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J SE LUIS REYES VILLAMIZAR, conocido apoderado de las sociedades
opositoras TECNOQUIMICAS S.A. y NOVAMED S.A. en el tramite de la
referencia, me permito hacer breve referencia a la contestacion de la oposicion
presentada por el solicitante el 14/02/2005 y referimme a! nuevo capitulo
reivindicatorio allegado, que revela en general una forma de dosificacion sélida de
Terbinafina para administracion oral, en donde las particulas de Terbinafina tienen
un tamafio en el intervalo desde 0.5mm a 4mm en diametro, en los siguientes
términos:

1. Determinacion del estado de la técnica.

Me permito citar el siguiente documento, anterior a la fecha de la prioridad de la
solicitud y relacionado con la materia misma, puesto que éste anticipa por si
mismo el objeto pretendido y le resta, en consecuencia, cualquier asomo de Nivel
Inventivo a la solicitud. Veamos:



WO 00/72827A2 “Porous drug matrices and methods of manufacture thereof”

(publicada en diciembre de 2000 y con prioridades anteriores a marzo de
2000)

Este documento revela (en sus reivindicaciones 9, 11, 15, 22) composiciones
fammacéuticas que comprenden una matriz porosa formada por un agente
humectante y microparticulas con diametro entre 0.01 y 5um de un farmaco con
baja solubilidad en agua que puede ser seleccionado del grupo que consiste de:
albuterol, adapalene, enalaprii maleato, omeprazol, betametasona dipropionato,
finasteride, ritonavir, carbamazepina, simvastin, Ciprofloxacina, Terbinafina
clorhidrato, diclofenac sédico, entre otros; o de un farmaco soluble en agua
seleccionado del grupo de: ketoconazol, oxaprozin, flutamida, famciclovir,
bupropion, tacrina, verapamil, miglitol, adenosina, alendronato, enoxaparina,
Terbinafina, donepezil, olanzapina, valsartan, entre otros, y cuya matriz es
procesada dentro de tabletas o capsulas para una adecuada administracion oral.

De igual manera, de la lectura de la parte descriptiva de la solicitud internacional
en mencién se puede deducir que el objetivo de este tipo de composiciones con
matrices porosas, es el de mejorar la tasa de disolucion de farmacos
incrementando el area superficial del mismo y haciéndolo mas disponible al
contacto con los fluidos acuosos biolégicos, en consecuencia, la biodisponibilidad
del farmaco puede ser limitada por una pobre disolucion en dichos fluidos después
de la administracion restringiendo el rapido alcance del nivel terapéuticamente
efectivo del farmaco.

Como se observa, en este documento no sélo se revela el principio activo de
interés "Terbinafina®, también menciona que:

¢ El farmaco se encuentra en forma de particulas con un didmetro
determinado,

e Se mejora la tasa de disolucion, se aumenta el area superficial y en
consecuencia se mejora la biodisponibilidad,

Si bien es cierto que ni los tamafios de particula (0.01 a 5um) ni la presencia de
una matriz porosa estan revelados en dicha anterioridad, para una persona
medianamente versada en la materia resultaria obvio y podria derivar de la misma,
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adecuado para lograr la caracteristica que los inventores han encontrado ahora,
supuestamenie de manera sorprendente: “una mejorada biodisponibilidad”.

Por lo anterior es evidente que el supuesto objeto de la solicitud en tramite
{mejorar la biodisponibilidad) fue solucionado en el pasado y que por ello Ia
8 licitud carece de Nivel Inventivo.

De igual manera me permito anotar que en el campo de la farmacia galénica es
ampliamente conocido que entre los factores que influyen sobre la
biodisponibilidad de un farmaco se encuentra el tamafio de particula, puesto que
su reduccidn se traduce en un incremento en el drea efectiva de las particulas
solidas del farmaco que entran en contacto intimo con los fluidos intestinales, Io
gque implica un necesario aumento en la biodisponibilidad. De igual manera, es
sabido que las caracteristicas de solubilidad de cualquier compuesto pueden
variar de acuerdo con el tamafio de la particula, e incidir comrelativamente en su
biodisponibilidad.

2. En el estado de la técnica se describe la relacion entre el tamafio de
particula de los farmacos y la biodisponibilidad de los medicamentos.

Para seguir con nuestra demaostracion de la falta de nivel inventivo de la solicitud
en tramite, ruego al Despacho tenga en cuenta el documento anexo titulado
"Concepto Técnico sobre Tamafio de Particula de Farmacos y su Relacion
con la Biodisponibilidad y Bioequivalencia de los Medicamentos - Métod s
para Reducir el Tamailo de los Fadrmacos” preparado por la Facultad de
Ciencias — Departamento de Farmacia de la Universidad Nacional de Colombia-.

Este documento revela el amplio conocimiento de las técnicas de reduccion de
particulas y de su extendido empleo en la industria farmacéutica, casi como un
paso obligatorio en cualquier proceso de pra-formulacion de farmacos, en especial
si se estd en presencia de principios activos poco solubles, o si se desea
efectivamente mejorar su biodisponibilidad.

Asi mismo, me permito resaltar que en dicho conceptc y como parte de las
conclusiones del mismo, en especial la conclusion nimero 3, se manifiesta que:
‘Desde tiempos muy antiguos se ha recurrido a la reduccion del tamario de
materiales sélidos or ulvenizacion micronizacidn nano articularizacién efc.



permiten aumentar la superficie especifica del sblido, para lograr un aumento en la
dispersabilidad y velocidad de disolucion, seguida de una mejor absorcion y en
consecuencia, una mayor biodisponibilidad” (comillas fuera del texto).

Del mismo modo, la conclusion numero 5 destaca que: “Modificar una propiedad
fisica de un sdiido, en particular su tamaflo de particula con el fin de variar su perfil
de disolucién y determinar la variacion de la biodisponibilidad, es una técnica
ampliamente conocida en la industria farmacéutica y profusamente tratada en la
bibliografia disponible” (comilla fuera del texto).

Como se observa, la pretension de proteger una forma de dosificacion solida de
Terbinafina en muitipies particulas con un tamafio entre 0.5mm y 4mm (50um y
4000nm) y que proporciona una mejorada biodisponibilidad con respecto a las
formas sélidas de dosificacion conocidas de Terbinafina, carece de altura inventiva
ya que tanto los métodos para obtener un determinado tamafio de particula como
el objetivo de optimizar la biodisponibilidad de una droga de baja solubilidad son
rutinarios. Existe una gran cantidad de antecedentes que muestran que se puede
modificar la solubilidad, disolucion y biodisponibilidad de principios activos
manjpulando el tamafio de particula de los mismos, a punto que es rutina
requerida en lineamientos de la FDA cuando se estd estudiando una nueva
entidad quimica.

Ahora bien, en cuanto al supuesto nivel inventivo de Terbinafina en multiples
particulas y su mejorada biodisponibilidad derivada del tamario del principio activo,
esto es, frente a la ausencia de revelaciones textuales de los tamaiios de particula
y de datos farmacocinéticos respecto de la sustancia que nos ocupa, y sin
perjuicio de reconocer que cada solicitud de patente debe examinarse
separadamente, puede ser discutida si 8e tienen en cuenta algunos apartes de la
decision adoptada por la Superintendencia de Industria y Comercio contenida en
la resolucion N° 30887 del 26 de septiembre de 2002, por la cual se niega la
patente de invencion a la solicitud 88005805 “Tabletas de Oxcarbazepina
recubiertas de una pelicula y método para la produccion de estas formulaciones®.

En esta decision se sostiene que: “Toda persona medianamente formada en las
ciencias quimicas sabe que el area superficial efectiva de un farmaco se aumenta
enormemente por la reduccién de su tamafio de particula (debido a que la
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velocidad de disolucion. Por lo tanto, es de comun conocimiento que el menor
tamafio de particula brinda una mayor area superficial, que aumenta la
penetracidon de solvente en las particulas, incrementando la velocidad de
disolucion, resultando por supuesto mucho mas representativo este hecho para
compuestos hidrofébicos, con muy poca solubilidad en agua, como resulta ser el
perfil de solubilidad de Oxcarbazepina®.

Continua la Resolucion citada diciendo que “no se traduce en ningun avance sobre
el estado de la técnica el modificar una propiedad fisica de un sélido, como es su
tamafio de particula, con el fin de variar su perfil de disolucion y determinar la
variacion de la biodisponibilidad, puesto que este fenémeno es perfectamente
conocido y se encuentra al alcance de cualquier persona con mediana formacion
farmacotécnica®.

Adicionalmente, la Farmacia de Remington' revela: "En la bibliografia existen
muchas investigaciones que demuestran la importancia del tamaiio de las
particulas. Se comprobd que el tiempo de disolucién, el tiempo de absorcion, la
uniformidad de contenido, el color, sabor, textura y estabilidad, dependen en
grados variables del tamario y distribucion de las particulas (...) la velocidad de
disolucion de las particulas pequefias suele ser mas rapida que la de las particulas
mas grandes porque el tiempo de disolucion depende de la superficie especifica
que estad en contacto con el medio liquido®.

No hace falta ser un experto en la materia para saber que la granulometria es una
técnica general y conocida, que consiste en escoger el tamafio de particula
adecuado para elaborar formas farmacéuticas como tabletas o capsulas, en
funcién de las conveniencias de empaque, costo, presentacidon o conservacion del
producto, y particularmente, del equipo de manufactura de cada fabricante.

En consecuencia, lo anterior sustenta el hecho de que la solicitud en curso carece
de nivel inventivo, debido a que los principios utilizados en el desarrollo de una
composicion de Terbinafina con mejorada biodisponibilidad en virtud de la
presencia de Terbinafina en mdltiples particulas con tamadfios entre 0.5 y 4mm,
son conacidos en el estado de la técnica y se encuentran al alcance de cualquier
persona medianamente versada en la materia para su aplicacion.



Asi las cosas, y con fundamento en los argumentos expuestos a lo largo del
presente escrito, respetuosamente reitero la solicitud para que su despacho se
abstenga de conceder el privilegio de patente solicitado, y ordene en
consecuencia el archivo del expediente respectivo.

3. PRUEBAS

Ademas de las aquellas que oficiosamente considere el despacho, ruego que se
tengan como tales las siguientes:

« Copia de la primera pagina y apartes de la aplicacion internacional WO
00/72827A2 "Porous drug matrices and methods of manufacture thereof™.

» Copia de Concepto Técnico sobre Tamafio de Particula de Farmacos y su
Relacidn con la Bicdisponibilidad y Bioequivalencia de los Medicamentos —
Métodos para Reducir el Tamafio de los Farmacos®. Facultad de Ciencias ~
Departamento de Farmacia de la Universidad Nacional de Colombia-.

e Copia de la Resolucion 30887 de 26 de septiembre de 2002, proferida por
la Superintendencia de Industria y Comercio.

Sefior Superintendente,

JOSE LUIS REYES VILLAMIZAR

C.C. 79'152.473 de Usaquen
T.P. 44655 de C.S.J.
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PCT/US80/14578

POROUS DRUG MA'TRICES AND
METHODS OF MANUFACTURE THEREOF
Background of the Invention

This invention generully relates to formulations of drugs, especially
drugs having low solubility, and more particularly 10 mcthods of making
fonnulations of such drugs to enhance their rate of dissolution,

‘The bicavailability of a drug can be limited by poor dissolution of the
drug into aqueous bodily Muids following adminisiration. This rate-limiting
sicp muy therefore be critical to rapidly attaining therapeutically effective
drug levels.

Traditional approaches to parenteral delivery of poorly solublc drugs
include using large volumes of aqueous diluents, solubilizing agents,
detergenis, non-ngueous solvents, or non-physiological pH solutions. These
formulations, however, can increase the systemic toxicity of the drug
compaosition or damage body tissues at the site of administration.

For example, paclitaxel iy a natural product which his been shown 1o
pussess cytotoxic and antitumnar activity. While having an unambiguous
reputation of tremendous therapeutic potential, paclitaxel a< a therapeutic
agent has some patient related drawbacks. These stem, in part. from its
extremely low solubility in water, which makes it difficult to provide in
suitable dosage form. Because of paclitaxel’s poor aqueous solubility, the
current approved (U.S. FDA) clinical formulation consists of a 6 mg/ml
solution of paclitaxel in 50% polyoxyethyl:lted castor oil (CREMOPHOR
EL™) and 50% dehydrated alcohol. Am. J. Hosp. Pharm., 48:1520-24
(199)). In some instances, severe rené'tions, incli:ding hypersensitivity,
occur in conjunction with the CREMOPHOR™ administered in conjunction
with paclitaxel to compensate for its low water solubility. As a result of the

incidence of hyperscasitivity reactions to the commecreial paclitaxel
formulations and thc potcntial far paclitaxcl precipitation in the blood, the
formulation must be infised over several hours. In addition, paticnts must be
pretreated with steroids and antihistamines prior to the infusion. In response
to the hypersensitivity related 1o the CREMOPHOR™, the incressing
recognition of paclituxel’s prumise as an unlineoplastic, and the
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versus time) for various porous malrix forms of griscofulvin.
Figure 8 is a graph of nifedipine plasma levels versus time post
intravenuus asdministration of reconstituted nifedipine matrix in dogs.
Figure 9 shows the chemical structure of taxane compounds,
5  including paclitaxel and docetaxel.
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Detailed Description of the Invention
The ratc of dissolution of drugs can he enhenced by making the drug

into a porous matrix form, substantially increastng the surlace area of the

o e

drug availnble to contact uqueouy biological fluids st the site of
10  administration of the drug composition. The m-ethod for making the porous
mutrix of drug includes the steps of (a) dimlvihg a drug in a volatile solvent
to form a drug solution, (b) combining at least one pore forming ngent with
the drug solution to form an emulsion, suspension, or sccond solution, and
(c) removing the valatile solvent and pore forming agent from the emuision,
{5  suspension, or sccond salution Lo yield the porous matrix of drug.
In a preferred embhndiment, pharmaceutical compositions are

e b e B 4 £, Y e

provided for paclitaxel, or docetaxel, without the solubilizing agent *
CREMOPHOR™, or Polysorbate 80, respectively, wherein the
pharmaceutical composition can be administered as a bolus. The
compositions are porous dry powders, which upon the addition of an aqucous
medium form a suspension of nanoparticles and microparticles of the drug.
1. Drug Matrix Compaaitions .

‘The pornus drug matrix is at least 1 to 95%, preferably ut least about
10%, and more preferubly between about 10 and 70%, drug by weight. The
25  matrices also may contain hydmphiﬁ: excipients such as water soluble

i bt L
8

polymers or sugars, wetting agents such as surfactants, and tonicity agenta.
The form of the drug matrix (drug powder) is critical to the
dissolution rate. The matrix must contain microparticles of drug, which
prefernbly have a mean dismeter between about 0.01 and 5 pm, more
30 preferubly between about 0.1 and 5 ym. In one embodiment, the mesn
diameter of the microparticlcs is belween aboul 1 and 5 um. The average

Eemndide s aori ad)

T
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tatal surface area of the microparticles contained within the parous matrix,
which typically is in the form of & dry powder, is 0.5 m*/mL or greater,
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acarbose, lorazepan, follitropin, glipizide, omeprazole, fluoxetine, lisinopril,
tramsdol, levofloxacin, zafirlukast, interferon, growth harmone, interleukin,
crythropoictin, granulocyte stimulating {actor, niimtidinc. bupropion,
perindopril, erbumine, adenosine, alendronate, alprostadil, benazepril,
betaxolal, bleomycin sulfate, dexfenfluramine, diltiazem, fentanyl, flecainid,
gemcitabine, glatiramer acetate, granisetron, lamivudine, mangafodipir
trisodium, mesalumine, metoprolol fwnamte, metroniduzole, miglital,
moexipril, monteleukast, octreotide acetule, olopatadine, paricalcitol,
sumutropin, sumatripian succinate, tacrine, verapamil, nsbumetone,
trovafloxacin, dolasetron, zidovudine, finasteride, 1obramycin, isradipine,
tolcapone, cnoxaparin, fluconazolc, lansoprazole, terbinafine, pamidronate,
didenosine, diclofenac, cisapride, venlafaxine, iroglitazonc, fluvastatin,
losartan, imiglucerase, donepezil, olanzapine, V;IJMB. fexofenadine,
culcitonin, and ipratropium bromide. These drugs are generally considered
10 be wuter soluble. -

Preferred drugs include albuterol or albuterol sulfate, adapalene,
doxnzosin mesylate, mometasone furoate, ursodiol, amphotericin, enulapril
maleate, felodipine, nefazodone hydrochloride, valrubicin, albendazole,
conjugated estrogens, medroxyprogestetone acetate, nicardipine
hydrochloride, zolpidem tartrate, amlodipinc besylate, cthinyl cstrodiol,
omeprazole, rubitecan, amlodipine besylate/ benazepril hydrachloride,
clodoluc, parvxetine hydrochloride, moquuom;. felodipine, podofilox,
paricalcitol, betumethasone dipropionate, [entany], pramipexole
dihydrochloride, Vitamin D and relpted anslogues, finasteride, quetiupine
fumamte, alprosiadil, candesartan, cilexetil, fluconazole, ritonavir, busulfan,
carbumuzepine, flumazenil, risperidone, carbemazepine. carbidapa,
levodopa, ganciclovir, saquinavir, lmpmmvir.tcnmoplmin. glyhuride,
sertraline hydrachloride, rofecoxib earvedilol, halobetasoiproprionate,
sildenafil citraie, cclecoxib, chlorthalidonc, imiguimod, simvastatin,
citalopram, ciprofloxacin, irinotccan hydrochioride, sparfloxacin, efavirenz,
cisapridc monohydrate, lansoprazole, umsulosin hydrochluride, mofafinil,
clarithromyecin, letrozale, terbinafine hydrochloride, rosiglitazone maleate,
diclofanac sodium, lomefloxacin hydrochloride, tirofiban hydrochloride,
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unsaturated synthetic Jecithins, such as dioley! phosphatidyl choline or
dilinoleyl phosphatidy] choline. Other hydrophobic or amphipathic
compounds can be used in place of the phospholipid. for example,
cholesterol. Emulsificrs also include surfactants 'such as frec fatty acids,
csters of fatty acids with polyoxyalkylene compounds like polyoxpropylcnc
glycol and polyoxyethyiene glycal; ethers of fatty aleohols with
polyoxyslkylene glycols; esters of fatly acids with polyoxyulkylaicd
sorbitan; soups; glycerol-polyalkylene stearuie; glycerol-palyoxyethylene
ricinoleate; homo- and co-polymers of polyalkylene glycols; polyethoxylated
soya-oil and castor oil as well as hydrogenated derivatives; ethers and esters
of sucrose or other carbohydrates with fatty acids, fatty alcohols. these being
aptionally polyoxyalkylatcd; mono-, di- and tri-glyccrides of satarated or
unsatumied farty aeids, plycerides of soya-oil and sucrose.

Other emulsifiers include natural and synthetic forms of hile salis or
bile acids, both eolijugated with amino acids and unconjugated such as
taurodeoxycholute snd cholic scid.

V. Poraus Drug Matrix Applications

The porous drug matrices described hergin are useful in formulations
for administration to a patient in need of the dru'g. As used herein, “patient”
relers to animals, including mammals, prefembly humans. The formulations
deliver a therapeutically or prophylactically effective amount of the drug to
the patient. '

In 8 prefermed embodiment, paclitaxe] or docetaxel inatrices are used
in formulations for administration to‘n patient in need thereof.
Pharmaceutical compositions of these drugs preferably are provided without
CREMOPHOR™, Polysorbate 80, or other solubilizing agents, for bolus
administration. The compositions are porous dry powders which upon the
addition of an aqueous medium form a suspension of nanoparticles and
microparticles of the drug.

The porous matrices, or formulations thereof, are suitable for
adminisiration of drug by u variety of routes. fcln' example, parenteral,
mucosal, omal, topical/transdermal administration, for focal, regional, or
systemic effect. Examples of parenteral routes include inraveneous,
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intraurterial, intracardiac, intrathecal, intraosseous. intraarticular,
intrasynovial, infrucutaneous, subcutaneous, and intramuscular
sdministration. Examples of mucosal routes include pulmonary
(intrarcapiratory), buccal, sublingual, intranasal, rectal, and vaginal
administration. The porous matrices aiso can be formulated for intraocular,
conjunclival, sural, urethral, intracranial, intralesiona], and intratumoral
administration.

In o preferred embodiment, the drug matrix is in the form of powder,
which can be reconstituted with an agueous medium, such as physiological
suline, and administcred parcnterally, such as intramuscularly,
suhcutanenusly, or intravennusly. An advaniage of the formulsiions
described hercin is that they can be used to :on.vert drugs which must be
infused (c.g., to nvoid precipitation of the drug li'c:llowing bolus injection) to
a bolus formulation, avoiding unscceptable precipitution of drug in vive or
for local delivery. _

Alterngiively, the matrix can be further processed using standard
techniques into tablets or capsules for oral nclm!inislmion. into rectal
suppositorics, into a dry powder inhaler for pulinonary administration, or
mixed/processed inlo 8 cream or ointment for t:opic.ll administration. These
siandard technigues are described, for example, in Anscl, ct al.,
“Pharmaceutical Dosage Forms and Drug Del'ivery Systems,” 6™ Ed.,
(Williams & Wilkins 1995). .

The present invention will be further understood with reference to the
following non-limiting examples. .

Qverview :

Examples 1-10 demonstrate production of porous drug matrices using
different pore forming agents, different drugs, and diffcrent solvents.
Examples 1-8 use emulsion formulmions to produce the matrices, whereas
Examples 9 and 10 use solulion formulations to produce the matrices.
Examples 11-13 describe the analyses which were used to characterize the
porous drug matrices produccd in Exemples 1-10. These chanwteristics
include density, drug integrity, and dissolution properties.

Example 4 describes particle size amilyuis and surface area analysis
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{ The integrities of the drugs foliowing the processing in Lxamples 1-9
ure: shown in Table 2 as purities. The process of forming the drug into
tl porous matrices does not appear to alter the purity of the drug,
3 S Tahle 2;: Drug Inteprity Analysis
: | Material Vurity (%)
: Prcdnisonc Powder 100
; Exampile | 98
3 Exampls 2 9.8
i Example 3 99.8
i Example 4 99.8

4 Gliseo'lulvin Bulk 95.7
4  Example 5 05.7
o Nifedipine Bulk 700
o Izxamplc 6 100
Exumple 9 T
Example 10 100
Naproxcn Bulk 100
Example 7 100
[ Paclitaxel Bulk 100
Example B —100

Example 14: Particie Size Analysis and Surface Area Analysis
of Drug Particles in Wetted Poraus Drug Matrices
alytjcal

10 Particle size analysis wus performed using U Coulter Multisizer 11
with o 50 micron aperture using siphon made. Eleciralyte was pre-saturated
with the drug of interest, and filtered through a 0.22 micran filter prior to
addition of lots for analysis to cnsure that no portion of the drug within the
lot would dissolve during the analysiss

15 Resulta

The meun particle size and total surface area of the drug particles

G T K PCTE TR P S NPT S Y § 3 1. S U PP A P

generated when the porous drug matrices produced in Examples 1-7 were
mconstituted in aqueous media are summarized in Tuble 3.
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Table 3: Particle Size and Surface Arca Analysis
Muterial Size Surface Area
(microns) | (m’/mL of microparticles)
Prednisone Powder 207 . 143
"Examplic | 1.58 1.66
Fxample 2 139 2.53
Example 3 1.39 : 302
Example 4 1.24 ' 136
Griscofulvin Bulk 2.42 (iX1]
Example 3 2.16 1.28
[ Nifedipine Dulk 264 0.57
Example 6 1.78 " 198
Nngoxen_gﬁfk 289 0.66
Example 7 1.34 2.19

[n all cuses, the particle size of the drug particles which resulted from
wetting of the porous drug matrices was reduced relative to the sarting bulk
material hy 10 to 54%, and the total surfa;'.e arca of the particles was
increased relative to the starting bulk drug by approximately 16-320%.
Example 15: Nifedipine Drug Matrices Containing a Wetting Agent
Produccd With and Without a I'ore Forming Agent
A nifedipine/PEG solution was prepared by dissolving 2.0 g of

nifedipine, 8.0 g of PEG 3350, and § my of lecithin in 200 mL of methylene
chioride (Example 15A). A second identicul niledipine-loaded arganic
solution was prepared. An uqueous solution compused o 1.8 g of
aummonium bicarbonate in 20 mL of DI water \Iv-.ls added to the first
nifedipine organic solution (phase ratio I':IO). The mixture was
homogenized for 5 minutes at 16,000 RPM. The nifedipine solution
(Lixample 15A) and the nifcdipine eiuision (Exampic 1 58) were separately
spray dricd using process conditions of 20 mL/min solution flow rate, 60
kg/hr drying gas mate, and 21 °C outlet tempm}nn'e.

Example 16: Griteofulvin Drug Matrices Containing a Wetting Agent

Produced With and Without l Pore Forming Agent
A griseofulvin/PEG solution was prepared by dissolving 5.0 g of

griseofulvin, 11.2 g of PEG 3350, 11 mg of TWEEN™ 80, and 11 mg of
lecithin in 200 mL of methylene chloride (Example 16A). A second
identical griscofutvin-loaded organic solution was prepared. An aquenus

3
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We cluim: .
1. A method (or making a porous matrix of drug compriging
(=) dissolving a drug in a volalile solvent 10 form a drug solution,
(b) combining at least one pore forming agent with the drug solution
to form an Emulsion. suspension, or second solution, and
(¢) remaving the volatile solvent and por:c forming agent from the

PPN BT LR N AR L T Y

emulsion, suspension, or second solution to yield the porous matrix of drug.
2. The methad of cloim | wherein the d;'ug has low aqueous
solubility.
3. The method of claim 1 further comprising incorporating at least

[ T ST N N,

une weiling agent into the emulsion, suspension, or second solution.
4. The method of claim 1 wherein step (c) is conducted using a
process selected from spray drying, evaporation, ftuid bed drying,

T
e | o

:l lyophilization, vacuum drying, ora eombimliop thereof.

.'} 5. The method of ¢laim | wherein the drug solution or pore forming
r" apent further comprises an excipicn! sclecled fé:m the group consisting of
'i hydrophilic polymers, supars, pegylated excipients, and tonicity agents.

g 6. The method of claim | wherein the pore fonning agent is a

z volatile sait.

7. The method of claun 6 wherein the volatile salt s selected [rom
Lhe group consisting of ammonium bicarbonate, ammonium scetate,
smmonium chloride, ammonium benzoate, and mixtures thereof.

8. The method of claim 3 which yieldsl a porous matrix formed of a
welling agent and microparticles of a drug, wherein the microparticles have a
mean diameter between about 0.01 and 5 um and a totsl surface arca greater
than ahout 0.5 m*/mL, and wherein the porous matrix is in a dry powder

form.

R TP AL T 1.1

CHPY o i
e W

[

9. A pharmaceutical composition comprising a porous matrix formed
of u wetting agent and microparticles of n drug,
wherein the microparticles have a mean diameter between about 0.01
= and 5 jim and a total surface arca greater than about 0.5 m¥mL, and
wherein the dry porous matrix is in a dry powder form.
10. The composition of claim 9 wherein the porous matrix is in a dry

":_i'l-l 5". I :':'.I-'
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powder form having a TAP density leas than or equal to 1.0 g/mL.

11. The composition of claim 9 wherein the drug is a low aqueous

R L I

solubility drug.

A 12. The composition of claim 11 wherein the matrix upon contact

?.. with an aqueous medium yields microparticles having a mean diameter

'} between about 0.1 and 5 pm and a total surface area greater than about 0.5
'-j m¥mL, and wherein the dry porous matrix is in a dry powder form having a
::é TAP density less than or equal 1o 1.0 g/mL.

5,
L

13. The compasition of claim 9 wherein the drug is a txanc.
14, The composition of claim 13 wherein the taxane is puclilaxel or

iad

docetaxel.
15. The composition of claim 11 wherein the drug is selected from

the group consisting of albuterol, adapalene, budesonide, doxazosin
mesylate, mometasone furoate, ursodiol, amphotericin, enalupril maleate,

5 H iE"hH:r |.-="="

o
g

,-" '} felodipine, nefazodone hydrochlaride, valrubicin, albendazole, estrogens
5:.5 cunjuguted, medroxyprogesterone acetate, nicardipine hydrachlaride,

T

'4:l zolpidem tartrate, amlodipine hesylate, ethiny! estadiol, omeprazole,

rubitecan, amlodipine besylate/ benazepril hydrochloride, ctodolac,
paroxetine hydrochloride, atovaquone, fclodipine, podofilox, paricaleitol,
betamethasone dipropionate, fentanyl, pramipexole dihydrochloride, Vitamin
D3 and reloted analogues, finasteride, quetiapine fumarate, alprostadil
candesartan, cilexetil, fluconazole, ritonavir, busulfan, carbamazepine,
flumazenil, risperidone, carbemuzepine, cnrhid:opanevudopu. ganciclovir,
siquinavir, amprenavir, cubnphtin.\glyhu:ide.' sertmline hydrochlonide,

e g L

S

L e

T
[}

& rofecoxib carvedilol, halobetasolproprionate, sildenafil citrate, celecoxib,
3 chlorthalidone, imiquimod, simvastatin, citalopram, ciprofloxacin, irinotccan
ll‘

hydrochlaride, sparfloxacin, efavirenz, cisapride monohydrate, lansoprazsle,
wmsulosin hydrochloride, mofafinil. azithromycin, clarithromycin, letrozole,
\lgrhinatige hydrochloridey rosiglitazone maleate, diclofennc sodium,
lomefloxacin hydrochloride, tirotiban hydmchlloridc, tcimisartan, diazapam,
loratudine, toremifens citratc, thalidemide, dinoprostone, meflaguine
hydrachloride, trandolupeil, mitoxantrone hydrochloride, tretinoin, etodolac,
triameinolone acetste, estradiol, ursodiol, nelfinavir mesylate, indinavir,
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beclomethasons dipropionate, oxaprozin, flutamide, famotidine, nifedipine,
prednisone, cefuroxiine, lorazepam, digoxin, lovastatin, griscofulvin,
naproxen, ibuprofen, isotretinoin, tamoxifen citrate, nimodipine, amiodarone,
and alprazolam.
16._The composition of claim 9 wherein the drug is water soluble.
17. The compuosition of claim 16 wherein the drug is selected from
the group consisting ofceftriaxone, ketoconnzole, cefiazidime, oxaprozin,
albuterol sulfate, valacyelovir, urofollitropin, fameiclovir, flutamide,
enalapril, mefformin, itraconazole, huspirone, gabapentin, fosinopril,
tramadol, acarbose, lorezepan, follitropin, glipil;.ide. ameprazole, (luoxeting,
lisinopril, levofloxecin, zafirlukast, interferon, hrowlh hormone, interleukin,
erythropoietin, granulocyte stimuluting factor, i:i'ulidine. buprupion,
perindopril, erbumine, adenosine, ulendrenste, ‘alprosiadil, benazepril,
betuxolol, bleomyein sulfate, dexfenfluramine, diltinzem, fentanyl, fiecainid,
‘gemcitabine, glatiramer acetate, granisetron, lamivudine, mangafodipir
trisadium, mesalamine, metoprolol fumaratc, metronidezolc, miglitol,
moexipril, montcleukast, octreotide acetate, olt_)patndine. paricalcitol,
somalrupin, sumalriptan succinate, tacrine, vet'lpl.nul nabumetone,
trovafloxacin, dolusetron, zidovudine, finasteride, tobramycin, isradipine,
ofcapone, enoxaparin, fluconazole, lansoprazole, %ﬂmidmﬂﬂlﬂ,
didanosine, diclofenac, cisapride, venlufaxine, wroglitazone, fluvastatin,
losartan, imiglucerase, donepezil, olanzgpine, valsartan, fexofenadine,
calcitonin, and ipratropium.

18. The composition of clai‘m 9 wherein the matrix further comprise
an excipient selected from the group consisting of hydrophilic polymers,
sugurs, lonicity ngents, pegylated excipients, and combinations thereof.

19. The compesition of cleim 9 wherein the mean diameter of the
microparticles is between about 0.0] and 5 um.

20. The campoaition of claim 19 wherein the mean diameter of the
microparticles iy beiween about 1 and 5 pm.

21. The composition of claim 9 whertin the microparticies are
suspended in an ngueoua solution suitable for parenteral administration.

22. The composition of claim 9 wherein the matrix is processed into

37

e
e

ETh o o o




an -
¢ o st e S -

WO ovnan7 PCT/USO0/14578

tablets or capsules suitable for oral administrution.

'{l 23. The compositivn of claim 9 wherein the matrix is formed into

; suppositories suitable for vapinal or rectal ndmgnistraﬁan.

1 24. The composition of claim 9 wherein the matrix is in a dry

: powder form suituble for pulmonary udministrition.

'E 25. The composition of any of claims 9-24 whercin the porous

o matrix is made by a process comprising

'Ié (a) dissalving a drug in a volatile solvent to form a drug solution,

,“i (b) combining at least onc porc forming agent with the drug solulion
'fl 10 fornm an emulyion, suspension, or second solulion,

rg (c) incorporating at least one wetting agent into the emulsion,

-
o

suspension, or second solution, and

-~
"ll- s

(d) removing the volatile solvent-und pore forming agent from the
emulsion, suspension, or second solution to yicld the porous matrix.
' 26. A method of delivering a drug to a patient in need thereof,

H LEEN 255 o

1

L comprising

:}‘ udministering a therupeutically or prophylactically effective amount
a,il of the drug in a formuletion comprising the composition of any of claims 9-
,..’;; 25,

Jg 27. The method of claim 26 wherein the formulation is suitable for

administmtion by a route selected from the group conaisting of parenteral,
mucasal, oral, and topical administration.

28. The method of claim 27 wherein the parcnteral route is sclccted
from the group consisting of inlnw\:ncnus. intrasrterial, intracardiac,

ji intrathecal, intraosseous, intraarticular, intrasynovial, intracutaneous,
f!j subcutaneous, and intramusculsr administration.

29. The method of claim 27 wherein the mucosal route is selected
from the group consisting of pulmonary, buccal, sublingual, intranasal,
rectal, and vaginal administration.

30. The method of claim 26 wherein the formulation is suitable for
intrancular or conjunctival sdministration.

31. The method of claim 26 wherein the formulation is suitable for

_.'E:-\._ -

Pk L

-
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intcranial, intralesional, or intratumoral administration.
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32. The method of claim 26 wherein the formulation is in an aqueaus

solution suituble [or parenieral udministration. .
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" SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO LA
RESOLUCIONN® 30887
Por [a cual se niega una patente de invencion

LA SUPERINTI:' IDENTE DE INDUSTRIA Y COMERCIO
en ejarcicio de sus facvitades legales, y

CONSIDERANDO

PRIMERO: Mediante escrilo radicado en esla Superintendencia el 5 de febrero de 1388, con el nimero

98005805, se presentd la soliciluc de patente de invencin, contenida en el expediente bajo el mismo
nimero citado.

Efectuado el examen de forma en cuanto a los requisilos que debe lienar ia solicitud y cumplidas las
exigencias legales, sc ordent publicar el extracto sin que Se hubieran presentado observaciones jor
parie de lerceros.

' \
Realizado el examen de patentabiiidad se encontr que la invenclén'no es paientable. En consecuencia,
con fundamento en lo dispueslo en el articulo 45 de la Decisién 486, se requirid al pelicionario para que

presentara los argumentos y aclaraciones que conmderara pertinenles con respecto al examen de
fondo.

E! soliciiante mediante escrita tac*cado el 25 de julic- ae 2002, atendid oportunamente e requerimiento
formulado y presentd aclaraciones. Asl mismo, allegb un nuevo capitulo reivindicatorio.

El capltulo en mencién se acepla, como Juiera gue se ajusia a las prescripciones contenidas en el
arliculo 34 de la Decisidn 486.

SEGUNDO: Segin lo dispuesto en .: articulo 14 de la Decision 486 expedida por la Comisién de la
Comunidad Andina se otorgaran patentes “...para las invenciones, sean de producto o de procedimiento

en todos los campos de la tecnologla, siempre que sean nuevas, tengan nivel inventivo y sean
susceplibles de aplicacion industrial”.

Las nueve: reivindicaciones 1 a 7, conlenidas en los folios 122 y 123, no cumplen con ¢l requisito de
nivel inventivo. Veamos:

1. Objeto de 1a Invencion

La presente solicitud ti‘ulada "TABLETAS DE OXACARBAZEPINA RECUBIERTAS DE UNA PELICULA
Y METODO PARA LA PRODUCCION DE ESTAS FORMULACIONES" esp=cificamente pretende
proleger:
En las reivindicaciones 1 a 3, una tablera recubierta de pelicula que comprende:
a) Oxacarbazepina, finamente molida, con un tamafio de particula promediode 2a 12 m,
preferiblemente 4 a 12 m, mas prafenblemente 4 a 10 my més preferiblemente 6a 8 m, con

un esiduo m4ximo sobre un tamiz de 40 m de hasta 5%, por ejemplo 2%.
k1 Relleno

c) aglutinante

Carrera 13 No. 2700 Plso5y 10
Conmutador: 334 12 21-2-3-4
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Santa Fe de Bogota D.C. - Colombia
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" Indu.tria y Comercio
SUPERINTENDENCIA

REPUBLICA DE COLOMBIA
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
RESOLUCIONN® - 30887
Par la cual se nlega nina patente de invencién

d) desintegrador '

e) Acondicionador de flujo

f) Recubrimiento externo hidrofilico permeable que comprende:

g) plastificante

h) material de formacion de pelicula

i) agente de cubrimiento

)} pigmento

k) opcionaimente sustancia de superficie acfiva (pigmento blanco y pigmento de dxido de hierro)
) Opcionalmente lubricante

m) opcionalmente un recubrimiento extemno.permeable adicional

ks
:
a1

En las reirindicaciones 4 y 5, un proceso para producir la tableta recubierta, que comprende:;
a) moler finamente la oxacarbazepina al tamafio de particula descrito.
(L . b) mezclar los excipientes
c) granular '
d) comprimir los granulos
g) obtener lo niicleos con recubrimiento externo hidrofilico permeable

En las reivindicacicnes 6 y 7, oxacart:2zepina con el tamafio de parlicula y el residuo en tamiz descrito.
2. Determinacion del estado de la téenica

La fecha para determinar el estado de la técnica es el 14 de fekrero de 1997, que comresponde a la
fecha de : 2 prioridad reclamada resp=cto de la solicitud suiza 331/97, de la cual se a2,unto copia al
moments de la presentacion d- ia solicitud. La facha de prioridad fue tenida en cuenta ;-ara los efectos '
del estudio de patentabilidad, segiin obra a folios 67 y 132 del expediente. :

CETE T ey

Consultadas las fuentes de informacién con que se cuenta se enconfraron los siguientes documentos,
! anteriores a la fecha de la prioridad de Ia solicitud y relacionados con la maleria de la misma:

Anterioridad No. Titulo Fecha Publlcacién

1. US 3.642.775 "10-0x0-10,11-dihydro-dibenzazepine 15-02-1972.
derivative”

By WEmIEES

T

ES. 2.115.188 "Tabletas de oxacarbazepina 05-04-1995.
doblementiz recubierias”

3. Nivel Inventivo .

Segin lo dispuesto er el articulo 18 de Ia misma Decision 486, "se considerara que una invencion tiene

nivel inventivo, 5i ;.ara una persona del oficio normaimente versada en la materia técnica "
correspondienle. esa invencidn no huluese resultado obvia ni se hublese derivado de manera e‘idente '
del estado de Ja técnica®.

Conmutador: 334 12 21-2-34
' Fax: 281 31 25 e-mall: info@sic.gov.co
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Por la cual se niega una patente de invenclon

El estado de la técnica, al tenor de lo dispuesio en el articulo 16 de la misma Decision, comprende "todo
lo que haya sido accesible al p(blico, por una descripcion escrita u oral, utilizacidn, comerciglizacion

o cualquier otro medio antes de la fecha de prasenladbn de la suliiitud de patents o, en su caso, de
la prioridad reconocida”.

Sobre 1a forma de calificar el nivel mvenlwn el 6|gano épml’ltl:utano ha manlfestalo que:
T "" “‘F’"’l Voo L.“IL
*El articulo 4 de la Decislén, al rafedise sl vVt mmlﬁesuquconsndom que
existe “s/ pafa una persona del oficio normaiments versada en la materia téonica

comespondier..e, esa invencién no hubiese rasulledo obvia ni se hubiese derivado de
manera evicente del estado de /2 técnica’.

e

“Esto es conocido como la no obviedad o la no evidericia, que existe "cuando 1a invencion
- _ implica cuafitativamente un satio en la formulacién de la regla técnica. Nada importa el
- esfuerzo personal de un inventor determinado, puede qué la Invencién haya sido el fruto
de rna investigacién prolongada, o que, por el contrario, hublese encontrado por
\  cas.alidad la solucidn al problema, por tratarse de cuestiones subjelivas ajenas a un
requisito objetivo de natenlabilidad. Lo que liene-relevancia es que el contenido je la regla

1écnica no se derive de manera evidenie del Estado de la técnica”.

"El nivél inventivo se configura con referencia a dos elemenios que son:

a) ol estadc de la técnica y,

b) la persona experta en la técnica en cuestion.

"'El estzdo de /a técnica r.s el.conjunto de elementos técnicos que se han hecho

pibliccs antes de la fecha de presentacidn de la patente’,

"El experlo en la técnica es una figura ficlicia a la que se recurre con el propésito de

oblener un parametro objetivo que permita distinguir la actividad verdaderamente

inventiva de la que no lo es. Se tratara de una persona normaiments versada en el

crabito tecnolégico = que se refiere el retendido invento. Su nivel de conocimientos
- 25 mas elevado er. comoaracidn con el nivel de conocimientos del publico en general, .

pero no excede ‘o que puede esperzrse de una persona debidamente cziificada. Se f’

busca la figura de un lécnico de conocimientos medios, pero no especializados” 1.

E
i
b:
§
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¥
{
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En el presente caso. y en los términos que se exponen en la jurisprudencia andina, la invenci)n
reclamada definitivamente es una derivacién evidente del estado de la técnica y resulta obvia para una
persona medianamente versada en el arte farmacéutico, ya que lo reivindicado no conslituye un avance
inesperado a la técnica conocida para la fecha de la prioridad invocada; por el contrario, todos los

principlos aqui expuestos y aplicados eran de plblico conocimiento desde antes de la prioridad
reconocida.

e e = P D e

Si bien i3l estudlo de las anterioridades, especialments el documento ES 2.115.188, y los
conocimientos usuales de cuarjuier persona media::amente versada en la materia, se concluye que el
objeto Je esta invencién resulta crincidente con lo comprendido en &l estado de la técnica, en realidad

s ¢ e

"TRIBUNAL DE JUSTICIA DE LA COMUNIDAD ANDINA. Procuso 26-1P-99 del 23 de Jufo de 1989.
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Valga la 2ena resaltar en eslz punto que, tal como se advirii6 en el estudio de fondo, 'a composicién
de una forma farmacéutica solida, eventualmenie recublerta, resulta elemental para cualquier persona
mediznamente versada en |a maleria, pues es obvio para cualquier conocedor medianamente del arte
farmacéutico que un comprimido requiere de exciplentes concretos para adecuar la forma deseada,
como son: diluyenles (relleno), aglulmanles. desintegrantes, acondiclonadores de flujo, lubricantes
recubrimientos de ser necesarios y convenigntes, plastificantes, pigmentos, sustancias de actividad
superficial, etc. Asi entonces, no constiluye despllogua alguno de actividad inventiva el apiicar los
conocimienlos basicos y usuales de la técnlca.‘* "para formular un comprimkio tradicional,
adicionaimente utilizando log componentas que hablh:almante 98 CONOCEN COoMmo convenienies para
tales fines,s. igual como se fealiza en la pmsenlo sbllcllud
A
i B'eiY |a respuesla al mquenmle lpndo argumenta que la anferiorided 2 ES
Una Iormulauon con el pﬂnc1p_|o ‘ool tamafto aapadfmdo por la presente
I‘;«' DI pledadas éorno ;I eo'ur y Ia‘oclnbllldad sin necesidad de dos cublertas.
= I:“'! _.;l_' '\a
Al respecto, és neaasano sefialar que Ia prasenta Invencidn no s limita a un comprimido con una sola
cubierta, pues f componenh m) de la reMiridicacion’ 1, claremente permite que exista un recubrimlento
externo adiclonal =tal como en la anterioridad24T,

Por ofra parte, 2unque el solicitante asegure que la estabilidad y el color de la formulacién de la
presente invencion se debe a la caracleristica especifica del tamafio de particula del principio activo,

1a lo {argo del expediente no se encuentran pruebas que sustenten y demuestren estas ventajas
derivadas de dicha propiedad; por el contrario, las ensefianzas del estado de la tdenica demuestran que
en referencia a la oxacarbazepina los inconvenientss de cambio de color e nestabiidad fueron
soluclonarlos en el pasado, kjualrienie mediant. ::omposidones equivalentes a las du la presente
sollcitud. Por ejemplo, la ariarioridad 2 revelo c:dmo en composicisnes con ozacarhazepina, puede
evilarse la evidenclacion dul cambio de coior dal producto, mediante Ia utilizacion de dxido ferroso que
cubre 1a coloracidn anaranjada del producto de oxidacion.

Asl las cosas, no se advierle en qué aspedio la presente invencion supera la anterioridad en cuanto a
estabilidad del producto, pues podria dr:cirse que con el fin de disminulr la evidencla del cambic de
color, simplemente se esta aplicando el mismo princlplo, no relaclonado con la caracteristica de tamafio
de particula afirmada por el solicitante; de ofra forma, serfa necesario demostrar qua lales
caracteristicas de estabilidad mejorada se derivan de un avance en el estado de la técnica y no de las
enseflanzas al alcance de cualquier persona medianamente versada en la materia.

2Vt por ejemplo; Farmacc lacnia Tedrica y Préctica, José Helman (Folio 137) .
} Farmacia Rémington {Folios 138 a 144)
* Ver: Applied Biopharmaceulics & Pharmacol.inetilics. — Leon Shargel & Andrew B.C. Yu. {flios 150 a 169)

* Ver "Handbook ! :harmaceutical excip’:n15"-1994. Donde encuentra la descripcion de 1os exciplentss acostun:ora-

dos para {a form: .acin de formas farma:culicas, claro Incluyendo los que apfica la prusents solicitud, junto con sus

Carre-a 13 No. 27-00 Piro 5y 10
Co 'mutador; 334 12 21-2-3-4
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Adicionalmente, el soficite:ile sostiene que ias composiciones de la presente soficitud demuestran una
blodisponibilidad mejorada, derivada iguaimente del tarafio de particula de! principic activo. Ante todo,

T e, g i
S T N

hay que adverlir que foda persona medianamente versada en la clencla farmacéutica conoce que la
biodisponibilidad esta directamento relacionada con el tamafio de particula del farmaco.
. I
Sin embargo, es perfectamente claro que la biodisponibiiidad de un famaco, cuando éste se administra ' :
en forma sdlida, depende directamente de la disolucién de éste, que es la que determina la tasa de i
absorcién que dispondré el farmaco en la clrculacion sistémica. Es bien ‘sabido que el proceso de
disolucidn comprende Inicialmente la disolucién en la superficie de la particula del sbiido, conformando e
una solucién saturada alrededor de Ia particula, que luego difunde a regiones de baja concentracion en i
el solvente; de ahi que es evidente como ol tamaiio de particula va a afectar los procesos de disolucién g
de los sélidos. r..
» -Il
e Toda persona medianamente formada en las ciencias quimicas sabe que el drea superficial efectiva de -
“ una farmaco se eumenta enormemente por la reduccién de su'tamafio de particula (debido a que la B
disolucidn s lleva a cabo en la superficie del soluto), a mayor &rea, mayor la velocidad de disolucion. 5
Por lo tanto, es de com(in conocimiento,que el menor tamafio de particula brinda una mayor rea ;-'f_
superficial, que auraenla la penetraciér: de solvente en las particulas, incrementando la velocid..d de i
disoluciéns, resullando por supuesio miucho més representativo este hecho para compuestos i
hidrofbicos., con muy poca solubilidad. en agua, como resulta ser el perfil de solubilidad de la i
) oxacarbazepina ® b
' De hecho, desde tiempos mu+ anliguos se ha recurrido, de forma empirice, a la molienda o a la !
pulverizacidn de las sustancias s3lidas con el cbjeto de acelerar la cisolucién; dicha pulverizacién no b,
es més que una manera de aumentar la superfisie especifica del sélido, para lograr tn aumento en la *

velocidad de disolucidn, seguida de una mejor absorcién y por ende una més alta y conveniente
biodisponibilidad. ...

—-——

L

En conclusién, no se traduce en ninglin avance sobre el estado de Ia técnica el modificar una propiedad

e_ fisica de un sblido, como es su tama?s de particula, con el fin de varar su perfil de disolucion y
determinar la variacién de biodisponibilidad, puesto que esle fenbmeno es perfectamente conccido y
s@ encuentra al alcance de cualquier persona con mediana formacldn fammacotécnica.

Tl e

Consecuentemente, lo anterlor sustenta el hecho de que la piesents invencién carece del nivet
invenilvo, dabido a que los pr upms ulflizados en el desarrollo de la presente solicitu! son, en su
{otalidad, '~s que ha sentado <. astado de la técnir.4 y se encuentran al alcance de cualc uier persona
medianamente capacitada en ls materia para su aplicacion. Cr ncretaments, los principios aquf
aplicauos son de com(in conocimiento para un profesiona! farmacéutico de nivel medio y de normal
aplicacién en el desamolio de productos farmacéuticos.
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* Ver descripcion ¢ ‘irnica de la Oxacarbazzqina (Folio 170). www. medscaps.com

? Ver: Cindlica de disolucién de medicamenlos- OEA. Programa regional de desamollo cientifico y tecnoldgico. Mono-
grafia 24 — 1921 (follos 145 a 149)
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Por la cual se niega una patente de invencién

RESUELVE

ARTICULO PRIMERO: Negar c privilegio de pateri:e de invencién para la solicitud corespondiente a
"TABLET..S DE OXACARBAZEPINA RECUBIERTAS DE UNA PELICULA Y METODO PARA LA
PRODUCCION DE ESTAS FORMULAGIONES”.
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By
ARTICULO SEGUNDO: Notfficar personaimente a la doctora Jimena Escobar Uribe en su calidad de 'z:j
apoderada de la sociedad Novartis AG, 0 a quien haga sus veces, el contenido de la presente E;;:

resolucidn, entregandule copla de la misma, advirtiéndole que contra ella rrocede el recurso de g

reposicion ante el Suiperintendente de Industria y Comercic al momento de notiiicarse o dentro de los i

5 d|as habiles siguientes. -

A b
NOTIFIQUESE Y CUMPLASE L

Dadaenaogotanc aks 26 gy anlz

I.

LA SUPERINTENDENTE DE iNDUSTRIA Y COMERCIO

e
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Doctora

JIMENA ESCOBAR URIBE
Carrera 11A n° 94-7€, of. 305
Bogota D.C.

Carrera 13 No, 27-00Piso5y 10
Conmutador: 334 12 21-2-3-4
i Fax: 281 31 25 e-mail: Info@slc.gov.co
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SUPERINTENDENTE DE INDUSTRIA Y COMERCIO
E. S. D.

REF: EXPEDIENTE 02-062-117

TITULO SOLICITADO: “Composiciones farmacéuticas y uso de las

mismas”
PUBLICACION: Gaceta 539 de 30-04-2004, nimero de publicacién 80
PRIORIDAD: GB 0117760.9 20/07/2001; GB0128993.3 04/12/2001 Y

GB 0212209.1 27/05/2002

SOLICITANTE: NOVARTIS AG
APODERADO: JIMENA ESCOBAR URIBE
TRAMITE: REMISION DE INFORMACION

“Concepto Técnico sobre Tamaito de Particula de Firmacos y su Relaclon
con la Biodisponibilidad y Bloequivalencia de los Medicamentos — Métodos
para Reducir el Tamafio de los Farmacos” preparado por la Facultad de
Ciencias — Departamento de Farmacia de la Universidad Nacional de Colombia-.
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UNIVERSIDAD NACIONAL DE COLOMBIA

Sede Bogota
Facultad de Clencias
DEPARTAMENTO DE FARMACIA
Bogota D.C. Marzo 8 de 2004. °
AFARI-034-2004
Doctor . SERIMNSTRTA | CORERLTD ]
JUAN MANUEL BARBERI Kagicacion 1 9c062117 (0000010 Fols: 190
Vicepresidente de Produccidn recha vARD) 3 2009-0b-29 13309150
Tecnoquimicas S.A. Trioate  : 02 SMTENTES D 1 REGISIRAY 309 CONMLEAE!
Cali Sependancaa: 2080 DIVISION Dk MUEVAS CREACTONES
Alt: Doctor Alexander Mesa.
Quimico de Patentes
Respetado Doctor Barber:

En relacidn al documento técnico elabarado por el Departamento de Farmacia y
entregado a Ustedes en el mes de Octubre de 2003 respecto a “Importancia del
tamafio de particula‘de un mataerial en el campo farmacéutico”, nos pamitimos
hacer entrega de ias conclusiones extraidas del menclonado documento.

DOCUMENTO TECNICO- CONCLUSIONES

Elaborado por: Luilsa Femanda Ponce D'Ledén. Quimica Farmacéutica, Doctor en
Quimica, Magister en Fislcoquimica, Especialista en Buenas Pricticas de
Manufactura, Estudios de Estabilidad y Bloequivalencla, Asesor tamporsro de la OPS
en Buenas Pricticas de Manufactura, Profesora Asoclada. Departamento de
Farmacia. Universidad Nacional de Colombia.

Fecha de entrega del documento: 15 de Octubre de 2003

Conclusiones: .

1. El tamafio y la forma de las particulas tlenen influencia direcia sobre la
disolucién, blodisponibilidad y eficacia de los famacos, ademds de ser
importantes para efectos de definir cierios aspectoa de su formulacién final.

2. La granulometria @s un procedimiento general que consiste en establecer el
tamafio de particula adecuado para elaborar productos farmacéuticos, en
funcién de las necesidades que en cada caso se determinan en materia de
disolucion y biodisponibliidad, y de las conveniencias de empaque, costo,
prasentacion o conservacién del producto.

3. Deade tiempo muy antiguos se ha recurrido a la reduccién del tamafio de
materialas s6lidos por pulverizacién, micronizacién, nanoparticularizacion, etc.
entre otros métodos, con el objeto de acelerar su disolucidn. Dichas técnicas
permiten aumentar la superficie especifica del sélido, para lograr en un
aumento en la disparsabilidad y velocidad de disolucion, segulda de una mejor
absorcion y en consecuencia, por una mayor biodisponibllidad.

TELEFONOS: 314 5080 - 316 5045 - 314 5285 « CONMUTADOR: 316 5000 EXT. 14440 - 14541 - 144610 = FAX: 316 5040
AA, 14490 = BOGOTA. D.C. - COLOMBIA
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UNIVERSIDAD NACIONAL DE COLOMBIA
Sede Bogota
Facultad de Ciencias
AFARI-034-2004 DEPARTAMENTO DE FARMACIA

4. El drea superficial efectiva de un férmaco aumenta por la reduccién de su
tamafio de particula, y es por ello que a mayor drea, mayor velocidad de
disolucién y mayor penetracién de solvents en las particulas. Este efecto es
ain mas representativo en compuestos hidrofébicos o con muy’ poca
solubllidad en agua.

5. Modificar una propiedad fisica de un sélido, en particular su tamafio de
particuia, con el fin da variar su parfll de disolucién y determinar la variacion de
la biodisponibilidad, es una técnica ampllamente conocida en la industria
farmacéutica y profusamente tratada en la bibliografia disponible.

8. Los eventuales problemas de disolucién o blodisponibilidad de sustancias
farmacéuticas pueden ser solucionadas mediante la disminucion de su tamafio
de particula, a través de métodos y procasos y mediante equipas de uso comun
en la industria farmacéutica.

7. De igual manera, fremte a dificultades de disolucién o blodisponibilidad es
légico y comin acudir al empiteo de auxillares de formulacién que mejoren o
facliiten la disoluclén.

8. Las técnicas emplsadas para la preparaciébn de farmacos en casos como el
estado amorfo implican generaimente la aiteracién de su estructura en ei
estado sdlido, pasando de una red cristalina de organizacion definida y con un
drea superficlal establecida y relaclonada al tamafio de particula, a una
estructura no cristalina nl definida que por cariicter de organizacion especifica,
presanta un Incremento notable del drea superficlal, lo que favorace el aumento
de ia velocidad de disolucion de estas formas frente a las cristalinas.

9. La bibliografla especiallzada da cuenta de la posibilidad de mejorar la
solubilidad de firmacos pocos solubles, mediante técnicas de modificacion de
su estructura cristalina.

10. También la bibllografia disponible cuenta con numerosos ejemplos que
demuestran que ol emplear un fdrmaco en difersntes grados de solvatacién o
de hidratacién, es un procedimiento ampliamente conocido para modificar la
velocidad de disolucién en agua y por consiguiente la blodisponibilidad y la
establlidad. i

Conclusiones extralidas del documento técnico original entregado en Octubre de 2003.
n otro particular, cordiaimente

Universidad Nacional de Colombia

TELEFONOS: 316 5080 - 316 5045 - 316 5285 « CONMUTADOR: 314 5000 EXT. 14440 - 14441 - 14410 « FAX: 316 5060
A.A, 14490 » BOGOTA, D.C. - COLOMBIA
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" CONCEPTO TECNICO SOBRE:

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

L ;‘-‘.

Métodos para reducir el tamafio de particula de
o farmacos -
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CAPITULO 1

CONTENIDO :

1. Introduccién : Generalidades de las formas fanmacéuticas sélidas.
caracteristicas del tamafio, morfologia y distribucién de tamafio,
definiciones no oficiales del tamaiio de particula, informacién de
equipos utilizados en la determinacién del tamario y distribucién
de tamaiio no oficiales en farmacopea. tablas de catalogacion del

tamafio no oficiales en farmacopea, aspectos bicfarmacéuticos de
la solubilidad de! farmaco en el agua

2. Efecto de las Propiedades Fisicoquimicas del Famaco sobre la
Velocidad de Disolucion
Solubilidad del fArmaco, formacién de la sal, tamafio de particula, efecto
del tamafio de particula  sobre 1a solubilidad, estado cristalino del
farmaco
Polimorfismo.

3 Distribucion del tamafio de particula:
Reprasentaciones de la forma de las particulas, tamafio y distribucién,
El problema del muesireo de sdlidos en polvo, determinacién por
tamizado analitico, tabla comparativa de tamafios de particula de varios
materiales. Andlisis por tamizado.

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




FORMAS FARMACEUTICAS DE DOSIFICACION SOLIDAS
Son sistamas unitarios de entrega del fdirmaco para administracién oraiylo peroral

Estos sisternas de entrega de firnacos comprenden: tabletas, cdpsules, grénulos y
(sachets” ( "Diy syrups”)

VENTAJAS DE LOS SISTEMAS

Constiiuyen la forma de dosiiicacidn mas utliizada por:
a) la exactiud y flexfbiidad en la dosificacién del firmeco
b) constituyen ia forma de dosificacién més utiizada
¢) mayor estabilidad fisica y quimica
d) permitir la versafibliiidad en su formulacién facfitando i eontrol de liheracién del fdrmaco
@) pemmitir sl control de |es caracteristicas organolépficas del fdrmaco
f) faclidad de administracién
@) pemitir su fabricacién a gran escala reducen los costos de elaboracién

DESVENTAJAS DE LOS SISTEMAS

a) Problemas de biodisponiblided causados por deficiencies en su formulacién, en el
ampaqua O en su aimacenamiento.

b) Problemas de deglucidn y patencial efectn de la intiacién de la mucoea gastrointestinal
causado por aigunos firmacos.

CARACTERIZACION DEL TAIANO MORFOLOGIA Y DISTRIBUCION DEL TAMANO DE
PARTICULAS

Durants el desarmollo de un nuevo fémmaco |a caractertzacidn de su estado séfido juega un papel
importante en la seleccidn de la forma quimica ( e]. base Ibre o su sal), la forma fisica ( estado
cristafino), el tamafio de particula y su morfologls, la porosidad, la superficls aspecifica y las damés
propledades fisico quimices.

La ssleccién de las propledades fisicas del fdmaco contbuyen el logro de ia calkjad
blofarmacéutica en- sus aspecios de biodisponidbiidad y en el aseguramiento de la cinética de
Iberackin requerkia del firmeco. Ademis, les propledades mencionadas, debe recardarse que en
la formulacién de un sistema de entrega del fdrmaco séiida unkaria, se requlere asegurar la
uniformidad de contenido v Ia establiidad del sistema de entrega.

De acuardo con el concepto del Doctor Hanty G. Britain asesor de la USP y director del Centra de
Fisica Farmacéutica en Milford, N.J., el concepio de tamafic de partfcula estd inttmamente ligada a
los aapectos de fonma y morfologia, porque el didmetro de particula involucra los factores de fonma.
Si tenemos an cuanta esta afimacidn, no ea posbile considerar el tamafio de una particula o
cuaiqulera distriibucién asocieda con los tamafios de un conjunio de particulas sin la consideracién
primaria de las caracteristicas tridimensionales de la partfeula en si. Esto obedece al tamafio de la
particula que se expresa en tanto en términos de dimensidn Ineal derivados de su forma o en
términos de su superficie proyectada ¢ su volumen. Como podrd apreciarse algunos métodos
expresan o tamafio de patticula sin tener en cuenta el concepto de la forma y an su luger lo
sxpresan en términos de algin ipo da tamaiio squivalents al esfidrico.

}A?)
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Como sjemplo: el ddmetro de superficie es el didmetro correspandients a una esfera que Bene la
misma drea superiicial de la particula y el ciimetro de volumen se define como el volumen de una
esfera que tiene el mismo volumen de la particula,

La Farmacopea Americana en el capftulo (776) de Pruebas Generules, comespondiente a
Microscopin oplica , define y deacribe Iospalime_lludohmdalnpnrﬂwla.

El tarmafio de particute consfiuys un aspecto importante en el desarmolio de un medicamento en
forma séfida puesid que esta propledad, constiiuye umo de los factores determinantes de su calidad
blofarmacéutica de las formas séikias unitarias para administracién peroral.

En la aclusikiad 3o dispone de muchos méindes pam e detarminacidn del tamafio de particules y
su distribucién de tamaflo.

Dessforiunadaments lss farmacopeas no definen ol tamafio de particula denominado sub-tamiz y
se imitan tan solo a presentar pruebas genemales para la determinacidn del tamafio por el método
de tamirado anallico, Este método oficial on ins Farmacopeas tan scio permils catalogar parficulas
con un temafio minimo de 48 pm. Sin embeargo, la adicin 28 de e Farmacopea Americana en ol
caphuic {811) Para ia deterninacién de ka finura de los polves, describe un método para
determinar la finura de polvos sub-tamiz, por medic de la perméeacidn de aire para tamafios
comprendidos 0.2 y 50 pm.

La Fermacopea americana sn capliulo (778) Mlcmeopln Optica establece que sets sisterna se
apiica & tamafios de particula comprandidos entre 0.8 y 100 pm.

Masta la fecha ninguna de les farmacopeas tienen un capltulo dedicado a la detsrminacién de la
distrbucién del tamefio de particulas por medio de medidas de difraccidn con Laser.

La dnica poeidiiiiad que se flane para ia detsrminacién de tamafios de perticula menores a 0.5 pm.
es la utitzacién de Ia Norma 80 13320 para andlisis de la distribucién de tamefio de particuta por
difraccién con Laser.

Definiciones de tamafio de particula no oficiales en las Farmacopeas

Micronizacidn:

Proceso ds slevade energia para reduccidn de tamefio de particula de fdrmacos por via seca.
Usualments ol tamafio de un firmaco micronizado camprende el rango de tamafio de 1 a 10 pm.
www.nektar.comicontent/glossary

Particula ULTRAFINA:

Particula con un diémetro equivalents < 0.1um. (0 14644-1)
Nanoparticula: ) -
Tamafio:<a1mm

Partioulas portadoras (carders) sélidas coloidales, consistentes an compuesios macromoleculares
cuyo tamafio veria sntre 10y 1000 nanometros (rm)

1Y
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informacion sobre equipos no oficiales, utilizados en el control de
tamafio y distribuclién de tamaho de particulas

LASIR DIFFRACTION (Malven MasterSezer and Honcywell X-100)

‘9Highly reproducibie analysis covering a broad size rmge 0.05 um —~ 900pum
9 Widely utilized in many industries for quality control and development
9 Anslyzes in verious carrier fiids as well 23 dry powders and serosols

SAMPLE LASER DIFFRACTION

—
h

vl
s —

. ‘Sample Honeywal

Sarnpl'::hmm

ULTRAFINE PARTICLE ANALYZER (UPA)
by Honeywell

9 High-resohution sub-micron analyzer with a dynsmic rmge of 3nms o 6.5ums
JqudbndplmthmpofpuHem

M—.—mmuﬂl&iﬁm(nm broad, monomodsl,
mmhimodal, etc.)

FHOTON COI.IIIATDN SPECTROSCOPY (PCS)
via Nicomp C370

Sub-micron particle size analyzer with s range of 3nms to approximately 2 pms
2 Classic technology within dye/pigroent, emulsion, and protein industries



AERODYNAMIC PARTICLE SIZE (Acrosizer sd BAHCO)

Acrosizer (by TSI)

Acrodynamically messures particls size with a menafacturer's specified range of
0.1 pm - 700 pm

Works well with very small smounts of sampie

:ymmmmimdmmh.n
Ommwmm Mass, Ares, and Time of Flight formats on
either aerodyamic or equivalent spherical dismeter basis,

Nicomp 380/DLS Sub-micron Particle Sizer %_Nlcoup

3 basic Nicomp 380 uses the principle of dynamic

AR IS ECTEUTURIT T



Catalogacion no oficial de tamafio de particulas
The American Institute of Chemical Engineers ..

5 TroTeE

Coarse >100,000 >100 -
>Medium Coarse 10,000 10 2
Medium fine 1,000 1 18
.- Fine 100 Q0.1 150
o Superfine 25 0025 500
Ultrafine 10 0.010 1,250
Calloid 5 0.008 2,500
}
F EJEMPLO DE APERTURA DE TAMICES
!
ST0 50 . STDUS STO TYLER :
|l 150pm . No.100 - 100 mesh j
= 125um No.120 i 115 mesh :
! 106pm ] No.140 : 150 mesh i
l ! _90um : No.170 170 mesh |
--..’. _T5ym : No.200 200 mesh }
R 63pm ! No.230 i 250 mesh i
S3ym i No.270 . 270 mesh
Bt 45pm No.325 [ 325 mesh
38ym l No.400 | 400 mesh
! 32um : No.430 i 430 mesh
25um = No.500 . S00mesh !
20pm : No.635 - 633 mesh B

=T

!“‘
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' ) LA SOLUBILIDAD ACUOSA DEL FARMACO COMO FACTOR DETERMINANTE DE SU
) BIODISPONIBILIDAD -

La solubilidad acuosa del firmaco desempeiia un papel 1y importante en ¢ dissfio y formulacién de de los
medicementos . El profisor Henning G. Kristensen del Departament de Farmacia de s Escucla Real de
Farmacia de Copenhagen afirma que los firmacos utilizados en medicamentos para uso peroral deben tener
una solubilidad en el agus superior a 10 mg/ml. en el rango de pH comprendido eatre 1 y 7, pues de lo
contrrio, sc pueden preseatar problemas en su shaorcién.

La solubilidad acuosa de un firmaco menor de 1mg/ml. presentard vaa velocidad de digplucidn Emitads por
cumnto la solubilidad y 1a velocidad de disolucifn estin interrelacionadas.

Segim e prafesor Kristensen mésdel 40% de loynueves finmacos sprobedos en la Fermacopes Europea
entre los atios 1992 y 1995, presentan solubilidedes menores a 1 my/ml y el 32% tienen una solubilidad
menor al 0.1 %.

El plauteamiento del Profiesor Kristensen coincide con las opiniones de emitidas por investigadores de
Isborstorios farmacéuticos norteamericanos como el Dr. Hauss de EX Lilly.

Coments el Dr. Hauss que cerca de la mitad de Jos muevos Sirmacos obtenidos por Quimice Combingtoria
ticnen una muty reducida solubilidad en € agua.

Los quimicos farmsoéuticos de Investigacién y Desarrollo de nuesira industria farmacéuticas estin de acuerdo
en la afirmaciém que se plantes : mis de un tercio de los firmacos hstados en la USP 26 podrisn eatalogarse
<a [a categoria de insolubles o muy poco solubles en el agua

i e e

ALTERNATIVAS PARA CONTRARRESTAR EL PROBLIMA TECNOLOGICO

Hisdricamente fiié en la década delos allos 60 que se plmied que cusndo 1a solubilidad de un fimmens ern
mferiora | mg/ml., el tamafio de particula (o érea efectiva de superficic), representsha un factor importsnte
a considersr parn ssegurar la biodisponibilidad del mismo.

Cabe mnotar que con anterioridsd a 1a década de los 60, J.G. Rbheinold y colaboradores en 1945 observaron
niveles plasmiiticos mis eevados con ins suspension de sulfadixoine micronizada ( txmefio 1 43 mp ) que
aquefla que so venia utilizando con macrocristales del firmaco.

Con !a iniciscidn de las cienciss biofermacéuticas en 1a década de los afios 60 se establece la impogtancia que
tiene 1s relacién entre les propiedades fiticoquimices de un firmaco e una forma de dosificacin y la
respuesta terapéutica observada después de s administracidn.

Si bien |a microntzacién del firmaco soluciond parciaimente d problema de biodisponibilided de finnaco de
beja solubilided, también ceus) problemes en formas unitaries de adminisiracién sblides por fendmenos de
Mpﬂmumdﬁnmhmwwnhhmhm

Se trabej6 también en sistemesde administracién liquids wtilizando slcchol. y/ propilenglicol para
solubilizer el firmaco, el cual precipitaris en particulss mnicronizades a nivel ghstrico, al diloine con los
fluidos bioldgicos.

Otro sistema utilizado pars subdivision de firmacos poco solubles en sgua y que tiene vigencia, Jo
constituyen lay [lamadas disperaiones sblidss cuya clesificacién comesponde &

Mezcias eutéctices simples

Sohuciones sihides .

Soluciones y suspensioncs vitreas
Precipitaciones smorfas en un portador cristafing

Formacién de complcjos

Asociaciones entre algunss de las mieriores

r=

[
™

E
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En la scivalidsd los  métodos disponibles pars incrementar In velocidad de disolucién de firmacos de baja
solubilidad en el agua correspanden a: .

Formacifn de complejos con excipiextes

. Sohbilizaciba wilizend P

Cambio de Ia forma cristalina por precipitacién con polimeros hidrofflicos
Formmulaciones lipofilices

Preparacién de dispersiones silides

Farmacién de saley de dcidos y bases débiles
Utiltzacién de profirmacos
Nanoestructurscidn del firmaco por tecnologia criogénica
Comicronizacin & - tesioectivi

AP
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Etfect of the Physicochemical Properties of the Drug

CHAPTER 4

on Dissolution Rate
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Factors that affect the dissolution rate of
dosage forms can be classified under three
main categorier; firat, factors relating to the
" physicochemical properties of the drug; sec-
ond, factors relating to the dosage form; and
third, factors relating to the'dissolution ap-
paratus and the test parameters. The physi-
cochemical properties of the drug substance
thet affect its dissolution rate include solu-
bility, particle'size and crystalline state
such as polymorphism, state of hydration,
solvation and complexation.

Other physical properties such as densi-
ty, viscosity and wettability contributs to
the general dissolution problems of floccu-
lation, flotation and agglomeration. Ad-

sorption characteristics of the drug have -

alsa been found to have a significant effect
on the dissolution of certain drugs.

Drug Solubiiity

- Solubility of the drug substance plays a
prime role in éontrolling its dissolution
from the dossge form. According to tha
modified Noyes and Whitney equation

R=%- % (c, =) =ky (c,—¢)

di
(4-1)
and, under sink condition
dc " -
R= Frin ke, (1-2)

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

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

es and a wide range of solubilities to demon-
strate that the initial dissolution rates of
these substances directly ara proportional
to their respective solubilities. Under their
experimental conditions, the authors found
that, R = 2.24¢,. Using this empirical rela-
tionship, it was suggested that it is possible
to predict the approximate initial rates of
dissolution of & broad renge of compounds
when their solubility values are known.
Furtharmore, the solubility data may be
used as a rough predictor of the likelihood
of any future problems with bioavailability.
For exampls, it has been advocated® thata
minimum aqueous solubility of 1%t is re-
quired to avoid potential solubility-limited

absorption problems. Parrott, et al,? inves- .

tigated the effect of solubility of benzoic
acid on its dissolution rats from compressed
tablets. Figure 4-1 !hom that the dissolu-

0. 040
s
= 0080
2
.
=
.a
= 0020}
=
a
«
0.010 r-
L 1
0 Q.0 0.20
Maoles /7 Liter

Fig 4-1. Influance of the solubliity of benzole acid

~én the dissolidlon rate in sodium sulfats sohuticns.
[Reproduced from Parrot, st ai. J Pharm Sci. 44.
269 (1955).]
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CHAPTER 4

A

Effect of the Physicochemical Properties of the Drug

on Dissolution Rate

Factors that affect the dissolution rats of
dosage forms can be classified under three
main categories; first, factors relating to the
" physicochemical proparties of the drug; sec-
ond, factors relating to the dosage form; and
third, factors relating to the dissolution ap-
paratus and the test parameters. The physi-
cochemical properties of the drug substance
that affect its dissolution rata include solu-
bility, particle’size gnd crystalline states
such as polymorphism, state of hydration,
solvation and complexation.

Other physical properties such as deasi-
ty, viscosity and wettability contribute to
the general dissolution problems of floccu-
lation, flotation and agglomeration. Ad-

sorption characteristics of the drug have -

also been found to have a significant effect
on the dissolution of certain drugs.

Drug Solubility

- Solubility of tha drug substance plays a
prime role in éontrolling its dissolution
from the dosage form. According to the
modified Noyes and Whitney equation

d DS
R= I‘ =k (e, —e) mhyle,—¢)
(4-1)
and, under sink condition
de ' .
R a ko, (4-2)

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

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

es and a wide range of solubilities to demon-
strate that the initial dissolution rates of
thesae substances directly are proportional
to their respective solubilities, Under their
sxperimental conditions, the authors found
that, R = 2.24¢,. Using this empirical rela-
tionship, it was suggested that it is possible
to predict the approximate initial rates of
dissolution of a bread range of compounds
when their solubility values are kmown.
Furthermore, the solubility data may be
used as a rough predictor of tha likelihood
of any future problems with bioavailability.
For exampla, it has been advocated® that a
minimum aqueous solubility of 1% is re-
quired to avoid potential solubility-limited

absorption problems. Parrott, et al,3 inves- -

tigated the effect of solubility of benzoic
acid on ita dissolution rate from compressed
tablets. Figura 4-1 shows that the dissolu-

0.040p

0030

Rate of Disselution

0.0 .20

Moles/Liter
Fig 4-1. influence of tha solublilty of banzoic acid

~“én the disachaion rate In sodium suifate sohstions.
[Reproduced from Parrot, et al. J Pharm Scl, 44,
269 (1955).]
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4 Compound 1
s Compeund 2
o Campound 3
a Compsund 4
L o 2 l e L
/ -2. *]

log Intrinsic rate of mmmﬁm.mgmh

Fig 4-2. Comralation between solubliities and In-
tricalc rates of diasolution at infinite rotation

speed. — - — centric disk; — vertical disic. [Repro-

duzed fromn Nickiasson, ot al, Acte Pharm Suec,
15 25 (1982).]

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

Solubilities of drug compounds in various
equeous/organic solvent systems also have
besn of interest in dissolution studies espe-
ciglly during the preformulation stage. Dis-
scuation rates of cholesterol have been
shown to be proportional directly to the
measured solubilities in organic solvents.”
Nicklasson and Brodin® suggested that for
very poorly soluble drugs, it might be pref-
erzhle to use solvent mixtures during the

+1-

LA 1 1 T T T
-4 . -3 -2 -t 0 +1
log k,.mg.cm-% 5!

Fln4-3 Relationship betwasen solubllity and intrin-
sic rate of dissotution for diiferant substances in
the water-sthano! binary system. The symbol with-
in parentheals denotas the solubllity data obtalned
far dextrapropaxyphane napsylste in ethanol after
20 Ir. [Reproduced from Nickissson, and Brodin,
Int J Pharm, 18, 149 (1884),]
Kaey: Q. mm A, dextreprepoxyphens

early formulation stage of new drug eandi-
dates, instead of incregsing the aqueous
sink volume. The suthors studied the solu-
bilitiea and intrinsic dissolution rates for
alaproclate hydrochloride, oxazepam and
dextropropoxyphene papsylate in binary
mixtures of water and ethanol. Figure 4-3
shows that a log-log plot exhibits & linear
relationship between the solubilities and
the corresponding intrinsic dissolution
rates with a slope of 1.0.

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

o e —
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that the dissolution rate of benzoic acid de-
creased when various concentrations of so-
dium chloride, sodium sulfate aod dextross
were added to the dissoclution medium. So-
dium chloride was noticed to have the least
effect, and sodium suifate the greatest ef-
fect on decreasing the dissolution rate. Ad-
dition of urea, on the other hand, enhanced

the dissolution of benzoic acid, probably -

because of complex formation. The effect of
sodium chloride on the solubility and disso-
lution rate of trinmcinolone scetonide was
investigated by Block and Patel? The au-
thors confirmed Parrott's finding as they
noted a marked decrease in both solubility
and dissolution rate of the drug in potassi-
um chloride solutions (Figs 4-4a and 4-4b).

i A L
0O 02 04 05 08 10
Pataasium Chioride, M

c

Fig 4-4. a: Solubifity of triamcinolone acatonide In
dissolution media containing potasshon chiorida,
as & function of temperaturs. b: Triamcinolone
acetonids dissolution In potassium chiorkle solu-
tons at speed 7 (308 rpm) and 28°, plotied In
sccordance with the Integrated form of the modi-
flad Noyes-Whithey aquation. c: Setschenow plots

solutions. [Reproducad from Block and Patel, J
Pharm Scl, 82,817 (1973).]

“Salting out" coefficients were calculated

*using the empirical Setschenow equa-

tion**!! for the effect of an alectrolyte on
the solubility of & nonelectrolyte

log So/S = Ae (4-3)

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

Salt Formation

Salt formation ia one of the most common
approaches used to increass drug solubility
and dissolution rate.}+-19 Higuchi, et. al,
reported increased dissolution rates for
benzoic acid when certain bases and buffers
were added to the aqueous solvent. Nel-
son!7studied the dissolution rates of several
weak acids and their sodium salts in aque-

“ous solutions having pH values correspond-
ing to those of the gastrointestinal fluids. In
all cases, the dissolution rates of the salts
were greater than those of the free acids.

It should be pointed out, however, that
after attaining a certain value of base
strength, the dissolution rates of solid weak
scids become essentially independent of the
base concentration. Instead, it becomes a
linear function of the product of the base
concentration and the base diffusion coeffi-
cient. Higuchi'®19 showed that in moat
cases the diffusion-controlled dissolution
behavior of monophase solids in reactive
media may be predicted by knowledge of

the appropriate solubility equilibrium and

the effective diffusion coefficients of the
species in solution (the diffusion coeffi-
cients for most drugs of similar density
would not expect to vary greatly™ since the
diffusion coefficients vary approximately
as the cube root of the malecular weight,
according to the Stokes-Einstein squation).

For situations involving more than one
phase,'®-1* guch as when dissolving disks
exhibit simultaneous surfdce deposition of
nsw phasas, the problem becomes compler.
In these cases, Higuchi'9 showed that there
appeared to be two kinds of dissolution be-
bavior for the sodium salt. \WWhen the buffer
concentration was high and the pH was low,
an acid coat may form after a brief period
and the dissolution rate becomes similar to
that of the acid phase itsell. in Fig ¢-5a, the
solubility results for tolezamide acid in

fog solublilty (M) + 4
. b

05 10 13 20 23 30
log Initial {(HPOT 7HPOT 42

Dissolution rats {moles sse™tem™7) x10*

02 04 08 08 10
Salubility, melarity X 10"

b

Fig 4-5. o: Solubllity of tolezamids acld et 30°C as
a function of the buffer sait-to-acid ratlo. Total
buffer concentration s 0.10M. Smooth cuve la
theoretical cusve besed on (HA) = 2.1 X 107
and K = 9.0. b; The dissolution rates of tolazamide
acid (circies on solid fne) as a function of the total
schiblity, C,. The dissohdion rates of sodium tolaz-
amkie in the same bufter following surface con-
version to the acid are given by the circles on the
broken fne. [Reproducad from Higuchl, of af J
Pharm Sci, 54, 8 (1983).]

phosphate buffers are presented as a func-
tion of the initial (HPO*)/(H2PQ,") ratio.
The smooth curve is gheory besed where
(HA)o is the solution concentration of the
unionized tolazamide acid in equilibrium
with the solid and K ia defined by the equa-
tion
X
HA + HPO* == H,PO,” + A

In Fig 4-5b the dissolution rates of sodium
tolazamide in 0.1M and 0.2M phosphate
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buffers are plotted a8 a dashed-line and
compared with the data from the tolaza-
mide acid experiments. These values ware
within a factor of 2 of the rates for tolaza-
mide acid. Thus, the coat which formed
over the sodium salt phase must have been
relatively impermeable to diffusion, and to
some axtent, it must have been “seif-heal-
ing™ as it dissclved away.

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

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

decreased the dissolution rate of the pure-

sodium salt, while they increased that of

20\

phenobarbital acid The increase, in the
case of the acid form, was more pronounced
in diluted gastric juice than in 0.LN HCI,
mainly because of the lower surface tension
of the gastric juice and therefore its better
wettability and solvant penetration charac-
teristica. The reason for the lower tablet
dissolution rate of the freely soluble sodium
phenobarbital, as compared to the tablets
of tha poorly soluble acid form, was the
result of the difference in disintegration
time. Although the sodium salt tablets dis-
integrated rapidly in water, they did not
disintegrate in the acidic media; instead,
they swelled and dissolved slowly from the
surface. The phenobarbital acid tablets,
however, disintegrated very rapidly in acid-
ic media as well as in water.

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

.tion procedure was observed. The situation

is similar for weak base drugs. Strong acid
salts, such as the hydrochlorides and sul-
fates, are the most common forms used for
weak bases such as epinephrine, tetracy-
cline and alkaloidal bages dus to their high
solubility. However, Miyazaki, et al,? con-
firmed that the free bases of chlortetracy-
cline, demethylchlortetracycline and meth-
acycline were more soluble than the
corresponding hydrochloride salis at the
gastric pH values, due to the common ion
suppression of the solubility product equi-
librium. Furthermoare, the free bases of
chiortetracycline and methacycline, yield-
od higher drug levels in the body fluids of
rats and humans than the hydrochloride
salt, indicating better bicavailability
The suppression action of the common
ion effect on solubility and dissolution rate
was also demonstrated® for papaverine
HCL. Using an acetate buffer, the solubility
of the salt increased with decrease in pH as
is normally expected for weak bases. How-
ever, when a HCl-sodium acetate buffer was
employed, a solubility maximum was ob-
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*  Solubitity {mg/mL)

1 2 3 & 3
Mstor concn. of sadium chioride, XI0™
Rg 4-%a. Effect of sodlum chioride concentration
on the agueous 3olubillly of papavarine-HCI at
37°C. [Reproduced from Miyazakl, ¢ al, Chem
Pharm Bull, 29, 3414 (1981).]
Kay: ~O—, waler; -8-; 0. TNHCL

+

-
]
——

—~

\

Conen. In soln. (mg/mL)
.'

e

I 2 3 &« &
Tima (he)
Fig 4-8b. Dissolution behavior of pepaverine—HCI
n 0.1N HC! at 37°C, In the presence and absence
of sodium chioride. [Raproduced from Miyazski, ot
-La-mmmnmzs.a-mmm]

Key: -O-, 0.1N HCL: -a-, 0.5% MaCl in G.1N HCE -O-,
@3N NaCl in 0.IN HGL

tained at pH 3.7. Similarly, the dissolution
rates of the free bases of papaverine, trihex-
vphenidyl, and isoxsuprine were much
higher than the hydrochloride salts at the
pH range of the stomach (pH 1.0-1.4).
Mivazaki, et al,"¥ confirmed the inhibi-
tory action of the chloride ion on the solu-
bility and dissolution rate oi papaverine
HCl not only in vitro {using a medium rich
in chloride ion) but also in vivo. When the
drug wns administered to rats with 0.9%
NaCl, ic resulted in a decrease in the drug-

Pissma gonen.tug/mL)

Time (br)

Flg 4-8c. Effect of chiorkia lon on the plasma drug
lavels following oral administration of papaverine-
HC1 muspengions to rais. [Reproduced from

Miya-
zakl, ot al, Charmn Pharm Bull, 29, 3414 (1ll1)1

Koy: O, water; 03, 0.9% NaCL

blood level from that obtained when the
drug was administered alone. The authors
interestingly, suggested that it may be pos-
sible to formulate sustained relesse prepa-
rations of papaverine HC| by combination
with NaCl (Figs. 4-6a, 4-6b, and 4-8¢c). The
common ion effect was also demonstrated?”
for other amine hydrochioride saits such as
phenazopyridine HCI, cyproheptadine
HCl, and bromhexine HCL. These findings
are of extreme importance for the research
pharmacist who has to decide which form of
the active ingredient to use in formulating a
new drug.

Concarns over slow dissolution and poor

bioavailability traditionally have been lim-
ited to the sparingly soluble free acids. Ac-
cording to the above discusasion, the con-
cems should be extended equally to the
freely soluble salts as well. This also points
to the importance of selecting the proper
dissolution medium, if a meaningful in vi-
tro/in vivo comparison is sought.

Particle Size

Equation 4-1 shows a dn-ect relnuonahtp
betwean the surface area of the drug and its
dissolution rate. Since the surface area in-
creases with decreasing particle size, higher
dissolution rates may be achieved through
reduction of the particle size. Under sink
conditions, according o Eqg 4-2, a plot of
dissolution rate vs time should give a
straight line with a slope of k. 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. This in turn results in a difference in
the dissolution rate constant k. Conse-
quently, Wagner? related the apparent
first order kinetics under sink conditions to
the fact that a percent dissolved value at
time ¢ may be equivalent to the percent
surface area generated at the same time, ie,,
tha first order kinetics actually is not due to
dissolution per se, but rather to the distri-
bution of the available surface ares, which is
dependent on the drug particle size.

. The effect of particle size has been dem-
onltnl'.ad by the superior dissolution rats
and higher absorption efficiency observed
after micronization, as opposed to the regu-
larly milled form, of certain aparingly solu-
ble drugs such as griseofulvin, ™ chloram-
phenicol®® and various salts of tetracy-
cline. 3 Review articles on the effect of par-
tice size on. drug availability’ have been
published by Levy® and Fincher.®

Reliable investigation of the particls siza
effect on the dissolution of sparingly soluble
drugs has, on many occasions, been hin-
dered by the probiems of flotation and floc-
culation. Finholt, et al, ¥ could not differ-
entiate dissolution rates of different
particle size acetylsalicylic powders in 0.1LN
HC]1 containing 0.2% polysorbate 80. Lin, et
al,® also encountered similar problems in
their attempt to establish a rank order in
the dissolution rates of different particle
size powders.

Ismat Ullah and Cadwallader® designed
aspecial dissolution apparatus to overcame
these problems and were able to establish a
rank order for in vitro digsolution times of
different particle size aslicylic acid powders
(Ptpt-?l) In studying the effect of particle
size- reduction on the dissclution rate of
griseofulvin, Ismat Ullah and Cadwal-
lader'! reported that the preaence of ¢ sink
phase (e.g., organic solvent) and the intro-
duction of samples in the form of suspen-
sions were necessary to obtain appropriate
renk order in the dissolution rates of mi-

walght {g.} In solution
e o o
» o @

o
N

Q- I3 3 4% 60 75 90
Minutes
Fig 4-Ta. Effact of particie size on dissolution of
salicylic acld under sink conditions using four pro-
peflers ot 30 rpm and 37°C. [Reproducsd irom
mgpiahwcdwlm + J Pharm Sci, 59,979
Kay: O; 200/230 magit: A, Iﬂludmd:ﬂlﬁmm;

' AQ/SQ mesh; B, 20730 mesh.
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Flg 4-7b. Plots of Wt/ va ime. [Reproduced from
wun-hwcauwwer..m-msaw.zso
230 (1871).]

Key: A, requiar miled griseqiulvin powder: B, micronizad
griseofutvin powder,

cronized and regularly milled powders. The
authors were able to plot their data, accord- |
ing to a modified Hixson and Crowell cube

. Toot law in order to obtain dissolutic rate

constants for two different particle aize
griseofulvin powders (Fig 4-7b). Regarding
the effect of particle size on the dissolution
of granules and tableta, Ficholt, et al >
showed that a rank order can be established .
for the dissolution rates of phenobarbital
granules manufactured from different size
powders (Fig 4-8a). Similarly, Solvang and
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Amaynl disssived (mgia 500mL)

Fig 4-8a. Elfect of particia size of phenobarbital
on dissolution rata of tha drug from gramdes. [Re-
produced from Flnhoit, of al, Adedd Norsk Farm
Saeisk, 28, 17 (1968).]

Key: Q particis size, 0.07-0.15 mrc; A particis siga, 0.18-

0.23 m: A particte size, 0.29-0.47 Mest O particiy sk, 0.43-
.71 mm.

Amsunt disselvad lmg in (0OmL)

hy
o . [l A A l]

-] 0 k] a0 » .
Tieaw |misrtanl

©
Fig 4-8b. Eftect of particle size of phancbarbital
on dissolution rate of the drug from tablets, in
diiuted gastric jice (surface tension 40.5 dynas
em™~", pH 1.50). [Reproduced from Soivang and
Finholt, J Prarm Sc, 59, 51 {1870).]

Finholt'? demonstrated the same pattern
for phenobarbital tablets (Fig 4-8b). Tulad-
har, et al,3 howaver, 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 tablats if particla
bonding or crushing of the drug occurs dur-
irg the tableting process.

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

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

crease in the surface area of a drug doesmot -

always guarantee an equivalent increass in
dissolution rate. Rather, it is the increass in
the “affective” surface area, or the area ex-
posed to the dissolution medium, and not
the absolute surface area that is directly
proportional to the dissolution rate. Fin-

-halt, et al,? raised this point sfter be dem-

onstrated that the dissolution rate of aspi-
rin, phenobarbital and phenacetin powders
actually decreased aftar reduction of their
particle sizes. This was éxplained by the

fact that because thess drugs have hydro--,

phobic surfaces, they tend to adsorb air at
the surface and inhibit their wettability.
Increase in the surface area causes a parallal
increase of the air adsorbed and a decrease
in the surface area available to the dissolu-
tion medium and, therefore, the dissolution
rate decreasea. This inhibitive effect, how-
ever, could be eliminated by evacuating the
surface of the tablets from all adsorbed air
as Wurster and Seitz*® have shown, or by
adding a trace amount of a surfactant to the
dissclution medium, which does axactly the
same as the evacuation process by lowering
the interfacial barrier™ (Fig 4-9a). In the
cass of granules or tablets made from these
drugs, howevar, Finholt3" ahowed tha: the
reduction in the particle aize of the drug
generally causes a significant increase in the
dissofution rate (Figs 4-9b and 4-8¢). This
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Amoun! dlyssivadimg In S00mL}

Fig 4-9a. Elfect of particle size on rate of dissolu-
tion of phenacetin. [Repraduced from Finholt, et
al, Macki Norsk Farm Seisk, 28, 17 {1986).]

Kay: @ particia siza, 0.11-0.13 mm; O particie sien, 0.13-
021 mem A parlicle size, 0.21-0.30 mv O particls sixe,
0.30-0.50 mnx; B particie size. 8.50-0.71 mm; — dissoldion
madiun; §.1N HCI; - - - dissolution medium, 0. 1N HCI con-
taining 0.2% Twasn 80,

was explained by the suggestion that mix-
ing of the drug with the usuai hydrophilic
diluents and with subeequent granulation,
makes the surface of these hydrophobic
drugs more bydrophilic. In vive conditions
also exhibit excellent wetting properties
due to the presence of natural surfactants,
such as the-bile salts, and this allows the
increase in the effective surface area with
particle size reduction of the drug. Fin-
holt's™ findings agreed with previously
published data by Kornblum and Hirs-
chorn*® who compared the dissclution rates
at pH 1.2 of a spray-dried and air-attri-
tioned quinazolinone compounds. The au-
thors found that the sir-attritioned powder
with particle size of 1-6 um, dissolved more
slowly than the spray-dried powder with
particls size of 1-15 um. The data was also
substantiated more recently by Macek?" in
1975, and by Brossard® in 1981.

Also, physical properties of the drug par-
ticles cther than size, though indirectly, in-
fluence the effective surface area by modi-
fying the shear rate of the fresh solvent that
comes in contact with the solid. 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-

Amount dlualyad (ing In 800mL )

&3

T2 3 4 35 67T 8 5%
Tioe{ainutes) .
Flig 4-8b. Elfect of particle size of phanacstin on
dissolution rate of the drug from granules. [Repro-
ducad from Finhalt, ot &/, Madd Narsk Farm Selsk,
26, 17 (1966).] - .
Kay: © particty. siza, 0.11-0.15 mm;: & paricie sizs, 0.13-

021 owr: A particle shs, 0.21-0.30 mmc O particle sizs,
0.30-0.50 mm: @ particle aiza, 0.50-0.71 mm,
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Fig 4-8c. ENfect of particls sizs of phancbarbital
on dissolution rate of the drug from tablets. [Re-
produced from Finholt, ot al Medd Norsk Farm
Seisk, 28, 17 (1988).)

Key: O particie size, 0.07-0.15 nwm: A particie size, 0.15-

o.:smamuh.o.zs-u.umomm.
0.42-0.71 mm, -

ences in the motion of particles, changes in
eloctrical potential between particles, mo-
lecular layers of solvent tightly bound
around particles, as well as many other in-
fluences, can retard dissolution upon reduc-
tion of particle size. Tharefore, the common
generalization that size reduction of drug
particles enhances dissolution should not
be accepted without qualification and cau-
tion.
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Eftect of Pasticle Size on Solubllity

Another mechanism by which tha redue-
tion in particle sixs improves dissolution is
through enhancement of the drug solubility
{c.). It sliould be pointed out that Eq4-1 has
an inherent limitation in assuming that ¢, is
independent of the particle size. Actually ¢,
and the surfece area can be correlated by

the Ostwald-Freundlich equation
MY 1 a
S=rr ¥"7 WO
where
&= RT

and M is the molecular weight, p is the den-
sity, v is the interfacial tension or surface
free energy of the solid and r is the radius of
the particle.
From Eq 44, it can be shown that
§=§_ - (4-5)

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

Another technique which also produces
estremely small particles, but still larger
then those produced by a solid solution, is
by dispersion of the drug into a soluble car-
rier such as a polyvinylpyrrolidine solution.
These techniques usually are utilized for
the 2xhancement of the dissolution rate of
insoluble drugs and will be discussed later
in more detail (Chapter 13).

Crystaliine State of the Drug

The solid phase characteristics of drugs,
such g3 amorphicity, crystallinity, state of

hydration, solvation, and polymorphic

structures have been shown to have a signif-
icant influence on the dissolution rate, Wil-
dermann™ and Gross! were the first to re-
port on these influences when they noted
that specific crystalline faces produced
changes in the rate of dissolution of certain
compounds.

According to Haleblian,3® crystalline
modification of solid drug substances can
be either polymorphs or molecular adducts.
Solvate forms, stoichiometric types of ad-
ducts, are not molecular compounds but are
identified as complexes that incorporate
sglvent molecules in their crystal lattics.
Hydrates are the most common solvate
forms of drug compounds. As early as 1931,

_ Roller®¥ gbserved that anhydrous ealeium

sulfate has greater aqueous solubility (1.45
times) than the hydrated form. Roller, how-
ever, reported that under certain condi-
tions, the dissolution rate of the hydrate
wus higher than the anhydrous form. This
later was disputed becsuse thermodynami-
cally the anhydrous forms of drugs are more
active than the hydrates and consequently,
as shown by Shefter and Higuchi,® the an-
hydrous forms have greater solubility and
dissolve faster than the hydrated forms.
Wurster and Taylor® suggested that Rol-
ler's resulty may have been distorted by
entrapped air at the particle surface. Also,
in suppart of Shefter and Higuchi'’s thermo-
dynamic argument, Poole, et al,%57 found
that anhydrous ampicillin has higher aque-
ous solubility and faster dissolution rate
than ampicillin trihydrate (Fig 4-10a). In
addition, bioavailability studies indogs and
humans showed that the mean blood serum
concertration of anhydrous ampicillin, fol-
lowing the oral intake of commercial cap-
sules or suspensions, to be higher signifi-
cantly than those obtained for the hydrated
crystalline form (Fig 4-10b). Other re-
ports, 3-8 however, suggested that Poole's
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Fig 4-10a. Dissolution aof ampiciliin in distilled
watsr at 37°C from trade capsule formulations,
inset: Solubility of ampiciliin, anhydrous and ampi-
cillin trihydrate in distilled water gt 37°C. [Repro-
ducad ifrom Poole, Cwr Ther Res, 10, 202

(1868).] .
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HOURS
Flg 4-10b. Mean blood serun concentrations of
ampicillin In human subjects after oral administra- _
tion of 250 myg doses of the oral suspensions.
[Reprodi.nad from Poole, Curr Ther Res. 10, 292
(1968).

Lo
bioavailability studies were conducted on
commercial products and thereby formula-
tion factors may have been responsible for
the differences in Lioavailabilicy. In order
to clarify these conflicting reports, Ali and
Farouk® evaluated the in vivo performance
in man of two identical formulations of pure
ampicillin anhydrate and trihydrate. In ad-
dition, two commercial dasage forms of the
anhydrous and-the trihydrate forms were
included in the study. Examination of the
urinary excretion date indicated that ampi-
cillin from the experimental capsules con-
taining the pure anhydrous form (with no
excipients) was absorbed at both a faster
rate and toagreater extent than from either
of the experimental capsules containing the
trihydrate form, or the two commercial cap-
sules. Approximately two times as much
ampicillin was excrated from the pure an-
hydrous form as compared with the pure

" trihydrate drug. Nevertheless, the bioavail-

ability of the commercial capsules contain-
ing the anhydrous form was less than thet of
the pure experimental drug, but in case of
the trihydrate form, the reverse was true. In
other words, formulstion of the drug for
commiercial use has helped to improve the
bioavailability of the trihydrate form, but
decrensed the in vivo performance of the
anhydrous form. This may axplain the find-
ings of Mayersohn and Endrenyi, Hill, et
al,*® and Cabana, et al.b%

Smidt, e al,® investigated the dissolu-
tion kinetics of theophylline monohydrate
and anhydrous theophylline in buffer solu-
tions under sink conditions. The study
sgain confirmed that the anhydrous form
generally dismolves faster than ths hydrated
form; howevez, the course of thes dissolution

- process of the anhydrous drug was found to

be rather complex. Three phases wers iden-
tified: {a) a pretransformation phase in
which the snhydrous theophylline dissolves
at a fast rate, (b} the transformation phase,
during which the dissolution rata drops to
the level of the theophylline monohydrate
dissolution mte, and (c) steady state, nt
which the dissolution rate of the anhydrous
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Fig 4-10c. Diasolution of anhydrous theophyttine
i bufter soktions. (A) Direct conversion of the
surface: tha surface of anhydrous theophylfine is
converted to the monohydrate by immediate reac-
Jon after contact with water. (8) indirect conver-
slon of the surface: theophyiline crystalfizes on the
anhydrous surface via diffualon from a layer of
supersaturation. | from Smidt, st al, J
Pharm Sol, 75, 497 (1888).]

Koy (k) rals constent of dissolution resction; (k;) rate constant
of corrvective dfusional reneport; (k) ke consiant of suriace
Tunsformation; (k;) rais consian of cryssiizstion,

theophylline equals the disyolution rats of
theophylline monchydrate (Fig 4-10c). The
presence of theophylline monohydrate
crystals at the dissolving surface was con-
firmed by IR spectrometry and micros¢opic
examination (Fig 4-10c). Carbamazepine,
an antiepileptic drug that exists in an anhy-
drous form and as a dihydrate, was reported
by Stahl¥ to have a crvstalline structure
that is dependexat highly ca temperature
and relative humidity. Meinardi, et al$? as
weil as others,5-%3 showed that the absorp-
tion from the suspension formulation of

Dissolution, Bloavallability snd Bloequivalence
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. Tims{minutes)
Fig 4-10d. Dissolution bshavior of carbarnazepinae

anhydrate (-O-) and dihydrats {-@-) In 0. 1Af hy-
drochloric acid. [Reproducad irom Kahela, ot &/,
it J Pharm, 14, 103 (19'3).]

this drug, whare the dihydrate form is used,
is faster than that from tablets where the
anhydrous form is utilived. Although the
fine particle size of the suspension may have
been an important factar, Kahela, ez al,%
have suggested that the difference in ab-
sorption might also be attributed partly to
the different crystal modifications. In their
study of the dissolution and serum lavels of

the two crystalline forms (the anhydrous

and ths dihydrate) of carbamazepine, the
authors found that when 0.01M HCl is used
as the medium, the dihydrate dissolved
faster than the anhydrous form (Fig 4-10d).
On the other hand, when 0.1% wetting agent
was added to the medium, the dissolution
patterns changed (Fig 4-10e). Absorption
data also showed that the dihydrate ap-
peared in the serum at a faster rate than the
anhydrous form. These observations of
crystal transformations previously have
been reported by others.¥4? More impor-
tant, the observation by Kahela regarding
the inhibiting effect of the surfactants on
the crystal growth in aqueous media was in

agreement with a similar finding by Mous-

tafa, et al,® for succinylsulfathiazole. Allan,
et al,™ too has reported earlier, that eryth-
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Fig 4-10e. Dlasolution behavior of carbamazepine
anhydrate (—) and dihydrate (- - — - - - Jin 0.1M
hydrochioric acki with 0.01% polysarbate 80.
[Reproduced trom Kahela, et al, int J Pharm, 14,
103 {1983).]

romycin dihydrats dissolves faster in a
phosphate buffer of pH 7.5 than the less
hydrated or anhydrous forms. Although
these findings appear contradictory to the
general principle based on the thermody-
namic stability of the anhydrous and hy-
drated forms, the contrast, according to Ka-
hela, e al%® is only apparent. The
wettability of the solid phase and particle-
perticle interactions are the real reasons for
their findings. In this case, crystal growth of
the anhydrous forms in 0.LN HCL, 2z well 38
its transformation in solution to the
dihydrate, which is the only stable form in
aqueous media, are probably the reasons for
the faster dissolution of the dihydrate. In

presence of the wetting agent, the crystal

growth appeared to be inhibited, though
temporarily, and consequently faster disso-
lution for the anhydrous is ohserved untul-

Bix crystalline forms of fluprednisclone
were studied by Haleblian, et ol Of
thesa forms, three wers anhydrous, two
were monohydratss and one was a tertbutyl-
amine di-solvate. Figure 4-11 shows that, in
general, the anhydrous forms dissolved
faster than the hydrated and di-solvate
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Fluprednisolone dissolved {mg cm 1)

05 1.0
Hours

Fig 4-11. Dissohution of various phasas of flu-
lone in water at 23°. [Reproduced from
Halebllan, et al. J Pharm Sci, 60, 1485 (1871).]
Key: 8, Forml; 0.Form&; Q, Form K ¥, a-monohydrate: 4.
S-mononydrete: ¢, tert-butylaming disolvate. .

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

It is also intaresting to note that, amor-
phous (noncrystalline) forms of drugs, in
general, tend to dissolve fastar than crystal-
line materials. Mullins and Macek* showed
that the amorphous form of novobiocin has
a greater solubility and higher dissolution
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Kapp x10{cm/min)

(rpm)¥2
Fig 4-12a. Dopandence of apparemt h:lullm
rate constamt, of barbital polymorphs in waler
'mmruuﬂng&rebdty of dsk at 30°, [Repro-
duced from Nogami, of al, Cha.n Pharm Bull, 17,
28 (1969).] )

100}

1/Kapp (min/cm)
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4] 0.3 1.0

trpm) V2 310

Fig 4-12b. Plots of the reciprocal of apparent

dissolution rate constant, 1 va that of square

roat of rolating vetocity at 30°. [Reproducad from

Nocaml, ef al, Chem Pharm Bull, 17, 28 (1868).]

raze than the crystalline form (Fig 4-13a).
Blood level studies confirmed such findings
wkere administration of the amorphous
form yielded about 3—4 times the concen-
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Fig 4-12¢c. Dissolution behaviors of anhydrate and .

of lia hydrate by dispersed amount method. Sam-
pla amount: p-hydroxybsazole acld 0.7 g, pheno-

" barbital 0.2 g In 50 mi water, [Reproduced trom

Nogami, ot &/, Cham Pharm Bufl, 17, 501 {1969).].
Key: =@=, Anhydrmier; —O -, hydrate.

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

Polymorphism

The existence of polymorphic atructures
another important variant of the crystal-
line forms that can sffect greatly the disso-
lution rate behavior of drugs. For thermo-
dynamic reasons,™ compounds that exhibit
crystal polymorphism should poasess dif-
forent fugacities (thermodynamic activi-
ties) that vary according to the crystalline
modification. Accordingly, the dissolution

. rats and bioavailability may depend, to a

large extent, on the dissolution characteris-
Hics of the specific polymorphic forms uti-
lized in the formulation.-Because many of
the polymorphic crystalline structures ex-
hibit vast ranges of solubility and rates of
solution, polymorphism has been a major
source of dosa-to-dose variability of the bio-
availability of several drug compounds.

In general, the metastable (high activa-
tion energy) polymorphic forms have better
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Fig 4-14. Dissclution rates of

methyiprednisolone

a polymorph (@) and polymorph il (O) from rotating

disks {1.27 cm?) as a function of rate of disk
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from Lavy and Procknal, J
Pharm Scl, 53, 858 (1964).]
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Fig 4-13. & Rats of dissolution {as absarbance
values) for various forms of novoblocin. b: Blood
level vs tima data lor the various forms of novobic-
cin. [Reproduced from Goidbery, Academy of
Pham. Scl.. 2215 Conatitution Ave., NW, Wash-
Ington, DC, 20037. Graph is based on data from
Muflens, and Macek, J Am Pharm Assoc Scl Ed,
49, 245 (1964).] .

dissolution than the stable forms. Hamlin,
et al7" in 1962, showed distinct dissolution

zates for the two polymorphs of methyl-

prednisolone. These differences, however,
disappearsd at higher agitation speeds.
Wurster and Taylor™® later found similar
results for three different polymorphs of
methylprednisolone. Levy and Procknal™
also confirmed Hamlin's finding that the
difference in the dissolution rata of the twd
polymorphs of methylprednisolone disap-
pearat higher agitation rate, and attributed

such behavior to an intrinsic property of the
drug and not to effecta caused by a particu-
lar apparatus or methodology (Fig 4-14).
Higuchi, et al,%51 gtudied this phenomanon
and found a correlation between the rates of
reversion of the metastable polymorphic
form to the stable one during dissclution
and the crystal growth rates of the stabla
form (Fige 4-15a and 4-15b). When the rate
of tha crystal growth of the stabls form is
slow, there is a little tendency for polymor-
phic reversion during dissolution. Based on
their studies of the dissclution behavior of

.the polymorphic mixtures of sulfathiazole

(Fig 4-16) and methylprednisolons in dif-
ferent solvents, the authors proposed their
“mixture theory” to interpret their data
and to provide an explanation for the loss of
sensitivity in distinguishing the difference
in dissolution rates of polymorphs at high
agitation speeds. Figurs 4-16a shows a sche-
matic diagram of the three stages (left to
right) of the dissolution process. It is as-

. sumed that initially the mixture is uniform

and no reversion occurs. As digsolution pro-
ceeds by diffusion across the effective liquid
diffusion layer of thickness A, only form I7
dissolves initially, i.e., at time zero C’, the
solution concentration at the tablet bound-
ary and solution interface, ia equal to C,0,
the solubility of form I1. At later times C,



U R W
FL g 20° 5°
29
Q

Dissolution, Bloavallabiiity and Blosquivalence

215' 20° o* -

8

N
Q

Amaunt dissolved (mg /em®) xi0*
8
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rates of sultathlaxole (form Land form 1§ and mixture of 80% | and 20% 1) at two aghscion speads In n-propyl
alcohol. [Reproduced from Higuchl, et af, J Pharm Scl, 56, 200 {1967).]
Key: @, lorm (A &, nm-wo.m:#:'o , dorm 1 {); ©, mixhure (5K @, mnngmmm—-mn 107

o 8 dtusion layer hickness = 3.94 X

> C' > CJl, and finally at steady state, £’/ =
C,},and both forms ! and /I dissolve at rates
proportiohal to their percentages in the
original mixture. The results of these con-

siderations are illustrated in Fig 4-16b

where ¢’ i5 the point where deviation of the
mixture curve from the pure form IT curve
begins to become important, and ¢” is the
point at which the rate of dissolution of the
misture becomes squal to the rate for pure
form I. Higuchi, et al,® derived the mathe-
matical treatment for the model that fiis
their data and that of Hamlin's to the theo-

retical equation. Phenylbutazone too, has
bean reported to exist in several polymor-
phic forms. Matsumagu, et al,® reported
the existence of three polymorphs and Ibra-
him, et al® reported four polymorphic
forms. Miller, however, showed that two of
forms reparted by Ibrahim are actually sol-
vetes, and reported the axistence of two naw
ones.

Tuladhar, et al, ¥ prepared and charac-
terizad five different paiymorphic forms of
phenylbutazone using differential scanning
calorimetry. The authors cbserved inter-

.
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Fig 4-18. a: Mixturs theory madal. b: Compariaon
of dissolution rate of the two phs and a

mixturs according to theory. [Reproduced from
Higuchi, et al, J Pharm Scl, 56, 200 (1967).]
Kay: A, 0; A, mixture; K, L

conversion between polymorphs on grind-
ing. Based on the equilibrium solubility and
intrinsic dissolution rates data of the vari-
ous polymorphic forms (Fig 4-17), the au-
thors concluded that the dissolution pro-
cess could be described by the Berthoud
modeL This model, which is also known as
the consecutive process concept, was first
proposed by Berthoud®.in 1912, and was

then highlighted by Wurster and Taylor™ "

to explain their prednisolone findings. Be-
cause all molecules originating from differ-

as
30, 2
—_ Ferm
T 25¢ ¢
[ «]
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~
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Y
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a
=
e 1o}
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E
<
.18
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60 120 180 240 3CO -
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Fig 4-17. Comparison of diasolution rates of phen-

ybutazone crystal forms In 0.2M phosphate-butfsr
pH 7.5 at 37°C and 100 rev min=", [Dissohtion

Propertias of Phenylbutazone Polyrmorphs. Repro-
duced from Tuladhar, of al, J Pharm Pharmacol,
35, 208 (1983).)

Key: ®,Form A; A.FormB: N, Fom C; O, FormO; 0. Forz &

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

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

Fig 4-18a. Schematic dlagram of concentration
prafle on the dissolution process of sofids. G,
sshurated concentration; ¢, effective concanira-
tian; 5, thickness of effective or saturated con-
centration layer; §;, thicinesa of diffuslon layer,
[Reproduced from Nogaml, et &, Chem Phamm
Budl, 17, 24 (1089).]

demonstrated a dramatic difference in dis-
solution and biocavailability hetween two
distinct polymorphic forms of chloram-
phenicol. Shibata, et al,® charactarixed dif-
ferent polymorphic forms of cimetidina,
and Rowe and Anderson®™ described the
stability of the various polymorpbs of tol-
butamide.

Behme, et al% pointed out that predic-
tion of the relative stability of a pair of
polymorphlc solids can be facilitated great-
ly if the polymorphs are characterized as
either monaotropic or snantiotropic. For
monotropic solids, the higher melting form
has the lower free energy at all tempers-
tures and consequently is more atable at all
temperatures. For enantiotropic solids,
their relative stabilities depend on the tem-
perature of the system celative tothe transi-

" tion temperature. However, as the number
of polymorphs increases, the interpretation
of data becomes difficult. Burger and Ram-
berger® recommended the use of an energy-
temperature diagrem to facilitate the inter-
pretation process. Their “heat of fusion
rule” states that if the higher melting form
has the lower heat of fusion, the two forms
are usually enantiotropic; otherwise they
are cwnotropic. Behme, et ol utilized
such a rule in their interpretation of the

_ Bulk liquld

1

Bulk liquid

. Fig &18b. Schematic dlagram of concentration

profiles on the dissolution process of solids. Cy,,
saturated concentration of anhydrate; C, effective
conceniration on solid surface: Cgy saturated

concentration of hydrate. {Repraduced from No-

gaml, ef al, Cham Pharm Bull, 17, 499 (1969).]

utablllty data of three polymorphie forms of
gepirone hydrochloride, an investigational
anxiolytic drug.

It ia interesting to note that from one
standpoint, the presence of different poly-
morphic forms of the same drug cen lead
either to satisfactory or problematic conse-
quences. If the existence of multiple crys-
talline modifications iy unrecognized in a
particular formulation, it may result in too
wide & range of dose-to-dose variation in the
drug bicavailability. On the other hand, Hi-
guchi, et al,® as well as.others™ have advo-
cated, and successfully demonstrated, the
utilization of a polymorph of significantly
greater thermodynamic activity than that
of the stable crystalline modification to pro-
vide better dissolution characteristics and
higher blood levels for an otherwise poorly
absorbed drug.
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Fig. 2-8. The melting points of alkanes and carboxylic acids us 2
function of carbon chain length. (Modifled from C. R. Noller,

Chemistry of Organic Compounds, 2nd Ed., Smunders, Philadalphia,
1951, s - 40, 149), po )

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

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

_ Polymorphism. Some elemental substances, such as

carbon and sulfur, may exist in more than one crystal-

WAAAL AR

m

Fig. 2-7. Configuration of fatty acid molecules in the crystalline
state. (Modifled irom A. E. Bailey, Meiting and Solidification of
Fata, [nterscienca Pubiiskers, New Yark, 1950, p. 120.)
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TABLE 2—-6. Melting Points and Solubifities of Some a’_{'o
Xanthines*
R
H;C\ && %
NTsy r>
- a
2 4
oJ\;, '.'q
CHy
Basic structure
Solubility
in Water
' Meiting Point an3dC
Campound c {molefiiter x 107
Treophylline " 270-274 4.5
. [R=H) .
Cll‘hil'll - 238 . 13.3
= CHy)
Ethylthanphyl 156157 176
melm’n 99100 104.0
na »
(R = CH,CH,CH,)

“From D, Guttman and T. Higuchi, J. Am. Phamy Assoc.. Scl. Ed. 48, 4, 1357.

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

Nearly all long-chain organic compounds exhibit
polymorphism. In fatty acids, this results from differ-
ent types of attachment between the earboxyl groups of
adjacent molecules, which in turn modify the ang-le of
tit of the chaitis in the crystal The
tristearin, proceeds from the low-melting metastable
alpha (a) form through the betz prime (B) form and
finally to the stable beta (8) form, having 2 high mehing
point. The transition cannot occur in the oppesite
direction.

ﬁeobmmaoﬂormbutteruapolymorphous
natural fat. Since it consists mainly of a single glveer-
ide, it melts to a large degree over a narrow tempera-
turerange(s«l -36° C). Theobroma ofl is capable of
existing in four polymerphic forms, the unstable gamma
form melhnga.t 18°, the alpha form melting at 22°. the
beta prime form meltmg at 28°, and the stable beta form
melting at 34.5° C- Rlegelma.n" has pointed out the
relationship between polymorphism and the prepara-

" tion of cacao butter suppositories. If theobroma ol is

heated to the point at which it is completely liquefled
(about 35° C), the nuclei of the stable beta crystals are
destroyed and the mass does not crystallize until it is
supercooled to about 15° C. The crysta.ls that form are
the metastable gamma, alpha, and beta prime forms,
and the suppositories melt at 23° to 24° C or at ordinary
room temperature. The proper method of preparation
involves melting cacap putter at the lowest pos:ible
temperature, about 33° C. The maass is sufficient]y fuid
to pour, yet the erystal nuclei of the stable beta form
are not lost. When the mass is chilled in the mold, a
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stable suppository, consisting of beta crystals and
melting at 34.5° C, is produced.

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

Polymomhiamunalsobeafutorhwspemion.

technology. Cortisane acetate has been found to exist in
at lesst five different forms, four of which were found to
be unstable in the presence of water and which change
to a stable form."? Since thia transformation is usually
accompanied by spprecisble caking of the crystals,
these should all be in the form of the stable polymorph
before the suspension is prepared. Heating, grinding
under water, and suspension in water are all factors
that affect the interconversion of the different cortisone
acetate forms. ;

It is difficult to determine the erystal structure and
molecular conformations of different polymorphs of 2
gingle drug, and the reports of such work are not
common. Azibi et alL' studied two polymorphs of
spiperone, a potent antipsychotic agent used mainly in
the treatment of schizaphrenia. The chemical structure
of spiperone is shown in Figure-2—-8a, and the molecular
conformations® of the two polymorphs, I and 1I, are
shown in Figure 2—8b. The difference between the two
polymorphs is in the positioning of the atoms in the side
chains, as seen in Figure 2-8b, together with the
manner in which each malecule binds to neighboring
spiperone molecules in the crystal. The results of the
investigation showed that the crystal of polymorph Il is
made up of dimers (molecules in pairs), whereas
polymorph crystal I is constructed of nondimerized
molecules of spiperone. In a later study, Azibi et aL™
examined the polymorphism of a number of drugs to
ascertain what properties cause a compound to exist in
more than one crystalline form. Differences in intermo-
lecular van der Waals forces and hydrogen bonds were
found to produce different crystal structures in anti-
psychotic compounds such as haloperidol (Fig. 2-9) and
bromperidol. Varisbility in hydrogen bonding also
contributes to polymorphism in the sulfonamides.'?

Goldherg and Beckar' situdied the crystalline forms
of tamoxifen citrate; an antiestrogenic and antineoplas.

*The arrangement of the a:onis in a particular sterecisomer gives
the conjiguralion of 2 molecale. On the other hand, conformation
refers to the different arrangements of atoms resulting from rotations
about zingle bonds.

A

®)
Fig. 2-8. (a) Structure and ing of spiperona. (b) Molecular
conformation

numbering
of polymorphs I and H of spiperons. Agibi,
i.J.MSL?mmWﬁ&JMI *

tic drug used in the treatment of breast cancer snd
postmenopausal symptoms. The structural formula of
tamoxifen is shown in Figure 2-10. Of the two forms

. found, the stable polymorph, referred to as form B, is

held in its molecular conformation in the solid state by
hydrogen bonding. One carboxy! group of the citric acid
moiety donates its proton to the nitrogen atom on an
adjacent tamoxifen molecule to bring about the hydro-
gen bonding and to stabilize the molecular cryz=tal of
form B. The other polymorph, knovn as form A, is 1
metastable polymorph of tamoxifen citrate, its molecu-
Jar structure being less organized than that of the stable
B form. An ethanolic suspension of polymorph A
spontaneously rearranges into polymorph B,

Lowes et al.'® made physical, chemical, and x-ray
studies of carbamazepine. Carbamazepine is used in the
treatment of epilepsy and trigeminal neuralgia (severe
pain in the face, lips, and tongue). The B polymeorph of
the drug can be crystallized from solvents of high

dielectric constant, such as the aliphatic alcohols. Thea -

polymorph is erystallized from solvents of low dielee-
tric constant, such as carbon tetrachloride and cyclo-

— g oH
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Fig. 2-10. Tamoxifen citrate.

hexane. A rather thorough study of the two polymor-
phic forms of carbamazepine was made using infrared
spectroscopy (p. 89), thermogravimetric analysis (p.
49), hot-stage . microscopy, dissolution rate (p. 330-
332), and x-ray powder diffraction {(p. 30). The hydro-
gen-bonded structure of the a polymorph of carbam-
azepine is shown in Figure 2-1la, together w:t.h its
molecular formula (Fig. 2—11b).

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

saturated with water, four different crystalline solvates

are formed. Ethynylestradiol has been reported to exist
in several polymorphic forms. However, Ishida et al.™
have now shown from thermal analysis, infrared spec-
troscopy, and x-ray studies that these forms are
crystals containing solvent molecules and thus should
be classified as solvates rather than as polymorphs.
Solvates are sometimes called pseudopol 1

fig. 2-11. fa} Two molecules of the palymorph, a-carbamazepine,
joized topther by hydrogen bonds. (3. ML J. Lowes, et al, J.
Pharm. S.:., 76:744, 1987. Reproduced with permission.) {0} Carba-

macepine.
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Other related estradiol compounds may exist in true
polymeric forms. ‘bb

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

The transition temperature in polymorphism is im-
portant because it helps to characterize the system and
determine the more stable form at low temperatures.
At their transition temperatures, pol)'morphs have the

. same free energy, identical solubilities in a particular

solvent, and identical vapor pressures.

Accordingly,
- plots of logarithmic solubility of two polymorphic forms

against UT provide the transition temperature at the
intersection of the extrapolated curves. Often the plots
are ponlinear and cannot be extnpolated with aceu-
racy. For dilute solutions, in which Henry's law
{p- 152) applies, the logarithm of the solubility ratios
of two polymorphs can be plotted agamst LT, and the
intersection at a ratio equal to unity gives the transition
temperature.® This temperature can also be obtained
from the ph:se diagram of pressure versus tempenture
and by using differential scanning ealorimetry.®!
An example of the solubility method is given as
Problem 2-20,

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

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

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

It is not always possible to determine by casual
observation whether a substance is crysialline or
amoarphous. Beeswax and paraffin, although they ap-
pear to be amorphous, assume crysialline arrange-
ments when heated and then allowed to cool slowly.
Petrolatum, as already mentioned, contains both erys-
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talline and amorphous constituents. Some amorphous
materials, such as giags, may crystallize after long
standing

Whether or not a drug is amorphous or crystalline
has been shown to affect its therapeutic activity. Thus.
the erystalline form of the antibiotic novobiocin acid is
poorly absorbed and has no activity, whereas the
amorpi:'ous form is readily absorbed and therapeutically
active.

THE LIQUID CRYSTALLINE STATE

Three states of matter have been discuased thus far
in this chapter: gas, Liquid, and solid. A fourth state of

matter is the liguid crystallina stats or mesophase. The °

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

. Structyre of Liquid Crystals. As seen earlier, molecules
in the liquid state are mohile in three directions and can
also rotate shout three axes i to one
another. In the solid state, on the other hand, the
molecules are immobile, and rotsations are not possible.

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

The two main types of liquid erystals are termed
smettic (soap- or grease-like) and nematic (thread-like).
In the smectic state, molecules are mobile in two
directions and can rotate about one axis (Fig. 2-12a).
in the nematie state, the molecules aguin rotate only
aboutonemdsbutaremobileinthre_edimmiom(l"ig.

- J
{a) Smectc mesophase

fig. 2-12. Liguid crystalling stat2. (a7 Smectic structore; (b) nematie atructure.

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

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

In general, molecules that form mesophases (1) are
organic, (2) are elongated and rectilinear in shape, (3)
are rigid, and {4) possess strong dipoles and essily
polarizable groupe. The liquid erystalline state may
result either from the heating of solids (thermotropic
liquid erystals) or from the action of certain solvents on
solids (lyotropic liquid erystals). The first recorded
observation of & thermotropic liquid erystal was made
by Reinitzer in 1888 when he heated cholesteryl
benzoate. At 145° C, the solid formed a turbid liquid
(the thermotropie liquid erystal), which only became

clear, to give the conventional liquid state, at 179°C.

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

Some liquid crystals show consistent color changes

with temperature, and this characteristic has resulted -
_ in their being used to detect areas of elevated tempex-

ature under the skin that may be due to a disease
process. Nematic liquid crystals are sensitive to glectrie
flelds, 2 property used to advantage in developing
display systems. The smectic mesophase has applica-

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

development.

Formulation Faclors

It has been shown that the dissolution
rate of pure drugs can be altered signifi-
cantly when mixed with verious adjuncts
during thie process of manufacturing solid
dosage forms. These adjuncts are added to
satisfy certain pharmaceutical functions
and may include diluents (fillers), dyes,
binders, granulating agents, disintegrants
and lubricants, Generically identical tablet
and capsule products, manufactured by dif-
ferent pharmaceutical housses,-were found
to exhibit significant differences in the dis-
solution rates of their active ingredients.
Nelson and Schaldemoss,! Levy,?8 Varley,¢
and qthers™U ghowed that some tablet and
capsule formulations can lead to a marked
decreasa in the dissolution and bicavailabil-
ity of drugs from solid dosage forms. Such
_ findings during the 1960y, especially in the

~” case of digoxin and tolbutamide tablets, a3

well as chloramphenicol and tetracycline
HCl capsules (all lifesaving drugs), were the

73

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

Diluents (Flilers)

Diluents are used to give the powder
bulk, so that a tablet of an acceptable sive is
praduced.

Levy, et al? in 1963, studied the effect of
starch, one of the most commoniy used dilu-
ents, on the rate of dissolution of salicylic
acid tablsts manufactured by the dry, dou-
ble compression process. Increasing the
starch content from 5 to 20% resulted ina
three-fold increase in ths dissolution rate

(Fig 5-1). This was attributed to better and
more thorough disintegration (starch is an
axcellent disintegrant). Finbolt, et al,? in

R,
T w0
3
2%
-
T 40
i
X

20

10

) 20 £ 40
Tinas, min

Fig 5-1. Elfect of starch content of granules on

dissoiution rats of salicylic acld contained in com-
tebists. [Re from Lavy, st 2l J

Prarm Sci, 52, 1050(1883).]

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

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

In another study by Marlowe and Shan-
graw,? the use of starch as a diluent was
shown to produce sodium salicylate tablets
with a much fastar dissolution rate than
when lactose was used. Different types of
starch were studied by Underwood and
Cadwallader'®; however, the type of disso-
lution apparatus utilized for testing was
found to afféct the ranking of the different
starch varisties employed. With stirring
type of agitation, the order was; potato
starch>corn>arrowroot>rice: with the os-
cillating type of agitation, a different order
waz observed; corn>rice>arrowroot>po-
tato.

Disintegrant

A disintegrant is used to cause the tablet

todisintegrate when exposed to an aqueous
exvironment.

The studies of Solvang, et ¢l,!! and Fin-
nolz, #¢ al,12 showed that starch not only is
en excellent diluent but also a superior dis-
ictegrant due to its hydrophilicity, and
swelling property. Varley® reported a signif-
icant decrease in the serum level of wolbuta-
mide when the amount of Veegurm, used asa

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

methylcellulosa (Nymcel), was found to be' -

leas effactive than Primojel, a sodium glyco-
late of potato starch. It may be pointed out

that care should be taken in investigating

the poasibility of adsorption of some drugs
to the surface of certain diluents and disin-
tegrants. Highly adsorbent substances, e g.,
beatonite, should be avoided in tablet for-

_mulations of drugs used in very small doses,

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

that only a fraction would be available after’
administration. Yen3 found thst triamter- .

ene was adsorbed by the disintegrant Vee-
gum.

The deleterious effect of lubricants, espe-
cially magnesium stearate, on the effective-
ness of disintegrants has been highlightad
by Bolhuis, et al,1413 Lerk, et al, /417 Shah
and Mlodozeniec,'* and DeBoer, et al.1?
The lubricant forms a thin hydrophobic
film around the tablet excipients, thereby
inhibiting the penetration of water into the

tablet pores and delaying disintegration.

Bolhuis, et al,'® showed that the efficacy of
potato starch as a disintegrant is decreased
by an increase in the mixing time of the
tablet ingredients with magnesium stea-
rate. However, Proost, et al,® pointed out
that because the hydrophobic film formed
by the lubricant never envelopes the disin-
tegrant particles completely, the swelling is
not inhibited at the surface of the tablet
where the disintegrant particles are in di-
rect contact with water. Working with diaz-
epam tablets (Tabls 5-1) the authors dem-
onsteated chat with disintegrants of a
maderate swelling capacity, such as potato
starch, the disintegration and dissolution
rates depend to s large extent on the mixing
time of the drug/excipient preblend with
the lubricant magnesium stearate. In this
case, the disintegration also was largely in-
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Table 5-1—Diazepam Tablel Formulations with Varlable Swelling Capaciilas of Dlluents

Formulation

AT AR AT s sl 5t & s Pt T

ingrodient, % (w/w) T =B )
Diazepam * 23 23 25 235
Dicalcium phosphate dihydrate ) " 93 93
Potato starch ) 20
Sodium stareh glycolata T4 4
Magnesium stearats 03 03 03 Q.3
Mixing time with magnesium stearste (mnl 2 k) 2 30

&8 & B

Percantage dissolved

) 13 30 43 60
Time, min

" Fig 5-2 Dissolution profiies of dlazepam, dater-

mined with the rotating basket at 100 rpm. [Repro-

ducad from Proost, et &, int J Pharm, 13, 287

(1983).]

:_qu P2 A.P-30; D, l-tA s-:ow-mh
11

fluenced by mechanical means such as the
dissolution apparatus and sgitation rate.
On the other hand, when disintegrants with
a strong swelling capacity, such as sodium
starch glycolates, were used the disintegra-
tion and dissolution rates.hardly wera af-
fected by the time of mixing with magne-
sium stearate. In this case, the surface
structure was disrupted completely, per-
mittihg water to penetrate into the tablet
and hence, effecting rapid disintegration
and dissolution without the aid of mechani-
cal meana (Fig 5-2).

Binders and Grarulating Agents

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

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

Wat granulation, in general, has been

shown to improve dissolution rates of poor-
ly soluble drugs by imparting hydrophilic
properties to the surface of the granules
Solvang and Finholt!! determined the rate
of dissolution of phenobarbital, phenacetin
and prednisoloune before and after granula-
tion and compression into tablets. In all
cases, the dissolution rate was faster with
the granules than for the pure drug. The
rate of release was also faster after compres-
sion than that obtained for the uncom-
preased 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 during
compression, thus increasing the eoffective
surface ares; a finding reported earlier by
Higuchi, et al.¥1-2 The authors showed that
with normal tablet compreasion, deforma-
tion of the granules takes place but without
the particles breaking up. The particles are
changed from being almost spherical to be-
ing nearly disk-shaped and honce their sus-
face area is increased.

Regarding the most sultlblo binding
agent, Solvang and Finholt!! showed that
phenobarbital tablets granulated with gela-
tin solution dissolved much faster in human
gastric juice than those prepared with sodi-
um carboxymethylcellulose or polyethyleze
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Fig 5-3a. Rate of dissclution of phenscetin from
powder, granules, and tablets In diluted gastric

juica (surface tansion 42.7 dynes cm™", pH 1.85).
[ from Soivang and Finhoil, J Phamn
Scl, 59,50 (1970).)

Kay: O, phenacetin powder; A. phenacatin granules; @, phon-
acelin indigts.

Amounl dissalved, mgin 100OmL

A _-l i l L
0 20 30 40 30 60
Timae, min

Fig 5-3b. Dissolution rete of phencbarhital tablets

in dikntad gastric juice (surface tsnalon 39.4 dynes
om™', pH 1.50). {Reproduced from Solvang and
Finhott, J Pharm Scl, 58, 50 {1970).]

Key: ©. polaiin Singer; A, CMC; O. polysthyigne giycol 8000,

glyeol 6000 as a binder (Fig 5-3b). They
suggested that gelatin imparts hydrophilic
characteristics to the hydrophobic drug
surface, whereas sodium carboxymethylcel-
lulose is converted in the low pH gastric
juice to its less soluble acid form. In case of
polyethvlene glveol, it was proposed that it
forms a pnorly soluble complex with pheno-
barbital, probably during the dissolution
test. This fact was reported earlier by Higu-
chi and Lach® and later by Singh, et al,®
who found that the complex ratio is 45.5 mg

L]
TR

b
Fig 5-4. a2 Comparison of Mller-binders in a tablet
formula contalning starch, hydrogenated vegeta-
bile ofl, and 3.5 §-C hardnass. b: Comparison of
filar-binders In a tsbiet formula containing no
starch, megnasium stearate, and 6.5 S-C hard-
nasa. [R from Mariowe and Shangraw, J
Pharm Scl, 58, 500 (1867).}

Key:B,, spray-dried lacwes; By, ethyiceluloss and lacioss; By,
scacia muciage and actose: B, srch pavie and (acioss.

of polyethylene glycol 4000/100 mg of phe-
nobarbital at 37°C and pH 5.3.

Finholt, et al,}? reported similar results
using sulfadiazine and phenacetin as test
drugs. when the {astest dissolution rate was
obtained with drugs granulated with gelatin

Pl & £ AALALALALS £ 8 020000000
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as opposed to’' CMC and carbowax &000.
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 farmulations. The slowest disso-
lution was obtained when ethyl cellulose
was used in combination with lactose (Figs
5-4a and 5-4b). The retarding effect of ethyl
cellulose was confirmed by Jacob and
Plein™ who compared the dissolution rates
of phenobarbital tablets manifactured
with gelatin as well as other popular binders

such as gum acacia, ethyl cellulose and hy- -

droxymethylcellulose. The authors report-
ed that gelatin produced the best dissolu-
tion behavior, whereas the use of the
cellulose derivatives resulted in tablets with
poor dissolution characteristics. On in-

.creasing the amount of gelatin, however,

tablets with decreased dissolution rate {(and
increased hardness) were obtained. Yen? re-
pocted 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 materials called lubricants
that enhance their processing characteris-
tics. Lubricants improve the flow of the tab-
let granulation, reduce interparticle fric-
tion and prevent adhesion of the tablet
material to the surface of the dies and
punches of the compressing machine. Lu-
bricants also [acilitats the ejection of the

_ tablets from the die cavities.- : .

During the mid 50s, Takeru Higuchi?l-#
and his colleagues at the School of Pharma-
¢y, University of Wisconsin, published an
important series of articles on the physics of
tablet compression. In théir discussion of
the theoretical aspects of tablet lubricants,
they categorized them into two major
groups; the first called the fluid-(or hydro-
dynamic) type, such as hydrocarbons {min-
eral oil and paraffin), and the second known
as the boundary-type lubricant, such as the
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metallic stearate salts and tale, considered
to be the best lubricants. These investiga-
tors, however, warned that the addition of
lubricants, such as talc and magnesium
stearate, to granulations tended to prolong
markedly the tablet disintegration time.
They explained that the lubricant usually
forms a water repellent coat around indi-
vidual granules, which appeared to remain
almost intact during the compression pro-
cess. The lubricant did not mix intimately
with the granular content during compres-
sion, but usually was confined only to the
surface and the intergranular regions. The
retarding effect of this water repellant film
formed by the lubricant later was shown™
to be the most important factor in influenc-
ing the rate of dissolution of solid dosage
forms. It greatly inhibits the wettability of
the tablet and decreases the penetrability of
the dissolution medium thereby reducing
the effective surface area and dramatically
prolonging the process of dissolution.

Both the amount and-the method by
which the lubricant is added to the granula-
tion can affect greatly its performance and
reduce its unwanted waterproofing proper-
ties. The lubricant should be added only in
amall amounts (1% or less) and should be
divided finely by passing it through a 100-
mesh nylon clotlr onto the granulation. The
blend then should be tumbled or mixed
gently for only a very short time. Prolonged
mixing of the lubricant with the granulation
may significantly affect the hardness, disin-
tegration and dissolution times of the re-
sulting tablets. Lubricants that cannot be

pulverized efficiently, such as stearic acid, .

can be dissolved in an organic solvent, such
as ether, and sprayed over the granules.
Levy and Gumtow® investigated the effacts
of different types of lubricants on the disso-
fution rate of salicylic acid tablets. They
found that magnesium stearate, a hydro-
phobic lubricant, retarded the dissolution
rate of salicylic acid tablets, while a water-
soluble surface-active lubricant, sodium
lguryl sulfate, enhanced the dissolution rate
significantly (Figs 5-5a and 5-5b). Investi-
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5-3a. Effect of magnesium stagrate on dlasolu-
gmolullcyllcacﬂfrummmgmm
. _from fine salicylic acld powder. [Reproducad from
Levy and Gumtow, J Pharm Scl, 52, 1140 (1983).)
Kay: O, 3% magnesiun stsarate; @, e kbricent sckied.

gating the mechanism of retardation they
suggested that hydrophobic lubricaats,
such 83 magnesium stearate, aluminum
stearate, stearic acid and tale, decrease the
effective drug-solvent interfacial area by
changing the surface charactaristics of the
tablats which results in reducing its wetta-
bility, prolonging its disintegration time
and decreasing the area of the imerface be-
tween the active ingredient and solvent.
The enhancing effect of sodium lauryl sul-
fate, on the other hand, was suggested 1o be
due, in part, to an increase in the microenvi-
ronment pH surrounding the sparingly sol-
uble weak acid and to incressed wettingand
better solvent penetration into the tablets
and granules as a result of lowering th¢ in-
terfacial tension between the solid suriace
and the solvent. This conclusion was in
agreemeat with observation by Wusster
and Seitz® who found that dissoluticn of
pellets with artificial pores increased when
sodium lauryl suifate was added co the dis-

Fig 5-3b. Effect of hubricant on dissolution rata of
salicylic acid contalned In compressed tshlgts
{tormula A} [Repraduced fram Levy and Gumtow,
J Pharm Sci, 52, 1140 (1963).]

Key: X. 3% magneslum stesrsty; @, no kiwicant; O, 3%
sodiurn lnuryl siliate.

solution medium. The fact that sodium lau-
ryl sulfate is a water-soluble lubricant was
not considered & factor in improving the
dissolution rats, since sodium stearats, an-

other water-soluble lubricant, 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
meanufactured 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 with
slowér dizsolution rates than those mads
with magnesium stearats.

Jaminet, et al, % investigated the effect of
different lubricants on the dissclution rate

* of phenobarbital tablets and found that the

optimum concentration of magnesium stea-
rats is about 1% or less. [ncreasing its quan-
tity to 1.5% resulted in tablets with de-
creased dissolution rate. Iranloye and

el 8 80 A SALA0.0.0 8 0 A0
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DISIOLUTION NATE, ghtlcm’
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Fig 5-8a. Effact of concentration of magneshmm

stearats on dissohytion rate of 80/ 100-mesh mate-
dals compressed at 1135 kg. [Reproduced [rom
ranloye, and Parrott, J Pharm Sci, 67, 535
(1878).]

Key: O, salicylic acid; 11, aspirin; @, sailcylic acld rom squl-
moler mixture of asgirin end saficylic ackt: 5, aspirin from
aquimoiar mixnse of aspirin and salicyfic acid.

DISIOLUTION RATE, giviamt

LUBRICANT. %

Fig 5-8b. ENect of concentration of calchum stea-
rats and glyceryl monostearate on dissolution rate,
of 80/100-mash aquimolar mixiurs of sapirin and
salicylic ackd compressed at 1135 kg. [Repro-
duced from lranioye, and Parrott, J Pharm Sci, 67,
535 (1978).]

Kay: O, salicylic acki with calchum stoarate: O, aapirin with

calclum stanrate; @, salicylic scld with glycaryl monosisaris:; .

&, aspirin with giycaryl moncetserats. .

Parrott® compared the effect of several hy-
drophobic lubricants on the dissolution rate
of aspirin and salicylic acid tablets. The
authors found that an increase in concen-
tration of magnesium stearate, calcium
stearate, glyceryl monosteacgie or stearic
acid decreased the dissolution rates of disks
of an equimolar mixture of aspirin and sali-
eylic acid (Figs 5-6a and 5-6b). With mag-

DISSALUTION IRATE, gpMefom’
»
¥

TaLC. 4

Flg S-8c. Eifact of concantration of talc on dissolu-
tion rate of 807100-mesh materials compressad at
1135 kg. [Reproduced from Iranloye, and Pamot,
J Pharm Sci, 67, 535 (1978).]

Key: O, malicylie ackt: D, mapirie. @, salicylic acld trom equi-
molar mixtura of sapirin and salficylic acki: M, aspirin frem
oquimolar mixtire of aspirin and salicylic acil

nesium stearate, a concentration of 0.5%
decreased the dissolution rates of salicylic
acid and aspirin by 33 and 27%, respective-
ly, whereas stearic acid at 1% decreased the
dissolution rate by 7 and 10%, respectively.
Thalc on the other hand, behaved different-
ly. As shown in Fig 5-6¢c, the disalution rates
of disks compressed from salicylic acid, as-
pirin and an equimolar mixturs of aspirin
and salicylic acid essentially were indepen-
dent of the talc concentration, up to 5%. It
was suggested that the stearates soften and
spread under compression to produce a
inore prominent coverage of the matrix
than talc.

Iranloye and Parrocs® also confirmed Le-

vy's and Gumtow's finding that the use of
water soluble lubricants, such as polyethyi-
ene glycol 4000, does not enhance the disso-
lution rate since a Iubricant must be simul-

taneously a water-soluble and surface ac- |

tive agent (e.g., sodium lauryl sulfats) to
produce an enhancement. Finholt, et al,’
however, reported that while sodium lauryl
sulfate enhanced therelease of phenobarbi-
tal from granules, it had little effect on the
dissolution from tablets. The use of paraffin
and silicone as lubricants and their effecton
dissolution was discussed by [gwilo and Pil-
pel® and others. ¥ Addition of these lu-
bricants produced a parallel increase in dis-
integration and dissolution time (Fig 5-7).
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Fig 5-7. Wagrer piot on dissolution tests of lablets
compressed at 20°C 0.0-10.0 X 1075
mol - g of light fiquid paralfin. [Reproduced trom
igwilo, and Plipel, int J Pharm, 15, 73 (1883).]
oay: ¥, acions “blark™ (0.0 3 107° malg™"; .08 X 10
ookg™% 0. 1 X 10" molg™"% 4. 5.0 X 10 *maig™% 0, 10.0
X 1073 malg~",

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

Evaluating all factors, metallic stearates
are considered the best lubricants, so long
as ther are used in very small amounts
+ <1%) nnd mixed with the matrix fo: a very
short time, However, if an enhancing eifect
in the dissolution characteristics of hydro-
phabic granules is desired, & surface active,
watar soluble lubricant, such as sodium lau-
eyl sulfate, may be tried.

Dissolution, Bloavallability lnd Blosquivalence
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Fig 5-8. Etfect of Polyaorbate 80 on the dissotution
rate of phenacatin from

granuies. [Reproduced
from Finholt, “Digsciution Tachnalogy," published
by the industrial Pharmaceutical Technology Sec-
tion of the Academny of Pharm Sci p 133 (1974),
ediled by Lseson and Carstansen.}
Kay: &, phonacetin grasules; 4. phenecetic gravades 1 with
o.unmnmmhuvu-—:q
:auhummxmml
with 0.1% Folysorbgie 80 sprayed on the dried granules.

Eftects Of Other Tablet Addives

. Elfect of Surfactants in Forrmudations on the

Dissolution Rate

The addition of surface-active sub-
stances to hydrophobic tablet formulations
had been shovwm, in some cases, to enhance
the dissolution rate of poorly soluble drugs.
This is due to the lowering of the interfacial
tension between the solvent and ths solid
surfaces of the tablet and granules, thereby
increasing the effective surface ares, which
in turn results in a faster dissolution rate.
Solvang and Finhalt!! have shown that the
addition of polysorbate 80, a nonionic sur-
factant, to phenacstin granules increased
the dissolution rate (Fig 5-8). The increase
was more pronounced when the surfactant
was sprayed on the granules than when it
was dissolved in the granulating agent.
Gantt, e¢ al,%57 also reported that the addi-
tion of surfactants to cercain tablet formu-
lations resulted in better absorption of the
poorly soluble drug. Although this was at-
tributed initially to a physiologic effect. ic
later wys shown that the low concentration
of the surfactant could not aceount for such
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Fig 5-8a. Corralation of contact angle of water on
the powdar compacts contalning 0.5-10.0 X 10~%
mol - g~' of paraifins and silicones with the disin-
tegration tima (min) of the corresponding tablets
comprassed at 20°C. [Reproduced from Igwila
and Plipel, int J Pharm, 15, 73 (1943).]_

peraffi; Q, peralfin; ¥, silicons de 200/2¢; v, Wllicons dc
200/30; W, slicone o S50,

a mechanism. Rather, the increase in ab-

sorption was found to be due to a dosags -

form effect. The surfactant enhances the
dissolution rates of the drugs contained in
the compreased tablets and thereby eauses
them to be more rapidly and completely
absorbed. Igwilo and Pilpei® pointed out
that the water penetrates through the ma-

trix capillaries as a result of the pressure.
. difference, Ap, which exists across the en-

trance to each capillary nceordm; to the
equltmn of Carman
. Y cosd
bp = m

where Y is the surface tension of water, 8 is
its contact angle on the capillary surface
and m ia the ratio of the croas-sectional area
of the capillary to its perimeter. It is clear

(5-1)

that the slowest penetration occurs when _

Ap is minimum (i_e., when & is 90*). Figure
3-9 illustrates this relationship between the
contact angle and the disintegration time as

pamifiy; &, white soit -

r 935
w*/ g
1/ /

\

I'O and mo -I-

Fig 5-9b. Correlation of contact angle of water on . _
Mopawducompmeonulmngo 5-10.0 X 109

* mol - g™ of paraffina with iy and t,ye of the corre-

sponding tablets compreased at 20°C. [Repro-
?;I:::,f'linm igwilo and Plipel, Int J Pharm, 15, 73

Kay: Uight liquid parafiire. @, iy, O, tieg- Liquld pareifin: v, g
;:‘“HRMA o i A, Lo Puraffin war: |,
« IR

well as the dissolution time of lactose tab-
lets, using paraffin and silicones as lubri-
cants. The presence of these hydrophobic
substances in the tablet voids incresses the
contact angle and reduces the number-of

capillaries which contribute to the trans- -

port of water. Newton, et al,® demonstrat-
ed that the addition of 1% of the surface
active agent, sodium lauryl sulfate, in-
creased the dissolution rate of the hydro-

" phobic drug ethinamate filled into capsules

at a high and at a low packing capacity.
When discussing the effects of surfactant”
additions to tablet formulations, it is im- -
portant to differentiate between the en-

. hancement of dissolution rata by lowering

the surface tansion and increasing penetra-
bility which requires 6nly small amount of
surfactants, and the micelle salubilization
of a drug which requires significantly larger
amounts of the surface active agent. %41
Kakemi, et al,2 demonstrated that the
rectal absorption of sulfisoxazole was in-
creased when the compound was solubilized
with polysorbate 80. Ravin, et al.* reported

D e
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Percent w/v surfactont
Flg 5-10. Effect of awfactant concentration on the
solubiity of SKAF 33134-A. [Reproduced from
Ravin, et al. J Pharm Sci, 58, 1242 (1988).]

that the aqueous solubility of SK&F 33134~
A, an experimentsal antifungsl agent, was
increased in the presence of sodium lauryl
surfate, catyldimethylbenzylammonium
chloride or polysorbate 80 (Fig 5-10), the
effect being proportional to concentration.
A two-fold increasa in availability was also
obaerved for SK&F 33134-A when the com-
pound was administered in polysorbate 80
solution to bile-cannulated rats, as com-
pared to a tragacanth suspension. Al-

though, in many instances, the spparent

increase in aquecus solubility has some of- .

fect on the availability of the drug, results
have been at times anomalous. An example,
is the data reportad by Levy and Reuning#
where the solubilization of salicylic acid
with polysorbate 60 led to a decrease in the
absorption of the drug. Therefore, care
should be taken in utilizing different types
of surfactants in large concentrations espe-
cially because of the toxicity effects some of
these compounds may impart to the formu-
lation.

Eftects of Certlfied Water-Soluble Dyes on
the Dissolution Rate

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

Olusoivtion, u

N b N 1
0 0 40 a0
Minutes T

Fig 3-11a. Single-crystal diasolution of sulfath
zols ss a hunction of time. Effect of water soluble

dyes on the diasolution rate of drugs. [Reproduced
from F)lli'eub and Tawashi, J Pharm Sci, §0, 59
(1971).

Koy: 0, In dstiled weter; A, In 0.04M soltion of sotien
cholxts; O, In 0.04M solution of sodiun choiate containing §
megied. FORGC Bhug N, 1.

on the dissolution rates of several crystal-
line drugs was first demonstrated by Picco-
1o and Tawashi. 448 Ths dissolution rate of
asingle crystal of sulfathiazole was found to
decrease significantly in the presence of
FD&C Blue No L The inhibiting effect was
related to the preferential adsorption of the
dys molecules on the primary dissolution
sources of the crystal surfaces. Similar of-
focts were also observed whan compressed

disks of sulfathiazole were used*’ (Fig 5-

11a). Piccolo and Tawashi found that the
dyes inhibit the micellar solubilization ef-
fect of sodium cholate on sulfathiazole, an
effect which could lead to the impairment of
the drug sbsorption through the micellar
solubilization by the bile salts in the intas-
tine (Fig 5-11b). This later was confirmed
in vivo on humsn volunteers (Fig 5-11¢).
Other in vitro studies®™ " showed similar
inhibitory effects by a relatively large num-_.
ber of the existing certified water-soluble
dyes on the dissolution race of diethvlstil-
bestrol. The authors also showed that cat-
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Fig 5-11b. Dissolution behavior of sulfathlaxole
compressed diaks. Effect of waler soluble dyes on
the dissolution rats of drugs. [Reproduced fram
Piccolo and Tawashi, JPharm Scl, 60, 59 {1871).]

Kay: @, comprased dizica of drug crystals slons; O. com-
pressad Sials of drug crymals comtalning S mg FOE Bhus Ne.
1.

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

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

ncanirotians, mg/100mL
a

! 2 3 [ -]
MHours

Fig 3-11¢. Blood concentrations of free sulfathla-
ol lollowing oral administration of 1 g sulfathla-

.20l crystala. [Reproduced from Tawashi and Pic-

colo, J Pharm Sdi, 81, 1857 (1872).] .

Key: O, In pressnce of FOAC Blus No. 1: @, In sbsance of
FDAC Bue No. 1.

N

Convnnlretion, % slovoivad

O 30 & 90 OO 130 W00 30 &0 .If0 Uo W
" * Time, min
Fig. 3-12. Riboflavin dissolution rate study on hy-
droxypropylmethyicelldose coated tablats USP
XVt disintegration apparatus, 37° (without plastic -
diaks). Eftfect of colorants an the solubllity of mod-
flad celludose polymers. [Reproduced from Prilig,
_ J Pharm Sdi, 58, 1245 (1989).]
Ky - - =, Control: —, fim wigh FOAC Rad Mo, 3 dye.

- tion, the above findings are of particular
importance for the formulator.

Effect of Coating Components on Tablet
Dissolution

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

ENects of the Processing Factors on
Dissolution Rates of Tablets

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

product.

Method of Granuiation

Several studies have shown clearly that
the granulation process, in geameral, en-
hances the dissolution rate of poorly soluble
drugs (Figs 5-13a and 5-13b). The use of
fillers and diluents, such as start,! anhy-
drous™ and spray-dried lactose’®5® and mi-
crocrystalline cellulose, 37 tends to increass
the hydrophilicity of the active ingredients
and improve their dissolution characteris-
tics. In this regard, the wet granulation pro-
cedure traditionally was considared as a su-
perior method compared to the dry or dou-
ble compression procedure. With the ad-
vent of newer tableting machines and
materials, however, it became more evident
that the careful formulation, proper mixing
sequence and tima of addition of the several
ingredients are the main critieria that affect
the dissolution characteristics of the tablets,
and not the method of granulatioa per se.
Marlowe and Shangraw? studied the disso-
lution of sodium salicylats tablets prepared
by both wet granulation and direct com-
pression procedures (Fig 5-14). They found
that tablets prepared by direct compression
with spray-dried lactose uniformly exhibit-
ed more rapid and complste dissolution
profiles compared to those prepared by wet
granclaiion. The presence of a disintegrant
(starch) in the dry compression formuia wes

‘Pharm Sci, 58, 50 {1970).]

Kay: O, prarsharbital powder: 4., phancharbiial granuies: @.
phencbartil tablets.

Amsuni dissoived, mg ln I0OmL

10 W 30 40 0 o
Time, mis

Fig $-13b, Rate of diasolution of pradnisone from
powxer, granules and tabists in diivted pastric
[ulce (suriace tansion 41.1 dmes em™!, pH 1.50).
[Reproduced from wFlnhull.JHunn
8ci, 59, 50 (1970).)

Key: O, pradnisone T A, 9,
powdar; mm pred-

easential for good dissolution. In the case of .

wet granulation, the use of acacia mucilage
and lactose gava 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 in either method, al-
though it seemed to be of some importance
for those formulations containing starch.
Finholt, et al,” reported arother compara-
tive study utilizing phenobarbital tablets
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MA CINY DITEOLUTION

Fig 5-14. Dissohtion rate of sodlum salicylats
tablets. || from Mariow and Shangraw,
J Pharm Sdi, 58, 500 (1967).]

Kay: O, n.—aummmmwwmx
By—wet granuiation with sthyicaluiose and tacioss; 4. By—
acacls mxciage snd inctose: 0, B —sterch paste and laciise.

that were manufactured by both wet granu-
lation (with gelatin) and by dry granulation.
Other formulation items such as fillers and
lubricants wers the same. Both manufac-
turing procedures gave comparable rates of
release provided that a disintegrant
(starch) was incorporated and mixed with
the drug before dry granulation. A signifi-
caritly slower rats was obtained if the drug
was dry granulated first and the disinte-
grater was added later. Lavy, et al.’ studied
the effect of the size of granules on the
dissolution rate of salicylic acid tablets and
found that the dissolution rate increased
with a decreass in granule size, but not pro-
portional to the increase in the appernt
surface area of the granules (Fig 5-13a).
They also found that the dissolution rate
decreased significantly with the increase in
the age of the granules (1-5 weeks) (Fig 5-
13b).

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

£

g%

Amouni disssived, mp

'y A 1 L
L] 10 -] -]
Time, min

_FluS-iSa.Eﬂaeiofmlaaluonmn

rate of salicyllc acld contained In

tablets. [Reproduced from Lavy, ot al, J Pharm
Sdi, 52, 1048, 1049 (1983).]

:-ro 18-20 mesh; ©, 2040 mesh; X, -u-nmuhm

Time, nia

Fig 5-15b. Effect of granule age on dissolution rate
of salicyllc acld contained in compressad iablsts.
[Reproduced from Levy ot &, J Pharm Scl, 52,
1048, 1049 [1983).]

Kay: 0, ore weal; O, 3 wesks: X, $ wesk okl gramues.

degradation. Also, in the luluquent drying
stap, the use of heat and air may dempou
thermolabila drugs and affect content uni-
formity through selective solute mlgrl-
tion.% In addition, due to the several equip-
ment components required and the time
and lsebor consumed, wet granulation is
more costly than other granulation proce-
dures.® Because of this, Ho and Hersey?' 52
introduced a novel method of granulation
based on the fact that agglomeration usual-
ly occurs spontaneously after prolonged

WU IITE

, -
v W



] ] Dholutlnn.-ﬂuullahllliy and Blo'oqulul.lnco

e ———
-

I
(-]
L

“Tima fmin}

e

4 3
Net energy(d)

Fig 5-18a, Dissolution (T88 - 7%) of paracetamol
tablats prepsred at different enargy levels. O,
Paracatamol tablets prapared by wet granulation
mathod. A, Paracatamol tabiets prepared by
APOC method. [Reproduced from Ho, et al, J
Pharm Pharmacol, 32, 180 (1980).]

grinding of several drugs in a ball mill. The
method, called Agglomerative 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 convantional
wet granulation method, irrespective of the
compaction energy used (Fig 5-16a). A pos-
sible mechanism for the increased dissolu-
tion rate is the increased internal surface
area of the granules produced by the APOC
method. Krycer and Hersey®? also showed
that agglomeration of ground particles dur-
ing prolonged comminution in & vibratory

mill is an irreversible process that -

forms granules of excellent binding quality.
The authors compared® the dissolution
characteristics of granules produced by a
preliminary compression, “PC,” technique
and those produced by the APOC method.
Four materials were utilized as models; lac-
tose, sucrose, sodium chloride and parace-
tamol. While the granules produced by the
PC method dissolved faater than pure crys-
tals of the drug, the POC granules had the
fastest dissolution rate {Fig 3-16b).
Hasegaws, et al,% studied the factors
that affect the dissolution properties of di-
goxin tablets. They noted that the dissolu-
tion of tablets prepared by the powder dilu-
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Fig 5-16b. Dissolstion profiles of paracetamol
gramries and crystala, sized batween 355 and 500
gm, acoording to Wagner's pjot. Esch point [s tha
average of five determinations. [Repraduced from
Krycar and Hersey, int J Pharmn Technol Prod
Manuf, 22, 51 (1881).]

* tion method n.s influenced 'to a great

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

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

pared from a suspension of the drug in 2% -

gelatin solution which was stirred at 300
rpm and 40°C, with an equal volume of 2%
acacia solution. After adjustingthe pH to 4,
about 10 mL of formaldehyde solution was
added and the temperatuté reduced to 5°C
with continued stirring. The microcapsules
then were filtered and washed with isopro-
pyl alcohol. Because of the nonbinding ra-
ture of the microcapsule walls it usually is
pecessary to use additives during tableting—
and their effect on the drug release was
examined by the authors. The addition of

AN 8800 0A.
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Factors Affecting the Rate of Dissolutlon

stearic acid as lubricant led to an increass in
the disintegration as well as the dissolution
times, but no break in the dissolution pro-
file parallel with disintegration was exhibit-
ed. Starch produced fast disintegration but
no significant effect on dissolution; howev-
er, the dissolution of uncompressed micro-
capsules was affected. It also was noticed
that higher compression pressures pro-
duced a slower initial release rate, but after
45 min approximately 85% of the drug was
released. It was suggested that the initial
slow releass rate probably is due to an in-
creased difficulty of fluid penetration into
the compreased mass. Nevertheless, after
disintegration, a faster dissolution rate,
compared to the uncompressed microcap-
sules, may result because of some damaged
microcapsule walls, though none were visi-
ble. Balancing this effect, however, is the
effect normally found when diffusion oc-
curs from a depot"As thé depot ipproaclies
exhaustion, there is always a decrease in the
rate of release. This agreed with previous
findings by Lu=zxi, et al.% who reported that
the dissolution rate of sodium phenobarbi-

tal was inversely proportional to tablet .

hardness. Similarly Jalsenjak, et al,® re-
ported that tableting slowed down the re-
lease of sodium phenobarbital from ethyl-
cellulose microcapaules.

In manufacturing tablets by the conven-
tional wet granulation method, there are
many interdependent factors that affect
the property of granules and hence the dia-
solution rate of the produced tablets. Al-
though recent advances in tablet manufac-

"turing technology and the introduction of

high spead shear mixers and granulating
equipment have helped to minimise several
in-process variables, still, the systematic
control of variahles such as the type and
time of mixing of the granulss, method,
time and temperature of drying, blending
time with the lubricant, age of the granules,
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Flg 3-17. Plots of percent in vitro drug dissolution
stthe 10-min time.point as a function of the tabist
crushing strength at diferent granulation molsture
contents. Tha moisture contents at tha time of
compression wera: (O) 0.9%; (A) 1.8%; (V)
2.0%; (0) 3.0%:; (0) 3.6%: {O) 4.3%. [Repro-
t(mcad fri:m('.'howhnn. ot al, JPharm Sci, 71, 1371
1982).

—

lution characteristics. Chowhan, et al,%-*?
studied the effect of moisture content and
crushing strength on ticlopidine hydrochlo-
ride tablet friability and its dissolution. It-
was shown™ that at lower moisture content
(1-2%), the drug dissolution is related
strongly to the tablet ecrushing strength.

. The higher the tablet crushing strength, the

motisture content of the granules at the time ~

of compression and the tablet crushing
strength is of vital importance to ensure the
production of tablets with consistent disso-

lower the percent drug dissclved and vice
versa. However, at higher moisture content
(3-4%), the dissolution of the drug showed
very little relationship to the crushing
strength of thae tablets (Fig 5-17). In a later
study,™ Chowhan and Chatterjee™ studied
the characteristics of granules produced in
a high speed shear mixer in lieu of the plan-
etary mixers used in their previous studies.
The suthors reported that granulations
made in a high speed shear mixer generatly
are less porous than those made in a plane-
tary one. They also found that by utilizing a
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vitro drug dissolution at the 30 min time point at
‘differant molature contants for tha extra desp con-
cave punch-tip face geometry. The molsture con-
tants in the granulation et the time of compression
were: (0) 1.2%;{A)2.1%;(D)3.0%:{0)4.0%.
b: Contowr overiays showing the superimposed
contour piats of tablet friability and in vitro drug
dissolution lor the deep concave punch-tip facs
geomary. The arsa within the boundaries repre-
san1y the ranges in which process speciflcations
for tablet crushing strength and granulation mols-
ture content could be established. [Reproduced
from Chowhan and Chattarjes, int J Pharm Tech-
nol Prod Manut, X2), 6 (1984).]
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general quadratic response surface model,
the optimum in vitro dissalution, corre-
spanding to the tablet crushing strength
and granulation moisture, was a simple
maximum (Fig 5-18a). Tablet friability,
however, exhibited a minimum-mazimum

. response surface precluding an absoluts op-

timum. Dissolution rate also varied with
changes in punch-tip face geometry, at dif-
ferent crushing strengths containing differ-
ént granulation moisture contents. Cho-
whan and Chatterjee, demonstrated that
the response surface contour plot for the in
vitro drug dissolution consisted of elliptical
level curves with an elliptical paraboloid
surface. The contour overlavas of the friabil-
ity and dissolution contour plots indicated
a region where both friability and dissolu-
tion requirements could be satisfied by con-
trolling the in-process: variables, such as
granulation moisture content and tablet
crushing strength (Fig 5-18b).

Effects of Compression Forcs on
Dissolution Rate - - -

* In early studies of the physics of tablet
compression, Higuchi®! pointed to the great
influence of the compressional force
employed in the tableting process on the
apparent density, porosity, hardness, disin-
tegration time and average primary particle
size of compressed tablets. Higuchi, et al,2!
utilized a sulfathiazole granulation as a
model to show that there is a logarithmic
relationship between the compressional
force and the apparent density or porosity
of the tablets. The percent parosity was
calculated by the equation

Percent porosity =
apparent density
of tablet -
true density
of tablet
Apparent density of the tablet is the quo-
tient of its weight and its geometric volume—-

True tablet density refers to the density of
the compact, solid, mixed ingradients of

X100 (5-2)
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Faclors Affaciing the Rate of Dissolution

. which the tablet is composed, excluding the
entire pore volume that are larger than
spacings of molecular or atomic dimen-
sions, which exist in the crystal lattices of
the solid ingredients. The porosity of the
tablet may improve dissolution by facilitat-
ing solvent penetration; but, the entrap-

- mentofair in these pores inhibits the wetta-
bility of the tablet in dissolution media with
high surface tension, such as water and 0.1
M HCL This effect however, could be mini-
mized by deaerating the dissolution medi-
um or by using a surfactant. Higuchi's stud-
ies also showed that a linear relationship
exists between hardness and the logarithm
of the compressional force and between the
logarithm of the disintegration time and the
compressional force. The specific areas of
the compressed tablet, a key factor in deter-
mining the dissolution rate, were found to
undergo marked changes during the com-

pressional process; exhibiting a pronounced -

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

F
’D’KQ

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

. dissolution rates as a function of the tablet

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

- lowed a more complex course, decrsasing at

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

Armstrong and Griffith™ and Armsétrong

- and Haines-Nutt? tried to explain these

nonlinear reiationships in dissolution rate
and compresasion force via a thorough mea-
surement of the specific surface area of com-
pacts of several different granulations as a
function of compression force using a nitro-
gen adsorption method. It was found that a
maximum existed in this function for each .
granulation used. This demonstrated the
credibility of the previous theoretical con-
cepts that have been advanced for the expla-
nation of this nonlinear and complex rela-
tionship between dissolution rate and
compression force, i.e., the existence of an
optimum ratio of bonding to cleavage or
crushing of the drug crystals that occurs dur-
ing the compression event. Jacob and Plein™
studied the effect of hardness on phenobar-
bital tablets and found that dissolution de-
creased with the increase in tablet hardness.
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Fig 3-20. Effect of precompression pregsure on
dissokttion rate of salicylic acld containag in com-
pressed tahiats. [Reproduced from Levy, et ai, J
Pharm Scl, 52, 1047 (1963).]

Kay: @, T1510x X, 1430 i W, 2280 kg O, 5730 kg pressurs
par cmt. (Avarage of five tabiets sach, forvuln O.)

Hardness determinations usually are made~-

throughout the compression process to de-
termine the need for any pressure adjust-
maents on the compression machine. If the
tablet is too hard, the tablet may not disin-
tegrate in the required time, and if it is too
soft, it could not withstand handling during
coating, packaging and shipping. The hard-
ness test indicatas the resistance of the tab-
let to chipping, abrasion or breakage during
processing operations. This is accomplished
by measuring the force, in kilograms, re-
quired to bresk the tablet when a force is
applied diametrically. Another test for tab-
let resilience is the friability determination.
Thae friabilator evaluates the ability of the
tablet to withatand abrasion doring a tum-
bling process. Based on these findings,
Smith, et al,® agreed with Ganderton's in-
terpretation that the complex dissolution
behavior in response to variable compres-
sion fores demonstrates the existence of a
nonlinear relation betwean force and the
ratio of bonding to cleavage occurring dur-
ing the compression event The data seem-
contradictory because they de not follow a
simple mechanistic interpretation. Conse-
quently, the authors sugzested that the
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. Fig 3-21. Dissoiution rate (0—0Q) of Li;CO, tab-

leta.containing 8 mg per tabiet of PVP s g function .
of tablet thicknass for tablets of constant welght
{left-hand scals}. Hardness {@—@) of same tab-
{ots with varying thickness (right-hand scale). [Re-
produced from Smith, ef &), J Pharm Phanrecol,
23, 538 (1971).]

data can be explained in terms of the
dependency of dissolution rate on the
changes in particle size or apecific surface
area during tablet compression. Dissolution
rate should decrease when particls bonding
is the predominant factor during compres-
sion and should increase whem particle
cleavage is predominant. Further, the ratio
of cleavage to boriding would not be related
linearly to the compression farce. The au-
thors axsessed the roles of tablet hardness
and compression force used and the result-
ing disolution characteristics of lithium
carbonate tablets with various concentra-
tions of palyvinylpyrrolidone (PVF) as bind-
or. Figure 5-21 shows that two maxima were ,
exhibited, one at lower compression force
(greater thickness) and a second at s higher
compression force. The authors suggested .
that the low compreasion force maxirna are
related to the structure and crushing char-
acteristics of the granules and therefore to
the concentration of the binder. Up to this
maximum, fission of the granular structure
results in increased dissolution release rates
with increasing pressure. With increasing
pressure compact fusion, or bonding, accurs
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which markedly reduces dissolution rate (a
minimum). At still higher pressure, in-
crease in diasolution rate may reoccur as a

. result of & new relative dominance of a

¢ :cleavage component. This phase was con-

gidered to be dependent mainly on the in-
harent compression characteristics of the
drugs and the formulations, and not the
hindar. - - . -

Carless and Sheal®™ showed that during
compression of powders of different parti-
cle size, there was a critical siza where the
phenomenon of honding and cleavage of
particles within the tablet balanced each
other. Changes in particle size distribution
after compsction ware studied by measure-
ment of the changes in the particle size dis-
tribution after disintegration which, ac-
cording to Kitamori and Makino,® can
elucidate whether particle bonding or
cleavage occurs within the tablet during
compreasion.

Tuladhar, et al, = studied the effect of
polymorphism on the dissolution/compres-
sion forcs relationship.. Utilizing two poly-
morphic forms of phenylbutazone as a mod-
el, the authors assessed the relative change
in the particle size of the drug during com-
pression by comparing the dissolution rates
of the drug particles before and after com-
pression (s change in the particle size 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 approximatsly 90 xm; howev-
_ or, with lactose, the value was higher. The
critical particls size for polymorph B was
approximately 600 zm when either Avicel®
or lactose was used. With a low drug
concantration (10%) in the tablet, the dilu-
ent prevented the drug particles from bond-
ing together. Lactose had an abrasive action
. on polymorph A compared with Avicel but
had no effect on the mors ductile form B.
When the contact time of compression was
decreased from 20 to 0.26 sec, the § um,
particles of drug exhibited less bonding at
the shorter time, but with larger particle
size, the effect was independent of the com-

Tm.llll .

W00 400 800 €00
Particie size, um

Fig 5-22. Effect of rate of comprassion on dissolu-

tion of phenyitwtazone tablats. Polymorphic Form

29 sac contact time. [Reproducad from Tuladhar,
ol al, J Pharm Phanmacol, 35, 209 {1983).]

pression rate (Fig 5-22). Therefore, the
study shows that the effect of the compres-
sion rate will be important for time-depen-
Uent midterials when the degres of elastic/

* plastic flow will be affected by the rate of
application of stress (under high compres- -

sion rate; the elsstic properties predomi-
nate, while at low compreasion rate plastic
flow can lead to increased banding). This is
clear from the finding that the dissolution
rate of the mors plastic crystal form B in-
creased by a greater extant than the less
plastic crystal form A as the contact fime
was reduced from 29 to 0.26 sec.

Several authore®8 tried to interpret the
complex relationship between the compres-
sion force and dissolution as a reflection of
the changes in relative density that occur

during compression. The relative density is .

defined according to Lewis and Train® as
the ratio of compact density to density of
the solid material. The authors showed that
at increasing compression forces the rela-
tivedensity of tablets becomes greater until
a maximum is reached. The force at which
the masimal relative density is obtained
depends on the camposition of the tablet
formulation. Polderman and Braakman®
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Table S-2—Rweiation Betwaen Compression
Force, Relative Density and Dissolution Time

Comgresmion Ralative  Olssolution

forca, g denalty e, sac cv

L 0 0.81 1400 140
2 260 0.82 853 112
.3 90 0.8 €80 50
4 318 085 440 143

- 5 430 0.89 135 16.0
] S00 o 110 142
T 5 091 110 124
& aso 094 19 114
9 . 200 098 50 10.5
10 1140 097 _380 50
11 1350 0.97, 425 29
12 1630 0.97 4o 4
3 1800 097 o 21
14 2000 097 a8

+o
Note: GV (B’ cogfiiclam of variafion} Is glven oaly kr e
wince

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

- solution profile exhibits a minimum. This

behavior, however, was not the same with
other tablet formnulations where an initial
decrease was not found. )
From the above discussion, it is apparent
that a full dissolution/compressional study
for each granulation formulation is essen-
tizl to detarmine the compression parame-
ters that will assure good dissolution char-

" acteristics and adequate bicavailability.

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

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

>

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

. solved rapidly in the gastrointestinal tract

and, therefore, the releass of the drug was

.expected to be fast and complets. Nelson®®

ranked the bioavailsbility of the oral dosage
forms in the order: solution>suspension
>powder-filled capsule>compressed tab-
let>coated tablet. Wagner, et al, 8% found
that soft gelatin capsules have better bio-
availability than the powder-filled capsules .
and are about equivalent to emulsions (Fig
5-23a). Later on, however, it was recognized
that, in spite of rapid breakdown upon in-
gestion, capsules could have severe bio-
availability problems. Tannenbaum, et al "
showed that, in some cases, a tablet could
yield greater drug absorption than & pow-

- -der-filled capsule: The release of: aspirin

from hard gelatin capsules was shown by
Wood? to be irregular and to have an aver-
age delay time of about 15 min.

Glazko, et 21,2 reported different absorp-
tion rates from capsules containing identi-
cal amounts of chioramphenical manufae-
tured by different pharmaceutical houses
(Fig 5-23b). Pocle™ observed measurable-’
differences in the dissolution rates of cap-
sule formulations of ampicillin produced by
several manufacturers.

Brice and Hammer® also noted signifi-
cant bicavailability problems with oxytet-
racycline capsules when the antibiotic se-
rum lavels of about 16 commaercially
available brands were measured (Fig 5-24).
These alarming findings have prompted
saveral investigators to study the dissolu-
tion characteristics of capsules and the ef-
fects of the formulation design and process-
ing techniques on their bioavailability.
Certain factors were identified readily as
the main contributors to the differences be-
tween the dissolution characteristics and
physiologic availability of the same drug
that is available in several market formula-
tions. Factors such as particle size, density
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s&, E Fig. 5-23a. Average ssrum
R | £ concentrations of Indoxole ob-
LKy served in sight volunteers fol-
§3 9 lowing orsl administration of
§ i the indicated doses every 8 ty
e~ Lol - . [Reproduced from Wagner et
g° - al, Clin Pharmacol Ther, 7, 810
H (1988).]
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Y Fig 5-23b. Moan piasra levels for
s groups of ten human subjects re-
H celving single 0.5 gm oral doses of
. chioramphenicol preparations A,
€ A, C or-D. [Reproduced from
B Giazko, et al, Ctin Pharmacol Ther,
a <l 6, 472 (1967).)
% ’z e 6 8 101 4% 8 » 2z 26
Time afrar dosing, hre
and crystalline form of the active ingredi- Effects of Adkiltives on the Dissolution
ent, forced packing, eddition of lubricants Rats of Capsules

and their retarding effect on the wettability -

-and penetration characteristics of the pow-

der bed, particle deaggregation and rata of
dispersion of the wet bed, &ll have been
shown to be of prime importance. The prob-
lams related to drug particle sizé and crys-
talline form have been discussed previously
under the effacts related to the physico-
chemical properties of the drug material.
Therefore, the following discussion will be
concerned mainly with the influence of the
several additives that usually are incorpo-
rated in capsuls formulations, as well as the
processing factors, such as weight/volume
filling ratio and the packing pressure em-
ployed.

It is known that several adjuncts have to
be added to the pure drug in capsule formu-
lations to simplify weight adjustments and/
or to allow mechenized filling of the cap-
sules. Typically, capsule formulations con-

tain a relatively high propartion of thedrug .

moiety as compared to the amount of the
diluent and fillers presant. Therefore, if the
drug has a dominant hydrophobic charac-
ter, the wettability and dispersion of the
powder bed will be very poor, even if the
capsule shell dissolves very rapidly. McGee,
et al® investigated the in vitro dissolution-
of acetylsalicylic acid packed in hard gela-
tin capsules and reported that the capsules

\
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showed distortion and did not appear to
break down readily sven in the presence of
the digestive enzyme used and the relative-
ly high sgitation intensities of the oscillat-
ing tube method. Figure 5-25 presents
sketches of the appearance of the capsule at
various dissolution stages. The authors also
studied the effects of two excipients, lactose
and dibesic calcium phosphata, on the dis-
solution and absorption rate of acetylsali-
cylic acid from hard gelatin capsules. Their
results showed that the use of dibasic calci-
um phosphate as a diluent provided a faster
dissolution rate than did the use of lactose. -
Plasma level data confirmed the in vitro
findings. The authors also noted that the
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awhile, the gelatin stretched and broke down
only after striking egainst the 100 mesh-
screen. It was suggested that this was
caused by some modification in the galatin
properties probably becauss of the acidity ,
of the acetylsalicylic acid. This erratic dis-
solution behavior of aspirin from hard gels-
tin capsules confirmed the early finding of
Wood.? Calesnick, et al,¥" reported that in
their study of the dissolution behavior of
capsules, the contents of the hard gelatin
capsule remained as a pasty mass for some-
time after the gelatin capsule had dissolved.
Aguiar, ¢t al, %% emphasized the impor-
tance of particle dispersion from tablets
and capsules. It may be remembered that

acetylsalicylic acid became moist and, aftar tie granulation step, in the case of tablets,
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Fig 5-25. Appearancs af capsule ai various stages
using tha Levy and Hayes baaker method. Stage 1.
whiskers or needles, 3 min; Stage 2, mushroom,
8- 10 min; Stage 3, pyenidkem 25-120 min; Siage
4, cylinder, over 120 min. [Reproduced from
McGae, ot al. J Pharm Sci, 58, 1433 (1970).]

imparty better hydrophilicity to the drug
particles and thus minimizes the effects of

., the wet bed dispersion characteristics as

compared to capsule formulations where no
granulation step axists. Presence of hydro-
philic diluents in capsule formulations how-
evei, may improve the wettability and dis-

penzion properties of poorly solubls drugn -

as reported by Paikoff and Drumm!® (Fig
5-26).

Aguiar, et al® investigated the deaggre-
gation (or dispersion) rate of four commer-
cial lots of chloramphenicol capsules by
monitoring the percent transmittance of
the dissolution media after the capsule ghell
has dissolved. The authors reparted that
while one brand was found to have a vary
fast deaggregation rate and reached the
steady state in 10 min, another had a very
poar deaggregation rate to the point that,
after 3 hr, the product maintained its cap-
sular appearance (Fig 5-27a). Quantifica-
tion of the deaggregation rate was based on
the premises that the deaggregation rate
followed a first-order process and that the
species present in the media were either the
large agzregates and/or small sggregates.

Dissolution, Bloavallabilly and Blosquivalence
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Fig 5-26. Effect of dliuents on dissolution rats of
drugs from capsules. [Reproduced from Palkoft
and Drumm, J Pharm Sci, 54, 1693 {1965).)

Key: @, drug siona; A. drug piug diiuent.

The following equation was developed to
describe the deaggregation process

A, K
log A -4, 2303

where A, is the absorbance at the final state,
-and A, is the absorbanceattimet,ie., a plot
of AJ/A, — A; va t should be linear. From the
slopes, the relative aggregation rates can be
evaluated. Dissolution studies correlated
well with the deaggregation profile (Fig 5-

7b). In addition, a qualitative correlation
was found between the deaggregation rates
of the four commercial lots of chloramphen-
icol capsules and the plasma levels shown in
Fig 5-27c. The same brand that exhibited
fast deaggregation rate also provided the
highest plasma level after administration to
adult humans. Capsules thet had a very
slow deaggregation rate, also gave signifi-
cantly lower plasma lsvels. In order to study
the effects of the diluents on the absorption
of chloramphenicol the authors conducted
permeation studies using the everted sac
techaique. Again a profile that correlated
with the other parameters such as deaggre-

(5-3)

gation and dissolution was obtained (Fig 5-.

27d). Samyn and Jung!®e gxgmined the in-
fluence of commonly used pharmaceutical
adjuvants on the disintegration and disso-
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Fig 5-27a. Plot of parcent transmittance of chior-
amphenicol va tima showing the relative deaggre-

reles of the four capsules In simulated
gastric Muid TS. [Reproduced from Agular, ot sl J
Phamm Scl 57, 1844 (19818).]
Xay: ©, Copsuls A; O, Capsule &; O, Capsuls C: A, CapmieD.

Chioramphanxol cancn, mcy/mL

= 30 3 [ - |
Time, min

Fig 5-275. Dissohution rates of chioramphenicol
capsules In simuiated gastric fuid TS. [Repro-
ducad from Aguiar, ot al, J Pharm Scl, 57, 1844
(1968).] :

Key: W, Capmile A; 0,CapndaB; O, Capmin C; 9, CapsulaD.

lution from experimental capsule formula-
tions. The study clearly indicated that the
filler (lactose or dibasic calcium phosphata
dihydrate) and the capsule lubricant (mag-
nesjum stearate) had the greatest influence
on the disintegration and dissolution prop-
erties of the capsules. Without magnesium
stearate, the dissolution was rapid from
capsules containing either lactose or caldi-
um phosphate both in water and simulated

gastric fluid. The slowest dissolution was_ -

observed for the formulation containing di-
basic calcium phosphate and 2% magne-
sium stearace, tested in water. This wes due

-]
-
[ 1]

)

Chigramphenicol , mg
B
L]
»

20 40 & 0 00 20
Tima, min

Fig 5-27c. Mean plasma levels in human volun-
tears of nitro compounds {chioramphenicol aquiv-
alents) fallowing single oral doses of chloram-
phentcol as. [Dose 0.5 g (92 capsules), 10
subjects.] [Reproduced from Agular, et &/, J

- Pharm Scl, 57, 1844 (1983).]

Key:®,Capsule A; A. Capaule B; O. CapwmieC; W, Capsule D.

CMeramphanicol
conen,meg/ml

2 6 W0 % =
Tima after duse, br

Fig 5-27d. Parmeation ratas of chioramghenicol

from capsulas through the everted sac. Solutions

not filtered. [Reprocuced from Aguiar, of al, J

Pharm Scl, 57, 1844 (1988).]

Key: 9.Capsula A; 1, Capsuie B; A, Capsul C; O, CapmdaD.

to the hydrophobic nature of the magne-
sium stearate and the insolubility of calci-
um phosphate in water (Fig 5-28a). Howev-
er, in simulated gastric fluid, there was no
significant difference between the two fill-
ers. The concentration of magnesium stea-
rats on the other hand, seemed to be the
critical factor in controlling the dissclution
rate (Fig 5-28b). In those cases where slow
dissolution was observed, the capsula con-

_ tent remained as a “slug” of wet powder

pack long after the gelatin wall had dis-
solved. At this stage the drug dissolution
was limited by the rate of erosion, diffusion,
and/or solution of the drug and/or filler
from this wet powder mass. The liquid pen-
etration rates of the various-drug/lactose/
magnesium stearate blends are shown in
Fig 5-28¢. The data were plotted as the
square of the depth of liquid penetration vs
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Fig 5-28a. Dissolution of drug from capsuiss: left, drug-lactose-2% n'-gnulum stearats; drug-
CaHPQ - 2H,0-2% magnesium stesrate. [Reproduced from Samyn, and Jung, J Pharm sr!ﬁ‘s. 148

(1870}.]
Key: X, simulatad gustric fiuks; O, water.

% Thsoratlssl smeust ralsnsad
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Fig 5-20b. Dissciution of drug from cepmies In
simulated gastric fluld (drug-lactoss—magneshan
stearats). [Reproduced from Samyn, and Jung, J
Pharm Sci, 59, 160 (1970).)

Key-X. @, 0% magnesium stearats; 3, §) 2% magnesium
shearate; §, O, 5% magnesium staarsie.

time. Decreased penetration rates clearly _

were related to the increase in mengesium
stearats level. Slow dissolution rates were
obtained for-powder blends that showed
reduced liquid penetration rates. Addition-
al measurements of the water content of
the various powder beds and their viscosi-
ties suggested that the high viscosities of
several of these powder packs were due to
their restricted water content arising from
the edded hydrophobic lubricant. Newton,
gt al,101-103 i g study of the effect of addi-

0 20 0 no 100 m
. Time, mle
Fig 5-268¢. Liquid panetration of packed powder
beds {drug-tactose-magnesium stearats blarxds).
[Reproduced from Samyn, and Jung, J Phenm Sei,
59, 189 (1970).] .
Key=X, 0% segnesiom stearate; O, 1% ragneskan stearaie;
@, 2% magrealum sisarsis: B, 5% magnaskam steurate.

tives on the release of the hydrophobic drug
ethinamats, reported that the additives

have a greater effect on dissolution when

finer particle size fractions are used due to
the less permeable structure of the powder
beds formed by the smaller particles. In
order to modify the hydrophobic nature of
the drug, Newton and Rowley'® found that
alarge amount of the diluent is required {up
to 50%). The authors reported that the pres-
ence of a lubricant at a 1% level, reduced
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Lubricues (32 °
Fig 5-28. Tha affact of lubricant contant on the release of ethinamate from high fill weight capsules after 40
* min at zero wetting agent (@), low wetting agent () and high wetting agent {Q) content for (a) zer diluent,
mmc;lum , {¢) high dilvent. [Reproducsd from Newton and Rawiey, J Pharm Pharmacol 22, Supp! 163§
{1970)

drug release, but apparently there was no

. Sarther significant decreass until a concen—

tration of 5% ia reached. The adverse effect
of lubricants on dissolution, however, was
found to be alleviated, at least partially, by
the addition of a wetting agent such as sodi-
um lauryl sulfate (about 1%) to the capsule
formulation (Fig 5-29). In addition, Newton
and Rowley demonstrated that drug releass

'‘and permeability decrease with the de-

crease in particle size and porosity of the
powder bed. A moist granulation process
was shown to tranaform a noopermeable
powder bed, which causes slow drug release,
into one with high permeability and high
drug release. The permeability of powder
bed of different porosities, was measured by
the pressure decline method of Dodd, Da-
vis, and Pidgeon.19¢ A final note on the of-
fect of additives in capsule formulation is
that care should be exercised that these ad-
ditives do not have any tendency to react
with the drug, such as in the case of dibasic
calcium phosphate which reacts with tetra-
cycline hydrochloride to form the poorly
soluble calcium tetracycline complex. Also,.
possible interaction between the drug (es-
pecially if acidic or atkaline in nature} and
tha gelatin sheil has been reported.

Eﬂaethapad.ProusdrgFm

MnGee. etal, ) mvesu;ated the effecta of
two different pressures of fill on the rate of
absorption of acetylsalicylic acid from hard
gelatin capaules in rabbits, utilizing two dil-
uents, lactose and dibasic calcium phos-
phate (Table 5-3). They found that more
rapid in vitro dissclution and better plagma
levels were obtained with the more tightly
compacted eapsules irrespective of the ex-
cipient used. This was explained by the ss-
mmptinn that the diffusion of the gastric
juice through the tightly packed capsule,
created higher pressure mt.hm. leading to
faster dissalution.

Newton and Rowlsy!® studied the effect
of packing and its relation to the particle
size an the in vitro release of the water-
insaluble drug sthinamate from hard gela-
tin eapsules. They found that the rate
of drug release and liquid permeability
decreased with a decrease in particle size
and porosity of the powder bed. If dissolu-

" tion is compared with sample porosity, the

rate of drug releass is faster from cap-
sules containing larger particle-size frac-
tions and packing has little effect. However,
with finer particle size, compact packing
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Table 5-3—Averags Concenirations Obtained
in Dissolution Detarminations of No. 3 and No. 4
Capsules Containing Acetyl Salicyllc Acld and
Laciose* e

A Concanvration.® mg/ 100 mL
°

10 33 1.0 153 - as
- 0 108 100 161 183

20 133 120 I°3 .-1889

4 143 13.5 181

L ) 183 198 189

9 1A5 19.1

120 185 194

10 188 185
* Opcilipling tube mathod, 100-masl sorsen.

* Avgrage of Pree detarminasiony: SOF. shraiisted geswic Buld:
ond §F, simuinted intentinal Buld.

[Meprecuced bom McGes. of al JMhem Sci, 52, 1430 ( 19T0)]

causes a marked decrease in the rate of
drug release (Fig 5-30). Reducing the par-
ticls size also decreases the size of pores
between the particles which in turn reduces
the ease of access of the dissolution medium
to the powder mass. In a later study, New-,
ton, et al,! 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
affect which additives have on drug release.
Samyn and Jung!® studied the influence of
packing density on the dissolution of drugs
from capsulas by measuring the liquid pen-
" etration, water content and viscosities of
the powder beds. The authors utilized the
method of Studebaker and Snow,®3 where
various powder blends were packed into
open-ended cylindrical tubes to provide
large samples and controlled packing densi-
ty for accurate measurements. The data
showed wide variation in viscoaity and wa-
ter content of the powder beds. Some of the
wet compacted powders were thick pastes
while others were quite fluid. At any given
water content, the lactose-based capsule
blend appeared to be more fluid than with
calcium phosphats blend probably due to
the partial solution of lactose. Figure 5-31
shows that in the absence of hydrophobic
lubricants the dissolution behavior was not

. ey

influenced by the packing density. Howev-

er, in the presence of 5% magnesium stea-

rate dense packing caused a marked de-

crease in the drug dissolution rate from
- capsules containing sither diluent

Dissolution Rals of Soft Elastic Capsules
Hom and Miskel!® studied the dissolu-

. tion characteristics of soft slastic capsules.

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

— . _Hom and Miskel investigated hydrocorti-
- sone, ethinyl estradiol, phenobarbital, digi-

" easily. Furthermore, surfactants or other

toxin, bishydroxycoumarin, suifadiazine,
phenylbutazone and propylthiouracil (Figs
5-32s and 3-32b). In every case, the dissolu-
tion rate from soft capsules was faster then
a tablet formulation because suspensions or
solutions of these drugs wers encapsulated

solubilizers could bs encapsulated conve-
niently along with the drug to improve its
dissolution and biocavailability. They rec-
ommended the use of soft capsules for low
dose medication of sparingly soluble drugs,
especially when an sazly high blood level of
the drug is indicated.

Armstrong and James!® reviewed several
articles on drug release-from lipid based dos-
age forms and pointed to the advantage of
soft gelatin capsules as an excetlent mecha-
nism to seal the ail and mask the unpleasant
taste associated with the drug orits oily base.
Stella, et al,'® showed that the bioavailabil-
ity of a quinoline derivative (antimalarial
drug) in the dog was better fzom soft gelatin
capsules containing the drug base in oleic
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Flg 5-30. n:Thop&unuge of drug released aftar 30 min from cepsules containing differant particle size
fractions of ethinamals packed 1o give diferent porosities. b: The liquid permmeabllity (m X 10") of

equivalent particle size fractions at known porpaities. [Reproduced fram Newton and Rowley, J Pharm
Pharmacol 22, 1853 (1870).]
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Fig 5-31. Influence of paciing denslty on dissolution of drugs from capsules in simulated gastric fluid.
[Reproduced trom Samyn and Jung, J Phanmn Scl, 59. 189 (1870).]

Kay: X, requisr packing 355 mg/Na. 2 caosuls; O. densa packing: 400 mg/No. 2 caasule. Upper left. drag: laciose: lower lefl, drug:
ctnze: 3% magnesum siwarsie; upper rignt, Jrug: CaHPO,; lowar right, Jrug: CetP0,: 4% magnesum staarale.
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Fig 5-32. a: Dissoiution rates of digitoxin capsule

- and tablets in sinulated gastric fluid TS. b: Dissolu- -

tion rates of bishydraxycourmarin capsule and tab-
let in aimulated gastric fluid T8. [Reproduced from
Hom and Miskel, J Pharm Sci, 59, 827 (1970).]
Key: ®, soh wigsic captule; @, Tatist A; O, Tablet R

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

dissolve faster in vitro and in vivo than the
tablet formulation.!!1-114 Griseofulvin gave
88% absorption from soft gelatin capsules
compared to 45% for commercial tablets
and 33% for hard gelatin capsules contain-
ing the micronized drug1'®.

Armstrong and co-workers!!&117 evaluated
the British pharmacopoeia in vitro disinta-
gration test for soft gelatin capsules using
commarcial lots of cod liver oil capsules.
The majority of capsules swelled on being
placed in water but after 3 min, a small drop
of oil appeared, usually from 2 point on the
capsule seam. The capsule then ruptured at
this point, releasing the contents, and the
shell then dissolved. However, an appreciable
sumber continued to swell until the shell dis-
solved without first releasing the oil by break-
age, a bebavior which caused prolonged dis-
integration time. It was suggeated that this
erratic behavior can be due to variations in
the efficiency of the capsules sealing pro-
cess by slight differences in machine adjust-

ments during manufacturing. Weight and __

dimensions of the capsules showed no cor-

- relation with disintegration tims but it was

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

Thae in viro disintegration and dispersion
of soft gelatin capsules was slso investigat-

ed by Armstrong, et al,!" using X-radiogra--

phy in rabbits and gamma scintigraphy in
human volunteers. This procedure showed
that in vivo disintegration usually began
within 2-3 min and that the capsules
swelled inta isomatric shapes. The presence
of a surfactant in the oil and food in the
stomach appeared to assist disintagration
which was in agreement with the findings of
Hunter, et al,519 and Casey, et al.1" Gamma

|

SSEERI FERKEN NN FYYREWW.

n
F
Ly
)




}pq’)r
2

iy

Faclors Aﬂ.cllng the Rats of Dissohition

)y ey

SR T F ARREVRIL N IR T R

Py

P L=

ir =

i

1
‘& W

acid than scintigraphy data in humans indi-
cated that the disintegration and dispersion
times were shorter in humans than in rabbits
probably because of the larger human stom-
ach which permits more efficient agitation
. of the capsule. Also, it was found that the in
tivo times were very close to those obtained
in vitro. Serajuddin, e¢ al,'® pointed out
that the physicochemical characteristics of
- ‘soft gelatin capsules are different from oth-
er conventional dosage.forma, and hence,
the properties of the drug, the solubilizing
liquid, the gelatin shell and the compatibil-
ity of these three components after encap-
sulation must be evaluated carefully 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 material
" during the drying process and subsequent
equilibration periods.!®1122 Consequently,
the objective of bioavailability enhance-
ment through drug solubilization can be
jeopardized if the drug crystallizes inside
the capsule due to water migration from the
soft gelatin capsule shell to the Fill materisl.
Such possibility however, can be avoided by
selecting the proper vehicle for drug solubi-
lization.
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'3 The charcteristics of a drug can be greatly affected by particle size, morphoilogy, shape
. and surface area, This can affect such properties as formulation homogenicity, powder
fiow for respirables and surface area. It Is therefore important to characterise each
new drug candidate in order to facilate the preparation and production of a viable
formulation.

r For Instance, In the case of a drug to be administered In tablet form, the size and
‘ shape of the particles can Influence the flow and-mixing of powders and granules, both
? affecting the efficeny of tablét formulation.

]

Particle size, morphology, shape and surface area

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

For more Information on how we may be able ta assist with your needs, please contact
us.
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one whose sample was obtained by an appropriate ssmpling pro-
gedure, in which the sampie was prepared properly and intro-
duced into the instrument, and in which ell instrumental para-
meters were used correctly for the analysis. It also was pointed
out that all of the correct {but differing) particle-size results ob-
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b tained through various methodologies are equally scrurate, but
*"5’: each method simply might be expressing its cocrect results in
v - I . PN * diffevent terms. When viewed in this light, the dedision about
?.3’7 38 Particle-siza determinatians are {rdertaken i which partide-size methodology is most appropriate for a given
2 to obtain information about the size ] situztion can be scen as a simple matter of accuracy versus pre-
characteristics of an ensemble of particles. ﬂill:ﬂ- 1f absolute amlﬂtl]: is mo:rim‘gort;‘nt. then th:::i::n:lllﬂ
. . . conduct rigorous research to verify that the me y
::::;"t:‘h’ '“':'d“ being .“::r"d Rl adoped docs indecd ild parice-sie result tat are boclotely
|y the exact samé size, infarmation 15 indicative of the characteristics of the bulk material. I, however,
required regarding the average particle size one is more interested in developing profiles of lot-to-lot vaci-
and th'e distribution of sizes about this . ability, then the use of any of the available methods that yields

Syl average.However, the concept of partide coirreet results is appropriate. _
§ sixe Is irrevocably derived from aspects of The next scveral articles in the “Pharmaceutical Physics™ col-

. ies will examine s variety of correct methodologies that
particle shape and morphology because the | mn e 2 _ ;

ideaofa ?artide diameter éroceeds from cn be t: :; deduce ";f""“‘“:’:n:b;::‘:::ﬂn and size
preconc_ewed shape factors. . mﬂﬂibl:pia i ml’““dﬂ-"mmr e ition of what 'B'mnmtby:he
. shape and size gf the particles that consitute a powdered solid.

Partida shape

2 ) It is not possible to discuss rationally the size of a particie or

e . any distribution associated with the sizes of an ensemble of par-
' ’ ticles without first considering the three-dimensional charac-

teristics of the particle itself. This is because the size of a p:lrh-

Harry G. Brittain, PhD, Is the dirsclor of | ressed 0 line nsion characterist;
the Center or Prarmecmtical Phyaics, 10 ° Servcs fram i hape or i veres of s projected

Charles Road, Miford, NJ 08848, tet. 908, - Tt ram.m shape or in terms of its projec surface or
996.3508, fax 908.506.3560, hbrittain® volume. As will be shown, some methods of expressing parti-
garthiink.met. He is 8 member of Pherma- dle size discard any concept of particle shape and instead ex-
ceutical Technaligy's Editotal Adwisory - press the size in terms of some type of equivaicnt spherical size.
Board. An appropriate starting place for a discussion of particle shape

. can be found in USP General Test (776} (sce Figure 1) {2). In the
shape performance aspect of this pacticular test procedure, USP

N , A yresceetion Trirglag orcomrnn 29 (12 ; ’ EPRUF LETERL LI
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' requires thac "for irregularly shaped particles, characterization
of particle size must also indudé information on particle shape.”
The general method defines several descriptors of partice shape
(see Figure 2). The USP definitions of these shape parameters are
e acicular: slender, needle-like partide of similar width and
thickness
-cnlumnarlong.thmpuudemdumdthmddmhutht
are grester than those of an acicular partide
o Bake: thin, 8at particle of similar leagth and width -
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o plate: flat plmdeufnmﬂarlengﬂlmd width but with greager
thickness than flakes

o lath: long, thin, blade-like particle

oquantpuudno[umﬂ:rlm;duwﬂtb.lndﬂudnughoth
cubical and spherical partides are induded.

In ordinary practice, ane rarely observes discrete particles but
typically is coafranted with particles that beve aggregated or ag-
glomerated into more-complex structures, USP provides sev-
enal terms that describe any degree of association:

" » lamellar: stacked plates

» aggregate: mass of adhered particles
o sgglomerate fused or cemented purticles
s conglomerate: mixture of two or more types of particles
« spherulite: radial cluster
# drusy: particle covered with tiny particles (2).
- The particle condition also can be described by anather se-
ries of terms;
« cdges: angular, rounded, smooth, sharp, fractured
o optical: color, transparent, translucent, opaque
o defecrs: acdusions, indusions.

Furthermore, surface characteristics can be described as
« cracked: partial split, break, or Gssure
» saooth: free of meguhmm. roughness, or projections
« porous: having apenings or passageways
o rough: bumpy, uneven, not smooth
= pirted: small indeatations.

The pharmaceutical descriptacs of particle shape are derived
from the genera] concept of crystallographic habit. The exact
shape soquired by a crystal will depend oa various factors such
as the temperature, pressure, and composition of the crystal-
lizing solution. Nevertheless, precipitation of 2 given compound
genenlly creates a chamacteristic shape or outline. Becsuse the
faces of a crystal must reflect the intemnal structure of the solid,
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Figure 3; Soma commonly used descriptors of particls size

the angles between any two faces of » crystal will remain the
same even if the crystal growth is accelerated or retarded in one
" direction or anather (see Flguu 2). Opdcal crystallographers
usually will catalogue the various crystal faces and document
the angles between them as they identify the crystal system to
which the given partice belongs. When the particle is particu-
larly well formed, a description of symmetry elements also is
cnmpded.

Far rany individuals, homr. the concept of qualitative

. shape descriptors has proven inadequate, and this deficiency

has necessitated the definition of more quantitatively defined
shape coefficients (3). For instance, Heywood describes the don-
gation ratio, ». as

n=k i

and the flakiness ratio, e, as

"'=% - (2]

in which T is the particie thickness (the minimum distance be-
tween two parallel plenes that are tangential to opposite surfaces
of the particle), B is the breadth of the particle (the minimum

. . distance between two paralld planes thet are perpendicular to

the planes defining the thickness), and L is the particle length
(the distance between two parallel planes that are perpendicu-
larto the planes defining thickness and breadth) (4).

Partidesize .
!truﬂyunotposﬂ:lebmnunuadimmunofplmduhlpe

or size without first developing definitions of particle diame--

ter. This step is, of course, rather trivial for a spherical particle
because its size is uniquely determined by its diameter. For ir-
regular particles, however, the concept of size requires defini-
tion by one or more parameters. It often is most convenient to
discuss particle size in terms of derived diameters suchasa
spherical diameter that is in some way equivalent to some size
property of the particle. These latter properties are calculnted
by measuring a size-dependent property of the particle and re-
lating it to a linear dimension. :

Certainly the most commonly used measurernents of parti-
cle sizes are Lhe lengelt (the longest dimension from edge to edge
of a paticle ariented parallel to the ocular seale) and the wideh
(the longest ditnension of the particle measured at right angles
tn the length). Intnitive as these praperties may be, their defin-
innn sl nlv-;.r shown in Figurr 42 Clewely related D thess pron.
nﬁ-g;r- Sbecther dewn nP(qrs of r:r'x-:lr;lre Ferrt'- dmrter,

----—- --.-.--_-.... A

e

which is the distance between imaginary paralld lines tin-
gent to a randomly oriented particle and perpendicular to
the ocular scale, and Martin's diameter; which is the diam-
eter of the partide at the point that divides « randomly ori-
e:l:;:d partide into two cqual projected areas (see Figure
3
- The coordinate system assodiated with the measurement
is implicit in the definitions of length, width, Feret's di-
ameter, and Martin's diameter because the magnitude of
these quantities requircs some reference point. As such,
these descriptors are most usefid when discussing particle size
as measured by microscopy because the partides are immobile,
Defining spatial descriptors for freely tumblml particles is can-
!ldenbly mare difficult and hence requires the definition of a
series of derived particle descriptors. However, given the popu-
tarity of techniques such as electrozone sensing or laser light
sat;:;mg.duwda:mu of partide diamecter are extremely
uscful.

All of the derived descriptors for particle size begin with the
homogenization of the length and width dexcriptors into either
a dircular ar spherical equivalent and make use of the ordinary
geometrical equations associated with the derived equivalent.
For instance, the perimeter diameter is defined as the diameter
ofa cirde having the same perimeter as the projected outline of
the partide. The surface diameter is the diameter of s sphere hav-
ing the same surface area as the particle, and the volume dia-
meter is defined as the diameter of a sphere having the ssme vol-
ume as the particle. One of the most widely used derived
descriptors is the projected arez diameter, which is the dameter
of a circle having the same area as the projected area of the par-
tide resting in a stable position. The concept of projected area
diameter is illustrated in Figure 3c.

Several other derived descriptors of particle diameter have
been used for various applications. For instance, the sieve dia-
meter is the width of the minimum square aperture thraugh
which the particle will pass. Other descriptors that have been
used are the dray diwneter, which is the diameter of a sphere hav-
ing the same resistance to maotion as the partide in a fluid of the
same viscosity and at the same velocity; the free-falling disineter,

witich is the dismeter of a spheré having the same density and -

the same free-falling speed as the partice in » Quid of the same

density and viscosity: and the Siokes diameter, which is the free-

falling diameter of a partide in the laminar-flow region.

Distribution of particle sizes
All analysts know thar the particles that constitute real sam-
ples of powdered substances do not consist of any single type
but instead will generally exhibit a range of shapes and sizes.
Particle-size-determinations 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 s reqquired about the
average particle size and the distribution of sizes sbout that
average.

" One could inagine the situatian in which a bell-shaped curve
i founl to describe the distribution of particle sizes in 2 hy-
r=ithetics] sangele; s bpgr aof apetern i Loenwn s Fie e cont
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in each size fraction is identified, and

then one clculates the percentage of par-
ticles in each size fraction. This calcula-
tion yiclds the particle size histogram
{see Figure 42). The number frequency
ordinarily is used to construct a cumu-
lative distribution, which can be as-

Partice siow (um}

Figure 4: Particle-sizs represamiations for & hypothetical normal distiibution, Shown are (s) e

fraquency dirtrlintion snd (b) the cumulstive distridution,

0 10 20 30 4 50 @
Pasiicle sixa (um)

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

* The arithmetic mean of the ensemble
of particle diamaters is calculated using
the reladon

= 1ndy

3
T )]

i,

ia which » is the pumber of particles
having a diameter equal to d. The'stan-
dard deviation in the distribution then
is calculated using .

1
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Figure 5 Particle-strs representations for & hypolhwScallog-normal disiributio, plotted on 8 (3

finear seaie und on & (i) lgerttumic scale.
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10 80 3.00 4.67 95.33

15 110 - 38 ' &% 91.67

20 280 233 17.67 8233

25 ° & 1933 - 87.00 -~ ‘€X00- -

30- 600 20.00 57.00 43.00
S35 540 18.00 75.00 2500

40 380 12.00 87.00 13.00

4 T 170 667 - - 9287 733

50 120 4.00 96.87 3233

55 80 200 . saer tas

60 40 133 100.00 0.00
., Toml 3000 100 .

+ distribution. Samples that conform to the characteristics of a
normal Jistriburion are described fully by a mean particle size
and the standacd deviation. Table | shows an example of 2 sam-
ple exhibiring a normal distribution in which 3000 particles
have been sorted accerding to an undefined Jeterminer of their
“ize n -he wsual data represenration. the number of particles

Particle slze (pm)

100 In the eample shown in Table §, one cal-
culates thar d_ = 302 pm and that o =
L.l

The most commaonly accurring value

" in the distribution is the modz, which is’

the vatue at which the frequency repre-
sentation is 2 meximum value. The mie-

dmndiﬂhﬁle&qulqmmmmtmqmlmlnd'th
the particle size at which the cumulative representation equals
509%. Iz 2 rigarous narmal distribution, the mean, mode, 3nd

i median heve the same value. For a slightly skewed distribution,

however, the following spproximate relationship holds:

mn-mde-.."lmm-uuﬁm] Is]

It would be highly advantageous if powsder distributions could
* be deseribed by the normal distribution Runction because all of
the statistical procedures developed for Gaussiaa distributions
could be used 1o describe the properties of the sample. How-
ever, uniess the range of partide sizes is extremcly narrow, most
powder sumples cannot be described adequately by the normal
distribution furiction. The size distribution of the majority of
real powder amples usually is skewed toward the larger end of
the particle-size scale. Such powders are benter described by the
log-normal distribution type. This terminology arose because
when the particle distributian is plotted by means of the loga-
rithm of the partide size, the skewed curve is tranaformed into
one dosely resembling a normal distribution (see Figure 5).

The distribution in 1 log-nurmal representation can be com-
pletely specified by two parameters: the grometric median par-

ticle size (4} and the standard deviation in the geometric mean
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in which 1 is the number of partides
@ 30- o) 100 ingprtidcsiuequltudr'l\mmpla
- @ % s . ] having identical 4 and o_ values can be
Bm. _‘:':’ « %01 said to have been drawn from the same
fracuerxy 5 60 4 « Cumuiativg total population and exhibit properties .-
':10- R 40 s of characteristics of the total population.
20 u""um" In omany applications, particle-size re-
g 0 o sults are processed by plotting the cu-
0 15 30 45 80 ¥ mulative frequency data on a logarith-
Size (um) " Stew'(um) mic scale. If & straight line is obtained,
o the particle-sire distribution is said to
] : - S - obey the log-normal finction. The vahie
Figure 6: Particls-size represantations lor 2 hypothatica! log-norma! distribution. Shovmare s)  of d is equal to the 509% value of the cu-

mulative distribution, The value of o

the frequency distritution and () the comulative distribution. Each conizins the differencs .
Is obtained by dividing the 84.1% value

ohtainod whan processing the data in terms of efther pariicls number dr parficie mass,

b
S
P
i
r
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Fgure T: Parficer-stza representafions pistiad in a log-probability
forrat for (z) a singls hypothetical kog-pormal distribution and for -
(b) a hypothetical sampla contalning-twe log-normal distributions
whose average particls size diliers by —50%.

er ). The geometric median is the particle sizc pertaining to the
50% valuc in the cumulative distribution and is calculated using -

d‘ = an[ﬂog -!'%é‘_)-] lsl
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of the distribution by the 50% value.
. Although the distribution in the log-
e B e Bromme memes normal representation is specified completely by the geomet-
 us N ric median particle size and the geometric mean standard de-
" standard .M M . viation, a number of other average values have been derived to
% :‘_: define useful properties. These values are expecially useful when
i 18 31,000 the physical significance of the geometric median partide size
5 » . is not dear. The arithmetic mean (d,) particle size is defined
- 1§ {=0 as the sum of all particle diameters divided by the total num-
§ “ T - ber of partices and is calculated using Equation 3. The surface
n e mean (d) particle size is defined as the diameter of a2 hypo-
5:: : - thetical purticle having an average surface arca and is calculated
m H
.ﬂu| 2 430 DNONKR K © 8 unu:: y _[Ind,’ 1 171
. mmumm LI
- IR - The volume mean (d) particle sizé is the diameter of s hypo-
] 1 oo thetical particle baving an average volume and is obtained from
® . a 1 .
g n i= [_._i"‘ -’]’ 8
: 2 . bt AR TE .
. 300 .
i : I The volume-gurface mean (d, ) partide size is the average size .
o™ "o based on the specific surface per unit volume and is calculated -
Sw G wiag '
. Ig .3 . _Xnd] 3
L5121 E1 DNOVEND W9 MWW . F _-_-_Lz 9]
- . . : . -.a..:_-. LRl . - Iu‘l

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

d. =291 pm.d_= 3442 um, d = 3593 pm. d, = 3743 um,
andd_ = 40.62 pm.

Various types of physical significance have been attached to
the various cxpressions of particle size. Far chemical reactions,
the surface mean is important, although for pigments the vol-
ume mean value is the appropriate parameter. Deposition of
particles in the respiratory tract is related to the weight mean
diameter, and the dissolution of particulate matter is related to
the volume-surface mean.

Partide-size distributions can be sorted according to the mass

{or volume) of the particles contained within a given size band

awy. shanlach.com
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- whose mesa differed by approximately 50%. The break in the  low in subsequent installments of this column. .

‘Recammended reading .

or to the number of pasticles contained in the same size ouwmummm:mmumun
+* band. With substances having real density valucs, the dis-  Wikey & Sam, Kewe York, 1963},
.” tribution of the same ensembile of partides can look quite o 2 Jefinek, Aurticde Six Analysis (s Horwood Ltd., (hicheste, 19707,
different depending on how the data are plotted. Figure L0, Stoctham md € 6. Fachman, Prtide Size Analysi (Ann Arbos Sclence Pubiishers,
& shows the frequency and cumulative distribution plots ~ AnnArbog AL 1977).
. - for the same sample, but the data have been separately -« R Kaye, Dinct Charactmiation of ine Porticles ok Wiey & Soms, New York, 1981).
processed in terms of the mays and particle gumbers, o K& Barth, dodern Mechods of Portide Spe Analyos {lohn Wiley & Soms, Mew York, 1984).
*  Unfortunately not every powdered sample is chatac- o L Alen, Partice She Mengyement, Sth e (Giapman and Hall,London, 1997).
. verized by the existence of a single distribution, and the . .
character of ree) samples can be quite complicated. Recogniz-  recommended references to additional information (sec*Rec-
ing the existence of multimodal distributions is notalways 2 ommended reading” sidebar). Most highly recommended are
sraightforward process, but their existence often anbe detected  the various aditions of Perticle Size Measurement by Allen be-
by plotting the data an log-probability paper. The existence of  cause they contain some of the mast detsiled and informative
more than ane particde population is indicated by a change in  expositions available about these topics. However, the scope of
the dope of the line. Figure 7 shows a single log-normal distri-  the discussion in this opening article provides a sufficient basis
* bution and a multimodal sample consisting of two populations  for the expasitions of the various methodalogies that will fol-

log plot is dearly evident, but if onc were to simply plot the lat-
ter sample in either a frequency or cumulative view, ane would ~ References

not have been able to detect the existence of two particle-size . 1- H.G. Brittain, "What iy the ‘Corvect” Methoad 10 Use for Particie-Size
' Detarminstion?” Pharm. Technel 25 (7), 96-58 (2001).

populations in the sample. 2. “Opeical Microscopy.” General Test {776), L/SP 24 (The Unitod Seates
PMhammacopacial Coowention, Rockville, MD, 2000), pp. 1965-1967.
Summary 3. T. Allen. Parricle Sie Mearuremens (Chapman and Hall, Londan, 3rd

* This rather simplified discussion of particle shape, size, and dis- «d.1981) pp. 107-120.
tribution rcpresents only an introduction to the topic. Inter- 4. H.Heywood, | Pherm. Pharmacel. ($13) 36T, (1963). PT
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Marry G. Brittain

LY All methods for the determination of
3 particle-size distribution have absolutely no

3  value umless the compaosition of analyzed

samples Is representative of the bulk from
which they were ramoved. Obtaining a
representative sample from a static powder
bulk is difficult and may not even be
possible. For instance, although it Is widely

. believed that the use of sample thievesis an
adequate method for good sampling, this

. seems to be an Improperfy held view.The
general consensus Is that only sampling

. from a butk powder while it Is in motion can
yleld the desired representative sample.
These procedures present their own range
of difficulties, but equipment exists that
permits one to sample from moving powder

£ . beds on a variety of sultabfe scales.It1s

probably true that the use of a rotatory
sampling device, or spinning riffier, is the
best instrument avallable for the
subdivision of powders that have

" :_ heterageneous particie-size distributions,

Harry Q. Brittain, PhD, & the director of
the Ceniter for Pharmaceutical Physics, 10 -
Charles Road, Mittord, NJ 08848, tel,
hbrittain@eartdnk rat

Particlé-Si;e' Dis-tl_'ibution il: .
The Problem of Samplin .
Powdered Solids SR

he first article of this series outlined some of the gen-
eral precepts of particle size and shape (1). One might
bave thought it appropriate to move into discussions of
some of the most important experimental methods used
to deduce that type of information, but those topics cannot be
addressed until the procedure for obtaining a proper sample
for analysis is discussed (2,3). Although one may use extra-
ordinary care and technical skill while performing a given
method for the dednction of the partide-size distribution of
1 powdered solid, the results will have absolutely no value un-
Iess the sample used for the analysis is indicative of the buik
from which it was taken. Nowhere else is the phrase “garbage
in, garbage out” mare appropriate.
Because it is never practical to test the entire bulk of 2 pow-
dered solid (leaving none for its intended application), one must

-+ Femave appropriate samples from the bulk to obtain inferences

as to the composition of the entire ensemble. Samples are there-
fore defined a3 the units upon which s program of testing is
conduded.‘ﬂaepurpuedmmuingorobluvinglpmperty
of & sample Is vo obtain information about the ensemble from
which the sample was drawn and hence the need for the deawn
sumples to be genuinely representative, The degree of difficulty
associated with the implementation of a sampling procedure

- . will depend an the exact nature of the experimental situation.

For most pharmaceutical materials (and especially in the
sampling of powders), a number of factors must be considered: - _
when devising a sampling acherne. These factors indude thena- -
ture of the.ensemble from where the sample is to be drawn, the
cost of the ssmpling and asmociaved assay(s), convenience, and
the degree of precision required in the final rexult.

The goal of any sampling program is not anly to obtain rep-
Tesentative samples, but to avoid any bias in the selection of
these sumples. Independent amples sre obtained when the se-
lection of one particular sample does not affect the selection of
any other sample. Bias in sampling will result when the sclec-
tion of a sample changes the way in which other samples are
taken. Randomization and blinding are ways to overcome bias,
but, as this artide discusses, these factors can be eliminated only
through the adoption of rigorous procedures.

The structure of 2 sampling program consists of 2 number of
decision points. The analyst must determine how many samples
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are needed to represent the bulk material and the size these will  end of the production run, the 10 50~ samples arc combined

be. The analyst also mast decide how the various samples are to
be amalyzed (e.5., pooled to yicld 2 common sample or each to
be characterized individually) and the required degree of accu-
racy in the results. The variability of the bulk material being sam-
pled, the size of each individual sample, the number of samples
taken, and the method in which these samples are prepared for
analysis will determine the accuracy of the sampling program.

Probability sampling . .

Sampliug procedures may be dassified as either nonprobabil-
ity sampling or probability sampling. Nonprobable methods
typically are procedures of convenience and are chosen because
the alternatives are deemed too difficult to implement. This
type of mmpling is also known as judgment or suthoritative
samplings Samples often are chosen using the expertise of those
who bave a feel for the process and believe that they intuitively

. know when and where to ablain a representative samuple. Nou-

probability samples often contain hidden biases, and statistical
methods for the estimation of preciiion cannot be applied.

On the other hand, probability sampling ensures that the
sampling scheme is developed in such a manner that will yield
samples that are highly indicative of the propertics in the bulk
ensemble. It goes without saying that although probebility meth-
ods are more complicated than nonprobability methods, their
use is infinitely more desirable.

Sampling methadologies )
Although a considersble number of probability-sampling pro-
cedures can be used, this artide describes the four most com-

" mon approaches.

Random sampling. In random sampling, each of all possible
umpleunishuanq\nldunaofbeinginchdedinthenm-
pling procedure, To obtain & random sansple, & aumber is con-

’ _ceptually sssigned to each potential candidute, and nurabers

%then are selected ar random to identify the units to be ssmpled.

Alternatively, samples ase selected during random time periods
during & production run to obtain a pseudorsadom sample.
For instance, consider a process wsed (0 manufacture a mater-
ial that is eventuslly packaged in 10,000 bottles containing 100
g of powdered solid in cach. Each boulle in the run is assigned

an identification number during the processing, and a random-.

number generator is used to select 10 botties from the groduc-
tion run. The entire content of each bottle should be nsed to

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

measurement 1o be conducted. In that case, one must execute
a further random procedure to selectthe sample for analysis.
Stratified sampling. In stratified sampling, the ensembie to be
samipled is divided into subsets, and random samples are taken
from each subset. This method is best applied when the subsets
themselves are very different in their properties, but abjects in
individual subsets are equivalent. To apply the method. samples
are taken in a random manner, but only within specified time
intervals. For example, consider a process used 0 manulfacture
a powdered sofid at the rate of 5 kg/h that is scheduled 1o run
for 10 h. To'perform a stratified sampling procedure, one might
sample 50 g of powder during cach hour of operarian. At the

AR __Fooscadical ey 1Tz

into  single 500-g sample, and this constitutes the ample that

is subjected to analysis.

Systematic sampling. In systematic sampling, a definite sam-
pling schedule is followed to obtain the units for testing, In other
words, every nth sample is chosen during s production run to
ensyre regular sampling through the process. The time at which
the sample is taken is not regulated, mesely its pasition in the
rua. Que should note, however, that systematic sampling only
works when the enserable is homogeneous. If the process hap-
pens to be cyclic or periadic in nature, then this procedure can
lead o seriows error. As an example of systematic mmpling, con-
sider s process used to manufacrure a powdered solid at the rate
of 5 kg/h that is scheduled to run for 10 b. To perform systen-
atic ssmpling, the operator 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 combined into one 500-g sample,
whidh constitutes the sample ultimately subjected to analysis.

Quster sampling. In cluster smpling, the ensemble is divided
into groups or dusters, each of which contains subsets. Clus-
ters are chosen at random, and all the elements in a cluster are
induded in the sample. This method is used when there are
masny primary units, each of which can be sampled. The sub-
samples from the custers make up the sample taken for analy-
sis. For a cluster sampling example, consider a process used 1o
manufacture a material that is eventually packaged in 10,000
bottles containing 100 g of powdered solid in each. The pri-
macy units are the bottles, and the subsample units will be sub-
divisions of the bottle conteats. To perform duster sampling,
one randomly selects 10 bottes from the stock produced and
then randomly selects  25-g sample from esch bottle. After all

der mass constitutes the sample t be analyzed.

Static powder sampling methods

Various methods can be used to obtain samples that are pur-

portedly representative of the bulk from which the ssmples were

dravn. The mast comamon of these are scooping off the top sur-

indude the use of a grain thicf, s sample splinter-reducer, ora

rotatory mmple divider, Unfortunately, a general rule of thumb

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

less Bkely it iz to yield an sceeptable sample. '

Sceoping frame the top. {¢ is almost painful to mention the

most widely used method of sampling, namely that of wsiag
a spatula to scoop off some powder [rom the top surface of
its bulk. Although this is by far the easiest method for sam-
pling a powdered solid. there is no doubt that scooping off
the top is less effective than the least desirable method that
could be imagined. Leaving aside questions of chemical degra-
dation at the upper layer, it is well kaown that particle seg-
regution will result in the top layer of a powdered solid be-
coming enriched in its coarse-particle fraction (4). Asa result,
sampling this top layer would bias the particle-size distribu-
tion toward larger particles. Shaking the powder may not solve
the problem because one may induce even more segregation
in this process. Because the composition of the upper surface
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of a bulk powder rarely is indicative of the bulk composition,
this method of sampling is the worst possible way to obtain
a nmple.

Sampie thief. A significint improvement in sampling can be
achicved with the use of 2 sample thief, sometimes known as 2
grain thief for hisrorical reasons. This device consists of two
tubes, one fitting tightly inside the other, and with obloog holes
cut through the tubes in corresponding positions. One end of

- the outer tube is fitted to a point 1o facilitate iis inscrtion inte
u btk powder. The mmpling procedur, illusteated in Fgure 1,
cunsists of rotaling the inner tube Lo dose the holes, inserting
the device into the powder, rotating the inner tube to open the
holes, allowing the powder to enter the devics, rotating the inner
tube once more to close the holes, and finafly removing the thief

from the bulk powder.

Although thief sampling is & better method than merely
scooping off the 1op of a bulk powder, it is still an inferior tech-
nique (5,6). Even though muost thieves have relatively sharp ends,
the very act of plunging the thief through the bulk powder must
perturb the sample to séme degree A compressional force prop-
agates ahead of the thief as it is pressed into the bulk, thus po-
tentially changing the strata of the bulk and altering the wall of
powder at the outer walls of the thief. Furthermore, because
lazge particles will flow more easily than will small particles, an

- Went Vanlonlam waw v
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apened thief is liable to be flled preferentially with the coarse
fraction of the partide distribution. .

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

Great care must be taken when abtaining a sample by coning
and quartering. When the initial powder sample is poured, it will
undergo the full range of processes that result in segregation of
particles according to their relative size. Because their flowabil-
ity is the poorest, the finer partides will collect at the center of

the cone, and the coarser partides will flow toward the edges of
the core. Hence, cach wedge of 2 poured cone will become se-
vercly scgregated by the act of pouring, making the process of
subdivision and recombination critical, It is not unusual to ob-
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% Schédli”. & appropriately designed and validated, its use can yicld appro-
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11 be of equal size, and their efficiency is improved when the size
of the chute opening is reduced. However, when the system i

* Hlustrated in Figure 4. This device uses mechanical energy to

: provide 8 constant fiow of material from its holder The steady

. flow passes through a divider head opersting at constant speed,
] sarple divider can be analyzed scparately or recombined to

-~ % yield a representative sample. It almost goes without saying

78 = that the powder being tested must be ree-flowing or it can-

not be processed by the device.
A typical spinning riffler consiss of three companents. The

USR: 9 powder hopper holds the bulk of powder thet is to be subdivided,

25, £ sad its autput is regulated by a feeding device. The most im-
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tain large standard devistions in particle-gize pesults when the
coning and quartering method is used o obtain a sample.

Dynamic powder sampling mathods

“There is lirtle doubt that the superior methods of powder m-

pling entail procedures whercby the sample is removed from a

moving powder bulk. Alien has contributed the two Golden Rules

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

@ Rule 1: A powder should be sampled when in motion,

o Rule 2: The whaole of the stream of powder should be taken
for many short increments of time, in preferenceto part of
the stream being taken for the wholé of the time.

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

The number of chutes necessary for a spitting device has been

72 Paxcerticd lechsriogy ay 2oz

..4 portant part of the spinning riffler is the dividing head, which
.- ' contains 3 number of sample collectors that are mounted on a

aof powder emanating from the hopper is periodically cut into

. small partians. The riffler works best when the speed of rota-

tion is relatively fast compared with the feed rate so that effects
of Bow segregation are minimal among exch of the sample col-
lectors. In other words, it is desirable that the powder sccumu-
lating in each sample collector is assembled from multiple saro-
ples of the powder in the hopper. Common sense dictates that
the combined volume of all sample collectors mrust cxceed that
af the bulk powder volume in the hopper.

Conduslons ]

Regardless of how the sample is obtined, its compaosition must
be representative of the bulk from which it was removed for
analytical results to have any significance. Obtaining a repre-
- sentative sample from a static powder bulk is difficult and mey
not be possible even with the most thoughtful expesimental
design. Although it is widcly befieved that the use of sample
thieves is an adequate method for good sampling, the liters-

ture scems o indicare otherwise. The generul consensus is that -,

only sampling from a bulk powder while it is in motion can
yield the desired representative sample. These procedures pre-
sent their own range of difficulties, but equipment exists that
permits one to sample from moving powder beds on a variety
of suitable scales. One can conclude that the use of a rowtory
sampling device, or spinning riffler, is probably the best in-
strument available for the subdivision of powders having het-
crogeneous particle-size distributions.

Additional reading
1. C.Oxr, Particuluic Technology ( Macmillan, New Yark, NY, 1966).
L T Allen, Particle Size Measurement {Chapenan and Hafl, Londan, 3d
ed. 1931),
3. C.H. Murphy, Handbook of Particie Sampling aad Anolysis Methods
(Verlag Chemie, Deerfield Beach, 1984).
www,pharmiech.com




4 K. Sommer, Sampling of Powders and Bulk
Materials {Springer—Veriag, New M NY,
1985).

5. M.1 Rhodes, Principles of Powder Tochnology
(John Wikey & Sons, New York, Y, 1990).

6. N.Hamby, M.E. Edwards, and AW, Nicnow,
Mxing in the Proces Indstries [Buttereortds-
Hienemann, Oxford, UK, 1992). )

7. P.Gy, Sampling for Analytical Purpuses (Jobn
Wiley & Sans, Chichester, UK, 1958).
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Gent, continued from page 66

deliverables with storage location of the
validation documents. In other words, the
validation testing report is 2 place to docu-
ment what happened and how it hap-
pened for each validation test. In addition,
the report captures all deviations and out-
of-specification results.

Procedures and polides manual. A com-
puter system cap have all the bells and
whistles that will help it comply with ap-
plicable regulstions. However, built-in
functionality and validstion documenta-
tion does not make & computer system
compliant Policies and procedures are an
enforcement tool that companies use to
ptotect their computer systems from
fraudulent use. These written guidelines
provide a framework for specifying bow

.the system will be used and managed, how

data will be recovered, and what discipli-
nary actions can be taken for violations.
Procedures should be written and imple-
mented and should include security and
dats integrity, system operation, and sys-
tem maintenance,

<
}bi

The activities of team dcv:lopmmu.run
integral patt of any development activity
— validated or nouvalidated. The planning
process helps the validatioa texm imple-
ment a validated system. Standard docu-
ments are required to prove that a system
Is validated, and policies and procedures
are necessary to implement and maintsin
a computer systern in a validated state.
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Horry G. Brittala

Analytical sieving is one of the lundamental
methods for the dassification of powders,
B and itis probably the method of cholce for

l ' granular or coarse powders.The method Is
fairly simple to perform, its validation Is
relatively straightforward, and the
Interpretation and presentation of resuits
are fairly standard Well-established
procedures for analytical sleving are
found in the United States Pharmacopela,
and sppropriate apparatus for its use are
relatively available.

4

Hary G. Brittain is the direcior of the
. Canler for Pharmacautical Plwsics. 10
.« Charles Road, Miford, N.) 08848, te!. 508,
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i’article-ﬁze Distribution, Pa& 1]
Determination by
- Analytical Sieving

5.

ave that some of the general precepts of particle sire and
shape have been outlined {1) and the all-importan! topic
of powder sampling has been sddressed (2), & s sppmo-
prixte to move into a discussion af the experimental |
methods used to deduce information sbout particle size. Ana-
Iytical sieving is one of the most conceptually simple methods
for deducing the particle-size distribution of a powdered solid.
" In sieving analviis, one simply passes the sample through wire
meshes that bave openings of various sizes and then measutes
how much of the sample is reained on each sieve
Sieving is one of the fundamental methods for the dasifi-
cation of powders, and it is the method of choice for deter-
mining the size distribution of coarse powders. Although siev-
ing is most suitable for powders whose average particle size
exceeds 25-50 pm, it can be used for finer grades of powdens
if the method is properly validated and executed. Sieving analy-
sis is difficult to perform for oify or cohesive powders because

they tend to dlog sicve openings.

R

Sieve construction

Sicves are constructed from wire mesh that is sealed into the
base of an apen cylindrical container. The ideal sieve openings
are apertures that arc nearly squarc. Figure 1 shaws examples
of the two most commonly used types of mesh screen. Analyti-
cal sieving waing wire-mesh sicves provides a two-dimensional
estimate of sire hecause the smallest lateral dimension of
each panticle dictates ity ability to pass through s given sicve
opening,

The Ter Standard Scale is a widcly used dassification acheme
for sicve sizes. In this system, the standard is based on a wire
cloth with 200 openings per linear inch, which is known asa
200-mesh sieve. The dameter of the wire used for a 200-mesh
screen is 53 pm, and the size of the opening is 74 pm. The ratio
between the adjacent sizes of the screen sale is the squarce root
aof two, Thus, the areas of the openings of cach sieve arv twice
thase af the.next-finer sieve. In addition, the ratio between the
widths of openings of ahernate sieves in the serics is two. Claser
sizing can be altained using screens that have a fixed opening-
width ratio equal to the fourth roor of twa.

www. gharmitgch.cam
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Asother sysiem was defined by the National Bureau of Stan-
dards using the same ratio us the Trler Stamdard Scale, but it is
based on an opening of 1 pan. This vystem is haown as the US
Sisve Seriss. The differences between Tyler and US sieves are
snall, and the sieves age ofken used inmerchangenbly. However,
ISP Ceneral Test {786) specifies the use of sicves that meet the
US Series definition (3).

A summary of Tyler and US Standard sieve dussifications
and the corretpanding sieve upenings bis been ducurmnented
(4), and Table I compares the systema. For fine dieves, the dif-
Ference between the two syscems ls very small. However. for
coarser sieves the difference hetween the Tyler and US Standard
sieves is more pronounced.

Cenducting sleving analysis

Condumgmlyunlmmgbnhedlmﬁauunufphm
ceutical miaterials has been fully described in USP General Test
(786) (3). The genenal method describes the use of both dry-
nenng(hhhodl):ndm-m(l&indll) procedures. In
either method, sieves are stacked on lop of each other in as-
cending degrees of asarseness, and the pawder ta be tested is

placed on the top sieve. The nest of sieves is completed by a-

well-firting pan at the base and a lid at the top. The literature
provides addilonal sources of information abowt the perfor-
mance of li:n'n‘ Jnllrlli (5-4).

The nat of sicves ia subjecied to s standardized period of
agitativa, which cuises the powder sample o distribute be-

~ Mm&mmmhm“vm

rotation-tapping, or ultrasound. The harizuatal deve motion
loosens thi pawder packing and permits subsieve particles to
pass through. Vertical motipn mizes the partides and brings
more of the subsieve particles to the screen surface. Although
USP General Test (788) allows agitation by hand, it dues not
f[avor the use of this method.

In & propetly Jesigned sieve Lest, the samgple is partitioned in
approximarely equal weights un cach of five or siz sievas und
on the bottom pan. The sieving analysis is complete when the
weight on any of the tes sicves dues oot change by more than
5% of the previous weight on that sieve Performance of a sicv-

88  Powaceriicsl Techasiogy oecsupen 0 -

Hm 'l:mlﬂl urm ‘ m.ﬂﬂm . _ .

Il'lﬂ‘l'lulﬂ'ﬂ weight percentage of pdWrdey setained in each

sicwe site range.

Samnary of USP General Test (786) Methed L USP General Test
(785) Method I gives the procedure to be followed when con-
dusting the sicving analysis of dry powdered anlids. The steps
are as falloss:

o Tare each test gicwe: to the nearesz 0.1 g

» Place an accurately weighed quantity of lest specimen on the
top (coarsest) sieve and replace the lid, .

» Agitaic the nest of sieves for 5 min.

o Carefully remove each sieve fram the nest without losing ma-
terisl

o Reweigh each sieve and determine the weight of material on
each sieve.

-Deummhmghofmn:ﬂmlhmﬂmngpnma
gimlar manner. |

o Reamembie the nest of sieves and agiate it for 5 min.

] Iunmudulﬂladimtupmnuydmibd.

« Sepeat these steps until the end point criteria are met {the
weight o any of the test sieves does not dunge by more than
5% of the previous weight on that sieve].

Whien the analysis is completed, the soalyst recaonciles the
weights of material The toul losses must not exceed 5% of the
weight of the original test specimen. H panticles revained on any
sicve are aggregates (rather than single particles). then the yse
of dry sicving I not likcly 10 be an casily repraducibile method.
Ar that poinl, the analyst could consider the use of Methad (1
ag an altecuate Lechnique.

Summory of USP General Test (788) Method Il. ISP General Test
{786) Method [1 gives the procedure w be followed when con-
ducring the sieving analysis of wet or suspended solids. The
steps arc 8 [ollows:

e A sharmieLl. <cm
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& Maodify the lid and collectinng pan of the sisve nest 1o permit
the addition of 2 liyuid onto the surface of the np sievé and
d:wlhunnofdlehqudﬁunﬁnpn

o Sefect a liquid in which the test specimen is insoluble and
modify the sicving mcthod as follows.

» Thoroughly disperse the dricd test material in the Tiquid by
gende sgitstion and paur this dispersion onto Lhe top sieve.
a huhdnpmmqwlwuhhi\lqwhmluﬂh

rinsings to the rop sieve.

= Feed the sicving liquid through 2 suitable pumping mecha-
nism to the nozzle(s) in the lid and collecy the sieving liquid
from the pan in a suitable contsiner.

» Continuc the wet-sieving process until the emerging Gquid
appeurs to be free of partiches.

# Remave each sieve from the sieve nest and dry ewch sieve o
constant weight at the same temperature as that previously
described.

» Determine the weight of dricd material on each sieve.

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

obtained using Method L
Validation of sieving methods. One of the most important ex-

perimental parameters to be determined in a sieving analysis is

the time required locnmphdyeqmiibme the sample between
ull of the sicves, This time typically is determined by repoating

the analysis with a fresh sample and mnnnum; the mechani-
cal agitation for successively longer periads of time. The proper
sieving time is the smallest amount of time that leads 1o con-
formance with the requirements for end paint deteroization.

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

then a single fixed time of sieving can be uséd for future analy-

ses, providing the partide-size distciution docs not change sig-
nificandy The determination of the proper sicving lime is part
of the robustnens evaluation of the method

The two mast impurtant amalytical performance parumeters

10 be determined during the validation of a sieving procedure

are the precisionand the acniracy associated with the analysis.
To cvaluate precision, one repeats the particle-size determina-
tion of a prperly subdivided sample theex to five times (2) and
compares the percentages associated with each size fraction. The
incuracy ol u steving analysis s usually evaliated using standard
powdcrs consisting of micron-sized glass spheres of known
particle-size distribution. The size openings in a sieve can be
verified according Lo the amount of passage of the reference ma-

torial or with a micrescopic study of the
screens themselves.

N Insieving analysh, it is usually not pas-
N sible 10 determine the analytical perfor-

delection and quantitation, linearity. or
BB rnge.

Bata interpretation and
presentation
3 1n addition te including information
SEEN  and in the pan, the raw data must indude
e % the weight of the test specimen, the total
mgumc.ud the precise sieving methoduology. The mw dala

.wre comverted into 3 camulative weipht dstribution. and il ane

wishes 10 express the distribution in cerms of 2 cumulstive
weeight ondexsize, then the tange of sieves used should indude
a sicve through which all the meterial passes.

In many cases, the particle-size distribution of 2 real sample
turns owt to be adequately represented by = log-normal disicl-
bution. In such cases, the distribution can be specified by the
geometric median particle size (d) and the geometric mean
sundard deviation (7 ). One co: conclude that two samples
with identcal 4 and c‘valuamdmm from the same total
papulation, The value of 4 is equal to the 50% valuc of the cu-
mulative distribution, :nd' the value of o_is obtained by divid-
ing the B4.1%6 valuc of the distribution bf the 50% value,

ﬂﬂmgmﬂummumdy plottesl on 3-cyde log paper
10 compare the partde size with the cumulative percentage of
undersizc particles. If the plol is Jinear throughout the entire
nnp.thmlh:muﬂudummdbulq-mmuldmn-
bution. IF the line is corved or-consists of two o more linear scg-
ments, then the distriution is palvmodal. These concepts are
described Later in this artide,

Table 11 shows the sieving results ubtained from 2 powdered
sample exhibiting a dassic log-gormal distribution. The dats
are typically presented by listing them as a function of both
the sieve mesh number and associted sicve size opening {typi-
cally describied in micrans). Far each sieve in the nested serics,
one details the mdumplerrumed on each sicve, the per-
ceauge of smmple retsined on cach sicve, and wually the cu-
mulative percentage of sample retained on each sieve. The cu-
mulative percentape of sample passing through each sieve can
also be summarized, sithough this quamity is not ordinasily
used in an analysis,

To illustraic the sicving, results, ane can plot either the per-
centage of sample retained {from Table II) on each sieve in 2
histogram plot (see Figure 22} or the cumulative distribution
as a function of sieve size (see Figure 2b). A 3-cycle plot is the
mast Austrative means for representing these data (see Figure
Jc) becuuse any departure from linearity that would indicate
the existencr of a polymndal diszribution is readily appareat.

lor the particle-sire distribution shown in Figure  the value
of the geometric median particle size ( } is 210 jxm, and the geo-
metric mean staondand deviation (urf) is 1.57. As discussed in Part
) of this article series (1}, severai other mean-particle values can

wwn gharmiech cam

mance parameters of specificity, Gmits of '
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" Figure 2 Represamiutions of ta partictsi2a dibuon of a sarmple conaising o & urirsodal syt (2 atogram pict, 0 comisve.

be calculated. For this disiribution, the surface mean-partide size
Is 215 pm, the volume mcan-particl size 3231 pm, and the
volume-suriace incan-panticle size is 267 pin. Deperuding on the
intended use for the information sbour paride sire, one mean
vulue can have mare significance to the analyst than another.

62 Fomucedicd Ecladeyy oecoucon 200
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Sieving analyiis of samples dnmtenud b,

palymedal distributions

When the panicle-size distribution of an :nalyz:d sample is
sdequately characterized by a single {i.c., unimodal) distribu-
tion, then the nethund uf data presentation described in the pre-
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. ceding section works very well However, it is equally impor-

tant to be able to recognize when the sample conlsins more
than one population in its distribution.

To lunrate rhis situation, 2 series of modd disicbutions
consisting of two populations has been simulated and the dis-
ributions have been analyzed according 1o the usual technigue,
Figure 3 shows the representation of a unimodal distribution,
and Figures 4-6 show the tepresentations for ssmples consist-
ing of bimodal distributians in which the modes differ by 100,
200, and 300 ywm, respectively. The figures llustrate the power
of the log plor in which the presence of the two partide-size
populations is far more discernable than in elther the histogram
ar cumulative.distribution plots.

Summary

Sieving is one of the (undamental methods for the dassifica-
tion of powders, and it is the method of choice for ctassifying
coarse powders. The general consensus is that sieving is mont
suitable for granular solids or powders whose average partice
size exceeds 2550 wm. One must remember that the partide-
diameter information obtained using anaiytical sieving repre-
sents the minimum square aperture through which the par-
ticle can pass. Details of particulate shape will influence the
separatiun of parlicies by sieving because particles will pass
through upeniags un the basis of their crom-sectional diame-

84 Phamyceeriicll Irdetby orcewnen e

ter. Nevevtheless, analytical sieving, when it is properly per-
formed, k a valuable method for determining the size distribu-
tion of granular and cosrse powders.
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TABLE 16~18. A scale of the Raages of Yarioss Small Particles,

and Othar i
Waves That Hiuminate Materials Fomnd in These Size Ranges.

- From Gelman Science, 1880, p. 4.
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Andlisis por tamizado -
El “patito feo" del laboratorio
moderno

" fomiz andlitico- con certificado

iy Conelq:q:oydmm- .

do, ¢l andlish por amizado es una tée-

nica analiden que va mis alld de pro-

veer datos gramulomiéaricos ripldos,
exactos y reproducibles.

de muestras no esun

oaca Durante of submues-

e y Iy divisiin de muestras pueden

pnd:.ﬂnmdehidnsllalnn-

rogeneidad del material en su compo-

$idén o en s distribucidn granulomd-

trica no aleamoris que normalment

ocurre como resultado de fas fuerzas

b

D

senzativa ded mismo. En taf caso, ef -

mailo de particuls deberd ser redic-
£3, do empleando mémdos tales coma la
i molenda o i trinracidn, B amafo
g  9¢partculajuegs un papel prindpalen
T2 proceso, por o que o conod-
mientn adecado de b distribucidn
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Muestrep, y con eflo se aance b al-
dad deseadh en e produco. La téent
Q del tamirado resuita renmble con
Partculas aryo Bmafio es mayor de
nl-l-a.llqlnpndearldemi-
funos materisles de menor amalic §f
d mémado puede ser validado. A
miénda que se cumplan ks normas re-
Iu:nnsprnhq:haanyndhpm-
= de un equipo impio y bien mante-
ko en conformidad con [as mismas,
« tamizade brinda una medicién exac-
@ y reproduchle de b distribucion
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PROGRAMA PARA UN
TAMIZADO DE CALIDAD
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Tamicas analitices conformes con
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Ant=sis de rendencia de procedimientos de produccidn
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l ) de los amices &1 reallzar tamizadas perlddicns de
una muestra conocida bajo exacament: ks mis-

condiciones y controlar los resultados com-
con los resultados de cuando los tami-
ces estaban compleramente nuevot. St los resulta-

dos se salen de los mirgenes acepaables, los tami-
ces pueden recalibrarse. Sin embaryo, si los tuni-
ces no cumpien con l norma requerida, I solu-
dﬁnarmphm:lu.

Tnnmdomfnblu

Las tamizadoras se
han visio sujetas 3
grandes camblos en
su disefio para redudr
e ruldo excesivo. Los
modelos de acdons-
miento

tico lbres de mantenl-

meior con la corriente elécrrica de los Estados

Unidos por su frecuenda precia y constante
(60Hz) pudiendo llulmr‘urpllmds de hasa
3mm a pesar de la autoamplficacién de la reso-
nanda. Sin embargo, ta USP recomfenda mante-
ner la amplitud entre 1y 2mm. Una ventaja del d-
sefo sleciromagnético o5 que a fas pardoulas se
les apllea por un periodo de dempo dado una fuer-
Za constante independientemente del nimero de
tamices, que puede afectar la frecuencdia de otras
tamizadoras Esto proporcona
uurepmdudhﬁdadpmdsa.hanluﬁmdm&
tal 5 se comparan resultados de diferentes tami-
Zadoras analidces, ya sea en un 5ok lugar, de plan-
Taaplanta, o de pais a pafs.

I3
b

L)

y balanxas analfticas - -

La  sincronizackin .

veedores para asegu-
esee gervicia.

balanza, s anl deberia tener un rango hasta los
5000z, una exactitud entre 0,01 y0.1g.y una ca-
pacidad para tamices de 200mm u ocho puigadas.

Evaluacién y docsmentacén libre de errores

Después del tamizado y pesada, ka distribucidn gra-
mulomérics puede calcularse y presentarse en for-
ma grifica o de tabla. Esto puede hacerse mamal-
mente, tarea que requiere mucho tiempo y en la

En muchos lsboratorios los equipos. y particular-
meme los tamices analiticos como instrumentos de
precsidn, son tratados en canto ala impleza y ad-
dado como utensiiios de cocina de sepunda canego-
ria. La limpiez2 y mantenimiemo rigurosos de los
tamnices ayuda 2 mantener la calidad de fos resulta-
dos ¥ les da una vida mds larga.

mmammmmaamm;m
wa de control de maso weal,

Sumergs brevernente ks tamices nuevos en un ba-
fio con solverne suave pars eliminar residuos de
aceite. Dyranie I3 implera de rutina, tener auldado
de no dalar ol matertal del tamiz nd aquelios ami-
ces con aberturas de malla menores de 500 Lim-
plarios en un bafto ultrasénko con agua y un de-
tergente suve por 3 a 5 minutos. Las tamioss con
bertra de malla mayor de 500y pueden implar-
se primero con un cepliio Suave y oon un ba-
hduuﬂrb.quésdehlnphnhm

1) Frank Bath e jefe de Producto pora ko Rexsch, Inc. EE
L. Ha oboenido su Licenconso en Gencios Médiaos del
Laborowrio del Neath Technico! Coliege de Gales, Reino
Unide. Desde su trasiodo a los EE UU en 1977 ho trabo-
Jjoda activamente o aampo de andiisis de iomafa de par
teulos. Corren electrdnion: [ronk bath@retschvus.com,
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POWDER PROPERTIES LABORATORY A

Gr und Rules

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

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

FEE

Part I: SIEVE ANALYSIS A
INTRODUCTION

Dry sieving allows the fraclionation of relatively coarse powders
and granules. Sieves are stacked ("nested") with the largest ‘.

apertures at the top and the smaliest at the bottom (Figure 1). A \. _/
sample of powder is placed on'the top sieve and shaken for a
fixed period of time at a given amplitude and pulse frequency.
The weight of powder on each sieve can then be calculated and

the particle size distribution obtained. \\.. .. ° : - /

Particles must have a two dimensional profile smaller than the
sieve aperture in order to pass through a particular sieve. A
mean sieved diameter is calculatad. " Since the weight of
particles on each sieve is determined the mean sieved diameter AL I L X
represents a mass distribution. (e
The size of the apertures in each sieve are denoted by a mesh
number. The mesh number is the number of wire strands (of

constant diameter) per inch used to weave the square mesh
pattem. The side length of the aperture in microns is inversely A
related to the mesh number.

Figure 1



EXPERIMENTAL METHOD '

You will determine the particle size distribution of a sample of coarse powder using a nest
of sieves shaken in a Sonic 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 collection pan. Also record the siave size.

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

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

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

Rewasigh each sieve and the collection pan. Calculate the weight and percentage of
powder on each sieve and in the coflection 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
deviation (If the TA suggest it you may want to calculate the geometric mean and
standard deviation) for the coarse and fine powder particles.

RESULTS TABLES

Mesh Aperture Sieve Weight (g) .

Number Size (umz Empty (Initially) With Sieved Powder

Pan —

.
it

s
i nf)-
-

&,



l‘; Aperiure Amount of Powder in Range TA's Data ¢L
Size (um) { Mass retained (g) % Finer than d % Finer

. !

l= - Total = Total = Total =

|' QUESTION ON SIEVING

o 1.
1®

. If a large percentage of powder were depesited on the top sieve or

Determine the niean sieved diameter and standard deviation (normal or log normal,
see TA for, directions) of your powder sample and with the data supplied by the TA,

using the probability paper given on the last page.

Wouid you expect to get the same mean sieved diameter if you performed tim

. experiment described above, but made the following changes? Justify your answer.

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

Dry sieving is a useful technique for particies down (o around ~25 pm. Why is it
usually impossible to get a reliable particles size estimate with smaller particles by
this method?
Describe as many limitations as you can think of for parlicle size determination by
sieving. What types of particies could not be sized by sieving.
\m bottom pan,
is the particle size you determined reprasentative of the powder sample? Justify your
answer. )



Part {l: POWDER FLOW PROPERTIES

During many pharmaceutical production processes it is necessary to transfer large
quantities of powder from one location to another in a controlled manner. For example:

Figure 2

1 Powder blending

2 Powdaer filling into containers (e.g. dusting powders)
3 Powder flow into capsules

4 Powder filling Into the dies of a tablet press

One method of assessing flow properties is the Angle of
Repose. Powder is allowed to flow freely through a funnel
onta the center of an upturned petri dish of known radius
- (Figure 2). When the powder raaches the side of the petri
dish the height of the cylindrical cone is determined. From
the petri dish radius (r, cm) and cone height (h, cm) the
angle of repase (between the petrl dish and base of the
powder cone) can be calculated. Flow rate can also be A
determined by measuring how fast a powder flows through
an aperturs. Free flowing powders exhibit a high flow rate
and a smaller angle of reposa. Angle of repose and flow
rate depend on partide size, shape and surface
roughness. Flow properties are frequently enhanced by
the use of glidents. 6 j,

EXPERIMENTAL METHOD

1. Measure the extemal diameter of the petri dish supplied to you. Position the bottom of
a funnel or paper cone about § to 15 cm above the center of the uptumed petri dish
using a ring stand.

2. Make sure thers is a piece of paper under the petri dish so you can pick up the powder
and reuse the powder for all your replicates.

3. Slawly pour the coarse powder sample into the funnel, tapping the funnel as neoessary
to ensure that powder fiows through the hole. Continue this process until the bottom of
the powder pile just begins to fall over the edge of the petri dish. Measure the height of
the pile using a ruler. If the powder is lumpy, sieve it prior to beginning the experiment.

4. Repeat Step 2 uniil you consistently obtain the same answer. Calculate the mean
height of the coarse powder pile and the mean angle of repasa (8). Remember: Tan 6
= pposite / Adjacent, therefore Tan8=h/r. -

5. Repeat Staps 2 and 3 using both fine powder and fine powder with glident.
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.3 RESULTS TABLES
'] Sample Run # Heighl of Conical Powder Pile Scm! ‘
Coarse Powder 1 )
| :
3
.' Mean
r Fine Powder ' ) 1
2
I 3
i Mean
. _ Fine Powder with Giident
i
' Mean
]
Pefri Dish Radius = cm
!f Mean Angle of Repose ()
Sample {From Your Expariment) Camr Index*
' ] Coarse Powder '
.‘ Fine Powder
Fine Powder and Glident
.;' * see below for definition
' ' ' QUESTIONS ON FLOW AND ANGLE OF REPOSE

1. Plot angle of repose (X-axis) against Carr Index (Y-axis), see befow. Is there any
correlation between these two measures of powder flow? How about particle size

2. Name a typical glident used in tableting. What properties would you expect this material
to have? ' - .

-

AN



3. Whyis granulahon (the process of producing larger aggregated parlldes from smaller
individual particles) important in tableting?

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

Part lil: REAL, TAPPED and BULK DENSITY

The true density (p.)ofa powder sample is the weight per unit volume of the matenalwnh
" no alr spaces between particles. Therefare, if a material has a true dengjtyof 1 g cm™, 160
g of material will occupy 100 mL assuming individual particles fit together exacﬂy In
practice most powders do not fit together very well. Therefore, if one fills a graduatad
cylinder to 100 mL with a powder, the weight of powder required may ony be 70 g. This
apparent density is known as the bulk or expanded density (ps, 0.7 g cm™). If tha100 mL
cylinder is then tapped, the particles slide past each other and become consolidated. The
70 g of particies which once occupied 100 mL may nowonly occupy 80 mL. They have an
apparent packed or tappad density (pp) of 0.875 g cm™.

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

Pe=Po

Carr's Index =
Pp

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

. Pp o .
Porosity= 1- — (Packed) and 1- — (Expanded)
Pt M

- &Lﬂ-&&



EXPERIMENTAL METHOD

1. The true density of powderis 1.6 g cm™.
Detarmine the weight of a 100 mL graduated cylinder (suppfied by the TA's). Without

2.
tapping, use a powder funnel to fill the cylinder to 100 mL with coarse powder. Record

the weight of the cylinder and powder.
Give your filled cylinder te a TA for tapping using an automated tap density apparatus.

Record the volume occupied by the sample after 100 taps.
4. Repeat Steps 1 and 2 using the fine powder sample.

3.

RESULTS TABLE
Weigﬁt of 100 mL Graduated Cylinder (g} | Volume occupied by
Sample . powder after 100
Empty Filled to 100 mL taps (ml)
Coarsae Powder * :
Mean ]
Fine Powder
Mean
) Packed Porosity
Sample Bulk Density Densi Carr's
gem?) | (gem?) | Index Bulk_ | Packed
Coarse Powder < )
Fine Powder




Questi ns n REAL, TAPPED and BULK DENSITY
1. Agranulation has been prepared with a bulk density of 0.73 g cm™. Ifthe granulation is
tableted with 10 mm diameter, flat faced tooling (circular), and the lower punch drops to

a depth of 8 mm in the die cavily, what will be the theoretical weight of the resulting
tablet? . . .

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

" Probabillty Paper

|
|
I
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Pharmaceutics- 2002

Selected Practice Problems
on Powder Properties

. Given a cube whose edge is 2 um, what is the surface shape factor calculated from
its projected area diameter?

A drug has a 5 mg dose and constitutes less than 1% of a formulation. The
formulation pharmacist decided that each tablet should contain 1600 drug
particles to belp ensure acceptable content uniformity. To what particle size
(ideally) should the drug be milled to achicve the above goal if its true density =
1.5 g o’ and assuming spherical shape?

. What is the volume equivalent spherical diameter in um of a rectangular prism
(length = 3 um, width = 2 um, thickness =1 um)?

. The total surface area in a powder is a function of particle size and is a measure of
its “covering power”, an important attribute of both therapeutic dusting powders
as well as such excipients as glidants and lubricants. Given that the méan
volume-surface diameter (d,,) of 2 powder is 2 um. What is the total surface area
inh;[’ina 100 mg ssmple? (assume spherical shape and a true density of 1.5 g
cm”)

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

. Given 2 Normal distribution of particles with 2 mean of 10 jtm and a standard
deviation of 5, estimate the percem of particles between 10 jtm and 15 ym?

You may wish 1o consult the table below.
! Standard Deviations Comespond to this % Aree Around the Mean Under the
around the mean Nomal Curve

3.00 : 96.70
2.68 9025
260 ]

_23 88
1.08 85
1.65 [ ]
1.30 82
1.00 &8

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

(N

-

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

1. S of particle = 6 faces x 4pm’/face = 24 ynr’
Proj. Area of Particle = area of one face = 4’
Projected Area of a spbere = xd?/4
] naeﬁn.:d’n-mmad'-d, (by definition) = 16/
S=adg’ =2y’ = a.(mh:)
and, @, = 3%/2

LY

__ N __ 1600 _ ,_'- L
2N, 3" 00058 32x10 pﬁdalgnqul.nd

n
6 33173 -2 ]
d, =|——] =(0.398s10 =1.58x10""cm =158x10" cm = 1581im

(N.xpj ( ) .

d
el
ol
" |
q
q

3. V-3x2::l-6|.nn’

d=d, =225

6 _ 6

S, = = - —=2x10"cm’ g™
d.p (2x107 cm)X1.5gem”)

S=8_-g=(2x10"cm*g™ X0.1g) = 02x10* om* = 0.2M*

1+3+5

5. d,= =3um

d, =(1:3x5)" =2.47m
6. Find how many SD’s up from the mean 15@m is:

NoSD's = =1

15-10
5

(P Moo honil) iR aa?a R T Bow Theml
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Then consutt table to see that 11 SD includes 68% area around the mesn. Thus, one
SD up from mean is 34% of the area. Therefore, 34% fall in the interval from the
mean (10 jm) to the mean + one SD (15 pm).

7. Recall that in a log-Normal distribution, the geometric standard deviation is
estimated from the ratio of da4 and dsp because is it a distribution of the logarithms
of the diameters. Thus:

-d_"—z-d_“
'ody Smp
dy, =10mu
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Particle Characterization

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

Sieve Analysis

Definition: One of the most fundamental methods for determining particle size is a sieve analysis

This method involves passing the matenal being sized through openings of a particular standard

size in a screen The particle-size distribution is then reported as the weight percentage retained on
: cach of a series of standard sieves of decreasing size and the percentage passed of the finest size

< Ro-Tep

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

+ Particle Size An alysis
Definition: The lineal dimension of a patticle as determined by various analytical methods

Equipment: Leeds & Northrup Mierotrac - laser based method for determining particle size.
Sample is put into solution in an aqueous fiuid Laser intensity through the turbidity is used to
determine material and particle size The range of particle size 18 from 700 to 1 uFm
Microtrac instiument

Micromeretics Sedigraph S000ET - x-ray based method for determining particle size Sample is

' mixed with a viscosity specific fluid which allows the particies to go into solution while being N
stitred with a magnetic stirrer X-ray intensity is used to determine the seutling rate and to calculate
the particle size distribution Normally used for characterization of spherical particles between 100

and 0.3 uFm in size, ,\
Sedigiaph instrument - ‘s

hitp #/www imp mtu edu/matchar/part_mor himl 19/03/2003



institute of’ Materials ’rocessing - Particle Characterization
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Surface Area Analysis
Definition: Measurement of the exposed external area of a particle.

Equipment: Mieromeretics FlowsorblIl 2300 - the measurement of surface area of a mnteml is
made by detecting the amount of nitrogen given off after absorption, considering one atomic layer
of nitrogen adsorbed, Normally used for characterization of non-spherical and porous particles.

Morphology -
Definition: Particle l.h:pe.

Equilpment: SEM and image analysis can be used to define particle shape. Particle shape can be
documented with a microphotograph. Particle shape can be quantified by using image analysis in
conjunction with SEM. The image analysis unit has the capability to generate an atray of chords
across the particle to arithmetically define the shape of the particle. :

To Scanning Electren Mi Specs

Back to the Material Characterization Page

Copyright © MM
Instirsts of Msterials Procassing (IMF}
- Michigan Technologicat Universily
Michigan Technologieal Univeruity b an eque! opportusity
aducstional inslintion/eqos] opportuntiy smplayer.
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~ " STANDARD SIEVES - 8" DIAMETER
T Nominai Sieve Opening
STD 1SO STD US STD TYLER
5.6mm No.3-1/2 3-1/2 mesh
4.75mm No.4 4 mesh
- 4.00mm No.53 5 mesh
3.35mm No.6 6 mesh
2.80mm No.7 7 mesh
2.36mm No.8 8 mesh
2.00mm _No.10 9 mesh
1.70mm No.12 1 10 mesh
1.40mm No.14 11 mesh
1.18mm No.16 14 mesh
1.00mm No.18 16 mesh
] 850pm No.20 20 mesh
T T 710pm No.25 24 mesh
f 600pm No.30 " 28 mesh i
500um No.35 32 mesh
425ym No40o | ~~__35mesh
355ym No.45 42 mesh ]
—300um _ NoSo 48 mesh
250pm T No.60 60 mesh
212um No.70 65 mesh _
180pm No.80 80 mesh
STD ISO STD US STD TYLER
150pm No.100 100 mesh
| 125pm No.120 115 mesh
106ym " No.140 150 mesh
90ym No.170 170 mesh -
75ym No.200 200 mesh
63um No.230 [ 250 mesh
L 53um No.270 270 mesh
F 45pm No.325 325 mesh
3%pum No.400 400 mesh
32uym No.450 o 450 mesh_
T T %wm [ No.500 500 mesh
20pm . Wo.g35 T 6B mesh
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CAPITULO 2

CONTENIDO :

1. Visién critica de los métodos propuestos para determinar
tamafio de particula

2. Determinacion de la distribucién del tamafio de particula
por tamizacién analitica, microscopla éptica (USP 28).

3. 1SO 13320 Andlisis del tamafio de particula por difraccion Laser

4. Caracterizacién de sélidos farmacéuticos utlllando varias
técnicas de medida del tamafio.

6. Beneficios de la difraccldn Lasser en el andlisis de tamafio

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

8. Avances en la caracterizacién de microparticulas para
inhalacion.
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Critical Overview of the Proposed Particle Size Analysis Tests @

Harry G. Brittain, Ph.D. and Gregory Amidon, Ph.D.

Center for Pharmaceutical Physics and Pharmaaa Corporation

The determination of particle size distn'bution is an essential aspect of

the characterization of drug substances and pharmaceutical exciplents.

The field is somewhat confusing in that a large number of methods exist

for such determinations, and each has its own particular requirements for

reduction and display of the results. In this article, the current state .
assocnatedmthﬂaelmmostumportanlmo&ndsofpartdesze .

. determination (analyhcal sieving and Iasor I|ght scattering) will be .

discussed.

Particle size determinations are undertaken to obtain information about
the size characteristics of an ensemble of particles. A non-critical, and

entirely unsatisfactory, view of this process can be represented as:
Powdered Sample - Some Type of Machine - Particle Size Information

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

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

" Most workers would be happiest if the United States Pharmacopeia

(USP) contained detalled methods for all methods of particle sizing.
Unfortunately this ideal situation has not yet arrived, but the Expert
Committees of USP are actively working to reach nirvana. In this article,
the current state of the compendial methodology will be summarized.



Brief History of USP Particle Sizing Chapters

in the 10th edition of the United States Pharmacopeia, a general chapter
entitled, “Powders - Fineness" was published [1]. This chapter provided a
series of standards for categorizing the fineness of powdered solids, and
introduced the definitions of Coarse (100% passes through a 20-mesh
sieve, and not more than 40% passes through a 60-mesh sieve),
Moderately Coarse (100% passas through a 40-mesh sieve, and not
more than 40% passes through a 80-mesh sieve), Fine (100% passes

through a 60-mesh sieve, ‘and not more than 40% passes through a 100-

mesh sieve), and Very Fine (100% passes through a 80-mesh sieve). In
additian, the chapter also contained a brief description as how to conduct
powder fineness testing using standard testing sieves.

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

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

Although the Powder Fineness chapter continued to be published as
General Test <811>, a significant contribution to the compendial
methodology was published in USP 24 in the form of General Test
<786>, "Particle Sze Estimation by Analytical Sieving" [4)- This
monograph represents the first inclusion in the pharmacopoeia of
methodology designed for the measurement of actual particle size
distributions. The chapter contained a strong discussion of sieves and
sieving principles, including sample size, agitation methods, and
endpoint determination. Two methods of analysis were outlined and
identified as Method | (dry sieving) and Method Il {wet sieving). With the
publication of USP 24, the Powder Fineness chapter began referring to
General Test <785> and classified powder fineness based on commonly
accepted definitions of d10, d50 and d90 as determined by sieving.
Unfortunately. neither chapter included as much discussion reqarding

2
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data interpretation or its presentation as would have been useful.

Particle Size Distribution by Analytical Sieving

In its curent incamation in USP 26, General Test <786> "Particle Size
Estimation by Analytical Sieving” [5] does not differ greatly from the

'version set forth in USP 24. The general chapter still contains a good

discussion of sieves and sieving principles, including sample size,
agitation methods, and endpount determination. The use of dry s&e_vmg
(Method 1) and wet sievirig (Method 11) is still included, butthe -, .
monograph now includes a discussion of air jet and sonic sifter sieving.
Unfortunately, there is still not enough dlSGl.lSSIOﬂ on data Interpretation
or its presentation.

Sieving remains one of the most popular methods fnr the dass:ﬁeatlod of
powders and is probably!hememodofmomaformapowders
Although sieving is most suitable for powders whose average particle
size exceeds 25-50 mm, it can be used for smaller sized powders if the
method can be validated. Sieving analysis is difficult to perfonn for oily or
cohesive powders, since they will tend to clog the sieve opemngs

" Sieves are constructed from wire mesh that is sealed into the base of an

open cylindrical container, and ideally the sieve openings are nearly
square apertures. As a rasuit, the method providas essentially a two-
dimensional estimate of size because passage of particles through a
sieve is dictated by the smallest lateral dimension of each particle (i.e.,
sieve diameter). Sieving results are typically plotted on 3-cycle log paper
to compare the partlcle size with the cumulative percentage of undersize
parlicles. If the plot is linear over the entire range, then the material is
characterized by a log normal distribution. If the line is curved, or
consists of two or mare linear segments, the distribution is polymodal.

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

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

the need for additional guidance on analysis of particle size data, a draft
document has been prepared for USP by the Expert Committee that
provides additional information on common methods of measurement of
particle size, types of weighting (e.g., number, length, surface area,
volume), graphical presentation, and common déscriptive terms (8.g.,
median diameter, width, use of percentiles). Such an informational
chapter, when published in USP. will provide additional quidance
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regarding interpretation of both sieving and leser light scattering data.

Figure 1

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

distribution {lower plot).
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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 determination of particle size distribution by means of
laser light scattering had been published in the pharmacopoeia.
However, a proposed chapter has been published in Pharmacopoeial
Forum [6], which forms the basis for what will eventually bacome the
official compendial method. General Test <429> contains a good
discussion of general principles, 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 replicates, system suitability, accuracy, and repeatability. At
present, the discussion of result reporting is brief and hopefully will be
expanded in the final version.

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

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



The size distribution is ultimately derived from the modifications required
by the least-squares minimalization.

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

Anotherpopularappmadwusesmeumodalmdel-mdepandem

method. Here, massumesﬂﬂhemdushbuﬂonmﬂsdaﬁnﬂe

number of fixed size classes, and the detector response expected for
this diskribution is then simulated. One then optimizes the weight
fractions in each size class by minimizing the sum of squared deviations
from the measured detector response. When the minimalization criterion
is attained, the deduced distribution is ultimately displayed as the
“particie size distribution.”

When particle size measurements are made using the same laser light
scattering system, following the same method of sampie preparation,
and obtained using the same system parameters, it is possible to obtain
good information regarding the particle size differences between different
lots of material. For instance, the particle size distributions of two
differert grades of microcrystalline celkdose are shown in Figure 3.

Mﬁ.ﬂ.ﬂ_m..ﬂ_ﬂ £ 8 O O Aol uid old
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Current pharmacopoeial activities in the area of light diffraction include
recent publication of a Proposal Stage 3 draft harmonized chapter 2.9.31
Laser Diffraction Measurement of Particle Size [7].

What is the Pearticle Size Method of Choice to Use on a Routine Basis?

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

1. Was the sample obtained using appropriate sampling procedures?
2. Washasamplepropeﬂypreparadandmh'oducad into the

instrument?
3. Were all instrumental paramdomcorracﬂyusedfortheanalysus?

If all of the-answers to the précading questmnsaramﬂneaﬂ‘mmhve
then one may believe that the parhde size distribution is "correct” The
*correct” (but differing) particle size results obtained using different

- instruments are all equally-"correct,” but each may simply be expressing

its “correct” results in different terms.

The decision as {0 which particle size methodology is most appropriate
for a given situation becomes largely a matter of accuracy vs. precision.
If absolute accuracy is most important, then rigorous research must be
conducted to verifv that the method finallv adopted does indeed vield

7
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particle size resuits that are absolutely indicative of the characteristics of
the bulk iot from which the sample was drawn. Iif, however, one is more
interested in developing profiles of lot-to-lot variability, then use of any of
the available methods that yields “comect” results is appropriate.
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X-Ray Diffraction for Solid State
Pharmaceutical Products.

Introduction

X-ray diffraction is a-unique analytical tool for solld state pharmaceutical
products. Many parameters required by the FDA, legal patent issues and
drug performance are only accessible by utliizing x-ray diffraction. With the
introduction of new systems specifically designed for the pharmaceutical
industry, xnydﬁmﬂmlummmmmmyhme
Any pharmaceutical company striving to compete in the aggressive world
of drug development with 2l the associated legal lssues and FDA
requirements, would be lost without x-ray diffraction to characterize
unambiguously the solid state nature of pharmaceuticals.

L)

®

Strategic Pharmaceutical Analysis
Characterization of Solid State Parameters

X-ray diffraction Is & direct result of the crystal structures which are present
in the pharmaceutical under study. As such, the parameters typically
associated with crystal structure can be simply accessed. For example,
once an active drug has bean solated, an indexed x-ray powder diffraction
pattem is required to secure a patent and protact the company’s
investment. An analysis of the active drug under most environmental
affect performance and toxicity.

S (- S

s

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

L

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

] ‘



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

In the past, the biggest baniers to the wide use of x-ray diffraction have
bamma@maaﬂwﬂdm

The XRD-6000 system addresses both.concems. The system ls fully
1Q0QPQ cartified according.to FDA procedures making & ready for
. Immediaie operdtion. Many of the apecial requirements for pharmaceutical
-analysis have baan pre-automatad with dedicated meassurement and
analytical methods for easy operation without speciafized training. Many
sitachments have been developed to faciitate the anelysis of
pharmaceutical products, such as a non-ambiant environment for high and
specialized non-standard methods are required, these can be developed
in conjunction with our in-house team of speciatists.

The pre-certificalion and ease of use have reduced the overall operating
cost of the XRD-8000, but rea! savings are also avaliable In the Initiel
purchase price. The speclaired praduction of the XRD-8000 provides a
price/performance ritio significantly better than any cther comparable x-
ray diffraction system.

ANALYTICAL METHODS

Formulation Analysis, Polymorph Identification and
Percentage Crystallinity

Phase analysis and polymorph Identification are the study of different
polycrystal structures within a pharmaceutical product. One phase or
polymorph Is distinguished from another by its-unique powder diffraction
pattern which arises from Its uniqua crystal structure. Phase analysis can
be restricted to identification only or can be extendad to 8 fufl quantitative
analysis. The analysis is applicable to polymorphs or to multi-component
formutations. Phase analysis Is usually considered to be a "1% technique®
excapt in special cases where this can be extended to 0.1% sensitivity. A

2

Ol Pl ol

Pafiafl 8 o 2 e A el D - e e e



special case of this analysis is percentage crystallinity where the volume
percentage of an amorphous filler to a crystailine active mabrix ks
measured within the dosage form.

Some typicat results of phase analysia are shown in Figure | (of the full
Note) at the end of this summary. The first aet of data shows a measured

" sample of Mannitol which Is clearty made up of & 85/45 mix of the Alpha

and Delta polymorphs of Mannitel. The seme Mannitol sample is analyzed
for percant crystaffinity. After removing the amorphous component by
profiie fifing, the crystafine contant of the sampla was calculsted at
approximately 25% (Refer to Figure 2 in the full Note). '

Crystal Structure Determination

Although k Is possible to determine the crystal structure from a general
powder diffraction pattern, In most cases it Is sufficlant simply to identify
the unit cell symmetry and ceil parameters. With this information it is
possible o index the complete measured pattem. If additional peaks are
observed which cannot be indaxed then additional phases must be
prasant in the sampia or the unit cell chosan was not the comect one.
Once all peaks are indexed from a pure aclive drug its crysial structure s
understood and Rt can be uniquely fingarprinted.

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

3%

Non-Ambient Analysis

All the above methods can be performed under non-ambient conditions.
High and low temperature and/or humidity and different gas enviconments.
Thia mummmmwmmw
changes under a wide rangs of conditions possibly encountared by the
drug. As with the phases analysis Rseif,this can he performed on alther the
final dosage form or the raw materials or any stage betwean the two. In
Figurea.amn-ambiontstudyofAspﬁnism_n.performedmra
temperature range of 40° to 180°C in 20°C steps.

3 .



Morph | gy

Mmmmmmwxmmm
that are directly related to drug parformance in both its raw form and final

dosage form.

Somae af the more typicelly measured properiies are-crystal shape, alze
and orentatién. All of thess affect the activation rates and uptake speeds
for the measured drug. The analysls (given In the ful version of this report)
using the full pattern Hall mathod on the aipha polymorph of mannitol
indicetes that the average crystal size Is about 140 Angstroms. Due to the
x-ray transparency of mannitol this value needs calibration to ensure
sbsolute accuracy, but from sample to sample the method Is very senaltive
o any change in average crystal sire. The characteristic spread In the
data points indicates a distinct characteristic morphological shape for the
alpha mannital cryetals, As the crysiafiite shape changes, the Hall piot
spread will reflect this. '

Reference
1. Kratos Analytical Applications Note "X-Ray Diffraction for Solid State
Pharaceutical Products”, NY Office, August 1068

List of Figures
Figure 1: Phase analysis - 85/45 mix of aipha and delts palymorphs of

Figure 2= Percent crystaiiinity caiculated by total pattem fitting

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

Figure 4: Full pattern hall method showing variation of crystal size
Table 1: Unit ceall indexing and fingerprint of the aipha polymorph of
mannitol :

(31 linex: cl. . Appl. Cryst. 12 (1679) p60.)
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(786) PARTICLE SIZE
DISTRIBUTION ESTIMATION BY
ANALYTICAL SIEVING

Sieving is one of the oldest methods of classifying powders by par-
ticle size distribution. Sieving is most suitable where the majority of
the panticles are larger than about 75 pm. although it can be used for
some pawders having smaller partick sizes where the method can be
validsted, In pharmacentical terms, sieving is usually the method of
choice for classification of the coarser grades of single powders. kis a
particularly attractive method in thas are classified only on
mehlnofpmdemudmmmﬁembwmhmd
out i the dry state. -

Mhmmofﬁemwmumd for sn
mmbl:mmofnmle(mﬂynlunﬁg)lﬂdaﬁﬂhy

. in sieving oily or other cobesive powders that tend Yo clog the sieve

opmny.mmﬂ\odluu;:l ly a two-dimensinnal estinnate of
smbuluem seve uiqnnﬂym
deﬁﬂm mdlh:hesmnon
is method i intended for estimation of the total size dis-
tn'bmmofl le material, Ilummddhrmnf
the particies of retained on one or two sieves.
the particle size distri 3 described under Method 1,
m%m,mmdm experienced in nu:hfn:
=
hmm.mﬂbsm:uﬁlyrum&umu)w
when itis 10 use the finer end of the sieving range (below
15 pm), Mathod Ii, which is a wet sieving may be used:
hnmumllnlmermmmmudm be given ©
the use of an altemative particle-sizing
. Principles of Analytical Sleving—Analytical ten sieves are con-
mlmm:tﬂsdmkmtﬂmn
mnmedmgwemrly and is sealed o the base of

(.E basic analytical method imvolves
sucm smuunupofunemmmdiqdegnsof
coarseness, and then placmg the test powder on the top sieve.

The nest of sieves is 0 8 standardized period of agitation,
snd then the weight of material retsined on each sieve is -z
dmmmihumhwghmpofp-dum
lmm

ulngle hnnm:emulpuwder i
least of the paticles are lacger thon 75 pm. The size parameter
involved in determining panticle size distribution by smalyrical siev-
utebuﬁqﬁhe.mfeafmemhmm Jquare apertare through
ich the particle will pass.

TEST SIEVES

Test sicves suitable for pharmacopeial testy conform to the most
current, edition of American Society for Testing and Materials
(ASTM) Specificmion E 11 U.S. SundudSmgms(neTlhh
1). Unlesa otherwise specified in the uslln:ASTM
smlmedm'l‘nblellsmnmulu sieves.

. Table 1. Sizes of Standard Sieve Series In Range of Interest.

Sigve Sieve ASTM  Recommended
Size U.S. No. E Il USP Sieves

400 mm - 5 X X

335 mm 6 X )

2.80 mm 7 X . X

236 mm 8 X

200mm 10 X X

1.70 mm 12 X

1.40 mm 14 X X

1.18 mm - 16 X . )

100 mm - 13 X X

850 pm 20 X - .

710 ym 25 X X

600pm - " 30 X

500 pm 35 X X

425 ym 40 X

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

Sieve Sieve ASTM  Recommended
Six US. No. EINI USP Sicves?
355 pm 45 - X X
300 pm 50 X )
250 pm 60 X X
212 pm 70 X
180 pm 80 X X
150 um 100 X :
- 125 ym 120 X X
106 pm " 140 X
- 90 um 170 X X
75um 200 X
63 pm . 230 X X
53 pm 270 X )
45 ym 325 X X

“ ASTM E 11 US Smaderd Sieve Sarics. For flarther information. referesce mey be
made 1o ASTM STP 447:  ~A Mawtal on Test Sinving Methods,™ svellsble fam the
Americzn Seciery for Testing snd Materiak, 100 Barr Harbor Drive, Wex Comlarken.:
PA 19428-2990.

1 Nov  The equivalent [SO Standard sieves mey be substisted.

Sieves are selecied to cover the entire nge of particle sizes present
in the test specimen and include all the recommended USP test sieves
in this ranges t.e., none should be omitted. This nest of sieves is com-
pleted by a well-fiming collecting pan at its base and lid st its top. Use
micrometers or millimerers in denoting test sieve openings.

Mesh numbers are provided in the table for conversion purposes
only ] Test sieves are made from stainless steel or, less preferably,
from brass or other suitable nonreactive wire,

Clh'buhmmdmlﬂ:mnofunemummeh
“ﬁlil.(‘y'e.1:||||||||.:ldIl"l;l'm0f dmmM lndEﬁll::msru. M'Igyh::r

gross ons =

screen frame joints, befare use. Slevsmlvhemhm
estimate the sverage ing :ue.lndopmmg vlmbllny.
sieve mesh. Al , for the evaluation of the effecriv ml?emu
of test smumﬂununngeole"wlso pm, S Gilass
5 are gvailable from the National Institute of Standards and
u:hnoloprlsswdnd Reference Material [018. Unless otherwise

mummlmﬂlph.puﬁmm“mmn
mdeomlledm room lemperature & relative hmd:tybelwmm

Chnhq?ﬂ.ﬁm—lduﬂy.ﬁmﬂuddhdﬂndmg
only an air jet or & liquid stream. I some apertures remain blocked by
test particles, careful gentle brushing may be used as'a lan resort.

TmSpednen—Ethemwmwghnnmmmdn

monograph for a lar material, use s test gpecimen

weight between lm;mmmmmdm

mml.ndu:lmmhlf:rmgm m:hm;t,uu u:'

mﬂm t iven maierial’ .
::I&n:u:ufd:ﬂ'umtwelghu.lud: , 50.

llldll)ﬂ.= the same time ﬁi:;sl-’ﬂ.l:;h;ol;‘mﬂlm'ﬂ'
OTE—I{ the test results are simi specimens,
e 1 specimen shows a lower percentage through the finest

sieve, the 1 mmumlﬂp]ﬁmuﬂylm
gemnzs millblemllhrdn:urnltsme;mm;‘m

same specifications may be substituted, endpoint
mmust be redetermined.

If the test material is prone to picking up or lolmg ngmﬂcuu
amounts of water with varying humidity, the test mnst be caried
out in an controlied environment. Similarly, if the test
material is known to develap an electrosttic charge, careful observa-
tion mmust be made to ensure that such charging is not mfluencing the
analysis. If both of the ahove effects cannot be eliminated, en aiter-
native particle-sizing technique must be selected,

Agitation Methods—Use o mechanicsl device that imparts either
a rotating-tap (200 o 300 borizontal revolutions and 140 to 300 taps
permm)whbntmy(l to 2 mm amplirude) motion to the sicves as
the reference method of lgnanng ust sieves, unless otherwise stated
ia the individeal monograph M thods wiilizing entrainmem of the
panmlsmnmmum may llsobeund. The results must indicate
that an oir entrainmen;: sieving method was used.

Alterrartively, but less desirable because of difficulties in reprodu-
cibility and validetion, agitation by hand may be used, but the meth-
odologymusbemhasm impart a rotary motion to the material on
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the sieves by tilting the sieve nest. In addition the sieves are tapped on
s hayd surface ot spproximate 10- i 15-second intervals. The results
must indicate that 8 hand sieving method was used. - .

Endpaint Determination—The test sieving snalysis is complete
when the weight on any of the test sieves does not change by more
than 5% (10% in the cuse of 3-inch sicves) of the previous weight on
that sieve. If less than 5% of the total specimen weight is

weight is found on may one
&tﬁth:diﬁmwﬁ:*ﬂw
nest of the next coarsest sicve to that canrying the excessive weight,
ic., sddjtion of the ASTM sexies sieve oeitted from the USP sericy in
X if more thag 50% of the total specimen wef

m sieve, the ASTM 212-um sieve shauld
the [80-um and 250-jum Sieves in the wieve nest

SIEVING 'MET_EQDS

- Method 1 (Dry Sheving Method)—Tare each test sieve to the
e=x0lg m.‘.?;".’.,mmn, weighed quantity of ies specimen on

¢ in a similar manner. Reassemble the nest of sieves, and agitese for 5
weigh each sieve as previously described. Re-
these sceps uniil the endpoint criteria sre met (see Exdpoint De-
'&mmnuﬁm).limmpleﬁmofmemm
): ancilc the weighn of maseral Toal lomes must no exceed
+ o weight original test specimen. i
Repeat the is with a fresh specimen. but using a single siev-
ing time equal to that of the combined times used above. C: that
thus sieving time conforms 1 the requirements for endpoint determi-
mmmkmdpointhashH\ﬂleoraﬁ‘ﬁ:muhL
then o single fixed tine of sieving may be used for analyses,
providing the particle size distibution does not change significantly.
If there is evidence that the particles reained on any sieve are ag-
gregates rather than single parncles. the use of dry sieving is unlikeiy
to give reproducibility, and Meshod If should be considersd as
one technique. .
Method II (Wet Sleving Method)—Modify the lid and éollecti
pan of the sieve nest to permit sddition of a liquid onw the surtace
the top sieve and callection of the iquid from the par. Dry a sufficient
quantity of the test marerial 10 constant weight a1 a that
will not have & detrimental effect on the matevial, e.g.. ifitis u sotvaze.
Select a liquid in which the test specimen is insoluble. snd modify the
sieving method a3 indicated below. ly disperse the dried test
nmnlinﬂleliquic_lbymt!eqignion.l_ndm_dfndispg:ign
 Rina he dipervion spiprost wih b i,
sieving
U 8, nd colot

nmhanismnlh.enu:lqd in
id from the pan in a suitable continer. Continne the
sieving process until the emerging liquid free of particles.

- Remove each sieve from the sieve nest, and dry each sieve to con-

. stant weight at the same as that used above. Determine
d the weight of dried material on each sieve. -
Alr Jet and Sonie Sifter Sieviop—Differenz types
;- cquipment that use a moving air current are available for sieving. A
' sysem that uses a single sieve ot a time is referred to as alrjer sieving.
It uses the same general sieving methodology as that described under
Merliod I, but with a standardived air jet replacing the normal agita-
tion mechanism. It requires sequential analvses on individual sieves
to provide a parricle size distribution. This technique is more suitable
’ where only oversize or undersize fractions are needed

In the sonic sifting method, o nest of sieves is used. and the et
specimen is carried in a vertically oscillating column of air thar lires
the specimen and then carrics it back agains the mesh ingsata
l , Biven number of pulses per minute. The air jet sieving and sonic siev-
ing methods may be useful when the standard dry and wet sieving

techniques are incapable of giving a meaningful analvsis,

- Theze methods are highly depenaent upon proper dispersion of the
powder in the air current. This requirement may be hard 1o achieve if
the method is used at the lower end of the sieving range (ic.. beow

75 im). when the particles tend w be nwre cohesive. and expevially if
—— ther: is any wendency for the maierial 10 develop =n clectrosatic

Physical Tests | (788) Particulate Matter in Injections

218%

In the Istter case sn antistatic apenr. such as silicon dioxide
or fnum.oxide, may be added at the 0.5% (wiv) level to mini-
mize this &ffect. For the above reasons endpoint determination is par-
:"wmhguiﬂuﬂii\wywumnﬂmdmhm

ial i in fac? single particles and is ot composed of aggregates.

INTERPRETATION

The raw datn st inclode the weight of sz specimen, the wtal
sieving time, and the precise sieving methodology, in eddition to
the wesgies an the individual sitves and in the pan. It may be conve-
M?whmhm-n@l@\;wﬁwm

(788) PARTICULATE MATTER IN
INJECTIONS -

Particulse mnnco:':sof mobi'l:.s:.ndomly-u;:rced,m
peous substances, other bubb| [ cannot be quantitazed
by chemical analysis due to @2 small amount of materinl that it rep-
resents and 10 its heterogenecus composition. Injecmble solutions. in-
cluding solations constituted from stegile salids ir-ended for
pareateral vse,’ essencially free fom partidles that can be
observed on visual inspection. The rests described herein are physical
tests performed for the purpose of enuraerating subvisible extraneous
particies within specific size ranges,

Microscopic and light obscuration for the determine-
tion of pamiculate smater are given herein. This chepter provides a test
whhmmmﬁcmn" jon is first tested by the light ob-
scuration procedure {stage 1) ﬁbumtegrmn‘bdlnin.it
st pass the microscopsc (stage 2) with its own et of et
liznits. Where for technical reasons the injection cannot be tested by
light obscuration, mmguml? v be used exclusively. Doc-
umentation demonstrating thar the Tight obscurmtion procedure is in-
cspnbleofnninghinj«ﬁmwm invalid results is required
in each cxse. |t (s expecied than most anticles will meet the require-

ments on the basis of the light obscuration test alone; however, it
may be necessary o test some articles by the light obscurytion test
followed by the micrascopic test 1o reach 2 conclusion on confor-
MENCE 10 requiremments.

All lmrge-volume injections for single-dose infusion snd those
small-volume injections for which the specify such re-
quirements are subject to the particulate mamer limies get forth for the
test being applied, unless otherwise specified in the individunl mono-
graph. Excluded from the requirements of this chaprer are injections
intended solely for intrammuscuber and subcuneous administratign. -

Nat all injection formulations can be examined for panticles by ooe
or both of these tests. Aay produset that is not s pure solution having a
clasity and a viscosity approximating those of water may provide er-
raneous dan when snalyzad by the light obicuration counting meth-
od. Such materials may be anjlvzed by the microscopic method.
Emulsions. colluids, and liporomal preparations are exomples. Simi-
larly. prodicts_thar produce air or gas bubbles when drawn into the
senzor. sich 25 hicarhonate-busYered formulazions, may also require
micruscopic wsting. Refer 1o the speeific monographs when a ques-
tion uf 1232 applicability occurs. Hivher limits are appropriate for cer-
1ain articies and will by speciiied in the individual monographs.

In some instances, the viscosity of a material 10 be tested may be
sufficiently high so as to preclude its analysis by either ten method. In
this evenl, 3 quantitative dilution with an appropriate diluent ingy be
made 1o decrease viscosity. 38 nécosswy. to allow the analysis w be
performed. .
In the wests described below for large-volume and smali-volume

injectioas. te resuls abiained in examining a discrete unil or group
ui' units for particulse matter cannor be exrrapolated with cenainty 1
other unis that remain untested. Thus. seatistically sound sampling

20
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2184  (776) Optical Microscopy [/ Physical Tests .

stances, uder General Notices, sod Sterilization and Sterility Assur-
ance of Compendial Aricles {1211}). Ophthalmic olnunents thet are

packaped in single-use containers are not required to contain antibac-
ﬂlm&mmwhwhkﬂo T
71

Contalners—Containers. inchuding the closures, for ophthaimic
ointmenis do not interact physically or chemically with the prepam-
uonmmymnmmahﬁemuﬁuqulhly.orpunwww
official requirements under the ordinary or customary' conditions of
handling, shipment, storage, sale. and use.

Metnl Particles—F ollow the Procedire set forth wnder Mexal Par-
ticles In Ophthalmic Oinements {751).

Leakage—Select 10 whes of the Ointment, with seals applied
when . Thoroughly clean and dry the exterior surfaces of
exch wnﬁmlbﬂtdehlh.mm:uhsmlhmul

ummmﬂng

1 temperaure significant
the of the d
doricg o 1 th compleion “*-“"z‘m.?.m:

EMMofteq).lf“prsolnndﬁwmhnm .

more than one, of the tubes, repeat the test with 20 additional tubes of

+ the Ointroent. The requirement & wet if 5o leakage is chaerved from

mcﬁ:smmhesud.ui'luhgsohuvdﬁmnmm
one of 30 whes tested.

(776) OPTICAL MICROSCOPY

Opunlnumgyﬁ:pumh:hlmmm Il\be
apphied to panicles in the size moge between 0.5 and 1
lowerlumllsnnposedhyﬂlumlwngpowofh
mmndmﬂhpudﬁmonmhmplﬁed

by means of electron optical imaging

scribed under muquy! Sl)mepncnul
fmags -gud-ompm upper limit is less definite
and & determined by the i with the char-
scterizstion of larger particles with sieve analysis. Far

ticles in excess of 75 um, the preferred method of particle size
mlysusbvuenrsmmlm.omsnmwunhe
nuuﬁdudmlhh:pmh.yﬂnnmtud:ﬁmnwww
lmcro =in-l'u:ullﬂ:v useful for characterizing purticles that

;:nn This method may also serve as a base for the cali-
hmonorﬁnmmdmmmuhds that may be developed.
Ap'lrlm—Uulmlhusnbleud frem
vibration. The microscope mq:nﬁalwn (product of the objective

)nnll:mﬂ::-nbnbwh chamecteriyation E_nioflhe
smaliest t0 be chausified in the test specimen. The grestest
mm:rqtuenfmeabjmdu:ldhnwkru:hm
ficarion range. Polarized light may be used in conjunction with suit-
wh-ﬂmmmmcmmmofnhudyw
spectral transmission should be used with achromatic ohjectives and
mpmhlblemﬂupodnmudm:quudfnr wl-
:llﬂ'ldlb:.ﬂﬁﬂ beud llu-mlampe

in

with the lsmp. The numetical sperture of the substage -muser
should mach thet of the objective under the conditions of use; this
|saﬂ'e:tdhydaemllpnmofmeeondmduﬂmmd
the presence of ramersion oils.
Adjusunent—The precise a of all elements of the
system and "';W!ﬂ“ essentist, The focusing nfﬂ:::‘l:l-

proper focusing
ments should be done in acrordence with the recommendations of
the microscope manufacturer. Critical axial slignment is recom-

lllumlnlnnn—-A mquuu'null for good |I|urnm|um sa umform

. mdadmblemmwoﬂxghmlheenumﬁddnfmm:r

illumination is preferred. With colored choose the color of

dnﬁlmusedmuhmunlhmmund demlofrhemgu
i Visual Charscterization—The magnification and numerical

ture should be sufficiently-high w*allow adequate. resolution o?

) dmofhmguof&mhwummm

UspP 2?
the actual mapnification using # calibrated stape micrometer to cali
braie an ocular micometer. Errdrs can be mimmized if the magnifi-
utmuaﬁwlhhnnatofwmleuuhu 10 ocular
divisiong. Each objcctive must be calibrated sepamately. To calibrate
the ocular scale, the stage micrometer scale and the oculsr scale
dnuldbclhgd.hl!usm) 2 precise deerminalion of the distance
between ocular stage divisions can be made. Several different magni-
fications may be pecessary to cheracterize materials having a wxde
particle size

Photographie Characterfzation—If particle size it to be deler-
& sply oo & e pire o f..."'.“m“" peghic emlsion, Do

plane of ic emulsion,

mine the scoml E a calibrated stage mi-
crometer, asing graphic film of sufficient cpeed resolvin
ﬁwer. contrast. Exposure and processin ennui

photographs of both the leu speum lhe demmnlmn of
mﬂmhmtmoﬁphmphumsmﬂu-
enced by the exposure, ndpmungpmcenuuwell
(] bylh:mlvum mitroscope.

of the Mount—The mouming medium will vary ac-
mdmnﬁpwnlmufumm Sufficient, but
:otmmﬂ e ma-
ium is requined to emsure adequste

pmmlsmu-mnphnemdbeldqmlydmudmdw
tinguish individoal particies of intevest. Furthermore, the particies
must be representative of the distribution of sizes in the mawenai
and must oot be altered during prepasstion of the mount, Care should
be aken to ensaure that this important requirement is met. Selection of
mt;mmmanwdummammmn-

shity.

Crystafltalty Characterization—The crysullinity of a material
may be characterized to determine complisnce with the crystallinity
requirement where staied in the individual hofadnlglub-

" stance. Unless odunnu lpeelﬁed in the individual mono

ullumuil * uumm:nlmlcmu:le:;'=
slide. Exammine mme e par-
ticles show birefringence mﬂﬂ eolon) and extinction posi-

m«hummsmﬂm
‘Number of Particles to Characterize—The number of particles
must be sufficient 10 ensure an scceptable level of un-
m:&mﬁmvaﬂvhﬁmp:ﬁn—
tion may be necessary to ensire proper dispersion o specimen.
Anmoflumbzofmch.n 10 be meammed that will
provide an scceptable level of uncestainty in the mean panicle dis-
meter can be obtained from the smtistical of normal populs-
tions. Fors mﬁa;nﬂvlngepopuhnon (n > 30), the uncerminty in
Ihec!lmll: the mean particle diameter, o, lsgwenmlhefor-

“

PV

mWIndl' bhﬁuﬂmﬁdmcmﬁnmuﬂ:u
mmmammmm l-‘orn:-;o %, is about
1.96 m the 95% confidence level I can
beobumdﬁnmufmboobonmmmd if necessary,
mﬂ!pplhmmmﬁemmylppbed.ﬁumtuqm-
tion. it can be seen that the uncerinty in the measured diameter de-
creases as the aumber of particles inareases. As az example, to obtain
nnuneem-tyof:hipmmupacmﬂmhuamduddemm
of 20 ym would require that &1 particles be accurtely mepsured.

An estumaie of the uncertainty in the standard deviation of a speri-
men ¢zn be obtained in & similar fashion. The standard dcvmwn of
the population, o, is estimaied to fie in the interval:

L ]
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{_'"_', M:ihmmdhqﬁ;ﬁnﬂx}.nﬂh’n meter was 50 ym, only 61 -'EFMMIHMD

J:! me oAl . .

the confidence coefficients obuined from the 3 distribution. x.* and
%7 can be obtained from standard statistics references or

mated &ebﬂoﬁ;mﬁﬂmﬂ&e”%wﬁﬁnhhﬂ'

where X! and x;? represent the 97.5 and 2.5 percentile values, respec-

x -i(;l.n + \/ﬁ)z .

x? ~ i(-_—j.ss + \/iuTs)'.

obmin s uncertainty of 1

pm), but sbout 200 particles )
':lﬁgje;nhdilmhﬁemdﬁdm-ﬁon(m‘lu
-.%32 -

tion, the logarithm of the individual parth

—l —  Feret's diameter

in the diameter (c.g.,. d=50 + §
would have 1o be measured to obtain

For a material that configrs more

ted, and the mean and the standard deviation of the log particle
iameter directly substituted ip the sbove equations. The aoti-logs

Particle Stze Characierizstion—The measurcment of particle

jzation of particle sive rmust also

of dimneter measured as well a3 in-
cormonly vsed measurements
below (see Figure 1)

Martin's diometer
Projected area diameter

Maximum horizontal intercept

Fig. 1. Commonly used messurements of particle size.

Ferets Digmerer—The distance between imaginary parallel hines
:rnlmlt‘wlnndnnﬂyorimwdpuﬁdemd perpendicular to the ocu-
scale.
_Mortink Diameter—The diameter of the particle af the point that
divides a randomly oriented particle into two equal projected areas.

Projected area Diameter—The diameter of 2 circle tha has the
same projected area as the particle.

The lonpest dimension from edge 1o cdge of a panicle or-
iented parafle] to the ocular scale.

Width—The longest dimension of the panicle measured at right an-
gles o the length.

Partcle Shape Characterization—For irregularly shaped parti-
cles, characterization of particle size must also include information
on particle shape. The following defines some commonly used de-
scriptors of particle shape (see Figure 2): .

Physical Tests | {T16) Optical Microicapy 2185 28],
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lmﬂ d particle gize exist,

formstion on particle

of particle sive are



2186  {781) Optical Rotation / Plysical Tests

Columnar

Acicular—Stender, needle-like particle of similar width and thick-
ness.

Columnar—Loung, thin particle with 3 width and thickness that are
greater than those of an acicular particle. )

Flake—Thin, flat particle of similer fength and width.

Plaie—Flat panicles of similar length and width but with grester
thickness than flakes.

Lath—Long, thin, and blade-like paricle

Hﬂwnl—?uﬁcluofﬁmﬂnlgﬁ.widﬁ.mdﬁichm;hﬁm
and spherical particles are inchaded.

General Observations—A particle is generally considered to be

d:eﬁm?ﬂdkuumhAprﬁelgﬂy'hlﬂqumumwzo-

scribed by the following terms: .
Lamellar—Stacked plates.

Aggiomerate—Fused or cemented particies.
Conglomerate—Mixwre of two or more types of particles.
Drusy—Particle covered with tiny particles.
mmmhugdwumm
Fdgey—Angular, rounded, amooth, sharp, factured. .
Optical—Color (vsing proper color balancing filters), transparent,
trlnﬁul_l.opqu.
Surface characteristics may be described as;
Cracked—Partia| spliz, break, or fissare,

(781) OPTICAL ROTATION

Many pharmaceutical substances are oprically active in the sense
that they rotate an incident plane of polanized light so that the trans-
mll!.ed l@:t emezges at a measurable angie o the plane of the mcideat

I

_‘

UsP 26

_/ loke

Plate’

Loth

Fig. 2. Commaaly used descriptions of particle shape.

ki msplolpuly'schmﬁsﬁ:ofmerynlsmdofmy
liquids or solutions of solids. Where the B

possessed by a liquid or by a solute in solution, it is generally the
result of the presence of one or more asymmetric centers, usually a
carbon atom with four different substituents, The number of oprical
isomers is 2°, where » is the number of asymmetric centers. Polarime-
try. the measurement of optical rotation. of ' ical axticle
may be the only convenient means for distingumshing optically active
.Mhm_ﬁmmhﬂhﬂnﬂ&m'smunpmuﬂ' criterion of identity
purity.
Substances that show optical rotatory power are chiral. Those
that rotae li hmwi:dilwﬁonlswm&eligh
source are dextroroatory. or () aptical isomers. Those that rotate
light in the opposite direction are levoratatory aor {-) oprical
isomers. (The symbols d- and /-, turmerly used to indicate dextro-
and levorottory isomers, are no sanctioned owing to confi-
sion with D- and L., which refer to configuration relative to D-glycer-
aldehyde The symbols R and 5 and o and 3 are also used o indicate
configuration, the of atoms or groups of atoms in space.)
The i jcal properties of nonsupenmposable chiral sub-
stances roraring plae polarired light in opposite directions to the
same extent, enantiorers, are identical, except for this property
it profound differences in pharmaco toxicology, owing
1o the fact that biological and enzymes themselves are chir-
al Many arnticles from sources, such g5 amimo acids, proteins,
alkaloids, antibiotics, glycosides, and sugars, exist as chimal com-
is of such compounds from nonchiral materisls re-

sults in equal nurmbers of the enantiomers, racemares. Racemates
bave a net null opts :uhlion.ndd:irphy:iﬂlpmrmiamydif-
fer from those of the component enantiomers. Use of stereoselective
or stercospecific synthetic methods or separation of racemic mixmres

- i

* Suimble ealibrators sre avajlable foaf 2 Office of Sandard Reference Ms-
teviaks, Natiomal Instinare of Standards and Technology (N1ST). Gaithersbarg,
MD 20899, as current lots of Stendard Reference Materialy, Dextrose and Su-
crose. Alsematively, cabration be checked using u Polarization Refer-
ence Sundard, which consists of & plste of quartz mounted in a holder
icalar w0 the path. Taese stan 5 are availahle, traceable o

T, from Rudolph Research Analyrical. 354 Foute 206, Flanders, NJ
07836, or from Rudelph lnstruments, Ine.. 40 Picr Lanc, Feirtictd, NJ

"
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2204  (811) Powder Fineness / Physical Tests

E'

TINE

Fig. 4. Plot of Cumrent Versus Time in Pulse Polarography.

s Py L o
ight pulse applied at [ i s
pasdonalnmmu;d:mp(ueF

just lnlmnﬁhepulnudwldnuﬂof
the pulse. The difference berween these two currents is measured and
presented to the recorder. Such a diffevencial provides a curve

the derivative of the ic weve, and gives a

pukpmmn.mpukpomu-luqum!&tm

Eln -AE/D,

whu:AEuhpuhehqht.ﬁepukhelhm directly proportional
o concentration at constant scan raxes and Mpulse beights.

ﬁun:hm;muq:mllly sensitive (levels of 10~ M may be deter-
mined) affords mved resolution bemu closely spaced
waves.

i .

" Eappited

l-——nnnr_;r. o pROP TIME ——|

Fig. 5. Differential Pulse Polarography.

Anodic Stripping Voltammetry—Anodic stripping voltammetry

uuelmnehum? uewhuebymmmot

in solunon are cnn:entrmd (reduced) onto an clectrode and then
(axidized) back intn solution by scanning the spplied voltage
ty. The measurement of the current flow as a function of this

Usp 25—5%‘.\—

Mﬂpmdﬂmgﬂ:pmuuqualmwmdqmum'enb&

mation oo such substances. The concentration pemllls.l.lyu
nlBt:melo‘M Ieveh.m o=
instrumentation lvcluge mm
measuring circuitry; a cell with working. mferenq:. and counter du_
mandmcrm_l::wt :I :iqua
ic are generally quite te for
mppmgappl:almn The working clectrode commonly used is the
hanging mercury drop electrode (HMDE), although the mercury
thin-fim electrode (MTFE) has u:qmred acceptance. For anslysiy
of metals such as silver. platinom, and gold, whose oxidation poten-
mmmﬂwmmqundmwrymﬁhuor
elecundes a3 platiomn, go oru:bunummd.hn—
m:dulondehﬂnd;:;;?ﬂm—ulvgchhlmm“
a8 the reference except ysis of mereury or silver. A plasi-
num wire is commonly employed as the counter electrode. Pl
Test speci ing suitable eicctrolyte are pipeted into the
el Dissolved nmmdbyhubbhngmnpmchh
cell for 5 to 10 minuees. feat 1 206 10 300
Genenily, an elecuolysis pn-nnl fvalent 0 10 300 mv
mmﬁ;ﬂmtm ponmlnlqu of Emnm be ana-
Pmullllb XpeTi-
mentally), with stirring for 10 minutes. For reproducible
results, maintain constant conditions (i.e., deposition time, stirring
rate, \empersiure, specimen volune, lnddmpmfI-MDEnmd).
After depogition, the stirring is discontinued and the solution and
electrodz are allowed 1o equilibrate for a shart period. The potential is
i:unpnﬂvsnnnedundnully(mmw:mndorwmd:p-
hmmphyudSmeulmiﬂ'mnmlpu polarography) As
in polarography, the limiting current is ional to concentration
of the species (wave height in de and p rak ight in differential
Ise). while the half-wave pl:nnl (d:. urgnk (dif-
g’ulllwhe)dmbﬁﬂﬂlllmﬂ.humpﬂlun the chaice
lmehcmlynbemdemﬁdlymmhrwobummh-
ury Qummonuuaﬂyuhlﬂdbyamdndlddlm

Thnuquueluppmpw for trace-metal analysis; but has lim-

geduse determinations, since of these reactions are
fmevearsible. analyzing substances such ss chloride, cathodic
ping volmmmenry may heuni'lk':hﬂqueuhma

llummy except that the sabstance is deposited anodi-
:Igad:umppdhylﬂﬁnﬁcwlupm:

_(811) POWDER FINENESS

Test procedures for sicving powder materials are described ynder
Particle Ste Distribution Estinarion by Analytical Sieving (786},
nll,whqnﬂ:al. e s disribution should be estimmated
bylhl emanefpmﬂnmmdnsm

mdmpuumumwddmdnubhl’w

mlmnmmhp&mdmofmm

for mbst pharmaceutical purposes. Sieving is moit suiable

where 2 majority of the plmclu are larger than about 75 pm,

Mw:mheused some powders having smllerplmle
the method can-be validated. Avoid processing condi

hmﬂﬂuummhmdumhmmoﬂhepwdebﬂns

Suvu for Pharmacopelal Testing—Sicves fur Pharmacopeial
are déscribed under Particle gv Distribution Estimarion by
An!.;ial Sleving (786). "

Powdered Vegetable and Anlmal Drugs—In determining the
powder fincness of 2 vegetable or simal drug, no portion of the drug
may be re md!er.ted during milling oc sifting unless specifically permiaed

vidusl monugrapo. .

Alr Permeation Method for demnln- Fineness af Sub-sleve
Stze Particies~—The average particke sizz measured is in the renge of
Mmﬂmﬁm:pecunenuhnded into n precision bore tube

and is co disks and porous plugs by z
nck-nnd -pinion pl:lnnl &2: F‘ﬁ determination of the pérticle
stze f the specimen in the uniformly packed column is based on

_ it resisinee o the Sow of a closely reyulated current of dried air.
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TMWIJIGMBIIWMMMW
le handli mmuml
pmms:lrnl og pm:dlnumpn—
Chnil;;ﬂnn of Pomler Hnenul—l'wder ﬂnel-l nly ln
classified dmm'm:evemgmﬂ:
.F:ﬁdqmuqofmdmm“lwmﬂyw

dey™ ﬂnmumwmgwmm«mofh
material pesses
d.-mlumommgmghmm«mof&
pmterial passes
d.-munuieveopuinngihichlm&ormnfh
mui:gua
The hwhm!o!‘lhemopmugﬂlnnmyhn-
when results of two or more test lofs are combined, ¢.g.,
"LﬂAhad.vﬂuoflMpnuﬂblmpome

An piternative but less mhnnwuﬁdofdmmm

fineness is by use of the terms in the following tabl

Chsllllelﬂo_n of Powders by Fineness
Classification of Powder dy Sieve Opening (um)
Very Coarse > 1000
Coarse 355-1000
Moderarely Fine 180-155
Fine 125-130
NevFing 90125

(821) RADIOACTIVITY

Radioactive pharmaceuticals require specialized in their
Ilmdlmpndmgmoxdﬁ-lhneumtmhmayb: and
hamdlmmnelbenumud.m shnuldbecmied

personnel ha expert T in handli
ndmve mm:yh. iy fning b

The facilities for the production, use, and storage of radicactive

wmmﬂymbmulnum by the fedeml Nu-

Commission, although in certain cases this uulhamy
mm&hgludm:mwmmm

Transpormrion regulotes the conditions of to rndlmve
materinls. State and local sgencies often have mml:pemln?‘:
lations. Each or user must be ty cogninr of

producer
spplicable regulations of the federal Food, Drug, and Cosmetic
Act, and an' addmomlbﬂmmuofﬁeus Public Health Sex-
mﬂa state and llmapnmnngnlheuuchm

'lfﬂl-‘ . X BT

Physical Tests | (821) Radioactivity 2205

tl’hmmpml! msrlplu :dm:nvedmp:eﬁu b

. u.-"-;' _---'——-—-

Sty g e el n-\--n

cm cqwsmmﬁons
andamenlnl Decay Law )
mdeuyofanﬁmvemudsmbdbthumon.

Nl - NJ-I"

ich N, is mb:r of atoms of a radioactive substance at
elrdhm mbuofhmmwhr-o.md.\
or decay coanstant, which has & characteristic val
uhmuhdnmhm T._,lllumallmrvll:e-
qnnullhr given activity of & radicnuclide to decay % one-half of
mmnﬂnuhﬂwmeduymmbyum

0.69315

Typ=

Theé activity of a radioactive source (4} is related to the number of
radioactive azoms present by the equarian:

nﬂmumbnnnulﬁnmnofﬁm
uJ"""' o e
mhulmu ﬂ:ehl-hfe(mﬂumludbeay

93\'
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Particle size analysis by laser dillraction:

]SO 13320, standard operating pracedures,

- 'l-' ﬁ- -
--.-m-nlll e b

Rod M. Jones

ublished In late 1999, ISO
13320 was the first formal
international standard to
provide the basis for harmoniza-
tion of particle size analyzers
basad on low-angis laser light
scattecing (LALLS) techniques.
This s an Imporctent development
because of the wide variety of par-
ticle sizing methods avatlable and
the fundamental difTerences be-
tween them. Approaches may vary
and harmonization is undoubt-
edly a vital issue.

ISO 13320 is a guidance docu-
ment that clearly describes the
principles of LALLS, defines termi-
nolngy, and explains what one can
expect fraom an instnoment of this
type. Sampie handling and disper-
sion, guidance on the use of dry
powder feeders, Information on er-
ror dlagnoals, and a discussion of
Mie theory versus the Fraunholer

approximation are all included.

Consisi=nr measurements

The purpase of the international
standard Is to provide a methodal-
ogy for adequate control in particle

this is through the development

lndlppluﬂmd'n-ﬁdopuu '

ing procedures {SOPs)
The Importance ol' SOPsInan

-Industry such as pharmaceuticals

manufacturing Is well documented.
However, It Is the ease with which

they can be developed and the sub-
sequent adherence to these SOPs
that make a difference when evalu-
ating consistency and comparabli-
icy of results. Product development
and production are increasingly
global operations, ralsing lssues of
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Rigurs 1 Effect of dlaparsive presaure an the particis size of milk powder grarules.

The thres ploted

Inas shaw the siees n microns of the 90% ({0.9]). the mecdian

HU.SD. and tre 10% [df0. 1]} of tha milk powder. As can ba ssen, increasing e
prassure fram Q.1 10 3.9 Gar causes e size of the matarial o be
reduced until it reaches a primary particia sire at 8 prassure of 3 bar.

method transfer and comparability
of results.

Rugged hardware and robust
software do not In themselves
gusarantee good performance. As
more people are calted upon to
undertake the sajne measure-
ments, the degree of variation can
increase enormously. Therefore,

Sorne mitk powders are frnglle ag-
glomerates of granules of marny dif-
Ferent stzes; thas, it b critical to de-
cide whether the Intention is to
measure the compaosite particles
or the primary particles from which
they are farmed. if one is trylng to
preserve the aggiomerates, the dis-
pesive alr pressure st be carefully

In the past, the need to input the refractive
indices of the materials being measured may
have deterred some from using the Mie theory.

individual operator Involvement
must be kept to 2 minimum, and
protocals and SOPs rmust be essily
sat up and protected,

Commlling paruncters

The issue of sample handling
and dispersian techniques Is ratsed
within the guidelines of the Inter-
national standard. The Importance
of prsuring a conslstert approach
for specific sample types and In-
corporating this into SOPs can b2
Hluserated using the dry analysis of
milk powder as an example.

conuolled in onder to avold exxes-
sive breakup. Cenerally, the granules
are agglomerated loosely through
the freeze-drying process, and appll-
cation of more then & sral] amourt
af energy (0.25-0.5 bar) Is sufficient
to break this Beyand
this, the milk is milled to a more
fundamental se.
Figure ! shows the effect of
In dispersive akr pressure on
the particle size of milk powder.
Cantroi of the alr pressure, to ensure
the same degree of dispersion., is ap-
plled 1o the sample every time, and
is cruclal for producing particle size
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figurs 3 Comparisan of results abisined for syrthatic diamond wing Mis theory

and Frauniofer approximation.

information that will enable valid
asiessnent and control of the mste-
tial being tested. ISO 13320 recom-
menxs dry analysis at a number of

to fully understand how
the material under test ks dispersed.
Once the optimum conditions have
been determined, they can most

emlly he achieved routinely trough
the development and use of an SOP

Removing vperator soriability

The practical advantages of
S5OP-driven operation were dem-
onstrated in an exercise In which
five novice and five experienced
users made the same measure-

46  JANUARY 2003

ments of alumina sids by side us-
ing the same SOP on the Master-

sults were overplotted IFl'url 2)
and show no significant difference
for elther group--

Oprical madsls

One of the key recommenda-
tlons In the new standard Is the
choice of the eorrect optical
model for the material being mea-
sured. Laser diffraction operates as
2 sizing technique by predicting
the light scattering behavior of
particles, and the quality of this

racy of the size determination per.
formed. The most rigorous and
comprehensive prediction af the
light scattering behavior of parti-
cles Is provided by Mie theory.
Howsver, when laser diffraction
instruments were introduced in
the late 1970s. computer power
was at & premium, and the first
PCs were limited to 8 K of random
sccess memory (RAM). Since the
usa of Mie theory damanded a
conaidernhle amount of comput-
ing power. manufacturers used an
approximation of Mle theory
known a3 the Frmmhofer apprax-
mation. The computing power
provided by modermn PCs ensures
that there s no longer & valid res-
son to condnue its use.

The new ISO standard states
that although Fraunhofer can still
be used for the measurement of
particles greater than 50 pm, Mie
theory Is recommended for those
below 50 pm, and it is applicable
across the entire measurement
range. Instruments designed to
messure in the size range below 50
pm should therefore uniformiy
suppart Mie theory.

In the past. the need to input
the refractive indices of the mate-
rials being measured may have de-
terred some from using the Mle
theory. To almplify this procedure,
the Mastersizer 2000, for example,
has a database containing the re-
fractdve Indices of the most com-
mon materials, making the imple-
mentation of Mie theory very
straightforward. The advances in
computer power referred to above
make lis sdoption traroparent to
the user.

Pructical applications |

The following examples dem-
onatrate the Importance of the
Mie theory.

1. Synthetic diamond powder.
Synthetic diamond powder was
feactionated In such a way that It
had a limited stre distribution ancd
a tight specification of median
size. This type of lraction is used in
the grinding 2nd polishing Indus-
tries. The refractive index (RI) of
synthetic diamond is well known
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Figura 5 Extinction coefficiency of caicium carbonaie as a Auxtion of particie size

as ¢ iculamd wusing Mie theary.

and has a value of 2.41-0.0. The
material was suspended In water
(RT 1.33). Figure 3 shows the results
of messuring this matertal apply-
ing bath the Fraunhofer approxi-
matdon and Mie theory.
Using dhe Fraunhafer approxdrma.-

thon, the results indicate a bi-modal
diatribution, but it is known from

produced using the Mie theory, in
which the appropriate RI values
were entered, proviies the correct re-
sule. Again, dis was confirmed by
deralled electron microscopy.

2. Calclum carbonate. For the
measurement of calclum carbon-
ate, the Praunhofer approxima-

ton intecpreted the size distribu-

ton as being too large (see Figure
4). This error stems from the ap-
proximation’s inabliiity to predict
the true extinction behavior of the
particles. The Fraunhofer approxd-
mation assumes that the extine-
tion efficlency of all stzes of parti-
cle is 2. In practice. for most
commonly found materials. this
approximation is anly correct for
particles greater than about 10
pm. The extinction efficlency for

calctum carbonate is shown in
Figure §,

As can be seen, the scattering
power actually falls off rapidly be-
low 2 pm. The amount of light
scattered from the 0.3-pm contri-
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 stzes correctly.

The above examples demon- ~
strate how Mie theory correctly
anticipated the sifect on light
scattering behavior caused by dif-
ferences in refractive index, the
relative transparencies of particles,
and the extinction efficlencles of
particies. The Fraunhofer approx-
mation was unable to consider
these variations and was in error
In each case described.

Conrlusion

The publication of ISO 13320
has been a welcome advance. Laser
diffraction methods have been in
existence for many years, but the
development of this standard
shows that laser diffraction s now
a fully accepted and mature tech-
nology. Application of these best-
practice guldelines should ensure

Importence of SOP development
and the use of appropriate and
conolled sample dispersion tech-
niques cannot be underestimated
in ensuring greatec onmpmblllty
of results. The standard

the weaknesses of the l-'rlunhofot
appraoximation and the need for
full spplication of the Mie theary.

M. Jores Is Procuct Manages, Produxct
Support, Malvern Instruments Lid.,
Enigma Business Park, Grovewood
Rd., Worcestarshire WR14 1XZ, UK;
tel.: 44 1684 892458; fax: + 44
1684 892789; a-mail; rod.jones®
malvern.co. uk.
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Characterization of Pharmaceutical Solids Using Various Particle Sizing Techniques

Yuzhuo Li, Xiaojing Shi, and John Westhrook
Center for Advanced Materials Procassing (CAMP), Dmmmnt of Chemistry, Clarkson University, Polsdam, NY

Particle sizing Is an lmpotta_nt aspect of pharmaceutical dcvalopmanl and validation process as the particle sizs of
aciive ingredients strongly affects their bio-avallabiiity. Thers are many methods available for particie size and size

- distribution determination. in general, these techniques can be divided into three basic categories: ensemble metha

counting methods, and separation methods.1,2 An ensemble method lakes a snap shot of a sample and then
elucidatas the distribution of particles sizes bassd on the physical propertiss revealed by the measurement. A
counting method chanicterizes the sampie one particle at a time in a more direct manor. The accumulative accourn
the particles provides the size distribution information. A separation method, on other hand, first physically separat:
the samplas according to their particle size. Then various techniques are applied to determine the relative amount
each fraction. In this articie, the general working principle of each method will be reviewed using a representative
technique. The key advantages and disadvantages of each technique will be given based on their performance in
terms of sensitivity, dynamic range, and resolution. Finally some general comments and recommendations will be
given in relationship to the characterization of pharmaceutical solid particles.

Ensemble Techniques

Common ensemble techniques Include Low Angle Laser Light Scattering (LALS), Photon Correlation Spectrascopy
(PCS), and Back-Scattering Spectroscopy.1 In a typical LALLS system, a laser beam passes through a sample of
particles, and the light intensity data at different low scaitering angle away from the axds of the laser baam are
collected. Mie theory llght scattaring caiculations are appiied to the intensity data to generate a distribution of partit
size. LALLS method requires a relatively low particle concentration to avoid multipie scattering. The method has wt
broad dynamic range on particias ranging from 0.1 um to millimeters. Yet, the resolving power Is somewhat low an
is difficult to dacommdatagenemted from & mixture of particies with different optical properties.

For smaller particles, a dynamic light acattering system Is preferred.3 A PCS method uses laser light with well-defir
properties (wavetangth, polarization, etc) to determine the velocity distribution of particies by measuring dynamic
fluctuations of scattered light Intensity. The particles suspended In a liquid medium undergo Browning motion that
causes the fluctuations of scatiering light Intensity, By extracting information from such dynamic behavior (auto
correlation function obtained in the time domaln), average particle size and size distribution can be caiculated. The
typieal scattering angle Is 90 degrees. To avoid multiple scattering, high diution Is needed. Rigorous dliution may
Introduce many variables such as pH shock, lon strength change, and surfactant migration. An additional
disadvantage Is that small particies can get lost in the crowd of larger particles. One Innovative set up includes an
amay of detectors at different scattering angles and simultaneously conducts measurement on the dynamic and sta
light acattering properties. Such a time-resolved simultaneous static and dynamic light scattering (8SDLS) techniq
(Figure 1) permits the investigation of early-stages of particle aggregation. With proper asamnions. the informatic
on particle shape and particle-particle interaction can also be revealed.4
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Tommemmlnamnﬂondmmbmmmmmm back scattering

speciroscopy has been developed t0 utilize the information at high scattering angle. Onemdlsysumlmolvumo
use of a single fiber optics that provides both the probing and scattering beam. The most important advantage of this
technique s the ability to measure particle size and distribution for concentrated samples without dilution. When an
effective photon correlator is used in a back scattering system, it offers very high sensitivity as weil as high dynamic
range. IthasbaendalmedforomwdllmlmammudngLysnzwno(Mw=14400mnon)lsmmmple the ?
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measurement can be conducted st mass concentrations as iittle as 0.1 mg/ml and sample volume as small as 150 i,
This transiates to an impressive detection limit of 15 pg of the protein (Lysozyme). At the same time, it can aiso
handle solid contant as high as 20% wt for some particles.

Anather very useful feature in such a setup is the ability to vary sampliing volume by adjusting the sample cell i
When the sample ceil is moved toward the detector (negative position), the sampling volume Is decreased, which °
further lowers the amount of multiple scattering and allow even higher concentrated samples to be measured.
Conversaly, when the sampie cell maved away from the detector (positive pasition), the anaiytic volume s Increased.
The increased analytic volume allows for more dliute samples. Figure 2 shows two sets of sllica particles that are
surface modified for pharmacautical applications. For smaller particles (115 nm diameter), the instrument can provide
anticipated perticle size st solid content as high as 2 % wt without ditution. For a higher concentration sampie (10%
wi), the cail position has to be adjusted to a negative position (decraased sampling volume) to yield an anticipated
particie size. For larger particies (300 nm), a.similar trend is found even at idwer solid concentration. From signal-to- -
noise point view, an eptimum cell position should be selected to balance the need for strong signat and weak muitiple
light scattering. in addition to back scattering systems, acoustic method has also attracled attention for high
concentration sampiing without dilution. The particle sizes can range from 10 nm to 1000 um. The method Is
particularly ussful for highly concentrated samples.5

Particle Size Messurement Conducted on a Back Scatharing
Systam with Cell Posiion Adjustment Option
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fractionation. As siaves and gravitational sedimentation are relatively seif-explanatory, they are not Indude&
article.

A disc centrifuge method uses a rotating optically clear disc that is filled with slurry to be analyzed.2 At high speed (up
to ~24,000 RPM), the liquid In the spinning disc chamber has a slight density gradient: the liquid at the outside edge of
the ring is slightly denser than that near the inside edge. The particles suspended in the liquid move at rates that
depend an particie size. Large particles move much faster than the small ones. A light beam detector s used to
moanitor the amount and the size of particles that pass through the edge of the disc. The time required to reach the
detector versus the degree of light attenuation can be correlated to a size distribution. The disc centrifuge method
should have extremely high resolution. It has been claimed that particies with <5% difference in diameter can be
compietely resolved. The method can handle particies from <0.02 to >40 microns, with dynamic range up to 1000.
Most measurements require only 3 - 15 minutes. The method provides more accumate results for spherical particles
that non-spherical ones.

In Capillary Hydrodynamic Fractionation (CHDF) system, a very dilute sssperﬂm of particles flows through a very
thin capillary.7 Due to Brownian motion, over time, a parabolic-velocity profile is deveioped for each particle size
group. On average, large particiés have a higher velocity than smalt particles, due to the fact that they would have
less interaction with the caplilary wall. As the particles pass through the detector at the end of the capililary, the relative
particle concentration is determined according to the amount of light obstruction. The method, therefore, requires
minimal nformation about the particles and Is capable of measuring particles in the range of 0.01 - 2 microns. The
resolution Is usually poor. it has been estimated that narrow familles must differ in diameter by 35% to be physically
separated In capillary. In addition, the particies must be compatible with aqueous emulsifier environment. Large
particlas or strong aggregation of small particlas may plug the capiliary.

One method that combinas the strength of a hydrodynamic fractionation and disc centrifugation Is called
Sedimentation Fleld Flaw Fractionation.8 In an SF instrument, a rotating disc provides a fiow 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 adge of the .
chamber (If lower In density than the fluid). Similar to CHDF, liquid velocity profile inside the chamber s parabollc.
Unilke CHDF, smaller particles spend more time In the higher velocity portions of the flow due to Brownian motion and
exit the chamber sooner during the initlal phase of high g-force. As the speed of rotation falls, the g-forces fall as waell,
allowing larger and lamger particles to spend time away from the chamber wall and move faster than amaller particles.
After this point, the fiow velocity profile is simliar to CHDF again. Extremely complicated algorithm is required to
unravel the stze separation and disiribution profile. For particies that are less than 3-5 microns, the method can
provide exiremely good resolving power. It has been claimed that namow peaks with 5% difference in size can be
rasolved. in addition to the highly convoluted separation mechanisms, the run ime is typically long (1 hour or more).7

A modified version of hydrodynamic fractionation is the packed column hydrodynamic chromatography. In essence,
the capillary is packed with chromatographic materials that create many tiny channels for the suspended particies to
flow through. The basics of hydrodynamic fractionation are still applicable here. An advantage of this technique s the
Increased resolution for pacticles with small size differencs or particles that may hava different surface chemistry.
Figure 4a shows a silica sample that is contaminsted with larger particles. The packed column dlmnllcgnpmcrusull
shown In Figure 4b clearly revealed the extent and particie size of the contaminates.

Figure 32 -




Counting Method

In a counting method, each partlde is identified and counted at a ims. Among the popular counting methods are
electrozone counter, optical counter, ime of flight, and microscope. During an electrozone measurement, pasticles
dispersed in an electrolyte are drawm through a fine aperture. A constant voltage Is applled across the electrodes
positioned at either skio of the aperture. When a parlldtipassumm.qh the aperu.lra the resistance Increases

preaarts o sambor o TN | 7o cicn trvaing throuoh &
aperture whm:ru“asthe o [ A comparoon et o s i vt e | magnil.:de ofth“;g::ama Inm.
voltage is related to the particle | ™ T e s et i, T PP | size. Although this method

. pa different profiies far aver elend particies. . Although can
be used to measure a broad P range af sizes (0.5 um to 300
umn) using comesponding . A ortfice, each orifice can only
provide limited dynamic range -} N Sy (ca. 2% to 60% of the orifice).
in adiition, the sampie must be : " I | S placed In a conductive fluid |
and the particle must be .- rf:._.‘_'_._-w-‘“ . !::,_;-r__:_n_ o _ insulators.

A light counter is very much ;- — }.-i' - = | the optical equivalent of the
electrozone counter.8 Particles : ' : v ni . . are forced ﬂ]mughaemmﬂng
chamber, where a focused t RSN Ay laser beam is partially blocked
as the particie passes. The N S . SR N reduction in light intensity
reaching adetectoris related | - - - - - - - ' to the optical cross section of
the particle, and this is converted to a size disiribution.

The method provides the “true” particle size distribution (PSD) by quickly slzing and ¢ counting large numbers of
particies, one at a time. The light counter has resoiution and accuracy comparable {o slectrozone and LALLS

methods. it doss have a much wider size range (~0.5 micron to >2.000 micsons), although resolution appears to suffer «
with smaller particles. As matter of fact, &t Is Impossible for this method to measure particles below 0.5 micron. An
advanced instrument should havae a high counting rate (>20,000 particles/sec) and autodilution feature. One must take
precaution when using autodtiution, pH shock or lonic strength change may have s negative impact on the stability of
the slurry. This method Is particuiarly useful for counting number of oversized particles that other methods wouki have
difficulty to quantify. Figure 3 show a comparison that two samples yleld aimast identical resutts on a back scattering !

system described above, but they contain & very different number of particles above 1.0 micron. This is particularly
imporiant as oversize particlas not only decreass the bicavailabliity of a pharmaceutical formulation, it could also be
dangerous in a blood stream.

in a Time of Flight Counter a very dilute particulate suspensions In water Is first "nebuitzed™. After the evaporation of é
water, particies gre carried by alrflow through two adjacent detectors. As small particles are accelaratad moms rapidly =
than larger particles, the time that is required to flight between the two detectors is shorter. The particle size and size
distribution information are then elucidsted from the mcorded time of fight data. The advantages of this tachnique l
include high resohution and raasonabledynnmlcmme mdsdvanuoelsﬂutpuﬁdemmmmdumme
evaporation of solvent. '

In a microscope counting scheme, the sample could be either placed under a reguler fight microscope or an electron
micrascope. As we are mainly Interested in particles that are smafler than a micron, the usaefulness of a light

microscope Is limited. For SEM or TEM microscope, the sample preparation is somewhat destructive. The evapol

of solvent can aiter the environment of the sampile and producs artificial larger particles. In addition, the counting

pracass requires extensive Imaging analysis and complicated deconvolution logarithms. Therefore, it is not practical

as a tool for routine analysis. .
9
- L
Separstion Methods

A separation method exerts an external force to a sample and physically groups the particies according to size. Once
the particles are separated, the characterization of Individual groups of particies can be conducled using either &
counting method or an ensemble method. Common saparation techniques Include sieves, gravitational sedimentation,
disc centrifuce. caoillarv hvdrodvnamic fractionation. oacked column chromatoaraohy. and sedimentation fiekt flow
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Conclusion

Amongst the ensembie methods, a badtsubrlngsystem coupled with an eﬂochvephcton correlator for DLS
measurement and adjustable cell position feeture Is a viable cholce for general particie size and size distribution
analysis. For counting methads, an optical counter equipped with autodilution feature is ideal for the determination of
oversized particie in a sluiry and particle stze distribution (>0.5 um). In the category of separation method, packed
column chromatogmphic method Is easy o use and seems 0 be able to provide the sepamation needed for a mbdure

samples.
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12/01: Analyzing Powder Particle Size

Reaping the benefits of laser diffraction

By Mark Bumiller
Decamber 08, 2001
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An shundsnce of fine particles con ceuss powder flow problams, and £ the particulate muterial is ister dispersed in
a8 a kpid suspansion, fines will changs the rheclugy of the system. On the ather hand, farge perticies can reduce

. final product cuality through a varisty of mechanisms such as increased disaciution time. They can cresats a poor
finish on surface coatings and sn unatiractive Yexture.

Because parficle size is a critical physical proparty, plant enginesrs use s varisty of snalytical tachnicques i
quantily the powder distrfbution. The cdest particie-aizing chnique — sisving — has besn around since the
Egyptians and stfll is used in modem facies. More advanced massurerment methods currently in uss inclhuds
slacirical sensing zons technology. MM“MMWI&M
ight-scaitaring tachniques such ew photon comelation spectoscapy (PCS) and leser diffraction.

Each of thesa methods hes its own advaniages and disadventages. Sleving, for instance, ofill is the beat spproach
for particle sizes greater then 3 miimetars {(mm). but it is quite tedious and cannot gensrete ecceptable results for
fine materisls. Laser diffracton has becoms the most popular particls-size anslysis technique bacause it is essy o
usa, covers a broad dynamic renge (currant enalyzers can messure from 0.02 pum to 2,000 pm with a singls .
sysism) and is flsdbls snough to Measure powdars, suspensions and sprays. in addition, laser diffracion now can
be appied not only In the isboratary, but also in the process as a ool for powder process ines.

Laser diffraction in the lab

AM“MMMMU-H!“ & detection systam, a sample
dispersing sysiam to pess the perticies through the optical bench end softwars to corvert acaitsred Bght inlo a
particie-airs disiribution. See Fig. 1.

Figura 1. Optical Banch of a Lasar Diffraction Particle Stzer
' BS.

BS] vackecattor Gutuctun
LA | Larryr-angis detraers Bs’
M | e e prvewt ainsvace dntus e
RL [ Koverse frusrinr ivas

RL
A laboratory laser diffraction panlcla sizer has a llght source. a detection system and a
sample dispersing system to pass the particies through the optical bench. Software
converts scatterad light Into a particle-size distribution.

The light source in the optical banch typically is a lsser or tasara with different wavelengths. Adding a second light
sourcs at a lower wavelangth — for sxampie, a bius isssr-emitting diode (LED) | = 432 nanomaters (nm) —
improves both tha sbility to datect smalier particles and the ability to resaive multiple peaks in muftimodal
distributiona in the submicron region. Detaction syatams aiso have improved aver time, axpanding the angles
inspected from smaller than 14 degrees in the past to current instruments that measure up © 150 degrees.

The raw data fis of scatisred light for each of the detectors must be converted into a particls-size distribution using
an itargtive mathematical process. The Fraunhofer appraximation wes used yeers ago prior to the increess in



computationsl power aveilshie in persanal computera. The Mie thwory now is used because this approach
generstoe more accurate reults.

The recantly published intemational Standard Organization (1§0) document 13320-1, "Particle Size Analysis —
Laser Diffraction Methods," suggesia thet the Mis theory be used for pariicle diameinre less than 40 times the
mdhmm—mamhaMnﬂnn Below the 2% um size &k is essential o use

the Mie theory.

The Fraunhofer sppradmation can misrspresent the actusl distrivution, cresting peaks of fine materiale that do not
really exiaet. To resp the berwflis of the Mis theary, The refractive index of e material must be entered into the
srmlyzer software. Marty miractive indax tabiles sre avalabie to fecilitate this effart, Including exiansive Rarios
now bullk o the softwars of most dilfraction snelyzers. Those interesiad In 8 review of the thworelical

of sser diffraction ehoukl refer to the IS0 1mmm-ﬂmnmm
mm(mﬂ)mwmtmm

MnMM“MMDmMMMu_bhHhm
particle-alre anulyeis? The first step often ks 0 properly sub-ssmple the melerial brought o the leb. Thia step can
be overiociad whan the eniire sampis Is messured &3 & dry powdar. Otherwiss, the sampie should be spiit with @
spinning rifMer, and a portion of the total than should be pleced into the analyzer's dry powder feeder. Poor
sampling practices er common sources of unnecessary variations in resulls — up o a 30 parcent varintion,
depanding on the sixe and breadth of the distributon.

Aftar the powder has bean sub-sampiad, the snalyst nesds 1 dacide whether 10 messure the powclar in lis nebry)
stae or to dsperes the material in a liquid medum. Metewing powders in 4 dry-powder fesdar is prefersble when
the goal s to determine the distribution of the msterial in ite naturl state. Sample dispersion in & lquid might ba
recquined when the gosl Is to messure individusl particle sizes of aggiomersted materisle.

Pawdars cisparsad In liquids can be exposad to ulrasourd o surfactents fo bresk up loossly haid sggiomerates.
Caustion must be used when snalyzing unknown povwders with a dry-powcer fosder to investiguts the affect of air
presaure on the size dstribution; 100 much enangy can resut In comminution rether than good disparsion.

New sarmpies should be messured repeatecly at a minimum of three pressures — 1 bar, 2 bar and 3 bar, for
sxample — to investigate dispersion ve. comminulion. Once the proper sir pressure hes been selscted, 8 standard
operating procedure (SOP) for that powder should be created endl adhwred fa for fubure messuswments. The SOP
should inchuds sampiing pracadures, refractive index valuss for the material, aralysis modes and the air pressure
used in the dry-powder feeder. ideally, the air pressure is both controlled and recorded sutormatically by the

Not all powders can o should be ansiyzed In their nsturl state — some should be arslyzed dispersad in s quid

Sampisa that we (0o sansitive 1o changes in sir pressurs (ses Fig. 2), powders with sirong cohasive

suspanaion.
forces and powders with a eignificant portion of submicron material shouki be analyzad es a suapension.

Figitre 1. Effect of Pressurs on Paracetamol Powdar Skxe

e n2ahananntosgaanas .ﬁ‘
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Samples vary in their sansitivity to changes in air pressure.

Dispersing powdars In a suspension fequires choosing a scivent (prefersbly water) and oftan salscting the
sppvopriate surfactant and ulirasonic energy neadad t wet the material and break up loosaly held sggiomerates.
A typicsl approach might invoive placemant of a small quantity of the powder into a beaker, the addition of a few
drops of surfactant o wet the material and then the addition of just snough soivent to creats a concentrated peste
that can be pipettad into the fikuid sampler.

Oncs the sampls is dropped Inio ths sampler, the settings must be kwestigatad % find what punp snd stimer rates
are required 1o knep the hasviest perticies I suapersion without eniraining alr in the sample. An SOP for @ powder
suapandad in lquid must include the sempiing procadures, the choice of aurfactant and scivent, sny ultrasenic
treatment, the refractive index of the powder and scivent, end all sampier sattings.

If a powder can be analyzed as both a powder and a suspension, much can be lsamad by comparing the results
from these two epproaches, [f the deta closely match, than the anslyst can have confidence in the results.
Differences betwean the wet and dry results will shed Ight on which method is more stited 1 the sample under
investigaiion. Arry resuit showing that the reparted particie stzes from the dry-powder fesder are amaller than those
from a liquid disparsion should be questioned.

Lnu'MIlllnplIt

Although most particie-size anslyels stil is parformad In the nborakory, mammmm
been instalied successfully in powder processes, including thoss located in cement plants, mineral processing
mmmmwwmﬁmmmmwdh
procass messurement inciude confinuous maniioring rather than baich sampling, the abillty fo feed size data into a
mmmwﬂhﬂqummmmumhm
particls size.

wmmmmhmmmmmbpﬁhm
in the same way laboratory instruments do. The ree! differences come from how the powder is introduced to the
inser, the requiraments for robust apfics and alacironics capsble of withstanding harsh plant envirorsments and the
mbmumm _

Most in-process analyzers remove a portion of the total product flow, pass the sample through the analyzer and
then retun the powder to tha process stream. Ses Fig. 3. The optics ane continuously purped with clean air to
prevent any particle contamination on the windows. in a laboratory, instrument cperators control the sample
concantration through dilution or sampler satings. in procass environments, the concantration not only cen
fuctuate, but sleo can bacome high snough o produca multiples scettaring ermors that could lead to
underestimating the trus particie-size distributdon. For this reason, in-process analyzers require sutomsstic
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corrections for muyltiple scattering at high concentrations.

- el . -. -

Figure ). in-Procass Lasar Diffraction Particle-Siza Analyzer
_ Analyzer

in-process analyrers require automatic comrections for multiple scattering at high
concentrations.

mmmmmmmmhhm the question arises: In which

arxd can be used to locate end rectify biips created by hopper flow fluctustions and compressor sigstups. Plants
using sir-cisssifier mills have successiully used the cutput from the in-procsss analyzer to control particie size

through ciassifisr-epesd control. Other advaniages muonitoring offers ovar inboratory analysiy includs
quicker startup end product changeower times end prooses aptimieation based on

anslyzer-ganerated

Conclusion

Laser diffraction hes proved to be a valushis tool for Meswring the particle-size distribution of powders, both In the
Isboratory snd in the plant, Before performing lab snslyess, howsver, remenber &

1. Bring & repressntative sample to the feb. .

2 Sub-eample in the iah using & apirning riffler.

3, Creats SOPs for afl sarnples.

4. Alvays repsat mossurements when cresting SOPa.

5. Rapeat messwements st seversl sir pressures for uninown samples using & dry powder fesder.

8. Mesyure and record the eir presmure for ol snslysss. -

7. Use the Mis theary for sampisa below 50 .

8. Compare wet to dry results whensver pomaible.

M«hmm«mmnmm Southboro, Maas. Contact himn at
mbumilie@maivemuss.
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Dynamic Light Scattering

When a beam of light passes through a colloidal dispersion, the particles or droplets scalter some of the
light in el directions. When the particles are very smail compared with the wavelength of the light, the
intansity of the scattered light is uniform In all directions (Raylelgh scattering); for larger particles {above
approximately 250nm diameter), the intenalty is angle dependent (Mle scattering).

it the light is coherent and monochromatic, as from a laser for eample, it is possible to observe time-
dependent fluctuations in the scattered intensity using a sultable detector auch as a photomuitiplier
capable of operating in photon counting mode.

These fluctustions ariss from the fact that the particies are smail enough to undergo random thermal
(Browniam) motion and the distancs between them is therefore constantly varying. Constructive and
destructive interferance of light scatierad by neighbouring particles within the illuminsted xone gives rise
to the intensity fluctuation at the detector plane which, as R arises from particle motion, contains
information about this motien. Analysis of the time dependance of the intansity fluctuation can therefore
yield the diffusion coefficiant of the particles from which, via the Stokes Einstein equation, knowing the
viscosity of the medium, the hydrodynamic radius or diemeter of the pasticies can be ceiculated.

The time dapendence of the intensity fluctuation ks most commonly aialysed using a digital correlator
such as the Broakhaven 31-3000AT, Such a device detarmines the Intensity autocomrelation function
which can be described as the ensembie average of the product of the signal with a delayad version of
liself as a function of the delay time, The “signal” in this case Is the number of photons counted in one
sampling intarval. At short delay times, correiation is high and, over time as particlas diffuse, correlation
diminishas to 2ar0 and the sxponantial decay of the comelation function is characteristic of the diffusion
coeflicient of the particles. Data are typically coflected over a delay range of 100ns to several seconds
depending upon the particie size and viscosity of the medium.

Analysis of the autocorrelation function In terms of particle size distribution Is done by numerically fitting
the data with calculations basad on assumed distributions. A truly monodisperse sampie would give fise
to a single mponential decay to which fitting a calculated particle size distribution Is relstively
struightforward. In practice, potydisperse samples give rise to a series of exponentisis and several quite
complex schemes have been devised for the fitting process. One of the methods most wiiely used today
is known as Non-Negatively Conatrained Least Squaras (NNLS); the Brookhaven cormelator software
includes this along with several other approaches to the problem.

Particle aire distributions can be calculated elther assuming some stendard form such as log-normat or
without any such assumption. In the tetter case, it becomes possible, within certain limitations, to
characterise mulimodal or skewad disiributions. The size mnge for which dynamic light scattaring Is
appropriste ls typically submicron with some capability to deal with particies up to a few microna in
diameter. The lower limit of particia size depends on the scattering properties of the particles concamed
.(relative refractive Index of particls and medium), incident light intansity (laser power and wavelength)
and detector / optics configuration.

Dynamic fight scattering (also known as Quasi Elastic Light Scattering [QELS] and Photon Correlation
Spectroscopy [PCS]) is partcularly suited to determining small changes in mean diameter such as those
due to adsorbed [ayers on the particle surfach or slight varistions In manufacturing procesaes.

L3
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Particle Size Analysis
Light Scattering

e S0Plus
¢ FOQELS
e BI-200SM

Cantrifugal Sedimentation

Colloidal Particies

o ZataPlua
o ZataPALS

e BLEKA
ElectroiGnetic
Anafyaer

Light Scattering
e BL200SM
o BLMwA
s FOQELS-
o« BI-OO00AT
Accessaries

s BI-DNCC
s« BI-870
e BI-SFS

90Pus - Simple Yet Powerful Submicron
Purticis Size Distribution Analyser

Dynamic Light Scattering (eiso called PCS) pro
a (ast, simpis method for submicron partide a
Random intenally fluctustions In scatisred lsse:
arising from the Brownian motion of colloldal pat
are anglysed to give either a simple mean sin
polydisperaily (cistibution width) or com
distriibution data even for mulimodal distriibution

systemn. This can be selected at the ime of purchase or later.

Typical applications of the 90Pius include polymer colloids (latex), Bposomes, emulsions
microamulalons

, pharmaceuticals, pigments, oners.
S0Pius Specificstions:
Range: 2 nm 0 3 pm deperiing on refractive index, concentration 1
’ scathering engle. 10 nm 1 1 pm typleally with standard lases
Precision: +/-1% typically.
Sample Type: Most colloldal-sirad materials, suspended In any clear Iquic
Sample Volume Lﬁ%mmdmm1mm
Temperature Controk: 1o°°urs°c.w.1°c.mmuomm
Laser: 30 W, red, standard. SOmW green, aptonsd.
Scattering Angles: 1592 909,
Data Presentation: mwammmmmm
’ Brookhaven BI-8000AT, multi-tau resserch comelator with 5
Correlator: channels (equiveient to 10 million Enearly-spaced channels
* 100% efficient raal-time operation over the entire delay-ime
range.
Compurter: Bullt-in PC. WindowsTM Softwars Included. Check with
: Braokhaven for latest specifications. Extamal computer opt
Printer: Colour nkjet, standard. Others available.
Monitor: Calowr, SVGA graphics card.

hitp://www.brookhaven co.uk/products/particle-size-analysis/light-scattering/90Plus.html  02/09/2000




ElectroKiget
Analyser

Light

Scattering

Particle Size
Standards and
Microspheres

http://www._brookhaven. co.uk/products/particie-size-analysis/light-scattering/90Pius. hgm!
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Sample Type:
Sample Volume
Temperatore

. C_ont_rol: L.

Laser: .
Scattering Anﬂu

-

Correh_mr

Computer:

Printer:
Monitor:

Power
Requirements:

Dimensions:

Weight:
Environmental
Characteristies:

Options:

o back 0 products
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Mosteolloldll-uzedmmds, nupmdedmmy
clear liquid.

1 to 3 mL. New! Small-volume cell requires only
150 microlitres or less of sample.

10%€ 0 759C, +0.19C, active eont:ol. No external
— tirculator required.

15°&9o°

mﬂumoddmdumwou.

Btookhm:nBl-NOOAT multi-tau research
correlator with 510 channels, (equivalent to 10
million Ilmn'ly-apaeed channels), 100% efficient
" real-time operstion over the entire delay-time ran

Built-in PC. WindowsTM Software included. Ch

Colour inkjet, standard. Others available.
Colour, SVGA graphics card.

100/115/220/240 VAC, 50/60 Hz, 300 Watts.’

267(H) x 625(W) x 445(D) mm (excluding monit
and printer).
37 Kg (excluding monitor and pnnter)

Temperature 10°C to 75%C Humidity 0% to 95%,
non-condensing. '

ZetaPlus and ZetaPALS facilities for zety potenti:
analysis; Small volume glass cell; Disposable squ
plastic cells; Round and square giass cells

g onnnd.o.n .o o s ses
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Cartified Particle Size Standards

As Authorised Distributors for Duke Scientific Corporation, USA, Brookhaven are pleased to
supply the full range of Duke Sclentific cartified particie sire standards. Thesa standards provide
third party tracesbiity of cafibration procedures to national or Intemnational agencies through an
unbroken chain of measurements with specified uncertainties.

They are available as uniform spheres of polymer, glass or silica in a range of diacrate sizes from
20nm to 2000um calibrated with linear dimensions transferred from NIST (National Institute of
Standards & Technology) by Duka Suﬂ'lllﬂc using methods developed in Duks's own
Inbomtoda

&mmmamuuun'mmmmrmw,-mdh
callbration method, a table of its chemical and physical properties and a Materiala Ssfely Data
Sheet (MSDS) with handling and dispasal instructiona.

3000 Serles Nanosphers Size Standards 20 - 900nm

* Uniform polystyrene microspheres in a range of sizes, each packaged ws an aqueaus suspension -

In 15mL. dropperdippad botiiea. The cancentration is optimised I’uraseofdlspu:lun amd
coilaidal stability. The microspheres have a dmdtyoﬂ 05 g/em® and refractive index (569nm) of
1.50.

Nancsphers Size Standarde are used for a wide variety of applications including callbration in
slactron microacapy, laser light acettering and colloid research.

4000 Series Polymer Microsphera Size Standards 1 —1000um

With the same composition and physical propeities as the 3000 Serles, Ihasepoly!lyrmo
microsphers standards are suppllad as aqueous suspensions in 15ml dropper-tipped botties (1~
160um) or In dry form in 1g screw cappead botties (200um and larger).

8000 Serles Sillca Microspheras 0.5 - 1.6um
Designed for applications requiring monedisperse Inorganic microspheres, thesa particles have a

" higher density than polystyrene and provide mors contrast than polymer microspheres in optical

and electron beams. They are packeged as aqueous suspensions at 2% solkds in dropper tipped
boitles.

Tha silica spheres have a density of 1.8 -2.2 glu'n’ and en index of refraction of 1.40 — 1.46 at
588nm.

9000 Secias Glass Particie Size Standards 2 -2000um

This range consists of borosHiicate glass microspheres (mean diameters 2 —20um) and soda lime
giass microspheres (30 m;lm) all with nanow slze distribution and NIST traceable mean
diamaters.

Small borosilicate microspheres have fower spherica! lmporfecﬂom and Inclusions and bettar
mechanical and thermal stability. The are packaged In 1g quantitias of dry microspheras having a
density of 2.50 - 2.55 g/cm® and refractive Index of 1.58 st 588nm.

The soda lime glass of the larger mlerosphem contains trace amounts of metallic elements
making them easily detectable by non-dispersive x-ray methods and kmproving their contrast and
reflectivity in optical, ultrasonic and electron beama. They are processed to remove most of the
nan-spherical or broken material, snauring a high percentage of spharical particles.

Soda Inme mmspheres have a dcnsrty of ?.4 ?_5 glcm and index uf m‘racﬂon of 151a

=S



588nm. Thelr softening temperature is 720°C and the dielectric constant is 7.3 at 1KHz and 20°C, ..

To download a brochure In Adobe Acrobat format giving full detalls of the Cariiflad Particle Size
Standards range, including individual sizes svallable, click hare, Altemstively visit the Duke
Scientific web site for more inforration.

2000 Series Uniform Polymer Size Standards 5 — 40pm

First introduced in 1971, this range of microspheres continue to find application where modarate
uniformity of particie size Is required rather than the vary narmow distributioas (CV <5%:) of the
oﬂ'larahndlm.‘nuymﬁddyuodm Jeser diffraction and fight blockage instruments,
acoustical § wmu;mmmwmmm
Mbﬁm«uudhmbuﬂons.

unmmwmsu-mmmmmmofmwm
giving them good durability and chernical stabliity. Their density is 1.05 g/cm” end refractive index
1.59 at 588nm. They ara packaged In 16mL dropper tipped vials and suppfiad with cariificate of
NIST traceabie calibretion.

To download & brochure in Adcbe Acrobat format glving full details of the 2000 Sefles Uniform
Polymer Size Standards range, Including individusl sizes available, click here,

Alternatively visit the Duke Scientific web site for more Information.

Addiional certified particle size standards ars deseribed In the section on Standards ‘or Faricla
* Counting Mathods,
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Advanced Surface Characterisation of
Inhalatlon M|cropart|cles

smnmmmnummmbmuMuM1mmumm
Sclence and Technology Park, University Bivd, Nottingham, UK

Introduction

The application of advanced ssface snalytical methods 1o
the characterisation of inhalation particles allows direct
determination of the.physical and chemical properties that
are critical 10 deviee function, Properties that can be
texture, roughness and surface heterogeneity Such
information s aucal to confirming that particles ae
engineered within respirabje dimensions, and present the
desiretl suwface struchae and composition. Furthermons,
the adhesion between particies, or betwesn a partide and
a surface can be measured. Micronisation produces
partices with a high surface aa, which are prone 1o

“form unstable cohesive systems, agglomerates or adhers

o surfaces, such a5 packaging materials. These factors
lead to potentially serious problems with dosage aontol,
dispersion-and defivary in inhalation devices, In this articdle,
an owerview of the capabilities of current surface
analytical methods & given, along with samgle
applications of this technology

Detormination of Particle Physical
Properties

The morphology of the partiadate componants of an
inhaler devioe & important in determining inhaler
function. At a basikc level, it is necessary (o assess partice
size, 16 ensure that daiivery to the respiratory tract is
possile (generally 2 size aitera of 1-5 mm must be
satisfied). Conventional particle sizing methods such a1
light scattering produce average partice diameters
assuming spherical partide shape, which can be
nacourate for the oystal geametries of many active
ingredients. An altemative method is to uss Scanning
Bectron Microscopy (SEM) in conjunction with image. .
analysis. This appraach anables particle shape to be

mhdwqumﬂﬁdmhgnmm

of the respirable fraction (see Ffigure 1)

Particle roughness is apother important parames, as it
Plays a largs role in detarmining the level of adhesion to
other active partices, axcpients and inhaler device
surfaces, via its effect on contact area (Stanffarth, 1995).
Atomic Force MiTosmpy {AFM) provides an ideal method
for detenmining surface raughness, through its abdity m
generaw true 3D topographial images with nm
resolution. AFM operates by scanning a sham op

attachad W an ultra-ight cantilever across the surface. An
image s formed from the displacements required to
maintain & constant tip-asfae interaction,-and this
constant foroe surface fonms a representation of
topography. As an example of the data obtained, Figure
2 displays the results of ARM analysis of active ingredient
perticles that have been produced using the solution-
enhanced dispersion from supercritical fluids method
(SEDS). In adifition to the 3D and 2D data
represemtations, viral coss-sections can be produced 1o
allow quantification of sxface festures, Here, this' was
used to messue the height of a aystal stap, providing
information about the crystal habit of the active
ingrediant. ARM dats ks sl readily analysed W provide a
range of surface roughness parameters. In this case there
was interest in detevmining ¥ the novel partide
preparation method had suoreeded in smaathing the
panticle surface compared with conventional micronisstion.
The roughness data presented in Fgure 3 confirms that
the SEDS process does produce significantly smoother
particies, which is Eely to reduce particle seif-adhesion,
and so reduce undeliverable aggiomerste formation.

Phase imaging extends the use of ARM for partide
duracterisation. This mode allows variations in surface
properties such 25 hariness and hydrophabicity to be
imaged. For eample, phase imaging & able t©© distinguish
aystaline ard smorphous material and hes even been
shown 1o cifferentisle w0 polymanphs of an acthe

Figure I, SEM analysk of SEDS Salbutamal particies
enables direct determination of partide dimensions and
shape.

The Drug Defivery Companies Report AutumnvWinter 2002
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Fgure 2. ARV aralysis of SEDS produced Salbutamot partides. A virtual auss section s generated along the red fine,
mmmmhﬁmn_hemmd.

) ingredient Danesh et al, 2000). In addition, by utiising
Comparisos 3} Surice Ruaghenrss Vaiues the force sensing ability of AFM it s possible to measure
vt m e e s e mres e e om and hanical jos of particles such as
contribute 10 particde adhesion levels, and aan also reveal
information about the state of the particle.

Chemical Characterisation of Single
Partide Surfaces

in addition to characterisation of the final physical
praperties of inhaler active ingredients, confirmation o
partide chemical compasition & also impartant. This s

Toust e ke diwpieying * oy disiribyson ou
wvttd r cropttey virgla paicia
Fgure 4. TOF-5MS analysis of the contents of a dry powder inhaler neveals the presence of a conaminant distributed

on active ingradient partides.

The Drug Delivery Companies Report Autumn/Winter 2002
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particularly important as miling processes have the
potential to modify partide surfaces. One of the few
chemical analysis methads with the spatial resolution to
interrogate individual micronised particies is time-of-filght
secondary mass spactumetry (TORSIMS). This advanced
method allows surface semitive mast specrum t© be
abtained from regions as srall as | mm. The techmique
monolayer of the sample. Intdrpretation of the mass
fragments allows accurate determination of the surface
chemical compasition. A significant feature of TOR-SIMS is
the abifty to form images of the distribution of specific
malecular fragments, allowing the mapping of
heterogeneous surfaces with a resolution of 100 nm.

An example & the chemical analysis of the contents of a
dry powder inhaler using TOF-SIMS (see Figure 4). The .
total ion image is used to locate the position of the
particles after expulsion from the inhaler devics, and
pravides an indication of their sins distribution. The
retrospective analysis capahilty of the technique allows
mass spectrum t0 be extracted from individual partides. in
this @se the specira contained fragments that could be
assigned 10 the active ingredient and excipients, however
some additional signals were present. Reference to TOR
SIMS Ebraries revealed the signak 1o be attrbutable to an
trgafos 168 contaminant. Again, retrospective analysis of
the data allows images of hoth the active ingredient and
contaminant distribution to be produced (sse Figure 4).
From these images it is apparent that the contaminant is
located on the active ingredient partides. Further analysh
revealed that the imafos contaminant originated from the
packaging material used to contain the active ingredient.
This case hightights the importance of chemical
characterisation of inhaler components in their final form,
and alowed detecyion of 2 contaminant that may have
otherwise gone unnaticed.

detaction levels, the data obsained & qualitative. For this

W oxche

Figure 5. Schematic of the use of ARM o measure
interaction forces between inhaler components.

@ﬁamqm-mm
muthad, X-ray Photoslectron Spectrascapy OCPS) & often
clemental compositions o be determingd, and also
functional groups present (Davies ot al, 1999)

Partide Interaction Measurements

Tha performanca of inhaler davicas i highly depandant
on the interactions between their constibeents, For -~

" . examgle, in a dry powder inhaler; the active ingredient &

present as a micronisad powder. Due 1o the high cohesive
energy of such small particles, the active ingredient on its
own would form aggregates exceeding respirable
dimensions. For this reason, an exdpient (usually lactose, |
wemed the caier) is induded, to aid dispersion of the
actve ingredient. Dusing the inhalation procmss, the active
ingredient must release from the lacinee as individual
micronised particles. it & apparent that for such a system
to suoceed, the balance of interactions between the
acose and the active ingredient must be carefully
controlled. Furthermore, adhesion to the walls of the
device provides an additional loss machanism for the
active ingredient that must be minimisad.

Conventional methods for assessing particle-pacticle
intevractions indude tests in wwo, on “slectronic lungs”®
and using Andersen-Cascade tmpactors. In addition, some
epeiments using cantrifuges have also been parformed
(Podcreck ¢ al, 1995). All these experimants have the
disadvantage of measuring the properties of partide
ensembles, rather than individual particdes, and offer no
mevs of probing spatial variations in adhesion strength
due 0 heterogeneity of one or both of the interacting
manriale

Locafised Partide Interaction
Measurements using Atomic Force

Microscopy

APM provides a method that avoids these drawbacks. By
attaching a single partide of interest to an AFM
cantliever; the interaction with other partides or surfaces
can be probed fsee Fgure 5). The type of data dbtained
i wrmed “fosce-distance” as graphs of the force on the
particle as 2 function of s distance from the prabe
material are generated. Mathematical analysis of these
graphs allows quantitative parameters such as maximum
adhesion energy tn be extracted. These can be used o
rank the strength of adhesive interaction between a seres
of materials -

As an example of this approach, a study examining the
interactions in a dry powder inhaier comprising
sabutamol {active). lactose (carmied and
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a Salutamol particle localised on
an ARV cantlievec .
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figure 7. Typical force distance asves obtained for the
interaction of a Salbutamol particle with the dry powder
device components. The siae of tha wel in the revac:
cuve indicates the extent of adhesion.

polyre@aftuarethyiens (canisher coating) is described (Eve
et al, 2002). The Emt stage of the interaction measuring
expeniment is to atiach a Salbutamol partice 1o 2
cantiiever using the micomanipulation capabiiities of
ARM. A SEM image of a aantllever prepared in this wey k
shown in Fgure 6.

ym u

Average Adbnglon Forcelini

Te! T2 T3

Figura & Awerage interaction forces between the

components aof the dry powder device.

Interaction meaturements an performed by chalienging
the modified cantilever to a disk of Sabutamal particles
(salintamrtion), a disk of lactose camier, and a modal
polytetrafiucroethylene fiim. Typical force distance
interaction cunves obtained from thess epedments are
shown in Figure 7. The sire of the wel in the force-
distance curve, chserved 3 the tip 5 withdrawn from the
sample, reflects the stungth of the adhesion between the
WO cfponets. At lesst 100 messurements were
recorded for a given functionalised tip, and averaged to
provide an adhesion messurement. In addition, to"allow
for varistions caned by the geomatry of the drug
partice, three differant tps were employed. The results
indicate a consistent ranking of adhesion of the order
salbutamollacinse > salbutamol-saloutamel > salbutamol-
PTRE, (see Figure 8), it shoukl be noted that the tip-to-tip
vaviation in adhesion snegy is a result of the different
shapes of the attached particles producing differem
ortact areas. This renders the data quaiitative, although
recant advances enable estimations of contact area |

is to suggest that it is energetically favourable for the
sabutamol aggregates to dsperse onto the laciose carvier
a5 desired, Furthermore, the low level of adhesion of

Faree b dlguar

Figure 9. Force volume imaging of the interaction of a salbutamal particle with a lactose carrier partde.
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active ingredient I the cnister coating # desirable. This
later finding was tempered by the discovery that repeated
oontact of the active partide with the same region of the
PTRE coating produced a large increase in adheslan
energy. This affect is lkely to be due to contact charging,
and may result in the active ingrediant adhering strongly
o the aniter: This finding could have an impact on
subsequent device design.

Atomic Force Microscopy Interaction
imaging

The above experiment can be extended to anable the
spatial variation in the interaction between a particle and
a substrate to be determined. To achieve this, an amay of
force-distance grephs s reconded over the area of interest.
This method is termed “forcevalume® imaging and
generates a spatial map of partide adhesion
simultansously with topographical data. As an eample, a
force-volume image was produced to measure the spatial
variation in interaction between a sabutamol panticie and
a larger lactose carmier {see Figure 9). The force-volume
image & genarated in a manner whereby darker regions
cormespond to increased particle-surface adhesion. k s
apparent that some af the features in the adhesion map
correspond o the topography, and 50 are ikely to be due
to changes in tip-sample contact area. This effect s
removed by comparing regions with smooth topagraphy.
Careful eamination of the force-volume images reveals
that there are variations in adhesion in these regions that
do not show abvious comelation to topography. This i
confirned in Figure 10, where fore distance curves are

pronsnnss don e e - p—

Figure 10. Forca-distance curves extraced from the force-
volume map shown in Fiqure 9. Topdgraphy independent
variations in the adhesion force are seen.

extracied from two regions of interest. it can be seen
from the size of the force welks, that the active partide
experiences less adhesion in region A, than mgion B,
Topography independent variations in adhesion of the
active ingredient (o the lactose carrier may help © explain
the previusly reported existance of active and passive
sites for absorption.

Z

Although the experiments described here have focused on
dry powder devicss, applications to pressurised aecosol
inhalers also mxist. The study of sxch devioes s possihle
through the ahility of AFM o operate in a controfied
enviconment, or under fluids. To simulate the conditions
in a pressurised inheler, experiments are performed under
2 modd fluarochemical solvent. To date, this approach
has been wsed tn determine the effect of a usfactant on
inter-particde adhesion, and to map the variation in
interaction between an active ingredient and the wals of
the inhaler canister.

Summary

Advanced surface analytical methods find numerous
applications for the charactarisation of inhaler devices.
The application of a combination of techniques (SEM,
AFM and TOF-SIMS) fadlitates analysis of partide sire,
roughness, morphology and chemical compaosition.
Furthermare, ARM provides an ideal toal to explore the
interactions between inhaler components, knowledge that
mﬂhmmuilavhm.
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CAPITULO 3

L CONTENIDO :

l_!; | 1. Tendenclas emergentes en micronizacién

2. Micronizacién de ingredientes farmacéuticos activos
3. Avancas en tecnologia de procesamiento de poivos
4. Micronizaclén de compuestos potentes.
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MICRON TECHNOLOGIES - EMERGING TRENDS IN MICRONIZING

As our understanding of the impact of particle size on Active Pharmaceutical ingredients (APls)
continues to develop, the pharmaceutical induslry is faced with numerous chalienges. Challenges
which include, but are not imited to, achieving the desired particle size in a consistent manner, -
measuring particie size In a reproducible manner, and meeting current and future regulatory
requirements. Balow is a discussion of the existing andomemlmopﬂomnrelatedmmlannlzlm
(defined as particles smaller than 20um).

PARTICLE SIZE REDUCTION

The most commonly used piecas of equipment are fangential fluid energy mliiis or pancake mills.
Stze reduction occurs via particie to particle collision. The benefit Is that no heat Is generated (ss In
mechanical miiling). The pancake mill grinds and classifies In a single chamber. High-pressure,
alngas Is Introduced thraugh specially designed noxzies. Raw materials are introduced Into the
grinding chamber through & venturi feed injector. The solid particias are entrained in the flow,
causing them to coilide. These high-velocity collisions pulverize the solids Into micron and
submicron particies. As the particles are reduced to the degired size, thovbcomdragofthe
exhaust draws only the reduced particies into the discharge system.

Alr or gas s Intraduced into the loop mill through specially designed nozzies. Solid particles are
injected Into this stream. The high-velocity collisions that result provide tharough and effective
pulverization of the feed Into smallar particles. The particle stream leaving the reduction chamber
flows to the classification zone. As the stream enters the classifier, the direction of the flow is
reversed. Properly sized product Is entrapped by the exhaust flow and conveyed to collection
aequipment. wrmmmmmmm

PARTICLE CLASSIFICATION

Wihth classification mills, air or Inert gas Is injected through specially designed nozzies directly Into
the grinding chamber of the mill. Raw material is Introducad Into the mill. Size reduction Is
accomplished by collisions between particies. Small particles are then swept towards the classifier,
mlmmahunwmmagmm chamber. Materlal, which Is fine enough to pass
through the classifier, is collected as product. Oversized perticies are recycled, by the classifier,
back Into Ihe grinding chambers for further reduction.

PARTICLE SIZE REDUCTION MONITORING

Monitaring of particle size reduction is typically performed using laser diffraction. This technique can
be relatively simple and fast, making such methods ideal for in-process testing. Due to the potential
for the formation of loose aggregates during micronization, wet dispersion methods are preferred.
Care must be taken, however, in developing reproducible and robust methods. In cases where
particle size will be used as a release 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 sample preparation methods or instrumentation.

SURFACE AREA ANALYSIS

Surface area analysis may provide more relevant information with respect to particie dissolution
and/or bioavailability, but is not a practical In-process test due to sample preparation requirements.
Additional physical characterization may be required if changes in crysiallinRy, polymorphism,
hydration/solvation or other parameters are axpected. Some of the techniques employed Inckude x-
ray diffraction, thermal analysis (DSC and/or TGA), mpymamnarﬂorﬂ-lm.NMRam
so forth,

GMP IN THE MICRONIHNG PROGESS

Goodeufactuﬂquﬂees(GMPs)mhomknmhmmdmnﬂMm

the pharmacseutical industry. Complllmlsmadhmeamsotundlﬂon(hrmmplepamde

size methods, computers, Instrumentation), employes training (empioyees have been trained to

perform job functions), and documentation (f it is not documented it did not happen).

The new ICH guidelines (GMPs for APIs) show a trend toward making all APl manufacturing
ldhmmﬂnumosundamupmmmwﬁmmmlnﬂnddmm

Micron Technologies

Crossways Boulevard

Crossways

Dartford

Kent

USA

Contact: Phil Birkett - moavdomm

Tel: +44 1322 425200

Fax: +44 1322 42521

Email: info@microntech.com

URL: yww microntech.com
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mifaco chemicals ag //

L i

mifaco chemicals ag
Micronization of Actlve Pharmaceutical
Ingredients

Dieter Krimmer"

=]

Abstract: mifaco chemicals ag Is a young and dynamic company that provides several services. The services
are: 8) CMC management: Thisinvolves alltechnical aspects during the development of a new drug. For generic
drugs, mifaco chemicals’ axperience can &iso be counted an. b) Micronization of APis: rmifaco chemicals Is
speciafized in contract micranization of APls. Micronization is performed under cGMP conditions in rudi-
purpose ines. Each Ine Is located in dedicated sultes. Our speciaity is micronization below 10 pm.

Keywords: cGMP/GMP - CMC manzgement - Consulting - Micranization - Partice size distribution

mifaco chemicals is the cutsourcing part-
ner for the phannaceutical industry fo-
cusing on size reduction for active phar-
maccutical ingredients and other ingredi-
eats, Our aim is to csiblish a partnership
wuhwchmmtmlymvﬁngﬂ:
micronization capacity. We sre abic v
provide a variety of valuc-added servic-
e.luilu:
uhdlnmmndpuu-lm
tacts with the autharities in US and

Europe,
— CMC management,
— marketing ideas. .

. Nevertheless such services am sup-
Mb&emw
mﬂnmﬁnehmmlupemlnun

mifaco chemicals was founded in
1997 with micronization as the strmlegic
focus The technical concept bas been
proven in tho mesntime, setting new
standards in the industry. The core com-
petence of the personnel ensuce that man-
uficture is carried out according to cur-

Fig. 1. View of the cisan rooms and HVAC systems

rent. Good Menufucturing Practice . -

*Coarrespondanca Or, D, Krimmer
i chemicals ag

mifaco

Steinenachanza 2

CH-4051 Bassl

Tel.: =31 81 20588 17

Fax: 41 §1 20505 §7

E-Mail: dietar xnmmar®saco-ag.ch

(cGMP). Furthermore, we have & good

ing of the pharmaceurical in-
dustry, which helps to aceelerate FDA or
other government approval.

The equipment was constructed in
199771998 and the modern plant has been
fully operational since the final quarter of
1998. mifaco chemicals was successtul

inspecied by several leading pharmaceu-

ticil companies. The two industrial mi-

cronization lines and one benchscale lab-

oratory plant mill offer following possi-

bilities:

* Micronization can be performed with
nitrogen or oil-free compressed air,
both also at lower temperatures.
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* Product handiing is pefomed in
closed systems and air-conditioned
roqas (Fig- 1)

* DBaches for microntzation can be
&umlﬂﬂgmtoumllmm

* Fulfiliment of the latest requirenents
of the authorities.

+ Sterile micronization
The plant offers the ilowing proper-

tics. The mills are in completely separat-

ed cabins with locks for material and for
persoanel. The was discussed
with the authorities (FDA) and accepted
before construction. Each micronization
line has a seyregaied air conditioning

Systom 0 avoid aoy cross-comamination.

Micronized and unmicronized products

are stored in separated warchouses. The

scientisi responsible for QA eanures that

material will bo micronized

only
o will be sent back to the partner.

Ouwr Personnel:
+ For CMC mamgement: 2-5 chemisty/

pharmacists
* For micronization: 1-2 chemins, 1-2

1ab techmiciaps, 3-5 chemmical work- -

ers
* Faor adminisration® 1-2 controllers

Th' Equipment (Fig. 2):
Fluidired-bed jer mills

» A classifier secures the desired parti-
cle size. All equipment has been con-
structed from stainless steel with
pharmaceutical-grede surfaces. The
micronization cell @ not coaed to
svoid any elecromatic charging.

CHESA 008, 54, Mo &

Cleaning can be performed quickly
and ensily (cleaning validation),

« Prepamstion of the milling gas. The
milling gas is oil-fiee compressed air
or pitrogen (medical grade). The tom-
pessiure of the milling gas can be cho-
s¢tn between 1 °C and 25 °C; pomsibil-
ity of adaptation of the sir condition-
ing.

* Sieving amlysis for particle sizes

above 100 jim. Laser acattering meth-
od for particle sizes below 100 pn
Six different methods for evalmation
can be used, Le the Fraumhofer meth-
od A &y module and a mod-
ule for Hquids are available. All reten-

tion ssmples sre stored for scven .

yeans for any requests.

ing c<GMP (DQ, IQ, 0Q, PQ).
¢ This qualification forms the basis of a
prospective validation of APIs.

Batch Documentation:

e After micronization, each customer
receives a complete batch documenta-
mhmmm This

mooL cvery time the demanded speci-
ficstions of your dissolution profile,
mmcmu

(Marufacturing), C (Controls)
Weom:eunnhmgnﬁemﬂec

support i the registration and much
more

Received: January 24, 2000
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Abstract;

Powder producers in chemical, mineral and pharmaceutical markets are exploring new
processing methods to isolate smaller average particle sizes and tighter overall particle size
distributions. Consumer demand for higher quality end products is driving these producers to
explore new technologies in the area of powder processing. Manufacturers of powder processing
equipment have, in turn, developed new and improved methods for producing powder products
that meet/exceed these stringent parameters.

This paper will review the basics of particle size reduction and classification, and
describe recent developments in powder manufacturing technologies. A summary of available
technologies will assist the participant to determine the optimal powder processing method for
his/ber specific application. The presentation will conclude with an overview of recent case
studies within the powder processing industry.

Submitted for: ChemShow '99: The 48™ CPI Expo
Jacob K. Javits Center, NY, NY
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Session: “Powder & Particle Process Applications”



INTRODUCTION

Solid particle size reduction and classification techniques have been used for a number of
years, in order to modify particles for a variety of chemical, pharmaceutical, food and mineral
applications. Virtually any powder used in commercial production has passed through some type
of machine to aler its size or shape. Practical examples include the powdered sugar on
confectionery products; the toner used in copy machines; the powder coating material used for
sutomotive finishes; the taic used in baby powder; the starch used in a variety of food products;
the active ingredients used in prescription drugs. These represent & small sample of the
applications were the taw material has been altered in some way to improve the quality of the
finished product as well as the efficiency of the mamfacturing method. .

The scieace of size reduction and grinding has changed dramatically in order to keep up
with the demand for improved congumer products.- In addition, this demand is derived by the
desire of the mamfacturer to produce s product more efficiently, with less off spec material to
recycle or discard. This paper will review size reduction aud classification methods, in addition
to the advances made in this area.

PARTICLE SIZE REDUCTION

Three maim principles govern the size reduction of solid particles: Impact, compression
and shear. Mechanical-impect grinding mills utilize the impact principle of grinding; either
impacting a particle with an outside force or accelerating the particle against a particle.
Compression involves size reduction caused predominantly by pressure but also by friction from
the surfaces of the neighboring particles. Shearing, or stressing by cutting, is used for soft or
fibrous materials such as plastics and animal and vegetable products. These machines make use
of rotary knife cutters, which consist of rotating and stationary knives that cut matetials on the
shearing edges.

Mechanical-impact mills are ideal for easy to grind (“soft™) materials requiring
“medium” fneness (see Table 1). Harder materials (typically defined as solids with a barneas of
the Mohs scale of greater than 3) require special processing techniques which will be deseribed
in & later section.

r TABLE 1
Degree of Hardoess Mohs Scale Example

Soft 1 Talcum
Soft 2 Gypsum
Soft. 3 Caleite

Medium-hard 4 Fluorite

Medium-bard S Apatite

Medium-hard 6 Feldspar
Hard - 7 Quartz
Hard 8 Topaz
Hard 9 Corundum
Hard i0 Diamond
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Mechanical impact mills are limited in their usage to relatively soft materials. Harder (p3
materials will cause wear and abrasion to occur rapidly inside and impact mill. s

Types of Impact Mills

Technological advances have led to 2 whole host of machine configurations designed to
reduce particle size. These mills include (but are not limited to): Cutting Mills/Crushers,
hammer and screen mills, universal and pin mills and mills with classifiers. Each machine offers
its own unique processing characteristic in order to achieve a specific product upon discharge.

Cutting Mills/Crushers

Cutting mills or crushers utilize shear for size reduction and are used when material is
required in a coarse to medium fine product ringe (see Table 2). Cuntting mills (also known as
granulators) make use of rotating and stationary knives that cut materials on the shearing edges.
Sets of rotor-Imives rotate inside a set of starionary knives, thus mimicking the action of high-
speed scissors doing hundreds of cuts per minute (See Figure 1). The knife design can be varied
depending on the material to be processed.

! o R _;l,,a f
Figure 1: Rotary-Imife Cutting Mill

Applications for cutting mills include the size reduction of fibrous materials such as
vegetable matter, spices, herbs, plastic bottles and film, automobile components (bumpers,
dashboards and door linings) for end-product particle size in 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 minerals, gravel and ores
resulting in particle size distributions in the range of | mm-100 mm. A specialty use is as a pre-
crusher, to provide a uniform feed material for the next step in size reduction. Most crushers are
located at mine sites, for immediate size reduction prior to being loaded for transportation.
Universal and Pin Mills

Universal mills are often referred to as fine-grinding impact mills. Pasticle size reduction
occurs by impact against the grinding media, and through inter-perticle collision and attrition.

These mills typically utilize a variety of grinding media within the same milling chamber to
allow for complete flexibility in the resulting particle size distribution (see Figure 2).



Figure 2: U;ui'q':in)'mn

A universal mill equipped with pin discs consists of one stationary set of pins and one
rotating set of pins, Material enters the center of the grinding chamber via gravity, and is
accelerated by centrifugal force against the meshing pins. The speed of the discs sets the
strength of this force. The feed rate and the peripheral speed of the pin discs determine particle
size. These mills do an ideal size reduction when the desired particle-size distribution is narrow.
Milling of pharmaceuticals, food confectioneries, animal feeds, mineral powders, pesticides,
paints pigments as well as the cryogenic milling of herbs and spices can be accomplished using
the universal mill

Hammermills

Size reduction in a hammermill is accomplished by impacting the solid particles againsta
rigid surface, namely the mill housing. - A retaining screen on the discharge end of the mill
“rejects” oversized particles and prevents them from exiting the grinding chamber. Three basic
variables affect the grinding process: hammer type, screen hole size and peripheral speed of the
hammers.

Hammermills (see Figure 3) are ideal for a wide variety of particle sizes in the medium to
medium-fine particle size range (20-150 microns). Applications include the grinding of
pigments, vafious industrial chemicals and food ingredients. Hammermills are ideally suited for
a cryogenic ithpact-milling set-up that embritries the material prior to size reduction. This makes
possible the grinding of tough, fibrous materialg or thermoplastics ss well as heat-gensitive
products.

Mills with Classifiers

A recent advancement in the arez of impact milling has been the incorporation of a
classifier wheel as an integral part of the grinding machine. The classifier acts-as a rejection
mechanism that only allows particles below a specified size to.pass through the wheel. Material
to be ground is conveyed into the mill chamber t0 a rotor equipped with pins or hammers. As
particle size reduction occurs, the particles are picked up by the girstream and eventually pass

Bl B B B APttt o) 8
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through the classifier wheel to the product collector. Those particles that are rejected by the
classifier are continuously recycled back to the hammers for further sire reduction (See Figure
4). .

Rotor speed, classifier wheel speed and airflow control particle size in an air-classifier
mill. Due to the constant airflow passing through the air-classifier mill, the overz]l tempermature
remains relatively low, dllowing for low-melting or softening point materials to be ground with
this device.

FHsE e i sty
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Figure 4: Air-classifier mill

Application examples for the air-classifier mill include a variety of heat-sensitive
materials and minerals such as kaolin, talc and diatomaceous earth. Powder coating materials are
ideally suited for this grinder, due to the need for temperature control in the mill as well as
control of particle size on the top end of the distribution. Amgepuudcmuﬁmum
microns are possible, depending upon the material and application.

Long-gop Mills
A further advancement in the are of impact milling has been the development of the
long-gap mill. The design of the long-gap mill includes a variable rotor beight to diameter ratio

well as an adjustable gap clearance between the impact hammers and the mill liner (Sce Figure
5).

B -2
Figure 5: Long-gap mill
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The unit includes an independent or single shaft classifier, for controlling the top end of
the resulting particle size distribution. Grit-reduction in the processing of carbon-black is a
popular application for the long-gap mill, as well as the simultaneous drying/grinding of a
variety of minerals end metal oxides.

FWEnuprMHB'

Fhuid energy impact (jet) mills utilize the principle of size reduction via particle-to-
particle collision. Panicles are accelerated in 2 high-velocity gas stream and are reduced by
inter-particle collision or impact against & solid surface. Unlike impact milling devices, fluidized
bed jet mills are suttable for-the fine and ultra-fine size reduction of any material up to a hardness
of 10 that can be fluidized by the expanding compressed gas in the grinding chamber. In
addition, heat sensitive and abrasive materials can be easily processed in this type of mill

Two general types of jet mills exist: those that do not have an internal classifier and those
that do. A pancake or spiral jet mill has no imernal classifier (See Figure 6). A fluidized bed jet
mill incorporates an internal air classifier which allows material of a given fineness to exit the
mill, while rejecting over-aized pertioles back mto the grinding chamber for additional size
reduction (See Figure 7).

Figure 6: Spiral Jet MIIl Figure 7: Fluidized-bed Jet Ml

including oxides, pharmaceutical powders, resins, waxes pigments, dyes, pesticides and rare
earth powders. The fluidized-bed jat mill is specially suited for toners due to their requirement
for very fine particles in narrow, overall particle size distribution.

AIR CLASSIFICATION OF POWDERS

Air classification is used in processing industries where a high degree of uniformity is
required in the finished product. Oversized particles can spoil the surface finish of plastics,
paints and coatings, cause failure of electronic components and profoundly affect the flow or

packing characteristics of powdered products. Paxticles that are too fine can also cause problems

in powder performance and handling: flow properties deteriorate, airborne dust incresses and
process loss and waste can become a serious factor. In addition, very fine particles may cause
truboff in coating applications or cannot be recycled upstream in the process.

While the simplest means of separating a powder fnto two distinct fractions is through
sieving, developments in air classification have remfited in more economical classification
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processes. Sieves depend on the size of the screen mesh to divide material into a coarse and a @
fine fraction. Screens are susceptible to blinding when high throughput rates are desired or if the -
product being classified contains moisture. Air classification is used where when screens cannot
effectively make the separation, increased throughput is desired, plant space is limited or when
the cutpoint is more easily varied with air classification.
Air classification relics on the fact that there are always two forces that affect particles in
an girstream: mass force is exerted on the particle by acceleration due to gravity, inertia or
centrifugal force. Drag force is always the force exerted on-2 particle by the surmounding
medium as affected by its acrodynamic properties. Dag force depends on several variabies
including velocity of the particles in the surrounding medium, the density of the fluid and the
drag coefficient of the particles.
Dispersion of solid particles is often the most critical material characteristic affecting
classification. A classifier cannot effectively classify the individual particles into fractions f the
particles cannot be physically separated and distributed evenly in the fluid. Moisture, oilotfnt
content or electrostatic interaction can inhibit dispersion and negate classification.
Advancements in the dispersive capabilities of classifiers have been made which nnpmvethe
performance and efficiency of these machines.

Centrifugel Classifiers with Mechanical Dispersion

A ceatrifugal classifier with mechanical dispersion (Figure 8) uses low energy dispersion
to disperse material Material enters the classifier and is dispersed at the top of the clagsifier
wheel prior to actual classification. A further result of this dispersion is the equal dispersion
around the classifier wheel Airflow and classifier wheel speed determines the cutpoint for the
material being classified.

Aﬁnﬂ::rmethodfotmpmvmsdmperbmmofchmﬁmbyopetmngm
classifiers in series. The first classifier’s coarse fraction is highly dispersed as it is immediately
feduoﬂneseeondchsslﬁer This results in improved product quality and especially higher
product yield. ‘A unique mndem clasgifier design has advanced the principle and applied it to &
single unit. This new development in high performance classification (Figure 9) is intended for
products that are from the coarse classification fraction.

Fig. 2:Ceatrifngal clanifier wimachanical dlapersien Figure % Teadem Chassifier -

The tandem classifier has become an ideal machine for use in toner manufacture. In
recent years, the particle size requirement has become finer, as the demand for higher image




quality in terms of resolution and color saturation bas incressed. An extremely sharp top size cut
{d97~12 micron) and a very sharp fines cut at-3 microns ar less is required to achieve these
desired pammeters. The tandem classificr is capsble of achieving these specifications in the
finished product. Powder coating material, while slightly coarser than toner, also requires tight
particle size control. While powder-coating materials are typically ground on a mechmnical air
classifier mill to control maximum particle size, further classification is required to remove the
fraction of fine particles that remain after grinding. .

CONCLUSION

Manuficturers of powder products contimye to innovate in order to increase product
quality and manufacturing efficiency. These product innovations bave led to unique machine
mﬁmmdumdmmmhmﬁemmwuﬁm:qmdmm
marketplace.

. mqphaumnﬂmmplaMmﬂnlmmamm:mphngofm
that have been optimized through the use of new processing technology. In order to keep up
with the chenging demands of the powxler processing industry, the science of size reduction and
classification has advanced dmmatically. All industries have been affected and can benefit from

improved particle size distributions of powders and better overall control of the process.
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Micronization of potent compounds.
An integration with the isolation 0@

mumsuwwmmdm
JETPHARMA Geoapr
I-Iehaslsyalsdupuimmhmm
technologies and has registered patents for spiral Jetmill
Systems. In 2002 he invenied a new concept of
ministurization jet milling and feeding iedmology, which
has received awards workdwide.

Since 1996 Mr. Laiso has been managing the
JETPHARMAS new idhnniogy development program
I‘ﬂll‘!cﬂ'lwm smwmnw
and the

Micronization defined as controlling and reducing
the size of powder particics into microscopic particles
of 0.1-20 pym (microns). In particolar, this technology
Mmmmmhw
industry where pacticle 3
parailel daring the tast 10 years the phannaceutical
market bas increasingly utilized highly poent active
ingredients (in 1990 the HPAIs were 5% of the
produced APL, in 2002, they are increased 0 30%).
The increasing production and utilization of these
potexnt and high potent compounds has forced the
design and concept of isolators to consider both high
contsinment levels as well as 2 high level of
protection agsinst Operator Exposare. The last 10
years have textified a dramatic upgrade in the
coatxinment systems, e, the first isolators
installed in the pharmaceutical field were for sterile
mmmuymmn
mm.mm:mdyno

(OEL)nqmdhllneqplhnm

50 pg/m3, kater & was updated to 10 pg/m, then to

1 pg/m? and now is being reduced 0 0.1 pg/m>. This

endency follows the increased potency of products

and the imowiodge of R&D products, that 10 years

AgO were mare generic.

To address this actual need, two different sochnologies

must be strictty connecied with Micronization in

Containment .

* Micronizstion, Fiuid Jet Mills sechnology
high-pressure gas {foom 7 to 12 bar); and

lllunl anuuu.uﬁim-

technology

MERO M. LABO
« Contaiument, characterized from a negative pressore
cavirogment, .

Considering the contrasting particulsrities of the
sbove jes, the combination is difficult to

adequatrly execute but this is a munst.

The Floid Jet Mill technique is weil established and
well known in the field of the drog delivery for lmg
M-ymamumof

same sfficacy. The micronization technologies are

cousidered a relatively new technology applied to

several product application and it is being utilized

more fior the advantages obtained using different

“dosage form,” especially when It is utilized for
mpountk.

potent
The most widely used instrument forthe
mamﬂmuwu
the Spiral Jet Mill, introdnced in the tate 1940s. The
spiral jet mill technology operatea under strictly
coatrolled constant temperature and pressure
couditions and can reach very fine particle sizes, from
0.1 to 20 microns; these features - constant
empennye and very fine particies - being not easily
achievable with other micronizing wchaologies,
The micronization process with spiral jet mill begins
with the feeding of powder particies (tangeutially)
im0 & (cylindrical) milling chamber by means of a
Venturi system that creates an initlal acgative
pressure, followed by a sub-sonic scceleration
(50 m/sec). A series of “De Laval” noxzies, quickly
increases the acceleration of the particles toa
sapersonic speed (300-500 m/sec) in a spiral
movemest The micronization is generated by the
particles entering and the
particles rotazing into the milling chamber (using the
Kkinetic encrgy). The micronized particies are
transported o the cenire by
.. (he exhaust air At the same
time, centrifogal force retains
the larger, heavier particles at
the periphery of the milling
chamber, where they
continne o accelerate until
collision reduces the particie

size.
Inside of a jet mill unit, there
is a positive high pressare
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(up to 12 bar), and this perticular technology bas 0 be
integrated into an Isolator. The challenge is: bow o
accomplish this? The Jet Mill concept could appear to
dramatically contrast with the basic concepts of the
fsolator itself, which has an internal envirooment
unkier constant negarive pressure. As each technology
_ are radicalty diffierent y; to control the
" SAFETY and the PERFORMANCE of both
coutainment and milling processes, it i necessary to
Crcaw a perfect dialogue, or feedback between them.
Though two different technologies, each systems’
process parameters must perfiectly commumicate in
arder (o avoid compromising safiety snd perfoomance
of cach. The perfect foedback across the system and
the reaction of each system is difficnk, bot aecessary,
w achieve. The goal is a pecfict integration of all
process conirols: a true integration of two
technologies into cue systemn. Nothing less will allow
high performiance. We use as example the difficalties
encountered when cresting a high-pedfonmance race-
car: the engine is ona important but wo
must also consider the perfiect combination with the
other components 10 generate an excellest result.

How to design and create the right combination

Isolator/Micronizer?

» Firstly, the designer needs the end-oser’s
perzpective and the design expertise of a
mamufactorer of both technologies in order to focos
all particularities of each process, thes creating the
optimised process dialogues. A typical mistals is
encountered when a generic Jet Mill is adapted into
generic Isolators without particolar modifications,
ar worse, ill-conceived modifications. This sitnation

is quite frequent and is doe to generic knowledge of

the user, sometimes addressed in “ccomomy”™
solitions present on the market.

Inm:pplmﬁzldnymhmof

« The designer mnat have the necessary knowledge to
modify the Jet Mill unit to be integrated into an
Isolator in order to reach the configuration required.

* The designer must be abls to creaie a tilor made
Isolator around a Jet Mill able 10 guarantee the
performance in this particular configuration.

The MUST in the design criteria for a potent

isolator has to focus especially oa the

GH LEVEL of SAFETY of the opermtor sad the

CONTAINMENT LEVEL. That means the same .

safiety level should be maintained even ducing

accidental and/or emergency sitharions.

Cousidering an Isolator confignred with a Jet Mill

enclnsed.meonhm sitations are summarived as:
¢ failure of electrical power;

* breaking of elements (as Gioves) by incorrect
utilization;

+ incorrect floings or leakage by process gas pipe
lines.

The worst case situarions mentioned above have also
10 be considered in the safecy design criteria of an
Isolator-Micronizer, that means to constantly measure
the Isotaor performances (OEL) expressed in ptg/m3.

The conclusions are summarized in two words,

Salety
Mﬁmh@mﬂmu
word safety is a MUST. Aoy compromise accepeed
with the technology in yse is transiawed in a potential
future risk for the . Actmlly the OEL
reqoested < 1 is a starting point, the ultimate
goal is o lower this value down towards the range of
0.1 pg/m? TWA (8 hours time-weighted-average).
But what does an OFEL 0.1 pg/m’ mean? It means
that this valne mmst be achieved, monitored, and
guarantee within lLife cycle of the Isolator during any

T A S S ey S w——— --.

:-m-—-&mm
mtdh-llhn 5 ¢ .-.'|

The Jet Mill mpst be conceived and tailor made for an
Isolator configuration. As example the contxinment
fior this kind of JetMill (alone) myst be quite high in
onder to maximize the containment performance in the
Isolator

" The ergonomics is another tmportant aspect of the

Isolation technology, This meaas that all components
of the JetMill mnst be light and easily disassembled.
For a laboratory scale JetMill the Isolator is normally

* provided with gloves in order to reach the internal

environment through the front panels where one or
more pairs of gloves are located. For a production
scale JetMill in Isoiation there should be one or more
Half Suits in order 1o maximize the ergonomic. This
solution allows a better efficicacy when the pans to
be manipulated into the [solator are quite big and
heavy, as can be the case with prodoction sysiems. In
cffect, the Half Suit bas similar ergonomics as
compared 10 6-8 pairs of Gloves.

These two goals, “safiery” and “performance™ are
achievable onlv when a user creates the technoloey
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1. Principios y métodos para incrementar la disolucién
y absorcién de firmacos
Incremento biodisponibilidad de firmacos muy poco
solubles en agua
Mecanismo para incrementar la disolucién del Diazepam
Temazepam on dispersiones sélidas de PEG 8000
Tecnologia supercritica fluida para la reduccién del
tamafio de particula
Incremento de la solubilidad del Intraconazol utilizando
la tecnologia supercritica fluida
Estado morfolégico sélido de particulas preparadag por
proceso supercritico fluide
Diseilo del equipo para micronizacién fluida supercritica
acorde con las BPM
. Utilizacién de la tecnologia flulda supercritica para la
reduccién d tamafio- :
. Tecnologia de Complejacidn
Complejos multicomponentes de Sulfametizol.
. Proceso para generar particulas submicrén (nanoparticulas)
de compuestos insolubles en el agua.
11. Nueva ingenieria de particulas para incrementar la
Solubilidad de farmacos.
12. Efecto del tamafio de particula en la biodisponibilidad de
la Ciclosporina en dispersiones submicrén.
13. Dispersiones sélidas de firmacos poco solubles en
Isomalt para una rapida Blodisponibilidad.
14. Caracterizacién fisico quimica de soluciones sélidas
preparadas por extrusién por fusién.
15. Mezcla eutécticas de Polietilenoglicol - Fenofibrato
de disolucidn ripida.
16. Dispersiones de Nimodipine y Polietilenoglicol
aditivo que previene recristalizacién del farmaco.
17. Precipitacion controlada: una tecnologia para la
. obtencién de nanoparticulas con ripida disolucién.
18. Establec’ niento de las especificaciones del firmaco y
del medicamento.
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Enhanced Drug Dissolution and Absarption

Professor Henning G. Kristensen Department of Pharmaceutics The Royal Danish School of
Pharmacy Copenhagen

The aqueous solubility of drug substances plays an important role In the formulation of drug dosage
forms. For the oral route of administration it is well experianced that, unless the substance hasan
aqueous solubility above 10 mg/mi over the pH-ranga 1-7, then potential absorption problems may
occur. Asnlublllylassmanlmglnﬂlsllknlytoglvodhsolutlon-melnmdabsorpuonm
sofubliiity and dissolution rate are interrelated.
Mpmponbnordmmuanmmluhmesbemeglm]mmhm
steadily along with increasing specificity in the biclogical action of new chemical substances. A
raview of new monographs (1992-1995) in the European Pharmacopeia bt the author shows that
more than 40 per cant of the drug substances have aqueous solubiiities below 1 mg/mi, and that 32
per cant have an aqueous solubility below 0.1 mg/mi. The implementation of dissoiution and .
absorption snhancing methods Is, therefore, amajornddlnmoformullﬂonofdnndougefonm.
in particular for the oral route of administration.

A wide range of principles and methods is available for the purpase of enhancing dmolutlon and/or
dissolution rate of tow-solubility’ substances, for example:

selection of salt form for weak acids and bases,

reduction of particle size and, thereby, increased specific surface area,

use of surfactants for increased wettability,

compilax formation with axcipients, e.g. hydrophilic polymers or cyclodeodrins, -
preparation of solid dispersions,

change of crystal form by precipitation with hydrophilic palymers,

Mpophiiic formulations, i.a. amuisions, microemulsions etc.,

Selection of an appropriate salt form - or in case of liquid preparations, adjustment of pH - Is first
choice for acidic and basic drug substances. The selection of a salt form is essentlally a
prefonnulation task because the cholce has implications to the regulatory aspects of drug research
and develcpment. The survey of monographs in the European Pharmacopoela shows that the. main
part of substances having aqueous solublilties above 10 mg/mi was hydrochiorides, sulphates,
malestes, citrates etc of basic drugs or for ackdic drugs potassium, sodium, calcium or other salts.
Once the proper drug subsiance has been selected, preformulation studies are needed to
characterise the physical and physico-cherrucal properties of the substance, e.g. pKa, pH-solubility
profile, intrinsic solubility and dissolution rate, polymorphisms, hygroscopicity, log P etc. Although
these characteristics may give some kiea aboul potential absorption and bioavailability problems,
there Is, at present, insufficient knowladge about the systamatics on how to formuiate a given
substance. Rt Is difficult to predict the factors finliting the dissolution and absorption rates. it is
belleved that presant industrial practise is the trial and ermor method based upen laboratory
axperiments and animal tasting.

Marketed formuiations of very siightly soiuble substances, for exampie staroids, show that particle
size reduction and, hence, Increased specific surface area are imporiant means to achieve a
satisfactory dissolution rate. In principle, the lower the aqueous solubiiity, the lower particle size is
required. For the practically insoluble substances (< 0.1 mg/mi), the required particle size is 30 low
that it may be technically difficult to prepare the desired sizs range. Significant progress has been
made In recent years in the fleld of ‘nano-particle’ technology. On the other hand, physical instablility
of the size distribution Is Introduced when the size range Is reducedto micrometer and sub-
micrometer scale.

Physical instabllity is a major problem also with other dissolution enhanching methods where the
state of the drug substance is made "high enemetic’, i.e. solid dispersions and caoprecipitates with
hydrophilic polymers where the drug substance typicaily is presant in an amorpheous stats. Despite
the great interest thess systems had 1-2 decades ago, few products based on such means have
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been marketed.
Physical and chemical stable compounds can be made by the synthesis of inclusion complexes with
cyclodextrins. The potentials of the various types of cyclodextrins for solubllity and absorption
enhancement are well documented In the lterature. In this fisid, there Is also a lin-dted number of
marketed products probably because documentation of the safety aspects of cyclodexdrins for the
various routes of administration are not yet filly clarified. Another reason might be that
manufacturers apply for marketing authorisation of the inclusion compiox as such and not for a
formulation based upon the cyclodexirin.
Research on tha effect of the luminal liquids on dissolution and absorption of low solubility drugs
has disclosed the significant role of natural surfactants such as bile saits, degradation products of
_ triglycerides and enzymes for the dissohtion, solubilisation and fransport of hydrophobic
substances. Effects of fat-enriched diets on the bicavailabllity of for axampie giteofulvin can
probably be sttributed to effects of the formatidn of mixed micelles and solubilisation of the drug
substance. it Is likely that the effects of the luminat liquids are dependent on the hydrophobicity as
expressed by the log P value of the drug substancas.
The newest trend In the formulation of low-solubility drugs is accordingly the use of so-called fipidic
formulations, in particuiar microemuisions and other seif-emuigeting systems which can dissolve a
sufficlent amount of the substance. Nficroemulsions are liquid systems which can be dispensad In
the form of soft capsules. The absomtion promoting effect of such systems may be attributed to the
presencs of triglycerides as well as the direct effect of the high cancentration of surfactants upon
the permeation of the gut wall.
An apparently over-looked means to Improve drug dissolution Is the possibllity to form soluble
compiexes by means of widely accepted axcipients, for exampie to make benefit of the ruactive
sites in the molecule and their Interactions by hydrogen bondings with excipient materials. For
example acetylates may interact with boric acld or povidone to create a soluble compound. Iif the
compound [s stable and the compilex mnslnnt nat ecessive, this might be a fruitful way to enhance
the drug dissolution.
In the presentation practical examples of dlaoluﬂnn enhancing methods are given: Complex
formation between difiunisal and borate buffer, preparation of an inclusion complex between
sterokis and beta-cylodextrin, and preparation of a co-precipitate of sulfasalazin and povidone.
references: .
1. J. |. Wells, Pharmaceutical Preformulation - mmmmddmmm
EMNls Horwood Lid,, 1988
2. K-H. melng and J. Szejill, Cyclodexirins In Pharmacy ., Kuwer Academic Publishers,
Dordrecht, 1904
3. J. L Ford and P. Timmins, Pharmaceautical Thermal Analysis, Techniques and Applications, Ellis
Horwood Lid., 1689
4, W. L. Chiou and S. Rlegeiman, Pharmaceutical Applications of Solid Disperslon Systems, J.
Pharf. Sci. 80{1971)1281-1302
5. J. A. Bakan, Microemulsions, f J. Swarbrick and J. C. Boylan (Eds.), Encyclopedia of
Phamnaceutical Technology.. M. Dekker Inc. 1904, Vol. 8 pp. 375 - 421
8. G. M. Eccleston, Emulsions, in J. Swarbrick and J. C. Boylan (Eds.), Encyclopedia of
Phamacautical Technology, M. Dekker inc., Vo5 pp 137 - 188
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Lipid-Based Systams for Oral Drug Delivery: Enhancing the Bioavailability of Poorly Watear
’ Soluble Drugs

David J. Hauss, Ph.D.
El Lilly and Company

Developing an effective oral dosage form is the sine qua non for the successful faunch of a new
drug product in the marketplace. For well ovec a decade, the pharmaceutical indusiry has embraced
combinatorial chemistry as a means to expedite the discovery of new drug molecules. This
technology, which utllizes Increasingly availabla drug recepior structural informnation, often results in
the synthasis of polycyciic, highly hydrophobic compounds with poor aqueous solubllity. indead, It
has been estimated that naarly haif of all potential new drug molecules identified by combinatorial
chemistry fit the category of poorly water-solubie. Aithough the inherent lipophilicity of many of
these compourxis often allows for faciie permeation of gastrointestinal barrier membranes, the
combined impediments of poor aqueous solubifity and siow dissolution rate frequently result in low
and emratic absorption. This Is particularly problematic for compounds requiring high leveils of
systemic exposure to achieve clinical efficacy or for compounds with a narrow therapeutic Index,
where erratic bloavailabllity transiates into either unexpected toxicity or treatment fallure. In many
instances, an otherwise promising new chemical entity (NCE) will be removed from development
due to the Inabliity to formuiate an acceptable oral dosage forrn using conventional exciplents. For
some time now, a considerable gap has exdsted between our ability to symthestze poorly water-
soluble NCEs and our ability to effectively and efficlantly formulate these compounds for oral

Excipients used In conventianal oral formulations perform the foflowing functions:

+ Bind and provide bulk to the dosage form
o Facilltate or control drnug release from the excipient matrix
o  Allow manufacturing on high-speed, automated production equipment

Conventional formulations have proven cost-effective, relatively easy to produce and are well-suited
to drugs for which an efficacy dose can be readily solubllized in the gastrointestinal tract (GIT). .
Compounds amenable to this formuiation approach include elther highly soluble drugs or highly
potent, poorly soluble drugs for which the dose Is suﬂ'ldonlly smail to pormlt rapid and compiete
solubilization in the GI{.

Traditional approaches to improving the hiomlhbilily of poorly \m-r-soluhle drugs most fraquonuy
Involve sait selection or, less frequently, prodrug synﬂnu.

Salf Selection - .

For compounds passessing Ionlzable functional groups, the method of choice for Improving
absorption 1s through sait formation. Salts of poorly soluble compounds typlcally dissolve more
quickly In the GIT, thus improving absorption, which is typically imited by the siow dissolution of the
parent free acid or base compound. Limitations to this approach invalve ldentifying a non-taxic
courtter-ian thet will yield a phanmaceuticalty-acceptable salt. Additional salt requirements. include
the abllity to prepare, In sufficient yield, a chemically stable, non- or minimally hygroscopic
crystaliine product of sufficiently high meiting point to withstand mitling and fonmulation processing.
Prodrug Syrhesis -

A less frequently empioyed method for improving NCE solubility involves attaching a solubilizing
moaiety, such as an amino acid, which is cleaved by an endogenous enzyme subsequent to
absorption, thereby regenerating the active parent molecute. The added complexity of pradrug
development, which requires additional studies for verifying bioconversion and demonstrating lack
of toxicity, has limited the application of this approach.



Anather infrequently used method for iImproving the bloavailabillty of poorly soluble compounds
involves stabilizing the drug In the amorphaus, or high energy Solid' state, thereby facliitating its
dissolution relative to that of the stable crystalline form. Although this technology has been
effectively applied in a few instances, it is not a method of choice due to the metastable nature of
most amorphous solids, which can spontaneously revert to the less soluble, stable crystalline form,
with a concomitant reduction in bloavallability.

While several novel approaches {0 impraving NCE solubliity have been proposed and have in some
instances formed the basis for tha creation of companies, all are basically variations on 3 central
themes diacussed below. ]

Particie Size-Reduction
Particle stre-reduction effectively increases the surface area to valume ratio, thereby increasing the
dissolution rate In the GIT and promoting absorption. Varous technologies used for particle size
reduction include micronization, nanonization and, most recently, super criical fiuld technology,
which deposits nanometer-sized drug particles on a pharmacsutically-acceptable support matrix.
Particle size-reduction must include a method for preventing aggregation, which commonly occurs
after milling and effectively negates any improvement in dissolution effected by particle size
reduction.

Solublization in the Excipient Matrix

Formulations which solubillze a drug In a lipid or water-miscible co-solvent sysiem can provide
dramatic improvements in bioavailability by eliminating the need for pre-absorptive dissalution in the
GIT. Due ta thelr immiscibility with water, lipkis can maintgin a pogrly soluble drug In solutlon unitke
water miscible co-solvent systems, which often precipitate the drug following diiution in the
predominantly aqueous Gl fluids. Lipid systems can also be formulated to have seif-emulsifying
properties, which provides further snhancement to absorption by Increasing the surface area of the

lipki dispersian presented to the GIT.

inciusion Complexas

Cyclodexirins are water-soluble molecules contalning a hydrophobic pocket, which can form a
dissociable inclusion complex with a hydrophobic drug molecule. This typically results in improved
water solubiity and bioavallabiiity for poocly weater-soluble drugs.

The application of this approach Is limited by the ability of the cyciodexdrin to form the inclusion
complex, which Is strongly dependent on the molecular characteristics of the dnug molecule and can

. be vary specific.

Standard Requiremants for an Oral Formulation
The success of any oral formulation Is determined by saveral factors, including:

« Development of a stabie, market-image produci amenabie to sfficient and cost-effective
mass production on conventional or readlly avaiiable manufacturing equipment

« Availability of simple and accepted testing methods to assure product quality and batch-to-
batch consistency

s Acceptance of the formulation by regulatory agencies

* Ability to manufacture the formulation ‘In-house’
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Mechanism of increased dissoluti n of diazepam and
temazepam from polyethylene glycol 6000 solid dispersions.

Int J Pharm. 2002 Dec 5;249(1-2).45-58. Releted Articlas Links
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Verheyen S, Blaton N, Kinget R, Van den Mooter G.

Laboratorium voor Farmacotechnologie en Biofarmacie, K U Leuven,
Campus Gasthuisberg O+N, Herastraat 49, 3000, Leuven, Belgium.

Solid dispersion literature, describing the mechanism of dissolution of drug-
polyethylene glycol dispersions, still shows some gaps; (A). only few studies
include experiments evaluating solid solution formation and the particle size
of the drug in the dispersidh particles, two factors that can have a profound
affect on the dissolution. (B). Solid dispersion preparation involves a
recrystallisation process (which is known to be highly sensitive to the
recrystallisation conditions) of polyethylene glycol and possibly also of the
drug. Thersfore, it is of extreme importance that all experiments are
performed on dispersion aliquots, which can be believed to be physico-
chemical identical. This is not always the case. (C). Polyethyiene glycol
6000 (PEG6000) crystallises forming lamellae with chains either fully
exterded or folded once or twice depending on the crystallisation conditions.
Recently, a high resolution differential scanning calorimetry (DSC)-method,
capable of evaluating qualitatively and quantitatively the polymorphic
behaviour of PEGE000, has been reported. Unraveling the relationship
between the polymorphic behavior of PEGE000 in a solid dispersion and the
dissolution characteristics of that dispersion, is a real gain to our knowledge
of solid dispersions, since this has never been thoroughly investigated. The
aim of the present study was to fill up the three above mentioned gaps in
solid dispersion literature. Therefore, physical mixtures and solid dispersions
were prepared and in order to unravel the relationship between their
physico-chemical properties and dissolution characteristics, pure drugs
(diazepam, temazepam), polymer (PEGE000), solid dispersions and
physical mixtures were characterised by DSC, X-ray powder diffraction .
(Guinier and Bragg-Brentano method), FT-IR spectroscopy, dissolution and
solubility experiments and the particle size of the drug in the dispersion
particles was estimated using a newly developed method. Addition of
PEGS6000 improves the dissolution rate of both drugs. Mechanisms involved
are solubilisation and improved wetting of the drug in the polyethylene glycol
rich micro-environment formed at the surface of drug crystals after
dissolution of the polymer. Formulation of solid dispersions did not further
improve the dissolution rate compared with physical mixtures. X-ray spectra
show that both drugs are in a highly crystalline state in the solid dispersions,
while no significant changes in the lattice spacings of PEG6000 indicate the
absence of solid solution formation. IR spectra show the absence of a
hydrogen bonding interaction between the benzodiazepines and PEGE000.

1
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Furthermore, it was concluded that the reduction of the mean drug particle
size by preparing solid dispersions with PEG600Q is limited and that the
influence of the polymorphic behavior of PEG6000 (as abserved by DSC) on
the dissoiution was negligible.
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ENHANCING WATER-SOLUBILITY OF POORLY SOLUBLE DRUG, ITRACONAZOLE
WITH WATER-SOLUBLE POLYMER USING SUPERCRITICAL FLUID PROCESSING

!, Sibeum Lee', Sung-Joo Hwang', Jang Soo Woo?
'College of Pharmecy, Chungnam Nations]l University, Tacjon, 305-764, Korea
Anwanzd coyac kr
? Hanmi Pharmaceutical Co. LTD., Kymgkido, 445-910, Korea

ABSTRACT SUMMARY
To tmprove solubility and bioevailability of & poarly
water-soluble anti-Amgel agent, mmlz. its lohd

dupempﬂ:lsmpq-d
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proceasing, we obtained its solid dispersion mmplmcln.
together with remerable water-solubility and
bicavailability.
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INTRODUCTION

Iteaconszole is one of the poorly water-soluble drugs
ndll:amydlhmw:udnomvemsduhhty
including conjugstion with hydroxy-P -cyclodexsrin',
preparation of fuidized-bed costing of pellets ar melt
extrusion with water-soluble polymers and so
However, enhancing it water solubility
challenging works up o these days and
hlvebeusandhmsmhthnﬂdy.

used supereritical fluid processing ©
dupunnnoflhdmgwﬂhmhbbplym
foor the purposs of enhancing its water-solubility.
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Fig. | Schematic diagrum of the SAS equipment

EXPERIMENTAL METHODS
Preparation of solld dispersion particles by SAS
Iiracomrole and watersoluble polymer, HPMC
were dissolved in mixture of methylene chloride and
chanol as a feed solution And then solid dispersion
particies were prepared by spraying the solution into the
vessel filled with supercritical carbon diaxide as sn anti-
salvent™,

Scamming clectron microscopy

Samples were spuitered-comted AwPd using a -
mmmmndmudun;tm-

d:uumpeu!ﬂk\rm\mhpuh
wagnification of 5000,
Differential sranning calorimietry

DSC was performed on itaconazole rzw material
snd SAS processed particles using Bbeometrie Scieatific
model DLOS. Samples of 3—4 s were sealed in
slominum pans and the DSC thermograms were recarded
at heating rate of 10T from 40C 102007,
X-ray diffraction

X-ray diffraction pstterns of the samples were
obtained by X-tay diffractometer. Each dffractogram was
recarded from 10° to 70°0f angls (20 ), at a scanning
speed of 3%min with & step size of 0.01°. CuKa
radistion’ %as used ss the X-my source, which was
apersted ot the voltags 40 kV and the curment 45 mA.
Solubflity text

The solubility of prepared pticies was investigated
n the pH 1.2 sitoulaned gastric fuice (without pepein). The
simelated gastric juice of 6 »f was added to the particles
eqrvalent to 6 mg itraconazole in & test tube. The tube
was vortexed for 5 minutes and then somicated for 30
minutes. It was kept on shaking with the conditions of 60
mpm, 37T for 4 bours in the shaking water bath. A
potion of the soluticn was taken and filtered with a
membrane filter (045 @) The concentradon of
imaconmzoie was determined by HPLC.
in vivo absorption test
In arder to investigate the bicavailability of the prepared
particles, in vivo absorption tests were camried owt a3 o |
follows. The product shawn highest solubility snd
Spormox tahlet {marketed product) were orally
adminigtered into the male Sprague-Dawly rats,
respectively, in a dose of 20 mg itraconszole’kg body
weight of the . Drug concentrations in plasna were
daemined by HPLC method.
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RESULTS AND DISCUSSION
Particle morphology

Tomvaumﬂ:ceﬁ‘e:uofhprummr
temperatore and  pressure on  morphology, several
axperiments were performed in the range of 80~ 150 bar
st 45C and also 80—~150 bar at 60T .The shape of
particle size distrilntion was also broad. On the contrary,
SAS-processed particles had a relatively regulsr and
spherical shape with narrow size distribution. The particle
size of all the samples was reduced o legs than 1 .

The smaller paticles wem formed &t higher
pressuxe. Smallest particles were obtained ot 45°C, 100
bar. Such results can be explained that incressed density
of supaxcritical fluid with increasing pressure cmsed
enhancing its solvating power for the solvent. With the

mmo way, much smaller particles will be enpected to

[ocation of endothermic pesk and enthalpy (A H) for the
prepared particles were determined All the processed
products showed a melting endotherm with much lower
hest-flow pesk than that of pure itracouszole and the
Iocation was shified to 163~185C. A remarkable
reduction of the intemity of itraconazcle endothennic
peak suggests decrease in its crystallinity. Further, st the
condition of 60°C, 100 ber, the endathermic pesk was not
observed. It means s alteration in the physics] state of
iraconazole from crysailine stste 0 smorphous state
during SAS processes.

In the z-ay dfffactogram of aw itaconazole
powder, many diffraction peaks with high intensity were
olserved dus to its crystallinity. While the particles
prepared at the conditions of 45C, 150 ber showed

were
not obsarved. This result tha DSC
thermogram of the ssmple aod indicates that the
smotphous state of itracommzole was formed = that
Solubillry .

The

in vive absorptiva

Fig. 3 shows the average serum concentration-time
curves of marketed product, Sporanox tablet and prepared
particles by SAS which shown highest solubility after oral

It can be mid that from the pharmacokinetc data,
bicavailability of prepared particies hes been eabanced as
much a3 marketed product.

Table I: Solubility deta from itrsconazole powder and

" SAS processed products (a=3 ).
Temp (T) P(bar) Solubility (se/nl)

100 S1.49%853

a5 120 11634041

SAS-processed 150 5S51£1.19
products. 100 122.40%1.70

0 120 16142059

150 5224031
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Fig,. 2: Averuge plagna concentration ve. time of SAS
processed particles end Sporsnox tablet (0 = 3)

CONCLUSIONS

Supercxiticsl anti-sclvent method is a promising new
enhencing solubility and bioavailability of poorly soluble
drug. And in order to redyce particle aggregation snd
stable bioavilability, further works are needed inclifing
adding surfactants or other excipienty.
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Reduction

Principal Investigator: Steven L. Nail
Graduate Student Investigator: Greg Sacha

Project Status as of Januarv 1999
Broad Objective:

Determine the i‘aslnhty of using supercritical fluid technology as & unit operation for particle size
reduction which is precisely controllable, cunplnble with aseptic operations, and amenable to
containmeat of potent drugs.

Specific Aims:

1. Build a research/pilot system for particle size reduction using the supercritical non-solvent
approach.

2. Determine critical process variables affecting particle size and particle size distribution, as well as
the reproducibility of these parameters when the process is repeated under the same set of
conditions.

3. Compare the degree of crystallinity of supercritically "milled” drug with that of the same drug
after mechanical particle size reduction.

4. Determine, using suitable model drugs, the degree to which residual carrier solvent is a problem
when using the sitpercritical non-solvent technique.

Background and Significance:

A uniformly small particle size and a narrow particle size distribution are often critical quality attributes
of pharmaceutical salids, particularly for sparingly soluble drugs and for drugs intended for aerosol
administration. The reduction of particle size can affect such properties as dissolution rate, solubility,
accessibility to the lungs and, therefore, bicavailability. The proeusns required to obtain these
desirable attributes can adversely affect the physical properties of the pharmaceutical solid. Pmperuu
that may be affected include powder flow, agglomeration, and suspendability, which can be critical in
the manufacture of such dosage forms as injecnble suspensions and dry powder aerosols.

Current methods of reducing panide size utilize mechanical methods such as the bail mill, hammer mill,
or fluid energy mill. The energy input from these operations may induce amorphous regions in
crystalline material. Water may be absorbed by the amorpham regions and lead to physical or chemical
instability of the product during subsequent processing or storage. This was observed after milling
albuterol sulfate and was reported by Ward and Schultz (1995).

For injectable suspensions, in addition to providing consistently small (ro more than a few microns)
particles, there is the additional concern for sterility of the final product. Since the final suspension
cannot, in general, be terminally sterilized, a sterile powder must be combined with the sterile vehicle
using aseptic processing. While sterilization of the vehicle can be easily done by filtration, production of

http://www.ipph.purdue. eduw/~nsf/projects/scf html 29/08/2000
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a sterile powder is more challenging. The most common method for powder sterilization is ethylene
axide gas; howefer, ethylene axide is a surface sterilant only, and will not penetrate the drug crystal to
kill occluded microorganisms. For this reason, many pharmaceutical companies have invested millions
to carry out the crystallization process under aseptic conditions. After aseptic crystallization, the drug is
micronized, followed by ethylene oxide sterilization in order to kill any microorganisms on the surface
of the drug particles prior to aseptically incorporating the drug into the suspeasion vehicle. While this
process is effective, it does not eliminate the use of ethylene oxide. This is a disadvantage, since
ethylene oxide is under continuing regulatory scrutiny from the standpoints of worker exposure to the
gas itself, as well as residual [evels of EtO and EtO byproducts in the drug product. This method of
processing points to the need for a size reduction process which would combine aseptic crystallization .
with aseptic particle size reduction, thus providing a more efficient process and eliminating the need for
ethylene oxide sterilization,

Containment of drug powders during pharmaceutical processing is an ongoing concem from the
standpoint of worker safety, particularly with the trend in drug discovery toward lower doses of more
poteat compounds. The need for containment is most evident in size redyction operations, whether by
conventional milling or by air micronization. Both processes generate a considerable amount of dust,
which is difficult to contain adequately. A size reduction process which operates as a closed system,
generating 0o dust, is a largely unmet need in the phannaceutical industry.

Use of Supercritical Fluid Technology for Particle Size Reduction:

Supercritical fluids are highly compressible, have bigh diffusivities, liquid-like densities, and viscosities
intermediate between the gas and liquid extremes. These properfies offer, in principle, a process which
could provide consistent small particles with a narrow particle size distribution where crystallization and
size reduction take place simultanecusly in a closed, aseptic environment.

There are two basic approaches to using supercritical fluids for size reduction. The first is rapid
expansion of a supercritical solution (RESS), where drug is first dissolved inu supercritical fluid, then
the supercritical solution is rapidly expanded through a nozzle. This causes a sudden large decrease in
solubility of drug, and an aerosol a fine particles is created as a result of the rapid expansion. The second
approach is called the supercritical non-solvent approach (SAS), where drug is first dissolved in a carrier
solvent, where the camrier solvent is at least partically miscible with the supercritical fluid and the
supercritical fluid is a non-solvent for the drug. Mixing of the camier solution with the supercritical
phase causes, in principle, precipitation of a fine particles of drug.

This project uses the'SAS approach, primarily because the main limitation of the RESS approach is that
the drug must be ldublemtlwmpermncll phue The SAS approach seems more flexible, since this
requirement is avoided.

Description of Equipment:

A-photograph of the system is shown in Figure 1. It consists of a 2 liter, bolted closure, stirred autoclave
(Autoclave Engineers) which houses supercritical carbon dioxide (CO2) and acts as a precipitation
vessel. The autoclave is jacketed for temperature control by a circulating water bath. A steady flow of
CO2 through the autoclave is established using a 6000 PSI double-ended gas compressor (Newport
Scientific). Constant system pressured is maintained by a backpressure regulator. The system pressure is
read by a test gauge which monitors the pressure of the supercritical fluid entering the autoclave. A feed
solution containing a drug and an organic solvent is injected into the top of the autoclave by a double-
headed high pressure metering pump (Milton-Roy) through stainless steel, 0.0625 inch OD, tubing. The

http://www.ipph.purdue. edw/~nst/projects/scf html 29/08/2000
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supercritical fluid / organic solveat mixture exits through the bottom of the autoclave leaving behind the M 2
precipitated drug. The precipitation vesse! contains a collection basket which is constructed to slide into &b(
the cylindrical bore of the autoclave (Figure 2) The bottom of the basket contains a removable 2 mm
sintered metal filter plate (Fuji) which collects the precipitate, allowing the supercritical fluid phase to
pass through. An inverted cup style baffle with four holes in the top is placed over the filter plate to
avoid the possibility of fluid passing through the vessel without adequate mixing. To further facilitate
mixing, the autoclave is equipped with variable speed, turbine agitator. -

Figure 2 - Photograph of Inner Basket in Autoclave for Collection of Powder

Current Project Status:

http.//www.ipph_purdue.edu/~nst/projects/sct. html 29/08/2000
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Set up of the equipment was complete as of December 1996 and thereafter the opeminglimiis of the
equipment were determined. The operating limits included determining the maximum and minimum
carbon dioxide flow rates at specific pressures, and clllbrnuou of the feed solution flow rate as well as
the speed of the agitator.

Next, recrystallization experiments began using aspilin as a model compound. It was determined
through these experiments that aspirin is scluble in supercritical carbon dioxide and, therefore, would
not be suitable for SAS recrystallization. Methylprednisolone acetate (MPA) was chosen as the new
model compound based on its use in previous recrystallization experiments completed by W. J. Schmitt.
Experiments were conducted by feeding a 10% subsaturated solution of methylprednisolone acetate and
tetrahydrofuran (THF), at 2.5 ml/min, into supercritical carbon dioxide at 2300 PSI and 450C. A steady
state flow of carbon dioxide was maintained throughout the experiments which included a post-
precipitation extraction time of one hour. The product yield was determined at the end of each
experiment as well as characterization of the resulting powder.

Particle size ansalysis of MPA was completed using the Microtrac Full Rarige particle size Analyzer.
Solutions of MPA (1mg/ml) and 0.1%Tween 80 in distilled water were used for each analysis. Three
samples were analyzed for each run and the average value was reported. MPA as received was milled by
Pharmacia & Upjohn using a fluid energy mill and it was found that at least 50% of the particles had a
diameter of 2.82 mm or less with a standard deviation of 0.01 mm by Microtrac analysis. Three different
runs operated under the same conditions were tested by Micrqtrac analysis and the reported value
represents the average of the three runs. At least 50% of the particles of recrystallized MPA had a
diameter of 16.14 mm or less with a standard deviation of 1.71 mm. Figure 3 shows the average particle
size distributions recorded for MPA before and after recrystallization. The particle size

~ Figure 3 - Particle Size Distributions of Methylpredaisolone Acetate for Starting Material and
Three Runs of Drug "Milled" by Supercritical Carbon Dioxide

distributions for the recrystallized MPA are labeled as runs B, C, and D. The average particle size
obtained after recrystallization is still larger than the value reported by Schmitt, et el, of 3 mm for
recrystallization under similar operating conditions. Further adjustment of the equipment, such as
spacing the injection ports 1800 apart, may improve the particle size obtained.

http://www.ipph.purdue.edu/~nsf/projects/scf.html 29/08/2000
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Plan for Second Quarter 1997 P(*()

The objectives for the next quarter include the addition of a spray nozzle to reduce the feed solution g
droplet sizein order to obtain a mean particle size of not more than 5 mm. The noxxle will consist of \*
cither a laser drilled plate of a fused silica capillary tube having orifice sizes of 25-100 mm. Critical

process variables will then be identified, including temperature, pressure, bleed rate of carbon dioxide

from the autoclave, feed solution flow rate, and degree of saturation of the feed solution. Quantitation of
residual solvent will be done by gas chromatography, and the effect of post-precipitation extraction time

on residual solvent level will be determined.

Literature References:
1. Schmitt, W.J., Salada, M.C., Shook, G.G., and Speaker, S M., 1995. Finely-divided
carrier solution injection into a near or supercritical fluid. ATChE Journal, 41, 2476-86,

2. Ward, GH,, and Schultz, RX., 1995. Process-induced crystallinity changes in albuterol sulfate
and its effect on powder physical stability. Pharm. Res_, 12, 773-79.
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The Process

The basic process by which CritiTech will produce sub-micron drug particles
involves a procedure referred to as Precipitation with Compressed Antisolvent
(PCA). PCA precipitation is based upon unique properties of carbon dioxide when
that gas is raised above its crifical pressure (Pc) and temperature (T é) (le.,
supercritical CO2). The critical pressure (or temperature) of a compound is that
pressure (or temperature) above which the material undergoé a phase fransition.
in the case of carbon dioxide, the critical temperature is a relatively mild 31.1° C
and the critical pressure is 73.8 ber, o about 1,100 psi. | -
Supercritical CO2 has properties that are mid-way between those of a gas and
those of a liquid. Along a near-critical isotherm (between 1.0 and 1.2 Tc¢), the
density, transport properties (e.g.. viscosity, diffusivity), and other physical
properties (e.g., dielectric constant, solvent strength) can be varied in a continuum
from gas-like to liquid-itke with relatively small changes around the critical pressure
(0.9 - 2.0 Pc). The net result is that at selected pressures and temperatures
supercritical CO2 has nearly the diffusivity of a gas and the viscosity of a fiquid.

Carbon dioxide is a non-polar solvent. This property, and the above-mentioned
properties combine to make supercritical CO2 an ideal medium for pharmaceutical
processing. Processing can take plase at tempaeratures lower than 35° C and at
pressures, which aithough high, are not unusual in the chemical processing arena.

_ Particle Formation Using Supercritical Carbon Dioxide top

TThe Company’s process takes a&vantage of the fact that most organic solvents,
in essence, can be dissolved in supercritical CO2. As supercritical CO2 is mixed
with organic solvents containing drug compounds, the solvent "expands” into the
supaercritical CO2 effectively increasing the concentration of the soiute in the
solution making it supersaturated and causing the solute to precipitate or
crystallize out of solution. The precipitate can then be separated from the



solvent/supercritical CO2 mixture for packaging. The solvent/supercritical CO2
mixture is partially depressurized allowing facile separation of the solvent from the
now gaseous carbon dioxige. This latter step allows for the recovery of all solvents
used in the process, and pravents venting of the solvent to the atmosphere.

in practice, the procedure is more complicated. The size of the droplet from which
the drug is precipitated and the propensity of the drug particles to agglomerate into
larger particles determine the ultimate size of the drug particle. The former is
dependent upon the droplet forming process which is a function of the size of the
droplet when created by atomization, and the tendency of droplets to coalesce
before precipitation of the drug from the supersaturated droplet. The latleris a
function of the inherent and induced self-attractiveness of the particles, which in
tum is primarily determined by surface properties of the particles themseives.

CritiTech uses ultrasonic energy produced by a converging/diverging nozzle or an
electromechanical oscillator to shatter droplets into even droplets. This alone
woyld not enable the formation of submicron particles, as the droplets have a
tendency to immediately coalesce into larger drops. in the CritiTech procedure,
the drug-laden solvent is sprayed into a flowing 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 crystaifization to occur prior to the
coalescence of droplets. It is this combination of techniques that allows CritiTech
fo produce sub-micron particles of drugs or other chemicals.

Nanoparticles top

A major application of CritiTech’s core technology will be the production of GMP
grade pharmaceuticals In sub-micron or nﬁnoparticulate form. The pharmaceutiéal
industry has exhibited substantial interest in the availability of pracesses to
produce nanoparticulate drugs primarily because of the problem of limited
bioavailability of poorly water-soluble compounds. By some estimates as many as

2
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40% of ali compounds considered for formulation as drugs have such limited water (.)(\K
solubility as to make their use as drugs impossible.” Evidence of the industry's
interest in the fine particie solution to the bioavaltability conundrum exdsts in the
form of contracts in place between large pharmaceutical companies and the two
operating fine particle-producing comipanies active today. SmithKiine Beecham, _.
Janssen, Mimetix, Merck, Wyeth-Ayerst, Wamer-Lambert, and others have . .
entered into collaborative research agreements with either NanoSystems or -*.~.- -~
Bradford Particle Design to develop micronized or submicron preparations of their

The grocess of producing nanoparticulate drugs begins with a research contract to
determine the conditions under which the cilent's drug ¢an be manufactured as
nanoparticles. The client will provide the drug in bulk form along with sufficient
information to identify a suitable solvent for the drug. CritiTech will use this
material and information to produce test batches of the client’s drug as
nanoparticulate material. The nanoparticulate material is retumed to the client for
bioavailability and other testing and in an iterative process an optimal formulation is

developed.

Al 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 trials were successful, production would then
be scaled up to produce amounts adequate for phase Il clinical trials. Each of
these steps will produce income for the company. Finally, if NDA approval is
obtained, a contract for manufacture of the commeércial praduct could be
negotiated and would likely include production fees and royaities on future sales of

" the drug.

Coating Technology too



A - Particle Coating:
Anoveluseofheﬁnepartdeformaﬂonpmnshperfmnmeprmsmme

presence of large particle, water-soluble substrates. in this embodiment of the
technology, the solute chemical (drug or coating) is deposited as a fine film or
nanoparticulate coating on the surface of the substrate. One application of this
technique would be to apply an ultrathin coating of a taste-masking chemical onto
the surface of an unpleasant tasting drug.

in this embodiment of the lechnology._asuhstmte(e'.g.. drug particies) is fluidized,
orliﬂed.byasunamofsupemﬁﬂcalornea_r-crlﬁealcozﬂowihguﬁwardﬂmugha
conical chamber. CritiTech's coating process Is similar to the commercial Wurster
coater except that the hot air stream which serves to fluidize and to dry the spray
_ droplets is replaced with the thermally mild supercritical CO2. As fliustrated in

figure 2, the beads are lifted and circulated ln a continuous process that isolates
each bead. Because the beads are suspended in a flowing stream of supercxitical
or near-critical CO2, chemical-laden (e.g.: drug; taste-masking coating; time-
release coating) organic solvent can be sprayed inlo the flowing stream causing
the chemical to precipitate on the surface of the substrate. in this way this process
Is analogous to the nanoparticle formation process except that the particles are
allowed to aggregate on the surface of the substrate.

Schematic of particle coating device using SCF to lift particles and remove solvent

4
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_ Potential uses of this embodiment are taste masking, delayed or sustained release

of drug material, rapid dissotution of drug from the surface of slowly dissolving
beads and sequenfial release of more than one drug substance. An advantage of
this process versus the air fluidization process currently in me:smata variety of
organic solvents

can beusedbewlsamesystelmsdosedandsolmtsmnberecapmred
Another advantage Is that operating temperatures are substantlally lower since the
process is not an evaporallve one. Finally, because the coatmg chemical is
dissolved in non-aqueous solvents, and supermhcal CO2is eesenﬂally non-polar,
water-soluble subsirates can be easily coated with this technique. .

As with the production of nanoparticulate drugs, commercial utilization would begin
with a research contract to optimize the conditions of coating for the client
company and would progress through the various stages of drug approval until the
ultimate stage of mass production was reached. Income will be derived from
research contracts, production fees, license fees and royaities.

B - Stent Coating:

Using its patented supevrcritical fluid-based coating technology, CritiTech, Inc., has
succeeded in coating expanded cardiac stents with ethyicallulose containing yellow
Opaspray to facilitate viewing of the coated stent. Stents can be fluidized in a
sheamofneuuiﬂmlwbondlmddeinamambormatssunilarlndeslgnha
Waurster coater.

Polymer, dissolved in suitable organic soivent, is sprayed into the near critical
carbon dloxide in close proximity to the fluidized stents. Thickness of coating can
be contt;blled 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 substituted for the dye in order to create a timed-release drug

delivery device.

(x&



This stent coating procedure is an extension of GritiTech's patented technology
that is used for coating water-soluble substrates with organic-soluble coating
materials. CritiTech can coat substrates in the size range from 300 microns to 1/4-
inch tablets uniformly, rapidly and in bulk.

Advantages of the Technology top

Industry insiders estimate that as much as.4'0% of the roughly 100,000 new
chemical entities synthesized annually by pharmaceutical companies have
inadequate water solubifity. Thesa roughly 40,000 compounds often cannot even
advance to the stage of animal trials due to low water solubility, or require extreme
measures to performn the exploratory pra-clinical research that will allow the drug
companies to make a go/no go decision for further trials. CritiTech's technology
can be of substantial value to such companies by allowing a simple, rapid, easy'to
apply solution to this problem. New chemical entities manufactured as
nanoparticles can be easily tested for suitability for advancement to clinical trials.
The cost to the drug company for this service (<$50,000) is a fraction of the cost of
subsaquent clinical frials (estimated to be as much as $75,000,000 [Zivin, J.A.,
Scientific American 282, 69-75, 2000]) and an even smaller fraction of eventual
sales ofanapptnveddmg:ﬂlismarketrapresanlsapotenﬁalearly profit stream
for CritiTech and serves as the entrée to those compounds that will require
CritiTech’s service to go to market.

CritiTech’s particle coating tedmologyhasslgmﬁuntedmlages overihecl.lm
system of spray coating that is standard in the industry. The use of supercritical
carbon dioxide allows the process to work with coating materials that are only
soluble in orgénlc solvents, or are sensitive to elevated temperatures. Both of
these factors preciude the use of Wurster-typ; ﬂudized bed coaters.
Pharmaceutical compounds requiring taste masking, ime-release, or an increased
oral absorption by coating with drug nanoparticles are example markets for this
process.
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A final advantage of CritiTech’s SCF based technologies lies in the \A
environmentally friendly nature of the processes. Organic solvents traditionally

used in the industry may be hazardous to the environment or toxic to humans and
animals. Because of the closed loop nature of the supercritical processes

employed by CritiTech, the release of harmful substances to the atmosphers is
substantially reduced, If not totally- eliminated.

Advantages Over Other PCA '_I'echniques top

CritiTech's approach to PCA uses a supercritical CO2-powered ultrasonic nozzle.
Other companies in the industry that use PCA, including CritiTech's competitor
Bradford Parlide Design, Ltd., report techniques that use conventional capillary
spray nozdes

The main advantages of CritiTech’s approach over conventional PCA techniques
follow:

. 1116 ultrasonic nozzle-based process is capable of producing discrete
nanoparticles in a narmow size range.

» Akey step in the formation of nanoparticles is to enhance the mass transfer
rate between the droplets and the antisolvent before the droplets coalesce
to form bigger droplets. With CritiTech's ultrasonic nozzle, the sound waves
assist the antisolvent's break up into small droplets increasing the interfaciat
area. In additicn, the turbulence created by the focused sound waves aiso
enhances the mass transfer rate between the droplets and the CO2.

« Sound waves, rather than inertial or frictional forces, are exploited for
droplet formation. Hence, the diameter of the line into which the spray
solution is introduced can belargermanmatufarﬂ\ercaplllalyormuo-
orifice nozzles. This larger diameter allows for higher solution throughput
and reduces the probability of nozzle plugglng. dramatically increasing
manufacturing efficiency.

« CritiTech's proprietary particle harvesting devuce allows continuous
processing of compounds. Conventional SCF techniques require processing
in batch lots.

Advantages Over Milling Techniques o

CritiTech's PCA method is superior to milling-techniques (ball mill or jet mill) like



those pracliced by CritiTech's competitors NanoSystems and RTP
Pharmmaceuticais.
These advantages are:

« Parlicle formation occurs mafarshortarbme mlnuteslhmasopposedto
days/weeks.

« PCA produces a much nammower range of parhde sizes than milling.

« Milling processes induca the creation of alectrostatic charge on the
particles, which necessitates coating of the resulting particles to prevent re-
agglomeration. PCA methods do not inducs such elecirostatic charges onto
particies.

« PCA processing does not require removal of the milling agent.

» PCA processing is safely conducted in closed systems with complete
recovery of solvents and CO2 for reuse or safe disposal.

Advantages Over Fluidized Alr Coating Techniques top

The CiitiTech coating process has the following advaniages over conventional
fluidized air based coating processes:

« A significantly reduced risk of fire and explosion when using organic

solvents due to operation at Iower temperatures (31-45°C) with dense
.carbon dioxide. -

« Enommnous flaxibility for controlling the size and morphology of partlculate
coatings. Several of the operating parameters (pressure, temperature,
solute concentration, type of nozzie, type of solvent) are adjustable to
achieve the desired coating. Using an ultrasonic nozzie with supercritical
CO2 as the energizing gas, nanoparticle coatings are possible.

Easyaepmhmandracydmgofmeomamcsolventandmcoz
Coatings that are virtually solvent-free can be obteined in a relatively short

time.
For additional information regarding these technologies, please contact the
company. '

"~ Home | Investor Relations | Technology | Services | Contact
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SOLID STATE MORPHOLOGY OF FARTICLES PREPARED
BY A SUPERCRITICAL FLUID PROCESS

M, Pame, ). Jung, F. Lebocuf,
LAVIPHARM -SEPAREX, Clampigneulles, France

The solid state morphology of many compounds is a key-parameter for their farther
otilization when several forms can co-exist either 38 crystalline and amorphous, and/or
a4 different polymorphs (allotropes) ; this is particalady important for pharmaceutical
drogs as their morphalogy con have a significant impact on their bio-availability and
stability. Supercritical Finid (SCF) t=chnology is now considered to be an inngvative
and promising way t design particles, as reviewed by Kompella and Koushik (2001)
and Jung and Permut {2001). We present 2 review of the results alresdy published in
lieatore and our own results on morphology changes and stability of particley
generxied by SCF processes, focusing on neat particles and not on composite ones.

1. INTRODUCTION

Genenilly, a dramatic change of the solid morpbology is observed after processing by
SCF : Avenge particle size snd size distribution, particle shape and porosity, and
consequently, specific area and dissolution rcate, are ofien completely different fiom
thase of the starting material. However, it scems that, in most cases, the cxrystal patiem
is oot wofified, although relstively few results, sttested by XBRD and DSC
mhuyet!nnplblhhd.

L 3CF CONTACT

Sarprisingly, mauum-sc!mmqmmm
maorphology modifiestion in certain cases, as shown in several documents .

In a patent granted to Graser and Wickeahaenser(1984), a process for re-crystallizution
of fincly divided crade organic pigments in C3-C3 slkanes or alkeoes, or C1-C3
chioro-alkznes, s chimed t0 lead o pigments with deeper and more beilliant
colarations than the siarting material.

Recentty, the conversion of cardemaapine (an anticonvulsant drug) by cantacting the
salid with SCF carboa dioxide was reported by Bertini et al. (2001). This drug presents
fwr polymarphs and a dilrydrawe fornw ; Fann | (mp, 190°C) and forma Ui (m.p.
177°C) - the commercial prodoet - Imnlnenmqu:pnr Form 1 is stable at
munbient temperatuge whereas fm I iy stable at higher iemperature (>70°C). Different
mixtures of Fomm I : Form 111 were contacted with supereritical carbon dinxide in static
conditions, that causes a2 mpid ¢ouversion of Form [ into Farm U although aot



complete. The amthors suspeer thar this transformgation reguits flom the fact thar these
two forms have different solubilities in SCF carbon dioxide. It is ™ be noted that Kikic
et al. (200) reported a significant incresse in dissolntion miv in water after uari-solvent
e-aysalliztion of carbamazepias from scetone solution cither In crystalline form
(the polymorph was aot identified), or in composite micro-spheres of PEG 4000.
* We can proposc the following “qualitstive™ interpretation : When a solvent is contacted
with a salid, it gets suhonted into this compound ; but this setwration is oot “static™ : In
permancnce, molecules are exchanged between the solid and the fimid places,
ﬂn%!ﬂunhm“uhmnhm of
hdﬂmhmﬂepﬂmﬁnﬁmmh
tansfhrmation being limited by the kinetic of dissolutinn/re

zscrmuo-

Thﬂnummm;mhmumm in order to reduce
the pmticle size, lead io solid morphology changes or not, depending on the componnd,
and the process operatidg conditions.

21 RESS
"Few mabliextions deal with stientific evaluation of the microscopic solid mormphology :
¢  The first evalostion of the solid formed by RESS was published by Larson
and King (1936) : mmm«ummuum
avomized pasticles of asphibaiene, Movinslln (anti-cholesterel drug) and an
undisclosed sarsid show “that crystalline meterials retnin theic crystallinity
sfter precipittion fowm supercyitical flnids™ ; humlh:dxﬂlﬂnm
wary somewhat, passibly due to the presence of amemphous material,

e DSC chanscterization of Grisewfulvin particles shows that particles obtained
by RESS (using CHF;) caibit the mme melting tempematare sod the mme
MMnEMWMMumm

& Asthracens and Phenanthrens were cither precipitated ar co-precipitated by
RESS from a SCF CO, solution by Negehama and Lin (1997), forming
dendritic particles of anthmeene while the stusting maiexial was in form of
bexagonsl erystals and phenanthrene needles. But coprecipiwtion of 2 mixtore
leads to & sefld selnsion diffevent fram a simple eutectic as attested by XRD.

s  Duprefen (s chiral non-steroldal anti-inflamsatory dmg) was micronized
froxs SCF CO,, leading 10 micro-particles exkibiting the same XRD pattern a2
the starting muaterial, although the pesk intansities seemed lower, which shows
“the decresss in the degree of crysiaflinity™ according to Kyrak et al (2001)

¢ Pau-Hydrexpbexzele acld was micranized fram solutions in SCF CO; or
SCF COp adied with methanol (3.5 wi3) by Jaarmno et al (1997), leading to

We just obtained vevy stiractive resslts according © & process described in a recdit
mmaaL}CM(acox-mehmBm)
wa Emalved in SCF O0; (30°C, 29 MPa) and the solntion mpidly depressurized to
atmospheric pressme ; we operated either acconding the classical way where the
stomization vessel is maintnined st sround 20°C (sample u), or by injecting an
additions] sream of liqmid CCx in ander to gencrate carbonic smow that trapped the
particies (sample b) at very low tcmperamre ipamediately after their pucleation, as
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described in an earlier patent {Penut, 1999). On figore 1, is presented 2 SEM picture
after dry ice evaporation, showing fluffy aggiomemntes of elementary nano-particles,

Figure | : SEM picture of Celecaxih parsicles (sample b).

The XRD patterns of these particies after siorage 2t low kempemtnre diwing one day
{sample b : lower coxve and sample a : inteomediate corve) are campared on figure 2
with the starting material oae (upper curve), the two Istter curves being presented with
an offset of 2,000 and 3,000 counts per second respectively for ense of intexpretation. It
clearly appears that the starting materia| is highly crystalline and the penerated particies
are completely amorphaes when the temperature in the stomizstion vessel ls k=pt low,
and mostly amorphons - bat sot fice of aystals - when this temperatnee is acar
ambient We consider that the very shart BESS mocleation leady to amorphous material
that immediately tends to re-crystallize during the particle regidence time in the

stomization vessel and o the collection flter, H the temperature is not kept lower than -

8 “re-crystllization temperature” that is owach below (st leagt 30°C acconding o some
estimations) the solid glass transition tempersmure. So, the smorphons morphology
nmst be “frozen”™ jum after particle generation in erder to prevent any re-crystallization.

s el s B L
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Flgure 2 : XRD profiles for Celecodh raw material and RESS-CO2 samples.
22 And-Selvent

Salmeterel xingfoste polymorphic forms can be controlied by varyily the
astisalvent crystallization pazametgrs, according to Hanna and York (1993)
and Haom et al. {(1999) ; uzing the SEDS technology, this compaond was pe-
aystallizd flom acetope or methapol solstions ming SCF (D, at warions
tzmperatires and pressures : At tempesstures below 60°C, anly the pem Foom
1 was obtined mesnwhile polymorphic trinsformation to Farm I was
observed since 60°C and Is complese st 90°C. It Is 0 be noted that this anti-
solvent procmss permits %0 each this Form O at a much lower temperanure
than by heating Form { glone (the tansthrmation happens aear w the melting
temperature of Form [ which is 124°C). Momover, the authocs claim tat the
pure Form [ obtained by SEDS js extremely stable when shred fiee fom
light doring 5 years. This demonstrate that antiselvem e -aysallizstion can
be nsed to obtain very pure polymarphs thet are the mare stabls becwuse 0o
indoce trassformation to the other s
MmhnWWmMuhmyml
by Hanpa and York (1996), Hanna et al. (1998) and Palakodati e al. (1998) :
Laciese wes obaised in crystalline form with differest particle shapes
malisse and tralisivee ln form of spongy spheres of amorphous nature as
shown by XRD, and secrese 38 a free-flowing erystalline powder.

Sulfuthiszele wna sobjected o the most detaled siudy oo polymorphusm
coxtrol by Kondikowsin et al (20003, by SEDS of a methanal soluton m SCF

FYS W W IPIPY P
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pure polymormbs (Farm [ aver 80°C, Fomm [ around 40°C, Fomn IV below
0°C) und mixtures of polymorphs at intermediate temperztures were obtained.

s  Daprefen, ketoprafen, sulicylic acid sad sicotink: stld wae maxystallized in
ummwammmuwum
dissolved or sospended into a fiest SCF, and this sabtion/sospension is
contacted with & second fivid (adtvogen) which causes precipitation of the,
compound into fine particles , a3 disclosed by Hansa et al. (1999).

o  Acstemiphken sod Pricenxyacesn e were co-crysailized by SEOS fiom
an ethapal solntion of hoth compotmds by Shekwnov (2000) in form of & solid
mmwarMnumdamum .

e Subramenism ¢t al (1997) reparted QAS recxysmllisstion in the, same
mphhﬂMDSQofﬂq;ﬂhyh&hn'CQuoumnlm

. s:mlhdy Lee et al mmwmmmmwu

always identical o the starting matenal one when ec-crystallizing NTO
mmhu)ﬁmanwm-co,wmm

" A al f i
s o Sidiam” Cramopiyost strony 3" metamcl sommica | The

crystalline particles are very similar o the commercial product (same
polymormh sccarding XRD) ; completely amarphous spherical micro-particles
were also obtained and did not show any aystllinity afler 5-moath storage,
The anthors stated that e most important parameter affecting crystallinity
and stability was the residon] concemepation of methanol that can be drastically
reduced by adding 2 small amonst of water to the organic solution.

. iering et al {1 ive reselts on of
e T e o
the particle shape, size and crysiallinity strongly depead on the tempexatore,
the organic solvent, and the rate of addition of the antisclvent in the bateh
GAS process (cystlline particles st low addition tate and amorphous ones at
high addition rates), 25 a result of different ouclei formation kinetics.

® Murher et al (2001) reccatly presented results obtained by GAS @ an
undisciosed pharmaceatical showing thet cither amorphows (with Ethenol) or
crystalline forms (with Acetnne ar Acetonitrile) can be peached.

13 DELOS

MDELG(deE:MdLWOmﬁ:Wm)mw
recemly disclosed by Sala et al (2001) and Ventosaet al. (2001x, 2001b), contists in
m-mm-nhdmnmahﬂbyhhtndm
empostye decesse cxmsed by depremswizing %e arganic solmtion previously
expanded by a compressed ges. This can be considered 28 su ordgisal variant of RESS

-hwllqudﬂ-:uhmmrmﬂhdhl'nm'

solvent/SCF™ system exicting as 3 hommgeneous liguid solntion can te found, this
proceas [eads w0 nano-/mieno-particles. For several compounds, the particles showed a
high degree of crystallinity, with XRD pattems similur to those of the starting material:
*  Aspiriz und Colorant Sslvant Bine 33from Aceione/CO; solutions ;
o Acetymiphen fiom Ethascl/ OO, salutions.

14 PGSS
Fﬂmhhebmpﬂuﬁdumuﬂ-hudm#mdﬁm&-

Saturated Solotions. Weidner ot al (1994) and Knez (2000) obtained particles of -



sifedipine (3 calcium amiagonist) that are significontty different from the sturting
maierial in sive, shape and dissolution rate ; the authos snspected that the processed
particles “have a more amorpbons charscier compared with the prodact obtaiped by
conventionsl process”, However, 20 stxuchare mesarement supported this sssesgment.
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EQUIPMENT DESIGN FOR SUPERCRITICAL FLULD
MICRONIZATION IN COMFLIANCE WITH GMP FOR
PHABRMACEUTICAL APPLICATIONS

J. inag), ¥. Lebocaf’, E. Prangais®, 1-Y. Clavie?, M. Peomt®
¥ Separe Eqripaments, Champignenlles, France

Supercritical Fluid (SCF) technology 5 now considered 2s a very imnovative and
promising way to design particles, especislly for therapentic drg fisomnlation. We will
present cxamples of equipment designed and Imilt in complisnce with the GMP rules
enfhered in the pharmaceatics] industry, hmmgmmlwhmd
mechenics], imstrumentstion and process comtrol, enviromment snd workiorce
pmun.

LPARTICLE DESIGN AND DRUG FORMULATION

Amosg the most ocigimel sppilcations of supancyitical finids, particle formation
procetacs using Supercyitical Floids (Jung and Pexrut, 2001) are sow subjected to 28
increasing imterest especially in the plampecentical industty with three sims :

Incressing bio-avalability of pooely-saluble molecules, dealgning mstained celease

formulstions and foremintion of active agents for new types of dmy delivery less
invasive than parenteral delivery (omal, pulmonery, transdermal). The most complex
chullenge fs reinted to therapentic delivery as it is extremely difficolt i obiain a
mmme—.a«mmuwmmﬁ
in viva.
mmmnﬂ-mmwdhmﬁ
dlffereat types of formulation :

L1 Rapld Expansion of Suparcritical Selwtisns (RESS) coasists in atomizing a
sointion of the product in & supereriticl Snid into & low-pressnre vessel This process
conld find valushie spplicutions st commercisl scale only when givoduet solubility in
the supereritics! fluid is ot toe small @ 10" ky/ky), limiting the process application to
mumuw-hmm is nsed as solvent.

13 Swupereritical Anti-Salvent (SAS) process spplies %0 most molecules that can be
dissolved fa & very wide mange of "strong” organic solvents. Recest development,
especially for prepacation of very fine dmgs dedicated t0 puimenary delivery, opens &
bright fene for "enginecring” new types of particles of drugs or micro-spheres of drug
cmbedded in = excipient for sastained-release.

. L3 Saparcritical Fiuld Drylng can be med 1o “extract™ water from aqueons solutions

with a polar Supercritical Flnid ; this & of special intevest for ebhining stabilized
powders of bio-molecnles or micro-cipsules of bio-molecules withom denxiuration.



14 Micreencapsulation can be performed usiag Svpercritical Finids secording o
various processes among which the one developed and patented by Perrut (20000) can
lead 40 micro-capsules of proteins prepared in “mild™ conditions withomt loss of bio-
activity.

LS Impreguation : High diffhsivity and tunable salvent power of SCF are the basis
of supercritical impregnation : .In supereritical siate, the fiuid s a powerfhl solvent of
the product to impregnste and an excellent veckw, even in the omallest pores of the
matrix (when porows). Moreover, fix polymeric son-porous matrixes, the swelling
effect permits sn essy penciration of the solmte throughoot the solid Many
sponges,- and catheters. Perrut and Majewskl (19992) recently obtained attractive
results and patented 2 new process for on-line impregnation sfier extraction , especially
sitractive for natunl products processing as one sole operation leads direetly to the
usahle product (active agent on excipient powder).

i EQUIPMENT REQUIREMENT

As all high pressure systems, the first requircment is obvionsly sgfety, which is
obtained by applying the high-pressxre vessel and exaipment stand ands enforced in the
mydnmbnﬂsobymhmhcﬂwwnbﬂh
hardware and software (process control system).

The second regquirement is rellabillty ss for all indmtrial systems, demanding the right
cholce of all components and a sophisticated omtrol system to help operation,
mesgrwhile a preventative maintenance is applisd.

mnwmmmmmhmum
or for commercial lots hx. shall be in
compliance with GMP reles enfarced by the Food & Drug

MmhﬁmmmhﬂMmﬂMﬂmm

in most cases, the opexstor wishes to beaefit of 2 grest Saxibificy, permitting to operxte
ana particle design process or the other, aver the wider mange of parsmetery (pressures,
temperatures, flowes, co-golvents, ...), what downtisally complexifics the tak of
the degigner and copstructor that mest find compromisés between the contrafictary
requirementy related fo each process.

1. EQUIPMENT DESIGN AND SCALE.UP

hhgﬂmimmmphﬂ-mﬂwhhludnd-ﬂ
SCF aperations (extraction, fiactionation, mactions, chromatography, asrogel
drying....). For exampie, 2 glant wied to implement a RESS process uvses s classiesl
SCF extractor designed according the rales known far extmction from solid granular or
powder material, Similarly, fluid pumps, heat exclomgers, sepamtars, control ad relief
valves, instromentation, ...ae identical to those meed ou easlier plants dexigned st any
scale (lab 1o pilot and very Iarge commercial scale). So, we will focus our attention on
the characteristics speeific 10 particle design plants :

Al Awmization noxzles : Nozxle scale-up is mesently one of the unknowns when
scaling-up a SCF process. Obviomly, a pure geomettic seale-up would sot work ! As
jet turbulence - that controls droplet formation - is related to the Weber mumber when

T il nfl fin Bm ﬂ-ﬁ-n—m—m—nr- il Al AAEE CEEE GO I -, -, |



atomizing liquids, we suggest to try to maintain this adimencional sumber s we guess
it will iead to similar stomizstion whatever is the finid siste ; thet mems that, for a
given system, all other parameters being the same, the mozrie gcalo -up thould maintain

constant u.D, where u (m/iec) is the finid velocity throogh the soxzie and D (m) the .

noxale chameteristic dismeter, We honestly sy that this aceds yet to be confinmed an

scveral exsmples. One ariginal desiga of large flowmsie norries contists in using & *

sintered disk a8 deprecsurization/ssomization system, 23 described for RESS process by
Dumingo (1997) ; howevex, we raise some doobis an the possihility to obtain particies
Mlmmm-hdﬂmnuphwdmﬂw
vary along time with plugging of the snallest pores.
mummwmmmmmnﬁnmmW
camplicated to handle than when operating st lab-seiile. This is expecially the case for
RESS process for which the rapid decampression of the fluid requires a large enthalpy
input 1o svoid formation of liquid draplets that rming the pagticla formation process fior
those finids that may be in liquid state at the stomization chamber pressure. As in most
cases, it is not possible 10 pre-heat the fluid solntion st the required tempemature

avoid droplet formation ~ as the soiute wonld be destroyed or altcred at that’

temperaimre ~ this imposes cither that the pressure in the atomization vessel be
maintsined below the triple palnt pressure of the finld, or that supplementary enthalpy
be twought by one of the following means : Hot inert gas flow, hot Liquid Sow with
particle collection in form of 2 suspension in that liquid.

33 Particle collection and harvesting : This is probably the most acute probiem,
especially when very fine particles (below 5 gm) are formed, as fiey have to be
collected without losses and without re-aggiomerstion. Basically, particies can be
collected under two forma :

= Liguid yespension : Scrubbing the particle-Ioaded finid with a liquid in which
both the fiuid and the particies are not significantly soluble is & very efficient way of
collection, simflar 8o what is used for very fine dust collection (Bansch et al, 1999,
Heogiksen et al, 1997). Addition of a smfactant in the Hquid (ar possibly onto the
pasticles during their formation) may stabilize the suspension when needed (fung et .,
2002). Howevex, this collection system is very restrictive and can be nsed caly in a
limited nomber of cases. Obviously, scale-up is not an isyon and harvesting the
Tespension does not ralse ey difficulty. On the other hend, recycling the suspension as
scrubbing medium pexmits 1o control the particle content apd to reach high particls

loadings.

=  Dry powder : This is the general case where the particles momt be collectad in dry
form. For very fine pacticles (< § pm), there is slmost & sola possihility : Fiitering the
mwm“ummmummmm
] MMnnMﬂuhﬁmm&hmw
through the medium,

i) Ro-sgglome raticm is frequent as the filter calee presents an incressing pressurc drop
that induces powder compression ; this re-agglomention sy also result from solvent
- sdaorptian onto the particles when operating the anti-solvent process ;

iii) This filiration operation i difficult to scale-up and o opesnte for significent mess
production ; .

iv) Final barvesting of the particles is very difficult, especially in complisnce with
GMP.

W
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However, each of these issoes can be addressed : Right cholee of the filtering medinm,

aliematr nye of several stomization chambers to limit the filer cake thickness, residual

salvent ehripping peior to particle harvesting, wpecal design of filter “begy™ that can be
closed gaior to bo remaved finm the sinmizstion chamber for particle removel wader

" sixict stroosphere contral We also propased other systesm adapted to different coses ©

Pucticle collection by filteation on a deep bed of excipiest W obtain the sctive-cxcipient
mixture directly (Perrut, 1999%), p&hnnd-hh-bmnmamlmx
pticle collection/miceo-cucwpsulstion (Pweare, 200Gs).

-l.il'hllnqdnnqadiunﬁem-dmﬂnﬂnﬂd-uhuu
secycled: : )

« RESS ;: When the presgure in the stomization chamber is low, near the
stmospheric pressure, finid recycling is always.an imee. When cxrbon dioxide is nsed
a3 solvent, aithex the stomization is made st high pressare sand the finid is recycled, or
it is vented. When othey finids are used - cspechlly if costly or flammahls —~ venting is
pot possible sod recycling amndatory, demunding ges necampression in the case whers
ahwmmhmmduumdhnﬁdmwu

»  Amti-peivest :In this case, the atomization being opeszted under high pressure, it
seems cary o recycls the finid after paxticie collection ; i fact, the difficuity is relsed
10 the separation of the organic solvent from the finid prior to its recyeling. Experience
chows that most arganic salvents are valatilo and the total sepacation flom the finid is
sot possitle if operated of & pressure pormitting an casy finid recycling (a few tens of
bam). But, it s oot mandetory that the fnid is completely rid of arganic soivent for
succeeding [n puticle focmation, at the condition it is ot a low and constant level, a8
cm be performed through our proprictary techanlogy (Pecruf and Jusfirgnes, 1986) ;
owyver, the final stripping of the collected particles ~ anx which organic solvem is

adsorbed - mast be opexated with par finid, either through make-up or podfication of

tha mcyeie finid ento an adsarbent.
* Supercritical finid drylug : As this process it sialy dedicated to blo-molecules
an a very small scale, finid venting/disposal can be preferred as 2 compiee water
mmum-m

Micro-encapsaiation : As the finid is dissolved lmio the active-excipient mixture,
hmup&nhmwmuhmmihm
*  Impreguaties : As impregnation is opemted under Iu;hml.aueuyb
recycls the flnid accanding W the clagsical means naed jn Supereritienl finid Exteaction.

4. GMP COMPLIANCE

Mﬂhm-ﬂmtﬂpllmm&w
cnmpanies and mthorities, & great effort bas £0 be made 10 teach aboot the technnlngy,
its advantages, its sufety snd reliability, sud #0 respect all the commonly enforced reles
of traceability and documegtation. A specis] difficulty is relsted to cleaning of these
high-pressure sysiems that mngt be designed 10 peomft 2 total clesning without
disnouming all tubings and vessols (no dend-volumes, dnuining points for Liquid
solvent wged for cleaning, ..) : clesging validetion is siso s basic procedure 0 be
aduricd to this type of equipment.

Esperience gathered on design and constmction of foor planty Imilt for elinical lots
mm(mmlxwuwmmmummm:GMP
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constructoy procedye is planned and documented careflily.

S STERILITY

Processing bio-molecules requires sterility. It is mow, clearly esmblished that
Sopercritics] Fiuids, and especially carbon dicxide, ave biocides vis-bwvis most living
micm-orgaainms including fimgi, bacteria and viruses. Not anly SCF processes do not
intrease the bio-bunien, but they contribmte %0 stexilize the processcd products. In fact,
the major dificulty is xther concenirsted an particie harvesting and bandling from the
SCF cqmipment, as fior any other fornmmistion process.

€. WORKFORCE AND ENVIRONMENT PROTECTION

As all biclogically-active products are potestislly hannful to lumang, and should not
be released in atmnosplee, a special interest mnst be paid t0 avoid any release of the
processed materipls both in the working area or outside 1 the eavironment Because
SCF processes require high pressure with possible leskage 3t anry moment (powder or
asrusol relense) or unpredictable release through the vent system, great care must be
taken :

= Prowection of the operatars by placing the equipment in an isolator (lab-scale as
lhunmﬁnl)uhamuiﬁml‘miﬂbmﬁﬁdﬂdﬂpiﬂﬂy
equipment ;

=  Collection snd scrobbing of all the vent streams ;

= Antomstion of dmg collection
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Use of Supercritical Fluid Technology for Particle Size Reduction:

Supercritical fluids are highly compressible, have high diffusivities, liquid-like
densities, and viscosities intermediate between the gas and liquid extremes. These
properties offer, in principle, a process which could provide consistent small
particles with a narow particle size distribution where crystallization and size
reduction take place simuiltaneously in a closed, aseptic environment.

There are two basic approaches to using supercritical fluids for size reduction. The
first is rapid expansion of a supercritical solution (RESS), where drug is first
dissolved in a supercritical fluid, then the supercritical solution is rapidly expanded
through a nozzle. This causes a sudden large decrease in solubility of drug, and an
aerosol a fine particles is created as a result of the rapid expansion. The second
approach is called the supercritical non-solvent approach (SAS), where drug is first
dissolved in a carrier solvent, where the camier solvent is at least partically miscible
with the supercritical fluid and the supercritical fluid is & non-solvent for the drug.
Mixing of the carrier solution.with the supercritical phase causes, in principle,
precipitation of a fine particles of drug.

" This project uses the SAS approach, primarily because the main limitation of the

RESS apbroach is that the drug must be soluble in the supercritical phase. The
SAS approach seems_-' more flexible, sinca this requirement is avoided.



|

-——

2 -
wy Wy my,

3
=]

~ S, N My

Staff

e e i T

p

W

r hrer

RESEARCH ACTIVITIES - PROGRESS
REPORT 1998

Separation Process Technology

Crystallization using Supercritical Fluid Antisolvents

G. MUHRER and M. MAZZOTTI

Keywords: crystallization, micronization, supercritical fluids,
antisolvent, RESS, PCA, GAS

Ultra fine particles with narrow size distributions are gaining importance
in a wide range of fields from ceramics precursors to controlled release
drugs. Production generally follows either size reduction or direct
generation routes such as dispersion reaction, spray drying or controlled
recrystallization. Of the latter, several variants utilizing environmentally
benign compressed gases as either solvents or anti-solvents are showing
a high potential for industrial application. The main processes are termed
rapid expansion of supercritical solutions (RESS), precipitation with
compressed antisolvent (PCA) and gas antisolvent crystallization (GAS).

RESS processes require dissolution of the product in a dease gas (liquid -

or supercritical) at elevated pressure. This "supercritical solution' is then
expanded through a nozzle, where instantaneous nucleation and crystat
growth takes place at very high supersaturation. Depending on the fluid
state after the nozzle, the crystals may coutinue to grow or coagulate in
the expanding free jet.

PCA processes avoid the drawback of insufficient solubility of many
organic substances in dense grses. The product is first dissolved in a
liquid organic solvent and this solution then sprayed into a dense gas

- antisolvent which rapidly absorbs the organic solvent from the spray

droplets thus causing rapid precipitation.

GAS crystallization is complementary to the above spray processes in
that it offers slower, more easily controlled precipitation which is
achieved by adding the dense gas antisolvent to a batch of product
dissolved in a suitable organic solvent.

This project aims at elucidating the influence and importance of
operating parameters in GAS and PCA crystallization with the goal of

file://C\WINDOWS\TEMP\ATT00000.htm
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micronizing difficult-to-comminute pharmaceuticals reproducibly and in
accordance with U.S. FDA standards. A sound understanding of system
fluid dynamics, thermodynamics and mass transfer including nucleation,
crystal growth and agglomeration will be pursued and operational
aspects such as collection and recovery of product, on-line measurement
and control investigated. Product specifications like crystaifinity, shape
and particle size distribution will be accounted for by standard off-line
analytical tools.
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Complexation and Protein Binding ~

Metal Complexes

Organic Molecular Complexes
Inclusion Compounds
Methods of Analysis

Protein Binding
Thermodynamic Treatment of
Stability Constants

r.

Complexes or coordination compounds, according to
the classic definition, result from a donor-acceptor
mechanism or Lewis acid-base reaction (p. 144) be-
tween two or mbre different chemical constituents. Any
nonmetallic atom or ion, whether free or contained in a
neutral molecule or in an ionie compound, that can
donate an electron pair may serve as the donor. The
acceptor, or constituent that accepts a share in the pair
of electrong, is frequently a metallic ion, although it can
be a neutral atom. Complexes may be divided broadly

into two classes depending on whether the acceptor -

component is a metal ion or an organic molecule; these
are classified according to one possible arrangement in
Table 11-1. A third class, the inclusion/occlusion
compounds, involving the entrapment of one compound
in the molecular framework of another, is also included
in the table. . .

Intermolecutar forces involved in the formation of
complexes are the van der Waals forces of dispersion,
dipolar, and induced dipolar types. Hidrogen bonding
provides a significant force in some molecular com-
plexes, and coordinate covalence is important in metal
complexes. Charge transfer and hydrophobic interac-
tion are introduced Iater in the chapter. )

METAL COMPLEXES

A satisfactory understanding of metal ion complex-
ation is based upon a familiarity with atomic structure
and molecular forces, and the reader would do well to
g0ta texts on inorganic and organic chemistry to study
those sections dealing with electronic structure and
hybridization before proceeding.

Inorganic Complexes. This group constitutes the
simple inorganic complexes first described by Werner
in 1391. The ammonia moleculea in hexamminecobalt
III chloride, as the compound [Co(NHgP*Cly~ is
calied, are known as the ligands and are said to be

TABLE 111, Classification of Compiexas*

L. Metal lon Complexes
:.Innranicw

{on-
g
i

i

? F:PPP

il
5

I
I
i%
;

esordinated to the metal ions is six. Other complex jons- °
belonging to the inorganic group include [Ag(NH,I",
[Fe(CN)gJ'", and (Cr{(H;0)ef*". .

Each ligand donates a pair of electrons to form a
coordinate covalent link between itaelf and the central
ion having an incomplete electron shell. For example,

Co® + 6:NH; = [Co{NHp**

Hybridization plays an important part in coordination
compounds in which sufficient bonding orbitals are not
ordinarily available in the metal ion. The reader’s
understanding of hybridization will be refreshed by a
brief review of the argument advanced for the
quadrivalence of carbon. It will be recalled that the
ground state configuration of carbon is

m
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ls 2s -2p

® ® ODO
This cannot be the bonding configuration of carbon,
bowever, since it normally has four rather than two
valence electrons. Pauling” suggested the possibility of
Aybridization to account for the quadrivalence. Accord-
ing to this mixing process, one of the 2s electrons is
ptmntedtotheavaﬂable!porbﬂdtoylddfom'
equivalent bonding orbitals:

ls 2s 2p

® O OO0

These are directed toward the corners of 2 tetrahedron, -

and the structure is Jmown as an sp® hybrid because it
involves one & and three p orbitals. In a double bond,
the carbon atom is considered to be sp® hybridized, and
the bonds are directed toward the corners of a trisngle.

Orbitals other than the 25 and 2p orbitals can become
involved in hybridization. The transition elements, such

central atom or metal ion is hybridized differently and it

shows the geometry that results.
Ligands such as H,0:, HyN:, NC:~, or CL:™ donate a
pnrofelectmmmfommgamplexmthlmeulm.
and the electron pair enters one of the unfilled orbitals
on the metal ion. A useful but not inviolate rule to
follow in estimating the type of hybridization In a metal

ion complex [s to select that complex in which the metal

ion has its 8d levels fllled: or that can use the lower-
energy 3d and 42 orbitals primarily in the hybridization.
For example, thegrwnd-ntateelahomcmﬁgmhon
of N©#* may be given by

ad 4z

O®HOO00 O OOO

. It combining with 4CN:™ liganda to form [Ni(CN),J*",

the electronic configuration of the nickel jon may
become either .

. . . 3d . ds 4p
as irom, copper, nickel, cobalt, and zine, seem to make -
use of their 84, 4s, and 4p orbitals in forming hybrids. OO0 [ 00|
These hybrids account for the differing geometries ap tetrshedral structure
often found for the complexes of the transition metal
ions. Table 11-2 shows some compounds in which the  or
. TABLE 11-2. PBond Typas of Rapresentative Compounds
Coordination Orbitat " Eamptes
Number Configuration Bond Type Formula Structure
2 ®» " linear Oy 0—0
3 % trigonal BCly - -
c
.
SN
4 2 tetrahednal o, ] g,_: N,
H
NHy----;NH,
4 dsp? squara plamar CulNHy)2* f / ,
' NiTy—-H, -
F
Lr
S - A7
5 m’ blmm PF’ _::::— :‘:-..=
s
|:.||.-|..|..i ........ NM;
6 d*sp? octahedral Co(NH,) 2" ioxg -
v ./>CQ.\ .
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43 4p
@@@@r@ Q QO
dsp?® planar structure

in which the electrons donated by the figand are shown
as dots. The dsp® or square planar structure is pre-
dicted to be the complex formed since it uses the
lower-energy 3d orbital. By the preparation and study
of a number of complexes, Werner deduced many
yemagothatthiuisindeedtheuructureofthe
complex.

Similarly, the t.nvalenf. cobalt ion Co(III) bas the
ground state electronic configuration

4s 4p

®(D(D<D® O 00O

and one may inquire into the possible geometry aof the
complex [Co(\H,).]’ The electronic configuration of
the metal ion leading to filled 3d levels is

O

3 4s 4p
0O |0 © OO
dsp® octnhedral

and thus the d*sp® or octshedral structare is predicted
as the structure of this complex. Chelates (see following
section) of octahedral structure can be resolved into
optical isomers, and in an elegant study, Werner used
this technique to prove that cobalt complexes are
octahedral.

In the case of divalent copper Cu(lD), which has the
electronic configuration . -

ad 4s 4p

*PO®O® O OO0 -

the formation of the complex [Cu(NH,),J** requires the
promotion of one d electron of Cu®* to a dp level to
obtain a filled 3d configuration in the complexed metal
fon, and a dsp® or jplanar structure is obtained

3d 4s 4p

QDODO_© OO

Although the energy required to elevate the d electron
to the 4p level is considerable, the formation of a planar
complex having the 3d leveh filled entirely more than
“pays” for the expended energy.

The metal ion Fe(III) has the ground-state eunﬂg-u
ration

-

ad - 43 4p
OOOPO O 000

and in formihg the complex [Fe{(CN)*", no electron
promotion takes place

42 4p

QDGD@FOO O OB
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since no stabilization is gained over that which the d%sp*
eonﬁguntlon already possesses.. Compounds of this
type, in which the ligands lie “above” a partially filled
arbital, are termed onter-sphers complexes; when the
ligands lie “below” a partially filled orbital, as in “the
previous example, the compound is termed an inner-
sphere complex. The presence of unpaired electrons in
a metal ion complex can be detected by electron spin
resonencs spectroscopy (pp. 90, 91).

P _
WA

Chelates. A substance containing two or more donor .

groups may combine with a metal to form a special type
of complex known as a chelate (Greek: kelos, claw).
Some of the bonds in 2 chelate may be ionie or of the
primary covalent type, while others are coordinate
covalent links. When the ligand provides one group for
attachment to the central ion, the chelate is called
monodentats. ine behaves 33 a monodentate
ligand toward Co(II), Ni(II), and Zn(II) to form
chelates of pseudotetrahedral geometry. The donor

atom of the ligand is the pyridine-type nitrogen of the .

imidazole ring of pilocarpine (Fig. 3-4, p. T2, shows the

pyridine-like nitrogen of pilocarpine). Molecules with

two and three donor groups are called bideniate and
tridentats, respectively.? Ethylenediaminetetraacetic
acid (EDTA) has six paints for attachmer.t to the metal

. ion and is accordingly Aeradentats; however, in some

complexes, only four or five of the groups are coordi-
nated. -

Chelation places stringent steric requirements on
hoth metal and ligands. Ions such &3 Cu(1I) and Ni(ID,
which form square planar complexes, and Fe(III) and
Co(1ID), which form octahedral complexes, can exist in
e:theroftwogeometmform:.hnmseqmneofthu
isomerism only cis-coordinated ligands—ligands adja-
cent on a molecule—will be readily replaced by reac-
tion with a chelating agent. Vitamin B,; and the
hemoproteins are incapable of reacting with chelating
agents, because their metal is already coordinated in
such a way that only the érens-coordination positions of
the metal are available for complexation. In contrast,

-the metal ion in certain enzymes, such as alcobol

dehydrogensse, which contains zine, can undergo che-
lation, suggesting that the metal ia bound in such a way
a3 to leave two cis posaitions available for chelation.
Chlorophyll and hemoglobin, two extremely impor-
tant compounds, are naturslly occurring chelates in-
volved in the life processes of plants and animals.
Albumin is the main carrier of various metal ions and
small molecules in the blood serum. The N-termiral
portion of buman serum albumin binds Cu(II) and
Ni(II) with higher affinity than that of dog serum
albumin. This fact partly explains why humans are less
susceptible to copper poisoning than are dogs. The
binding of copper to serum albumin is important since
this metal is possibly involved in several pathologic
conditions.? The synthetic chelating agent, ethylenedi-
aminetetraacetic acid (Fig. 11-1), has been used to te
up or sequestsr iron and copper ions so that they cannot
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11=1. Calelum fons sequestared
aﬁn"d(ED'l‘A)- b

catalyze the oxidative degradation of ascorbic asid in
fruit juices and in drug preparations. In the process of
ﬂqueltnﬂon,thechekﬁngqentmdmemionfoma
water-soluble compound. EDTA is widely used to
sequester and remove calcium ions from hard water.

Chelation can be applied to the asssy of drugs. A
ealozimetric method to assay procainamide in injectable
solutions is based on the formation of a 1:1 complex of
Procainamide with cupric jon at pH 4 to 4.5. The
complex absorbs visible radiation at 2 maximum wave-
length of 380 nm.* The many uses to which hetal
umplexsmdchdmngmnnmbeputmdn-
cossed by Martell and Calvin.®

ORGANIC MOLECULAR COMPLEXES

An organie coordination compound or molecular com-
plex consists of constituents held together by weak
forces of the donor-acceptor type or by hydrogen
The difference between complexation and the forma-
tion of organic compounds has been shown by Clapp.*
The compounds, dimethylaniline and 2 4,6-trinitroani-
sole, react in the cold to give a molecular complex:

O:N
Orrme o
0sN
OaN, (11-1)
/CH;
CH;
O:N

On the other hand, these two compounds react at an

elevated temperature to yield a salt, the constituent .

molecules of which are held together by primary
valence bonds.

OgN
CH;
0:: :
~ {11-2)
Q,\_CH, .\-o,

The dotted line in the compléx of equation (11-1)
indicates that the two molecules are held together by a
weak secondary valence force. It is not to be considered
23 & clearly defined bond but rather as an overall
attraction between the two aromatic molecules.

The tyne of bonding existing in molecular complexes
in which hydrogen bonding plays no part is not fully
understood, but it may be considered for the present as
involving an electron donor—acceptor mechanism cor-
responding to that in metal complexes but ardinarily
much weaker.

Many organic complexes are so weak that they
cannot be separated from their solutions as definite
compounds, and they are often difficult to detect by
chemical and physical means. The energy of attraction
between the constituents is probably less than §
keal/mole for most organic complexes. Since the bond
distance between the components of the complex is
usually greater than 3 A, a covalent link is not involved.
Instead, one molecule polarizes the other, resultingina
type of ionic interaction or charge transfer, and these
molecular complexes are often referred tv as charpge
transfer complszes. For example, the polar nitro
groups of trinitrobenzene induce a dipole it the readily
polarizable benzene molecule, and the electrostatic
ing:eractlon that ruults leads to eomp!ex formation.

C5oed

NO, - -

{acceptor}
Electron deift or partial electron
tramber by pularixation {r bunding

(ﬁlﬂr)

X-ray diffraction studies of complexes formed be-
tween trinitrobenzene and aniline derivatives have
shown that one of the nitro groups of trinitrobenzene
lics over the benzene ring of the aniline molecule. the
intermolecular distance between the,two molecules
being about 3.3 A. This resuit strongly suggests that
the interaction involves = bonding betwaen the =

Pall ol .2 8 m.%;n.m.ar.nrla PPy
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electrons of the benzene ring and the electron-accepting
nitro group.

A factor of some importance in the formation of
molecular complexes is the steric requirement. If the
approach and close association of the donor and accep-
tor molecules are hindered by steric factors, the
complex is not likely to form. Hydrogen bonding and
other effects must also be considered, and these are
discussed in conneetion with' the speclﬂc complexes
considered on the following pages.

The difference between a douar—acccptor and a
charge-transfer' complex is that in the latter type
resonance makss the main contribution to complex-
stion, while in the former, London dispersion forces and
dipole—dipole interactions contribute more to the sta-
bility of the complex. Resonance interaction is shown in

ia the acceptor, A, molecule and hexamethyl benzene is
the donor, D. On the left side of the figure weak
dispersion and dipolar forces contribute to the interac-
tion of A and D; on the right side of the figure the
interaction of A and D results from a significant
transfer of charge, making the electron acceptor trini-
trobenzene negatively charged (A~) and leaving the
doner hexamethylbenzene positively charged (D*). The
overzall complex, Donor—Acceptor, is shown by the
double-headed srrow to resonate between the un-
charged D ... A and the charged D* . .. A~
moieties, If, as in the case of hexamethylbenzene-
trinitrobenzene, the resonance is fairly weak, having an
intermolecular binding emergy AH of about —4700
calories, the complex is referred to as a donor—-acceplor
complex. If, on the other hand, resonance between the
cherge-transfer structore (D~ . . . A™) and the un-
charged species (D . . . A) contributes greatly to the
binding of the donor and acceptor molecule, the com-
plex is called a charge-transfer complez. Finslly, those
complexes bound together by van der Waals forces,
dipole—dipole interactions, and hydrogen bonding but
lacking charge transfer are known simply as molecular
compleves. In both charge-transfer and donor—accep-
tor complexes, new absorption bands oceur in the
spectra, as shown in Figure 11-13, p. 266. In this book
we shall not attempt to separate the first two olasses
but rather refer to all interactions that produce absorp-
tion bands as charge-transfer or as electron donor-
acceptor complexes without distinction. Thone com-

OpN ON
mg’:_;:.)—m. ST N0,

()] m
fig. 11-2. Resonance in & donor-aceeptor complex of trinitroben-
zene and hexamethylbenzene. (From F. Y. Builock, Charge transfer
in biolagy, Chapter 3 in Comprekensire Biochemistry: Y. Florkin and
E. H. Stotz, Eds., Vol. 22 of Biosnergetica, Elsevier, N.Y., 1967, pp.
£2-385, reproduced with permisgion af the copyright awner.}

Figure 11-2 as depicted by Bullock ? Trinitrobenzene

- g—— —— —— a [

plexes that do not show new bands are called molecalar
complexes.
Charge-transfer complexes are of importance in

pharmacy. Iodine forms 1:1 charge-transfer complexes w

with the drugs disulfiram, chlomethiazole, and tolnaf-
tate. These drugs have mognued pharmacologic ac-
tions of their own: disulfiram is used aguinst alcohol
sddiction, clomethiazole is a sedative-hypnotic and
anticonvulsant, and tolnaftate is an antifungal agent.
Each of these drugs possesses a nitrogen—carbon-
sulfur maiety (see the structure of tolnaftate below),
and a complex may result from the transfer of charge
from the pair of free electrons on the nitrogen and/or
sulfur atoms of these drugs to the antibonding orbital of
the iodine atom. Thus, by tying up iodine, molecules
containing the N — C = S moiety inhibit thyroid action

in the body.?
Toinafiate (Tinactin)

Guinhydrone Compliexss. The molecular complex that
was referred to in Chapter 9 as quinhydrone is formed
by mixing aleoholie solutions of equimolar quantities of
benzoquinone and hydroquinone. The complex settles
as green crystals. When an aqueons solution is satn-
rated with quinhydrone, the complex dissociates into
equivalent amounts of quinone and hydroquinone and is
used as an electrode in pH determinations.

The 1:1 complex formed between benzoquinone and
hydroquinone may be said to result from the overlap of
the pi-framework of the electron-deficient quinane
molecule with the pi-framework of the electron-rich
hydroquinone molecule. Maximum overlap between the
pi-frameworks is expected if the aromatic rings are
parallel and are oriented in snch a way ai to have their
tenters directly over one anather. Hydrogen bouding
meontﬁbutemstubﬂninsthumplex,butn-m
the sole means of associstion, since
dimethyl ether also forms & colored adduct with qui-
mone,

An interesting quinone is obtained from salicylic acid.
This compound is readily oxidized, yleldmgbhe-blld:
quinhydrone compounds of the type

—c-o
CHs

-

COOH COOH
Quinhydrope of sileyfic acid

Picric Acid Complexes. Pieric acid, 2,4,6-trinitrophe-
nol, pX, = 0.38, rescts with strong bases to form salts
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and with weak bases to form molecular complexes.
Butesin picrate (Abbott Laboratories), presumably a
Z1 complex, may be represented by the formula

0
LA
\o /caﬂo
*H Y NO,y
| NHs 1s O\
Butesin picrate

It is a yellow powder, insoluble in water bat soluble in .

organic solvents. Butesin picrate'is used as 2 1%
cintment for burns and painfol skin sbrasions. It
combines the antiseptic property of picric acid and-the
anesthetic property of butesin.

It has been suggested that the stability of the
complexes formed between eareinogenic agents and
picric acid is related to carcinogenic activity, and any
substitution on the carcinogen molecule that hinders
picrate complexation- also redures carcinogenicity.
Symmetric trinitrobenzene forms more complexes than
does picric acid, and perhaps trinitrobenzene may also
be used to provide a test for carcinogenicity.

Drug Complexes. Higuchi and his associates® have
investigated the complexing of caffeine with a number
of acidic drugs. They attribute the interaction between

caffeine and a drug such as a sulfonamide or 2

barbiturate to a dipole—dipole force or hydrogen.bond-
ing between the polarized carbony! groups of caffeine
and the hydrogen.atom of the acid. A secondary
interaction probably occurs between the nonpolar parts

of the molecules, and the resultant complex Is’

“squeezed out” of the aqueous phase owing to the great
internal pressure of water. These two effects lead to s
high degree of interaction.
" The complexation of esters Is of particular concern to
the pharmacist, since many important drugs belong to
this class. The complexes formed between esters and
amines, phenols, ethers and ketones. have been attrib-
uted to the hydrogen bonding between a nucleophilic
carbonyl oxygen and an active hydrogen. This, how-
ever, does not explain the complexation of esters such
as benzocaine, procaine, and tetracaine with-caffeine, as
reported by Higuchi et al.'® There are no activated
hydrogens on caffeine; the hydrogen in the number 8
position (formula I} is very weak (K, = 1 x 10™") and
is not likely to enter into complexation. It might be
suggested that, in the caffeine molacule, a relatively
positive center exists that serves as a likely site of
complexation. The caffeine molecule is numbered in {
for convenience in the discussion. As observed in
formula [I, the nitrogen at the 2 position presumably
can become strongly electrophilic or acidic just as it is in
an imide, owing to the withdrawal of electrons by the

oxygens at position 1 and 3. An ester such as benzocsine

also becomes polarized (formula III) in such & way that

the carboxyl aoxygen is nucleophilic or basic. The

complexation can thus secur as a result of a dipole-

dipole interaction between the nucleophilic carboxyl

ynofbenmuhemdmeelectmphﬂicnitmgenof
eine.

m . .
that are more solyble than the pure xanthins, but the

complexes formed with organic acids, such as gentisie

" acid, are leas soluble than caffeine alone. Such inyehible

complexes ‘provide caffeine irr a form that masks its
pormally bitter taste and should serve ss a suitable
state for chewable tablets. Higuchi and Pitman! syn-
thesized 1:1 and 12 caffeine—gentisic acid complexes
and measured their equilibxium solubjlity snd rates of
dissolution. Both the 1:1 and 1:2 complexes were less
soluble in water than caffeine, and their dissolution
rates were also less than that of caffeine, Chewable
tablets formulated from these complexes should pro-
vide an extended-release form of the drug with im-
proved taste. .

York and Saleh!? studied the effect of sodium saliey-
late on the release of henzocaine from topical vehicles,
it being recognized that salicylates form molecular
complexes with benzocuine. Complexation between
drug and complexing agents can improve or impair drug

- absorption and bioavailability: the authors found that

anaflessasfennesngaen

2

-
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the presence of sodium salicylate significantly influ-
enced the release of benzocaine, depending on the type
of vehicle involved. The largest increase in absorption
was observed for a water-miscible polyethylene glycol
base.

Polymer Complexes. Polyethylene glycols, polysty-
rene, carboxymethylcellulose, and similar polymers
containing nucleophilic oxygens can form complexes
with various drugs. The incompatibilities of certain
polyethers, such as the Carbowaxes® , Pluronics® , and
Tweens?® with tannic acid, salicylic acid, and phenol, can
be attributed to these interactions. Marcus' has re-
viewed some of the interactions that may occur in
suspensions, emulsions, ointments, and suppositories.
The incompatibility may be manifested as a precipitate,
flocculate, delayed biologic absorption, loss of preser-
vative action, or other undesirable physical, chemiéal,
and pharmacologic effects.

Plaizier-Vercammen et al.! have studied the inter-
action of povidone (PVP) with ionie and neutral aro-
matic compounds. Several factors affect the binding to
PVP of substituted benzoic acid and nicotine deriva-

. tives. While ionic strength has no influence, the binding

increases in phosphate buffer solutions and decreases as
the temperature is raised.

Crosspovidone, a cross-linked insoluble PVP, is able
to bind drugs owing to ita ‘rohrchmcterlndpomus
structure. Frﬂnmung etal studied the mterlctlon of

ride, among other drugs. The interaction is mainly due
to any phenolic groups on the drug. Hexylresorcinel
shows exceptionally strong binding, but the interaction
is less than §% for most drugs studied (32 drugs).
Crosspovidone is a disintegrant in pharmaceutical gran-
ules and tablets. It does not interfere with gastrointes-
tinal absorption because the binding to drugs is revers-
ible.

Solutes in parenteral formulations may nugnte from

Chapter 11 » Complesc? 15'l"|l_m!'l’r_ntiiil"8iﬁﬂi'“'_"'_i1‘ e

the solution and interact with the wall of 2 polymenc W
container. Hayward et al.'® showed that the ability of a
polyolefin container to interact with drugs deperds
linearly on the octanol-water pertition coefficient o@
the drug. For parabens and drugs that exhibit faifly
significant hydrogen bond donor properties, a correc-
tion term related to hydrogen-bonding formation is
needed. Polymer-drug container interactions may re-
sult in logs of the active component in liquid dosage
forms.

Polymer-drug complexes are used to modify hio-
pharmaceutical psrameters of drugs; the dissolution
rate of ajmaline is enhanced by complexation with PVP.
The interaction is due to the aromatic ring of ajmaline
and the amide groups of PVP to yield a dipole-dipole
induced complex.'*

Some molecular organic complexes of interest to the
pharmacist are found in Table 11-3. (Complexes -
volving caffeine are listed in Table 11-6.)

INCLUSION COMPOUNDS

The class of addition compounds known as inclusion
or occlusion compounds resuits more from the architee-
ture of molecules than from their chemical affinity. One
of the constituents of the complex is trapped in the open
lattice or cage-like erystal structure of the other to yleld
a stable arrangement. .

Channel Lattice Type. The choleic acids (bile acids) can
form a group of complexes principally involving deoxy-
cholic acid in combination with paraffing, organic acids,
esters, ketones, and aromatic compounds and with
solvents such as ether, alechol, snd dioxane. The
erystals of deoxycholic acid are arranged to form a
channe into which the complexing molecale can fit (ef
Fig. 11-3). Such stereospecificity should permit the
resolution of optical isomers. In fact, camphor has been
partially resclved by complexation with deoxycholie

* TABLE 11—-3. Some Mofecrlar Organic Complexas of Phermaceutical interest*

Compourxds That Form Complexas with the Ageat Listed in the Flrst

Agent Column

Polysthylens giycols

m-Hydraxybenaoic acid, p-hydraxybenmic acid, salicylic scid, o-phthalic
acid, acetylsaficylic

acid, resarcinol, catechol, phenol, phenobarbital,

iodine {(In | * Ki solutions), Inmm('npmmudl-lﬂr}

Pavidone (polyvinyl-pyrrofidone, PYP)

Benizolc acid, m-irydroxybenaoic acid, p-ydrybenzoic acid, salicylic

acid, sodium saficylate, p-aminobenzoic acid, mandelic acid,
sulfathiazote, chioramphenicol, phencbardital. -

Sodlum ca ellulosa
Oxytstracycline and !stracycline

Quinine, banadnt, procaine, pyribenzamine.
N-methylpyrrolidone, N,N-dimethylacstamide, v-valerolacione,

y-butyrolactone, sodium p-aminobenzaste, sodium salicyiste, sodium
- p-hydronybensoate, sodiurn saccharin, catieine.

“Compiled ‘ram the results of T. Higuehi et al., J. Am. Phamm. Assoc, Sei. Ed. 43, 393, 198, 434, 1954; ibic. 44, 568, 1955, ibid.
45, 157, 1956; ibid. 48, 558, 587, l“57aﬁdflun.| L. Lach ot oi, Drug Standards 24, 11, 1956, An extemsive table of accaptor and
danor molecules that form aronatic molecular compleses has been compiled by L 1 Anarews, Chem. Revs. 54. 713, 1954 Also refer to
T. Higuchi and X. A, mmﬂnuduhhtyMMumm-wM:anm C. M. Reilley, Ed., Naw

York, Wiley, 1963, pp. 117-212
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Fg. 11-1. (e) A channel comjilex foriiied with ures molecules ax the host.- M:hmmmmmumu.m

bonds between nltrogen sad oxygea lllll.'ﬂllhllﬁ:l‘ ﬁumub'iﬂhm

B as long ehain krydrocarbons, s3 shown here. (From J. F Jr., Sd %

o . : e MAWWn (am“mmmdligd begins
. Toom or

and malts at 163° C. Thicures may slso be tsed to form the cheanal com (From H. Mima ynd M, Nighikswa, J. Pharm.

Sl 53, 931, 1064, mmmpmamupmmmmc;mc

acid, and di-terpineol has been resolved by the use of
digitonin, which occludes certain molecules in 2 manner

similar to that of deoxycholic acid.
il
H ‘CH-—~CH.
CH%i |
: CH,—COOH
CH,
H
Deoxs chulic acid

Urea and thioures also crystallize in a channel-like
structure permitting enclosure of unbranched paraffing,
alcohols, ketones, organic acids, and other compounds,
as shown in Figure 11-3a and b. The well-known
starch-iodine solution is a channel-type complex consist-

in an orderly

Schardinger dextrin), See Merck Inder.

ing of iodine molecules entrapped within spirals of the

glucose residues.

Forman and Grady' found that monostearir. an
interfering substance in the assay of dienestrol, could
be extracted easily from dermatologic creams by chan-
nel-type inclusion in urea. They felt that urea inclusion
might become ngenenl approach for separation of
long-chain compounds in assay methads. The muthora
reviewed the earlier literature on urea inclusion of
straight-chain hydrocarbons and fatty acids.

Layer Type. Some compounds such as the clay
montmorillonite, the principal constituent of bentanite.
can trap hydrocarbons, alcnhols, and glycols between
the layers of their lattices.'? Graphite can also interea-
late compounds between its lavers.

Clathrales.® The clathrates crystallize in the form of
a cage-like lattice in which the coordinating compound
is entrapped. Chemical bonds are not involved in these
complexes, and only the molecular size of the encaged
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component is of importance. Ketelasr*' observed that
the stability of a clathrate may be related to the
confinement of a prisoner. The stability of a clathrate is
due to the strength of the structure, that is, to the high
energy that must be expended to decompose the

compound, just as a prisoner is confined by the bars -

that prevent his e: =‘.pe

Powell and Palin™ have made a detailed study of
clathrate compounds and have shown that the lughly
toxic agent hydroquinone (quinol) crystalhzes in &
cage-like hydrogen-bonded structure, as seen in Figuire
11~4. The holes haveadumel:u'oﬂzlandpemut
the entrapment of one small molecule to about every
two quirol molecules. Small molecules such as methyl
aleohol, COy, and HCl may be trapped in these czges,
but smaller molecules such ay Hy and larger molecules

such as ethanol cannot be accommodated. It is possihle

that clathrates may be used to resolve optital isomers
and to bring about other processes of molecular sepa-
ration.

One official drug, warfarin sodium USP, is a clathrate
of water, isopropyl alcohol, and sodium warfarin in the
form of a whité crystalline powder. .

Maonamalecuiar Inclusion Compouads. I:ychdex:rlns. In-
clusion compounds are reviewed by Frank.® In addi-
tion to channel- and cage-type (clathrats) compounds,
Frank adds classes of momo- and macromolecular

inclusion. compounds. Monomolecular inclusion eum--

pounds involve the entrapment of a single guest
molecule in the cavity of ane host molecule. Monome-

lecular host structures are represented by the cyclodex-
trins. These compounds are cyclic oligosaccharides

Hydrequinone
molecols

formisg the cage

\Trapped
goext or prisaner moleculs

Fii 11-4.. lilce struetury formed thr h: f
ig. Clsn- et augh hydrogen bonding o

molecules such as methsno! are
tnppedmthae:gutnbmﬂndnhnn.(xodﬁdﬁmJ F
Brown, Jr., 8. Am. 207, 82, 1962 Copyright O 1962 by Sclentific
American, Inc. All rights resarved.)

containing a minimum of six D-(+)-glucopyranose units

attached by a-1,4 linkages produced by the action on
starch of Bacillus macerans amylase. The natural a, B,
and vy cyclodextrins («-CD, 8-CD, and y-CD) consist of
6, 7, and 8 units of glucose, respectively.

Their ability to form inclusion compounds in aqueous
solution is due to the typical arrangement of the glucose
units (see Fig. 11-3d). As observed in cross-section in
the figure, the cyclodextrin structure forms & torus or
doughnut ring. The molecule actually exists as a
truncated cone, which is seen in Figure 11-5a; it can
accommodate molecules such as mitomyein C to form
inclusion compounds (Fig. 11~3b). The interior of the
cavity is relatively hydrophobic because of the CH,
groups, whereas the cavity entrances are hydruphilie
owing to the praem of the primary and secondary
hydroxyl groupe.’® o-CD has the smallest eavity
(mtemaldnmtenlmutsh $-CD and +-CD are the
most useful for pharmaceutical technology owing to
their larger cavity size (internal dizmeter almost 6 A
and 8 A, respectively). Water inside the cavity tends to
be nqueuedoutnndtobeupheedbymnrehydmpho—
bic species. Thus, molecules of appropmte size and

~
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Fig. 11=5. (a) Representation of eyclodesirin as a truncated cone. (0)
Mitomyein C partly snclosed in eyelodextrin to form an inetsion
complex. (From O. Bechars, Int. J. Pharm. 52, 240, 247, 1989,
reproduced with permisaion of tha copyright ownar.)
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shown in Figure 11-5b, mitomycin C interacts with

¥CD at one side of the tarus. Thus. the aziridine ring

{

_C

|"N—n .
?/

tomzunCnpmteeted&mndegndmonmwdm
sulutmn Bakensfield et aL™ studied the inclusion of
indomethacin with 8-CD using an }(H-N)MR technique.
Tbep-chhroquylpmd'mdomethm(shndedpan
of Fig. 11-6) enters the p-CD ring, whereas the
substituted indel moiety (the remainder of the mole-
cule) is too large for inclusion and rests agminst the
entrance of the CD cavity.
Cyclodextrins are studied as solubilizing and stabiliz-

rin, benzoezine, ephedrine, merpme and testoster-
one. Theaqueuussoh:bﬂxtyofmuwcmd(ﬂSmg
lier), a drug used topically in the treatment of acne
is increased to 160 mg/liter by complexation with ﬂ-CD
Dlssolumnzephysmlmpmtmtmlemb:owaﬂabﬂ-
ity of drugs, fast dissolution usually l’nvonlg
tion. Thus, the disaclution rate of famotidine,™ a potent
drug in the treatment of gastric and duodenal ulcers,
and tolbutamide, an oral antidiabetic drug, are both
increased by compiexation with B-cyclodextrin.
Cyclodextrins may increase or decrease the reactiv-

ity of the guest molecule depending on the nature of the -

reaction and the orientation of the molecule within the
CD cavity. Thus, a-cyclodextrin tends to favor pH-
dependent hydrolyzis of indomethaein in .Tilem
tion, whereas B-cyclodextrin inhibits it. Unfortu
natelr, the water solubility of p-CD (1.8 g/100 mL at 25°
C) is often insufficient to stabilize drugs at therapeutic
doses, and is also associated with nephmtoxlnty when
CD is administered by parenteral rootes.® The rela-
tively low aqueous solubility of the cyxlodextrins may
be due to the formation of intramolecular hydrogen
bonds between the hydroxyl groups (see Fig. 11-
which prevent their interaction with water molecules.
Derivatives of the natural erystalline CD have been
developed to improve aqueouns solubility and to avoid

CH,COOH
CH;0
“ T N—cH,
N N —
r{} \_’; Ci

fig. 11-8. [ndomethasin {Indoein).

. guny’msrmteavmdsbothmetabolumofthedrug

. greatly lupp-ru'Bed by complexation of the drug with

-pounds, or molecular sieves as they are commonly

- pounds.

.
toxicity. Partis] methylation (alkylation) of some of the ‘é‘ﬁ
OH grouops in CD reduces the intermolecular hydrogen %
bonding, leaving some OH groups free to interact with (@
water, umma'emgthuqumulubmtyofCD" :
According to Mitller and Brauns,* a low degree of alky!
substitution is preferable. Derivatives with a high P
degree of substitution lower the surface tension of.. '
water, and this has been correlated with the hemolytie
activity observed in some CD derivatives. Amorphous
derivatives of B-CD and y-CD are more effective as - |
solubiliring agents for sex hormones than the parent
cyclodextrins. Complexes of testosterone with amor-
phouhyhmmﬁﬂ-@aﬂowmeﬂuent&mpat

of hormope into the circulation when given sublin-

in the intestines and rapid first-pass decomposition
in the liver (see Chapter 19), thus improving bioavsil-

ability. -
In addition to hydmphﬂlc derivatives, hydrophabic d
tmmofp-CDbnvebeenfoundusemlulustuned- B
relesse drug carriers. Thus, the relesse rate of the
water-solnble calcium antagonist diltiazerm was signifi-
cantly decreased by complexation with ethylated p-CD.
The release rate was controlled by mixing hydrophobic
and hydrophilic derivatives of cyclodextrins at several
ratios.® Ethylated B-CDhulhobe-mdtontard
the delivery of isosorbide dinitrate, a vasodilator.™
Cycladextrins may improve the organoleptic charac-
teristics of oral quid formulations. The bitter taste of
suspensions of femoxetine, an antidepressant, is

Molecular Sieves. Macromolecular inclusion com-

called, inchude zeolites, dextrins, silica gels, and related
substances. The atoms are arranged in three dimen-
sions to produce cages and channels. Synthetic zeolites
may be made to & definite pore size so as to separute
molecules of different dimensions, and they are also
capable of ion exchange. See the review article by
Frank®™ for a detailed discussion of inclusion eom-

METHODS OF ANALYSIS™

A determination of the stolchiomstric ratio of ligand-
to-metal or donor-to-acceptor and a quantitative ex-
pression of the stability constant for complex formation
are important in the study and application of coordina-
tion compounds. A limited number of the more impor-
tant methods for obtaining these two quantities are
presented here.

Methed of Continuous Variation. Job' suggested the
use of an additive property such as the spectrophato-
metric extinction coefSicient (dielectric constant or the
square of the refractive index may also be used) for the
measurement of complexation. If the property for two
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SULPHAMETHIZOLE-CYCLODEXTRIN-
HYDROXY PROPYLMETHYL CELLULOSE
MULTICOMPONENT COMPLEXFS "

B. Pase-Vilarnovo, C.Rodrlguz TmMM&P&u—Mm
and J. J. Torres-Labandeira
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Abstract
mﬂndqebhnmnand‘mm“nﬂhmm
prepared with two cyclodessrin derivizives, f-cyclodessrin (BCD) end

Fydeaxypopyl-f-cyclo-
dexzria (HPBCD): binary conpleses snd multicontponme systeaw (cyclodextring and a hydroxy-
propylesthyl coltulose K4AM). Inclusion comploses wers propared by fresae-drying mnd chamcter-
ixed by thenm] snalysis (DSC) aod X-my diffinctommry. The presence of the polymer in the
solutios incresses the affect of cyclodextrine — specislly BCD - on the solohility of SM. [a solid
xute, biasry inclosion complexes esbance the dissobrion bebwviour of SM but, fom the wult-
component complexes, the pelymer controls the relesss of thedmg. .

dextrin, hydroxypropyimethyt celluloms, sabiiry capttant, X-sny difftactomerry

Introduction
Cyclodextrina (CDs) are water-soluble, tcus-shaped cyclic aligossc-
charides with a brydrophilic outer surface and a bydrophobic central cavity. In aque-

uﬂuhﬁmmhhofhuﬁnhmhumﬁmdmpﬂe—
cause of these properties CDs cm be used to improve some
properties of drug molecules such as stability or aqueous solubility {1-3].

For a variety of reasons including costs, production capabilities and toxieology,
CDas cen be incorporated izto drug formulations in a limited amount, and therefire, it
is importsat to develop methods that allow a reduetion in the smovert of CDy neces-
sazy in a particular pharmaceutical formulation [4). Among these procedures, tha se
otmﬁbkﬂymhhmmmbm&m
abilitics of the CDs. In flsct, it lms been proven that verlous polymers,
such ss cellulose derivatives, have a significant effect on the drug-CD complex for-
mation because, as surfhctants, they incresse the solnbiliring power of CDs. The in-

*  Agshor for corresponsdance: Fhona +34 981 563 100, Fax: +34 351 547 J4k. B-mell: Sjumntiee: o

MI18-2874700% 5 3.80 Allimial Kiadd, Budspess
© X002 Almdianicl Kloadld, Srdapest Klwwer dcedanic Peblichers. Dordrecht
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teraction polymer-CD results in physical-chemical changes of the systems formed,
and the salubility of the drug increases [$-7]. We bave used & hydrophilic polymer,
hmm1mm4mw¢ulwﬂmw
excipient, extensively used in controlled drug delivery systems. K4M bas beea previ-
mmdunﬁln&ewofmm[l—m].m“dh
stucies carried out to snalyse the effect of hydraphilic polymers on the complex for-
nnﬂnwnheyduhnummbmudﬂnﬂmnﬂdﬂ.kuﬂm
bave been published conceming the improvement of the solubility and biosveilability
of drugs through the formation of binary aad malticomponent complexes’ with
eychduuml[ll 12]. Acid molecules ~ hydrochloric, citric or tartaric acids — were
included in these amiticompanent systerns but aot palymar molecules.
Sulphamethizole (SM) was used as a model drug. It is a short-acting sulpbon-
amide used in the treatment of infections of the winary tract, sometimes in combins-
tion with other antibacterial agants, It is very shightfy soluble in water and this conld
be a drawback to fannulate it in controlled relesse dosage fms. Its formuletion as an
inclusion complex cither with B-cyclodextrin (BCD) or hydroxypropyl-Boycio-
dextrip (HFBCD) has showed a significant increase in its aqueous solubility (13
The aim of this study was to prepare solid multicomponent systems containing
MMdM)dMMWlmmeh

Sulphemethiznle was purchased from Sigma Chemical Ca. (St. Louis, MO, USA).
BCD end HFBCD were a gift from Leiss-Roquette (Barcclons, Spein) snd Jenssen
Pharmaceutishe (Beigium), respectively. Hydroxypropyimethyl cellulose K4M
(Methocel®) was obwined fom The Dow Chemical Compunry (Michigan, USA). All
other reagents were of analytical reagent grades.

Solubtlity studies

Salubility disgrams were obtzined according o Higuchi sad Cortnors methodology [14]-
Excess amounts of sulphamethivole were added i water contxining various concentra-
ticos of cyclodexizine. The suspensions were sheken st 37°C fir soven days.
. To esinblish the effect of the palymer on the solubility disgrama, KAM was
added (0.1% /). The suspeasions were sutoclaved st 120°C for 20 min end equili-
wunusmnmmmmmcdnn
The stability constaots X, were calculated ssing the following relationship:

J. Therw. Anal. Cal, 88, 2002
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where 5, represents the solubility of sulphamethizole in water without cyclodextrins.
Drug concentration was analysed spectroscopically (Shimadm UV-240-Graphicond)
at 264 nm (E,, , =577.31).

Preparation of the plyzical mixtures

Sulphamethimle, eyclodextrins and bydroxypopyimethyl cellulose were passed
wummhqdl'lmmwﬂ&l;ofm(qﬂmﬂ
is present in the inchision complexes) were mixed in a Turbuls T2C mixer for 10 min.

Preparation of the incluzion complexes

Equimolar amounts of sulphsmethizole and cyclodextring — BCD and HPBCD - were
dissolved in 5% (wA) aqueous smmonium bydroxide. K4M was added to obtain a G-
nal concentration of 0.1% (wh), and the solution was left to stand for 24 b at 4°C. The
dispersions were frozen by immension in liquid nitrogen, and lyophilized in a
Labconeo Lyph-lock 6 appemtus.

Thermal analysis

wmdeWMMlMDSC-SOm-
HnwnthSCquppdwnlmumTMMGuﬂ
conditions: scanning rats 10°C min™, scanning tempersture mnge 25-250°C.

X-ray

X-ray powder diffraction patterns were recorded on & Philips X-ray diffractometer
(PW 1710 BASED) vsing CuK_ radistion. [n the difftectograms the relative intensity
of reflexion pesks were reconded os a function of diffaction angles 26°.

Dizxolution stidley

mmmwmdummnmmwmmwm
and of physicsal Mﬁnm osing berd

colordess geiatin capsules coutaining quantities of formulstion equivalent to

50 mg of sulpbamethizale. Cupsales were placed ia ¢ stainless steel box to avoid their
fictation. Testa were carried out in a USF24 Method IT apparstins (Turu-Grau) waing
900 mL of distilled water and a stitring speed of 50 1.p.m. All experiments were mads
in triplicate. At pre-specified times, 5 mL samples weve exiracted and filtered, and the
concentration of sulphamethizole was determined spectropbotometrically st 264 om.
The resulting dissolution curves were characterized by the corresponding 0-60 min
dissolution efficieacy [16]. The statistical significance of differences among formula-

J. Therm. dwal Cal,, 88, 2002
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tions wes estimxierd by one-way snalysis of variance {(ope-way Anova) and the
Scheff? test for multiple comparisons using SPSS for Windows (v. 10.1.3).

Results and discnssion

Phase-solibility diagrems

The cffect of E4M on the salubilising effect of BCD and HPBCD is shown in Ts-
ble 1. Solubilities of the drug in squeoas CD solutions (S_) were much bigher than in
water (S), but the introduction of small amounts of K4M to the solution medium imn-
proved the solubility even fiother. Thus, 1o obtain a significant increase of the solu-

bility (up to 39% with BCD and 6% with HFBCD), the solutions heve to be heated to |

120°C for 20 win (sutocisving).

Tabile I Effect of the addirion of 0.1% (wA) K4M 1o aquscus 1%{wh) HFBCD and BCD solw-
of sulphamethizole

tioos oa solohiltrasion off
S 5 W & 5 S S
BCD . 137 n 7472 4509 10.00 039 1.40
_HFBCD 2337 1854 7.125 31933 15 ' F <] 1.06
: nolubillty of M in squesss salviion (1.Y86 mid) -

; solubility In aqueous 0. 1% (i) sobstion of ha EAM (miM)
Iﬂmh_llu(ﬂﬂhdﬁmﬂﬂﬁh“m

: solubility in aquec lﬁtdv)ﬂ)“m
ﬂ-w“mulmhﬂ)MdIﬁ(ﬂmm
: selubility in agorous solstion contaleing bath Q. 1% (W) KAM aud 1% (ob) CD wish
astacipving process ()

Figures 1 snd 2 show the phase solubility diagrams of SM in equeous BCD and
HPBCD solutions in the presence or absence of K4M. In al] cases, the solubility of
the dnug incresses linearly a3 8 fmction®f the CD concentrstion, A, -type according
thCmdnﬁhl‘hdmofththl and
therefory, the complex is respoasible for the incresse in drug solubility bas a L:1
mol-mal stoichiometry [14]. K4M enhanced significantly the solubilizing effiect of
CDs but did not affect the type of the phase-solubility disgram.

The spparent stability constagts of SM-BCD and SM-HPBCD with and without
K4M were calculated from the slopes of the phase-solubility disgrams astuning a 1:1
stoichiometry (Table 2). The stability constents of the inclisslon complexes show an
silmacement in the presence of KAM in the case of SM-BCD compiex, This effect

" was not found for HPBCD systerm, in fiact, the effect of KAM was negligible. Similer
resuits were found by Veiga [17] with HFBCD and HPMC, in dissgreement with
these obtained by other authors where the solubilization enhsncement is more than
dnvh.lthlrm[!ﬂl

The concentration of M dissolved was higher when sn autoclaving process was
emried out, During this autoclaving process, the rise in temperature caused s saturs-
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Fig- 2 Phaso-solubility Gagrains of SM in aquens HPBCD solutions costaining 0 end
0.1% KM x3IT°C

tion and sn increase in the solubility of the dug, which could probably lesd to im-
MmbﬂmeMndhCDmhahThmvﬁnhbﬂm
after sutoclaving could be due to the various electrostatic forces involved and a facili-
tated fitting of the guest molecule into the cavity. For SM-HPBCD complex the in-
crease of temperature after autoclaving could explsin the lower value of the stability
coastant because it may well produce m ovenll exothermic reaction between the
drug and CD [5].

J. Ierm. dnel. Cal, 43, 2002
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TlmlmmﬂgodmmhunhhMHdm

__BCD HPBCD
Withous XK4M 6515 M $63.95 M
(:’-m::) (7=0.99569)
With E4M 41993 asn M
(P=09948) =09715)
With KAM and msoclaving m.s:g' a1 M
_Ao9m2)) = (Pe09E)

Preparation and characterimtion of solid inciusion compleces.

Solid inclusion complexes were obtained by frecze-drying which is & c3mmon phar-
maceutical technique useful for preparing cyclodextrin inclusion complexes [18).
The drug-cyclodextrin mtio used was 1:1 mol-mol s found in the phase solubility di-
w&hﬁh@ﬁuﬁmndt4umtlﬂﬁ“pdmm
tion [9, 15]).

D&mﬂdmuhmﬂynd!mﬂmmﬁymudmm
terire the systems prepared.

DSC is a widely used amiytical teghmique in the chameterization of multi-
compooen solid systemns to anslyze posaible changes during heating. In the case of CDs,
DSC con provide s lot of information on drug/CD inkeractions in the solid state - Polymers
mhmﬁmmmmwllmuswﬁmﬂn:dn-

dividual cyclodextrin molecules [19]. Figure 3 shows the DSC curves of the physical
mixtures af SM and BCD as well as theae of the salid hinsry and mubicomponest com-
plexes prepared by the freeze-dricd method. BCD shows s endothermic pesk from 90 to
140°C, which may be attributed to the evapoation af the adsorbed water [20]. The endo-
thermic peak due to fusion of the drug appesrs at 218°C. In the freere-dried compiexes,
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Fig. 3 DSC curves of diffierers SM-BCD systems & -5, b - BCD, e - KM,
d— physical mixture SMABCD, o - physical wizmm SVHBCDVKAM,
f— SM-BCD fioeze-driod compiex and g ~ SM-BCIYKAM foczo-deind complex
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Fig. 4 DSC axrves of diffarent SM-HPBCD systenm: & - SM, b - HFBCD, ¢ - EAM,
d — physical mixmure SVCHIPBCD, ¢ - physical mixome
- SM-HPBCD fromm-driat comple snd g - SM-BFBCIVKAM freaze-dried

ﬁ

Fig. 5 X-ouy daffinction pasems of different SM-BCD systeme s - SM. b - BCD,
¢ - KAM, d - physical mizxnue SMHBCD, o — physical mixture SM+BCIVESM,
= SM-BCD fiweze-drind compilex sd g - SM-BOOVEAM Secxe-diiad complex

the plots show the absence af the characteristic endathermic melting pesk, as compered
10 the physicsl mixtires in which this peak is clearly visthie. The disppesrance of the en-
dothexmic pesks of the drug & stiributed to the smorplyws siste and the inclusion
comnplexation of the drug inside the cavity [18]

The resulis of the HPBCD sysiems were shmilar to thess of BCD, lhepelkcnhe
drug fosion at 210°C disappesred in the binsry and multicomponent complexes.

Powder X-ny diffinctometry s & useful technique for the detection of CD
complexstion in powder or microcrystalling states, ‘The difftaction patteris of the
complex is supposed to be clearly distinct from the superposition of each component
if a true complex exists.

The X-ray diffraction spectra of SM-BCD binery snd multicomponent com-
plexes in comparison with the physical mixture are shown in Fig. 5. The difffaction

J. Therwm, Asul Cal, 68, 202 -
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SM+HPBCIVEAM, £~ SM-HPBCD frenze-dried complax xnd g -
SM-HPBCDYKAM fheere-dried complex

patteres of the phrysical mixtures carrespond to the superimposed diffmctograms of
SM axxd BCD, while thess of the freere-dried complexes show fewer and less intense
peaks. This indicates that all freeve-dried compounds are markedly less erysulline
than the physical mixtures or the pure components.

Stmilarly t0 BCD, the X-ray difftactograms of HPBCD complexes congisted
fundamentally of a single very broad band, whereas these of physical mixtures of the
same compositions cormesponded to superimposition of the individual components

¢ 18 ®»m W @ ® @ n
Timaknin
Fig. 7 Dissalution proffles of SM and &fferent SM-HCD systomns: & - SM, b - physl-
cal mianze SM+BCD, ¢ - SN-BCD Sesae-driad complex, d - phrysical seixthure
SHBCIVEAM and & — SM-BCOVEAM foam-dried complex
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Effect of complexation on the dissolution of sulphametkizole

Figures 7 mod 8 illustrate the dissolution profiles obtained with pure drug, physical
mixtures and the inclusica complexes in water, In both cases, the liberation of the
drug is delayed from the multicomponent system, showing the typical profile of a
sustained relesse formulntion. In fact, in spite of the stability constant of BCD being
higher when the polymer is present, for the multicomponent system prepared with
K4M, the dimsolution rate of the drug is lower. This effect ia also clear for HPFBCD
multicomponent complex. It seems that when the complex makes contact with the
dissolution medium, K4M swells and controls the relesse of the drug [21]. '
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Fig. 4 Dimakuion profiles of SM s diffirest SM-HPRCD systems: 3 — $M,
b~ plysical mixtire SMAHIFBCD, ¢ - SM-HPBCD Swazo-dried compla,
d - plysical mixton SMHIPBCIVEAM aad ¢ - U-APBCIVEAM

frosze-diied complex
One-way Anova of the dissolution efficiency 0-60 min revealed significant dif-
hushtmteﬁmmhm(ﬂcn-l' =74.09, a<0.05; HPBCD: F, = 81.12,
a<0.03). mﬂlﬂmmpdﬁehmﬁ:unnm
BCD:
SM+BCDVKAM SM SM+BCD SM-BCDVEAM SM-BCD
SM-HPBCD/KAM SM  SM+HPRCIVEAM = SMHIPBCD SM-HFBCD

physical mixtures.

L Tharm. Anci, Cal. S8, 2007
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These results confirm that K4M cantrols the release of the drug, and in fict, the

pliysical mixtures and inclusion complexes shaw, in both cases, the better dissolition

Conclusions .
Our results show that K4M could enhance the complexation of SM with cyclo-
dextring in solution. This effect on SM solubility is only evident if an sutoclaving
process is included to promote the interaction between the cyclodextrin and the poly-
mer. Solid multicomponent inciusion complexes with BCD or HPBCD and K4M can
be obtxined by freeze-drying end their formstion hes been proven using DSC and

L

X-ray difftuction fechniques. Additionally, the polymer allows to control the drug -

dissolution rete extending the process.

This work was Amded by te Xmam da Galicls under projecr FGIDT99-PXD03058. The suthory
tuak Rogueng-Laiss Espalia snd Janswn Phermacentichy fr ganasus donsion of BCD and
HPBCD, respactively.

References

1 T. Loftssen and M. Brewscer, 1 Pharm, Sci, 85 (1996) 1017.

2 T. Irle mad K. Uskama, I. Phagm. 3. 86 (1997) 147.

3 B. Cappell, C. Cormigrenl, M. lervoling, M. Imemacolna La Rovonds snd M. Felwizio
Sexmsa, Int. J. Pharem., 213 (2001) 74

4 T. Loftxson, M. Misson and 1. P. Sigucjinsdicir, 3 T P Pharma Sci, 9 (1999) 237,

$ G Qexaeafl, L. van Samtviier, B Verschoren snd A. Lidwig, Pharmania, 51 (1996) 357.

§ T. Hiadod and B. Cwisrtnle, Pharmasia, 49 (1994) 497.

7 M Missm sod T. Lofiswen, Folysaccheride sppbiossion. Cosnetics sud Pharowmorsiies, Amer-
iz=n Chemical Sociery, Washington 1999, p. 24,

| A.I(Wldf.hh.lhm(lm)n

¥ T. Loftzson, T. K. Gudmandudieir and . Pricrikedéair, Drug Dev. Ind. Pharm
2(19%6) 401.

10 J. Savolainen, K. Jirvinen, FL Taipals, P. Jaho, T. Lofieson and T. Rrvinen, Phorm. Res,
15 (1998) 1&0E.

11 M T. Exchim-Dixz, M. Gayo-Ouero, ML B, Pénez-Marcos, 1. L. Via-Jew end
L J. Torres-Labandelrs, e, J. Pharm., 142 (1906) (03,

12 A. Gerloczy, 1. Szeman, K. Coabei, 1 Kolbe, L. Ficsincalty, D, Acerbl, P. Vestum, B. Radeni
sad]. mmau?wm-wmm
Pubiishers, Dordreche 1996, p. 515,

13 B. Fose-Vimowo, L. Perdomo-Lipez, M. Echazerrets-Lipes, P. Scivoth-Papdo, E. Syrade
and I, J. Torres-Labendeirx, Buc. J. Pherm. Sci., 13 (2000) 314,

14 T. Higuehi sad K. A. Conaars, Adv. Amal. Chan. (oer., 4 (1965) 117,

15'T. Lofissem, H. Fridrikedberir, S. Thdrisdéctir and B. Stefineson, Tne. . Phanm., 104 (1994) 181,

16 £ A Kiwn, J. Fherm. Phermacal, 27 (1975) 48.

& Therm, dnaf, Cul, 68 2062

- -

P2 0-0.2% h.a-mJa ol b ﬁ-ﬁ-Ml



ey

»

POSE-VILARNOVO a at.: CYCLODEXTRIN DNCLUSION COMPLEXES o [‘\39

17 F. Velga, Progrem and Abetracts of the 9* Inernxrional Symposicm an Cyclodeatring, 1999,
| 3

18 M Kuroumi, N. Nambu and T. Negal, Chan. Pharm. Bull., 23 (1975) 3062

19 T. Lofisson, Pharmazla, 53 (1998) 733.

20 E M Secuny and 3. M. Safwas, STP Pharma Sci_ 4 (1994) 458,

21 M. L Viaquez, B. Pirez-Marcos, J. L. Gétnen-Ameza, R. Martinor-Pacheca, C. Souto and
A Cancheira, Drag Dev. Ind. Pharm., 18 (1992) 1335.

A Therm, Anal. Caj., 88, 2003




a

Catal

9@6 -
Pl

Title: Processes to generate submicron particles of water-insoluble compounds

United States Patent: 6,177,103
Inventors: Pace; Gary W. (Raleigh, NC), Vachon, Michael G. (Quebec, CA); Mishra, Awadhesh K. (Quebec, CA),
Henrikson, Inge B. (Stavanger, NO); Krukonis, Val (Lexington, MA)
Assignee: RTP Pharma, Inc. (Durham, NC)
Appl No.: 335735
Filed: June 18, 1999 . .
Submicron particles of water-msoluble compounds, particularly drugs, are prepared by . :
simultaneously stabilizing microparticulate suspensions of same with surface modifier molecules by
rapid expansion into an aqueous medium from a compressed solution of the compound and surface
modifiers in a liquefied gas and optionally homogenizing the aqueous suspension thus formed with
a high pressure homogenizer.
BACKGROUND AND Y OF INVENTION

A major problem in formulating biologically active compounds is tl;eirpoorsolubilityor
msolubility in water. For instance, over one third of the drugs listed in the United States
Pharmacopoeis are either water-insoluble or poorly water-soluble. Oral formuletions of water-
insoluble drugy or compounds with biological uses frequently show poor and erratic bioavailability.
In addition, dmgmsohlbﬂnymoneofﬂlemostmaldumtproblmﬁangmedicmdchmstsmd

pharmaceutical scientists developing new drugs. Water-insolubility problems delay or completely
blockﬂwdmdopmmofmanymwdmgsmdothuhohgunymeﬁdwmpmnd;orpmﬂm

» much-needed reformulation of certain currently marketed drugs. Although the water-insoluble

compounds may be formulated by solubilization in organic solvents or aqueous-surfactant
solutions, in many cases such solubilization may not be a preferfed 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 warnings on their labels that
originate from detergents and other agents used for their solubilization. -

An alternative approach for the formulation of water-insoluble biologically active compounds is
surface-stabilized particulate preparations. Small particle size formulation of drugs are often needed
in order to maximize surface area, bioavailability and, dissolution requirements. Pace et al. ("Novel
Injectable Formulations of Insoluble Drugs” in Pharmaceutical Technology, March 1999) have

reviewed the usefilness of the microparticulate preparations of water-insoluble or poorly soluble
injectable drugs.

In U.S. Pat. Nos. 5,091,187 and 5,091,188 to Haynes describe the use of phospholipids as surface
stabilizers to produce aqueous suspension of submicron sized particles of the water-insoluble drugs.
These suspensions are believed to be the first applications of the surface modified microparticulate
aqueous suspension containing particles made up of a core of pure drug substances and stabilized



with natural or synthetic bipolar lipids including phospholipids and cholesterol. Subsequently,
similar delivery systems exploiting these principles have been described (G. G. Liversidge et al.,
U.S. Pat. No. 5,145,684; K. J. Illig et al. U.S. Pat. No. 5,340,564 and H_ William Bosch et al., U.S,
Pat. No. 5,510,118) emphasizing the usefulness of the drug delivery approach utilizing particulate
aqueotis suspensions.

In U.S. Pat. No. 5,246,707 Haynes teaches uses of phospholipid-coated microcrystals in the
delivery of water-soluble biomolecules such as polypeptides and proteins. The proteins are rendered
insoluble by complexation and the resulting material forms the solid core of the phospholipid-
coated particle. _

These patents and others utilized processes based on the particle size reduction by mechanical
means such as attrition, cavitation, high-shear, impaction, etc achieved by media milling, high
pressure homogenization, ultrasonication, and microfluidization of aqueous suspensions. However,
these particle size reduction methods suffer from certain disadvantage, such as long process
duration (high-pressure homogenization or microfluidization) and contamination (media milling,
and uitrasonication). In addition, these methods may not be suitable for aqueous suspensions of
compounds with limited stability in aqueous medium at the pH, high temperature and high pressure
conditions prevailing in these processes.

Among the alternatives that address to these problems is a procedure which uses liquefied gasses
for the production of microparticulate preparations. In one such method liquefied-gas solutions are
sprayed to form aerosols from which fme solid particles precipitate. The phenomenon of solids
precipitated from supercritical fluids was observed and documented as early as 1879 by Hannay, J.
B. and Hogarth, J. "On the Solubility of Solids in Gases,” Proc. Roy. Soc. London 1879 A29, 324,

The first comprehensive study of rapid expansion from a liquefied-gas solution in tife superctitical
region was reported by Krukonis (1984) who formed micro-particies of an array of organic,
inorganic, and biological materials. Most particle sizes reported for organic materials, such as
lowastatin, polybydroxyacids, and mevimolin, were in the 5-100 micron range. Nanoparticles of
beta-carotene (300 nm) were foymed by expansion of ethdne into & viscous gelatin solution in order
to inhibit post expansion particlé aggregation. Mohamed, R. S, et al. (1988), "Solids Formation
After the Expansion of Supercritical Mixtures,” in Supercritical Fluid Science and Technology,
Johnston, K. P. and Peaninger; J. M. L., eds., describes the solution of the solids maphthalene and
lovastatin in supercritical carbon dioxide and sudden reduction of pressure to achieve fine particles
_.of the sohste. The sudden reduction in pressure reduces the sotvent power of the supercritical fluid,
causing precipitation of the solute as fine particles.

Tom, J. W. and Debenedetti, P. B. (1991), "Particle Formation with Supercritical Fluids—a
Review," J. Aerosol. Sci. 22:555-584, discusses rapid expansion of supercritical solutions
techniques and their applications to inorganic, organic, pharmaceutical and polymeric materials.
This technique is useful to comminute shock-sensitive solids, to produce intimate mixtures of
amorphous materials, to form polymeric microspheres and deposit thirf flms.

Most studies of rapid expansion from supercritical solution on organic materials utilize supercritical
carbon dioxide. However, ethane was preferred to carbon dioxide for beta-carotene because of
certain chemical interactions. Carbon dioxide is generally preferred, alone or in combination with a
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cosolvent. Minute additions of a cosolvent can significantly influence the solvent properties. When
cosolvents are used in repid expansion from & supercritical solution, care is required to prevent de-- - L\lp
solution of the particles due to solvent condensing in the nozzle. Normally, this is achieved by

heating the sipercritical fluid, prior to expansion, to a point where no condensate (mist) is visible at

the nozzle tip.

A similar problem occurs when carbon dioxdde is used. During adiabatic expansion (cooling),

carbon dioxide will be in two phases unless sufficient heat is provided at the nozzle to maintain a
gaseous state. Most investigators recognize this phenomenon and increase the pre-expansion :
temperature to prevent condensation and freezing in the nozzle. A significant heat input is required
(40-50 kcal/kg) to maintain carbon dioxide in the gaseous state. If this energy is supplied by
mwusmgthepr&uqnnmontempuuumthedeumydmpsudmequmlyredumthe
supercritical fluid's solvumg power. This can lead to premature precipitation and clogging of the
nozzle

Thewlvuﬂpmpaﬁsofliqueﬁd—gumﬁonglyuﬁecbdbyth&rﬁﬁddmﬁtyhmeﬁdﬁwof
the fluid's critical point. In rapid expansion from liquefied-gas solutions, a non-volatile solute is
dissolved m a liquefied-gas that remains efther in the supercritical or sub-critical phase. Nucleation
and crystallization are triggered by reducing the solution density through rapid expansion of the
liquefied-gas to atmospheric conditions. To achieve this the liquefied-gas is typically sprayed
through 10-50 microa (internal diameter) nozzles with aspect ratios (L/D) of 5-100. High levels of
supersaturation result in rapid nucleation rates and limited crystal growth. The combination of a
rapidly propagating mechanical perturbation and high supersaturation is a distinguishing feature of
rapid expansion from a liquefied-gas solution. These conditions lead to the formation of very small
particles with a narrow particle size distribution.

There are a number of advantages in utilizing compressed carbon dioxide in the Equid and
supercritical fluid states, as a solvent or anti-solvent for the formation of materials with submicron
particle features. Diffusion coefficients of organic solvents in supercritical fluid carbon dioxide are
typically 1-2 orders of magnitude higher than in conventional liquid solvents. Furthermore, carbon
dioxide is a small linear molecule that diffuses more rapidly in liquids than do other antisolvents. In
the antisolvent precipitation process, the accelerated mass transfer in both directions can facilitate
very rapid phase separation and hence the production of materials with sub-micron features. It is
easy to recycle the supercritical fluid solvent at the end of the process by simply reducing pressure.
Since supercritical fluids do not have a surface teasion, they can be removed without collapse of .. ; -
structure due to capillary forces. Solvent removal from the product is unusually rapid. No carbon -
dioxide residue is left in the product, and carbon dioxide has a number of other desirable
characteristics, for example it is non-toxic, nonflammable, and inexpensive. Furthermore, solvent
waste is greatly reduced since & typical ratio of antisolvent to solvent is 30:1.

Exploiting these concepts Henriksen et al. in WQ 97/14407, disclosed a process using compressed
fluids to produce sub-micron sized particles of water insoluble compounds with biological uses,
particularly water insoluble drugs by precipitlting & compound by rapid expansion from a
supercntu:al solution in which the compound is dissolved, or precipitating a compound by spraying
a solution, in which the compound is soluble, into compressed gas, liquid or supercritical fluid
which is miscible with the solution but is antisolvent for the compound. In this manner prempltatmn
with a compressed fluid antisolvent (compressed tluid antisolvent) is achieved.

|‘

.
-

[



An essential clement of this process is the use of phospholipids and other surface modifiers to alter
the surface of the drug particles to prevent particle aggregation and thereby improve both their
storage stability and pharmacokinetic properties. This process combines or integrates phospholipids
or other suitable surface modifiers such as surfactants, as the aqueous solution or dispersion in
which the supercritical solution is sprayed. The surfactant is chosen to be active at the compound-
water interface, but is not chosen to be active at the carbon dioxide-organic solvent or carbon
dioxide-compound interfice when carbon dioxide is used as the supercritical solution. The use of
surface modifying agents in the aqueous medium aliowed making submicron particles by the
compressed fluid antisolvent process without particle aggregation or fiocculation.

aim 1 of 15
What is claimed is: '
1. A process of preparing a stable suspension of sub-micron particles of a water-insoluble or

a:bsmmallym-msohlbleblologclﬂymecompoundofuptozooo nm in size comprising the
successive steps of:

(a) dissolving a water-insoluble or mbsnnﬁally water-insoluble biclogically active compound and a
first surface modifier in a liquefied compressed gas solvent therefor and forming a solution of
greater than 1% w/w of said compound in seid solvert and thereafter;

(b) expanding the compressed fluid solution prepared in step (a) into water or aqueous solution
containing a second surface modifier and water-soluble agents thereby producing a suspension of
microparticles, and thereafter

(c) homogenizing the suspension of step (b) at high pressure.

Emmwmmmwmﬂmmmw&wmm
Office Web site to access the full patent.
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B New Partide Engmeermg Technology

Improves Drug Solubility

ccording to industry studies, more -
than 30% of new chemica] entities
developed during drug discovery
efforts exhibit poor solubility character-
istics, severely limiting their therapeutic
usefulneas. Today, however, recent
advancements in particle engineering
technology may be opening the doortoa
host of drug compounds previowly con-
sidered unviable. '
Because dissolurion ratesare related to
surfue ares, one approach to increasing
solubilization is to prepare drug particles
of uniformly small size and high surface
area To take advantage of this, Dow
Chemical Company (Midiund, MT) has
developed a series of techpologies to pre-
pare such nanostructured particles and is
. making them available to pharma com-
panies through a new custom service
program aimed at overcoming such dis-
solution-rate limited drug compounds.
The company’s BioAqueous Solubi-
lization Services currently incorporate
four different ln:hnolopcal approaches:
controlled precipitation, template emul-
sion, and two new advanced particle
X engineering techniques codeveloped
. with the University of Texas ar Austin—
spray freezing into liquid (SFL) snd
evaporstive predpitation into aqueots
solutions (EPAS} (see sidebar).

As described by Dr. Ed Ekder, pharma-
ceutics director, Dow Pharmeceutical
Technologies, "We recognized that there
was 2 need in the industry not being
addressed, 50 we began working with the
Uniiversity of Texas to combine their -

" expertise in chemial engineering as well
Scanning slectron micrographs of the androgenic sterold danxxol show significantly mors  as pharmaceurical technology. De Keith
compiex structure and greater surface area nesulting from treatment by evaporative precipitation  Tohnston, UT professor of chemical engi-
into agueous solution (EPAS). EPAS is one of a portiollo of propristary solubilization tachnologies  neering. worked in parailel with Dr. Bill
used by Dow Chemical's BloAqueous solubilization services. Photo A shows untreated Willizms, professor of pharmaceutics ar
micronizext dandazol crystals. LUT1 Collcge of Pharmacy. Says Johmston,
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In the Field

Although both the SFL and EPAS

tries and processes, Johnstnn points out
that the techniques have been spedifically
rodified for the drug solubilization
application, “For example, in SFL we do
the spraying dicectly within the cryo-
genic fluid itself. This leads to smaller
particles at faster freezing rates” .

For pharmaceutical companies, of
course, the ability wo indusmialize
processes is a primary concern. As noted
by Johnston, “The beauty of SFL is thar
you cm go from spraying solution in a
semicoatinuous process o the fimal dry
powder in a relatively fast, highly inte-
grated fashion. Solvent removal can be
accomplished either via lyophilization in
vials or through a fluidized-bed process
using dry air, with definite advantages t
the Buidized-bed technology™

As described by Elder, ultimately, a
oumber of factors have o be consideredd
before choosing which technological
approach to spply to & particular drug
product. “Factors such as nedative perfor-
mance, cost, and complexity all must be
cunyidered befire we can recommend an
approach, IX's sbachutely cssential that we
completely understand all of the unique
challennges amodiated with the molecule. In addition m our owa
studies, we also work to maximize the custonper’s existing data.”

Johaston sgrees, pointing out that “there are definite aspects
of phase separation rates, surfactant to drug ratios, and particle
mocphologies, that must be considered in designing processes
for particular goals. For example, SFL leads to faster phase sep-
aration than EPAS"

Uhtimarely, Elder says alternative solutions, exch with spedf-
ically defined edvantages and disadvantages, will likely be pgp-
posed to customers. “The final choice will result from a dose
working relationship with the customer. In addition w select-
ing the right technology, the optimum additives and stabilizers
will also have to be determined.”

Work ar the University of Texas will continue as researchers
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new onex. Says Johnstan, “We're continually achicving s better
understanding of how to stabilize these particles with very high
drug to surfectant ratios, utilizing very small amounts of excip-
ient in terms of the dosage forms. And, we're alo focusing an
how to Rerther control particle sives”

Meanwhile, Dow will be making use of its contract manu-
facturing facility in Midland, Michigen, to provide a comymer-
cal-scale manufacturing capability for each of the four tech-
nologies. The company is curreatly capable of kilo-scale peo-
duction to meet the needs of Phase If and Phase I dinical tri-
als. Savs Robert Conaors. Dotv Pharmaceutical senior new
business development leader, “We expect to be working closely
with 2 number of pharma companies to evehuate the applion-
bility of our technologies to their products.
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THE EFFECT OF PARTICLE ON BIOAVAILABILITY IN CYCLOSPORINE
PREPARATI NS BASED ON SUBMICRON DISPERSIONS

Alel Vrina®, Tom4S Andrysek®

wqwmnﬂx—c&u
WJWMMWAX-C&L&MH. 747 70 Opava 9, Coech Republic

Received: October 18, 2001
Key wontds: Cyclasporine A | Bioavailability | Perticle Size

The effect of particlc sire on bioxvailability of ‘9 different formmlations with cyclosporine A was stdied.
A conunon Geature of afl the formulations was the ability to form sabmicron dispersions under dilation. The
composition of individoal formulations was chosen in such’s way that they were based on same or simiar excipicats.
For each formulation, pharmacokinetic shady was carried out in beagle dogs. On groups of 10 dogs, the average
AUC was evaluated. Particle size of fonmulatioos under dilution in water was measured by lasar scattering medhod.
According to the resuits of particle st measurement, the formulations were sorted out into groups of similar
particle size dstribution by use of two methods of multiveriste statistical analysis. The avernge AUC within groups
and between-groups was compared, and the #ffect of particle size on bioavailability was evaluaced.

INTRODUCTION

Cyclosporine A, mmum:pptulm drug, was
inmroduced into the therapeutic practice in 80°s. As a
poorly warer-soluble compound, it was originally for-
mulated inm a Epophilic medium providing eruds emul-
sion after dution with warer. Since that time, & loc of
effort was paid to the improvement of cyclospoxine
bioavailability. One of the first § reported
either for co-administration of kong- end medinm-chain
Irigiycerides or reparted fior sucrose laurate, were asso-
ciated with formation of mized micelles in the gut or

small intestine (1, Z). Further appromches included for-
mulatioos based on formation of lLiposomes (3, 4),
nanoparticles, or liquid crystals {S). The common fea-
bare of these approaches was (0 control the ereation of
mmumhmmmhm

in 90, the skxe of purticles hm been considered an
important and abmost crucial factor affecting the bio-
availability of cyclosporine A preparations which are
based on the formadion of submicron dispersions (6).
To verify such an assumption is not a simple tasle
once a formulation hag a controlled sixe disoibution
indepeadent from the conditions of admininradon (ie.,
from dilurion, mizing time and speed etc), it can be
changed only by a change of the rutio of individual
excipients or by replacement of the excipienms. FHence,
any change of bioavailability can be aaributed o the
cﬂ'ectofapruculumupwnt rather than io the effect
of particle size of the formulation, For this reason, we

tried 1o prepare formulations which would differ in the
size of particles that the formuciations form after diln-
tion by varying only the ame or similar excipicats. In
this way, we obizined 9 different formulations in which
the effect of excipients was minimized and the particle
size of which ninged from 10 to 500 am.

Another problem is how to evaluate the particle sive. .

Obvnnly.huedmupmuulihm

distribution. The approach wsed in this study wes
compare the similarity or dissimilarity of particle size
distribation by means of statistica] methods for multi-
the principal component analysis (PCA) and duster
analysis {CA). Tb evaluate the effcct of particie alze on
bwﬂnlﬁq.hmﬁllc'-mpuedhm
formulations which showed si difference in par-
ticle sire distribution both by PCA and CA.

METHODS

Mazeriak

All the formunlations tested were prepared ou labo-
ratory scale equipment in laboratories of Department
of Biopharmacy and Pharmacokiditics, IVAX-CR, as.,
Czech Republic, Excipients used in composition of indi-
vidual formulations were commercially available mate-
rinls of pharmaceutical grade. The quali-quantitative
compasition of all 9 formulations is listed ia Table 1.
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Subjects

Beagle dogs, males aged between 12-36 months of
weight 9-15 kg were used in eack pharmacakinetic study.
The dogs were fed with a standard pellet diet in a quantity
300 g per day with water ad Bhitum.

Pharmacokinetc sudies  *

a dasing pipette in a form of pre-diluted dispersion ss
a single dose of 100 mg cyclosporine A The administry-
tion was preceded by 18 h fasting period. After adminds-
trakion, bicod samples were taken in@, 1,2, 3, 5, 8, 12,
and 24 hour intzrvals. Samples were analysed for cyclo-
sporine content by non-specific radioimomuoassay

From the

Blood collaction

Blood smuples were takon from foreleg vein of the
dogs into tubes with EDTA K3 (1,5 mg/ml). The sim-
ples were immediately frozen az -20 °C aad kept in
8 freezer until analysis.

Cyclosporine A determination

Nou-specific RIA assay fior cyclosparine A, IMMU-
NOTECH, Pragne, Coech Republie, Cyclosporine RIA
and i metabolites, Cat. #1444 was used. 50 4 of blood
sample were extracted with 950 pl of methanol. After
ceatrifugation (1600 x g, 5 minates, 5 °C), 50 pl of
axtracted samples, controls and standards wese trans-
ferred into polystyrens ubes, 100 ul of *3-CyA and
50 i of polyclonal antibody was added. The reaction
tabes were incubated 3 hours at 25 °C. 500 ul of separs-
bated 1 hour at § °C. Afer eenirifugation (1600 x g,
20 mimutes, 5 °C) and decanting the supernatant, the
bound eadioactivity of calibrators, controls and samples
wore measured. All calibrators, comtrols and samples
were made in duplicates. The radicactivity was measu-
red using gamma scintiltation counter MULTIGAMMA
1261 (KB, Finland). The resulws were cakculated using
‘WiaCale soltware (LXB, Finland). The calibration range
of RIA (nos-specific) method was 8-1680 ngiml. Func-
tional sensitivity was culculated at about 8 ng/ml Within
emay precigion lied st 472 ng/ml - 6,0 %, at £36 ng/mi
~4.2 %, Between assey precision at 347 ng/ml - 5.7 %
at 754 ng/ml - 5.5 %. The analysis were performed by
Department of Nudiear Medicine at University Hospi-
tal m Ostrave. This taboratory participated in interna-
tional External Quality Assessment (DGKC - Deutche
Gesellschaft fir Klinische Chemie, Ringversuch fiix
Ciclosparin).

A. Vnina, T Andnjsck

Porticie size desermination

Particle size distribution was measured by quasi-
clastic light scatering method (QELS) using Ar-laser
(Lexcl Laser Ing, USA, A = 514.5 nm, output power
50 mW) as a Eght source and the BI-5000 AT digiot
correlator Instruments, USA) as a detee-
tor. The detector and light source arrangement was set
wp in angle 90° by BI 200 SM goniomaxer. The samples
were prepared by dilution of concentrates with redistilled
waier st ratio 1:20 followed by standard bomogenizs-
tion in ultrasonic bath (10 min). All meagrements were
donc at 25°C.

The sumcmrelation curves and the scattered light
intensities were processed by Brookbaven saftware for
dynanic ight scatteving. Particic size distribution apec-

tra obtained were transfiormed 1o equal scales. Al meany- -

rements were dane by Deparonent of Chemical Theory
of Drugs, Faculty of Pharmacy, Commeniss University,
Bratislava, Siovak Republic.

WiuNunhnl.l(Scnnﬁ:CnnnImlIx..USA).m
Multiple-range analysis, Two-sample analysis and Box-
nnd -Whisker plots were done in Stargraphics, v.7.0. To
resolve focmulations it groups, principal compounent
analysis method and cinster anailysis method in 5-Flus
2000 (MathSoft Inc., USA) were used. Bi-divectional
comparism of bicavailability vermm particle sizx was
Mhmdm'umdm-
diffierent from the distriby-
mdnmmlempmomucam)
was dooe. Vicz verta, formulations ideatified as aignifi-
camtly differen: from the bioavailability point of view
(having stistically sigrificant difference in AUC found
by multiple comparison method) were compared from
dlepoutdﬁurpmdeum

RESULTS
FPharmacokinetic studies

‘The resulis of blosvailabllity studies in dogs are sum-
marized in Tible 2. The ical analysis of the results

in done by means of Box-and-Whisker plot (Figure 1)
As can be seen from Figure 1, formulations 1261 and
L 267 appesr to be significently different from the poiar
of their bioavailahility in dogs. As possibly different can
hdmdﬂdah&epmo(hmﬂml&ﬁ?-m
L2647 -L272, end 1267 - 1.300.
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The effiect of particie size on bicavailability in cyclosporine preparations
d. based on subwmicron disperzions )
Thble 1. Qmaitrative sod guastbarive camposition of ted Ssaanlerions
'—‘. Tormalndess i
R . Comspamenty
‘ 361 |30 |17 [iLae7a [La@ [Lan A [1an3  |Lee |
':'! CepeimA [ID0% [100% [100% [100% (0% [00% [10% |00% [0S
 Cremepher RH 48 |450 % | 400 % BI% |%0% |Ai% |7A0% {H05%
Telyserintz Twom [ 35 % |200% 0%
20
r Oleic Acd ASH (10% 100 %
Dighyoeryl % 9N 121%
L&
m Oyl Alosbel IS% (210% [199% [210% {190% |ZD®
Toiysoriam Teses Bni% 170%
»
£ Covited 5% (05%
: ¥ 1082
Nikdkal BCO-48 SD% |400% [
Desagipearyl [T S T L] W%
Manglswrain .
=TT 00% 120 % 100 %
Dwcagipeecyl 170G
| Pentnolenty
I=I‘ Tocapherl 150%
- [ _
Glycaryl me- LT
’ | nellaslente —
l Kthamod 100 %
Waler 0%

) all concemrations Gxed s wiv concearrations

Table 2. Resufts of Bowraitabiliey Scutics (AUC (0-4)) dor @ Formadations i Dogs -

'i"--u- —

AUC (6340 (a1

L36L 33 Li67 L1672 Laes an 1373 127 L
W7 e sl eS| W oW 7ol 1w

T T N o -
15018 7 L T I - |

LR
5
F
F




L)

- e ey

]
4

o o T T W

S Ey i Y

12

L - T T T -
M I T R T T R TR R

B e BMana B gy U gy N

Srmuintisas
Mg . Bos-and-Whkiser Plox kor AUC(D-24) of Sorsmbaions
L363-L.300

Another stazistical method, multiple range analysis,
requires suitable exiterion to be used fior specific ease.
‘The Least Significant Difference (see Thble 3) method
provided the most discriminating power in this case and
confirmed the significant difference of L261 and L 267
foromiations ss well as that of formulations L2647 - 1248,
1267 - LI72, and 1267 — L300. The Taksy HSD and
Bonlerroni methnds identified oaly the formulations
L1251 and L 267 as different. The Schelld method did
not found any pair of formulations significandy differ-
ent from the point of AUC{0-24).

A. Vning, T Andrjsek

Particle size daterminaci

The distribution of particlc sizes of individual for-
mualations is given in Thble 4. These data were processed
by Principal Analysix. As can be seen from

Component
. Figure 2, more than 54 % of the variability in dats can

be exphined by one principal component and other
26% of variability by the scoond principel component.
Other components 3, 4, 5, 6 and 7 conmribute to the

of variability in data by additional 8 %, 5 %,

description
3%, 2 % and 1 %, respectively,
ltmhmﬂndndﬂnﬁonujuplndnrhbﬂ:ty

in data { > 80 %) can be explained by components
land2
Whahmhmmedmeﬁlm
size distribation spectrum i described by two principal
components culy, the 9 formulations can be divided
into 4 different groups of forumlations hving similar

ticle size disrihution between groupe. The simation is
graphically shown in Figare 3. Group I includes formn-
lations 1261 and 1263 (see aleo Fig. 4), Group I con-
sizs of ane focomlation 1267 (see Fig. S), Group I
includes formmiations L2672, 1.272, and 1273 (sce also
Figure 6), and Group IV includes formulations 1269,
L271 and L300 (eee Fig. 7).

Taibla 3, Multiphe Range Ansiysls of Bioavaiiebility Remits of 9 Tesed Forowlations L3I - L300

Mathed Costrasts Diflerence +F Limits Sigailcant
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The effecs of particie size on bicaveilability i cyclosporine preperations 13
based on nibwmicron dispersions

‘Tabie 4 Distrimetioos of Panticle St of 9 Diffecst Fombtions  clssified as related (similar) formulasions, as well 2
L1 - L300 : the formulations 1267.2, 1272, and L273. At the mme
- time, these vo groups are relatively distant and sub-
staatially different from one snother. Group IV incin-

un @
L

a5 o4 a3 ax a1 ms o

. Cabpt

Vig.). Princigsl component analypls of Particle Sizn Digribution
of § Diffcront Parmulations - Analyss by Teo Costpenears

! Gep? SRS Depd Sl Copt Senf Segd Swe

Fig. 2, Priacipal componcs: ssalysls of Particle Skas Disiribation

Groups I, IIT and IV are substantislly differest from
cach other from the point of paxticie skze disribution.’
group cannot be comsidered different bat eather si
with respect to the distribution of perticle sizes.

Another statistical method which was psed for evalva- esecanme

tion of the similasity or dissimilarity of particle size rtats ton
distributions is the cluster analysiz, As cap be seen from — fie & (8, b) Panticle Siav Disribudion of Forumintions L1 and
Fignre &, the formolatons 1261, L 263 and 1300 are L2563 ravoived as similar by FCA methid - Group [
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The effect of pavticie size on bloavailebillty in cyclosporine preperations 15
icron dispersions .

based on nibmicron di
DISCUSSION

Which is conceming the resuits of nmitiple compari-
soms, the Scheffié method (7) produces the widest ayer-
val staraments aad thus it is the most conservative. Foc
this purpose, the Tukey method (8) scems to be the
most suitable. The same remuit provides the Bonferroni
method. Therefore, we consider the bioavailahility of
formuistions 1261 aud 1267 w be significantly diffe-
rent, the binavailabilty of L261 to be significmtly higher
than tut of L267. Sarprigingly, the fornmulation 1261
formy one of the laxgest panicles (similarly a8 1.263),
and the formulation 1267 forms very fine. particles hav-
ing maximum particle count arcund 25 am.

Fornmintions 12672, L 28, L271, L2772, L27% and
L300 are afl highly bicavailable, their average ALIC
(0-24) lics in the rangs 10,000-14,000 szg/Lh. I¥ we leok
az cheir particle size distribution, formularions 1.267.2,
L1272, and 1273 are clasified o3 different from formuls-
tions 1.249, 1.271 and L300, However, all of them have
mazimum particle count for particles in the range from
10 0 50 nm, 20 from practicsl point of view, the differen-
£c3 in particie sizes in this range can hapdly tell some-
thing sbout their effiect on ahsorption and biosvailability.

Vico versa, the maximum difference in particle size
was obiserved for tha fwmulation 1272 on one side (it
forms the smallest particles) and formulations 1.26] and
1263 on the other side (they form the largest particles).
If we look at their bioavailability, there Is ao significsnt
difference between these two groups, as the ALIC (0-24)
aof the 1272 formulations is in between the formulations
L6t and L.263. From these dats, it scoms that particle
size {s oot the key characteristic which affiects the
bioavailsbility, and that it is possible to pgepare highly
bicavailable formularions for cyclosporine active sub-
stance which do not necessarily have to fogm very fine
particles, a3 for example microemulsion (particle size
<200 zm).

When particie sixe is oot the key factor, a question
arisey what other charncterfistic can explain for the dif-
ferences in sbsorption and bicavailability of different
cyclosporine A formulations. One of the possibie espls-
nations is that the actual contact surface can be the.
answer to this question. It can explain hoth for the fact
why some experimenis showed that the redoction of
particle size led to an enhancement of absorption of
cyclosporine A, as well as for the fact why some formu-
very large particies in solution. In our ogffaion, the rea-
son for bigh absorption of some large particles forming

. Tormulation lies in the deformation and/or sdhesive

cheracteristics of such partices, which are able to pro-
duce oruch larger cffective contact surface at the epidhe-
lial layer than would correspond to their appraximation
by ideat spherical shape.

CONCLISION

We have proved that it is possible to prepare diffe-
rent formuletions with cclosporine A which have dif-
ferear particle size distribution but the same or similar
blozvailahility in dogs. Accarding to our results, in the
submicron region, the particle size distribution of for-
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Glassy Solid Soluti ns of Poorly S luble Drugs in Isomait } :

for a Rapid Bioavailability - U‘,é

M. Langer, N. A. Urbanetz, B. C. Lippold

. Institut fiir Pharmazeutische Technologie
Heinrich-Helne-Unlversitat Dirsseldorf, D-40225 Dasseldorf

Commonly. the term sofid dispersion means the dispersion of one or more active ingredients
in an inert canrier or matrix at sofid state prepared by the melting, solvent, or melting-solvent
method. Four types of solid suspensions and two types of solid solutions exist, considering the
crystalline or amorphous state of the respective drug and carnier as well as the leve! of

- dispersion [1]. Glassy solld solufions are a specific kind of solid dispersions, wherein a drug is
dissolved in an amorphous carrier at the molecular level. in order to distinguish between saolid
suspensions and solid solutions in the case of isomalt as carrier, hot stage microscopy (HSM).
dissolution testing and differential scanning calonmeu'y (DSC) are used.

. iy WY R

The carrier isomalt (1-O-u-D-gluoopyranosyl D-manmt dihydrate/6-O-a-D-glucopyranosyl-D-
sorbit) is registered as sugar substitute and is mainly used for the production of sugar free
hard candies. Isomait can be heated above its melling point without decomposition. By cooling
the melt to room temperature, it solidifies amorphously with a glass transition at 60°C. Other
sugar polyols exhibit lower Tg values, e.g. mannitol and sorbitol have reported values of
10.7°C and 0°C. Thus, glassy systems of isomalt should be more stable than glassy systems

P s e e g

1 of other polyols. Carbamazepine is chosen as model drug, since it is well known that the poor
= solubility and polymorphism can limitate its bioavailabllity. Salid dispersions of carbamazepine
!: in isomalt are prepared either by mel‘tmg the ingredients up to 205°C in a meiting pot or by

< DSC heating scans.

i; By HSM, 5 % carbamazepine are found to be miscible with isomalit in the fiquid or moiten state
e at 190 to 200°C. Nevertheless, when cooling the melt to room temperature, molecular
!P dissolved carbamazepine recrystallizes immediately as can be observed macroscopically: The

transparent system changes into an opaque sofid suspension. Only the addition of a specisl

excipient leads to a glassy solid solution of carbamazepine in isomalt as can be proved by ¢
DSC scans and dissolulion profiles of solid dispersions with different compositions. According
to the dissolution studies, only 2 % carbamazepine are soluble in glassy isomalt at room
lemperature whereas 10 1o 15 % carbamazepine are dissolvable in the isomait sysiem
containing 25 % of the special excipient By ﬁouling the terary melt into 2 g tablet moulds,
highly transparent glassy tablets with a light yellow appearance are obtained. All tablets show

- ~a significantly enhanced dissolution rate of carbamazepine up to 10 % active ingredient

F compared with the respective physical mixture.
!é




DSC studies identify the commerdially DSC_scans; Carbamazepine alone (1),
avallable carbamazepine (scan 1) as physical mixture with isomalt (2) and
polymorph | referring 10 Kobayashi [2},
which is thermodynamically stable at
room temperature and melts at 176°C.
Polymorph 1ll is preferred abave 71 °C
and melts at 190°C. in contrast to isomalt
alona as carrier (scan 2), form [ gradually
dissoives In the fquid Isomalt/excipient
mixture (scan 3). )

The sofid solution of isomalt and the
excipient exhibits a 8°C higher Tg as
isomalt and no enthalpy relaxation peak
after 15 minutes of Smge. Thus, the . {1} Urbanetz, N. A., 1989. Thasis, In pmss
exaplent' p.ravenls lh.e system from {2] Kobaywsshl, Y..Wm of
recrystallization by spedific interactions on )

the molecutar level, hereby improving the

solubility of carbamazepine in isomait.

" With respect to these findings, it seems

necessary to use special excipients In

order o dissolve reasonable amounts of

carbamazepine in glassy isomait




Abstracts

PHYSICO-CHEMICAL CHARACTERISATION OF GLASS SOLUTIONS PREPARED BY MELT
EXTRUSION

Angus Forster
W Piysical Propertien, GlasnSmithKiine R & 0, Stevenage

Maelt extrusion has been used as a processing technique since the tum of the century and is
employed in the manufacture of the majarity of plastic goods. Within the pharmaceutical industry the
use of melt extrusion Iis increasing, particularly in the fieid of solid dispersions. Solid disparsions are

homogeneous mixtures of one or more aclive Ingredients In an Inert matrix and are predominately

used as a means of increasing the oral bioavailability of poorly water-soluble drugs [1].

During meit extrusion, drug is Incnfponted into an exciplent by melling or plasticising both the drug
and exciplent. Rapid coofing of this molten mixture favours the formation of glass solutions, where
the drug Is molacularly dispersed throughout an amorphous excipient [2]. Giass solutions are the
Ideal type of solid disparsion for increasing drug dissolution and oral bicavaliability [3].

One of tha most.fundamental issues facing the pharmaceutical scientist when working with solid =~

dispersions is how to sufficlently characterisa the product. Bym and co-workers have constructed a
well-known saries of decislon trees that describe steps that should 1o be taken for characterisation
and subsequent registration of a solid product {4]. None of thesa decision trees specifically address
solid dispersions, as their intent Is io characterise the solid drug alone, however, many of the
questions raised can be exirapolated to Include more complex, dispersion systems. In this talk a
summary dacision tree will be constructed, detailing the steps that need to be taken to fully
uaderstand the meit sxiruded product. With this in mind, the talk focuses oa the fallowing key
points:

Determination of tha type of solid dispersion produced

Detection of the presence of chemical Interactions between the drug and excipient
Measursment of drug dissolution compared lo crystalline drug

Assassment of the physical / chemical stability

To property address these problems a wide-range of solid-state analytical tests should be |
considered. Increasingly, the use of spectroscopic techniques Is gaining prominence In this area,
because of the rich chemical Informalion supplled and the imiled amount of sampile preparation
required. For exampie, FT-IR with an attenuated total refiectance (ATR) accessory is particularly
sulted ta the analysis of glass solutions, as Interactions between the drug and polymer are thought
fo be of particular imporiance for increasing or patentially decreasing bath physrcal and chemical
stability.

Perhaps, the most problemalic question is how 1o assess or predict physical stabliity: Modulated
temperature DSC can be uséd to measure the glass transition temperature (Tg) of glass solutions
and determine the effect of sorbed water on the Tg. Critical levels of moisture that lower the Tg to
bejow the storage temperature and therefore, encourage recrystallisation can also be predicted
using various equations (5]. However, determination of the Tg for a range of water contents with
MTDSC has shown that significant deviation between the theoretical and measured Tg may ocour,
which may have a dramatic impact on stability prediction [6].

1. Serjuddin, A T.M. ummwummmmm subsequant problams and recant
bregithroughs. J. Pharm. Sei. 88: 1058-1068

2. Grinhagen, H_H. (1998) Polymer drug-meit axdnusion: therspeulic and tachnological sppasl. Phasm. Tech. Ewr. 11; 22-27

3. Shambiin, 5. and Zograll. G. (1999) The affccts of absorbed water on the proparties of amarphous mixtures contaliing sucrose.
Pharm. Res. 16: 1119-1124
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PrOpertles of rapidly dissolving eutectic mixtures of poly(ethylehe
glycol) and fenofibrate: the eutectic microstructure.

Law D, Wang W, Schmitt EA, Qiu Y, Krill SL, Fort JJ.

Pharmaceutical and Analytical Research and Development, Global Pharmaceutical
Research and Development, Abbott Laboratories, R4P3, APS, 100 Abbott Park
Road, Abbott Park, IL 60064, USA. devalina.law@abbott.com

Poly(ethylene glycol) or PEG is anideal inactive component for preparing simple
binary eutectic mixtures because of its Jow entropy of fusion { approximately
0.0076 Jimol-K), lower melting point (approximately 62 degre‘es C) compared to
most pharmaceuticals, miscibility with drugs at elevated temperaturas, and its
covalent crystaliine lattice. Implication of these physicochemical properties on
eutectic crystallization and size reduction of the drug is discussed. Enhancement of
the dissolution rate of a poorly soluble compound through the formation of PEG-
drug eutectics was investigated using fenofibrate. Solid dispersions of PEG-
fenofibrate when characterized, revealed that PEG and fenofibrate form a simple
eutectic mixture containing 20-25%(w/w) fenofibrate at the eutectic point. Eutectic
crystallization led to the formation of an irregular microstructure in which fenofibrate
crystals were found to be lgss than 10 microm in size. Dissolution rate
improvement of fenofibrate correlated with the phase diagram, and the amount of
fenofibrate released from the dispersions that contained fenofibrate as a eutectic
mixture was at least 10-fold higher compared to untreated fenofibrate. On aging,
the dissolution rate of the dispersion containing 15%(w/w) fenofibrate in PEG
remained unaltered. The results indicate that PEG-drug eutectic formation is a
valuable option for particle size reduction and subsequent dissolution rate :
improvement. Copyright 2003 W‘Iey-Llss Inc. and the American Pharmacsutical
Association




SC17

SOLID DISPERSIONS OF NIMODIPINE AND P  LYOXYETHYLENE -AN
ADDITIVE PREVENTS THE DRUG FROM RECRYSTALLIZATION

N. A. Urbanetz and B. C. Lippold
Institut fiir Pharmazeutische Technologie, Heinrich-Heine-Universitat Diisseldorf
Universitiitsstr. 1, 40225 Disseldorf, Germany

Introduction: The insufficient solubility of many new drug substances in water as well as in the aqueous

gastric fluids cause problems in bicavailability. The development of solid dispersions is an appropriate . .

maans to avarcome these problems and to guarantee a reasonable bicavailability. Saveral methods
exist to prepare solid dispersions, the melting method being the most convenient. The melting
procedure includes the melting of the carrier, the subsequent dissolution of the drug within the meit and
finally, the cooling of the obtainaed solution. During the cooling process the molecular dispersion of the
drug within the camier may be maintained or the drug may recrystallize as a result of the increasing
suparsaturation due to the lowering of temparature. Moreover, racrysialiization can take place during
storage as well. Tha precipitation usually leads to a decrease In the dissolulion rate of the drug In” the
dissolution madium as amorphous matarials dissolve faster because of their higher solubility. Therefora
an attempt has been made to prevent the drug from recrystallization. .

Materlals and methods: For the praparmation of solid dispersions by the maiting method,
polyoxysthylena 2000 has been chosen as a carrier due o its low mslting point. Nimodipine, a poorly
soluble caicium channel antagonist was used as modé{ drug. The characterization of the products was
performaed by dissclution teating, differential scanning calorimetry (DSC) and hot atage microscopy
(HSM). :

Results and discussion: Solid dispersions of nimodipine in polyoxyethylene 2000 axhiblt a low
dissolutiori rate and lack the capability to supersaturate the disgolution medium. The high tendency of
polyaxysthylena 2000 o crystaliize during the coollng process or during storage probably leads ko an
expuision of the drug from the crystal lattice of the carrier. As a result, the drug first concentrates in
areas of lower cryslallinity where t subsequently recrystaliizes ftsetf when the concantration exceeds
the solubility within the camier. Unexpectedly, Investigations by DSC cen not prove the existencs of
crystalline nimodipine in these products. Thermograms only exhiblt the meiting of polyoxyethyiene
2000. In contrast, examinations by HSM reliably allow the dstection of fine nimodipina crystals after the
meiting of polyoxyathylene 2000. Subsequently, as the heating program continues, the gradual
dissolution of these crystals can be observed. '

The aim of further Investigations was to avoid the recrystallization of the drug within the carrier In order
fo obtain sofid dispersions with more favourabie dissokution profiles. in contrast to mast binary mixtures
of polymans where the two components are Immiscible, it has been found one polymeric substance to
be soluble In polyoxysthylene 2000. The two polymers together form a naw homogeneous camier
material. The dispersion of nimodipine in the composed carrier leads to a product with an enhanced
dissolution rate and a pronouncad supersaturation in the dissolution medium. Investigations by DSC as
well as by HSM indicate the ebsence of nimodipine crystals in these systems. Thus, the new canier
material praves o be sultable for the preparation of safild dispersions with favourable dissalution
propertias.

Summary: The reasonable development of solid dispersions containing nimodipine and
polyoxyethylene 2000 with favourable dissolution profiles is based on the proper charactarization of the
obtained producls by thermal analysis. In this context, HSM proves lo be an essential tool for the
correct interpretation of DSC thermograms. By these means, it is possible to ascribe insufficient
dissolution properties of solid disparsions containing only nimadipine and palyaxyethylene 2000 to tha
presence of crystalline nimadipine within the carrier. Thus, the addition of a substance which prevenls
the drug from recrystallization successfully leads to products with a high dissolution rate and a
pronounced supersaturation in the dissolution medium.

DD
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Lead Technologies

Controllad Precipitation in this section
A technology that creates crystalline nanostructured
drug particles with rapid dissolution rates. With this
tachnology, the drug is dissolved In a water-miscibie
solvent and dispersed into water. Nanostructured
drug partictes are formed from the solvent droplets
as the solvent dissolves into the water phase. .

Stabllizers are added to the water and/or solvent to

control particie growth and to stabilize the final particles, The stablllzad particlas are
isolated as dry powders by standard techniques.

Template Emulsion

A technology that creates nanostructured drug particles mm controlled particle size
distribution and rapid dissolution performance. With this technology, an oil-in-water
amuision s prepared, then swelled with a non-aqueous solution of the drug and
stabllizers. The particle stze distribution of the drug particies is a direct result of the size of
the smulsion droplets prior to loading with drug, a property which can be controlled and
optimized in this process. Furthermore, through selected use of solvents and stabillzers,
emulsion stabllity is achleved with no or suppressed Osiwald ripening. Subsequently, the
solvent and water are removed, and the stabilized nanostructured drug particles are
recovered. Varlous particle morphologles can be achieved by npmpﬂmeon\mlof

procassing conditions.

& e

Spray Freezing Into
Liquid (3FL)
1o A novel, cryogenic
technology 10 create
T nanostructured drug
particies with greatly .
enhanced surface area.
' This technology consists
; o Davarel 3L ——{ ofanorganicor
! o Ounazel AbReceved ~ Ranboevs | organoaqueaus solution
. _=4mOmnazol Axfetnrrd " 1 of adrug with stabilizers,
N ) o which is injected into a
) cryogenic liquid, such as
N 10 P 2 » 0 s lquid nitrogen. The
ims jren} droplets of thedrug .
. solution freeze at a rate
sufficient to minimize
crystallization and particle growth, thus forming nanostructured particles. Depending on
the choice of solvent system and processing conditions, these particles can have varying
particle morphology. In the isolation step, the nitrogen and solvent are removed under

Armsunt of Danszel
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[
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conditions that avgid agglomeration or ripening of lha drgg particles.

Evaporative Pracipitation Inte Aqueacus Solutions
(EPAS)

A technology that creates nanastructured drug particles
with rapld dissolution performance. For this technology,
the drug Is dissolved in & water-Insoluble solvent and
atomized Into water et a temperature above the boifing
point of the solvent. The rapid expansion and
atomization of the sotvent in the water phasa causas the
formation of nanostructured drug particles. The solvent
and/or water phase contain the stabiftzecs for the
particles. The evaporated solvent Is recovered, and the
stabllizad particies isolated from the aquecus phase by standard techniques.
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S {ting Specifications for Drug Substance and Drug Product

In August 1908 a major conference on setting drug substance and drug product specifications was held in Washington, DC. This
conf rence was sponsored by PDA, AAPS, USP, FIP, and FDA. The goals were to review the Intemational harmonization
document QB8A and to provide feedback to the bodies revising this document. Seven areas were discussed including:
identification, impurities, diasolution tests, physico-chemical tests, and 3 more. Intense discussion was focused on physico-
chemical testing since this area is the least resolved. In this newsletter major Issues presented at the conference are reviewed,
with particular emphasis on the solid-state chemistry of drugs.

identification

A specific test is needed for identification of a drug substance. IR seems to be the most popular. However, the sectlon in the

USP which allows recrystallization continues to attract interest (<187>). It was pointed out that the identification test is n t meant

t be a polymorgh test.

The single-crystal structure can be very helpful in developing an X-ray diffraction-based identification test. The theoretical

powder diffraction pattem of a material can be calculated from the single-crystal data. This pattern ls devold of preferred

orientation and shows what lines should be present (and absent). Thus, comparison of the diffraction pattern of the drug

substance to the calculated pattern provides a direct method of identification of the substance.

It is important to point out that an Identification test is not a limit test. That s, a visual comparison of the spectrum or diffracti n

pattarn of a drug substance to that of a reference merely provides an Identification of the substance and does not quantify its

golymort?hic purity. More sophisticated, validated methods are needed to prove the polymorphic purity (and chemical purity) of a
rug substance. -

Physico-Chemical Properties — Polymorphs

In recent years, the term polymorpha is frequently used to describe polymorphs, solvates, amorphous forms, and desolvated

solvates. Thus when a polymorphism question arises it often involves not strictly polymorphs (different unsolvated crystal forms)

but also s Ivates (forms containing solvent, rwater), am rph us forms (n nerystalline forms) and desolvated solvates (forms .

which can nly be made by removing the solvent from a solvate). The flow charts published in qur 1885 Pharmaceutical

Res arch Review (Pharm. Res. 1986, 12, 945) and shown In SSCI's Applicatl n N te #2 have bec me a popular way to %‘
003
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approach the maj r polymorph issues, asking the questions: (1) Hav polymorphs, hydrates r amorphous forms been 4
discovered: (2) Do they have different physical properties; and (3) What is the drug substance compositi n?

Discovering Polymorphs and Setting Specifications .

A limit test is often substantiated with studies showing that the contaminating polymorph(s) are bicequivalent to the major
polymorph and that the contaminating polymorphs have acceptable stability profiles.

Mixtures of polymorphs should be avolded if possible. Mixtures are sometimes indicative of tack of control in the producti n
process. Thus, careful optimization of the production process, In general, and the final crystallization process, in particular, are
needed to avoid mixtures. If it is Impossible to avold mixtures, research should be conducted to establish a “best effort” attempt
to achievse polymorphic purity. .

Speclfications on Drug Product

In cases whare the polymorph affects bioavallabliity or chemical stability, there ls a developing interest In setting specificati ns
for drug product. Of course, methodology must be available to determine the polymorphs present in the drug product. For
relatively high dose drugs, solid-state NMR and X-ray powder diffraction are powerful tools for drug product analysis.

importantly, the detection limit is usually higher in drug products since the excipients often interferg with the assay.

Particle Size - .

Specifications on particle size are of great Interest to regulatory agencles. This is because the particie size can have a
significant Influsnce on dissolution rate. In addition, particle size may reflect the polymorph present. Particle size specifications
are set for most drug substances.

Particle size specifications are Important as a measure of the extent of processing of a drug substance and should be set as
soon as possible. Particle size specifications should always be set If a milled or micronized drug s used. '

It is difficult to deVise a single flow chart to address particle size issues. -Instead, four flow chartlets are presented answering the
most important questions about particle size: (1) Can the drug substance be manufactured In different particle sizes? (2) D .
the differegt particle sizes have different dissolution rates? And (3) Do the different particie aizes have different processing
properties

A major issue 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 analysis; and (5) surface area analysis. This latter m th d is not
a direct method for particle size analysis but rather reports a parameter related to particle size. Several ways of reporting

particle size are used, including reporting the mean, the maximum, or the distribution. In some cases, a mixture of these
parameters are reported.

file://CA\WINDOWS\TEMP\ATT00003.htm . 10/03/2003
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Title: Processes to generate submicron particles of water-insoluble compounds

United States Patent: 6,177,103
Inventors: Pace; Gary W. (Raleigh, NC); Vachon; Michael G. (Quebec, CA); Mishrs; Awadhesh K. (Quebec, CA);
Henrikson; Inge B. (Stavanger, NO); Krukonis; Val (Lexngton, MA)
Assignee: RTP Pharma, Inc. (Durham, NC)
Appl No.: 335735 '
Filed: June 18, 1999
Abstract

Submicron particles of water-insoluble compounds, particularly drugs, are prepared by
simultaneously stabilizing microparticulate suspensions of same with surface modifier molecules by
rapid expansion into an aqueous medium from a compressed solution of the compound and surface
modifiers in a liquefied gas and optionally homogenizing the aqueous suspension thus formed with
a high pressure homogenizer.

BA R! Y OF INVENTION

A major problem in formulating biologically active compounds is their poor solubility or
insolubility in water. For instance, over one third of the drugs listed in the United States
Pharmacopoeia are either water-insoluble or poorly water-soluble. Oml formulations of water-
insoluble drugs or compounds with biological uses frequently show poor and ermatic biocavailability.
In addition, drug insolubility is one of the most recalcitrant problems facing medicinal chemists and
pharmaceutical scientists developing new drugs. Water-insolubility problems delay or completely
block the development of many new drugs and other biologically useful compounds, or prevent the
much-needed reformulation of certain currently marketed drugs. Although the water-insoluble
compounds may be formulated by solubilization in organic solvents or aqueous-surfactant
solutions, in many cases such solubilization may not be a preferred method of delivery of the water-
insoluble agent for their intended biological use. For instance, many currently available injectable
formulations of water-insoluble drugs carry important adverse wamings on their labels that
originate from detergents and other agents used for their solubilization.

An aiternative approach for'the formulation of water-insoluble biologically active compounds is
surface-stabilized particulate preparations. Small particle size formulation of drugs are often needed
in order to maximize surface area, bioavailability and, dissolution requirements. Pace et al. ("Novel
Injectable Formulations of Insoluble Drugs” in Pharmaceutical Technology, March 1999) have
reviewed the usefulness of the microparticulate prepamtions of water-insoluble or poorly soluble
injectable drugs.

In U.S. Pat. Nos. 5,091,187 and 5,091,188 to Haynes describe the use of phospholipids as surface
stabilizers to produce aqueous suspension of submicron sized particles of the water-insoluble drugs.
These suspensions are believed to be the first applications of the surfice modified micropariculate
aqueous suspension containing particles made up of a core of pure drug substances and stabilized



cosolvent Minute additions of a cosolvent can significantly influence the solvent properties. When
cosolvents are used in mpid expansion from a supermtlcal solution, care is required to prevent de-
solution of the particles due to solvent condensmg in the nozzle. Normally, this is achieved by
heating the supercritical fluid, prior to expansion, to a point where no condensate (mist) is visible at
the nozzle tip.

A similar problem occurs when carbon dioxide is used. During adiabatic expansion (cooling),
carbon dioxide will be in two phases unless sufficient heat is provided at the nozzle to maintain a
gaseous state. Most investigators recognize this phenomenon and increase the pre-expansion
temperature to prevent condensation and freezing in the nozzle. A significant heat input is required
(40-50 kmlllq)to maintain carbon dioxide in the gaseous state. If this energy is supplied by
increasing the pre-expansion temperature the density drops and eonsequently reduces the
supercritical fluid's solvating power. This can lead to premature precipitation and cloggmg of the
nozzle.

The solvent properties of liquefied-gas are strongly affected by their fluid density in the vicinity of
the fiuid's critical point. In rapid expansion from liquefied-gas solutions, a non-volatile solute is
dissolved in a liquefied-gas that remains either in the supercritical or sub-critical phase. Nucleation
and crystallization are triggered by reducing the solution density through rapid expansion of the
liquefied-gas to atmospheric conditions. To achieve this the liquefied-gas is typically sprayed
through 10-50 micron (internal diameter) nozzles with aspect ratios (L/D) of 5-100. High levels of
supersaturation result in rapid nucleation rates and limited crystal growth. The combination of a
rapidly propagating mechanical perturbation and high supersaturation is a distinguishing feature of
rapid expansion from a liquefied-gas solution. These conditions lead to the formation of very small
particles with a narrow particle size distribution.

There are & number of advantiges in utilizing compressed carbon dicxide in the liquid and
supercritical fluid states, as & solvent or anti-solvent for the formation of materials with submicron
particle features. Diffusion coefficients of organic solvents in supercritical fluid carbor dioxide are
typically 1-2 ordesrs of magnitude higher than in conventional liquid solvents. Furthermore, carbon
dioxide is a small linear molecule that diffuses more rapidly in liquids than do other antisolvents. In
the antisolvent precipitation process, the accelerated mass transfer in both directions can facilitate
very rapid phase separation and hence the production of materials with sub-micron features. It is
easy to recycle the supercritical fluid solvent at the end of the process by simply reducing pressure.
Since supercritical fluids do not have a surface tension, they can be removed without collapse of
structure due to capillary forces. Solvent removal from the prodyct is unusually rmpid. No carbon
dioxide residue is left in the product, and carbon dioxide has a number of other desirable
chamacteristics, for example it is non-toxic, nonflammable, and inexpensive. Furthermore, solvent
waste is greatly reduced since a typical ratio of antisolvent to solveat is 30:1.

Exploiting these concepts Henriksen et al. in WO 97/14407, disclosed a process using compressed
fluids to produce sub-micron sized particles of water insoluble compounds with biological uses,
particularly water insoluble drugs by precipitating a compound by rapid expansion ffom a
supercritical solution in which the compound is dissolved, or precipitating a compound by sprying
a solution, in which the compound 18 soluble, into compressed gas, liquid or supercritical fluid
which is miscible with the solution but is antisolvent for the compound. In this manner precipitation
with a compressed fluid antisolvent (compressed fluid antisolvent) is achieved.
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with natural or synthetic bipolar lipids including phospholipids and cholesterol. Subsequently,
similar delivery systems exploiting these principles have been described (G. G. Liversidge etal.,
U.S. Pat No. 5,145,684; K. I. Tilig et al. U.S. Pat. No. 5,340,564 and H. William Bosch etal,, U.S.

Pat. No. 5,510,118) emphasizing the usefuiness of the drug delivery approach utilizing particulate
aqueous suspensions.

In U.S. Pat. No. 5,246,707 Haynes teaches uses of phospholipid-coated microcrystals in the
delivery of water-soluble biomolecules such as polypeptides and proteins. The proteins are rendered
insoluble by complexation and the resulting material forms the solid core of the phospholipid-
coated particle. :

These patents and others utilized processes based on the particle size reduction by mechanical
means such as attrition, cavitation, high-shear, impaction, etc achieved by media milling, high
pressure homogenization, ultresonication, and microfluidization of aqueous suspensions. However,
these particle size reduction methods suffer from certain disadvantage, such as long process
duration (high-pressure homogenization or microfluidization) and contemination (media milling,
and ultrasonication). In addition, these methods may not be suitable for aqueous suspensions of
compounds with limited stability in aqueous medium at the pH, high temperature and high pressure
conditions prevailing in these processes.

Among the alternatives that address to these problems is a procedure which uses liquefied gasses
for the production of microparticulate preparstions. In one such method liquefied-gas solutions are
sprayed to form aerosols from which fine solid particles precipitate. The phenomenon of solids
precipitated from supercritical fluids was observed and documented as early as 1879 by Hannay, J.
B. and Hogarth, J. "On the Solubility of Solids in Gases,” Proc. Roy. Soc. London 1879 A29, 324,

The first comprehensive study of rapid expansion from a liquefied-gas solution in the supercritical
region was reported by Krukonis (1984) who formed micro-particles of an array of organic,
inorganic, and biological materials. Most particle sizes reported for organic materials, such as
lovastatin, polyhydroxyacids, and mevinolin, were in the 5-100 micron mnge. Nanoparticles of
beta-carotene (300 nm) were formed by expansion of ethane into a viscous gelatin solution in order
to inhibit post expansion particle aggregation. Mohamed, R. S., et al. (1988), "Solids Formation
After the Expansion of Supercritical Mixtures," in Supercritical Fluid Science and Technology,
Johnston, K. P. and Penninger, J. M. L., eds., describes the solution of the solids naphthalene and
lovastatin in supercritical carbon dioxide and sudden reduction of pressure to achieve fine particles

of the solute. The sudden reduction in pressure reduces the solvent power of the supercritical fluid,
causing precipitation of the solute as fine particles.

Tom, J. W. and Debenedetti, P. B. (1991), "Particle Formation with Supercritical Fluids—a
Review," J. Aerosol. Sci. 22:555-584, discusses rapid expansion of supercritical solutions
techniques and their applications 10 inorganic, organic, pharmaceutical and polymenc materials.
This technique is useful to comminute shock-sensitive solids, to produce intimate mixtures of
amorphous matenials, to form polymeric microspheres and deposit thin films.

Most studies of rapid expansion from supercritical solution on organic materiais utilize supercritical
carbon dioxide. However, ethane was preferred to carbon dioxide for beta-carotene because of
certain chemical interactions. Carbon dioxide is genemally preferred, alone or in combination with a
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An essentinl element of this process is the use of phospholipida and other surface modifiers to alter

the surface of the drug particles to prevent particle aggregation and thereby improve both their
storage stability and pharmacokinetic properties. This process combines or integrates phospholipids
or ather surtable surface modifiers such as surfactants, as the aqueous solution or dispersion in
which the supescritical solution is sprayed. The surfactant is chosen to be active at the compound-
water interface, but is not chosen to be active at the carbon dioxide-organic solvent or carbon
dinxide-compound interface when carbon dioxide is used as the supercritical solution. The use of
surface modifying agents in the aqueous medium allowed making submicron particles by the
eumprcued fluid antisolvent process without particle aggregation or flocculation.

Claim L of 15 Claimg
What is claimed is:

1. A process of preparing a stable suspension of sub-micron particles of 3 water-insoluble or

subaunully water-insoluble biologically active compound of up t0 2000 nm in size eompmmg the
successive steps of:

() dissolving a water-insoluble or substantially water-insoluble biologically active compound and a
first surfisce modifier in a liquefied compressed gas solvent therefor and forming a solution of
greater than 1% wiw of said compound in said solvent and thereafier;

(b) expanding the compressed fluid solution prepared in step (a) into water or aqueous solution
containing a second surfice modifier and water-soluble agents thereby producing a suspeasion of
microparticles, and thereafter

(c) homogeniring the suspension of step (b) at high pressure. -

If you want to learn more about this patent, please go directly to the .S, Patent and Trademark
Office Web site to access the fisll pateat.
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Claim 1 of the 728 patent was amended during prosscution, in respanse to a rejection
under 35 US.C. § 103. As originally filed, that claim recited the phrase “the said compasition
containing fenofibrate and a solid surfactant, which have been m—miuonized:' The amendment
made during prosecution replaced that phrase with “said composition containing a co-micronized
mixture of particles of fencfibrate and a solid surfactant, wherein the mean particle size of the co-
micronized mixture is less than 15 ym." The 728 patent specification includes data showing that
the patented composition has improved properties relative to formulations in which: (1) a solid

surfactant is added to fenofibrate (impiiedly without co-micronization); (2) fenoflbrate is micronized .

on is own; or (3) fenofibrate and surfaciant are separately micronized and then intimately mixed.
726 patent. col. 1, H. 3543. Ducing prosecution of the application that led to the 7268 patent,
Foumler also distinguished its composition from prior art formulations in which fenofibrate was
granulated in a matrix containing a particle size of betwaen 50 and 500 microns.

The district court found that Foumier had distinguished the claimed invention, as amended,

_ .frqm the cited prior art, on the ground that the prior art did not teach or suggest co-micronization of

a mixture of fenofibrate and a salid surfactant, which co-micronization resuited in an improvement in
biocavallabitity and dissolution rate not taught or suggested in the prior art. Abbott, siip op. at 2-3.
Foumier further distinguished the amended claim on the basis that co-micronization to produce
particles having a diameter of less than filteen microns was not taught or suggested in the prior art.
id, The court aisc cbserved that the ‘728 patent's spacification states that:

the “co-micronization of fenofibrate and a solid surfactant (1,8, the micronization of

an (mimate mixture of fenofibrate and a sofid surfactant) makes it possibie to

improve the bicavailability of the fencfibrate to & significantly greater extent than

that which would be achieved either by adding a surfactant [to fenofibrate], or by

mictonizing the fenofibrate on its own, or by intimately mixing the separately

micronized fenoflbrate and surfactant.”
Id. at 4 (alteration in original). The court thus concluded that Foumier's claims could not be
construed to include "mixtures obtained by adding a surfactant to fenofibrate, or micronizing
fenofibrate by itself, and/or mixing separately micronized fenofibrate and surfactant.” |d. at 11.

The district court then found thet sodium laucyl sulfate ("SLS™ was the only example of a

solid surfaclant, and that a method involving co-micronization of a fenafibrate/SLS mixture prior to

the addition of excipients such as lactose or starch was the only detasiled example of co-

3



micronization disclosed in the 728 patent. |d, at 4-5. Elaborating on that point, the court found
further that “ftlhe claims, description, and prosecution history do not Indicate that anything other
than fenofibrate and a solid surfactant are micronized. . . . No other excipient is identified as part of
this mixture.” Id, at 12. The court concluded on the basis of those findings that the term “co-
microniz[-ed, -atlon]” in independent claims 1 and 10 does nol encompass co-micranization of
exciplents other than fenofibrate and a solid surfactant, but instead “is construed to mean that
fenofibrete and a solid surfaciant have been micronized together in the absence of other
exciplents.” id. The court also concluded that the phrase “fencfibrate/solid surfactant mbdure® in
claim 10 of the 728 patent must be construed, according to Novopham's proposal, so as to
exciude any ingredients other than fenofibrate and solid surfactant, noting that Foumnier and Abbott
had not objected to that construction. Jd, The court applied essentially the same construction to the
phrase “mbdure of particles of fenofibrate and a solid surfactant in claim 1, interpreting that phrase
to mean a "mixture wholly of fenofibraie arx a solid surfactant, to the exclusion of any other
exciptents.” |d, at 13.

Having so construed the claims, the district court then considered Novopham's proposed
fenofibrate formuiations. The court found that, according to the ANDA, Novopharmmn's process for
making its proposad producis Involves pre-micronizing fenofibrate on its own, j.e,, in the absence of
solid surfactant. The pre-micronized fenofibrate Is then dry mixed with ladoso monohydrate,
pregelatinized starch, croscarmetiose sodium, and crosspovidone. Separately, a “granulating
solution® is prepared by dissolving povidone and SLS In water. The granulating solution is then
added to the dry fenofibrate/exciplent mbdure, and the resulting mixture is then subjected to a “wet
granuiation® process, which invoives mixing, with the introduction of additional water, to form a
uniform wet mass. The wet mass is then dried to form a dried, granulated mixture of fenofibrate,
SLS, and excipients. The granuisted mbdure is dry biended with additional croscarmeiiose sodium,
crosspovidone, and magnesium stearate to produce granules that can pass through a #18 mesh
scresn, for storage and eventual encapsulation into gelatin capsules. id. at 8.

In Novopharmm's motion for summary judgment, & had argued that ils process does not

include co-micronization of fenofibrate and a solid surfactant, and therefore would not infringe the
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726 patent. Foumier and Abbott opposed Novophamm's motion, alleging that the wet granulation
and drying steps used by Novopharm constitute the required co-micronization, because the
fenofibrate particies are reduced in size during those steps. Nonetheless, finding that there was no
dispute among the parties that fenofibrate and a solid surfactant are not "micronized together in the
absence of other excipienis” in Novopharm's process, and having already construed the claims to
require just that, the court heid that Novopharmm's formuiations could not literally infringe either
independent claim in the patent. Id, at 14.

" The court also ruled out infringement under the doctrine of equivalents on the basis of
prosecution history estoppel. The court reasoned that Foumnler's prosecution arguments, which
distingulshed the claimed invenglon from the prior art on the ground that the prior art did not teach or
suggest co-micronization of fenofibrate and a solid surfactant such that the co-micronization
resulted in improved bioavailability, viewed together with siatements in the patent specification and
arguments that Foumnier made during reexamination of the ‘726 patent, would. reasonably lead a
competitor to conclude that Foumier had "relinquished a product and process that involved either
adding a surfactant by itself or by micronizing the fenofibrate on its own or by intimately mixing the
separately micronized fenofibrate and surfactant.” |d. at 14-16. Having concluded that Foumier
and Abbott had relinquished coverage of Novopharm's pracess and thus could not prevail, the
district court granted Novopharm's motion for summary judgment of noninfringement.

Fournler and Abbott now appeal. We have jurisdiction pursuant to 28 U.S.C. § 1295(a)(1).
DISCUSSION
We review a district court’s grant of summary judgment de novo, reapplying the standard
used by the district court. Ethicon Endo-Surgery, Inc. v. U.S, Surgical Corp., 149 F.3d 1309, 1315,
47 USPQ2d 1272, 1275 (Fed. Cir. 1968). Summary judgment is appropriate “if the pleadings,
depositions, answers to inferrogatories, and admissions on file, together with the affidavits, if any,
show that there is no genuine issue as to any material fact and that the moving party is antitled to a
judgment as a matter of law." Fed. R. Civ. P. 58(c). “The evidence of the nonmovant is to be

belleved, and all justifiable inferences are to be drawn in his favor.” Anderson v. Liberty Lobby. inc.,
477 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 compand to the allegedly infringing [product].” Cyhor Corp. v, FAS Techs.,
Inc., 138 F.3d 1448, 1454, 48 USPQ2d 1188, 1172 (Fed. Cir. 1968) (en banc) (citations omiited).
Step one, clalm construction, Is an issue of law, Markman v, Wesiview lnstruments, inc,, 52 F.3d
887, 970-71, 34 USPQ2d 1321, 1322 (Fed. Cir. 1995) (en banc), aff'd, 517 U.S. 370 (1998), that we
review de fiovo, Cybor, 138 F.3d at 1458, 48 USPQ2d at 1172. Step two, comparisan of the claim
to the accused product, requires a determination that every claim Il|.rnllgtlon of lts equivalent can be
found in the accused product. 520 U.S. 17, 29
(1997). A claim Nmitation is equivalently. present in an accused product “if only insubstantial
differences’ distinguish the missing claim element from the comespanding aspects of the accused
[product].” Sage Prods., Inc, v. Devon indus.. inc., 128 F.3d 1420, 1423, 44 USPQ2d 1103, 1108
(Fed. Cir. 1997) (citation omitted). Those determinations are ordinarfly questions of fact, Baly. L &
L_Wings. Inc., 160 F.3d 1350, 1353, 48 USPQ2d 1874, 1678 (Fed. Cir. 1998), but summary
judgment should be granted "in any case where no reasonable fact finder could find equivalence.”
Sage Progs., 126 F.3d at 1423, 44 USPQ2d at 1108; see also Wamer-Jenkinsoq, 520 U.S. at 39,
n.8 ("Whers the evkience is such that no reasonable jury could determine two elements o be
equivalent, district courts are obliged to grant partial or complets summary judgment.”).

Foumler and Abbott argue on appeal that the district court emed by construing the clalm
term "co-micronization® to require micronization of fenofibrate and solld surfactant “in the absence of
other excipienis." They argue that the court aiso emed by construing the claim phrase “mixture of*
to mean “mixture wholly of," again requiring exciusion of all ingredients other than fenofibrate and
solid surfactant in the mixture during co-micronization. According to the appellants, both

misconstructions result from the court’s having improperly imported limitations into the claims from
the patent's non-limiting enm:_:les.

We disagree, first, with the appellants’ contention that the district court misconstrued the
termn “co-micronization." Although courts “must presume that the terms in 8 claim mean what they

say, and uniess otherwise compeiled, give full effect to the ordinary and accustomed meaning of
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claim terms,” Johnson Workdwide Assocs., Inc. v, Zaheo Corp., 175 F.3d 985, 989, 50 USPQ2d
1607, 1810 (Fed. Cir. 1999); see ajso Nike inc. v. Wolverine Worid Wide, [ne., 43 F.3d 844, 648, 33

USPQ2d 1038, 1039 (Fed. Cir. 1994); E.I. du Poft de Nemours & Co, v. Phillips Petroleum, 849
F.2d 1430, 1433, T USPQ2d 1129, 1131 (Fed. Cir. 1888), we have previously identified limited

situations “where a sufficient reason exists to require the entry of a definition of a claim term other

than its ordinary and accustomed meaning,” Johnson Worldyide, 175 F.3d at 980, 50 USPQ2d at"

1810. One such sttuation is when the patentee "has chosen to be his or her own lexicographer by
clearly setting forth an explicit definition for a claim term.” kd,

The district court found that, allhougli the term “co-micronization™ was not known in the art
prior 10 the filing date of the application that led to the ‘728 patent, both ‘micronization" and the
prefix "co-" had weill-known meanings as of that date, and ane of ordinary skill in the art at that time
therefore would have readlly understood the meaning of “co-micronization,” Had that term not been
explicitly defined in the 728 patent specification, we might well agree with the appeliants that that
term could simply mean "micronized with or together” and would not necessarlly exclude the
presence of ingredients nol specifically reclisd in the claim. However, the phrass "co-micronization
of fenofibrate and a solid surfactant" Is in fact explicitly defined at column 1, lines 35-38, of the 728
patent, as 'miuoniﬁion of an intimate mixture of fenofibrate and a solid surfactant." Hence, this is
a case In which the patentee has “chosen ta be his own lexicographer,” and the district court did not
e by reading the patentee’s definition from the specification into the claim. Moreover, the inclusion
of the word “intimate” in the definition, together with the fact that fenofibrate and SLS are the only
ingredients present in every co-micronized mixture described in the 728 patent's spedfication,
makes it abundantly clear that “co-micronization of . . . fenofibrate and a soild surfactant” should be
construed as referring to co-micronization of a mixture consisting essentially of fenofibrate and solld
surfactant 8%

Since each of the claims of the 726 patent requires either “a co-micronized mixture of
particles of fanofibrate and a salid surfactant” or “co-micronization of the fenafibrate and a sokd

% gy use of the term "essentially.” we do not wish to exclude the
possibility of minor impurities being present.
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surfactant, . . . carried out by micronization of a fenofibrate/solid .sulfadant mixture,” each of the
claims requires co-micronization of a mixture consisting essentlally of only fenofibrate and solid
surfactant. Because it is undisputed that fenofibrate and a solid surfactant are not mixed In
Novopharm's pracess without other significant ingredients, yiz,, exciplents and water, being presant,
we conclude that there Is no genuine issue of material fact as to Bteral infringement in this case.

Fournler and Abbott aiso argue, however, that the disirict court emed in its analysis of
infringement under the docirine of equivaients by hoiding that Fournier had relinquished during
prosecution coverage of all methods in which fenofibrate is pre-micronized. Foumier and Abbott
further contend that the court emmed by conciuding that no genuine issue of material fact exisis with
respect to infringement by equivalents, and thus that the court's grant of summary judgment of
noninfringement was improper.

In addition to assigning emor to the district court's claim construction, the appeilents argue
that there is substantisl, unrebutted record evidence that Novopharm's fenofibrate product
undergoes e decresse in particle size, to less than fifleen microns, during Novopharm's wet
granuiation and drying steps. Fenofibrate and SLS are simuitaneously present In those steps, and,
the appeilants assert, the reduction in fenofibrate particle size in the presence of SLS therefore
constitutes "co-microntzation.”

We agree with the appeilants that the court erred In its doctrine of equivaients analysis to
the extent that it suggesied that Foumier had relinquished coverage of gll formulations made by
methods in which fenofibrate Is pre-micronized. Although Foumler distinguished its claimed
composition from formulations prepared by combining pre-ricronized fenofibrate with a pre-
micronized or non-micronized solid surfactant withaut Subsequent co-micronization, and s
accordingly estopped from assering coverage of such formulations under the doctrine of
aquivalents, nothing in the 728 patent's specification, prosacution history, or reexamination record
indicates that Foumnler gave up coverage of compositions prepared by processes in which pre-
micronized fenofibrate is later futher micronized in the presence of a solid surfactant (that is, co-
micronized with the solid surfactant). However, thal eror was hammiess here.
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The process described in Novopharm's ANDA does not include any step in which
fenofibrate and & solid surfactant are in a mbdure In the absence of other excipients, and, in view of
the above claim construction, there can be no dispute that fenofibrate and solid surfactant are not
"co-micronized® as that term is used in the 728 patent. Significantly, Novapharm's process does
not involve micronization of any mixture that includes fenofibrate and & solid surfactant, imespective
of the presence or absence of ather exciplents, as the SLS Is dissolved in the aqueous granulating
solution prior to midng with the fenofibrate and remains in solution throughout the wet granulation
and drying steps. Dissolved SLS is clearly not a “salid surfactant” Thus, even assuming that

Novaopharm’s wet granulation and drying steps result in some reduction in fenafibrate particle size,

fun e o g S

those steps nonetheless cannot, as a matter of law, constitute co-micronization of an intimste
mixture of fenofibrate and solid surfactant. Ta hold atherwise would vitiate that limitation aitogether,

in contravention of the all-elements rule. S¢e Wamsr-Jenkinson, 520 U.S. at 38, n.8.
We have considered Abbott and Foumier's other arguments, and find them unpersuasive.
. CONCLUSION '
The district court did not emr in granting summary judgment of noninfringement in favor of
Novopharm, for no genuine Issue of material fact exdsts in this case. The court's decision is

therefore

AFFIRMED.
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SPECIAL PATENT INFRINGEMENT CONCERNS FOR
DRUGS

By M. Henry Heines

Reprinted with permission from Chemical Engineering
Progress (August 1999). Copyright (c) 1999 American
Institute of Chemical Engineers. All rights reserved. Not to be
uploaded to any other site without wriiten permission from
the AIChE.

The most famillar type of patent Infringement Is that which
arises from the manufacture, use, sale, or offer for sale of a
product falling within the scope of a patent. Patent
Infringement can aiso eccur however by the simple act of
submitting an Abbreviated New Drug Appilication (ANDA) to
the Food and Drug Administration (FDA). A lawsuit that was
recently resolved on appeal demonstrates how this can
happen.

The Drug Price Competition and Patent Term Restoration Act
of 1984 (the Waonan-Hatch Act) contained provisions that
amended both the Food and Drugs statute and the patent
statute, and the effect of these provisions is seen when an
ANDA Is filed for a new formulation of a known drug.

The FDA provisions require an ANDA applicant to list all
patents that daim the drug In some form and to certify that
the new formulation raises no Infringement Uability under any
of those patents. The applicant must also notify the owner of
each listed patent and expiain why the new formulation Is
believed to not Infringe the patent.

The patent provisions state that if someone submits an ANDA
with the intention of manufacturing, selling or using a drug
while a patent Is in force that covers the manufacture, sale or
use, the submission of the ANDA will itseff consttute
Infringement.

Thus, under the FDA statute, the patent owner I5 notified that
a competitor Intends to market the drug and Iis told why the
competitor belleves it can do so without Infringing the patent,
while under the patent statute the patent owner can sue the
competitor iImmediately If the patent owner disagrees with the
competitor's reasons for noninfringement.

This is exactly what happened with a pew drug formulation
developed by Mylan Pharmaceuticals Inc. The drug is
glyburide, which Is known to be effective in reducing the tevel
of glucose In serum and is usefui for treating Type II diabetes.
The effectiveness of the drug Is limited, however, by Its low
bioavailability (rate of entry into the bloodstream), and
various solutions have been proposed. One of these Is to
prepare the drug In micronized form, i.e., as micronized
particles compressed into a tablet, since micronized particles
have a high surface area which helps them dissolve faster.

http://www.townsend.com/news/articles/heines1.html
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Tabletted drugs contain large amounts of excipients (Inert
substances that form a vehicle for the active ingredients),
however, and particie size of both the drug and the excpients
must be carefully controlled so that the tablet will have a
uniform consistency and a uniform drug loading.

The excipient used with glyburide is lactose. Unfortunately,
the formation of lactose particies with suffident size control
for use with micronized giyburide has been a caumbersome and
costly process involving wet granulation, drying, and sizing or
milling. A cheaper way was the subject of U.S. Patent No.
4,916,163, owned by Pharmacia & Upjohn Company, which
was based on the discovery that lactose particdes with a high
degree of size control can be cbtalined directly by spray-
drying. The patent therefore claims a micronlzed glyburide
composition with "spray-dried lactose as the preponderant
exciplent.”

The lactose in Mylan's glyburide formulation was not spray-
dried but Instead anhydrous, thereby differing both In Its
method of preparation and in its absence of the water of
hydration present in spray-dried lactose. When Mylan
submitted s ANDA, & listed the Pharmacia & Upjohn patent,
notifled Pharmacia & Upjohn, and explained that the
formulation would not Infringe the patent since the
formulation did not contain spray-dried lactose. Pharmacia &
Upjohn did not dispute the distinction bist daimed that the two
forms of lactose were equivalent and that the Mylan
forrnulation infringed under the "doctrine of

equivalents.” (Chemical Engineering Progress, Nov. 1997, p.
26).

Patent law states that the doctrine of equivalents will not be
applied If applying & would be contrary to positions taken by
the Inventor or the inventor's attomey while the patent
application was pending. Before the '163 patent Issued, It had
been rejected over eariler patents on lactose-containing
glyburide formulations. In response to that rejection,
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 sufficlently convindng that the patent was
granted.

The argument and the test data, however, prevented
Pharmacla & Upjohn from later extending the scope of the
patent to any form of lactose other than spray-dried. The
question of whether anhydrous factose and spray-dried
lactose were equivalents In the suit against Mylan was,
therefore, never reached, and the patent was deeme
uninfringed. .

hutp://www townsend.com/news/articles/heines 1. html
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Serial No.: 007515 ) %2

Series Code: 10

Filed: December 5, 2001

U.S. Current Class: 424/489; 241721
424/489; 241121

U.S. Class at Publicaton:

Intern'l Class: A61K 009/14; B02C 023/24

Clalms

What is claimed is;

1. A process for reducing perticle size of a drug, the process comprising (a) dispersing about 10 g or less of the drug in a suitable volume of &
liquid dispersion medium to form a suspension; (b) bringing together in a vessel grinding media, magnetically activatable means for stirring
and the suspension; () magnetically activating the means for stiring to effect milling of the suspension‘to a weight average particle size not
greater than about | .mu.m; and (d) scparating the resulting milled suspension from the grinding media and the magnetically activatable

means for stirring,

2. A process for reducing particle size of a drug of low water solubility, the process comprising (a) dispersing about 10 g or less of the drug in
a suitable volume of a liquid dispersion medium to form a suspension; (b) bringing together in a vessel grinding media, magnetically
activatable means for stirring and the suspension; (c) magnetically activating the means for stirring to effect milling of the suspension to a
weight average particle size not greater than about | .mu.m; and (d) separating the resulting milled suspension from the grinding media and
the magnetically activatable means for stirring.

3. The process of claim 1 wherein about 5 g or less of the drug is dispersed in the liquid dispersion medium.
4. The process of claim 1 wherein about 2.5 g or less of the drug is dispersed in the liquid dispersion medium.

5. The process of claim 1 wherein the amount of liquid dispersion medium results, after the drug is dispersed therein, in a concentration of the
drug in the liquid dispersion medium of about 0.1% to about 90% by weight.

6. The process of claim 1 wherein the amount of liquid dispersion medium results, after the drug is dispersed therein, in a concentration of the
drug in the liquid dispersion medium of about 5% to about 65% by weight.
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7. The process of claim | wherein the amount of liquid dispersion medium results, after the drug is dispersed therein, in a concentration of the
drug in the liquid dispersion medium of about 10% to about 50% by weight. .

l

|

8. The process of claim | wherein the liquid dispersion medium comprises water.
9. The process of claim 1 wherein the liquid dispersion medium comprises a non-'aqueoul solvent.
10, The process of claim 8 wherein the liquid dispersion medium further comprises at least one surface modifying agent.

{ 1. The process of claim [0 wherein the at (east one surface modifying agent is present in a total amount of about 0.1%to about 90% by
weight based on the combined weight of the drug and the at least one surface modifying agent.

12. The process of claim 10 wherein the at least one surface modifying agent is present in a total amount of about 0.1% to about 50% by
weight based on the combined weight of the drug and the at least one surface medifying agent.

13. The process of claim 10 wherein the at least one surface modifying agent is present in a total smount 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 st least one surface modifying egent is selected from the group consisting of sodium dodecy! sulfate,
polyvinylpyrrolidone, hydmxypmpylmethy)cellulose. and hydroxypropylcellulose.

15. The process of claim 10 wherein the liquid dispersion medium further comprises at least one antifoaming agent.

16. The process of clsim 10 wherein the at least one antifoaming agent is present in the liquid dispersion medium in a total amount of about  *
0.001% to about 2.5%, by weight.

17. The process of claim 10 wherein the at least one antifoaming agent is present in the liquid dispersion medium in & 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 is selected from the group consisting of simethicone, Sigma.RTM.
Antifoam A, and equivalents thereto,

20. The process of claim 1 wherein the grinding media comprise a material selected from the group congsisting of glass, lead-free glass,
zirconium axide and latex.
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21. The process of claim 1 wherein the grinding media comprise lead-free glass. %:}
22. The process of claim 1 wherein at least a substantial portion of said grinding media are in the shape of a sphere.

23. 'The process of claim 22 wherein said sphere-shaped grinding media have a weight average diameter of about 0.2 to about 5 mm.

24. The process of claim 22 wherein said sphere-shaped grinding media have & weight average diameter of about 0.33 to about 1.5 mm.
25. The process of claim 21 wherein the sphere-shaped grinding media have a weight average dim;etel: of ebout 0.5 1o about 1 mm.

26. The process of claim I.wherein the weight ratio of the sugpension to all of said grinding media is about 1:10 to about 1:1.

27. The process of claim 1 wherein the weight ratio of the nuspénsion to all of said grinding media is about 2:10 to about 9:10.

28. The process of claim | wherein the weight rafio of the suspension to all of said grinding media is about 4:10 to about 8:10.

29. The process of claim 1 wherein the magnetically activatable means for stirring comprises a magnetic stir bar.

30. The process of claim 1 wherein the magnetically sctivatable means for stirring comprises a high strength magnetic stir bar.

31. The process of claim 30 wherein the high strength magnetic stir bar is comprises one to a plurality of magnets comprising neodymium.
32. The process of claim 30 wherein the high strength magnetic stir bar comprises one to a plurality of NdFeB magnets.

33. The process of claim 1 wherein said step (c) is performed by placing a rotating magnet near the vessel.

34, The process of claim 1 wherein said step (c) is performed until substantially all of the drug particles have been reduced to a size not
greater than about 1 .mu.m. :

35. The process of claim 1 wherein said step (c) is performed until the drug particles have been reduced to a weight average plrticle- size of
about 10 to sbout IO‘QO nm, .

36. The process of claim | wherein said step (c) is performed until the drug particles have been reduced to a weight average particle size of
about 100 10 about 1000 nm.

37. The process of claim 1 wherein said step (c) is performed until the drug particles have been reduced to a weight average particle size of
about 400 to about 900 nm, ) ',
'
o }
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3:;:” Tth; o%mlt' t!'.’lglon:l l:;.wllemiu said step (c) is performed until the drug particles have been reduced toa \.veight average particle size of
39, The process of claim 1 wherein said separation step (d) comprises filtration.

40, The process of claim |1 wherein said filiration step (d) comprises centrifugal filustion.

41. The process of claim | wherein said separation step (d) comprises removal of the suspension from the milling vessel with a pipetie.

42. The process of claim | further comprising diluting the milled suspension with at least one pharmaceutically acceptable excipient to form a
pharmaceutical suspension.

43, The process of claim 1 further comprising drying the milled suspension to form a drug powder.

44. The process of claim 43 wherein the drying step is performed by evaporation, spray drying, rotovapping, lyophilization, or heating in an
oven.

. i
45. The process of claim 43 further comprising mixing the drug powder together with one or more excipients to form a powder blend.
46. The process of claim 43 further comprising compressing or encapsulating the powder blend to form a solid dosage form.
47, The process of claim 43 further comprising granulating the powder blend to form a granulate prior to ;:ompreuing or encapsulating.

48, The process of claim 47 wherein granulating is performed by wet granulation to form a wet grl.nullte':lund wherein the wet granulate is
dried prior to compressing or encapsulating.

49. The process of claim 43 further comprising suspending the drug powder in an inert liquid vehicle to form an imbibable liquid.
50. The process of claim 49_whuu'n the inert liquid vehicle is water or fruit juice. -

51. A pharmaceutical suspension prepared according to claim 42,

52. A powder blend prepared according to claim .45.

53. A solid dosage form prepared sccording to claim 46.
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54. An imbibable liquid prepared according to claim 49. 4&;{
55. An imbibable liquid prepared according to claim 50,

Description

[0001] This application claims priority of U.S. provisional application Serial No. 60/251,750 filed on Dec. 6, 2000.
FIELD OF THE INVENTION

[0002] The present invention relates to a process for milling drugs on a small scale and to use of drugs milled by such a process in
manufacture of medicaments,

BACKGROUND OF THE INVENTION

[0003] The bioavailability of an oratly administered drug, as measured by its entry into systemic circulation in the bloodstream, depends on at
least two fundamenta! processes: drug dissolution in gastrointestinal fluids (in vivo drug release) and subsequent absorption of the dissolved
drug. Several factors influence dissolution of a drug from its carrier, including surface area of the drug presented to the dissolution solvent
medium, solubility of the drug substance in the specific solvent medium, and driving forces of the saturation concentration of dissolved
materials in the solvent medium. Notwithstanding these factors, a strong correlation has been established between the in vitro dissolution time
determined by standard assay procedures for an oral dosage form and the rate of in vivo drug release. This correlation is so firmly established
in the art that dissolution time has become generally descriptive of drug release potential for the active component of the panicular dosage
form.

[0004] When the process of in vivo drug release is slower than the process of absorption, absorption is said to be dissolution rate-limited.
Since dissolution precedes absorption in the overall process, any change in the drug release or dissolution process will subsequently influence
drug absorption. See for example Lieberman et al. (1989), Pharmaceutical Dosage Forms: Tablets, Vol. 1, pp. 34-36. Marcel Dekker, New
York, It is clear, therefore, that dissolution time determined for a composition is one of the important fundamental characteristics for
consideration when evaluating compositions intended for rapid-onset delivery, particularly where drug absorption is dissolution rate-limited.

[0005] 1t is well known that one way to improve dissolution of drugs of low water solubility is to reduce drug particle size thereby increasing
the specific surface area of the drug. Indeed, patent and other literature relating to nanoparticulste drug compositions teaches that, in general,
the smaller the drug particle size, the greater is the advantage in speed of onset of therapeutic effect, or other pharmacodynamic benefit,
obtained upon oral administration. For example, at least the following patents propose reduction of particle size to about 400 nm or smaller.

[0006] U.S. Pat. No. 5,145,684 to Liversidge et al. '
file://C:\WINDOWS\TEMP\United%20States%20Patent%20Application%2000201 19200 htm 06/03/2003 E'
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[0007] U.S. Pat. No. 5.29?,262 to Na & Rajagopalan.

{0008} U.S. Pat. No. 5,302,401 to Liversidge et al.

[0009] U.S. Pat. No. 5,336,507 to Na & Rajagopalan.

[0010) U.S. Pat. No. 5,340,564 to Illig & Sarpotdar.

[0011} U.S. Pat. No. 5,346,702 to Na & Rajagopalan.

[0012] U.S. Pat. No. 5,352,459 to Hollister et al.

[0013] U.S. Pat. No. 5,429,824 to June.

[0014] U.S. Pat. No. 5,503,723 to Ruddy et al.

(00151 U.S. Pat. No. 5,510,118 to Bosch st !,

{00161 U.S. Pat. No. 5,534,270 t0 Dy Castro. -
[0017] U.S. Pat. No. 5,552,160 to Liversidge et al.

[0018] U.S. Pat. No. 5,573,783 to Desieno & Stetsko. o ' ¥

[0019] U.S. Pat. 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 Bagchi et al. .

[0022] U.S. Pat. No. 5,665,331 to Bagchi et al.

[0023] Mills are among the most commonly used kinds of particle si.ze reduction equipment for preparetion of drugs and drug compositions.
While there are many different types of mills, most have at least three basic compoments in common: (1) a structure for feeding material into

the mill, (2) e milling chamber with working pasts, and (1) & take-off to & receiver or coliector in which the milled product is deposited. See
Lieberman et al. (1989), op. cit., Vol, 2., p. 113, Non-limiting examples of mills commonly used to prepare and process drugs include fluid

file.//C:\WINDOWS\TEMP\United%20States%20Patent%20Application%200020119200.htm ’ 06/03/2003



Eil&:w mills, high energy mills, etc. 4@*

Uﬂ$aﬁem P"m":. oo b

energy mills, ball or rod mills, hammer mills, cutiing miills"odeiliting
. REORN g T Sy 4 e )

[0024] Although, as described above, dissolution and bidayailability - hiltages*Ce #"be realized by milling drugs, particularly drugs of low
water solubility, to smaller particle sizes, many diffichlties'pfeciid@iibé6f knGWi fypes of mills in certain situations, For example, no
practical means of milling small amounts (e.g,, less than about-] Oiﬁﬂh'i)‘ﬁﬂ!ﬂxiﬁiiiéﬁal to nanoparticulate dimensions, i.e., to particle sizes
smaller than about 1 .mu.m, have hitherto been available. This hil.’!lly;é;thﬁ:uiqw approach of preparing nanoparticulate drugs (either
suspensions or solid compositions), for the purpose of lmdi"lr@g’r:ﬂﬁn:ﬁfent"t?f difisolution, inaccessible for new drugs in discovery and early
development phases, and for cold- or radioactively-labeled dfusl-'l‘ﬁmgn!mwhlch the quantity of drug available for such studies is usually
very limited. Consequently, development of important drug formillitiona, for éxample rapid-onset formulations, is often delayed until larger
quantities of drug are available. H""ﬁ o
[0025] Additionally, milling is a very inefficient unit oper,lﬁdlj"\irit_lg oiily Zibﬁi'm;imltely 0.05% to 2% of the applied energy being utilized in

- the actual reduction of particle size. Although milling effici&ficy i'dépendent lipon the type of milt and the characteristic of the material being
milled, in general, a large portion (e.g., about 10% to about 50%) of the ériergy, expended during milling is converted to heat. This heat is
generated by friction of particles contacting the mill, by plasti& defdhHEHBRof particles that are not fractured, by friction of particles colliding
with each other, and/or by friction of mechanical mill parts, etc. Iniiiany-instances, this heat generation loads to drug degradation.
Consequently, common milling processes are suitable only fordfilil Whith'sire thermally stable. Alternatively, expensive heat removal

o - - nge ,'J'._:,"\:.'i‘.' '- . " N
equipment must be employed to maintain drug stability. Y ﬁ“ﬁ f
[0026] A further difficulty is that traditional milling equipment suitable for particle size reduction to less than 1 .mu.m is generally very
expensive and as such, is not widely available. Moreover, given the complexity of size reduction processes, few theories of general
applicability have been developed. Therefore, most size reditivi'jifoblems in the pharmaceutical industry must be solved empirically rather
than theoretically. See Licberman et al. (1989), op. cit., Vol. 2., pp.'107-112. Even when available, traditional milling equipment designed for
heavy industry or large scale use is often not amenable to small scale empirical problem solving.

Hﬁ!---' 1

[0027] A yet further difficulty with traditional milling is thut'u,éal «of some similar grinding media are typically employed. Use of metals in
milling & suspension introduces the risk of metal contaminitidn’l‘ind consequent chemical decomposition.

. .,||.i_n;r. ey -
[0028) Therefore, if an inexpensive, widely available, energy-éfficient, laboratory-scale process for milling drugs of low water solubility to a
nanoparticulate size range could be developed, a significant advance would be realized in preparation of drugs and drug compositions usad in
the treatment of a wide variety of disorders, particularly disorders where rapid onset of therapeutic action is desired.

SUMMARY OF THE INVENTION
[0029] Accordingly, the present invention provides a process for reducing particle size of a drug, the process comprising (a) a step of

dispersing about 10 g or less of the drug in & suitable volume of a liquid dispersion medium to form a suspension, (b) a step of bringing
together in a vessel grinding media, magnetically activatable means for stirring and the suspension; (c) a step of magnetically activating the
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means for stirring to eﬂ"ecl milling of Il.w suspension to a weight average particlo size not greater than about 1 .mu.m; and (d) » step of
separating the resulting nylled susponsion from the grinding media and the magnetically activatable mesns for stirring.

{0030} In ane embodiment of the invention, the process further comprises (e) a step of drying the milled suspension resulting from step (c) to
form a drug powder. In this embodiment, the drying step (¢) can occur prior 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 will be in part apparent and in part laid out hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 shows in diagrammatio form an apparatus suitable for the process of the invention.

{0033] FIG. 2 shows a perspective representation of a high strength magnetic stir bar suitable for the process of the invention.

[0034] FIG. 3 shows a cross section view of a high menﬁth magnetic stir bar suitable for the process of the invention.

[0035] FIG. 4 shows a side view of a high strength magnetic stir bar suitable for the process of the invention.

‘[’03?6] FIG. 5 presents particle size data for milled suspensions D1-D4 prepared as described in Example 1, as measured by Fraunhofer
iffraction. '

1[03131] FIG. 6 shows optical micrographs of samples taken from milled suspensions D1-D4 under non-polarized (left) and polarized (right)
ight.

DETAILED DESCRIPTION OF THE INVENTION

[0038] The process of the invention is especially suitable for reducing particle size of a drug of low water solubility. The process comprises
(a) a step of dispersing about 10 g or less, preferably about 5 g or less, and more preferably about 2.5 g or less, of the drug in a suitable
volume of s liquid dispersion medium to form a suspension; (b) & step of bringing together in a vessel grinding medig, magnetically
activatable means for stirring, and the suspension; () a step of magnetically activating the means for stiring to effect milling of the

suspension to a D.sub.50 particle size not greater than about 1 .mu.m; and (d) a step of separating the resulting milled suspension from the
grinding medie and the magnetically activatable means for stirring,

[0039] Drugs of Low Water Solubility
[0040] Any suitable drug may be utilized in methods, processes and compogitions of the invention. Preferably, the drug is one having low
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water solubility, for example a solubility in water, measured at 37.degree. C., not greater than about 10 mg of drug per ml of water, and 16
preferably not greater than about 1 mg of drug per ml of water. Solubility in water for many drugs can be readily determined from standard
pharmaceutical reference books, for example The Merck Index, 1ith ed., 1989 (published by Merck & Co., Inc., Rahway, N.1.); the United
States Pharmacopoeis, 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 which is individually
incorporated herein by reference.

[0041] For example, individual drugs of low solubility as defined herein include those drugs categorized as "slightly soluble”, “very slightly
soluble”, "practically insoluble" and "insoluble" in USP 24, pp. 2254-2298, and those drugs categorized as requiring 100 ml or more of water
to dissolve | g of the drug, as listed in USP 24, pp. 2299-2304. Processes of the invention are particularly suitable for drugs the absorption of
which is dissolution-rate limited.

[0042] Nustratively, suitable drugs of low water solubility include, without limitation, drugs from the following classes: abortifacients, ACE
inhibitors, .alpha.- and .beta.-adrenergic agonists, .alpha.- and .beta.-adrenergic blockers, adrenocortical suppressants, adrenocorticotropic
hormones, alcohol deterrents, aldose reductase inhibitors, aldosterone antagonists, anabolics, analgesics (including narcotic and non-narcotic
analyesics), androgens, angiotensin Il receptor antagonists, anorexics, antacids, anthelminthics, antiacne agents, antiallergics, antialopecia
agents, antiamebics, antiandrogens, antianginal agents, antiarrhythmics, antiarteriosclerotics, antiasthritic/antitheumatic agents (incldding
selective COX-2 inhibitors), entiasthmatics, antibacterials, antibacterial adjuncts, anticholinergics, anticoagulants, anticonvulsants,
antidepressants, antidiabetics, antidiastheal agents, antidiuretics, antidotes to poison, antidyskinetics, antieczematics, antiemetics,
antiestrogens, antifibrotics, antiflatulents, antifingals, antiglaucoma agents, antigonadotropins, antigout agents, antihistaminics,
antihyperactives, antihyperlipoproteinemics, antihyperphosphatemics, antihypertensives, antihyperthyroid agents, antihypotensives,
antihypothyroid agents, anti-inflammatories, antimalarials, antimanics, antimethemoglobinemics, antimigraine agents, antimuscarinics,
gniimycobacterials, antineoplastic agents and adjuncts, antineutropenics, antiostesporotics, antipagetics, antiparkinsonian agents,
antipheochromocytoma agents, antipneumocystis agents, antiprostatic hypertrophy agents, antiprotozoals, antipruritics, antipsoriatics,
antipsychotics, antipyretics, antirickettsials, antiseborrheics, antiseptics/disinfectants, antispaamodics, antisyphylitics, antithrombocythemics,
antithrombotics, antitussives, antiulceratives, antiurolithics, antivenins, antiviral agents, anxiolytics, aromatase inhibitors, astringents,
benzodiazepine antagonists, bone resorption inhibitors, bradycardic agents, bradykinin antagonists, bronchodilators, calcium channel
blockers, calcium regulators, carbonic anhydrase inhibitors, cardiotonics, CCK antagonists, chelating agents, cholelitholytic agents,
choleretics, cholinergics, cholinesterase inhibitors, cholinesterase reactivators, CNS stimulants, contraceptives, debriding agents,
decongestants, depigmentors, dermatitis herpetiformis suppressants, digestive aids, diuretics, dopamine receptor agonists, dopamine receptor
antagonists, ectoparasiticides, emetics, enkephalinase inhibitors, enzymes, enzyme cofactors, estrogens, expectorants, fibrinogen receptar
antagonists, fluoride supplements, gastric and pancreatic secretion stimulants, gastric cytoprotectants, gasiric proton pump inhibitors, gastric
secretion inhibitors, dastroprokinetics, glucocorticoids, .alpha.-glucosidase inhibitors, gonad-stimulating principles, growth hormone
inhibitors, growth hormone releasing factors, growth stimulants, hematinics, hematopoietics, hemolytics, hemostatics, heparin antagonists,
hepatic enzyme inducers, hepatoprotectants, histamine H.sub.2 receptor antagonists, HIV protease inhibitors, HMG CoA reductase inhibitors,
immunomodulators, immunosuppressants, insulin sensitizers, ion exchange resins, keratolytics, lactation stimulating hormones,
laxatives/cathartics, leukotriene antagonists, LH-RH agonists, lipotropics, 5-lipoxygenase inhibitors, lupus erythematosus suppressants,
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matrix metalloproteinase inhibitors, mineralocorticoids, miotics, monoamine oxidase inhibitors, mucalytics, muscle relaxants, mydriatics,
narcotic antagonists, neuroprotectives, nootropics, ovarian hormones, oxytocics, pepsin inhibitors, pigmentation agents, plasma valume
expanders, potassium channel activators/openers, progestogens, prolactin inhibitors, prostaglandins, protease inhibitors, redio- _
pharmaceuticals, 5.alpha.-reductase inhibitors, respiratory stimulants, reverse transcriptase inhibitors, sedatives/hypnotics, serenics. serotonin
noradrenaline reuptake inhibitors, serotonin réceptor agonists, serotonin receptor antagonists, serotonin uptake inhibitors, somatostatin
analogs, thrombolytics, thromboxans A.sub.2 receptor antagonists, thiyroid harmones, thyrotropic hormones, tocolytica, topoisomerase 1 annd
11 inhibitors, uricosurics, vasodilators, vasoprotectants, xanthine oxidase inhibitors, and combinations thereof,

[0043] Non-limiting illustrative examples of suitable drugs of low water solubility include acetohexamide, acetylsalicylic acid, alclofenac,
allopurinol, atropine, benzthiazide, carbamazepine, carpofen, celecoxib, chlordiazepoxide, chlorpromazine, clonidine, codeine phosphate,
codeine sulfate, codeine, deracoxib, digcerein, diclofenac, diltiazem, enolic acids, estradiol, etodolac, etoposide, fenbufen, fenclofenac,
fenprofen, fentiazac, flurbiprofen, griseofulvin, haloperidol, ibuprofen, indomethacin, indomethacine, indoprofen, ketoprofen, linezolid,
lorazepam, medroxyprogesterone acetate, megestrol, methoxsalen, methylprednisone, morphine sulfate, morphine, naproxen, nicergoline,

- nifedipine, niflumic, oxaprozin, oxazepam, oxyphenbutazone, parecaxib, phenindione, phenobarbital, phenytoin, piroxicam, pirprofen,
prednisclone, prednisone, procaine, progesterone, pyrimethemine, rofecoxib, sulfadiazine, sulfamerazine, sulfisoxazole, sulindac, suprofen,
temazepam, tiaprofenic acid, tilomisole, tolmetic, valdecoxib, etc.

[0044] Where the drug being milled is not of low water sotubility, the liquid dispersion medium is preferably substantially free of water.
[0045] Energy Efficiency

{0046] A presently contemplated advantage of the process of the invention, in addition to its unique suitability where only small quantities of
drug are available, is that it requires less energy and/or produces less heat than conventiondl milling processes. Consequently, the process of
the invention results in substantially less or no drug degradation {and/or conversion of crystalline to amorphous state) compared to
conventional milling processes, particularly where moderately stable or unstable drugs are used. Heat production can be measured by standard
means, for example, by using a thermometer. Drug degradation and conversion to an amorphous siate can be measured by any method known
in the art, for example, by high performance liquid chromatography (HPLC), high pressure liquid chromatography, thin-layer chromatography
(TLC), paper chromatography, gas chromatography, differential soanning calorimetry (DSC), X-ray crystallography, etc.

[0047] Chemical Stability _ .
[0048] Another presently contemplated advantage of the process of the invention is that it employs chemically inert grinding media which are
substantislly resistant to chipping or cracking. Consequently, risk of chemical degradation of drug particles due to milling is greatly reduced
or eliminated.

[0049] Drug Particle Size
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[0050] As used herein, the term *D.sub.50" refers to a linear measure of diameter having a value such that 50% by velume f particles in the 6;}
formulation, in the longest dimension of the particles, are smaller than that diameter. For practical purposes a determination of D.sub.50 based
on 50% by weight rather than by volume is generally suitable, As used herein, therefore, D.sub.50 particle size is essentially synonymais. '
with weight average particle size. : : L : i H ' :. .
[0051] Particle size can also be characterized, for example, by D.sub. 10, which refers to a linear measure of diaméter having a valile'stichthat
10% by volume of parficles in the formulation, in the longeat dimension of the particles, arc smaller than that diameter, or by D.sub.90, which
refers 10 a linear measure of diameter having a value such that 90% by volume of particles in the formulation, in the longest dimension of the *
particles, are smafler than that diameter. ' ' : : i L

. ! . [ ' LI B Y
[0052] Drugs prepared according to the process of the invention have a D.sub.50 particle size not greater than about 1000 nnr, preferably™ *
about 10 nm to about 1000 nm, more preferably about 100 nm to about 1000 nm, still more preferably about 400 nm to about 900 nm and

most preferably about 500 nm to about 800 nm. . A

[0053] In a further preferred eémbodiment, sbout S0% to 100%, more preferably about 75% to 100%, and still more preferably sbout 50%'to *
100% by weight of drug particles prepared according to the process of the invention have a linear diameter not greater than about 1000 nm. In’
8 particularly preferred embodiment, substantially all of the drug particles prepared by the process of the invention have a linear diameter not .,

greater than about 1000 nm. . . . ) Con

[0054) Any suitable detection method can be used to determine particle size of drugs prepared according to the process of the invention. = 7
Hlustrative processes include appropriate microscopy (e.8. visible light microscopy, ultraviolet microscopy, or electron microscopy), dynamic -
light scattering (DLS), turbidimetry, etc. In general, one of ordinary skill in the art will be able to select an appropriate size detection method
for the particle size range being detected. . -

[0055) Liquid Dispersion Medium o
[0056] The invention can be practiced with-any liquid dispersion medium in which the particular dnig selected is substantially insoluble (i.é.,
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 is water. However, the invention can be practiced with ather liquid dispersion media in which the particular drug selected is
substantialy insoluble, for example, aqueous salt solutions, safTflower oil, and solvents such as ethanol, t-butanol, hexane and glycols. .
Alternatively, the liquid dispersion medium can comprise molten material, for example molten polyethylene glycol or a gelucire, which can
be heated and maintained in liquid form during milling and then allowed to cool and solidify sfter milling. o T

. [0057] A suitable liquid dispersion medium preferably comprises at least one surface modifying agents. Surface modifying agent(s) can be

- added to the liquid dispersion medium at any step of the process, for example, before and/or sfter the mllling step (c). Preferably, surface e
modifying agent(s) are added prior to the milling step (c). Suitable surface modifying agents can be selected from known organicand * ~ **
inorganic pharmaceutically acceptable excipients. Such excipients include various polymers, low molecular weight oligomers, natural Lo
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nly ln fa
pmduutl. mrt'lcuntl, etc. Non-lunmng, repruenunve examples of excipients that can be used as surface modlfymg agents include gelatin,
casein, lecithin (phosphatides), gum acacia, cholesterol, tragacanth, stearic acid, benzalkonium chleride, calcium stearute, glyceryl .
monos{earate, cetostearyl alcohol, cetamacrogol emulsifying wax, sorbitan esters, polyoxyethylene sorbitan fatty acid esters, polyoxyethylene
castor cil derivatives, polyethylene glycols, polyoxyethylene stearutes, colloidal silicon dioxide, phosphates, sodium dodecyl sulfate,
cnrboxymeﬂiyloellulou calcium, carboxymethylcellulose sodium, methylcellulose, hydroxyethylcellulose, hydroxypropyicellulose,
hydroxypropylmethylcellulose, noncrystalline cellulose, magnesium aluminum silicate, triethanolamine, polyvinyl alcohol, and
polywnylpyn'ohdone, preferably polyvinylpyrrolidone having a molecular weight of about 30,000. Most of these excipients are described in
detail in The Handbook of Pharmaceutical Excipients, The Pharmaceutical Press (1986). Surface modlfymg agents are commercially
lvullble and/or can be prepared by processes known in the art.

{0058] Particularly preferred surface modifying agents are sodium dodecy! sulfate, polyvinylpymolidone, hydroxypropylcellulose and
hydroxypropyimethylcellulose. If present in a liquid dispersion medium, at least one surface modifying agent is preferably present in a total
amount of about 0.1% to abgut 9034, preferably about 0.1% to about 50%, and more preferably about 0. l% to about 25%, by weight based on
the combined weight of dms lnd the at least one surface modifying agent.

[0059] For some drugs, plrucl will tend to agglomerats during the milling process of the invention, Without beins bound by theory, itis
believed that drug purucle agglomeration during milling prevents reduction of drug particles to small sub-micron sizes, Where such small
sub-micron particle sizes are desired, one or more surface modifying agents are preferably selected (by type and amount) 50 as to minimize,
reduce and/or inhibit drug particle agglomeration during and/or after milling.

[0060] One of ordinary skill in the art will, through routine optimization, be able to determine which surface modifying agents (and ideal
concentrations) are effective for minimizing, inhibiting, and/or reducing agglomerstion of particles of a particular drug during milling and/or
storage of the suspension. Illustratively, if particle agglomeration occurs during milling of a particular drug, a miniaturized screening assay
can be performed to optimize liquid dispersion medium components, An exemplary miniaturized screening assay is a 96-well plate screen,
Visual detection or automated absorbance can be used to measure drug particle agglomeration. Such an assay can also be used to optimizo
liquids used to rinse and/or dilute milled suspensions and to test drug particle agglomeration under stressed conditions such as freeze-thaw or
elmted lempmtum . .

[0061] Converlely, where a lower limit on drug particle size reduction is desired (i.e. drug putu:lei below a specific size are not desiréd) one
of ordinary skill in the art will readily be able to control the use of surface modifying agents dumlg milling 50 as to not limit drug particle
agglomeration and, comequmtly, limit drug particle size reduction to the desired range,

[0062] Preferably, one or more antifoaming agents are sdded to ' the liquid dispersion medium. If present in'a Ilqmd dispersion medium, one or
more antifoaming agents are typically present in a total amount of about 0.001% to about 2.5%, and preferably about 0.003% to about 1%, by
weight of the liquid dispersion medium, Silicon-based polymers are preferred antifoaming agents. Polydimethylsiloxane (c.g. simethicone
USP) and Sigme Antifoam A Concentrate oran equivalent thereof are particularly preferred antifoaming agents,
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[0063] Preferably, the apparent viscosity of a liquid dispersion medium used to prepare nanoparticulate drug particles according to the . %6,
invention is about 1 to about 1000 cP, and preferably about 1 to about 500 cP. : : v

[0064] In the process of the invention, about 10 g or less of a drug is placed in a suitable smount of the liquid dispersion medium. What - -
constitutes a "suitable amount” in the present context depends, among other factors, on the amount of drug used, the particular drug being .
used, the size of the vessel, the amount of grinding media used, and the particular components of the liquid dispersion medium In general, a
suitable amount of liquill dispersion medium is an amount which, after the drug is dispersed therein, results in a concentration of drug in'the. |
liquid dispersion medium of about 0.1% to about 90%, preferably about 5% to about 65%, and more preferably about 10% to about 50%, by
weight. Concentrations can be readily optimized by one skilled in the art depending on the particular drug and the particular liquid dispersion’ ,
medium used. Without being bound by theory, higher drug concentrations are generally desired and tend to result in 8 more efficient milling : -
process and in more flexibility in transferring a suspension after milling. This in turn allows for increased recovery of milled drug particles, ». |
. e EE "L TR Y |

[0065] Grinding Media o _ o Lot e

[0066] Grinding media of any suitable shape (e.g., balls, banded balls, cubes, cylinders, boads, etc.), size, size distribution, density and/or 3. -y
material can be used in the milling step. The grinding media should be chemically inert and resistant to chipping or cracking during the.: ,-.}': 4
process of the invention. Preferred grinding media comprise glass, lead-free glass, latex and/or zirconium oxido and are in the shape of ).+ ...
spherical beads, Preferably, such beads have a weight average diameter of about 0.2 to about 5 mm, more preferably about 0.33 to about 1.5, .
mm, and still more preferably about 0.5 tb about 1 mm. More preferably, substantially all of the spherical beads have a diameter of about 0.21 1
to about 5 mm, more preferably about 0.33 to about 1.5 mm, and still more preferably about 0.5 to about 1 mm.. Without being bound by .. ..
theory, it is generally belieyed that smaller grinding media are more efficient in the milling process of the invention since moro bead-bead. ;. .
contact results, . o w11

[0067) The amount, by weight, of grinding media used to prepare nanoparticulate drug particles according to the prooess of the invention - -. |
depends on the particular volume of liquid dispersion medium used, the drug used, the size, density and shape of the grinding mediu, and the
size of the vessel in which the grinding takes place. The emount of grinding media can be readily optimized by one skilled in the art taking
into account the above factors, Generally, a suitable suspension:grinding media. weight ratio is about 1:10 to about.1:1, preferably about 2:10. !
to about 9:10 and more preferably about 4:10 to about 8:10. The suspension in this context includes all components of the liquid dispersion .
medium as well a3 the drug. _ Co . : ) ..

[0068] Milling Apparatus . )
- ' . . b
[0069] A suitable milling apparatus for use in the process of the invention is illustrated diagrammatically in FIG. 1. v

{0070} A vessel 11 is adapted to receive a suspension comprising the liquid dilpe'rsion medium 12 for=the drué,.grinding media 13 .nnd .
magnetically activatable means 14 for stirring the dispersion medium with grinding ' media thersin.
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[0071] The vesgel 11 is lllmtntwnly a vial having a capacity of about 0.1 ml to about 40 ml and preferably has a cover 15 to prevent spillage .

during milling. The vessel is held in place by suitable support means such as a clamp 16.

[0072] The grinding media 13 are illustratively spherical beads, about 0.2 mm to sbout 5 mm in diameter, and are lllultuuvcly of lalcx, glass -
- or urcomum oxide, .

[0073] The mlgnetically activatable means for stirring illustmtively complisu & magnetic stir bar 14 which preferably comprises a high

strength magnetic material, for example neodymmm An activating device 17, illustratively a magneuc stir plate, preferably with the cover

plm remaved to increase ﬁeld ltrmyh, is placed near, preferably lmmedmcly under, the stirring means.

-
[0074] The term masnenclUy activatable” as used herein with respect to the means for stirring describes a means for stirring which is

capablio of b-ng set into motion by magnetic forces. To *magnetically activate” & means for lurnns, as the phrase is used herein, describes
use of a magnetic force to cause motion, preferably rotation, of the means for stirring.

[0075] Any suitable magnetically activatable means for stirring can be used in the process of the invention. A preferred magnetically
activatable means for stirring is & magnetic stir bar or 2 rotating magnet. Magnetic stir bars and/or rotating magnets used as magnetically
activatable means for stirring in processes of the invention can be of any suitable size and/or shape (e.g., oblong, oval, rectangular,
cylmdncll egg-shaped, etc.) and can be uncoated or coated with any suitable material, for example rubber, plastic, metal, fluoropolymer, etc.
Preferably, the magnetically activatable means for stirring Is of sufficient magnetic ltronsth 80 as to resist der.ouphng dunng the milling
process. A sufficient strength of a magnetically activatable means for stirring will be determined based on, inter alia, viscoaity of the liquid
dispersion medium, amount of grinding media being used, desired milling speed, and vessel size. Ono or more magneticaily activatablc means
for stirring can be used.

[0076] One illustrative commercially lvmlable stir bar suitable as a magnetically activatable means for stirring is & samarium-cobalt stir bar
(Maestco). Such stir bars lre availsble in egg-shape having longitudinal lengths of 10 mm, 15 mm, 25 mm, and larger.

[0077] In & particularly preferred embodiment, the stir bar is 8 high stmnglh magnetic stir bar comprising (i) a non-reactive, sbrasion-resistant
case having s lorigitudinal axis; and (ji) & magnetic sssembly comprising one to a plurality of lanthanido magnets completely enclosed in and
substantially filling the case. Preferably the assembly has a coercive force and/or a maximum energy product substantially greatcr than that of
a mnmum-cobllt magnet, lnd has & polarity substantially aligned with the longitudinal axis of the case.

[0078] In a particularly prefemd embodiment, the magnietic assembly comprises a plurality of lanthanide magnets linearly and contiguously
arranged, each magnet having a first face in the orientation of & north pole and an opposing face in the orientation of a south pole. Adjoining
faces of adjacent magnets have opposite polmty, and the ﬁrst and second fuces are substantially perpendicular to the Iongltudmal axis of the
case,

[0079] Suitable lanthanide mlsneu can be of any desired lhupe,' for example box- doughnul-, triangular-, bar- or disk-shape. Prcferably the
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“on® position) near the vessel, The term “near” as used herein to describe the distance between the vessel and the device, indicatos a distance
not greater than that from which the particular magnetically activatable means for stirring can be set in motion by the particular device used;
such a distance will be determined both by charscteristics of the particular means for stirring and by characteristics of the device used to
activate the means for stirring. Generally, such s distance is not greater than about 2 meters, prefecably not greater than sbout 1 meter, more
preferably not greater than about 0.5 meter, and still more preferably not greater than about 0.33 meter. In practice, the distance will be as
short as can conveniently be arranged, for example about 0.01 to about 0.1 meter. If the device used to magnetically active the means for
stirring is a stir plate, for example s Magnestir, removal of the cover plate will enhance performancé by increasing the available magnetic
field.

[0085] Any suitable size and/or type of veasel, for example a scintillation vial, a cryogenic tube, & beaker, a flask, a conical tube, a cylinder,
ctc., can be used in the process of the invention. Preferably, the vessel is made of glass or Pyrex.RTM. and has a flat bottom, As will be
discuased below, when milling at the microgram scale, the vessel is preferably made of hard plastic or latex which can be puncturcd using
moderate force. Preferably, prior to milling, the vessel is about 20% to about 85%, more preferably about 25% to about 80%, and still more
preferably about 30% to about 75% full, by total volume. Such a volume includes the grinding media, magnetically activatable means for
stiming, drug, and liquid dispersion medium. : |

[0086) Stirring Time and Rate °

[0087] All other factors being equal (s.g., bead size, bead amount, bead material, veasel size etc.), size of drug particles prepared according to
& process of the invention is inversely related to stirring time (i.c., the longer the stirring time, the smaller will be the drug particies) and
stirring rate (i.c., the faster the stimring rate over a given period of time, the smaller will be the drug particles). Any desired stirring rate and/or
amount f stirring time can be employed. In practice, however, & sufficient milling time will be about 0.15 to about 72 hours, preferably about
0.15 to about 48 hours, and more preferably about 0.15 to about 24 hours. Generally, a suitable stirring rate will be sbout 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 described herein above will be needed in order to resist decoupling. In performing the process of the inveation, one of ordinary skill
can readily optimize sirring time and rate as well as other factors described herein above in order to prepare drug particies to a desired size
range. S C . L

[0088) Separstion of Grinding Media and Suspension

[0089] Grinding medis and/or magnetically activatable means for stirring can be separated from s 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, centrifugal filtration, extraction with a syringe or pipette, pouring off, physical removal (6.g., with tongs or a net), etc. lilustratively,

. the separation means can comprise removing the milled suspension from a milling vessel using a transfer pipette, for example a 1.5 ml
Samco. Preferably the transfer pipette has an aperture small enough so grinding media present in the vessel will not be not be entrained by the
pipette. Optionally, the grinding media can be washed/rinsed with fresh liquid dispersion medium to aid in recovery of drug particles. For
enhanced drug recovery, multiple small volume washes are generally preferred to ane large volume wash. Fiitration and pipetting are
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preferred means for separating a milled suspension from grinding media and/or magnetically activatable means for stirring. ?)b

[0090] When the process of the invention is performed at very small scales, for example microgram scals, recovery of suspension can beas - ,
low as about 50% to about 75%. Without being bound by theory, this appears to result from surface tension which causes suspension to be
retained by grinding media. In most cases this limitation is addressed by rinsing the beads with fresh vehicle. However, this ninsing also .
dilutes the suspension which, if high concentrations of drug are to be administered, may be impractical. Furthermore, making a 50% excess of
suspension to compensate for the anticipated loss in compound may be unacceptable when only small quantities of drug are available. : .

[0091] Tn such cases, centrifugal filtration may be used to remove suspension from grinding media. Where centrifugal filtration isusedto .
remove suspension from the milling vessel, the milling vessel should comprise a penetratable hard plastic es opposed to glass. Centrifugal -
filtration is performed by using a small gauge needle or similar object to pierce one to a small plurality of holes I 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 effects as
noted above. The pierced vessel is then suspended over a receiver vessel and the two vessels are placed in a centrifuge. The vessels are then
centrifuged for about 10 to about 60 seconds at about 100 to about 1000 rpm during which time thoe suspension is transferred from the milling
vessel to the receiver vessel; the grinding media remain in the milling vessel. Preferably, the minimum amount centrifugation time and speed
necessary to transfer suspension from the milling vessel to the revciever vesset should be used. Suspensions having high concentrations or
viscosities may necessitate longer or faster, spinning or the use of more holes. One of ordinary skill in the art will readily optimize ..
centrifugation filtration conditions based on size and characteristics of the milled suspension. . . .

[0092] Dilution S : . : :

.- ] R . P
[0093] In one.embodiment of the invention, 8 milled suspension resulting from step (c) or (d) of the above process is further diluted to form a ;
pharmaceutical suspension. The milled suspension is preferably diluted with a liquid dispersion medium selected to minimize drug particle
aggregation upon storage, for cxample as is described hereinabove. Any additional pharmaceutically acceptable excipients may also be added .
to the pharmaceutical suspension. - .

A . P | 1

[0094] Drying
[0095] In a particularly preferred embodiment of the invention, a milled suspension resulting from step (c) or (d) of the above process is dried
to form a drug powder. The drying step can comprise any suitable method of drying, for example evaporation, rotovapping (rotary '
evaporation), spray drying, lyophilization, conventional heating, for example in an oven, etc. Spray drying and rotovapping are preferred
methods of drying. Any suitable spray drying method known in the art can be employed. Generally, spray drying is a process by which a
solution or suspension comprising dissolved or dispersed drug is rapidly sprayed over a current of warmh air, resulting in formation of a dry
powder. '

[0096] The drying step can occur prior to or after removal of grinding media and magnetically activatable means for stirring. Especiallf :
where the drying step comprises spray drying, grinding media and magnetically activatable means for stirring are preferably removed prior to

S HO AN ATEN T Tnitad9%42NStatact420Patant¥4 20 A nnlicatinn®42000201 19200 him ' . 0%3.12003 %



‘--““".‘-.!.E.‘EJE.-JE

drying,
[0057] Formulation

[0098] A drug powder prepared as provided herein can be further formulated together with one or more pharmaceutically acceptable
excipients to produce a pharmaceutical composition, for example by direct compression or granulation. The term "excipient” herein means
any substance, not itself a therapeutic agent, used as a carrier or vehicle for delivery of a therapeutic agent to a subject or added toa
pharmaceutical composition to improve its handling, storage, disintegration, dispersion, dissolution, release or organoleptic properties or to
permit or facilitate formation of a dose unit of the composilion into a discrete article such as a capsule or tablet suitable for oral
administration. Excipients include, by way of illustration and not limitation, diluents, disintegrants, binding agents, adhesives, wetting agents,
lubricants, glidants, crystallization inhibitors, surface modifying agents, substances added to mask cr counteract a disagreeable taste or odor,
ﬂlvon, dyes, fragrances, and lubmncel added to lmprove appearance of the composition,

[0099] E(clplenh employed in preparing compositions lccordmg to the invention can be solids, semi-solids, liquids or combinations thercof.
Formulation can occur by any known technique of pharmacy that comprises admixing an excipient with the drug powder. A composition
prepared by the process of the invention contains a desired amount of drug per dose unit and, if intended for oral administration, can be in the
form, for example, of a tablet, & caplet, a pill, a hard or soft capsule, a lozenge, a cachet, a dlspenuble powder, granules, a suspension, an
elixir, a liquid, or any other form reasonably adapted for such administration. If intended as an imbibable hquld for example a suspension,
elixir or a liquid, drug pow<er propared lwordmg to the Lnvention can be suspended in one or more inert carriers, for example water or fruit
juice. If intended for parenteral administration, it can be in the form, for example, of a suspension. If intended for rectal administration, it can
be in the form, for example, of a suppository.. Presently preferred are oral dosage forms that are discrete dose units each containing a
predetenmned lmount of drug, ludl a8 hbletl or capsules.

[0100] The following examples illustrate aspects of the present invention but should not be construed as limitations.
Example l 2

[0101] Dllpemonl D1-D4 containing 5% by weight celecoxib were prepared by the process dunnbed below. The dispersions difTercd only in -
thepnrhcle nzenngeoftheoeleeoxlb g

[0102] 1. Celecoxib was micronized in an air jet mill to form a drug powder.

[0103] 2. The drug powder was added to an aqueous solution containing 2.5% low viscosity hydroxypropylcellulose (HPC -SL) and 0.12%
lodlum dodecyl sulfate, to form a suspeasion.
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[0104] 3. The suspension was wet milled to form a milled suspension according to the followmg protocol. A sample amount of 6. 0 m! of the - e
suspension (containing 20% celecoxib), a 19 mm magnetic stir bar made by VWR, 8 ml of lead-free glass beads, and 50 .mu.| of antifoaming
agent (Sigma Antifoam-A Concentrate) were added to a 20 m! scintillation vial. To provide a milled suapension having a target particle sizo
range of 6-7 .mu.m (i.e., the size range achieved in the micronizing step, used to provide a comparative composition), the vial was shaken for
two minutes. To provide a milled luspenlion having smaller target particle size ranges, the viel was suspended over l'high-ltrength rotating
magnet so that milling occurred by ngllntlon of the glass beads by rotation of the magnetic stir bar. Target particle size ranges were varied by
comrollmg magnet rotation rate, milling time and/or bead size, as shown in Table 1. Smnll aliquots were removed at intervals in order to
monitor progress of particle size reduction, . . jar

[0105] 4. The resulting milled suspension in each case was transferred to a larger vial and diluted with fresh whlcle to form a ﬁnll m:lled
suspension. Nominal celecoxib concentration in final suspensions was 5% by weight. -

ITABLE 1 Milling conditions used to produce milled suspensions D1-D4. Milled Target size Bead size Milling time Milling speed '
Suspension range (. mu.m) {(mm) (min) (rpm) D1 6-73.3-3.6 — — D2 1-3 3.3-3.6 26 900 D3 0.5-0.9 1.25-1.55 25 900 D4 0 2-0 40552 1250

Example 2

[0106] Celecoxib particle size'in milled sulpennonl D1-D4 ag prepared in Example 1 was deterrmned by luer (Fnunhofer) dlﬂ’rncuon and !
by optical inicroscopy.

[0107] Fraunhofer scattering was measured on static suspensions samples using a Sympatec npectrometer. Samplel were diluted with water .
into a static cell at a concentration that maintained a reduction in laser intensity of approximately 20%. The choice of collection lens was
determined by the populuuun of Iurge material present in suspension, and thus was different for each sample. However,-the smallest focal
length optic appropriate was used in cach case. No Mie scattering corrections were applied. The mulu. presented in FIG. 5, show a D.sub.50
particle size consistent with the target size range. D.sub.50 and other plrucle size parameters shown in FIG. 5 are believed to be :
overestimated for the 0.2-0.4 .mu.m celecoxib dupenlon since this size range is at the very limit of detection by this technique.

[0108] In order to visually confirm particle sizes, optlcal microscopy was used. Obnervntlonl were carried out ulmg an Olympus BH—2
microscope with attached video camera. Images were then digitized (Snappy 4.0; Play Inc.,, Rancho Cordova, Calif.) and manipulated (Paint
Shop Pro 6.02; JASC, Eden Prairie, Minn.) a3 gppropridte. FIG. 6 shows mlcmgraphn of umples taken from celecoxib dispersions D1-D4
with non-polnnzed (Ieﬁ) and polarized (right) llght The bar represents 10 .mu.m. Significant Brownian motion was observed in suspensions
D3 and D4, an observation consistent with pregenceiofivery ll'nlll nanoparticles. In contrnst, only slight Brownian motion was noted in
dispersion D2 and none at all in suspenllon pL

- Example 3

[0109) Samples of milled suspensions prepared in Example 1 were dried individually by rotovapping according to the following procedure: 3
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ml of each 5% celecoxib suspension was placed in a 10 ml recovery flask and attachied to a conventional laboratory roto-evaporator (Buchi,
RE11 Rotovapor). The flask was suspended in water at a temperature of 40.degree. C. and rotated at approximately 100 rpm. A gentle
vacuum was pulled on the flask for 0.5-1 hour {o avoid bubbling of the suspension. After this time, a full house vacuum was employed and
the evaporation proceeded for not less than 48 hours. .

l'-.'.umplg 4

[0110] Samples of milled suspensions prepared in Example 1 are spray dried individually at room temperature using 8 Yamato GB-21 spray
dryer to form diug powders DP1, DP2, DP3 and DP4, respectively, under the following conditions: (a) liquid flow rate o{ 5 ml/min; (b) inlet
air temperature of 110-130.degree. C.; (¢) cutlet air temperature of 60-70.dogree. C., and (d) drying airflow of about 30% to about 50% of the
capacity of the spray dryer. .

Example 5

[0111] Valdecoxib, linezolid, phenytoin, griseofulvin and carbamazepine were milled according to the general procedure described for
celecoxib in Example 1. Milling parameters are shown in Table 2.

2TABLE 2 Milling parameters for various drugs Valdecoxib Linezolid Phenytoin Solution Components 2% PVP- 2% PVP- 1.75% PVP- K30
and X30 and X30; 0.5% 0.15% SDS 0.15% SDS SDS; 10 mM in H.sub.20 in H.sub.20 Na citrate pH 3 Anti-foam (:mu.l) 3 30 40 Drug
Concentration (%) 0.25 20 10 Suspehsion volume (ml) 0.5 g 3 g 7.5 ml or weight (g) Stir bar type NdFeB bar NdFeB bar.NdFeB bar Stir bar
length (mm) § 3 19 Grinding media #ize (mm) 0.50-0.75 0.50-0,75 0.50-0.75 Grinding media volume (ml) 0.75 g 4.7 g 8.0 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 1000.5up.2 130.5up.3
Griseofulvin 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.l) 40 40 Drug Concentration (%) 10 10 Suspension volume (ml) 7.5 ml 7.5 ml or weight (g) Stir bar type
NdFeB bar NdFeB bar Stir bar length (mim) 19 19 Grinding media size (mm) 0,50-0.75 0.50-0.75 Grinding media volume (ml) 8.0 ml 8.0 ml
or weight (g) Milling time (h) 11 11 Milling Speed (rpm) 1500 1500 D.sub.50 (nm) 250.sup.1 2500.5up.1 160.sup.3 2600.5up.3 Size
Detection Method: .sup. 1 Turbidimetry, ,sup.20ptical Microscopy, .sup.3X-Ray Diffraction.
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