B-cyclodextnin inhituts it ** Unfortu-
nately, the water solubility of -CD (1 8 g/100 mL at 25°
C) 15 often insufficent to stabibze drugs at therapeuatic
doses, and 15 also asgsociated with nephrotoxzaty when
CD 13 administered by parenteral routes ® The rels-
tively low aqueous solubibty of the cyclodextrins may
be due to the formation of mtramolecular hydrogen
bonds between the hydroxyl groups (see Fig 11-3d),
which prevent their interaction with water molecules.
Denivatives of the natural erystalline CD have been
developed to improve aqueous solubilitv and to avod

CH,COOH
CH40
N —Ch;

N =

)
L H—C
N N_ Y

e

Fig. 11-6 Indomethacn {Indocn)

toxiaty Parbal 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 mereasing the aqueous solubihity of CD B
According to Miller and Brauns,> a low degree of alkyl
substitution 1s preferable Denvatives with a high
degree of substitubon lower the surface tension of
water, and this has been correlated with the hemolytic
activity observed m some CD denivatives Amorphous
denivatives of §-CD and y-CD are more effective as
solubihnng agents for sex hormones than the parent
cyclodextring. Complexes of testosterone with amor-
phous hydroxypropyl -CD sallow an efficent transport
of hormope mto the arculation when given sublin-
gually ® This roate avords both metabohsm of the drug
in the mtestines and rapid first-pass decomposmtion
in the hver (see Chapter 19), thus mnproving biocavail-
ability

In addibon to hydrophiic derivatives, hydrophobie
forms of f-CD have been found usefil as sustained-
release drug carmers Thus, the release rate of the
water-soluble caleium antagomst diliazemn was signifi-
cantly decreased by complexation with ethylated p-C
The relesse rate was controlled by mixang hydropho
and hydrophihe denvatives of cyelodextrms at several
ratios.®® Ethylated p-CD has also been used to retard
the delivery of mosortnde dinitrate, a vasodilator ¥

Cyclodextring may mprove the tic charac-
tenstics of oral bquid formulations The bitter taste of
sugpensions of femoxetine, an antidepressant, 1s
greaﬂymppre:edbyeomplmtmn of the drug mith
B-cyclodextnn.

Molecular Sieves. Macromolecular inclusion com-
pounds, or molecular sieves as they are commonly
called, melude zeolites, dextring, silica gels, and related
substances. The atoms are arranged in three dimen-
sions to produce cages and channels Synthetic
may be made to a defimite pore size 30 as to se
molecules of different dimenmons, and they are
eapable of fon exchange See the review article by
Frank® for a detalled diseussion of meclusion com-

pounds.

METHODS OF ANALYSIS®

A determunation of the stolchwometrie ralro of hgand
to-metal or donor-to-acceptor end a quantitative ex
pression of the slalnlity constant for complex formation
are important m the study and apphication of coordina i
tion compounds. A bruted number of the ntore impor i
tant methods for obtamning these two quantities are
preaented here

Method of Comtinuous Vanation Job*® suggested the
use of an additive property such as the :lpnat:trt)pholtol
metric extinction coefficient (dielectre constant or th
square of the refractive index may also be used) for th
measurement of complexation If the property ror tw
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SULPHAMETHIZOLE-CYCLODEXTRIN-
HYDROXY PROPYLMETHYL CELLULOSE
MULTICOMPONENT COMPLEXES

B. Pose-Vilarnovo, C. Rodriguez-Tenreiro Sinchez, M B. Pérez-Marcos
and J J Torres-Labandetra

Dept. ds Farmacs ¢ Tecnolozts Fermashutics, Fac. ds Faumen, Unly da Sacemge dsi
Compomels, Cuxpus Sux, E-15706 Sauxage da Componels, Spain

Abstract
‘The effect of cyclodeserin complexanog of sulphemethizole (XM) was sudisd. Two systems were

tzed by thammnl snalysis (DSC) md X-ray diffiactomerry, The presence of the polymer m the
sobution incresses the affbct of cyclodentrios ~ spechily BCD - on the salubility of S\, In solld
siate, brogry inchuson complaxes enbance the dissimion bebaviour of SM buz, frown the muld-
compone complexes, the palymer contrals the relasse of the drg.

Ksywords: f-cyclodmurin, cyclodextim incinsion conmpleses, DSC, hydroxypmpyl-B-cycio-
doxtrin, hydrexypropyimethyl colinloss, stahifiry cosstane, X-my Effiactomen y

Introduction

Cyclodextrms (CDs) are water-soluble, hydrophotue torus-shaped cyche oligosse-
charides with s hydrophilic outer surfitce and s hydrophobuc central cavity In aque-
ous solutions CDs are capable of formmg mciugion complexes with many drugs. Be-
cause of thess properties CDs can be used o moprove some

properties of drug malecules such ag stability or aqueous salubility [1-3}.

For s vanety of reasons includmg costs, production capabilities and toxicology,
CDs can be mearporated mto drug formulstions m s imrted smount, and therefore, 1t
1s kmportant to develop methods thet allow s reduction m the amouat of CDy necos-
sary m a particular plenuaceutical formalstion [4]. Among these procedures, the use
of water-solubls polymers has been extensively studied o enhance the complexmg
abilities of the CDs. In fisct, it has been proven that various pharmaceutscs] polymers,
such as cellulose denvatives, have a ngnificant effect on the drug-CD complex for-
mahon becanse, a3 surfactants, they mcresse the solubllonng power of CDs. The m-

*  Awthor for cormespasdeace: Pinos- +34 981 563 100, Fax. +34 81 547 140 E-mall: Mjuss@uac o3
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teraction polymer-CD results tn physicsl-chemical changes of the systems formed,
and the solubility of the drug mcreases [5-7]. We have used & hydrophihe polymer,
hydroxypropylmethyl cellulose (KAM) which i & well established pharmsceutical
oxcynent, extentively used n controlled drug dehvery systems. K4M has been prew-
ously reported usefal in the improvement of CD complexasion [8-10], but most of the
stches carvied out to aoalyse the effect of hydrephibe polymers on the complex for-
mation with cyclodextrins were made i solutson, not in sobd state, Several papers
hvehmwhiﬂdmﬁehpwmofhnhﬂtydwm
of drugs through the fwmation of bmary and muiticomponent complexes with
cyclodexirms [11, 12]. Acd molecules - Mﬂ:n.mcmﬂ - were
included in these multicomponent systems but ant palymer molecules.
Sulphemethrauic (SM) was med s 2 model drug. It 13 8 short-actmg sulpbon-
mmde used m the trestment of infections of the wmery tract, somettmes m combine-
tion with other matibectenial agents, It Is very siightly soluble in water and tins could
be & drawback to formulste it 1 controlled relosse dosage forms, Its formulation as an
inclugion complex either with P-cyclodextrn (BCD) or
dextom (HFBCD) has showed & sigmficant teresse m iy aguieous solubilsty [13]
The aim of thus study was to prepare solid mmitcomponent systems contammg
cyclodextrms (BCD and HPBCD) and bydroxypropyimethyl cellulose (R4M) to be

Sulphsmethunie was purchased from Sigma Chenucal Co. (St Lows, MO, USA).
BCD end HPBCD ware & puft from Lmss-Roquette (Bercelona, Spain) snd Jenasen
Fharmaceutishe (Beigium), respectively Hydmaxypropylmethyl cellulose XAM
(Mothoce!®) was obtained from The Dow Chenwcal Company (Michagen, USA). AR
gther reagents were of snalytical reagent grades.

Solubillty studies

Solubility disgrams were obtamed acconding to Higucly snd Connars exethodology [14]).
Excass amounts of miphamesycanle were added to waier contamsing vanous conoentra-
tioos of cyclodextrms. The muspentions ware shaken t 37°C fr soven days.

To establish the affoct @f the polymer on the solubilty duagrams, K4AM was
added (0.1%+w/¥). The suspensions were sutociaved at 120°C fior 20 min snd equili-
brated for st least 3 days &t room tempersture, socording to Loftseon of ol [15]

The stability canstents K, were calculated mmg the following relationshrp

£ Fharm. dnal. Cal, 88 2000
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"
) 5, (@-slope)

where S, represcnts the solubility of sulpbametinzole m water without cyclodextrms.
Drug concentration was analysed spectroscopically (Shonadzu UV-240-Graphicord)
st 264 am (£, =577.31).

Preparation of the physical wixtures

Sulphamethrzole, cyclodextrms and hydroxymopyimethyl celiulose were pssed
through 0.5 mm meshes, and 1 1 SMACD matio with 0.1 g of K4M (equal smount that
18 present m the mnclusion complexes) were mxed m & Turbula T2C muxer for 10 mm.

Preparation of the inciuzion compleves

Equimolar emounts of sulphsmetinrole snd cyclodexinins — BCD and HPBCD ~ were
dissalved 1n 5% (wV) aqueous smmontum bydroxide. K4M was added to obtun a i-
val concentration of 0.1% (wh?), and the solution wes left to stand for 24 h az 4°C. The
dupersions were frazen by mmmersion m hgud mtrogen, and lyophibzed m s
Labconco Lyph-lock & apparatus.

Thermal amalysis

Dufferential scanamg calonmetry (DSC) was performed on a Shamadan DSC-50 sys-
tern with & DSC equipped wrth a conrputerzzed dats station TA-5 WS/PC. General
conditons. scannmg rate 10°C mm™, scanning tempersture nmge 25-250°C

Xy

X-ray powder diffraction patterms were recarded on & Philips X-my diffractomaeter

(FW 1710 BASED) wamng Cok_ radiston. I the diffmctograms the relative mtenmty
of reflexion pesks were recorded s a fisacton of diffimction angies 2°

Diszolution studles

The dissoluton bebaviour of the complexes at 37°C was compared with that of pure
and of phymeal sulphamethoole-cyclodextrin mixtures using hard

coloriess gelatin capsules containmg quantities of formulstion equivalent to

50 wg of sulpbsmethivale. Capsules were placed m & stambess steel box t0 svard ther
flotation. Tests were carmied out m 3 USF24 Method II sppanatus (Turu-Grau) mmg
900 ml. of distilled water and a strmg speed of 50 r.p.m. All expeniments were made
m trplicate. At pre-specified imes, 5 mi semples were extracted snd filtered, and the
cancentrahon of sulphamethizole was determined spectrophotometnically st 264 om,
The resulting dusolition curves were characterzred by the correspoadmg 0-60 mn
disschmion efficiency [16] The statisteal ugmficance of differences among fhemuls-

J Therm, Anal. Cel, 68, 2002
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ticos was eshmated by ooe-way snalyms of vanance (ocoe-wsy Anova) and the
Schefi test for multple comparsons usmg SPSS for Windows (v 10 1.3)

Results and discussion

Phase-solubllity diagrams

The effect of K4M on the solublhamg effect of BCD and HPBCD s shown in Ta-
bie L. Solubiithes of the drug 1n aqueous CD solutions (S_) were much hrgher than m
water (S,), but the imivoduction of soall enounts of X4M 10 the solutson medium 1m-
proved the solubilsty even further Thus, to obtam a sigmficent mcrense of the solu-
hilxty (up o 39% with BCD and 6% with HPBCD), the solutions have to be hested to
120°C for 20 mm (atoclsving)-

Tehle 1 Effec: of the addition of 0.1% (wh) K4\ 0 squeous [%(wh) HFBCD ead BCD saln-
s on solubiiizarina of sulpbasschizole

BCD 1137 in 7472 6649 10.000 asy 1.40
HIFBCD 137 21354 705 3938 15N 0.3 106

malubiliey of SM i pqueces slating (2396 miM)

solnhiilry In aquacesy 0. 1% (wh) wintion of the EAM (=)

solubillty ks aqueces 0.1% (w) solatios of the EAM with ssocisving process (mil)
voluhility ks squeoes 1% (w') CD welntion (mbd)

minbilky m squyens soluthe comtrapg both 0.1% (whv) KAM spd 17 (w) CD (mb)
minbiiity m aqussns sulution contaming beth G 1% (V) EAM aad 1% (wh) CD wkh
amcievng process (mbd)

Figures | and 2 ghow the phase solubilnty ciagrams of SM m equeous BCD and
HPBCYD solutions in the presence or absence of KAM. In al! eages, the solubility of
the drug meresses Imently as & function®f the CD concentration, A, -type acconding
1o Higuchi snd Cormors clasarfication. The slope of the diagrems 1 lower than 1, and
tharefiwe, the complex 13 responsible for the mcresse m drug solubility has a 1 1
molmol stchiometry [14] K4M enhanced nguficantly the solubllizmg effiect of
CDs but dad not affiect the type of the phese-solubility dhagram.

The ppareot stability constays of SM-BCD end SM-HPBCD with and without
K4M were aalculstod from the slopes of the phase-salubihity disgrems ssmmga 1 1
stociuometry (Table 2). The stabihty constants of the inclusion complexes show an
enhancement o the presence of K4M in the case of SM-BCD complex. Tius effect
waa oot fhund fiw HPECD systems, In fact, the affict of K4M was neghigihle. Sumiler
results were found by Veige [17] with HPBCD and HPMC, in dissgreernent with
these obtzmned by other muthors where the solubilzation enhancement 13 move than
smple, 1t is synergastic (10]

The concentration of SM dissolved was Ingher when s anloclaving process was

camed out. During thes autoclaving process, the nise in tempersture caused s saturs-

Ippipp
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Fig- | Phase-sohihifty sgrams of SM m aquecs BCD solntinns contanmag 0 and
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Flig. 2 Phase-solubility diagrams of SM m aqueous HFBCD solutions comtarmg 0 and

01% KM uITC

bon aod s morease m the solubinty of the drug, winch could probably lesd to im-

proved imnteractions between SM and the CD molecules, The unproved solubilization

after sutocisvmg oould be dus to the varioas electrostetie forces invalved and a facih-

tated fisting of the guest molecule mio the cavity For SM-HPBCD complex the m-

crease of wempersture after autoclzving could explan the lower value of the stabilnty

mmnmmmnmmmmu
¢

- J Therm. Anal Cal, 88 2083
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Tahie 2 Stahilicy constants (X;.1) of SM complaxes with FPSCD sad BCD

_BCD HPRCD
Without KAM ss1as M Qs M
(F=0.9684) (=0.9909)
With K4M s M “annM’
Hﬂ: 7=09715)
With KAM and mmoclaving 21551 40912 M
(F=09721) _(F09a36)

Preparation and characterioation of solld inclxzion complexes

Solid inclupon complexss were obtamed by freeze-deying winch o & common phar-
maceutscal technique nseful for prepanng cyclodextrin inclusion complexes [18]
The drug-cyclodextrin ratio used was 1 1 mol:mol s found 1n the phase solubuity di-
agrsms for both CD dentvatives and K4M was 0. 1% w¥ common polymey concentra-
twon (9, 15]

Differentisl scannmg calormmetry and X-may dfffactometry were used to charac-
termze the systems prepared.

DSC 13 a widely used analytcsl techmgue m the chamcienzation of muln-
companent sold systems 0 analyae possible changes durmg heating. In the case of CDs,
DSC can provade a lot of mirmetion on drug/CD miemactsons m the solid state.
¢an form complexes with CDs with physicochenucal properties dstinet from thege of in-
divadual cyclodextrm molecules [19]. Figure 3 shows the DSC anves of the physcal
muxtures of SM and BCD as well a3 these of the sofill binary snd mulbcomponent com-
plexes prepared by the freeze-dned method. BCD shows sn endotherre pesk from 90 to
140°C, whuch may be stirihuted to the evaparation of the adsorbed water [20] The endo-
theruc peak due to fion of the drug sppears st 20°C. In the freeze-dned complexes,

L S —

O o 10 W W W X0
Tempomntue/C
Fig. 3 DSC curves of differex SM-BCY) systemes 2 -5, b~ BCD, e~ KAM,

d - phyneal onxture SM+BCD, 8 — physxal e SMABCIVEAM,
I-SM-BCD freaze-dried compia and g ~ SM-BCIVEAM frearo-dried complex

J Therm. Anal Cal. 68 3003
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Fig. 4 DSC cuarves of different SM-HPBCD systems. 2 — SM, b - HPFBCD, ¢ - K4M,

d - phynical vaxture SMAHHPBCD, ¢ - phynical mxnore SM+EPBCIVE4M,
- SM-HPBCD freere-dned complex and g - SM-HFBCTVEKAM Gremse-deied

Fig. 5 Xy diffinction patters of diffirent SM-BCD systaene: & — SM, b - BCD,
¢ - KA, d - phymes] muxture SM+BCD, o — pliyscal moxture SM+BCIVKAM,
£-SM-BCD feare-difed compiax sad § ~ SM-BCIVEAM froaxa-diied complex

the pints show the sbsence of the charctersitxc endothermme meltmg pesk, as compared
to the physical muxtures m winch thes peak 1 clearly visihlo. The dissppearance of the en-
dotherane pesks of the drug » sttributed 10 the amorphous state and the mclusion
of the deug msde the cavity [18].

The results of the HPBCD systems were sumilar to these of BCD, the peak or the
drug fusion at 210°C disappeared m the bary aod multicomponent complexes.

Powder X-ray diffractometry is & useful techmque for the detechon of CD
complexstion m powder or mucrocrystallme states, The difftaction pattern of the
complex 18 supposed to be clearly distmot from the superpostion of each component
if a true complex exigte.

The X-tay diffraction spectra of SM-BCD binary and mulhcompoaent com-
plexes 1 compansan wrth the physical muxture are shown m Fig. 5 The dafffaction

1. Therm. Anal. Cul., 48, 2002
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¢ 10 2 0 &£H 6 6o
2agren
g § X-cxy difiaction pecrns of Gffercat SM-HPBCD sysowes: 8 - S\,

b - HPBCD, ¢ - K4M., d - physical adhxnme SM+HAPBCD), ¢ - physical mixtare
n f—mmwzﬂ'-

patterns of the physical auxtures correspond to the supenmposed diffctogoams of
SM and BCD, while these of the freeze-dned complexes show fewer and less intense
peaks. Thus mdacates that all freezs-dned compounds ave matkedly less crystallme
tham the physical auxtures or the pure components.

Sunilarly to BCD ths X-ray diffactograms of HPBCD compiexes consisted
findarnentally of s smgle very broad band, whereas theas of physscal muxtures of the

Fig. 7 Disaintion profiles of M end different SM-BCD systmms. &~ SM, b~ physl-
aal mimmre SM+BCD, ¢~ IM-BCD fioaze-driad comples, d - physcal muxnse
IMBCIVEAM sad ¢ - SMN-BCDVEAM foane-dried conplex

£ Therw, Amel. Cal, 68, 2007
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Figares 7 and 8 iflustrate the dissolution profiles obtamed with pure drug, physcal
muxtures and the mclusion complexes m water In both cases, the liberation of the
drug 1 delayed from the multicomponent system, showmg the typical profile of a
sustamed release formulation. In fact, in sprte of the stability constant of BCD bemng
Tugher when the polymer 1 present, fox the multcomponent system prepared with
KAM, the chasolutwon rate of the drug 13 lower This effiect 15 also clear fisr HPBCD
multicomponent complex. It scems that when the complex mzkes contact with the
diasalution medium, K4M swells and coatrals the release of the drug [21).

Flg. 8 Disselnnon profiles of SM and diffirent SM-HPBCD systems. & - $M,
b — physsal muxture SMAHPBCD, ¢ - SM-HPBCD fresze-dnad complex,
4 - physical muxsure SM+HFBCIVEAM and e - SM-HPBCDV/KAM
frearo-diod complex

One-way Anova of the dissohution efficiency 0-60 mun revesled sigmficant chf-
ferences between the firmmiations (BCD- F, ,,~74.09, «<0 05, HPBCD-F, =81 12,
<0 05). The Sheff® test grouped the fanmulstioos as follows

BCDr
SMABCDVESM SM SMAICD SM-BCIVKSM SM-BCD
HPBCD

SM-HPBCOVKAMSM SM+HAPBCIVE4M SMHFECD SM-HPRCD

where SM+CD are the bmary physcal muxtures, SM-CD the bmary complexes,
SM+CIVEAM the multsmponent physical mixtures sod SM-CO/KAM are the binary
physical ouxtures.

J Therm. Angl, Col., 88 2007
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These results confirm that K4M coutrols the relesse of the drug, and m fact, the
physical mixtures sod melusion complexes show, 0 both cases, the better disolution

Conclusions

Our results show that K4M could enhmnee the complexstion of SM with cyclo-
dextris in solution, Thus effect on SM solobilty m only evident if sn sutocleving
process is mncluded to promote the mieraction between the cyclodextvin and the poly-
mer, Solid multicomponent inclusion complexes with BCD ar HPBCD and K4M can
be obined by freeze-crymg and therr finmation has been proven umng DSC and
X-my diftsction techmaues. Adchitwonally, the palymer aliows to control the drug
dussolution rats extending the process.

"se (

Tixs work wes fiind by the Xoms do Galicla upder progect PCGIDTYS-PXI0058. The suthars
thenk Roqoete-Lans Bsymfia and Jansws Phermecenche fw generers dogation of BCD and
HPBCD, respactively
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Title Processes to generate submicron particles of water-insoluble compounds
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Abgtract

Submucron particles of water-msoluble compounds, particularly drugs, are prepared by
sunultaneously stabilizing oucroparticulate suspensions of same with surface modifier molecules by
rapid expansion mto an aqueous medum from a compressed solution of the compound and surface
modifiers in a hquefied gas and optionally homogemzing the aqueous suspension thus formed wath
a lugh pressure homogemzer

BA R S Y OF

A major problem m formulating biologzcally actrive compounds 1s thesr poor solubility or
msolubility 1n water For mstance, over one third of the drugs hsted in the Umted States
Pharmacopoeza are erther water-msoluble or poorly water-soluble. Oral formulations of water-
mnsotuble drugs or compounds with biological uses frequently show poor and erratic bioavailabihity
In addition, drug msolubility 13 one of the most recalcitrant problems facing medicanal chemmsts and
pharmaceutical scientists developing new drugs. Water-msolubility 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-nsoluble
compounds may be formulated by solubilization in orgamc solvents or

solutions, 1n many cases such solubilizahon may not be a preferred method of delivery of the water-
msoluble agent for thewr intended biological use. For instance, many currently available myectable
formulations of water-msoluble drugs carry important adverse warmings on their labels that
ongmnate from detergents and other agents used for thew solubilizatwon.

An alternative approach for the formulaton of water-msoluble hiologically active compounds 1s
surface-stabilized particulate preparations. Small particle size formulstion of drugs are often needed
n order to maamze surface area, bioavailability and, dissolution requirements Pace et al ("Novel
Injectable Forrmlations of Insoluble Drugs” m Pharmaceutical Technology, March 1999) have

reviewed the usefillness of the microparticulate preparations of water-nsoluble or poorly soluble
injectable drugs.

InUS Pat Nos. 5,091,187 and 5,091,188 to Haynes describe the use of phosphohpids as surface
stabilizers to produce aqueous suspension of submicron szed particles of the water-insoluble drugs
These suspenstons are believed to be the first applications of the surface modified microparticulate
aqueous suspension containing particles made up of a core of pure drug substances and stabiized



with natural or syntbetic bipolar liptds including phospholipids and cholesterol Subsequently,
sinular dehivery systems explorting these pnnciples have been described (G G Liversidge et al ,
US Pat No 5,145,684 K. J Thgetal US Pat No 5,340,564 and H. Wilham Boschetal, US
Pat No 5,510,118) emphasizing the usefulness of the drug delivery approach uhlizing particulate
aqueous suspensions.

InUS Pat No 5,246,707 Haynes teaches uses of phosphohpid-coated microcrystals in the
delivery of water-soluble biomolecuies such as polypeptides and protesns. The protens are rendered
mnsoluble by complexation and the resulting matenal forms the solid core of the phospholipid-
coated particle.

These patents and others utilized processes based on the particie s1ze reduction by mechanical
means such as attrition, cavitation, high-shear, impaction, etc aciueved by media miling, lugh
pressure homogemzation, ultrasomcation, and microflwidization of aquecus suspensions. However,
these particle size reduction methods suffer from certam disadvantage, such as long process
duration (lugh-pressure homogemzation or mcrofludization) and contarmnation (med:a mulling,
and uitrasomication) In addition, these methods may not be surtable for aqueous suspensions of

compounds with msted stability in squeous medium at the pH, lugh temperature and lugh pressure
conditions prevailing in these processes.

Among the alternatives that address to these problems s a procedure which uses hquefied gasses
for the production of aucroparticulate preparations. In one such method hquefied-gas solutions are
sprayed to form aerosols from which fine solid particles precapitate The phenomenon of solids
precipitated from supercntical fiuds was observed and documented as early as 1879 by Hannay, J
B and Hogarth, J "On the Solubility of Sohds 1 Gases,” Proc. Roy Soc London 1879 A29, 324,

The first comprehensive study of rapid expansion from a hiquefied-gas solution n tite supercfitical
region was reported by Krukoms (1984) who formed micro-particles of an array of organuc,
morganic, and biological matenals. Most particle sizes reported for organic matenals, such as
lovastatin, polyhydroxyacids, and mevmolin, were ta the 5-100 micron range. Nanoparticles of
beta-carotene (300 nm) were foymed by expansion of ethne into a viscous gelatin solution 1n order
to mhibit post expansion particle aggregaton. Mohamed, R S, et al (1988), "Sohds Formation
After the Expansion of Supercntical Mixtures,” m Supercntical Fud Science and Technology,
Johnston, K. P and Penminger; J M. L, eds., describes the solution of the solids naphthalene and
lovastatin 1n supercritical carbon dioxade and sudden reduction of pressure to achueve fine particles
of the sohite The sudden reduction m pressure reduces the solvent power of the supercritical fluid,
causing preciprtation of the solute as fine particles.

Tom, ] W and Debenedetts, P B (1991), "Particle Formation with Supercntical Finds—a
Review," J Aerosql Scu 22 555-584, discusses rapid expansion of supercntical solutions
techruques and their applications to inorgamic, organic, pharmaceutical and polymenc matenals.
Ttus techmque 15 useful to communute shock-sensitrive sohds, to produce intimate muxtures of
amorphous matenals, to form polymenc microspheres and deposit thurt films

Most studies of rapid expansion from supercnitical solution on orgamc matenals utiize supercntical
carbon dioxade However, ethane was preferred to carbon dioxude for beta-carotene because of
certain chenucal interactions Carbon dioxude 15 generally preferred, alone or in combination with a




<

cosolvent Minute additions of a cosolvent can significantly influence the solvent properties When 780\
cosolvents are used n rapid expansion from a supercritical solution, care 1s requuired to prevent de- )
solution of the particles due to solvent condensing mn the nozzle Normally, this 13 achieved by

heating the supercntical fhnd, pnor to expansion, to a pomnt where no condensate (mist) 1s visible at
the nozzle tip

A sumilar problem occurs when carbon dioxide 1s used Dunng adiabatic expansion (cooling),
carbon dioxide will be in two phases unless sufficient heat 1s provided at the nozzle to maintain a
gaseous state Most mvestigators recogmuze this phenomenon and increase the pre-expansion
temperature to prevent condensation and freezng m the nozzle A sgmificant heat mput 15 required
(40-50 kcal/kg) to mamtain carbon dicxade m the gaseous state. If tius eaergy 18 supplied by
increasmg the pre-expansion temperature the density drops.and consequently reduces the
supercritical flud's solvatmg power Tlus can lead to premature preciprtation and clogging of the
nozzle

The solvent properties of hquefied-gas are strongly affected by thewr flwd density mn the vicmity of
the flud's cntical pomt. In apid expansion from hquefied-gas solutions, a non-volatile solute 13
dissolved m a liquefied-gas that remamns erther m the supercritical or sub-cntical phase Nucleation
and crystailization are tnggered by reducing the solution density through rapid expansion of the
hquefied-gas to atmosphenc conditions. To aclueve this the hquefied-gas is typically sprayed
through 10-50 pucron (internal ciameter) nozzles with aspect ratios (L/D) of 5-100 High levels of
supersaturation resuit m mpid nucleation rates and hmited crystal growth The combmation of a
rapudly propagating mechamcal perturbation and high supersaturstion 1s a dishnguishmg feature of
rapid expansion from & hiquefied-gas solution. These conditions lead to the formation of very small
particles wath a narmow particle size distnbubion.

There are a number of advantages 1n uthzing compressed carbon dioxade n the hqud and
supercritical fluid states, as a solvent or anti-solvent for the formation of matenals with suboucron
particle features. Drffusion coefficients of orgamec solvents m supercritical find carbon dioxade are
typically 1-2 orders of magartude higher than in conventional iquid solvents. Furthermore, carbon
dioxade 1s a small linear molecule that diffuses more rapidly i hquids than do other antisolvents. In
the anthisolvent preciprtation process, the accelerated mass transfer in both directions can facirtate
very rapid phase separation and hence the production of matenals with sub-mcron features, It 1s
easy to recycle the supercritical flind solvent at the end of the process by smply reducing pressure
Smce supercrtical flusds do not have a surface tension, they can be removed without collapse of |
structure due to capillary forces Solvent removal from the product 13 unusually rapid. No carbon -
dioxade residue 18 left m the product, and carbon dicxade has a mumber of other desirable
charactenstics, for example 1t 1s non-tozoc, nonflammable, and inexpensive Furthermore, solvent
waste is greatly reduced since a typical ratio of antisolvent to solvent 1s 30 1

Exploiting these concepts Hennksen et al 1n WO 97/14407, disclosed a process using compressed
fluids to produce sub-micron sized particles of water msoluble compounds with biological uses,
particularly water wnsoluble drugs by precipitating 2 compound by rapid expansion from a =
supercnitical solution m which the compound 1s dissolved, or precipitating a compound by spraying
a solution. 1n which the compound 1s soluble, into compressed gas, liquid or supercntical flind
which 1s muscible with the solution but 1s antisolvent for the compound In this manner precipitation
with a compressed flwd antisolvent {compressed fluid antisolvent) 18 aclueved




An essential element of this process 1s the use of phospholipids and other surface modifiers to alter
the surface of the drug particles to prevent particle aggregation and thereby mprove both therr
storage stability and pharmacokinetic properties This process combimnes or integrates phospholipids
or other surtable surface modifiers such as surfactants, as the aqueous solution or dispersion
which the supercntical solution 18 sprayed. The surfactant 18 chosen to be active at the compound-
water interface, but 15 not chosen to be active at the carbon dioxade-orgamc solvent or carbon
dioxade~compound interface when carbon dioxide 15 used as the supercritical solution. The use of
surface modifying agents 1n the aqueous medium allowed maling submicron particles by the
compressed fhud antisolvent process without particle aggregation or flocculation.

mm 1 of 15
What 1s claimed 18

1 A process of prepanng a stable suspenston of sub-micron particles of a water-msoluble or

substantially water-insoluble biologically active compound of up to 2000 om 1n size compnsing the
successive steps of (

(a) dissolving a water-msolubie or substantially watet-msoluble biologically active compound and a
first surface modifier in a hquefied compressed gas solvent therefor and formung a solution of
greater than 1% w/w of said compound m said solvent and thereafter;

(b) expanding the compressed fhud solution prepared m step (2) mto water or aqueous solution
contarmng a second surface modifier and water-soluble agents thereby producing a suspension of
mucroparticles, and thereafter

(c) homogemzing the suspension of step (b) at ngh pressure.

If you want to learn more about tins patent, plesase go directly to the LS, Patent and Trademark g
Office Web mtte to access the full patent.
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New Partide Engineering
Improves Drug Solubility

Scanning electrun micrographs of the androgenic steruid danaral show significantly more
complax structurs and greater surfacs ans resuiting from trestment by evaporative precipitation
Into agueous solution (EPAS) EPAS i3 one of a purtivlio of proprieiry solubdization tacimwoilogles
used by Dow Chemical’s BloAquesus solulnhization services. Pholo A shows untreatad
micromnzed danazol crystals.
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Technolog;

ceording to industry studies, more

than 30% of new chemical entities

developed dunng drug duscovery
effonts exhibat poor solubility character-
wtycs, severely luniting thewr therapeutic
usefulness. Today, however, recemt
advancements in particle engineening
technology may be apening the doorto a
host of drug compounds previously con-
adered unviable.

Because dissolution rates are related to
surface arex, one approach to mueesing
solubilization 15 to prepare drug parhcles
of umformly small srze and hugh surface
area. To mke advantage of this, Dow
Chemical Company (Midland, MT) has
developed a senes of techmologes to pre-
puresuch nanostructured particles and s
making themn avalable to pharma com-
pames through a new custom service
program aimed at overconnng such dis-
solution-rate hmited drug compounds.

The company’s BioAqueous Solub:-
lrzation Services currently incorporate
four different technologcal
controlled preapitation, tempiste emul-
sion, and two new advanced particle
engineening techmiques codeveloped
with the Univermty of Texas at Auson—
spray freezing 1nto hgqmd (SFL) and
evaporszve precptisbon min aqueois
solunods (EPAS) (see sdebar)

As described by Dr Ed Elder, pharmn-
ceutics director, Dow Pharmecruncal
Technologies, “We recogmzed thag there
wis a need i the industry not beng
addressed, so we began worlang with the
Univaaty of Texas to combine thar
expernse w1 cherucal engnecenng as well
as pharmaceuncal technology De hath
Tohnston, UT professor of chenucal e
neering, worked 1n paralld wath Dr Bill
Williams, professor of pharmaceutcs at
LT 1 College of Pharmacy Savs Johnston,

&



In the Field

“Chemal epgmeenng end pharmaceuty- R RTINS PSIN VIR

al saence are extremely synesgst. The e Tr————r——
wark wouldn't hieve been possblewithout = g the conded swcialaton. gy
colleboranion between our two groups™ -

Although both the SFL and EPAS the drag compeund of Interest i dlasived b o' qunq_-uuuadu
techruques are spphcable to other mdus- .« ¥ter-mbdble schest 28d fapesed lato weter dwuamwm x,
tnies and processes, Johnaton ponts out qu«gg‘m hh *uh--l'dﬂ:lﬂlmw ry
ﬁ?ﬁu&u?ﬂbﬂwﬁaﬁ mm-unmhu duqmmun-un-

ified for the drug solubihzation mmmnm-um apsallzsthon a0d forn smarphes .
apphcation “For example, 1n SFL we do ‘f e laet 8 IM ....\-.i = .'.1-1r ‘“i'f;

the spraying directly withia the ayo-
gemc flnd atself Thus leads to smaller

. s

ﬂhhﬂpﬁhﬂdﬁ'«h “'-huhunﬂm -

parncles at faster freezing rates” p of the dg Dartici. The Sorew S %,

For pharrasceurical companes, of Eo s
course the ebthry to industalze by popiintn e
processes s 3 primary concern. As noted foenze: drying, resalting i & highly
by Johnston, “The beauty of SFL s that Aty oamy
you can go from spraying solubon n a ot i en 5 i fote openss , |
seTucantinuous process to the final dry Rl Tl PSR
powder 1 a relatvely fast, highly te- = ki A g & e
grated Eashion. Solvent removal can be mzmuhdrlﬂi aater-dacoleble soivent aad stemired ho watr 7
acomphshed evther via lyophilizaman 1n uﬁmhhdhhm shove the solvent’ bolliag polet. The gk -
“*:Wﬂwumﬂmdmd:dm mhmwaﬂﬁlni q_d-uudu-luhu
umng dry o defimipe advantages w . A
the Sudized-bed technology” solvests and stabllizers, emwision stablity & water phase Games [he tulh‘_d

As described by Elder, ulumazely, o achieved with m, o suppemed, “Drtwald  sanestrectured parties. The sclvent and/or e
murnber of tators have to be connderetl mmmma water ghase castale the stabilleers for the
before choosng which technologcal mummqu mmwu--m
spprosch  wpply o & purtclsr drug 5yl frn'n # spiem et e oy e bl e e kaed fomthe -
mance, cost, and complexatv all must be ~ e afew ey apid. - anmens phacs by sodad tchaiques. - v

consdered before we can reconimend an

approach. It's sheolutely essential that we

completely understand all of the oruque

challenges associated with the molecule. In addition 1 our own
studies, we also work to e the customer’s exsthng data”

Johnston sgrees, pointing out that “there are definite aspects
of phase separahon rates, surfactant to drug ratws, and particle
mocphologies, that mus be conndered 1n deagrung processes
for parncular goals. For example, SFL leads to faster phase sep-
arstw than EPAS”

Ultmnarely, Elder says alternative salutions, each with speal-
wally defined advantages and disadvantages, will likely be pgp-
posed to customers. “The final chosce will result from & close
workng relahonship with the customec. In addition to select-
ing the nght rechnology, the optimurn addinves and stabihzers
will also have to be determned ®

Work at the University of Texas will conhume as researchers
look for new wavs to improve existing processes and to develop

new ones. Says Jobmston, “We're continually achieving s better
understanding of how to stebilize these particles with very Ingh
drug to surfactant ranos, utiining very rmall amounts of exxp-
tent m terms of the dosage forms. And, we're also focumng on
bow to further control parhicle nzes”

Meanwhile, Dow will be makang use of its contract manu-
factonng facility 10 Midland, Michugan, to provide a conmmer-
aal-scale manufscrunng capability for each of the four tech-
nolopes. The company u» currently capable of kilo-scale pro-
duction to meet the needs of Phase II and Phase IT] dimecal try-
als. Savs Robert Connors, Dow Pharmaceutical semuor new
busness development leader, “We expect to be workang dosely
with 2 oumber of pharmz companies to evahmte the apphes-
biliry of our technologies to their products

John Haysteod
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The offect of panide size on hcavailability of 9 different formmulations with cyclosporme A was studied.
A cormmon feature of afl the foromlatons was the sbility to form submecron dispermons under diluoon. The
compomton of ndividual formulatsons was chosen m sach'a way that they were based on same or smilar excrpaents.

For each formulation,

study was camied out m beagle doge. On groups of 10 dogs, the average

pbarmacokinete
AUC was cvaluaied. Particie szze of fonnulatons under diluton m water was messared by laser scattening method.
According to the results of partice nze measurement, the formulabons were sorted out meo groups of similar
particle nze dstribution by use of two methods of muitvanste statisucal snalynis, The average AUC wathin groups
and betweey-groups was compared, and the effect of parncle aze on bioavaulability was evaluated.

INTRODUCTION
Cyclosparme A, an immunosuppressive drug, was
mroduced wto the therapenc m 80y Asa

poarly water-soluble compound, it was ariginally for-
mulated min a ipophilic medhnn prowdmg crude amml-
mon after dilution with warer Since that tme, a lot of
effort was pud to the improvement of cyclosporine
bioavailabilny. One of the first reported
exther for co-sdmmustratzon of long- and medinm-chan
tnglycendes ar reporoed for sucross lnmate, were azio-
cated with formanon of mmed mucelles m the gut or
small intestne (1, 2). Purther approaches mcluded for-
mulations besed on formation of Bposomes (3, 4),
nanoparticies, or Gquid crystals (5). The common fea
ture of these approaches was (0 conixol the ersatyon of
some kind of depersion m cuther the fluxd for admms-
traton, or m stomach, or gut or small mtestine. There-
fore, seif-eptablishmg subnuieron dispersions ware
genenally preferred for ths purpose. After ancroemut-
sions or mcrocinon preconcentrates were introdnced
in 90°, the size of particies hes been considered an
mnportant and almost crucml facinr affecting the bm-
wvailabiluy of cyclosponne A preparations which are
based on the formanoa of suboucron dispersions (6).
To venfy such an assumption 1s not a simple task
once a formulation has a controlled sze distribubon
ndependeot from the conditions of adsumstranon (ie.,
from diluboa, ounng ume and speed etc), & can be
changed onlv by o change of the rano of indmvidual
excapients or by replacement of the exeqprents. Hence,
any change of bioavailabilitv can be aaributed to the
effect of a particular excipient rather than to the effect
of parncle seze of the formulation For the reason we

tned to prepare formalabons whach would duffer in the
sz of partles that the formulatons form after diln-
non by waying only the same or umilar excpeents. In
ths way, we obtamed 9 dafferent formuianons m which
the cffect of excapients was munimzzed and the partice
szze of wisch ranged from 10 1 500 am.

Annther problem 18 how to evaluate the particle e,
Obvicusly, the me of one smgle parameter liks the
average purticle diameter, hydrodynanwe dameter or
aggregete molectiar wesght can be msleading not caly
becuse of not reflecting the particie shape, but also
becanss of mesiomg the mformation about particle sze
distribubon. The approzch used in ths study was
compare the sanilanily or disemilanty of partscla stee
distribuhon by mesns of statistical methods for mult-
varsie analyus. Two independent methods were used.
the prmexpal component analysls
analysls (CA). Th evaluate the effect of partwcio sive on
beoxvailahility, the sveraga AUC was compared for those
formmuiatons whach showed sigrificant difference w par-
ticle sixe distribution both by PCA and CA.

METHODS

Mazerials

All the formukatons tested were prepared on labo-
ratory scale equpment m laboratones of Deparmment
of Biophsrmacy and Pharmacokinetics, IVAX-CR, as.
Czech Republsc. Excipients used 1n composition of indi
vudual formulations were commeraally avalable mate
nals of pharmaccuucal grade. The quali-quantitarive
compaomnoa of all 9 formulanons 15 hsted i Tabie 1

'5?4 15@\




Beagle dogs, males aged between 12-36 months of
weught 9-15 kg were used in cach pharmacokwmetc stady
The dogs were fed with a standard pellet dret m a quanuty
300 g per day with water ad lbatum.

Each indradual formmlanon was sdmmisiered with
a doging pepette m a form of pre-diluted disparnoa as
a single dose of 100 mg cycdospotine A. The admmmstrs-
ton was preceded by 18 b fasting penod. After adminis-
tranon, biood samples were taken m 0, 1,2, 3, 5, 8, 12,
and 24 hour mervals. Samples were analysed for cyclo-

area under the curve (0-24) was calculated.

Blood collectson

Blood samples were takan from foreleg vem of the
dogs mto tubes with EDTA K3 (1,5 mg/ml). The sam-
ples were mmediately frozen at -20 °C snd kept m
a freeger until anmlyss.

A decerrumation
Non-spexific RIA sssay for cyclosporme A, IMMU-
NOTECH, Pragne, Cyech Repubbie, RIA

Cyciosparme

and us metabohtes, Car. #1444 was med. 50 of blood
sample were extracted with 950 ul of methanol. After
ceatrifugaton (1600 x g, 5 muntes, S °C), 30 ul of
extracted samples, coatrols and standards wess trans-
ferred mio polystyrene tubes. 100 ul of *1-CyA and
50 Wl of polycional antibody was added, The reaction
tabes were incubated 3 hoars at 25 “C. 500 ul of separs-
tng reagent was added and reaction tubes were mncu-
bated 1 hour at § °C. Afer ceniifugancn (1600 x g,
20 mmutes, 5 “C) and decanting the supernatant, the
bound radinactinty of calibrators, controls and samples
were measored. All calibraiors, controls and samples
were made m duplicates. The radioactrnty was measu-
red usmg gamma scrtiliation counter MULTIGAMMA
1261 (KB, Finland). The results were calculated usng
WiaCalc software (LXB, Finland). The calibratwon range
of RIA (noo-specific) method was 8-1680 ngiml, Func-
tonal senntivity was calculsted at abont 8 ng/ml. Withm
aspay precamon lied az 472 og/ml - 6,0 %, at £36 ng/ml
- 4.2 % Between asasy precmion st 347 ag/ml - 5.7 %
8t 754 ng/ml - 5.6 %. The analyms were performed by

tional External Qualhy Assessment (DGKC - Deutche
Geselischaft fir Kinmche Chenue, Rmgversuch fiir
Ciclosporwo).

A. Vnina, T Andsysek

Forncle sive determunation

Particle mee distribution was measured by quasl
eclastic hght smtrenng method (QELS) usmg Araser
(Le=el Laser Inc, USA, A = 514.5 nm, cutput power
50 mW) as a Sght source and the BI-9000 AT digiat
correlator (Brookhsven Instruments, USA) as a detec-
o The detector and light source arrangement was set
up 1 angle 90" by BI 200 SM gomwomerer The samples
were prepared by dilunoa of concentrates with redmtilled
waler at rano 1:20 followed by standard homogenrza-
100 in ultrasosic bath (10 mun). All measurements were
done at 25°C

The anmcorrelation anves and the scamered lighe
mtenmnies were processed by Brookhaven softeare for
dynamuc Tight scatiermg. Particle size duiribution spec-
tra obtamned were transformed to equal scales. All measu-
rements were done by Department of Chexméal Theory
of Drugs, Faculty of Pharmacy, Commensms Univernity,
Bratigiava, Slovak Repubhe

WinNoalm 1.1 (Scientific Consulung Inc., USA). Their
Multrple-range analysn, Two-sample snalyns and Box-
and —~Whsker plots were dooe m Statgraphs, v 740. T
resolve formulations min groups, pnnopal component
analyss method and cluster analyss method ot S-Phus
2000 (MathSoft [nc, USA) were used. Brdirechonal
comparison of buoavailability versus particle sze was
pesformed: for puns of formulancns whach were sdean-
fied a3 substantially different from the particle drstribu-
tion szxe pomt, two-sample comparson of AUC (0-24)
was done. Vice versa, formulanoas sdentified as sgmé-
cantly differcat from the tuoavallability post of new

the powt of their particie sive distribubon.

Pharmacokinetic stadles

‘The resulis of incavailability studies 1 dogs are sum-
marzed m Thble 2. The graptucal analyss of the results
is donc by meamns of Box-and-Whisker plot (Figare 1).
As can be seen from Figore 1, fornmistions 1261 amd
L 267 sppesar © be sgaificantly different from the pont
of thesr baoavailabihity m dogs. As possibly chfferent can
be wdentified also the pairs of forvmulstons L267 - .249,
L267 1272, and L267 - L300,




The effect of paricle som on bucavailability in cyclosporine preparanons
based on submucron dispersions
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Mg L Boz-and-Whisker Plot for ADC(0-24) of Enesalasions
L251-1.300

Another siamencal method, maltiple range analyns,
requures suwiable catenon to be used for speafic case.
The Least Signifieant Differencs (see Thble 3) method
provaded the most powes m i case and
coafirmed the significant difference of L2561 and L 267
formuianons as well a3 that of formmuiatons 1267 - 1268,
L1267 - 1272, and 1267 - L300. The Talay HSD and
Bonferroni methods wdentified oaly the formulahons
L1261 and L 267 m different. The Schellé method did
not found any pasr of formulathons sgndicandy differ-
ent fram the pomt of ALC(0-21).

A Viuna, T Andrysck

Partcie nze determination

The daoibubon of partide sfzes of indivedual for-
raglatons i grven m Thbie 4, These data were processed
by Pnnapal Component Analyns. As can be seen from
Figure 2, more than 54 % of the vanability m data can
be cxplained by onc pnocipal component and other
26% of varmbility by the sccond princpe] component,
Oxber contpoucnts 3, 4, S, 6 and 7 contribute to the
description of vanahihry m duta by addmanal 8 %, 5 %,
3 %, 2 % and 1 %, respectvely

It can be concluded that the mayor past of varabihty
o data { > 80 %) can be explsined by componenty
land 2,

When the mformation contamed m each parhcls
mxe distribution spectrum s described by two prncipal
components only, the 9 formulatons can be divided
mito 4 differeqt groups of formulatons having sumilar
particis son distribution it group and diffisrent par-
tcle size distribution between groups. The sitoation =
graptucally shown m Figore 3. Group I meludes formu-
lations 1261 and 1263 (soc also Fig. 4), Group II com-
ssts of one focomulznon 1267 (see Fig. S), Group II
mclodes formulanons 12672, 1272, and 1273 (sce also
Figure 6), and Group TV mciudes formulatons 1269,
L271 and L300 (see Fig. 7)-

‘Thabia 3. Muoktipic Range Axalyshs of Biowrailsbility Remits of 9 Texed Formuladions L) - L300
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Fg. 1 Principal corpossst asslysls of Particls Sixs Distribetion

Groupe I, ITI and IV are subscanttully from
cach other from the polat of particle sax

On the other hand, foromulations being wathio the
group cannot be conndered different but rather

with respect to the dustribubon of particie saes.

Another stattical mathod winch wag need for evalos-
tion of the umilanty or dsumilarity of particle m
dmstributions o the cluster analyms, As cap be seen from
Fignre 8, the formulanons L2351, L 263 aod 1300 are

clagufied a3 related (sumular) formulanons, as well
the farmulanans 1267.2, 1272, and L273. At the same
time, these two groups are relatrvely distant and sub-
stagtially different from one asother Gronp IV meln.
des formulations £.269 and L 271, and also formulsrion

Fig 4 (a b) Paniclo Sins Distriegion of Formrsiations 161 and
L.243 resolved s sonilar by PCA myethod - Groap 1
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The effect of partacie sizs on doavailability in cyclosporme preparations
dispersions

bazed on nuberucron
DISCUSSION

Which 15 concerniag the rexalts of multiple compan-
sons, the Schefi method (7) prodaces the wadest mier-
val statements and thas it i the most consarvative. For
thn the Takey method (B) secms to be the
maost squtable, The same result prondes the Bonferroni
method. Therefore, we consader the hagavailability of
formulations L261 and L267 to be sguficantly chffe-
rent, the buoavailabilty of 1261 to be agmficantly higher
than that of 1267 Surpnungly, the formulation L261
forms one of ‘the largest partcies (smilarly a8 1.263),
and the formulation 1267 forms very fine pardcies hav-
ing maximom parnels count around 25 om.

Formmulations 1.267.2, L 268, 1271, 1272, 1273 snd
L300 are all lughly bicavaflable, thew average AUC
(0-24) lics m the range 10,000-14,000 gLk, If we iook
at thesr particie szze distribution, formulatinns 126722,
L1272, and L2713 arc cassified as diffeyent from formula-
tions L2689, L271 and L300. However, all of them have
manmum particle count for parbcles m the mnge from
10to 50 om, 50 from practcal poant of wew, the differen-
cex in purtcle mzes in the range can bardly tell some-
thuag about thelr effect on shaorphon and nosvailability

Vico verna, the maxiomm difference m particle sixo
was observed for the fwnmulation 1272 os ooe sde (x
forms the smallest parncles) and formulstions 1261 and
1263 on the ocher mde (they Sorm the targest particies)
If we ook xt then huomvafluhificy, there Iy 20
difference between thess two groops, as the AUC (0-24)
of the L7272 formulations s m betwoen the formmlanons
1261 and 1.263. From these data, it seems that partcle
sze is oot the key chamuctenstc which affects the

'Whea particle size 13 not the key factor, a queshion
arises what other characterisne can explain for the dif-
ferences m ahsorption and bioawailability of duifferent
cyclospanne A formylations. Ons of the posible expla-
mahous s that the actual contact surface can be the.
answer (o ths question. It can explan bach for the fact
why some cxperimentss showed that the rednction of
parbcle soe led t0 an enhancement of shenrpedon of
cxciosporme A, as well as for the fact why some fiormm-
lanous are highly nosvailable even they form
wvery large particies m solubon. In our opfaon, the rea
son fior lngh absorphion of some large particles forming
formulanon fies 1n the deformation and/or adhesve
charsctersixs of such particies, which are able t pro-
duce much larger effective contact surface at the eprthe
hal Isyer than wouid correspond to their approxmation
by ideal sphenicat shape.

15

CONCLIUSION

We have proved that it w possible (o prepare diffs-
rent formmlations with cyclosponne A which have dif-
fierens pasticie xze distribution but the same or amilar
bioavailshihty 11 dogs. Acconding o our resulls, m the
submicron regon, the particle s distribubon of for-
muistions based oun scli-cominfymng drog-delvery sys-
tams does not expian fior the differences 1n taoavailabilny
and = oot the key characterntes whach has to ba ob-

served when formmlating the seif-coninfymng drug do-
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Glassy S lid Solutions of Poorly Soluble Drugs in isomalt %gé

for a Rapid Bioavailability
M Langer, N A. Urbanetz, B C Lippold

' Insttut fur Pharmazeubsche Technologie
Heinrich-Heine-Universitit Dusseldorf, D-40225 Diisseldorf

Commonly, the term sofid dispersion means the dispersion of one or more acfive ingredients
in an mert carrier or matrix at sofid state prepared by the melting, solvent, or meiting-sofvent
method Four types of solid suspenslons and twa types of solid solubons exist, considering the
crystalline or amorphous state of the respective drug and camer as well as the level of
dispersion [1] Glassy sokd solubons are a spectiic kind of solid dispersions, wherein a drug is
dissolved in an amorphous camer at the malecufar level In order to disknguish between solid
suspensions and solid solubons m the case of isomalt as carner, hot stage microscopy (HSM),
dissolution tesbhng and differential scanning calonmetry (DSC) are used

- o~ e

The camer 1somalt {1-O-a-D-glucopyranosyl-D-mannit dihydrate/6-O-a-D-glucopyranasyi-D-
sorbit) i1s registered as sugar substtute and 1s manly used for the producton of sugar free
hard candies Isomait can be heated above its meiting point without decompossion By cooling
the melt to room temperature g solidfies amorphously with a glass transiton at 60°C Other
sugar polyols exhibit lower Tg values, e g mannstol and sorbiiol have reported values of
10 7°C and 0°C Thus, glassy systemns of isomalt should be more stable than glassy systems
of other polyocis Carbamazepme 1s chosen as model drug, since it 1s well known that the poor
solubility and polymorphism can mitate its bicavailabifity Sohd dispersions of carbamazepine
in 1somalt are prepered exther by melting the ngredients up to 205°C in a meiting pot or by
DSC heatng scans ¢

By HSM, § % carbamazepme are found to be nuscible with isomalt in the liquid or moiten state
at 190 to 200°C Nevertheless, when cooling the meit to room temperalure, molecular
dissolved carbamazepine recrystallizes immediately as can be gbserved macroscapically” The
transparent system changes Into an opaque sold suspension Only the addibon of a2 specl
excipient leads to a glassy solid solution of carbamazepine in 1somalt as can be proved by
DSC scans and dissolution profiles of solid dispersions with different compostions According
to the dissolution studies, only 2 % carbamazepine are soluble in glassy i1somalt at room
temperature whereas 10 10 15 % carbamazepne are dissolvable n the isomalt sysiem
containing 25 % of the special exapient By f)ounng the ternary melt into 2 g tablet moulds,
highly transparent glassy tablets with a hght yellow appearance are obtamned All tabiets show
‘a significantly enhanced dissolubon rate of carbamazepine up to 10 % actve ingredient
compared with the respective physical mixture



DSC studies udenbfy the commeraally
avallable carbamazepine (scan 1) as
polymorph § refernng to Kobayash [2],
which 1s thermodynamucally stable at
room lemperature and melts at 176°C
Polymorph il 15 preferred above 71 °C
and melts at 190°C In contrast to isomalt
alone as carmier (scan 2), form | gradually
dissoives in the fiqud Isomalt/excypent
mixfure (scan 3)

The solid solution of isomait and the
excipient exhibits a 6°C higher Tg as
Isomalt and no enthalpy relaxaton peak
after 15 minutes of storage Thus, the
excipient prevents the system from
recrystalizabon by specific interactions on
the molecular level, hereby improving the
solubiity of carbamazepine in somait
With respect to these findings, 1t seems
nacessary to use special excipients in
order to dissolve reasonable amounts of
carbamazepine i glassy momait

DSC scans Carbamazepine alone (1),
physical mixture with 1somait (2) and

I lum with wsomalt/excipient 3

2

Toxperatme ['Cy

[1] Urbanatz, N A. 1588. Thesis, in prass
{2] Kobayashi, Y., intamational Jounal of
Pharmecsutics, 183 (2000) 137-148
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PHYSICO-CHEMICAL CHARACTERISATION OF GLASS SOLUTIONS PREPARED BY MELT 6‘9
EXTRUSION )

Angus Forster
WW Physical Properties, GisnSmithKing R & O Stevenegs

Melt extrusion has been used as a processing technique since the tum of the century and Is
employed in the manufacture of the majonty of plastic goods Withun the pharmaceutical Industry the
use of melt extrusion 15 ncreasing, particularly in the fisld of sold dispersions Sold dispersions are
homogeneous madures of one or more active Ingredients In an inert matrix and are predominatety .
used as a means of increasing the oral woavailabiiity of poorly water-soluble drugs [1]

During melt extrusion, drug is incorporated into an exciplent by malting or plasticising both the drug
and sxciprent. Rapid cooling of this molten mixture favours the formation of glass solutions, where
the drug is molecularly dispersed throughout an amorphous excipient [2] Glass solutions are the
ideal type of sold dispersion for increasing drug dissolution and oral bioavaitability (3]

One of the most.fundamental Issues facing the pharmaceutical screntist when working with solid
dispersions is how to sufficently characterise the product Bym and co-workers have constructed a
well-known series of declsion trees that describe steps that should to be taken for characterisation
and subsequent registration of a sold product {4] None of these decision trees specifically address
solid dispersions as their Intent is Yo characterise the sohd 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 ta be taken to fully
understand the meft extruded product With this in mind the taik focuses an the following key
points

Determination of the type of solid dispersion produced

Detection of the presance of chemical interactions between the drug and excipient
Measurement of drug dissalution compared o crystalline drug

Assessment of the physical / chemical stability

To properly address these problems a wide-range of solid-state anatyhcal tests should be
considered Increasingly the use of spectroscopic lechmiques Is gaining prominence in ths area,
because of the rich chemical Information supplied and the limited amount of sample preparation
required For example, FT-R with an attenuated total reflectance (ATR) accessory is particularly
suited to the analysis of glass sofutions, as interactions between the drug and polymer are thought
to be of particular imporiance for increasing or potentially decreasing both physical and chemical
stability

Perhaps, the most problematic question Is how,to assess ar predict physical stabilily Modulated \
temperature DSC can be usdd to measure the glass transition temperature (Tg) of glass solutions

and determine the effect of sorbed water on the Tg Critical levels of moistura that lower the Tg to

below the storage temperature and therefore encourage recrystallisation can aiso be predicted

using various equations [S] However detarminatron of the Tg for a range of water contents with

MTDSC has shown that significant dewvration between the theorehcal and measured Tg may occur,

which may have a dramauc impact on stabiity predicuon 6]

1 Sersjuddin AT M. (1998) Solid dispersion of poordy waler-sefuble druge. esdy promises. subsaquent prablarne and recant
braskthroughs. J Pharm Scl 88, 1058-1008 -

2 Grinhagon H H (1996} Palymen drugr-melt extrumon. therspeutic and lachnological appesl Pherm Tech Eur 11 22.27

3 Shampin S L and Zografi G (1999) The sifacts of absorbed witer on the proparties of amorphous midures <ontaning sucross
Pharm Res 16, 1118 1124
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Properties of rapidly dissolving eutectic mixtures of poly(ethylene
glycol) and fenofibrate the eutectic micrastructure

Law D, Wang W, Schmitt EA, Quu Y, Krill SL, Fort JJ

Pharmaceutical and Analytical Research and Development, Global Pharmaceutical
Research and Development, Abbott Laboratones, R4P3, AP9, 100 Abbott Park
Road, Abbatt Park, IL. 60064, USA. devaiina law@abbolt com

Poly(ethylene glycol) or PEG is an ideal inactive component for prepanng simple
binary eutectic mixtures because of its low entropy of fusion ( approximately

0 0076 J/mol-K), lower melting point (approximately 62 degrees C) compared to
most pharmaceuticals, miscibility with drugs at elevated temperatures, and its
covaient crystalline lattice Implcation of these physicochemical properties on
eutectic crystalhizahon and size reduchon of the drug 1s discussed Enhancament of
the dissolution rate of a poorly soluble compound through the formation of PEG-
drug eutechics was investigated using fenofibrate Solid dispersions of PEG-
fenofibrate when charactenzed, revealed that PEG and fenofibrate form a simple
eutectic mixture containing 20-25%(w/w) fenofibrate at the eutectic point. Eutectic
crystallization led to the formation of an wregular microstructure in which fenofibrate
crystals were found to be less than 10 microm n size Dissolution rate
improvement of fenofibrate correlated with the phase diagram, and the amount of
fenofibrate released fram the dispersions that contained fenofibrate as a eutectic
mixture was at least 10-foid higher compared to untreated fenofibrate On aging,
the dissolution rate of the dispersion containing 15%(w/w) fenofibrate in PEG
remained unaltered The results indicate that PEG-drug eutectic formation 1s a
valuable option for particle size reduction and subsequent dissolution rate
improvement. Copynght 2003 Wiley-Liss, Inc. and the Amencan Pharmaceutical
Association
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SOLID DISPERSIONS OF NIMODIPINE AND POLYOXYETHYLENE -AN
ADDITIVE PREVENTS THE DRUG FROM RECRYSTALLIZAT! N

N A Urbanetzand B C Lippold
Institut fur Pharmazeubsche Technologie, Heinnch-Hemne-Unversitat Dusseldorf
Universitatsstr 1, 40225 Dasseldorf, Germany

Introduction The insufficent solubility of many new drug substances In watear as well as in the aqueous
gastric fluds cause problems in hivavailability The development of solid dispersions s an appropriale
megns o overcome these problems and to guarantee a reasonable bloavailabiity Several methods
axist to prepare solid dispersions the meibng method beng tha most convenient The melting
procedure inciudes the melting of the camer, the subsequent dissolution of the drug within the meit and
finally, the coafing of the obtained solubon Dunng the coofing process the molecular disparsion of the
drug within the canier may be maintained or the drug may recrystaliize as a result of the Increasing
supersaturation due to the lowering of temperature Moreover recrysialiization can take place dunng
storage as wall The precipitation usually leads tv a decrease In the dissoluton rate of the drug in“the
dissolution medium as amarphaous matanals dissolve faster because of ther higher solublity Therefore
an attempt has baen made to pravent the drug from recrystallization

Materlals and methods For the preparation of sofid dispersions by the melting methad
polyoxyethylens 2000 has been chosen as a camer due to its low melbng point Nimodipine a poordy
soluble caicilum channel antagonist was used as model drug The characterizabon of the products was
performed by dissolubon tesing differential scanning calorimetry (DSC) and hot stage microscopy
(HSM)

Results and discussion Sold dispersions of mimodipine In polyoxyethylens 2000 sxhibit a low
dissolutiori rate and lack the capability to supersaturate the dissoluton medium The hugh tendency of
palyoxyethylene 2000 in crystallize during the cooling process or during storage probably leads to an
expulsion of the drug from the crystal lattice of the carder As a result, the drug first concantrates In
areas of iower crystallinity where it subsequently recrystafiizas Itseif when the concentration axceeds
the solubility within the carrisr Unexpactedly, invastigations by DSC can not prova the axistence of
crystaline nimodipine in these products Thermograms only exhibit the melting of polyoxyethylene
2000 In contrast, examinations by HSM reliably allow the detection of fine mmodipine crystals after the
meitng of polyaxyethylene 2000 Subsequently, as the healing program contnues, the gradual
dissolution of thase crystals can be observed

The aim of further investigations was to avoid tha recrystalizabon of the drug within the carrier In order
fo obtain sohd dispersions with more favourable disaoiution profiles In contrast to most binary mixturas
of polymers where the two components are Immiscible, it has been found one polymaeric substance to
be soluble in polyoxysthylene 2000 The two polymers together form & new homogeneous cartier
material The dispersion of nmodipine in the composad carrier leads to a product wvith an enhanced
dissolution rate and a pronounced supersaturation in the dissolution medium Investigations by DSC as
well as by HSM indicate the absencs of nimodipina crystals in these systems Thus, the new camier
matenal proves to he suitable for the preparation of solld disparsions with favourable dissoiution
properhes

Summary The reasonabla development of soid dispersions contalning mmodipine and
polyoxyethylene 2000 with favourable dissolution profiles 13 hased on the proper characterization of the
obtained products by thermal analysis In this context. HSM proves to ba an assential tool for the
corract interpratabon of DSC thermograms By these means it 1s possible o ascribe insufficent
dissolution properties of solid dispersions containing only nimodipine and polyoxysthylene 2000 to the
presence of crystalline nimodipine within the camer Thus the addition of a substance which prevents
the drug from recrys'aliizaton successfully leads to products with a high dissolubon rate and a
pronounced supearsaturabon m the dissolution medum

Fh
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B.0Aguaous Solublization Saracas Tachnologies for Better Solubiization

Lead Technologies

Controlled Precipitation in this section
A technology that creates crystalline nanostructured
drug particies with rapud dissolution rates. With this

technology, the drug ls dissolved In & water-miscible Lead Technolagies
salvent and dispersed Imto water Nanostructured
drug particles are formed from the solvent droplets Ercdf of Performance

as the solvent dissolves into the water phase

Stabilizers are added to the water and/or solvent to

control particle growth and to stabllize the final particies The stabilized parhcles are
isolated as dry powders by standard techmques.

Template Emuision

A technology that creates nanostructured drug particles with controlled particle size
distribution and rap«d dissolution performance With this technology an ofi-in-water
emulsion Is prepared then swelled with a non-aqueous solution of the drug and
stabilizers. The particle sze distribution of the drug particies is a direct resuilt of the size of
the smulsion droplets prior to loading with drug, a property which can be controlled and
optimized i thus process. Furthermonre through selected use of solvents and stabrlizers,
emulsion stabllity is achieved with no or suppressed Ostwald ripening Subsequently the
solvent and water are removed, and the stabifized nanostructured drug particies are
recovered Varlous particle morphologles can be aciweved by appropriste control of
processing canditions -

Spray Freezing into
Liquid (SFL)

b A novel, cryogenic
technology to create

nanostructured drug
particies with greatly
enhanced surface area
This technology consists

# ——Darrel 3FL ——{ of anorganicor

Armaunt of Dandas)
Salsasad PR}
4

~#~Dinizal A-Recereid ~ Msimzery | organocaqueous solution
—a—Osnagel As-Rrceved —| of adrug with stabillzers,
-7 which 15 injected into a
s cryogenic liquid, such as
° " » 0 o M s Jiqud nitrogen The
Yime () - droplets of the drug
solution freeze at a rate
sufficsent 10 mimmize
crystailization and particle growth thus formng nanostructured particles Depending on
the choice of solvent system and processing condrions these particles can have varying
paruicle morphology In the isolation step the nitrogen and solvent are removed under




conditions that avold agglomeration or ripening of the dnug particies.

Evaporative Precipitation into Aqueous Solutions
{EPAS)

A technology that crestes nanostruciured drug particles
with rapid dissalution performance For this technology
the drug 1s dissolved in & water-insoluble solvent and
atomized Into water at a temperature above the boillng
point of the solvent. The rapid expansion and
atomization of the solvent in the water ghase causes the
formation of nanostruchured drug particies. The solvent
and/ar water phase contain the stabifizars for the
particles. The evaporated solvent Is recovered and the

stabilized particles molated from the aqueaus phase by standard technigues.
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Setting Speclfications for Drug Substance and Drug Product

in 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, FIP, and FDA The goals were to review the intemational harmonization
document QBA and to provide feedback to the bodies revising this document Seven areas were discussed including
identification, impurties, dissolution tests, physico-chemical teets, and 3 more Intense discussion was focused on physico-
chemical testing since this area is the least resolved In this newsletter major lssues presented at the conference are reviewed,
with particular emphasis on the solid-state chemistry of drugs

Identification

A spacific test 18 needed for identification of a drug substance IR saems to be the most popular However, the section In the
USP which allows recrystallization continues fo attract interest (<197>) It was pointed out that the Identification test Is not meant
to be a polymorph test
The single-crystal structure can be very helpful in developing an X-ray diffraction-based identification test The theoretical
powder diffraction pattern of a material can be calculated from the single-crystal data This pattem Is devold of prefarred
onentation and shows what ines 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 18 important to point out that an identification test Is not a hmit test That 1s, a visual comparison of the spectrum or diffraction
pattern of a drug substance to that of a reference merely provides an identification of the substance and does not quantify Iits
polymorphic punty More sophisticated, vahdated methods are needed to prove the polymorphic punty {and chemical purity) of a
drug substance

Physico-Chemical Properties — Polymorphs

in recent years, the tarm polymorphs le frequently used to descnbe polymorphs, solvates, amorphous forms, and desolvated
solvates Thus when a polymorphism question arises It often involves not strictly polymorphs (different unsolvated crystal forms)
butals s Ivates (forms containing solvent, or water), am rphous forms (noncrystalin forms) and desolvated solvates {forms

which can only be made by removing the solvent from a solvate) The flow charts published in our 1895 Pharmaceutical

Research Review (Pharm Res 1986, 12, 845) and shown in SSCI's Application Note #2 hav become a p pular way to \.\&\{f\
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appr ach 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 18 the drug substance composition? %
Discovering Polym rphs and Setting Specifications . }

A limit test Is often substantiated with studles showing that the contaminating polym rph(s) are bioequivalent to the major

p lymorph and that the contaminating polymorphs have acceptable stabllity 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
n eded to avoid mixtures If It 18 Impoasible to avold mixtures, research should be conducted to establish a "bast effort” attempt

t achieve polymorphic purity c
Specifications on Drug Product

In cases where the polymorph affects bioavailablity or chemical stability, there is a developing Interest in setting specifications
for drug product Of course, mathodology must be avallable to determine the polymorpha present in the drug product F r
relatively high dose drugs, solid-state NMR and X-ray powder diffraction are powerful tools for drug product analysis

importantly, the detection limit 1s usually higher in drug products since the excipients often interfere with the assay

Particle Size

Specifications on particle size are of great interest to regulatory agencies This 18 because the particle size can have a
significant influence on dissolution rate in addition, particle size may reflect the polymorph present Particle size specificati ns
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 18 used

It 1s difficult to devise a single flow chart to address particle size 18sues Instead, four flow chartiets are presented answering the
most important questions about particle size (1) Can the drug substance be manufactured in different particle sizes? (2) D

th dlfferegt particle sizes have different dissolution rates? And (3) Do the different particle sizes have diffarent processing
properties

A major 1ssue is the method of determination of particle size At least five methods have been used (1) sleve analysis, (2)
Coulter counter, (3) laser light scattering, (4) microscopic image analysls, and (5) surface area analyais This latter methad 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 eome cases, a mixture of these
parameters are reported

~ X
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Figure 1 Flow chartlets for particle size determination
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Title Processes to generate submicron particles of water-insoluble compounds

Umted States Patent: 6,177,103

Inventors Paoe; Guy W (Ralesgh, NC), Vachom; Micheel G (Quebes, CA); Mishre; Awadhesh K. (Quebec, CA);
Hemikson, Inge B (Stavanger NO): Krukoas, Val (Lexangton, MA)

Assignee. RTP Pharma Inc (Durham, NC)

AppL No.. 335735

Filed June 18,1999

Abstract
Submucron partcles of water-nsoluble compounds, partrcularly drugs, are prepared by
simyltaneously stabilizing microparticulate suspensions of same with surface modifier molecules by
rapid expension wmto an aqueous medium from a compressed solution of the compound and surface
modifiers 1n 8 liquefied gas and optionally homogemzing the aqueous suspension thus formed with
a high pressure homogenizer

BA O AND Y OF INVENTION

A major problem in formulating biologically active compounds 1s therr poor solubility or
msolubility 1n water For instance, over one third of the drugs [isted 1n the United States
Pharmacopoeis are either water-insoluble or poorly water-soluble. Oral formulations of water-
insoluble drugs or compounds wath biological uses frequently show poor and ermmatic bicavailability
In addition, drug insolubality 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 biologrcally useful compounds, or prevent the
much-needed reformulation af certain currently marketed drugs Although the water-mnsoluble
compounds msy be formulated by solubihization 1n organic solvents or aqueous-surfactant
solutions, 1n 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 available injectable
formulations of water-insoluble drugs carry important adverse warmngs on their labels that
onginate from detergents and other agents used for thewr solubiization

An altemative approach for the formulation of water-insoluble brologically active compounds 1s
surface-stabilized particulate prepamtions. Small particle size formulation of drugs are often needed
n order to maxrmize 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
mnjectable drugs

In US 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-insoluble 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 Mmute additions of a cosolvent can significantly influence the solvent properties. When
cosolvents are used in apid expansion from a supercnitical solution, care 1s required to prevent de-
solution of the particles due to solvent condensing in the nozzle, Normally, this 1s achieved by
heating the supercntical fluid, prior to expansion, to a point where no condensate (must) 15 visible at
the nozzle tip

A simular problem occurs whea carbon dioxade 15 used. Dunng adiabatic expanston (cooling),
carbon dioxade wall be in two phases unless sufficient heat 1s provided at the nozzle to maintain a
gaseous state. Most investigators recogmize this phenomenon and increase the pre-expansion
temperature to prevent condensahon and freezing in the nozzle A significant heat input 13 required
(40-50 kcal/kg) to mamtan carbon dioxade n the gaseous state. If this energy s supphed by
mcreasing the pre-expans:on temperature the density drops and consequently reduces the
supercritical fluid's solvating power Thus can lead to premature prectpitation and clogging of the
nozzle

The solvent properties of iquefied-gas are strongly affected by their fluid density mn the vicinity of
the fluud's criscal pomt. In raprd expansion from hiquefied-gas solutions, a non-volatile solute 1s
chssolved 1n a hquefied-gas that remains esther n the supercrmcal or sub-criical phase. Nucleation
and crystalhzation are tnggered by reducmg the solution density through rapid expansion of the
hquefied-gas to stmosphenc condiions To achieve this the liquefied-gas 1s typically sprayed
through 10-50 micron (internal diameter) nozzles with sspect ratios (L/D) of 5-100 High levels of
supersaturation result sn rapid nucleation rates and limited crystal growth. The combination of a
rapidly propagatng mechanical perturbation and high supersaturation 1s a distmgwishing feature of
rapid expansion from 2 liquefied-gas solution. These conditions lead to the formation of very small
particles with s narrow particle size dismbution.

There are & number of advantiges 1 utihzaing compressed carbon dioxide 1n the hquid and
supercntical fluid states, as a solvent or anti-solvent for the formation of matenals wath submicron
particle features. Diffusion coefficients of organic solvents m supercnitical fluid casbon dioxade are
typically 1-2 orders of magmtude higher than in conventional liquid solvents Furthermore, carbon
dioxade 13 a small linear molecule that diffuses more rapidly 1n hquids than do other antisolvents In
the antisolvent precipitation process, the accelerated mass transfer m both directions can facilitate
very rapid phase separation and hence the production of matenals with sub-oncron features. I 1s {
easy to recycle the supercriical fluid solvent at the end of the process by simply reducing pressure
Since supercntical fluids do not have a surface tension, they can be removed without coliapse of
structure due to capillary forces Solvent removal from the prodygct 1s unusually mpid No carbon
dioxide residue 13 left 1n the product, and carbon dioxide has a number of other desurable
charactenstics, for example t 15 non-toxac, nonflammable, and inexpensive. Furthermore, solvent
waste 15 greatly reduced since a typtcal ratio of antisolvent to solvent 15 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 wath biological uses
particularly water insoluble drugs by precipitating 2 compound by rapid expansion from a
supercritical soluuon in which the compound 1s dissolved or precipitating a compound by speaying
a solution n which the compound 1s soluble 1nto compressed gas, Liquid or supercntical fluid
which 1s miscible with the solution but 1s antisolvent for the compound In this manner precipitation
with a compressed fluid antisolvent (compressed fluid annsolvent) 1s achieved
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with natural or synthetic bipolar lipids including phospholipids and cholesterol Subsequently,
similar delivery systems exploiting these principles have been descnibed (G G Liversidge etal ,
US Pat No 5,145,684, K J lligetal US Pat. No 5,340,564 and H William Bosch etal.,L U S
Pat. No 5,510 118) emphasizing the usefulness of the drug delivery approach utilizing particulate
agueous Suspensions. .
InUS 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
msoluble by complexation and the resulting matenal 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 microfiuidization of aqueous suspensions However,
these particle size reduction methods suffer from certain disadvantage, such as long process
duration (high-pressure homogenization or mcroflutdization) and contamination (media malhng,
and ultrasonication) In addtion, these methods may not be suitable for aqueous suspensions of
compounds with limited stability 1n aqueous medium at the pH, high temperature and high pressure
conditions prevailing in these processes

Among the alternatives that address to these problems 18 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 sohd particles precipitate The phenomenon of solids
precipitated from supercritical flusds was observed and documented as early as 1879 by Hannay, J
B and Hogarth, J "On the Solubihty of Solids in Gases," Proc. Roy Soc London 1879 A29, 324,

The first comprehensive study of rapid expansion from a hquefied-gas solution n the supercritical
region was reported by Krukonis (1984) who formed micro-particles of an array of organic,
mnorganic, and brological matenals Most particle sizes reported for organic matermals, such as
lovastatin, polyhydroxyacids, and mevinolin, were 1n the 5-100 micron range. Nanopartcies of
beta-carotene (300 nm) were formed by expansion of ethane into a viscous gelatin solution 1n order
to inhibit post expansion particle aggregation Mohamed, R. § et al (1988), “Solids Formation
After the Expansion of Supercritical Mixtures,” n Supercntical Fluid Science and Technology,
Johnston, K. P and Penninger, J] M. L., eds , descnbes the solution of the solids naphthalene and
lovastatin in supercritical carbon dioxade and sudden reduction of pressure to achieve fine particles
of the solute. The sudden reduction 1n pressure reduces the solvent power of the supercritical fluid,
causing precipitation of the solute as fine particles

Tom, ] W and Debenedetts, P B (1991), "Particle Formation with Supercntical Fiuids—a
Review " J Aerosol Sci 22 555-584, discusses mapid expansion of supercntical solutions
technmiques and thexr applications to iorganic, organic, pharmaceutical and polymenc matenals
This technique 13 useful to commnute shock-sensitive solids, to produce intimate mixtures of
amorphous matenals, to form polymenc microspheres and deposit thin films

Most studies of rapid expansion from supercritical solution on organic materals utlze supercritical
carbon dioxide However, ethane was preferred to carbon dioxide for beta-carotene because of
certain chemical interactions Carbon dioxide 1s generally preferred alone or in combination wath a



An essential element of this process 1s the use of phospholipids and other surfuce modifiers to al
the surface of the drug particles to prevent particle aggregation and thereby improve both their
storage stabilsty and pharmacokmetic properties This process combines or integrates phospholip:
or other surtable surface modifiers such as surfactants, as the aqueous solutton or dispersion m
which the supercritical solution 1s sprayed. The surfactant 1s chosen to be active at the compoun:
water interfice, but 13 not chosen to be active at the carbon diade-organic solvent or carbon
diomde-compound mnterface when carbon dipxde 13 used as the supercritical solution. The use o
surface modifying agents in the aqueous medium allowed making submicron particles by the
compressed flnd antisolvent process without perticle aggregation or flocculation.

Claim 1 of 13 Clgims
What s clamed

1 A process of preparing a stable suspension of sub-micron particles of a water-insoluble or
substantially water-+nsoluble biologically active compound of up to 2000 nm n size compnsing th
successive steps of’

{a) dissolving a water-msoluble or substantially water-msolubie brologically active compound and
first surface modifier in a hquefied compreased gas solvent therefor and forming a solution of
greater than 1% w/w of saxd compound 1n saud solvent and thereafber;

(b) expanding the compressed fluid solution prepared in step (8) mto water or aqueous solution
contaning a second surfece modifier and water-soluble agents thereby producing a suspension of
microparticies, and thereafter

(c) homogen:zing the suspension of step (b) at high pressure.

If you want to iecam more about thrs patent, please go directly to the U,S, Patent and Trademari
Office Web srte to access the full patent.
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BACKGROUND /?

Foumier 1s the assignee of the 726 patent The 728 patent includes claims directed to &
therapeutic fenofibrate composition (ciaims 1-7) a method for the manufacture of that fenofibrate
compasition (claims 8 and 9) a method for mproving the bicavallability of fenofibrate (clalm 10)
and a method for treatment of hyperipidemia or hypercholesterolemia using the claimed fenofibrate
compaosition {claims 11 and 12)

Abbott 15 Fourmier's axclusive kcensee under the 728 patent Abbott also holds a New
Drug Application ("NDA") approved by the United States Food and Drug Administration ("FDA")
permitting ¢t to market Fourier's fenofibrate capsules in the United States Abbott sells the
capsules under the tradename TRICOR®

Novopharm filed an Abbrewviated New Drug Application ("ANDA") in December 1899
seeking the FDA's approval to market a generic micronized formulation of fenofibrate prior to the
expiration of the 728 patent Along with s ANDA, Novophanm submitted a certification under 21
USC §3Iss@O@AA)WIIV) (a “paragraph IV certification™) declaring that the manufacture use
and sale of s proposed fenofibrate formulation would not infringe the 728 patent Under21 US C
§ 355()(2)(B)(T). an ANDA applicant who files a paragraph IV certification is required to mciude in s
application a statement that it will grve nobice of that filing to the owner of the patent to which the
certification pertams, § 3S5Q)(2)B)N({) and to the holder of the approved NDA for that drug,
§ 355Q(2)B)M() Pursuant to those prowisions Novopharm notfied Fournier and Abbott
respectively that it had filed the ANDA and paragraph [V certification Ailso, as required by 21
USC § 35508 Novopharm provided m iis notice letter a detailed statement of the factual
and legal bases for fis opinion of noninfringement of the 7286 patent

Foumier and Abbott then filed suit against Novopharm They aileged that Novopham's
generic version of TRICOR® would mfringe one or more claims of the 728 patent and that
Novopharm's submussion of an ANDA for approval to sell fenofibrate capsules prior to the expiration
of the 728 patent constituted an act of infringement under 35 U S C § 271(e)(2) That provision In

pertinent part provides that



It shall be an act of nfringement to submit — (A) an apphication under section 5050}

of the Federal Food Drug, and Cosmetic Act [codifled at21 US C § 355() L8, an

ANDA] for a drug claimed in a patent or the use of which 1s ciaimed In a patent,

If the purpose of such submission Is to obtain approval under such Act [Le.,

Tttle 21 of the United States Code] to engage In the commercial manufacture use,

or sale of a drug claimed in a patent or the use of which 1s claimed in 8 patent

bafore the expiratron of such patent
35USC §271(e)(2) (2000) Foumnier and Abbott sought, among other things, a judgment that the
‘728 patent was vald, enforceable, and infringed an order stayng the approval of Novopharm's
ANDA until the January 19 2000 expiration date of the 728 patent; and an injunction prohibiting
Novopharm from commercally manufacturing, selling using or importing infringing fenofibrate
compositions

Novopharmm amended its ANDA twice both times adding a new dosage form and including
a paragraph {V certification for the newly added form Followming sach of those amendments
Foumter and Abbott fllad a new complaint against Novophann The distnct court eventually
consolidated ail thres achons into a single proceeding 1"  Novophamm thereafter moved for
summary judgment of noninfringement

Claims 1 and 10 which are the 728 patent's only two independent claims define the
patented subject matter as follows:

1 A therapeutic composition which is presenied In the form of gelatin

capsuies and which is usefui especiaily in the oral treatment of hyperlipidermia and

hypercholesterolemia sald composition containing a co-micronized mpduce of
particies of fenofibrate and a solid surfactant wherein the mean particie size of sad
ca-micronired mxture is less thar 15 ym

10 A method for Improving the bicavailabliity of fenofibrate in vivo, which
compnses co-micronizetion of the fenofibrate and a solki surfectam, the sad co-
rmicronization baing camied out by microntzation of a fenofibrate/solid surfactant
mixiure untl the parbicie sze of the powder oblained 1S less than 15 um

(emphases added)

I Tgva Pharmaceutcal Industnes Ltd (“Teva™) was also a named
defendant in those three actions in the distnct 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
negohiating a document releasing Teva from the achon as of the time that
Novopharm answered the complaint, and Teva 1s not named as a party to this
appeal Foumier and Abbolt presently have an additional suit pending against
Teva in the United States District Court for the Distnict of Delaware, Abbott Labs v
Teva Pharms USA. Inc, No 02-CV-1512 (D Del filed Oct 4 2002)

2
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Claim 1 of the 728 patent was amended during prosecution, m response to a rejection
under 35 USC § 103 As originally filed that claim recited the phrase “the sald composition
contalmng fenofibrate and a solld surfactant which have been co-micronized * The amendment
made during prosecution replaced that phrase with “said composition containing a co-micronized
mixture of particles of fenofibrate and a solid surfactant wherein the mean particie size of the co-
micronized mixture is less than 15 ym* The 728 patent specification mncludes data showing that
the patented composihon has Improved properties relatrve to formulations in which (1) a solid
surfactant 1s added to fenofibrate (implledly without co-micronization) (2) fenofibrate s micronized
an its own or (3) fenofibrate and surfactant are separately micromzed and then Intimately mixed
‘726 patent col 1 N 3543 During prosecution of the application that led to the 728 patent
Foumier also distinguished its compostion from prior art forrnulations in which fenafibrate was
granulated m a matrix containing a particle size of between 50 and 500 microns.

The district court found that Fournler had distinguished the claimed invention as amended
frqm the crted prior art on the ground that the prior art did not teach or suggest co-micranization of
a mixture of fenofibrate and a solid surfactant, which co-micronization resulted in an improvement n
bicavailability and dissolution rate not taught or suggested in the prior at  Abbott, slip op at 2-3
Fourmier further distinguished the amended clam on the basis that co-micronization to produce
partictes having a dilameter of less than fifteen microns was not taught or suggested in the prior art
Id. The court siso observed that the "728 patent's specification states that.

the “co-micronization of fenofibrate and a salid surfactant (1 ., the micronization of

an imimate mixture of fenofibrate and a solid surfactant) makes it possibie to

mmprove the bloavailablity of the fenofibrate 10 a significantly greater exiem than

that which would be achleved either by adding a surfactant o fenofibrate], or by

micronizing the fencfibrate on s own or by intimately mixing the separstely

micronized fenofibrate and surfactant "
id, at 4 (alteration in original) The court thus conciuded that Fournier's claims could not be
construed to include “mixtures obtaned by adding a surfactant to fenofibraie or micronzing
fenofibrate by itself and/or muang separaleiy-mmnlzad fenofibrate and surfactamt ™ id at 11

The district court then found that sodium lauryl sulfate ("SLS") was the only example of a

sohd surfactant and that 3 method invoiving co-micronization of a fenofibrate/SLS mixture pnor to

the addition of excipients such as lactose or starch was the only detaled example of co-

3



micronszation disclosed In the 728 patent |d, at 4-5 Elaborating on that point, the court found
further that “fijhe claims description and prosecution history do not indicate that anything other
than fenofibrate and a solid surfactant are micronized No cther axcapient s identified as part of
this mbdure * jd, 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-micronzation of
excipients other than fenofibrate and a solid surfactant, but instead "Is construed to mean that
fenofibrate and a solid surfactant have been micronxsd fogether mn the absence of other
exciplents.” Ig. The court also concluded that the phrase “fenofibrate/solid surfactant mbdure® in
clarm 10 of the 728 pstent must be construed, according to Novopharm's proposal so as to
exciude any ingredients other than fanofibrate and solid surfactant, noting that Fournier and Abbott
had not obyected to that construction i, The court apphed essantaily the same construction to the
phrase "mixture of particies of fenofibrate and a solld surfactant® in claim 1 interpreting that phrase
to mean a "mixture wholly of fenofibrate and a sold surfactant to the exciusion of any other
exciplents * |d. at 13

Having so construed the clasms the district court then consxdered Novophamm's proposed
fenofibrate formuiations The court found that, according to the ANDA Naovophamm's process for
maiung its proposed products Invoives pre-micronizing fenofibrate on its own, Le., In the absence of
solid surfactant The pre-micronized fenofibrate is then dry mixed with lactoss monohydrate
pregelatinzed starch croscarmeliose sodium and croaspovidone Separately, a “granulating
solution” is prepered by dissolving povidone and SLS in water The granulating solution Is then
added to the dry fenofibrate/axcipent modure and the resulting modure is then subjected to a “wet
granulation® process, which involves mixing with the introduction of additional water, to form a
uniform wet mass. The wet mass Is then dred to form a dried granulated modure of fenofibrate
SLS and axcipients. The granulated mbdure is dry blended with additional croscammediose sadium,
crosspovidone and magnesium stearate to produce granules that can pass through a #18 mesh
screen for storage and eventual encapsulation Into geisatin capsules. |d. st 6

In Novopharm s motion for summary judgment & had argued that ks process does not

include co-micronization of fenofibrate and a solid surfactant and therefore would not infringe the
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720 patent Foumier and Abbott opposed Novopharm's mation alleging that the wet granulation
and drying staps used by Novopharm constitute the required co-micronization because the
fenofibrate particles are raduced in size dunng those steps Nonetheless finding that there was no
dispute among the parties that fenofibrate and a solid surfactant are not “micromzed together in the
absance of other axcipients” in Novophamm's process and having already construed the claims to
require just that the court held that Novopharm's formulatons could not iterally infringe either
independent claim In the patent id, at 14

The court also ruled out Infringement under the doctrine of equivalents on the basls of
prosecution testory estoppel The court reasoned that Fourmier's prosecution arguments, which
distinguished the claimed Invention from the pnor art on the ground that the prior art did not teach or
suggest co-micronization of fenofibratie and a sold surfactant such that the co-micronization
resulted in improved bioavailabliity viewed together with statements in the patent specification and
arguments that Fournier made during reexarmunation of the “728 patemt woulkd reasonably lead a
competitor to conclude that Foumnier had “relinquished a product and procass that nvolved either
adding a swifactant by Itself or by micronizing the fenofibrate on its own or by intimately mbdng the
separately micronized fenofibrate and surfactant® |d at 14-16 Having concluded that Foumier
and Abbott had relinquished coverage of Novophamm's process and thus could not prevail the
district court granted Novopharm's motion for summary judgment of noninfringement.

Foumler and Abbott now appeal We have jurisdiction pursuantto 28 U S C § 1285(a)(1)

DISCUSSION

We review a district court's grant of summary judgment de novo, reapplying the standard
used by the district cout Ethicon Endo-Surgery, in¢. v, U,S Surgical Corp , 149 F 3d 1309 1315,
47 USPQ2d 1272 1275 (Fed Cir 1998) Summary judgment s appropriate “if the pleadings
depositions, answers to interrogatories, and admissions on file together with the affidavits, If any,
show that there is no genulne Issue as to any material fact and that the moving party s entitied to a
judgment as a matterof law Fed R Cwv P 58(c) “The evidence of the nonmovant 1s to be
belleved and all justifiable inferences are to be drawn in his favor “ Anderson v, Liberty Lobby, Inc
47T U S 242 255 (1988)



Determination of patent Infringement requires a two-step analysis “First the court
determines the scope and meaning of the patent claims asserted [Secondly,] the properly
construed claims are compared to the allegedly infringing [product] * Cvybor Corp, v, FAS Techs.,
Ing,, 138 F 3d 1448 1454, 468 USPQXI 1188 1172 (Fed Cir 1998) (en banc) (citattons omiited)
Step one, clalm construction, Is an issue of law Markman v, Westview lnstruments. Inc,, 52 F 3d
987, 870-71 34 USPQ2d 1321, 1322 (Fed Cir 1985) {en banc), aff'd, 517U S 370 (1908) that we
review de novo, Cybor. 138 F 3d at 1456, 46 USPQ2d at 1172 Step two comparison of the claim
to the accused product requires a determination that every claim ilimitation or its equivalent can be

found in the accused product ., 520U8 17 20

(1997) A claim limitation is equivalently prasent in an accused product “if only ‘insubstantiai
differences’ distinguish the missing claim eiement from the corresponding aspects of the accused
[product] * Sage Prods.. inc. v, Devon Indus,, Inc., 128 F 3d 1420, 1423 44 USPQ2d 1103 1108
(Fed Cir 1997} (ctaton omitted) Those determinahons are ardinarily questions of fact, Bajv. | &
L_Wings, Inc. 160 F3d 1350 1353 48 USPQ2d 1674 1678 (Fed Cir 1996) but summary
Judgment should be granted "In any case where no reasonable fact finder could find equrvalence ”
Sage Prods ., 128 F 3d at 1423 44 USPQ2d at 1108 seo aiso Wamer-lenkinson 520U S at 39
n 8 ("Where the evidence s such that no reasonable jury could determine iwo elements to be
equrvalent, district courts are obhged to grani partial or complete summary judgment )

Foumeer and Abbott argue on appeal that the district court emed by construing the claim
term "co-micronization” to require micronization of fenofibrate and solid surfactant “in the absence of
ather excipients * They argue that the court also erred by construing the clarm phrase “mixture of”
to mean "mbdure wholly of,” again requiring exciusion of all ingredients other than fenofibrate and
solid surfactant tn the mbdure during co-mucronization According to the appeilants both
misconstruchons result from the court’s having improperly imported limitations Into the claimns from
the patent s non-limiting examples -

We disagree first, with the appellants contention that the district court misconstrued the
term “co-micronization  Although courts "must presume that the terms in a claim mean what they

say and uniess otherwise compelled give full effect to the ordinary and accustomed meaning of
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claim terms " Johnson Workivwade Assocs , Ing, v, Zabco Corp. 175 F 3d 985 989 50 USPQ2d
1607 1610 (Fed Cir 1998), see also Nike Inc. v, Wolverine World Wide, Inc. 43 F 3¢ 844, 648, 33
USPQ2d 1038 1039 (Fed Cir 1994), E.l du Ponl de Nemours & Co v, Phillips Petroleum, 849
F2d 1430 1433 7 USPQ2d 1129 1131 (Fed Cir 1888), we have previously dentified limited
situations "where a sufficient reason exists to require the entry of a definition of a claim termn other
than Its ondinary and accustomed meaning * Johnson Worldwide 175 F 3d at 900, 50 USPQ2d at
1810 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 aithough the term “co-micronization” was not known In the art
prior to the filing date of the application that led to the '728 patent both "micronizatian® and the
prefix “co-" had well-knownt 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-micronizabon * Had that term not been
explictly defined in the 728 patent specification we might well agree with the appellants that that
term could simply mean “micronized with or together* and would not necessarlly exclude the
presence of ingredients nol specificalty recited in the claim However the phrase “co-microntzation
of fenofibrate and a sohd ssafactant” Is In fact explicitly defined at column 1 lines 35-38 of the '728
patent as “micronization of an intimate mixture of fenafibrate and a sohd surfactant * Hence thisis
a case in which the patentee has "chosan to be his own iexicographer " and the district court did not
ofr by reading the patentee’s definiton 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 mndure described in the ‘726 patent's specification
makes it abundantly clear that “co-micronizabon of  fenofibrate and a solid surfactant” should be
construed as referring to co-micronization of a mixture consisting essentially of fenofibrate and solid
surfactant 20

Since each of the clmms of the 728 patent requires erther “a co-micronized mncture of
particles of fenofibrate and a solid surfactant™ or "co-micronization of the fanofibrate and a solid

A2M By use of the term "essentially” we do not wish to exclude the
possibility of minor impunties being present

('1



surfactant carried out by micronization of a fencflbrate/solid surfactant mixture," each of the
claims requires co-ricronization of & mixturs consisting essentially of only fenofibrate and solid
surfactant Because It s undisputed that fenofibrate and & solld surfactant are not mxed in
Novopharm's process without other significant ingredients, viz , exciplents and water being present,
we conclude that there s no genuine issue of material fact as to (iteral infringement In this case

Foumier and Abbott also argue however that the district court emmed in its analysis of
infringement under the doctrine of equivaients by hoiding that Fournier had relinquished during
prasecution coverage of all methods in which fenofibrate is pre-mictonized Foumier and Abbott
further contend that the court ermed by concluding thet no genuine issue of matenal fact axists with
respect to miringement by equivalents, and thus that the court's grant of summary Judgment of
noninfringement was improper

in addition to assigning ermor to the district court's claim construction, the appellants argue
that there is substantial unrebutted record evidence that Novopharm's fenofihrate product
undergoes a decresse In partticle size, to lass than fiftsen microns, during Novopham's wet
granulabion and drying steps. Fenofibrate and SLS are ssmultaneously present in those steps and
the appellants assert the reduction in fenofibrate particle size in the presence of SLS therefore
constitutes “co-micronizaton *

We agrea with the appellants that the court erred In its doctrine of equivalents anslysts to
the axtent that it suggested that Fournier had relinquished coverage of gil formulatlons mede by
methods in which fenofibrate is pre-micronized Although Foumier distinguished its claimed
composition from formulations prepared by combining pre-micronized fenofibrate with a pre-
micronized or non-micronized sold surfactant withaut subsequent co-micronization and is
accordingly estopped from easserting coverage of such formulations under the doctrine of
equivalents, nothing in the 726 patent's specification, prosecution history, or reexamination recard
indicates thagt Foumler gave up coverage of compositrons prepared by processes in which pre-
micronized fencfibrate is later fyrther micronized in the presence of a solid surfactant (lhat is co-
ricromzed with the sohd surfaclant) However that ervar was hanmiess here
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The process described in Novophamm's ANDA does not include any step i which 6‘6)
fenofibrate and a sohd surfactant are n @ mixture in the absence of other excipients, and, \n view of
the above claim construchon, there can be no dispute that fenofibrate and sold surfactant are not
‘co-micronized” as that term 1s used in the 726 patent Significantly Novopharm s process does
nat involve micronization of any mixture that includes fenofibrate and & 50l surfactant, iirespective
of the presence or absence of other excipients as the SLS Is dissolved in the aqueous granulating
solution prior to moang with the fenofibrate and remains in solution throughout the wet granulation
and drying steps Dissoived SLS is clearly not a "solid surfactant® Thus, sven assuming that
Novopharm's wet granulation and drying Steps result in some reduction in fenofibrate particle size
those steps nonetheless cannot, as a matter of law constitute co-micronzation of an intimate
mixture of fenofibrate and soixd surfactamt To hokd otherwise woukl vitiate that ivnwtation altogether
in contravention of the ali-elements rule S$ee Wamer-Jenkinson, 520U S at38 n8

We have considered Abbott and Fournier's other arguments and find them unpersuasive

CONCLUSION

The district court did not err in granting summary judgment of nonmnfnngement in favor of

Novopharm, for no genuine ssue of material fact exists in thrs case The court's decision 1S

therefore

AFFIRMED



JECIAL PATENT INFRINGEMENT CONCERNS FOR
TGS

4 M_Henry Hemnes

=printed with permission from Chemical Engineering
rogress (August 1999) Copyright (c) 1999 Amesican
Stitute of Chemical Engineers. Al rights reserved Not to be
~loaded to any other site without written permission from
“a AIChE

'ne most famillar type of patent infringement is that which
iises from the manufacture, use, sale, or offer for sale of a
xoduct falling within the scope of a patent Patent
miringement can also occur however by the simple act of
ubmitting an Abbreviated New Drug Application (ANDA) to
2 Food and Drug Administration (FDA) A lawsult that was
cently resolved on appeal demonstrabtes how this can
;'appen

jhe Drug Price Competition and Patent Term Restoration Act
/f 1984 (the Waxman-Hatch Act) contained provisions that
inended both the Food and Drugs statute and the patent
-atute, and the effect of these provisions Is seen when an
ANDA Is flled for a new formulation of a known drug

yhe FDA provisions require an ANDA applicant to list all
stents that daim the drug in some form and to certify that

r‘ie new formulation ralses no Infringement Habllity under any

[ those patents The applicant must also notify the owner of
=ch listed patent and explain why the new formulation Is
leved to not Infringe the patent

|he patent provisions state that if someone submits an ANDA

, th the intention of manufacturing, selling or using a drug

lle a patent Is In force that covers the manufacture, sale or
e, the submission of the ANDA will itself constitute
wWringement

hus, under the FDA statute, the patent owner ks notified that
competitor Intends to market the drug and Is told why the
q:+m|:|el:ll:|:|r believes It can do so without infringing the patent,
;.fhlle under the patent statute the patent owner can sue the
L Impetitor Immediately If the patent owner disagrees with the
>ampetitor's reasons for noninfringement

lhls Is exactly what happened with a new drug formulation
11v1=.-lc|ped by Mylan Pharmaceuticals Inc The drug Is
f"yhurlde, which Is known to be effective In reducing the level
,f glucose In serum and Is useful for treating Type II diabetes
lhe effectiveness of the drug Is limited, however, by its low
; oavalilability (rate of entry Into the bloodstream), and
{aﬂous solutions have been proposed One of these Is to
iepare the drug in micronized form, | e , as micromized
!artlcles compressed into a tablet, since micronized particles
1we a high surface area which helps them dissofve faster

{
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Tabletted drugs contain large amounts of exagents (inert
substances that form a vehicle for the active ingredients),
however, and particie size of both the drug and the exciplents
must be carefully controlled so that the tablet will have a
uniform consistency and a uniform drug loading

The exciplent used with glyburide is lactose Unfortunately,
the formation of lactose particles with suffigent size control
for use with micronized glyburide has been a cumbersome and
costly process invoiving wet granulation, drying, and sizing or
milling A cheaper way was the subject of US Patent No
4,916,163, cwned by Pharmacia & Upjohn Company, which
was based on the discovery that lactose particdes with a high
degree of size control can be cbtained directly by spray-
drying The patent therefore claims a miconized 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 n its absence of the water of
hydration present in spray-dried lactose When Mylan
submitted its ANDA, k fisted the Pharmacdia & Upjohn patent,
notified Pharmacia & Upjohn, and explained that the
formulation would not Infringe the patent since the
farmulation did not contain spray-dried lactose Pharmacia &
Upjohn did not dispute the distinction but claimed that the two
forms of lactose were equlvaient and that the Mylan
formulation Infringad 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 applying it would be contrary to positions taken by
the nventor or the inventor's attomey while the patent
application was pending Before the '163 patent Issued, it had
been rejected over earller patents on iactose-contalning
glyburide formulations In response to that refection,
Pharmacia & Upjohn stated that the lactose in the earller
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 sufficiently 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 sult against Mylan was,
therefore, never reached, and the patent was deemed
uninfringed

-
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Senes Code 10
Filed December 5, 2001 Z/OZ,

424/489, 241/21
424/489, 241/2]
A61K 009/14, B02C 023/24

US Curient Class
US Class at Publication
Intern'l Class

Claims

What 1s claimed 18}

1 A process for reducing particle size of a drug, the process compnsing (a) dispersing about 10 g or less of the drug 1n a suitable volume of a
liquid dispersion medium to form a suspension, (b) bnnging together in a vessel gnnding media, magnetically activatable means for simng
and the suspension, (c) magnetically activating the means for simng to effect milling of the suspension'to a weight average particle aize not
greater than about 1 mu m, and (d) separating the reaulting milled suspension from the gnnding media and the magnencally activatable

means for stimng

2 A process for reducing particle s1ze of a drug of low water solubility, the process compnsing (a) dispersing sbout 10 g or less of the drug 1n
a suiable volume of a liquid dispersion medium to form a suspension, (b) bringing together in a vessel gnnding media, magnencally
activatable means for stimng and the suspenston, (c) magnetically activating the means for stirnng to effect milling of the suspension to a
weight average particle size not greater than about | mu m, and (d) separaung the resulting milled suspension from the gnnding med:a and

the magnetically activatable means for shmng
3 The process of clam 1 wherein about 5 g or less of the drug 1s dispersed in the liqud dispersion medium
4 The process of claim 1 wherein about 2 5 g or less of the drug 13 dispersed 1n the liquid dispersion medium

5 The process of claim 1 wherein the amount of liquid dispersion medium results, after the drug 15 dispersed therein, 1n a concentration of the
drug in the hiquid dispersion medium of about 0 1% to about 90% by weight

6 The process of claim 1 wherein the amount of hiquid dispersion medium results, after the drug 1 dispersed theretn, 1n a concentration of the
drug 1n the hquid dispersion medium of about 5% to about 65% by weight
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8 The process of claim | wherein the liquid dispersion medium compnses water
9 The process of claim 1 wheretn the liquid dispersion medium compnses a non-'aqueous solvent
10 The process of claim 8 wherein the liquid dispersion medium further comprises at least one surface modifying agent

11 The process of claim [0 wheren the at least one susface modifying agent 1s 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 mod:fying agent

12 The process of claim 10 wherein the at least one surface modifying agent 1s 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 wherern the at least one surface modifying agent 18 present 1n a total amount of about 0 1% to 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 13 selected from the group conssting of sodium dodecy! sulfate
polyvinylpyrrolidone hydroxypropylmethyicellulcse, and hydroxypropylcellulose

15 The process of claim 10 wherein the hiquid dispersion medium further compnises at least one anhfoaming agent

16 The process of claim 10 wheren the at least one antifoaming agent 13 present in the liquid dispersion medium 1n a total amount of about
0 001% to about 2 5%, by weight

17 The process of claim 10 wheresn the at least one anhfoaming agent 18 present 1n the liquid dispersion medium in a total amount of about
0 003% to about 1% by weight

18 The process 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 18 selected from the group consisting of simethicone, Sigma RTM
Antifoam A, and equivalents thereto

20 ‘The process of claim | wherein the grinding media comprise a matenal selogted from the group consmisting of glass, lead-free glass
zircomum oxide and latex
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22 1he process of clam 1 wherein at least a substantial portion of said grinding medsa are in the shape of a sphere /m
23 The process of clasm 22 wherein smd 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 gninding media have a weight average diameter of about 0 33 to about 1 $ mm

25 The process of claim 21 wherein the sphere-shaped gninding media have a weight average durl;eter of about 0 5 to about 1 mm

26 The process of clasm 1 wherein the weight ratio of the suspension to il of sad gnnding media 13 about 1 10to about | 1

27 The process of clm 1 wherein the weight ratio of the suspension to all of said grinding media 18 about 2 10 to about 9 10

28 The process of claim | wherein the weight ratio of the suspension to all of said gnnding mediz 1s about 4 10 to about 8 10

29 The process of claim | wherein the magnetically activatable means for shmng compnses a magnetic stir bar

30 The process of claim | wherein the magneticaily sctivatable means for shmng compnses a high strength magnetic sur bar

31 The process of c‘lnm 30 wherein the high strength magnetic stir bar 1s compnises one to a plurality of magnets compnsing neodymium
32 The process of claim 30 wherein the high strength magnetic sur bar compnses ane to a plurality of NdFeB magnets

33 The process of claum | wherein said step (c) 15 performed by placing a rotating magnet near the vessel

34 The process of clam | wherein said step (c) 18 performed unti] substantially all of the drug particles have been reduced to a size not
greater than about | mum

35 The process of clmm 1 wherein said step (c) 1s performed until the drug particies have been reduced to a weight average particle size of
about 10 to about 1000 nm

36 The process of clasm | wherein satd step (c) 18 performed until the drug particles have been reduced to a wesght average particle size of
about 100 10 about 1000 nm

37 The process of claim 1 wherein smd step (c) 13 performed until the drug particles have been reduced to a wesght average particle size of
about 400 to about 900 nm
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38 The process of claim 1 wherein said step (c) 13 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 clatm ! wherein said separation step (d) compnses filtration
40 The process of claim | wherein said filtmtion step (d) compnses centnfugal filtration
41 The process of claim [ wheretn said separation step (d) comprises removal of the suspension from the milling vesse! with 1 pipette

42 The process of claim | further compnsing diluting the milled suspension with at least one pharmaceutically acceptable exciprent to form a
phamnaceutical suspension

43 The process of clasm 1 further compnising drying the milled sugpension to form a drug powder

44 The process of claim 43 wherein the drying step 15 performed by evaporation, spray drying, rotovapping, lyophilization, or heating in an
oven

45 The process of claim 43 further compnsing mixing the drug powder together with one or more exclple'nu to form a powder blend
46 The process of claim 43 further compnsing compresaing or encapsulating the powder blend to form a solid dosage form
47 The process of claim 43 further compnising granulating the powder blend to form a granulate prior to éompreumg or encapsulating

)
48 The process of claim 47 wherein granulating 13 performed by wet granuiation to form a wet granulate, and wherein the wet granulate 1
dned prior to compressing or encapsulating

49 The process of claim 43 further compnising suspending the drug powder in an inert hquid vehicle to form an imbibable hquid
50 The process of claim 49 wheren the inert liquid vehicle 15 water or fruit juice -

S1 A pharmaceutical suspension prepared according to claim 42

52 A powder blend prepared according to clum 45

53 A solid dosage form prepared according to clam 46
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55 Animbibable liquid prepared according to claim 50 (/0 q
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Description
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[0001} This application claims prnionty of U S provisional application Senal No 60/251,750 filed on Dec 6, 2000
FIELD OF THE INVENTION

[0002] The present invention relates to a process for milling drugs pn a small scale and to use of drugs mulled by such a process in
manufactute of medicaments

BACKGROUND OF THE INVENTION

[0003] The bicavailability of an orally admimstered drug, as measured by its entry into systemc circulation 1n the bloodstream, depends on at
least two fundemental 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 1ts carmner, including surface area of the drug presented to the dissolution solvent
medium, solubility of the drug substance 1n the specific solvent medium, and driving forces of the saturation concentration of dissolved
matenals in the solvent medium Notwithstanding these factors, a strong correlation has been established between the in vitro dissoluhon tume
determined by standard assay procedures for an oral dosage form and the rate of in vivo drug release This correlation 1s so firmly established
in the art that dissolution time has become generally descnipive of drug release potential for the active component of the particular dosage
form

{0004] When the process of 1n vivo drug release 18 slower than the process of absorption, absorption 15 said to be dissolution rate-limited
Since dissolution precedes absorption 1n the overall process, any change in the drug release or dissolution process will subsequently influence
drug sbsorption See for example Licberman et al (1989), Pharmaceutical Dosage Forms Tablets, Vol 1, pp 34-36 Marcel Dekker, New
York It s clear, therefore, that dissolution time determined for a composition 1s one of the important fundamental charactenstics for
consideration when evaluating compositions intended for rapid-onset delivery, particularly where drug absorption 1s dissolution rate-himited

[0005] 1t 13 well known that one way to improve dissolution of drugs of low water solubihity 18 to reduce drug particle sizs thereby increasing
the specific surface area of the drug. Indeed, patent and other literature relating to nanoparhculate drug compoattions teaches that, 1n general,
the smaller the drug particle size, the greater 18 the advantage 1n speed of anset of therapeutic effect, or other pharmacodynamic benefit,
cbtained upon oral asmimstration For example, at lezst 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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[0008) U'S Pat No 5,302,401 to Liversidge et al
[0005]U S Pat No 5,336,507 to Na & Rajagopelan
[0010]U'S Pat No 5,340,564 to Iihg & Sarpotdar
[0011]U S Pat No 5,346,702 to Na & Rajagopalen
[0012]U S Pat. No 5,352,459 to Hollsster et al
[0013] U S Pat. No 5,429,824 to June

[0014]U'S Pat No 5,503,723 to Ruddy et al
[001S]U'S Pat No 5,510,118 to Bosch et al
[0016]U S Pst No 5,534,270 to De Castro
[0017]U S Pat. No 5,552,160 to Luveraidge et ol
[0018] U'S Pat No 5,573,783 to Desieno & Stetsko
[0019] U S Pst. No 5,585,108 to Ruddy et al
{0020]U'S Pat No 5,591,456 to Franson et al
[0021]U S Pat. No 5,662,883 to Bagch: et al
[0022] U S Pat No 5,665,331 to Bagch et af

hre
s ! '.f:,\.l

[0023] Mills are among the most commonly used kinds of particle size reduction equipment for preparation of drugs and drug compositions
While there are many different types of nulls, most have at least three basic components in common (1) a structure for feeding matental into
the mill, (2) a milling chamber with working parts, and (3) a take-off to & recerver or collector in which the milied product 1s deposited See
Licberman et al (1989), op cit,, Vol 2,p 113 Non-imiting examples of mifls commonly used to prepare and process drugs include fluid
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energy milis, bali or rod mlls, hammer mills, cutting @iﬁfﬂeﬁ?ﬁ%@ﬁmﬁfﬁd‘ﬁn&‘w ‘mulls, high energy mulls, etc

o SRR ” Q/ QW™
[0024] Although, as descnbed above, dissolution and bioaVailabili be realized by milling drugs, paricularly drugs of low
water solubility, to smaller particle mzes, many diffichlties'precliidé Uie 6 khdw types of mulls in certain situstions For example, no
pracucal means of milling small amounts (¢ g., less than about*] 0 FRBHYSEdF thaténal to nanoparticulate dimensions, 1 e , to particle sizes
smaller than about 1 mu m, have hitherto been availlable>This hn'ﬁ'iﬁﬂemu!a approach of prepanng nanoparticulate drugs (esther
suspensions or solid composttions), for the purpose of mﬁﬁﬁéﬂﬁ&#ﬁﬁ_@mwunm, inaccessible for new drugs in discovery and early
development phases, and for cold- or radioactively-labeled dmgi—qmaugﬂ?m‘whlch the quantity of drug avatlable for such studies 1s usually
very imited Consequently, development of important drug formulstions, fo:iinmple rapid-onset formulations, 18 often delayed until larger
quantities of drug are available P PN

A ypbacd ddfatghic .

[0025] Addiuonally, milling 1s a very inefficient unit operation with é’nli approximately 0 05% to 2% of the applied energy being utihzed 1n
the actual reduction of particle size Although milling efficaéiicy 1i'd€fendent lipon the type of mill and the charactenstic of the matenal being
milled, in general, a large portion (e g, about 10% to about 50%) of the energy expended dunng m:liing s converted to heat This heat 18
generated by fnction of particles contacting the mll, by plastic defofiahon’of particles that are not fractured, by friction of particles colliding
with each other, and/or by fnction of mechanical mill parts, etc. In many instances, this heat generation leads to drug degradation
Consequently, common mulling processes are suitable only for dfufs Whith‘are thermally stable Alternatively, expensive heat removal

uipment must be employed to mantain stabily o
equip ploy drug ty Il 5

[0026] A further difficulty 18 that traditional mulling equipment suttable for particle size reduction to less than 1 mum 1s genenally very
expensive and as such, 13 not widely evailable Moreover, given the complexity of size reduction processes, few theornes of general
apphicability have been developed Therefore, most size rediichoiproblems in the pharmaceutical industry must be solved empincally rather
than theoretically See Licberman etal (1989), op ait, Vol 2, pp 107-112 Even when available, tradihional milling equipment designed for
heavy 1ndustry or large scale use 13 often not amenable to small scale empinical problem solving

[0027] A yet further difficulty wath tradstional milling 18 that steel or some similar gnnding media are typically employed Use of metals in
milling a suspension introduces the nsk of metal contamination’and consequent chemical decomposition

jep r1 p
{0028] Thercfore, 1f an inexpensive, widely available, energy-efficient, laboratory-scale process for mulling drugs of low water solubility to a
nanoparticulate size range could be developed, a sgnificant advance would be realized 1n preparation of drugs and drug composttions used 1n
the treatment of a wide vanety of disorders, particularly disorders where rapid onset of therapeutic action 1s desired

SUMMARY OF THE INVENTION
[0029] Accordingly, the present invention provides a process for reducing particle size of a drug, the process comprimng (a) a step of

dispersing about 10 g or less of the drug 1n a suitable volume of & liquid dispersion medium to form a suspension, (b) a step of bnnging
together 1n a vessel gnnding media, magnetically acuvatable means for shmng and the suspension, (c) a step of magnetically activating the %
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separating the rosulting milled suspension from the gnnding medss and the magnetically activatable means for sumng

[0030] In one embodiment of the invention, the process further comprises (¢) a step of drying the milled suspenston resulting from step (c) to
form a drug powder In this embodiment, the drying step (e) can occur pnor to or after step (d) Drug powders propared according to this
process can be further formulated to provide a pharmaceutical composition

{0031] Other features of the invention wall be in part apparent and 1n part laid out hereinafter

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG 1 shows 1n diagrammatic form gn apparatus suitable for the process of the invention

[0033] FIG 2 shows a perspective representation of a high strength magnetic stir bar sustable for the process of the invention

[0034] FIG 3 shows a cross section view of a hugh strength magnetic stir bar suttable 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 descnbed 1n Exampie 1, as measured by Fraunhofer
diffraction

[0037] FIG 6 shows optical micrographs of samples taken from milled suspensions D1-D4 under non-polanzed (left) and polanized (nght)
hght

DETAILED DESCRIPTION OF THE INVENTION

[0038] The process of the invention 1s especially sunable for reducing particle sze of a drug of low water solubility The process compnses
(a) a step of dispersing about 10 g or less, preferably about 5 g or less, and more prefersbly sbout 2 5 g or less, of the drug 1n a suitable
volume of a iquid dispersion medium to form a suspension, (b) a step of bringing together in a vessel gnnding medip, magnetically
activatsble means for surnng, and the suspension, (¢) a step of magnetically activating the means for siming to effect milling of the
suspension to a D sub 50 particle s1ze not greater than about 1 mu m, and (d) a step of separating the resulting milled suspension from the
gnnding media and the magnetically activatable means for shmng

[0039) Drugs of Low Water Solubihty
[0040] Any suitable drug may be utihized 1n methods, processes and compositions of the invention Preferably, the drug s one having low
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preferably not greater than about I mg of drug per ml of water Solubtlity 1n water for many drugs can be readily determined from standard
pharmaceutical reference books, for example The Merck Index, 11th ed , 1989 (published by Merck & Co, Inc , Rahway, N J ), the Umited
States Pharmacopoeia, 24th ed (USP 24), 2000, The Extra Pharmacopoeia, 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 wiuch 15 individually
incorporated herein by reference

[0041] For example, individual drugs of low solubility as defined herein include those drugs categonzed as "shightly soluble”, "very slightly
soluble®, "practically insoluble” and "1nsoluble” 1n USP 24, pp 2254-2298, and those drugs categonzed as requinng 100 ml or mose 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 18 dissolution-rate himited

[0042] Miustratively, suitable drugs of low water solubility include, without imitation, drugs from the following classes abortifacients, ACE
mhibitors, alpha - and beta -adrenergic agonusts, elpha.-and beta -adrenergic blockers, adrenocortical suppressants, adrenocorticotropic
hormones, alcohol deterrents, aldose reductase inhibitors, aldosterone antagonists, anabolics, analgesics (including narcotic and non-narcotic
enalgesics), androgens, angtotensin 1 receptor antagonists, anorexics, antacids, anthelminthics, antiacne agents, antiallergics, antialopecia
agents, antiamebics, anhandrogens, anhanginal agents, anharrhythmics, antiarteriosclerotics, antiarthntic/antirheumatic agents (including
selective COX-2 inhibitors), antiasthmatics, antibacterials, antibactenal adjuncts, snticholinergics, anticoagulants, anticonvulsants,
antidepressants, antidisbetics, anndiarrheal agents, antidiuretics, antidotes to poison, antidyskinetics, antieczematics, anhemetics,
antiestrogens, antifibrotics, antiflatulents, antifungals, antiglaucoma agents, antigonadotropins, antigout agents, antthistaminics,
antthyperactives, antthyperlipoproternemics, antthyperphosphatemics, antihypertensives, antthyperthyrotd agents, antthypotensives,
antithypothyroid agents, anti-inflammatones, antimalanals, antimanics, animethemoglobinemics, antimigraine agents, antimuscannics,
antmycobactenals, antineoplastic agents and adjuncts, antineutropenics, antiosteoporot:cs, antipagetics, antiparkinsonian agents,
anupheochromocytoma agents, anipneumocystis agents, antiprostatic hyperirophy agents, antiprotozoals, antipruntics, antipsonatics,
antipsychotics, antipyrencs, antinckettsials, antiseborrhercs, antiseptics/disinfectants, anuspasmodics, antnsyphylinics, antithrombocythemics,
antithrombotics, antitussives, antiulceratives, antinrolithics, antivenins, antiviral agents, anxiolytics, aromatase inhibitors, astnngents,
benzodiazepine antagonists, bone resorption inhibitors, bradycardic agents, bradykinin antagonists, bronchodilators, calcium channel
blockess, calcium regulators, carbonic anhydrase inhibitors, cardiotonics, CCK antagomsts, chelating agents, cholelitholytic agents,
choleretics, cholinergics, cholinesterase inhibitors, cholinesterase reactivators, CNS simulants, contraceptives, debnding agents,
decongestants, depigmentors, dermatitis herpetiformis suppressants, digestive aids, diuretics, dopamine receptor agonists, dopam:ne receptor
antagonists, ectoparasiticides, emetics, enkephalinase inhibitors, enzymes, enzyme cofactors, estrogens, expectorants, fibnnogen receptor
antagonists, fluonde supplements, gastric and pancreatic secretion stimulants, gastric cytoprotectants, gastric proton pump nhubitors, gastnc
secretion inhibitors, gestroprokinetics, glucocorticoids, alpha -glucosidase inhibitors, gonad-st:mulating pnnciples, growth hormone
inhibitors, growth hormone releasing factors, growth stimulants, hematimcs, hematopaietics, hemolytics, hemostatics, hepann antagomsts,
hepatic enzyme inducers, hepatoprotectants, histamine H sub 2 receptor antagonists, HIV protease inhibitors, HMG CoA reductase inhibitors,
immunomodulators, immunosuppressants, insulin sensitizers, 10n exchange resins, keratolytics, lactation shmulating hormones,
laxatives/cathartics, leukotnene antagomsts, LH-RH agonusts, lipotropics, S-lipexygenase inhibitors, lupus erythematosus suppressants, i

file /C \WINDOWS\TEMP\UnIMOSumWOPIMI%QOAppIlclnon%2000201 19200 htm 06/03/2003



- ey = v

Ty v
narcotic antagonists, neuroprotectives, nootropics, ovanan hormones, oxytocics, pepsin inhibitors, pigmentation agents, plasma volume
expanders, potassium channel activators/openers, progestogens, prolactin inhibitors, prostzglandins, protease inhibitors, radio-
pharmaceuticals, 5 alpha -reductase inlibitors, respiratory stimulants, reverse transcniptase inhibutors, sedstives/hypnotics serenics serotonin
noradrenaline reuptake inhibitors, serotonin receptor agonists, serotonin receptor antagonists, serotomin uptake inhbitors, somatostatin
analogs, thrombolytics, thromboxane A sub 2 receptor antagonists, thyroid hormones, thyrotropic hormones tocolyttcs, toporsomerase 1 annd
11 inhibitors, uncosurics, vasodilators, vasoprotectants, xanthine oxidase inlubitors, and combinations thereof

{00431 Non-iimiting )llustrative examples of suitable drugs of low water solubthity include acetohexamide, acetylsalicylic acid, alclofenac,
allopunnol, atropine, benzthiazide, carbamazepine, carpofen, celecoxib, chlordiazepoxide, chlorpromazine, clonidine, codeine phosphate
codetne sulfate, codeine, deracoxib, diacerein, diclofenac, diltiazem, enolic acids, estradicl, etodolac, etoposide, fenbufen, fenciofenac
fenprofen, fentiazac, flurbiprofen, gnseofulvin, halopendol, ibuprofen, indomethactn, indomethacine, indoprofen, ketoprofen, linezolid
lorazepam medroxyprogesterone acetate, megestrol, methoxsalen, methylprednisone, morphine sulfate, morphine, naproxen, nicergoline,
nifedipine, niflumic, oxaprozin, oxazepsm, oxyphenbutazone, parecoxib, phenindione, phenobarbital, phenytoin, piroxicam, pirprofen
prednisofone, prednisone, pracaine, progesterone, pynmethamine, rofecoxib, sulfadiazine, suifamerazine, sulfisoxazole, sulindac, suprofen,
temazepam, tiaprofenic acid, tlomisole, tolmetic, valdecoxib, ete

[0044] Where the drug being milled 15 not of low water solubility, the liquid dispersion medium 1s preferably substantaily free of water
[0045] Energy Efficiency

[0046] A presently contemplated advantage of the process of the invention, 1n additron to its unique sustability where only small quantities of
drug are available, 15 that 1t 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 converston to an amorphous state can be measured by any method known
in the art, for example, by high performance hiquid chromatography (HPLC), high pressure hquid chromatography, thin-layer chromatography
(TLC), paper chromatography, gas chromatography, differential soanning calonmetry (DSC), X-ray crystallography, etc

[0047] Chemical Stability v

[0048] Another presently contemplated advantage of the process of the invention 1s that it employs chemically iert gnnding media which are
substantielly resistant to chipping or cracking Consequently, nisk of chemical degradation of drug particles due to milting 1s greatly reduced
or ehminated \

[0049] Drug Particle S1ze
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{00507 As used nerein, the term "D sub 50 refers to 8 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 %a"
on 50% by weight rather than by volume 18 generally suitable As used herein, therefore, D sub 50 particle size 19 essentially synonymous !

with weight average particle size

] ] [

[0051] Particle size can also be charactenzed, for example, by D sub 10, which refers to a linear measure of diameter having a value'sich' that
10% by volume of particles in the formulation, 1n the longest dimension cf the particies, are smaller than that diameter, or by D sub 90, which
refers to a hinear measure of diameter having a value such that 90% by volume of particles in the formulation, 1n the longest dimension of the
particles, are smaller than that dtameter ’| i

L} 0 ‘
[0052] Drugs prepared according to the process of the invention have a D sub 50 particle s1ze not greater than about 1000 nnr, preferabfy" v
about 10 nm to about 1000 nm, mare 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 a further preferred embodiment, sbout 50% to 100%, more preferably about 75% to 100%, and still more preferably about 90%'to
100% by we:ght 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, substanually all of the drug particles prepared by the proceass of the invention have a linear diameter not
greater than about 1000 nm - | |
[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 appropnate microscopy (e 8. visible light microscopy, ultraviolet microscopy, or electron microscopy), dynamic
light scatienng (DLS), turbidimetry, etc In general, one of ordinary skill in the art will be able to select an appropnate s:ze detection method

for the particle size range being detected
[0055] Liquid Dispersson Medium

[0056] The nvention can be practiced with any liquid dispersion medium 1n which the particular drug selected 18 substantially msoluble (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
medium 1s water However, the invention can be practiced wath other hquid dispersion media 1n which the particular drug selected 18
substantially insoluble, for example, aqueous salt solutions, safflower ail, and solvents such as ethanol, t-butanol, hexane and glycols
Altenatively, the iquid dispersion medium can compnse molten matenal, for example molten polyethylene glycol or a gelucire, which can
be heated and maintained 1n hiquid form duning mitling and then allowed to cool and soltdify after milling.

[0057] A suitable liquid dispersion medium preferably compnses at least one surface modifying agents Surface modifying agent(s) can be
added to the iquid dispersion medium et any stop 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 (¢) Switable surface modifying agents can be selected from known organic and '
norganic pharmaceutically acceptable excipients Such excipients include vanous polymers, low molecular weight oligomers, natural
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products, surfactants, etc Non-hmiting, representative examples of excipients that can be used as surface modifying agents include gelatin,
caseun, lecithun (phosphatides), gum acacia, cholesterol, tragacanth, steanc acid, benzalkomum chlonde, calcium stearate, glyceryl
monos{earate, cetostearyl alcohol, cetamacrogol emulsifying wax, sorbitan esters, polyoxyethylene sorbitan fatty acid esters, polyoxyethylens
castor o1l denivatives, polyethylene glycols, polyoxyethylene stearates, colloidal silicon dioxide, phosphates, sodium dodecyl sulfate,
carboxymethylcellulose calum, carboxymethylcellulose sodium, methylcellulose, hydroxyethylcellulose, hydroxypropylcellulose,
hydroxypropylmethylcelluloss, zoncrystalline cellulose, magnesium aluminum silicate, triethanolamine, polyvinyl alcohol, and
polyvinylpyrrolidone, preferably polyvinylpyrrolidone having a molecular weight of about 30,000 Most of these excipients are descnibed in
detail 1n The Handbock of Pharmaceutical Excipients, The Pharmaceutical Press (1986) Surface modifying agents are commercially
available and/or can be prepared by processes known 1n the art

[0058] Particularly preferred surface modifying agents are sodrum dodecyl sulfate, polyvinylpyrrolidone, hydroxypropylcellulose and
hydroxypropylmethylcellulose. If present in a liquid dispersion medium, at least one surface modifying agent 13 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% to sbout 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 duning the milling process of the invenion Without being bound by theory, it 1s
believed that drug particie agglomeration dunng milimg prevents reduction of drug particles to small sub-micron sizes Where such small
sub-mucron particle sizes are deaired, ane or more surface modifying agents are preferably selected (by type and amount) so as to minumze,
reduce and/or inhubit drug particle agglomeration dunng and/cr after mulling.

[0060] One of ordinary skill 1n the art wall, through routine optimization, be able to determine which surface modifying agents (and 1deal
concentrations) are effective for mimmuzing, inlubiting, and/or reducing aggiomeration of particles of a particular drug danng milling and/or
storage of the suspension Illustratively, if particle agglomeration occurs dunng milling of a particular drug, 8 numatunzed screening assay
can be porformed to opumize liquid dispersion medium components An exemplary miniatunized screening assay 1s 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 oplimize
hiquids used to nnse and/or diluto milled suspensions and to test drug particle agglomeration under stressed conditions such as freeze-thaw or
elevated temperatures

[0061] Conversely, where a lower linut on drug particle size reduction 15 desired (i  drug particles below a specafic s1ze are not desired) one
of ordinary skill 1n the ast will readily be able to contral the use of surfuce modifying agents dunng mulling 8o as to not limit drug particle
agglomeration and, consequently, limit 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 1n a total amount of sbout 0 001% to about 2 5%, and preferably about 0 003% to about 1%, by
weight fthe 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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mvention 15 about 1 to about 1000 cP, and preferably about 1 to about 500 cP "7’°8

[0064] In the process of the invention, about 10 g or less of a drug 18 placed 1n & suitable amount of the hiquid dispersion medium What
constitutes a "surtable amount” 1n 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 iquid dispersion medium In general, a
suitable amount of liquid dispersion medium 1s an amount which, after the drug 1s dispersed therein, results in a concentration of drug in the |
hquid 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 reacily optimized by one skilled 1n the art depending on the particular drug and the particular liquid dispersion’,
medium used Without being bound by theory, lugher drug concentrations are generally desired and tend to result in a more efficient miling
process and 1n more flexibility 1n transfernng a suspension after milling. This i turn allows for increased recovery of milled drug particles ! |
1 ' v Iy

[0065] Gninding Media ' 1y

[0066] Grinding media of any suitable shape (e g., balls, banded balls, cubes, cylinders, beads, etc ), size, sixe distnbution, denmty and/or , 1 |
matenal can be used 1n the milling step The gnnding media should be chemcally inert and resistant to chipping or cracking duning the,: ,
process of the invention Preferred gnnding media compnse glass, lead-fres glass, latex and/or zircomium oxide and are in the shapeof .+ .+ .
spherical beads Preferably, such beads have a weight average diameter of about 0 2 to about 5 mm, more preferably about 0 33 toabout 1 5+, -
mm, and stll more preferably about 0 5 to about 1 mm More preferably, subsiantally all of the sphenical beads have a diameter of about 02 1
to about 5 mm, more preferably about 0 33 to about 1 5 mm, and sull mare preferably about 0 5 to sbout I mm. Without besng bound by .+ |
theory, 1t 1s generally belieyed that smaller gnnding med:a are more efficient tn the milling process of the invention since more bead-bead ,
contact results b 1

[0067] The amount, by weaght, of grinding media used to prepare nanoparticulate drug particles acconding 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 gnnding medra, and the
size of the veasel in which the grninding takes place The amount of gnnding media can be readily ophiimzed by one sklled in the art taking
into account the above factors Generally, a suitable suspension grinding media weight ratio 18 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 hquid dispersion
medium as well as the drug '

{o068] Milling Apparatus
|
[0069] A suttable milling apparatus for use in the process of the invention 18 1flustrated diagrammatically in FIG 1 .

[0070] A vessel 11 13 adapted to receive a suspension comprising the liquid dispersion medium 12 for the drué, gnnding media 13 and
magnetically acuvatable means 14 for simng the dispersion medium with gnnding media therein ~
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[0071] The vesse 11 isillus

W

dunng milling The veasel 18 held in place by sultable support means such as 8 clamp 16

[0072] The gnnding medaa 13 areillustratively spherical beads, about 02 mm to about 5 mm in diameter, and are iljustratively of latex, glass
or zirconium oxide.

[0073) The magnetcally activatable means for shuming dlustratively compnses magnetic stir bar 14 which preferably compnises & ugh
strength magneuc matenal, for example neodymium An activating device 17, Jllustratively s magnetic sur plate, preferably with the cover
plate removed to increase field strength, 18 placed near, preferably \mmediately under, the simng means

[0074] The torm *magnotically sctivatable” as used horein with respect to the means for shrnng descnbes 8 means for surnng which 18
capsble of being set into motion by magnetic forces To "magnetically activate® a means for shrmng, 88 the phrase 18 used herein, describes
use of s magnetic force to cause motion, preferably rotation, of the means for shmng

[0075] Any sutable magnetically activatable means for sumng can be used 1n the process of the javention A preferred magnetically
acuvatsbie means for stimng 18 4 megnetic atir bar or a rotating magnet Magnetic sur bars and/or rotating magnets used as magnetcally
sctivatable means for stimng 1n processes of the invention can be of any sutable size and/or shape (6.8, oblong, oval, rectangular,
cylindncal, egg-shaped, etc ) and can be uncoated or coated with any suttable matenial, for example rubber, plastic, metal, flucropolymer, etc
Preferably, the magnetically achvatable means for sumng 18 of sufficaent magnetc strength so as to resist decoupling dunng the mulling
process. A sufficient atrength of 8 megnetically activatable means for stimng will be determined based on, inter alia, viscosity of the hiquid
cfluperuon medn:;m. u:ount of gnnding media betng used, desired milling speed, end vessel size One or more magnetically activatable means
‘or sturing can be use

[0076] One 1llustrative commercially available siir bar suitable as s magnehcally activatable means for sunng 15 8 samarium-coball sur bar
(Mastco) Such sur bars are available 1n egg-shape having longitudinal {engths of 10 mm, 15 mm, 25 mm, and larger

[0077]Ina particularly preferred embodiment, the stir bar 18 8 hugh strength magnehic stir bar compnsing (1) a non-reachive, abrasion-resistant
caso having a longtudinal axis, and (1) a magnehc assembly compnsing onefoa plurality of {anthamde magnets completely enclosed in and
gubstantially filling the case. Preferably the assembly has a cocrcive force and/or & maximum energy product substantially greater than that of
a samanum-cobalt magnet, and has a polanty substantially aligned with the longitudinal axis of the case

{0078} Ina parucularly preferred embodiment, the magnelic assembly comprises 8 plurality of lanthanide magnets hinearly and contiguously
arranged, each magnet having a first face 1n the onentation of north pole and an opposing face in the onentation of  south pole Adjoining
faces of adjacent magnels have oppouits polanity, and the first and second faces ase substantially perpendicular to the longitudinal axis of the
case

[0079] Switable lanthanide magnets can be of any desired shape, for example box- doughnut-, tnangular-, bar- or disk-shape Prcferably the
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they preferably have a diameter of about 2 to about 25 mm and a thickness of about 0 5 to about 20 mm Where the siir bar compnses more
than one magnet, 1t 15 preferred that all of the magnets have substantially the same shape and preferably, the individual faces present on each
magnet are of substantally the same cross-sectional area. Preferably, each magnet has cross-sectional faces of substantially the same surface
area as the other magnets W

[0080] Lanthanide magsets herein are magnets composed of a material compnsing at least one lanthamide element. Preforably such magnets
have a coercive force and/or a maximum energy product substantially greater than that of 8 samanum cobalt magnet. Particularly préferred
lanthanide magnets compnse neodymium Such magnets can compnse additional inatenals, for example 1ron and boron An exemplary
lanthanide magnet compnses neodymium/iron/boron, aleo referred herein as an NdFeB magnet. :

k)
[0081] A non-reactive, abrasion-resistant case herein can compnse any suitable matenial Preferably, the matenal 1 witer-impermeable,
resistant to cracking or leaking dunng use in the process of the invention, and 1s chemically inert The case can be a single-plece case ora ,
multi-piece case Non-limiting illustrative examples of switable matenals for use 1n such a case include rubber, metals, epoxy, plastics and
other polymers, and combinations thereof Illustrative polymers include RheFlex RTM tubing (Rheodyne), polypropylene,
polymethylmethacrylate, fluoropolymers such as polytetraflucroethylene (PTFE, available commerciaily as Teflon RTM ), ethylene-
tetrafluoroethyle- ne flugropolumer (¢ g Tefzel RTM ), perfluoroalkoxy copolymer resm (Teflon RTM PFA), fluonnated ethylene
propylene polychlorotnfluoroethylene, polyvinylidene fluende fluoroplastic (o g Kynar), etc A paricularly preferred case compnses PTFE
tubing 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 1n a process of the invention 18 illustrated in FIG 2 (perspective
representation), FIG 3 (scction view), and FIG 4 (mide view) In this examplo, disc-shaped NdFeB magnets 1 are hnearly stacked to a desired
length and press fit into a prece of PTFE tubing 2 which 1 of slightly greater length than the stacked magnets The ends-of the tubing are then
sealed by placing epoxy cement 3 in the end of the tube, press fiting 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 epaxy cement and no PTFE disk. To reduce rotational . ,
frnction, 8 prece of external ubing 6, for example Tygon tubing, can be slipped over the tube so that the bar balances ovenly when placed on a
fiat, honzontal surface Preferably such external tubing 18 of lesser length than the stir bar and 1s fixably located around the midsection of the
stir bar, for example as illustrated in FIG 2
[0083] Thss hugh strength stir bar has at least two important advantsges over conventional commercially available stir bars First, the bar1s
very difficult 1o decouple dunng mlling, thus allowng for greater mulling speeds and consequent reduced processing ime Second, the wide
size range of available NdFeB magnets allows for preparation of stir bars of any length (typically to a resolution of 1 mm) Such stir bars are
useful in processes of the invention and 1n any other process which would benefit from use of & lugh strongth, sturdy, inexpensive, and , , ,
custom-sized shr bar '

[0084] Any suitable device can be used to magnetically activate the means for shmng A preferred device 18 a rotating magnet, preferably a
hugh strength rotating magnet The step of magnetically activating the means for snmng 18 performed by placing the device (in the active or %
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not greater than that from which the particular magnetically activatable means for shmng can be set in motion by the particular device used,
such a distance will be determined both by charactenstics of the particular means for shmng and by charactenstics of the device used to

activate the means for smng Generally, such a distance s not grester than about 2 meters, preferably not greater than about 1 meter, more

preferubly 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 10 about 0 1 meter If the device used to magnetcally active the means for

sturring 18 @ stir plate, for example & Magnestir, removal of the cover plate wiil enhance performance by increasing the available magnetic

field

[0085] Any suitable size and/or type of vessel, for exampie s scinuHation vaal, a cryogenic tube, 8 beaker, a flask, & conical tube, a cylinder,
etc., can bo used in the process of the invention Preferably, the vessel 1s made of glass or Pyrex RTM and has a fiat bottom As will be
discussed below, when milling at the microgram scale, the vessel 13 preferably made of hard plastic or latex which can be punctured using
moderate force. Preferably, pnor to miiling, the vessel 1s 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 gnnding media, magnetically activatable means for
shmng, drug, and liquid dispersion medium

[0086] Sumng Time and Rate

[0087] All other factors being equal (¢ g., bead size, bead amount, bead matenal, vessel sizs eic ), size of drug particies prepared according to
a process of the invention is inversely related to stuming time (i @ , the longer the stuming time, the smaller will be the drug particles) and
stiming rate (1 e, the faster the sturing rate over a given penod of time, the smaller will be the drug particles) Any desired stimng rate and/or
amount of shmng tyme can be employed In practice, however, a sufficient milling ime 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 simng rate will bo ebout 10 to about 4000
rpm, 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 descnibed herein above will be needed an order to resist decoupling In performing the process of the invention, one of ordinary skill
can readily optimize stmng time and rate as well as other factors described herein above 1n order to prepare drug particles to a desired s1ze

!

range .
[0088] Separation of Gnnding Media and Suspension

[0089] Gninding media and/or magnetically activatble means for stiming can be scparated from a milled suspension prepared according to
the process of the invention by any suitable means Non-limiting examples of illustrative separation means include filtration, suction
filtration, centnfugal filtration, extraction with a synnge or pipette, pounng off, physical removal (e g, with tongs or & net), etc lllustistively,
the separation means can compnse removing the nulled suspension from a milling veasel using a transfer pipette, for cxample s 1 5 mi
Samco Preferably the transfer pipette has an aperture small enough so gnnding media present 1n the vessel will not be not be entrained by the
pipette Optionally, the gnnding media can be washed/ninsed wath fresh hiquid dispersion medium to axd 1n recovery of drug particles For
enhanced drug recovery, multiple small volume washes are generally preferred to one largo volume wash Filiration and pipetting are
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preferred means for separating a milled suspension from gn_ndmg media and/or magnetically sctivatablé means for srnng ' y l o

[0090] When the process of the invention 18 performed at very small scales, for example microgram scale, recavery of suspenston can be as
low as sbout 50% to about 75% Without being bound by theory, this appears to result from surface tension which causes suspension to be
retained by gnnding media In most cases this imitation is addressed by nnsing the beads with fresh vehicle However, this nnsing also
dilutes the suspension which, 1f high concentrations of drug are to be administered, may be impractical Furthermore, malang 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, centnfugal filtration may be used to remove suspension from gnnding media. Where centrifugal filtration 13 used to
remove suspension from the milling vessel, the milling vessel should comprise a penetratable hard plastic as opposed to glass Centnifugal
filtration 1s performed by using a small gauge needle or mmilar 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 out of such holes by gravity because of the surface tension effectsas -
noted above The prerced vessel 1a then suspended over a recerver vessel and the two veasels are placed m a centnfuge The vessels are then
centnfuged tor about 10 to about 60 seconds at about 100 to about 1000 rpm dunng which time the suspension |s transferred from the milling
vessel to the receiver vessel, the grinding media remain in the milling vessel Preferably, the minimum amount centrifugation ttme 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 spinnung or the use of more holes One of ordinary skill in the art will readily opumizs
centrifugation filtration conditions based on size and charactenstics of the milled suspension

»

[0092] Dilution .

L {
[0093] In one embodiment of the invention, & milled suspension resulting from step (c) or (d) of the above process is further diluted 4o form a ,
pharmaceutical suspension The milled suspension 18 preferably diluted with a liquid dispersion medium selected to mintmize drug particle
aggregation upon storage, for example as 18 descnbed hereinabove. Any additional pharmaceutically acceptable excipients may also be added
to the pharmaceuttcal suspension

1 [
[0094] Drying
[0095] In a particularly preferred embodiment of the invention, a mulled suspenston resulting from step (c) or (d) of the above process 18 dned
to form a drug powder The drying step can compnse any suitable method of drying, for example evaporation, rotovapping (rotary
evaporation), spray drying, lyophilization, conventional hesting, for example in an oven, etc Spray drying and rotovapping are preferred
methods of drying Any suitable spray drying method known 1n the art can be employed Generally, spray drying 18 8 process by which a
solu:;on or suspension compnsing dissolved or dispersed drug 18 rapidly sprayed over a current of warm aur, resulting in formation of a dry
powder

[0096] The drying step can occur prior to or after removal of gnnding media and magnetically activatable means for stmng Especially
where the drying step comprises spray drying, gnnding media and magnetically activatable means for stirnng are preferably remaved prior to \‘i
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[0097] Formulation

acoutical compomition to Improve 1ts handling, storage, disintegration, dispersion, dissolution, releage or organoleptic properties or to

a dose umt of the composition into s discrete article such as a capsule or tablet switable for oral
administration Excipients include, by way of sllustretion and not limutation, diluents, disintegrants, binding agents, adhestves, wetting agents,
Iubﬂcm:’:. 8lhidants, crystallization intubitors, surface modifying agents, substences added to mask ar counteract g disegreeable taste or odor,

elixir, 8 iquid, or any other form reasonably adapted for such admimstration If intended  an imbibable Liquid, for exa plo a suspension,
elixir or a liquid, drug powder propared according to the invention can be Suspended in one or more 1nert camers, for u:tnple water or frurt
juice. If intended for perenteral admunsstration, 1t can be in the form, for example, of a suspension If intended for rectal administration, 1t cap
be in the form, for example, of g Suppository Presently preferred are orul dosage forms that are discrete doso units each contanmg g
predetermined amount of drug, such as tablets or capsules

EXAMPLES ' ' [J

Example 1 .

{0101] Dispersions D1-D4 contatning 5% by weight celecoxsb were propered by the process desciibed below The disperaions differed only 1
the particle uze range of the calecoxsh

[0102) 1 Celecoxib was Micromzed 1n an aur yet mylf to form 4 drug powder

[0103] 2 The drug powder was added to an aquecus solution contumng 2 5% low Viscosity hydroxypropylcellulose (HPC-SL) and 0 12%
sodium dodecy| sulfate, to form suspeasion
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"2 muiea suspension accoraing to tne following protocol A sample amount of 6 0 ml of the
suspenston (containing 20% celecoxib), a 19 mm magnetic stir bar made by VWR, 8 ml of lead-free glass beads, and S0 mu | of antifoaming q’ )
agent (Sigma Antifoam A Concentraie) were added to a 20 ml scintillation vial To provide a milled suspension having a target particle size

range of 6-7 mu m (1 ¢, the s1ze range achieved 1n the micromizing step, used to provide a comparative composition), the vial was shaken for

two minutes To provide a milied 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 magnenc stir bar Target particle size ranges were vaned 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 s1ze reduction |

[0105] 4 The resulting milled suspension in each casc was transferred to a larger vial and diluted with fresh vehicle to form a finai milled
suspension Naminal celecoxib concentration in final suspensions was 5% by weight -..

I1TABLE 1 Milling condrtiona used to produce milled suspensions D1-D4 Milled Target s1ze Bead size Milling ime Milling speed !
Suspension range ( mu m) (mm) (mn) (rpm) D16-733-36—--D21-333-3 626900D3 05-09125-1 5525900D402-0405 52 1250

Example 2

[0106] Celecoxib particle size'in milled suspensions D1-D4 as prepared 1n Example 1 was determined by laser (Fraunhofer) diffraction and
by opuical microscopy

(0107] Fraunhofer scattenng was measured on static suspensions samples using a Sympatec spectrometer Samples were diluted with water
into a static czll at a concentration that maimtained a reduchion in laser intenmity of approximately 20% The choice of collection lens was
determined by the population of large material present 1n suspension, and thus was different for each sample However, the smallest focal
length optic sppropniate was used 1n each case No Mie scattering corrections wers epplied The results, presented 1n FIG 5, show & D sub 50
particle size consistent with the target sizo range D sub 50 and other particle nze psrameters shown 1n FIQ 5 are believed to be
overestimated for the 0 2-0 4 mu m celecoxib dispersion, aince this size range 18 t the very linut of detection by this technique

[0108] In order to visually confirm particle suzes, optical microscopy was used Observations were carned out using an Olympus BH-2
microscope with attached video camera Images were then digitized (Snappy 4 0, Play Inc, Rancho Cordova, Calif ) and mampulated (Pasnt
Shop Pro 6 02, JASC, Eden Praine, Minn ) as gppropnate FIG 6 shows micrographs of samples taken from celecoxtb dispersions D1-D4
with non-polanzed (left) and polenzed (nght) light The bar represents 10 mum Sigmficant Brownian motion was observed in suspensions

D3 and D4, an observation consistent with presénce of, very small nanoparticies In contrast, only alight Brownian motion was noted in

cispersion D2 and none at all in suspension D1
Example 3 3\

{0109] Samples of miiied suspenmons prepered in Example 1 were dned sndividually by rotovapping according to the following procedure 3 x
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RE!11 Rotovapor) The flask was suspended 1n water at a temperaturs of 40 degree C and rotates s BPPrOXIMALE.Y 1w Vi génus
vacuum was pulled on the flask for 0 5-1 hour {0 avord bubbling of the suspension ARer this tme, a full house vacuum was employed and
the evaporation proceeded for not less than 48 hours

Example 4

[0110] Samples of milled suspensions prepared 1n Example 1 are spray dned individually at room temperature using a Yamato GB-21 spray
dryer to form drug powders DP1, DP2, DP3 and DP4, respectively, under the following conditions (a) liquid flow rate of 5 ml/min, (b) nlet
ar temperature of 110-130 degres 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 §

[0111] Valdecoxib, inezolid, phenytoin, gnseofulvin and carbamazepine were milled according to the general procedure descnibed for
celecoxib in Example 1 Milling parameters are shown in Table 2 \

2TABLE 2 Milling parameters for vanious 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 1n H sub 20 1n H sub 20 Na citrate pH 3 Anti-foam ( mu [) 3 30 40 Drug
Concentration (%) 0 25 20 10 Suspension volume (m1) 0 5 g 3 g 7 5 ml or weight (g) Stir bar type NdFeB bar NdFeB bar NdFeB bar Stir bar
length (mm) 8 3 19 Gnnding media d1ze (mm) 0 50-0 75 0 $0-0 7S 0 50-0 75 Gninding media volume (ml) 0 75 g 4 7 g 8 0 ml or weight (g)
Milling time (h) 15 18 11 Milling Speed (rpm) 3000 3000 1500 D sub 50 (nm) 460 sup 1 1900 sup 1 200 sup 1 1000 sup 2 130 sup 3
Gnaseofulvin Carbamazepine Solution Components 3 75% PVP-K30, 3 75% PVP-K30, 0 5% SDS, 0 5% SDS, 10 mM Na citrate 10 mM Na
citrate pH 3 pH 3 Anti-foam ( mu 1) 40 40 Drug Concentraton (%) 10 10 Suspension volume (ml) 7 5 ml 7 5 ml or weight (g) Sur bar type
NdFeB bar NdFeB bar Stir bar length (mm) 19 19 Gnnding media size (mm) 0 50-0 75 0 50-0 75 Gnnding media volume (ml) 8 Omi 8 0 mi
or weight (g) Milling time (h) 11 11 Milling Speed (rpm) 1500 1500 D sub 50 (nm) 250 sup 1 2500 sup 1 160 sup 3 2600 sup 3 Size
Detection Method sup 1Turbidimetry, sup 20phical Microscopy, sup 3X-Ray Diffraction

cudAn
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