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Como resultado del examen de fondo realizado, con fundamento en el Articulo 45 de la
Decision 486 de la Comisiéon de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcion: Radicado N° 13-254239-00000-0000
Reivindicaciones: Radicado N° 13-254239-00000-0000
Oposiciones: Radicado N° 13-254239-00003-0000

Respuesta de la Radicado N° 13-254239-00006-0000
solicitante:
Prioridad: JP 2011 082301

2. Analisis de la Prioridad

25/Octubre/2013
25/Octubre/2013
Lafrancol
28/Marzo/2014
07/Julio/2013

01/Abril/2011

Se acepta la reivindicacion de prioridad porque ésta solicitud fue presentada dentro del
plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con el de la

prioridad reivindicada.

3. Objeto de la invencion

De acuerdo con lo establecido en el numeral 1.2.2.2 del capitulo primero del Titulo 10
de la Circular Unica para efectos del examen de patentabilidad, se tendra en cuenta la
tasa pagada por la solicitante al momento de comenzar el examen para las
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reivindicaciones adicionales; esto es que cuando la solicitud contenga mas de diez (10)
reivindicaciones y no se haya pagado la tasa complementaria, sélo se estudiaran las
cubiertas por la tasa pagada. En el presente caso se estudiaran las reivindicaciones 1 a
8 del capitulo reivindicatorio (Radicado N°. 13-254239-00000-0000).

Titulo de la solicitud: “Una preparacion sdélida en donde se suprime la variacion en peso
el ingrediente activo se estabiliza y su método de estabilizacion” (modificado Radicado
N°. 13-254239-00002-0000).

El problema planteado en esta solicitud consiste en la necesidad de aumentar la
concentracion del componente activo 6- ((7S) -7-hidroxi-6, 7-dihidro-5H-pirrolo [1, 2-c]
imidazol-7- il) -N-metil-2-naftamida en composiciones Utiles para tratar cancer de
mama, pristata y similares

Para resolver este problema técnico la solicitud en estudio proporciona una
composicion solida con 6- ((7S) -7-hidroxi-6, 7-dihidro-5H-pirrolo [1, 2-c] imidazol-7- i)
-N-metil-2-naftamida o una de sus sales en un alto contenido, D-manitol y una sal de
metal alcalinotérreo seleccionada de aluminometasilicato de magnesio y silicato de
calcio.

El objeto de la presente solicitud se relaciona con la Clasificacién Internacional de
Patentes (CIP): A61K31/4188; A61K9/20

4. De la solicitud de patente
Reivindicaciones (Art 30 D 486, Art 22 PCT)

Las reivindicaciones 1 y 5 no son claras porque no definen las proporciones de los
componentes comprendidos en las preparaciones solidas reclamadas.

Las reivindicaciones 7 y 8 no son claras ya que esta enunciada como métodos, sin
embargo no definen etapas que lo caractericen como tal, por lo que se limita a repetir
algunas de las caracteristicas esenciales de la preparacion reclamada en la
reivindicacion 1.

5. Analisis de la Oposicion
Argumentaciones de Lafrancol

La opositora manifiesta que “(...) las composiciones farmacéuticas y los procesos de
preparacion solida en donde el ingrediente activo se estabiliza y contiene i) ingrediente
activo; ij) D-manitol y i) una sal de metal alcalinotérreo seleccionada de
aluminometasilicato de magnesio y silicato de calcio” son practicas y eventos
totalmente conocidos en la industria farmacéutica, por lo que manifiesta que carecen
de los requisitos de novedad y nivel inventivo.

Asimismo afirma que la solicitud pretende reivindicar combinaciones, las cuales no se
consideran invenciones porque “la mezcla (combinaciones) de productos (moléculas)
conocidas y su variacion, bien sea en uso, forma, dimensidon o materia, NO se
consideran invenciones por cuanto no son susceptibles de aplicacion industrial, nivel
inventivo y novedad, luego NO pueden acceder a beneficios patentarios.

Por ultimo la opositora manifestar que la solicitud carece de los requisitos de Novedad
y Nivel inventivo, fundamentales para otorgarsele el privilegio de patente de invencion,
Si se tiene cuenta la materia revelada en documentos como US 2009/053308 Al.

Respuestas de la Solicitante
Con respecto a los argumentos de la sociedad opositora Lafrancol, la solicitante resalta

la “insuficiente argumentacion y el poco sustento de dicha oposicion” y argumenta que
la opositora se limita a enunciar las generalidades del sobre los requisitos de
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patentabilidad y a concluir que las composiciones farmaceéuticas reivindicadas son
conocidas en la industria, sin realizar un estudio del objeto que se pretende proteger
por la presente solicitud.

Por otra parte la solicitante asegura que la opositora se limita a reproducir el
documento citado en el Informe de Busqueda realizado por la oficina europea de
patentes en el tramite de la solicitud PCT/JP2012/059276 y que no presenta
argumentos que demuestren que la solicitud carece de los requisitos de patentabilidad,
por lo que argumenta que las manifestaciones del opositor carecen de fundamento
valido y por lo tanto no deben ser tomadas en cuenta para negar la patente solicitada.
En cuanto a los argumentos de la opositora en cuanto a que la presente solicitud
carece de novedad y nivel inventivo, ya que las composiciones que contienen (i)
ingrediente activo; (ii) D-manitol y (iii) una sal de metal alcalinotérreo seleccionada de
aluminometasilicato de magnesio y silicato de calcio son bien conocidos para el
experto, la solicitante manifiesta que las composiciones que contienen los ingredientes
activos especificados en las reivindicaciones de la presente solicitud (por ejemplo 6-
((7S) -7-hidroxi-6, 7-dihidro-5H-pirrolo [1, 2-c] imidazol-7- il) -N-metil-2-naftamida o una
de sus sales) y los componentes mencionados previamente (ii) y (iii) no han sido
conocidos a la fecha. La solicitante también argumenta que la preparacién solida
reclamada presenta efectos sorpresivosen la variacion del peso de la preparacion y el
contenido del ingrediente activo y que a su vez muestra un efecto estabilizador en el
ingrediente activo especificado, por lo que asegura que es posible establecer la
novedad y el nivel inventivo de la presente solicitud.

Con respecto al argumento del opositor de que la presente solicitud debe ser negada
aduciendo que las combinaciones farmacéuticas no son patentables, la solicitante
resalta que la solicitud se dirige a una preparacion solida que contiene (i) ingrediente
activo, (i) manitol y no a una combinacion de productos farmacéuticos, por lo que
asegura que la solicitud presentada es patentable.

Finalmente, con respecto a la afirmacion de la opositora acerca de que el efecto
sinérgico nuevo no se considera inventivo la solicitante presenta la declaracion del
tribunal de justicia de la comunidad andina que manifiesta: “De existir combinacién o
mezcla de elementos conocidos, la oficina de patentes no puede concluir
instantaneamente en la falta de nivel inventivo ya que siempre se debe analizar el caso
concreto” y argumenta que no existen fundamentos para afirmar que el documento
citado como anterioridad por la opositora describa la preparacion solida especificada
por la solicitud ni que existan sugerencias a dicho documento que permitan a una
persona medianamente versada en la materia referirse a el para resolver el problema
técnico planteado por la presente solicitud.

Respuesta del Examinador Técnico

En primer lugar con respecto a los argumentos presentados por la opositora Lafrancol
S.A. este Despacho se permite informarle sobre la existencia de la modalidad de
“invencion por combinacion” la cual reine elementos conocidos, pero son en si una
nueva solucion técnica a un problema técnico, lo que hace que su afirmacion sobre que
“la mezcla (combinaciones) de productos (moléculas) conocidas y su variacion, bien
sea en uso, forma, dimension o materia, NO se consideran invenciones por cuanto no
son susceptibles de aplicacién industrial, nivel inventivo y novedad, luego NO pueden
acceder a beneficios patentarios” sea imprecisa.

Con respecto al documento citado en el escrito de oposicion de la sociedad Lafrancol
S.A, es decir el documento US 2009/053308 Al, este Despacho aclara que contrario a
lo argumentado por la solicitante este documento revela una formulacion para tabletas
de liberacion controlada que contienen el principio activo 6- ((7S) -7-hidroxi-6, 7-dihidro-
5H-pirrolo [1, 2-c] imidazol-7- il) -N-metil-2-naftamida, que comprenden ademas un
polimero hidrofilico (hidroxipropilcelulosa), un excipiente (D-manitol), un fluidificante
(aluminometasilicato de magnesio), por lo tanto el documento anticipa algunas de las
caracteristicas esenciales de la materia ahora reclamada en la reivindicacion 1, en
consecuencia resulta como una referencia valida del estado de la técnica para afectar
el requisito de nivel inventivo de la materia reclamada.

En conclusion el documentos citado en la oposicion presentada por la sociedad
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Lafrancol S.A. se consideran relevantes para la evaluacion del nivel inventivo de la
materia ahora reclamada y en consecuencia la oposicion presentada es considerada
como fundada.

6. Determinacion del Estado de la Técnica
El estado de la técnica se determiné con base en la fecha de presentacién de la

solicitud de prioridad: abril 01 de 2011 y se encontraron los siguientes documentos que
anticipan el objeto de esta solicitud:

item Documento Titulo Fecha de Publicaciéon
D1 US 2009 053308 Release-Control Composition 26/Febrero/2006
Comparison of the Ability of Various
D2 D. Bahl et al. Pharm Dev Pharmaceutical Silicates to Amorphize 2008
Technol. 2008;13(3):255-69 and Enhance Dissolution of
Indomethacin Upon Co-grinding

El documento D1'divulga una capsula de liberaciéon controlada para administracién oral
gue comprende (i) un granulo que contiene un compuesto inhibidor de la liasa C17,20,
el cual demuestra una solubilidad en agua aumentada bajo condiciones acidas y (ii) un
agente fluidificante (Pag. 1, parrafo 0001).

El documento D22 divulga la evaluacién de la estabilidad y la tasa de disolucién de
composiciones de indometacina con una variedad de silicatos (Pag. 255, abstract).

7. Examen de Patentabilidad (Art 14 D486)
Nivel inventivo (Art 18 D486)

La reivindicacion 1 consiste en: “Una preparacion solida caracterizada porque
comprende...” (Radicado N°. 13-254239-00000-00000).

Comparacion de las caracteristicas técnicas esenciales, con las del estado de la técnica:
Caracteristicas esenciales D1 D2
Capsula de liberacién controlada para
administracion oral (reivindicacion 4),
gue comprende:

Una sustancia activa fisiolégicamente,
por ejemplo (+)-6-(7-hidroxi-6,7-
dihidro-5H-pirrolo[1,2-c] imidazol-7-il)-
N-methil-2-naftamida (Reivindicacion
7)

Un polimero hidrdfilico, por ejemplo D-
manitol

Preparacion solida Mezclas por molienda de:

6- ((7S) -7-hidroxi-6, 7-dihidro-
5H-pirrolo [1, 2-c] imidazol-7-
i) -N-metil-2-naftamida

De indometacina amorfizada

. No se menciona
D-manitol

Silicatos: Entre ellos

Una sal de metal
alcalinotérreo seleccionada de
aluminometasilicato y silicato
de calcio

Un agente fluidificante, por ejemplo,
aluminometasilicato de magnesio

Aluminometasilicato de
magnesio (Neusilin US2)
Aluminosilicato de magnesio
(Veegum-F)

Silicato de calcio (Florite F)

Hidroxipropilmetilcelulosa
(Reivindicacion 5)

Un agente para una cubierta entérica,
por ejemplo Hidroxipropilmetilcelulosa

No se menciona

El documento D1 se considera el estado de la técnica cercano a la solicitud definida en
la reivindicacién 1 porque divulga composiciones orales que comprenden: (i) un granulo
gue contiene un compuesto inhibidor de la liasa C17,20, el cual demuestra una
solubilidad en agua aumentada bajo condiciones acidas y (i) un agente fluidificante
(Pag. 1, parrafo 0001). En la reivindicacion 7 de este documento se define como
sustancia activa el 6-(7-hidroxi-6,7-dihidro-5H-pirrolo[1,2-c] imidazol-7-il)-N-methil-2-

1 http://worldwide.espacenet.com/publicationDetails/biblio?CC=US&NR=2009053308A1&KC=A1&FT=D
2http://informahealthcare.com/doi/abs/10.1080/10837450802012869%20
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naftamida, mientras que en la reivindicacion 4 se encuentran los demas agentes
presentes en la composicion oral, encontrando como posibles excipientes: D-manitol,
hidroxipropilmetilcelulosa en el granulado y al aluminometasilicato de magnesio como
agente fluidificante (reivindicacibn 4) o como lubricante (reivindicacion 6). Este
documento también establece un contenido de en un rango de 1-90%, preferiblemente
10-80% (Péag. 11, parrafo 0091) y como excipientes preferidos al D-manitol (Pag. 11,
Parrafo 0096).

La diferencia entre la preparacion solida definida en la reivindicaciéon 1 y la forma
farmacéutica divulgada en D1, es que en la solicitud la sal de metal alcalinotérreo es un
componente necesario para las preparaciones reclamadas ya que es utilizada como un
agente estabilizante, mientras que en el documento de la anterioridad este corresponde
a un excipiente opcional usado como lubricante o como fluidificante.

El efecto técnico logrado por la inclusion de la sal de metal alcalinotérreo es la
estabilizaciéon del ingrediente activo, tal como se muestra en los datos de las tablas 3, 4
y 5 (Pag. 42-43).

Por lo tanto, el problema técnico objetivo que pretende resolver esta invencion se
puede formular como la necesidad de modificar las preparaciones divulgadas en D1
para aumentar su estabilidad.

Sin embargo, la utilizacion de silicatos para aumentar la estabilidad de composiciones
solidad ya estd divulgada en el documento D2 que se refiere un estudio de la
estabilidad y la tasa de disolucion de diferentes composiciones de indometacina con
silicatos de uso farmacéutico (Pag. 256), en este documento se establece que la
molienda de este principio activo con los silicatos, mejora la estabilidad a una humedad
relativa de 75% (Tabla 3, 263).

En consecuencia, el la persona del oficio normalmente versada en la materia,
consideraria el efecto estabilizador de los silicatos de magnesio y calcio en
composiciones solidas de acuerdo a lo mostrado en el documento D2, para aumentar
la estabilidad de las composiciones divulgadas en el documento D1 para llegar asi al
objeto de la reivindicacion 1 de la solicitud. Por lo cual se considera obvia.

Puesto que las reivindicaciones dependientes 2 — 8 no mencionan caracteristicas
inventivas adicionales tampoco se pueden considerar inventivas.

Conclusion:

Las reivindicaciones 1 — 8 cumplen el requisito de novedad (Art. 16), pero no cumplen
con el requisito de nivel inventivo (Art. 18).

8. Conclusidén

Los requisitos de Patentabilidad de la presente solicitud estan afectados asi:

item Documento Reivindicaciones afectadas Requisito que afecta
D1 US 2009 053308 1-8 Nivel inventivo

D. Bahl et al. Pharm Dev L .
D2 | Technol. 2008;13(3):255-69 1-8 Nivel inventivo
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En cumplimiento del articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir del dia siguiente de la fecha de notificacion de la presente comunicacion.
En caso de no dar respuesta al presente requerimiento, o0 si a pesar de la respuesta
subsistieran los impedimentos para la concesion, se denegara la patente.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término faltante de
sesenta (60) dias para dar respuesta a este requerimiento y presentarla por escrito.

Finalmente, se le recuerda al solicitante que si como respuesta a este requerimiento llegara
a modificar el capitulo reivindicatorio y éste contenga mas de diez (10) reivindicaciones, no
pagard la tasa de modificacidbn voluntaria pero si la correspondiente al pago por
reivindicacion adicional.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.

0 T
JESUS FERNEL GARCI |

Director de Nuevas Creaciones (E)

El anterior requerimiento fue notificado por fijacion en lista, de fecha 2014-11-18

Elabord: Ruth Andrea Rodriguez
Reviso: Consuelo Leguizamon Leguizamon
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The physical stability, dissolution rate, and solubility
enhancement of indomethacin amorphized by co-grinding with 6
pharmaceutical  silicates were investigated. Mixtures of
indomethacin and silicates were co-ground to amorphous states
at room temperature and 75% relative humidity (RH) in arolling
jar mill. The fraction of indomethacin amorphized was higher
than would be expected for monolayer coverage on the silicate,
suggesting additional stabilization of the amorphous drug in the
mesopores of the silicate. The co-ground amorphous indometha-
cin was physically stable for 3 to 6 months at 40°C/75% RH. The
physicochemical properties (surface area, crystallinity, presence
and absence of metal ions such as Mg?*, Al**, C&*) of the
silicates affect the amorphization time, chemical stability, disso-
lution, and solubility.

Keywords amorphization, co-grinding, indomethacin, solubility,
slicate

INTRODUCTION

Improvement in the oral bioavailability of poorly
water-soluble compounds is often desired, particularly for
highly permeable but poorly water-soluble (BCS class 1)

Received 24 October 2007; Accepted 10 November 2007.
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Eagleville Road, U3092, School of Pharmacy, University of
Connecticut, Storrs, CT 06269, USA; E-mail: robin.bogner@
uconn.edu

compounds. Improved bioavailability can often be
achieved by an enhancement in the solubility and/or disso-
lution rate of the poorly water-soluble compound.™2
Many methods such as micronization, spray-drying,®4
salt formation, freeze-drying,!>® use of surfactants, melt
quenching,’® solvent deposition,”® melt adsorption,!®
and formation of prodrugs have been employed to improve
dissolution rate and/or solubility of poorly water-soluble
drugs. An amorphous form of a compound is at a higher
thermodynamic energy state in comparison with any of its
crystalline states! The amorphous form, therefore,
should provide an advantage in terms of dissolution rate,
solubility, and bioavailahility. Increases of 2to 24 timesin
the experimenta “solubilities’” or peak concentrations of
amorphous solids as compared with their corresponding
crystalline counterparts have been reported.[*Y
Amorphous solids tend to revert to their lower energy,
thermodynamically favorable crystalline states. Therefore
physical stabilization of amorphous solids, athough desir-
able, is often challenging. Watanabe et a reported greater
stability of indomethacin amorphized by co-grinding with
silica for 180 min as compared with neat melt-quenched
amorphous indomethacin at 30°C/11% relative humidity
(RH). However, recrystallization was observed in both
samples within 10 days.[*3 On the other hand, Gupta et al
reported that amorphous drugs formed by co-grinding with
Neusilin US2 (amorphous magnesium auminometasili-
cate) were physicaly stable for at least 1 month at 40°C/
75% RH.[¥ Kinoshita et al also reported physical stability
of TAS-301 (amorphized by melt adsorption on porous cal-
cium silicate) for at least 2 years at ambient temperature
and humidity.'! Our previous study reported physical
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stability of amorphous indomethacin formed by co-grind-
ing with Neusilin US2 for at least 3 months at 40°C/75%
RH.1* Neusilin US2 has a high specific surface (300 m%/
0).1*¥ The presence of silanols on its surface makesit apoten-
tial proton donor as well as a proton acceptor. The hydrogen
bonding potential of silanold2617 js well documented.
Hydrogen bonding between silanols and drug as well as
interaction between the drug and metal ions on the surface
of Neusilin US2 were suggested stabilizing mechanisms of
indomethacin in its amorphous state.l*¥l The stabilization
of amorphous drugs in mesopores of silicas has aso been
suggested by Kim et a.[% However, their explanation may
not be unique because the silicates differed not only in
porosity but also in pH and surface areal’!

Co-grinding with silica has been reported to both
increase and decrease dissolution depending on the drug.
Yang et a showed a dower dissolution rate of prednisone
compared with its crystaline form[? In contrast, an
improvement in the dissolution rate and bioavailability of
indomethacin by interaction with silica was reported by
Watanabe et a.l*¥ A vibration mill was used to co-grind
indomethacin with silicafor 30 and 180 min. Faster dissolu-
tion of indomethacin co-ground for 180 min as compared
with 30 min co-ground indomethacin was attributed to the
presence of microcrystalline indomethacin (although X-ray
amorphous) in the latter sample. In a separate experiment,
indomethacin was melt quenched in the presence and
absence of silica. Dissolution of melt-quenched indometha
cin (in the absence of silica) was sower than any of the
other samples investigated. Interestingly, indomethacin
melt quenched in the presence of silica showed a much
faster initial dissolution rate compared with the sample co-
ground for 180 min. However, at the end of 1 hour in the
dissolution medium, the dissolved concentrations of
indomethacin co-ground with silica for 180 min and of
melt-quenched indomethacin (with silica) were essentially
superimposable. The initial lower rate of dissolution for
indomethacin co-ground with silicafor 180 min (compared
with indomethacin melt quenched with silica) was attrib-
uted to the presence of a stronger chemical interaction (ie,
formation of a Si-O-C bond) in the former. However, the
formation of a chemical bond is inconsistent with dissolu-
tion enhancement of co-ground indomethacin. Nevertheless
al- to 1.3-fold improvement in bioavailability was reported
in rats for both these amorphous states of indomethacin (as
compared with a physical mixture of indomethacin with sil-
ica).[*¥ Similarly, hydrogen bonding was proposed between
the carbonyl group of a drug (TAS-301) and the silanols of
Florite (amorphous calcium silicate) to explain the stabili-
zation of the amorphous form prepared by melt adsorp-
tion.1¥ The melt-adsorbed drug showed an increased
solubility of 1.7-fold, and a dissolution rate and bioavail-
ability of 2.7-fold, compared with its crystalline form.[

Our previous study reported a dramatically higher
dissolution rate and dissolved concentration of indome-
thacin amorphized by co-grinding with Neusilin US2 as
compared with the dissolution rate and solubility of the
y-polymorph.?? Here we evauate the generality of
amorphization and solubility enhancement of indome-
thacin by co-grinding with a range of pharmaceutical sili-
cates (Florite-F, Veegum-F, kaolin, calcium silicate, and
Aerosil-200). The effect of crystallinity, surface area, pH,
and chemical nature of the silicate was evaluated on
amorphization time, dissolution rate, and solubility of
co-ground amorphous indomethacin.

MATERIALSAND METHODS
Materials

Indomethacin USP was purchased from Spectrum
Chemicals (New Brunswick, New Jersey). Pharmaceutical
silicates used in this study include Neusilin US2, Veegum-F,
Florite-F, calcium silicate, kaolin, and Aerosil-200.
Neusilin  US2 (magnesium auminometasilicate) and
Veegum-F (magnesium aluminosilicate) were obtained as
gift samples from Fuji Chemicals (Englewood, New Jersey)
and RT Vanderbilt Company, Inc (Norwalk, Connecticut),
respectively. Kaolin USP (aluminum silicate) was pur-
chased from Fisher Scientific (Pittsburgh, Pennsylvania).
Two types of calcium silicates, crystalline calcium silicate
and Florite-F (amorphous calcium silicate) were supplied
by JM Huber Corporation (Havre de Grace, Maryland) and
Tokuyama Corporation (Tokyo, Japan), respectively.
Aerosil-200 (colloidal silicon dioxide) was provided by
Degussa Corporation (Piscataway, New Jersey). Concen-
trated hydrochloric acid was purchased from JT Baker
(Philipsburg, New Jersey). A Barnstead/Thermolyne
NANOpure deionization system (Dubuque, lowa) was
used as a source of purified water for preparation of disso-
lution media. Ammonium molybdate reagent was prepared
using ammonium hydroxide solution (Acros Organics,
Morris Plains, New Jersey) and ammonium molybdate
tetrahydrate (Fischer Scientific, Rochester, New Y ork).

Evaluation of Phar maceutical Silicates

The surface area of each silicate was determined by a
single-point BET analysis method (Flosorb 1l 2300,
Micromeretics, Norcross, Georgia) using 30% nitrogen in
helium. The samples (approximately 50-100 mg) were
purged with nitrogen gas for 12 h at room temperature to
remove any residual moisture. Prior to measurements the
BET tube was weighed to obtain the sample mass.
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The tube was then connected to the BET instrument and
immersed in liquid nitrogen for adsorption of nitrogen to
proceed. Upon completion of adsorption, the liquid nitro-
gen was removed and the tube was then immersed in a
beaker containing water at 37°C for desorption of the
nitrogen adsorbed by the sample. The volume of gas
adsorbed was used to calculate the specific surface of the
samplein m?/g. All measurements were made in triplicate.

The pH of suspensions of each silicate was deter-
mined at room temperature without separating the super-
natant. A 4% w/v suspension of each silicate was prepared
(in triplicate) by adding 2 g of silicate to 50 mL of
deionized water. The suspension was stirred for 30 min
followed by determination of pH, which was found to be
constant for at least 1 min.

The buffering capacity of 4% w/v suspensions of
silicates was determined (in triplicate) by titration of the
suspensions first with AN HCI to apH of about 1, followed
by titration with 1N NaOH to apH of about 10, and finally
titration with IN HCI to the starting pH. In a separate set
of experiments, suspensions were titrated (in triplicate) in
reverse starting with addition of 1IN NaOH to a pH of
about 10, followed by addition of 1N HCI to apH of about
1 and finally addition of 1IN NaOH to the starting pH.
Buffering capacity was cal culated.[?]

The crystallinity of each silicate was evaluated using a
diffractometer (Model D5005, Bruker AXS Inc, Madison,
Wisconsin) using CuKo: radiation, a voltage of 40 kV, and
acurrent of 40 mA. The powder samples were scanned at
a rate of 2°/min over a 2 6 range of 10° to 40°, with a
sampling interval of 0.02°.

General Description of the Co-grinding Process

A rolling jar mill (Model #202421, Paul O Abbe Inc,
Little Falls, New Jersey) with a cylindrical porcelain jar
(outer diameter = 5.25”; internal volume = 1000 mL) and
zirconiaballs (diameter = 0.25”) were used for co-grinding
process. The grinding process was performed as described
previously(*¥l and all batches were prepared in triplicate
unless otherwise noted. A saturated NaCl solution was
used to equilibrate indomethacin, silicate, the porcelain jar
and zirconia balls at room temperature and 75% RH in a
glove box for 36 h prior to co-grinding. A hygrometer
(Model LAM 880D, Mannix, Lynbrook, New Y ork) was
used to monitor humidity inside the glove box.

Description of the Cryo-grinding Process

A freezer mill (Model 6750, Spex Certiprep Inc,
Metuchen, New Jersey) was used to affect conversion of

indomethacin-silicate mixtures when the duration of amor-
phization by co-grinding using the jar mill was greater
than 20 days. The freezer mill consisted of a reservoir to
which liquid nitrogen was poured. The grinding chamber
consisted of a polycarbonate cylindrical tube, a steel
impactor, and 2 steel end plugs. In each experiment, 2.5 g
of powder (drug-silicate mixture) was added to the grind-
ing chamber along with the impactor. The sealed grinding
chamber was immersed in liquid nitrogen and precooled
for 15 min prior to grinding. Each grinding cycle consisted
of 2 min of grinding followed by a cooling period of 2 min.
The impactor speed was 20 impacts per second. The
number of 2 min grinding cycles was increased to achieve
longer grinding times. The grinding timesin the text refer to
the total time of grinding and exclude the cooling periods.

Storage Conditions

Indomethacin co-ground with the various silicates
was stored in open glass vials in sealed jars maintained at
40°C for 3 months. A saturated NaCl solution was used to
maintain 75% RH in the jars. Samples were taken at
monthly intervals.

Evaluation of Crystallinity of Powders Ground
with Silicates

Fourier Transform Infrared (FTIR) scans of indomethacin
in the neat crystdline state and after co-grinding or cryo-
grinding with slicates were collected on an IR spectrophotom-
eter (Model Magna IR 560, Nicolet Instruments Technologies
Inc, Westbury, Wisconsin) with golden gate attenuated total
reflectance (ATR) assembly equipped with diamond-ZnSe
crystal using OMNIC® software, Data acquisition parameters
and the PLS analysis of percent crystallinity were previoudy
reported.™ In addition, powder X-ray diffraction (PXRD)
scans of indomethacin in the neat crystalline state and upon
co-grinding or cryo-grinding with silicates were collected as
described above for neat silicates.

Evaluation of Surface Area, Pore Volume
and Por e Diameter s of Indomethacin
Co-ground with Neusilin US2

The surface area of indomethacin co-ground with
Neusilin US2 in the ratio 1:5 w/w (at 0 and 3 months of
storage at 40°C/75% RH) was analyzed by BET nitrogen
adsorption method as described above for neat silicates.
The mesopore volume and mesopore diameter were calcu-
lated based on the Barrett, Joyner, and Halenda (BJH)
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method.?? The model assumes cylindrical pore geometry
and is based on the “Gurvitsch rule,” which states that the
volume of liquid condensed in the pores from a condens-
able gas near its saturation vapor pressure is equivalent to
the total volume of the pores.®! The micropore volume
and micropore diameter were calculated based on the
Horvath-K awazoe method!?!l assuming cylindrical pores.

Chemical Stability

Initil and stored co-ground indomethacin samples
were assayed by gradient reverse phase HPLC using a 3.9 x
150 mm, 5-micron C8 column (SymmetryShield RP,
Waters Corporation, Milford, Massachusetts). The mobile
phase consisted of 0.1% TFA in acetonitrile. A diode array
detector at 210 nm was used for quantification. The degra-
dation of indomethacin in the samples was calculated
based on percent peak area of degradants expressed as
percent area relative to tota area of al pesks in the
chromatogram.

Solubility and Dissolution Rate Studies

A USP type Il (paddle) dissolution apparatus
(Vanderkamp 600, Vankel Industries, Chatham, New Jersey)
was used to evaluate the dissolution rate and solubility of
powders (n = 3). As with a previous study,”” a paddle
height adjusted to 0.7” from bottom of the vessel and high
rotation speed (250 rpm) were employed to prevent heap
formation at the bottom of the vessel. Either crystalline
indomethacin or co-ground amorphous indomethacin was
dissolved in 900 mL of 0.1N HCI at 37°C. Each sample
consisted of an amount equivalent to 100 mg of
indomethacin. Aliquots were withdrawn through a 0.22 n
acetate filter and analyzed by absorbance at 318 nm. The
pH at the end of dissolution was monitored and compared
with the initial pH. At the end of each dissolution study,
the remaining suspension was filtered through a 0.22 p
filter. The nature of the recovered solids (partially wet)
was assessed by PXRD using scanning parameters as
described above.

RESULTSAND DISCUSSION
Characterization of Pharmaceutical Silicates

A wide range of pH (4.5-9.7) is observed for 4% wi/v
suspensions of different silicates (Table 1). Aerosil-200 is

the most acidic in nature while kaolin is only dlightly
acidic. Both types of calcium silicates (crystalline calcium

Table1
Surface areaand pH of different pharmaceutical silicates

Pharamaceutical Surface Normalized

Silicate Area(m?g)’  Weight (g)* pH**
Neusilin US2 300 (3.9) 1.0 (0.02) 7.4(0.2)
Florite-F 130 (1.9) 2.3(0.01) 9.1(0.2)
Veegum-F 53(1.3) 5.6 (0.00) 9.7 (0.2)
Aerosil-200 200 (4.5) 1.5 (0.02) 45(0.1)
Calcium silicate 12(2.1) 24.0 (0.01) 9.6 (0.1)
Kaolin 13(0.1) 23.1(0.00) 6.2(0.2)

Standard deviation of 3 samplesisin parentheses.

TSurface area as determined by BET nitrogen adsorption
method.

*Weight (in grams) of silicate required to have same surface
areaas 1 m?/g of Neusilin US2.

**pH of 4% w/v suspension.

silicate and Florite-F) are basic. A pH of 7.4 for Neusilin
US2 (amorphous magnesium aluminometasilicate) showed
it to be more neutral. Interestingly, its crystalline counterpart,
Veegum-F (crystalline magnesium auminosilicate) is
basic (pH 9.7).

The surface area of the silicates ranged from 13 to
300 m?g (Tablel). In order to compare the effect of (a) the
different cations, AI®*, Ca?*, Mg?*, and (b) crystallinity of
silicates on amorphization time, we co-ground using the
same drug weight—to-silicate surface area ratio. Thus
normalized weight, which is the weight of silicate
(in grams) required to have the same surface areaas 1 g of
Neusilin US2, our standard, was calculated (Table 1). The
wide range of surface area of the different silicates
restricted selection of some silicates for co-grinding, when
normalization of surface area of silicates was required. For
example, 23 g of kaolin would be required to be equivalent
to 1 g of Neusilin US2 in terms of surface area. Thuskaolin
and calcium silicate were not selected for co-grinding
experiments involving surface-normalized amounts of
silicates as discussed later in the next section (Co-grinding
Indomethacin With Pharmaceutical Silicates).

Figure 1A showsthe results of titration of Neusilin US2
suspension starting with 1IN HCI. Thereisa steep decline in
pH from 7.2 to 3.5 followed by buffering at pH 3.5. Further
addition of 1N HCI decreased the pH to 1. Upon addition of
1IN NaOH to suspension, a steep increase in the pH to 3.5
was observed, followed by buffering a pH 4.1. Further
addition of IN NaOH increased the pH to 10. At pH 10,
addition of 1IN HCI steeply lowered the pH to 7.2. Com-
parison of results for forward and backward titration
showed hysteresis, a pH-dependent change in the Neusilin
surface. This change is consistent with the previoudy
reported release of silicic acid and ions (Mg?* and AI®*) from
Neusilin US2 in 0.IN HCI.?Y Titration of Neusilin US2
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Figure 1. Titration of Neusilin US2 and Florite: (A) Neusilin—acid first followed by base; (B) Neusilin—base followed by acid;
(C) Florite—acid first followed by base; (D) Florite—base followed by acid.

suspension starting with base is reported in Figure 1B. No
hysteresis was observed when the starting pH was
increased to 10, suggesting that the surface of Neusilin is
unaffected at alkaline pH. However, as observed in Figure
1A, hysteresis (Figure 1B) in the acidic region again sug-
gests the dissolution of Neusilin US2 in the acidic pH. The
corresponding resultsfor titration of Florite-F starting with
1IN HCI and with 1IN NaOH are shown in Figure 1C and
1D, respectively. The results suggested that alkaline con-
ditions do not affect the surface of Florite-F. In addition,
hysteresis on acid treatment seems to change the surface of
Florite-F (similar to the observed change in the surface
of Neusilin US2 on acid treatment). The buffering capacity
of Neusilin US2 (0.09) is greater than that of Florite-F
(0.06). The apparent pK s of Neusilin US2 and Florite-F
are 3.5 and 6.8, respectively. Kaolin, calcium silicate,
Veegum-F, and Aerosil-200 showed minimal to no buffer-
ing capacity with no apparent pK s (data not shown). The
order of buffering capacities of different silicatesis as fol-
lows: Neusilin US2 > Florite-F >> Aerosil-200 = Veegum-
F = kaolin = calcium silicate.

Powder X-ray diffraction patterns of the silicates are
shown in Figure 2. The crystallinity of kaolin and calcium

2
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Figure 2. XRD scans of pharmaceutical silicates: (a) Kaolin,
(b) calcium silicate, (c) Veegum-F, (d) Florite-F, (€) Aerosil-200,
(f) Neusilin US2.

silicate was confirmed by the presence of sharp peaks in
their respective diffraction patterns. On the other hand, a
broad halo at ~20° 20 for Aerosil-200 and Neusilin US2 con-
firmed their amorphous nature. Florite-F (reportedly amor-
phous calcium silicate) showed 2 peaks at ~11° and ~21° 20
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and 2 broad amorphous halos at ~24° 2 6 and ~31° 2 6.
It should be noted that Florite-F and Veegum-F both
appear to be partially disordered even though Veegum-F is
widely considered to be crystaline® A sample of
Veegum-F showed birefringence when analyzed using
polarized light microscopy, thereby confirming at least
partia crystalinity.

Co-grinding Indomethacin with
Pharmaceutical Silicates

Indomethacin was co-ground with Neusilin US2,
Florite-F, Veegum-F, kaolin, calcium silicate, and Aerosil-
200 (1:5 w/w) in ajar mill. ATR-FTIR was previously
established as a far more sensitive technique than PXRD
for detecting crystallinity of indomethacin in the presence
of Neusilin US2.' Thus indomethacin-silicate powders
were co-ground until no change in their respective FTIR
spectra was observed upon further grinding. The absence
of significant polymorphic transformation of indometha-
cin after grinding with each dilicate was confirmed by
PXRD.

Co-grinding indomethacin with calcium silicate led to
the formation of large (6.3-6.5 mm diameter) spherica
aggregates of powder. No amorphization of indomethacin
was affected after grinding with calcium silicate for 14 days.
So, calcium silicate was not explored further. Indomethacin
co-ground with Aerosil-200 took 31 days to amorphize
using the jar mill. In addition, the powder turned grayish
black. In order to shorten the grinding time, a cryo-mill
was used to amorphize indomethacin with Aerosil-200
(1:5 wiw). Cryo-grinding for 30 min was sufficient to
completely amorphize indomethacin in the presence of
Aerosil-200. No grayish-black color of the powder was
observed even after cryo-grinding for 30 min (for atotal of
1 h grinding time).

The amorphization times for indomethacin co-ground
inal:5w/w ratio with Neusilin US2, Florite-F, Veegum-F,
and kaolin were 5, 8, 7, and 14 days, respectively. The
amorphization times did not correlate with suspension pH
of the silicate. However, there was an inverse rank-order
correlation of amorphization times with the surface area of
the silicate. No conclusions could be drawn regarding a cor-
relation of the amorphization times with crystallinity of the
silicate since surface area depends strongly on crystallinity.

The effect of normalizing surface area of various
silicates on amorphization times of indomethacin was
investigated by grinding the drug with Neusilin US2 (1:1),
Florite-F (1:2.3), Veegum-F (1:5.6), and Aerosil-200
(2:1.5), where the ratios are expressed by weight. The
amorphization times were 8, 11, and 7 days for indometha-
cin co-ground with Neusilin US2, Florite-F, and Veegum-F,

respectively, and 60 minutes for indomethacin cryo-
ground with Aerosil-200 in the ratio 1:1.5 w/w. Compari-
son of these amorphization times of indomethacin (using
surface area normalized amounts of silicates) with the
corresponding amorphization times of indomethacin
ground in the ratio 1:5 w/w suggests faster amorphization
when higher ratios of silicates are used. However, normal-
izing for surface area did not equalize the amorphization
times, so amorphization is a function of more than surface
area alone. Neither suspension pH nor crystallinity of the
silicate correlated with amorphization time (using surface
area—normalized silicates). The metal-ion containing sili-
cates (Mg?*, AI¥*, or Ca?") resulted in faster amorphiza-
tion times than Aerosil-200 (silicon dioxide), which does
not contain any metal ions. In addition, faster amorphiza-
tion was observed with silicates containing both Mg?* and
AI®* (Neusilin US2 and Veegum-F) as compared with
Florite-F, which contains Ca?".

As reported previously, the FTIR spectra for crystal-
line y-indomethacin and melt-quenched indomethacin dis-
played characteristic dimer peaks at 1710 cm™ and 1704
cm?, respectively. Melt-quenched indomethacin also
showed amonomer peak at 1735 cm ™. The disappearance
of the dimer peak of indomethacin amorphized by
co-grinding with Neusilin US2 has been reported else-
where.[*¥ |on-dipole interactions between the metal ions
(Mg?* and/or AI®) on the surface of Neusilin US2 and
carboxyl group of indomethacin and/or hydrogen bonding
between silanols and carbonyl group of indomethacin had
been used to explain the disappearance of the dimer
peak.'¥ Indomethacin amorphized by co-grinding with
Florite-F, Veegum-F, and kaolin (1:5 w/w) showed asimilar
disappearance of the indomethacin dimer peak (Figure 3).
However, indomethacin co-ground with Aerosil-200
showed a shift in the dimer peak at 1704 cm™ and a broad
monomer peak at ~1735 cm! more characteristic of the
melt-quenched sample (Figure 3). The disappearance of
the dimer peak is more associated with the Mg?*, AI®*, or
Ca®* ion-containing silicates presumably due to ion-dipole
interactions.

Chemica degradation of 0.5% to 4.5% of indometha
cin co-ground with the different silicates in the ratio 1.5
was determined by a stability-indicating HPLC assay
(Table 2). The chemical composition of the silicate dic-
tates the extent of observed chemical degradation of
indomethacin co-ground with different silicates. Kinoshita
et a reported 0.5% to 5.6% degradation of TAS melt
adsorbed on Florite-F.¥ In the present study, the observed
degradation (Table 2) of indomethacin co-ground with
Florite-F was highest compared with the degradation with
other silicates. The chemical degradation of indomethacin
cryo-ground with Aerosil-200 for 30 and 60 min was 0.8%
and 2.4%, respectively.
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Figure 3. ATR-FTIR scans of: (a) crystalline indomethacin;
(b) melt-quenched indomethacin; (c) indomethacin co-ground
with Neusilin US2 (1:5 w/w); (d) indomethacin co-ground with
Veegum-F (1:5 w/w); (€) indomethacin co-ground with Kaolin
(1:5 wiwy); (f) indomethacin co-ground with Florite-F (1:5 w/w);
(g) indomethacin cryo-ground with Aerosil-200 (1:5 w/w).

Physical Stability of Co-ground Indomethacin

Indomethacin co-ground with Neusilin US2 (1:4 and
1:5) at 75% RH was physically stable for 3 months stored
at 40°C/75% RH.'™ The co-ground samples when stored
for 6 months were amorphous as confirmed by absence of

Table2
Chemical stability of indomethacin co-ground with different
pharmaceutical silicates at initial and 3 months storage,
determined using a stability-indicating HPL C method

Sample Condition Potency”
IND:Neusilin US2 (1:5) Initial 97.4
3M/40°C/75% RH 89.8
IND:Florite-F (1:5) Initial 95.5
3M/40°C/75% RH 84.8
IND:Veegum-F (1:5) Initial 99.5
1M/40°C/75% RH 97.4
3M/40°C/75% RH 95.2
IND:Kaolin (1:5) Initial 98.8
3M/40°C/75% RH 96.5
IND:Aerosil-200 (1:5) 30 mins cryoground 99.2
1 hr cryoground 97.6

*Percent peak area.

birefringence under polarized light (Figure 4a and 4b). How-
ever, the ATR-FTIR method detected ~30% crystalinity in
the samples stored for 6 months (n = 3). Careful comparison
of the IR scans of samples stored for 6 months with initial
samples showed changes in the pesks at 1356 to 1367 cm ™t
(corresponding to C—H bond stretching at CgHg, 35) and at
1479 to 1492 cm* (due to C—H stretching at Cy, Cyy, Cyg,
and C,,) region (Figure 5). On the other hand, the IR scans
of the 6-months-stored sample did not change with respect
to the peaks for dimer (1700-1727 cm™) and for C;,to Cy4
deformation (shoulder a 1471 cm™) occurring due to
interaction between benzoyl group of indomethacin and
silanols of Neusilin US2. Without all of the corresponding
IR changes associated with an amorphous to crystalline
transition occurring consistently, we find the ATR-FTIR
guantification method to be unreliable a 6 months of
storage. Polarized light microscopy (Figure 4c) of a sample
corresponding to 5% crystallinity (prepared by mixing
v-indomethacin with Neusilin US2 in the ratio 1:5 w/w)
revealed birefringence comparable with the amorphized
sample stored for 6 months (Figure 4a and 4b), suggesting
that the level of crystallinity in co-ground amorphous
samples stored for 6 months at 40°C/75% RH is about 5%,
perhaps less.

The dimensions of a molecule of indomethacin
(calculated using Hyperchem, Gainesville, Florida)
approximated by arectangle that contains the structure are
4.27 A° x 8.97 A° x 12.66 A° (Figure 6). Using these
dimensions, the amount of indomethacin that would form
a monolayer on the surface of Neusilin US2 (surface area
300 m?/g) was calculated. Based on the lowest and highest
surface area faces of the rectangle containing the
indomethacin molecule, 0.16 to 0.47 g of indomethacin
would provide monolayer coverage on one gram of Neusilin
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(A)

©

Figure 4. Polarizing light micrographs of indomethacin
co-ground with Neusilin and stored at 40°C/75% RH for
6 months: (A) 1:4, (B) 1.5, (C) 5% crystalline indomethacin (at
initial time only).

H,CO

Figure6. 3D structure and unit cell dimensions of indomethacin
molecule.

US2. This corresponds to aratio of indomethacin:Neusilin
US2 of 1:2 to 1:6 w/w. Amorphization of indomethacin
co-ground with Neusilin US2 was reported for the ratios
1:0.5 and 1:1,1*4 which are well above monolayer coverage.
Theratio (w/w) of indomethacin:silicate needed for mono-
layer coverage was similarly calculated to be 1:3-1:10, 1.5
to 1:14, 1:13 to 1:33, and 1:50 to 1:100 for Aerosil-200,
Florite-F, Veegum-F, and kaolin, respectively. All of the
silicates investigated in the present study amorphized
indomethacin well above monolayer coverage.
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The greater amounts of indomethacin amorphized by
Neusilin US2 (than the amount suggested based on mono-
layer calculations) are consistent with capillary condensa-
tion of indomethacin in the pores of Neusilin US2 as
previously suggested*¥ for Neusilin US2 and shown(?®!
for activated carbon. The pore volume (0.059 cm®g) of
Neusilin US2 co-ground (for 10 days) with indomethacin
in the ratio 1:0.5 (indomethacin:Neusilin US2) is lower
than that of neat Neusilin US2 (0.525 cm®g) ground for 10
days, also suggesting condensation of indomethacin in the
pores. The melting point of partially crystalline co-ground
indomethacin (~152°C-154°C) was lower and broader
than the melting point of neat crystalline indomethacin
(162°C), suggesting the presence of drug in the pores
of Neusilin US2. Others have documented condensation of
drugs in the mesopores of silicated®?”! and depression
of melting point of compounds present in the pores of
silicates!*? |ndeed the depression of melting point in
pores is used to calculate pore radii (assuming cylindrical
pores) 12930

Physical stability of amorphous and partially amor-
phous indomethacin (co-ground with Neusilin US2 in
weight ratio of 1:0.5) is shown in Table 3. Faster recrystal-
lization was observed for partially amorphous samples as
compared with that of completely amorphous samples.
The remaining crystaline indomethacin (in partialy
amorphous samples) could serve as seeds for faster recrys-
tallization. When physical stability of 3 different batches
of completely amorphous indomethacin (co-ground with
Neusilin US2 in the ratio 1:0.5) was followed for 3
months, one batch co-ground for only 13 days crystallized
much faster while the other two co-ground for 16 days
recrystallized more slowly (to only 40%) (Table 3) even
though 10 days of grinding was shown to be sufficient to
completely amorphize indomethacin with Neusilin US2
(1:0.5 wiw).[*4l Watanabe et a also reported inhibition in
recrystallization kinetics with increased time of grinding
past complete amorphization.[*2 The IR of indomethacin
co-ground with Neusilin US2 for 10, 13, and 16 days,
respectively, were identical to each other. Perhaps FTIR is

not sensitive enough to capture any remaining crystalline
regions serving as seeds for recrystallization. The presence
of undetected crystalline indomethacin serving as seeds
for recrystallization™ could explain the observed rever-
sion of indomethacin on storage although the silica
employed in 2 studies differ from each other.

It should be noted that no recrystallization of
indomethacin (co-ground with Neusilin US2 in the weight
ratios of 1:1, 1:4, and 1:5) was observed when stored at
40°C/75% RH for 3 months.* Thus while a critical ratio
of indomethacin:Neusilin US2 was reported for amor-
phization as 1:0.5 or lower,!* the minimum ratio of 1:1
(or somewhere between 1:0.5 and 1:1) is required for
physical stability of amorphous indomethacin. Thisis still
greater than the ratio expected to form a monolayer, so
some other mechanism, perhaps capillary condensation, is
responsible for stabilization.

The physical stability of indomethacin co-ground
with Florite-F, Veegum-F, and kaolin (1:5 w/w) was
investigated. Asreported earlier (Figure 3), the dimer peak
of crystalline indomethacin was absent when indometha
cin was co-ground with Florite-F, Veegum-F, and kaolin.
FTIR spectra for the initial co-ground samples and those
stored for 3 months did not change (data not shown) indi-
cating the absence of significant reversion on storage.
Thus co-ground amorphous indomethacin (with a variety
of silicates) was physicaly stable for 3 months at 40°C/
75% RH. Supporting evidence for absence of crystallinity
during storage was obtained using PXRD (showing char-
acteristic amorphous halos), absence of birefringence
under polarized light and the absence of any melting peak
(at 162°C) of indomethacin by DSC (data not shown).

The stability of indomethacin cryo-ground with
Aerosil-200 was not investigated due to the limited
amount of sample available. Others have reported that
amorphous indomethacin prepared by spray-drying with
Aerosil-200 (a process different than ours) and stored for
2 months at 40°C/75% RH was stable. It should be noted
that indomethacin co-ground with the amorphous silicates
Florite-F and Neusilin US2 (in the ratio 1:5) is at or below

Table3
Percent crystallinity of amorphous indomethacin and partialy crystalline indomethacin
co-ground with Neusilin (1:0.5 w/w) and stored at 40°C/75% RH

Initial State Co-grinding time Initial 1M/40°C/75% RH 2M/40°C/75% RH 3M/40°C/75% RH
Partialy crystalline 7 days 24 64 62 93
7 days 28 56 54 91
7 days 23 54 57 92
Amorphous 13 days 0 66 65 72
16 days 0 23 38 42
16 days 1 22 38 40
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monolayer coverage. Interestingly, indomethacin co-ground
with the crystalline silicates Veegum-F and kaolinin a 1:5
ratio is above monolayer coverage and yet remains physi-
cally stable. The reason is not obvious and needs investi-
gation. Further, there seems to be no correlation between
the pH of the silicate and observed physical stability of the
co-ground amorphous indomethacin.

Dissolution and Solubility Studies

The solubility of y-indomethacin in 0.IN HCl was
determined to be 0.2 pg/mL (Figure 7). Indomethacin
amorphized by co-grinding with different silicates showed
a characteristic peak in concentration (or maximum tran-
sient concentration [MTC]) followed by arapid declinein
concentration to a plateau (or maximum sustained concen-
tration [MSC]), due to crystalization of indomethacin. The
pH of the medium at the end of the study was the same as
the initial value. Detection of only the y-polymorph of
indomethacin by PXRD from the solids recovered at the
end of the 60-minute dissolution confirmed the absence of
any polymorphic transformation. Peak and plateau
concentration ratios of indomethacin co-ground with dif-
ferent silicates (see the table in Figure 7) were calculated
by dividing the MTC and the MSC, respectively, by the
solubility of crystalline indomethacin. The MTCs for
indomethacin amorphized by co-grinding with different
silicates (in the ratio 1:5 w/w) were in the following order:
Neusilin US2 (21.92 ug/mL) > Florite-F (19.38 ug/mL) >
kaolin (16.83 pg/mL) > Aerosil-200 (12.79 ug/mL) >
Veegum-F (7.14 pg/mL). The MSCs attained were in the

order: Florite-F (4.24 ug/mL) > kaolin (4.09 ug/mL) >
Aerosil-200 (3.85 pug/mL) > Veegum-F (3.48 ug/mL) >
Neusilin US2 (2.42 pg/mL). It should be noted that the
order of MTCs and MSCs could change with a change in
the ratio of drug to silicate.?

The dissolution of indomethacin co-ground with
surface area—normalized amounts of silicates was investi-
gated. No MTCs (except in the case of Veegum-F) were
observed during dissolution of indomethacin amorphized
by co-grinding with various surface area—normalized
silicates (Figure 8). The reason for the difference in the
observed MTCs needs further investigation. At this time,
it is hypothesized (consistent with monolayer adsorption
and capillary condensation) that with the lower ratio of
drug to silicate (ie, higher fraction of silicate) used for
amorphization, a greater fraction of indomethacin is
adsorbed on the surface rather than present in the pores.
The higher fraction of drug adsorbed on the silicate
surface results in a higher peak (apparently supersatu-
rated) concentrations.

The MSCs (for indomethacin co-ground with silicates
using surface area—normalized amounts) attained were in
the following order: Veegum-F (3.48 pg/mL) > Aerosil-200
(275 pg/mL) > Neusilin US2 (2.27 pg/mL) > Florite-F
(1.20 ug/mL). Anincreasein the M SC of co-ground amor-
phous drug has been shown to be due to presence of silicic
acid and metal ions (Mg?* and AlI®*) in the dissolution
medium.?” The type and amount of silicate affects the
amount of silicic acid and/or ions released in to the disso-
[ution medium and therefore the differencesin experimen-
tally observed MSCs of indomethacin co-ground with
different (surface area—normalized) silicates.
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Figure7. Dissolution profiles (n = 3) of 100 mg indomethacin ground with different pharmaceutical silicates (1:5w/w) in 0.1N HCI
(900 mL): —A— Neusilin US2, —A— Veegum-F, —e— Florite-F, -0— Kaolin, -O— Aerosil-200, —-l—crystalline indomethacin.
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Figure 8. Dissolution profiles of 100 mg of indomethacin co-ground with different pharmaceutical silicates (surface area
normalized) in 0.1N HCI (900 mL): - & - Florite-F (1:2.3), -A- Neusilin US2 (1:1), -@- Aerosil-200 (1:1), -[J- Veegum-F (1:5),
—l- crystalline indomethacin. Ratio of drug to silicate isin parentheses.

Effect of Storage on Dissolution and Solubility

The effect of storage on dissolution and solubility of
indomethacin co-ground with silicates (1.5 w/w) was
investigated. Figure 9 compares the dissolution profiles of
indomethacin co-ground with Neusilin US2 initially and at
1 to 3 months of storage at 40°C/75% RH. The peak and
plateau ratios at respective time points are reported in the
inset table in Figure 9. An increase in the MTC from the
initial sample (21.9 pg/mL) to the sample stored for

1 month (24.4 ng/mL) was observed (P < .05). Further
storage for 2 months did not change the MTC. The MSC
of indomethacin co-ground with Neusilin US2 (at initia
time point) was 13 times higher than the solubility of crys-
talline indomethacin and increased with storage time. The
dissolution profiles of indomethacin co-ground with
Florite-F, Veegum-F, and kaolin (1:5 w/w) initialy and
after 3 months of storage are shown in Figures 10 to 12,
respectively. Both MTCs and M SCs increased upon storage
at 40°C/75% RH for indomethacin-Florite-F (Figure 10)

Pharmaceutical Development and Technology Downloaded from informahealthcare.com by University of Maastricht on 06/01/14
For personal use only

Initial 1M/40°C/75%RH | 2M/40°C/75%RH | 3M/40°C/75%RH
30§ Peak Ratio 109.5 122.0 123.3 125.2
Plateau Ratio 13.0 52.9 60.9 72.8
25 i‘~ - @ T~
~ -
T R T
£ 20 \ ‘\ ‘e ~
E . . : \%
= N SRR ~ = _
g 157} 1 T~ g -
IR T =i :
B m e e e e

s 10} \ * *
© \

5 I Y

~
*————h—— — A ———— — — - ——— — — =
0 4_._. —% * » T = T
0 10 20 30 40 50
Time (mins)

Figure9. Dissolution profiles (n = 3) of indomethacin co-ground with Neusilin US2 (1:5 w/w) in 0.1N HCI (900 mL): —A—initial,
—&—1M/40°C/75% RH, —A— 2M/40°C/75% RH, -1— 3M/40°C/75% RH, —B- crystalline indomethacin.
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Figure10. Dissolution profiles (n = 3) of indomethacin co-ground with Florite-F (1:5 w/w) in 0.1N HCI (900 mL): —A—initial,

—[1-3M/40°C/75% RH, -l crystalline indomethacin.
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Figure1l. Dissolution profiles (n = 3) of indomethacin co-ground with Veegum-F (1:5 w/w) in 0.1N HCI (900 mL): —A—initial,

—[1-3M/40°C/75% RH, - crystalline indomethacin.

and indomethacin-Veegum F (Figure 11). There was no
change in MTC, but a significant increase of MSC upon
storage (Figure 12) for indomethacin co-ground with
kaolin. Thus al 4 silicates presently investigated changed
the dissolution of co-ground amorphous indomethacin
upon storage.

Possible mechanisms for the observed increase in
the dissolution of co-ground amorphous indomethacin
upon storage were investigated. The chemical stability
of indomethacin co-ground with different silicates ini-
tially and at 3 months of storage is reported in Table 2.
A ~10% decline in potency on storage was observed

for indomethacin co-ground with amorphous porous
silicates (Neusilin US2 and Florite-F). A 2.3% and 4.3
% decline in potency of stored co-ground indomethacin
was determined for samples co-ground with kaolin and
Veegum-F, respectively (Table 2). It should be noted
that with all 4 silicates, an increased MSC (2.3-5.6
times) was observed upon storage. We noted that higher
degradation of indomethacin co-ground with amorphous
silicates as compared with that of crystalline silicates
also correlates with the surface area of the silicate. The
pH of the silicate (Table 1) does not seem to correlate
with the chemical stability (Table 2) of co-ground
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Figure12. Dissolution profiles (n = 3) of indomethacin co-ground with Kaolin (1:5 w/w) in 0.1N HCI (900 mL): —A— initial,

—[0- 3M/40°C/75% RH, —M- crystalline indomethacin.

indomethacin upon storage. However, in any case, there
is not sufficient degradation to account for the large
increases in MSC of co-ground amorphous indomethacin
upon storage.

The co-ground amorphous indomethacin-Neusilin
US2 system was further investigated. Table 4 compares
surface area, meso- and micropore volumes, and meso-
and micropore diameters of indomethacin co-ground with
Neusilin US2 (1:5) initially and at 3 months of storage. A
small decrease in surface area from 31 m?/g (initial) to 25
m?/g was observed at 1 month of storage, which remained
constant for the next 2 months. Pore volumes and pore
diameters for initial and stored samples were also similar.
The absence of any significant change in the surface area,
pore volume, and pore diameter of co-ground amorphous
indomethacin upon storage suggests that it is unlikely that
there is any further deposition or depletion of drug from

the pores during storage. Thus neither surface area nor
porosimetry could explain higher MTCs and/or M SCs of
co-ground amorphous indomethacin on storage.

In a separate set of experiments, the dissolution of
600 mg of initial and stored samples of indomethacin
co-ground with Neusilin US2 (1:5 w/w) were studied in
900 mL of 0.IN HCI at 37°C. The concentration of
dissolved silicic acid at 60 min was determined using a
silicomolybdate method.! The concentration of silicic
acid increased from 324 ug/mL (initialy) to 496 pg/mL
(for the 3-months-stored sample). An increase in the MSC
of indomethacin due to dissolved silicic acid and ions
(Mg?* and/or AI®*) has been reported previously.[”? Thus,
an increase in dissolved silicic acid may account for the
increased MSC of indomethacin upon storage. However,
the reaction that produces the increase in silicic acid upon
storageis not obvious.

Table4
Surface area, pore volume and pore diameter of powder (indomethacin co-ground with
Neusilinintheratio 1:5 for 5 days) at initial time point and storage at 40°C/75% RH

Surface Area Pore VVolume BJH Average Pore HK Pore Volume Median Pore
Condition (m?g)* (cm®lg)* Diameter (A°)* (cmPlg)* Diameter (A°)*
Initial 30.6(0.1) 0.122 (0.002) 161.9 (5.5) 0.039 (0.001) 52.7(1.7)
1M/40°C/75% RH 24.8(1.3) 0.126 (0.011) 195.0 (12.0) 0.030 (0.002) 52.7 (4.2)
2M/40°C/75% RH 24.9 (0.5) 0.106 (0.001) 165.3 (6.5) 0.030 (0.000) 51.8 (2.3)
3M/40°C/75% RH 23.9(0.8) 0.118 (0.013) 175.3 (30.3) 0.031 (0.001) 55.0 (1.5)

*Standard deviation of 2 readings isin parentheses.
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CONCLUSIONS

Indomethacin was successfully amorphized by
co-grinding with different silicates having various physico-
chemica properties such as surface area, pH, crystalinity,
and metal ions. A shorter amorphization time of indometha
cin was found when co-grinding with metal ion-containing
silicates (as compared with co-grinding with silicon dioxide).
In addition, higher surface area slicates lower the amor-
phization time. The co-ground amorphous indomethacin was
physicaly stable by ATR-FTIR for 3 to 6 months at 40°C/
75% RH. All of the silicatesinvestigated in the present study
amorphized indomethacin well above monolayer coverage.
Porosimetry of co-ground samples suggested stabilization of
amorphous indomethacin in the mesopores of Neusilin US2.

In addition to their ability to produce amorphous drug,
Neuslin US2 and Florite-F act as buffers with the apparent
pK,s of 35 and 6.8, respectively. The higher plateau
concentrations of co-ground amorphous indomethacin seen on
dissolution are highly dependent on (a) the amount of silicate
and (b) the type of silicate used for co-grinding. Enhancement
in solubility of co-ground amorphous indomethacin was
found to be dueto interaction of drug with silicic acid and ions
(Mg?*, AI¥, and Ca") released (from a least one of the
slicates) into the dissolution medium. The amorphous
indomethacin (prepared by co-grinding with Neuslin US2,
Florite-F, Veegum-F, and kaolin) was physcdly stable with
respect to PXRD and FTIR scans, yet showed further
enhancement in the solubility (2.3 to 5.6 times) upon storage
(compared with their initial plateau concentrations) a 3
months at 40°C/75% RH. An increase in the dissolved silicic
acid (rdeased from Neuslin US2) may account for the
increased plateau concentration of indomethacin upon storage.
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