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Solicitud de patente a nombre de PHARMACEUTICALS INC
AND TRUSTEES OF DARTMOUTH COLLEGE

|

Yo, DILIA MARIA RODRIGUEZ I’ALEMAN, identificada como apatece al
pie de mi firma, domiciliada en la carrera 11 A No. 86-53, piso 6, obrando como
apoderada de la sociedad PHARMACEUTICALS, INC. AND TRUSTEES
OF DARTMOUTH COLLEGE, solicitante de la patente de la referencia, en
respuesta al oficio No. 6056 notificado por fijacién en lista el 9 de abril de 2013, y
considerando el memorial radicado el 25 de junio de 2013 en donde se solicitd
una prérroga de 30 dias para dar respuesta a dicho oficio, me permito manifestat:

1. Con fundamento en la facultad que confiere el articulo 34 de la
Decisién 486 al solicitante para modificar la solicitud de patente en cualquier
~momento del tramite, presento junto con este memorial un nuevo capitulo
reivindicatorio, el cual consta de 10 reivindicaciones y reemplaza completamente
el capitulo presentado anteriormente.

!
- En cuanto a estas modificaciones, me petrmito decit que las mismas no antiplian
de ninguna manera la matetia objeto de la presente solicitud y se realizaron con el
animo de superar las objeciones planteadas por el examinadot en su contepto
técnico. I

2. Claridad de la Solicitud !

. . . . . |
Inicialmente, deseamos poner de presente las modificaciones realizadas, las cuales
son las siguientes:

Inicialmente, se aclara que el dtulo de la solicitud se modifica a
“TRITERPENOIDES SINTETICOS EN EL TRATAMIENTO DE
ENFERMEDADES” con el fin de evitar hacer referencia a usos.
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Adicionalmente, en cuanto a las reivindicaciones se pone de presente que la
anterior reivindicacién 1 no se ha incluido, por lo que la anterior reivindicaciéon 2
cortesponde ahora a la reivindicacién principal, en donde se reclama una
composicién farmacéutica que comprende un compuesto que corresponde a una
forma so6lida B de RTA-402, tal como se revela en la desctipcion de la solicitud.

- Cabe anotar que las caracteristicas de la anterior re1vmd1cac1on 3 se han incluido

en dicha nueva retvindicacion independiente. ;
Asi las cosas, las nuevas reivindicaciones estin enteramente sustentadas en la
descripcién y de ninguna manera cortesponden a generalizaciones amplias de las

que no se pueda determinar un efecto técnico.

Por consiguiente, se considera que con las modificaciones efectuadas siguiendo
las observaciones realizadas por el Sefior Examinador se debe tener por superada
las objeciones formuladas con base al no cumplimiento de las disposiciones de
los articulos 28 y 30. )

3. Requisitos de Patentabilidad

El examinador ha rechazado las reivindicaciones 2-11 porque considera que se
hubieran derivado de manera obvia en vista de los documentos D1 y D2, con lo
que el solicitante no se encuentra de acuerdo, tal como se indicara a

. continuacion: i

Inicialmente, es deseo del solicitante poner de presente que no se encuentra de
acuerdo con la afirmacién del Examinador en cuanto a que “no es posible
concluir que una composiciéon que comprenda una nueva forma ctistalina de un
compuesto conocido envuelva actividad inventiva, como quiera que la molécula
misma ya habia sido sintetizada con antetioridad y las composiciones que la
contienen y ase habian sugerido”, toda vez que no es correcto relacionar el hecho
que el polimotfismo tresultatia obvio para la persona versada en la matetia
partiendo de la premisa que la molécula ya habia sido sintetizada, ya que se debe
partir de la premisa que todos los compuestos presentan polimorfismo pero que
el verdadero reto es encontrar estas formas polimoérficas, mantenetlas y
reproducirlas bajo las condiciones en las que las mismas se forman. En
consecuencia, es errdneo y que por lo tanto no es valido afirmar que por el
simple hecho de que en D1 se sugiera la forma cristalina A de CDDo-Me, se
tengan como obvias las condiciones de preparacién necesarias para obtener la

!
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forma B, o composiciones que comprende la misma, que ha resultado tener un
efecto técnico ventajoso como se demostrara a continuacion.
El Examinador ha afirmado que “la identificacién de la nueva forma cri!stah'na
reclamada y caracterizada mediante la técnica de DRX no representa un avance
técnico real y tampoco un salto cualitativo a la regla técnica porque el efecto
asociado a las composiciones que la contienen no fue demostrado en la
descripcién de la solicitud, comoquiera que no se encontrd alguna prueba o
ensayo que permitiera determinar las ventajas reales de las composiciones que
comprenden forma amorfa B del compuesto CDDO-Me teclamadas”. A este
tespecto, es deseo del solicitante poner de presente que

|
la presente invencién se encuentra dirigida a la composicién farmacéutica que
contiene la Forma sélida B de RTA-402 (CDDO-Me). A diferencia de la
presente invencién, D2 describe el uso de formas no sélidas de CDDO-Me en
el contexto del tratamiento del cincer en combinacién con otro farmaco anti-
cancer, tal como gemcitabina. |

En cuanto a D1, se aclara que dicho documento también se difetencia’ de la
presente invencién. Asi, las cosas, si bien estas anterioridades no revelan si
CDDO-Me se encontraba en forma de sélido en solucién, sélo reporta que
alcanza niveles plasmiticos "superiores a 1 ng/mL". En contraste, la presente
invencién describe concentraciones en plasma supetiotes a 3 ng /mL y 10
ng/mL para la Forma B. Véase la FIG. 15. La_ capacidad de alcanzar
~concentraciones en plasma mas altas se considera una caractetistica
particularmente ventajosa, ya que permite una reduccién en la cantidad de

farmaco que se necesita, lo que reduce el nesgo de cualquier efecto

secundario Dotenmalmente negatlvo. |

Con base en el analisis anterior, ni D1 ni D2, ya sea solos 0 en combinacién,
ensefian o sugieren el uso de formas sélidas de CDDO-Me, y menos la
composiciéon farmacéutica que comprende la forma sélida B de CDDO-Me,
como se reclama en la reivindicacién principal de la presente solicitud.. Y lestas
referencias ciertamente no ensefian o sugieren que se puedan alcanzatr
concentraciones mas altas en plasma de CDDO-Me (3-10 ng/mlL

reportados en la presente invencion frente a 1 ng/ml reportado en D1).

l
Aun mas, con trespecto a las afirmaciones hechas por el Examinador en cuanto a
que el documento D1 revela composiciones para administracién oral que
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contienen RTA 402 que corresponde a la forma cristalina A de CDDO-ME, | es
deseo del solicitante poner de presente que la presente solicitud se encuentra
dirigida a la forma B y que dicha forma B es muy superior a la forma A que
indica el Examinador ya es sugerida en los documentos D1y D2. A este
respecto se llama la atencién del Examinador con respecto a la Figura 15 en la
descripcién de la presente solicitud, en donde se puede obsetvar claramente que
la Forma B genera los valores miximos de concentracién en plasma de 4 2 6

veces mayores que la Forma Al Tal mejora es mayor que lo que se esperaria.!

Igualmente, se allega el articulo Physicochemical properties and ' oral
bioavailability of amorphous atorvastatin hemi-calcium using spray-drying and
SAS process, Kim et al. , en donde se describen propiedades mejoradas de
atorvastatina amorfa frente a una forma cristalina, y la mejora de la
biodisponibilidad de la forma amotfa. Cabe notar que la mejora de la
biodisponibilidad oral (en el AUC) es de 2 a 3 veces. Vet tabla 3.

Es de suma importancia tener en cuenta que en contraste, la Forma B, revelada
en la reivindicacion 1 de la presente solicitud muestra una concentracién maxima
en plasma que es de 4 a 6 veces mas alto que el material de la Forma A, que es
cristalina. Lo que demuestra que la materia contenida en las relvmdlcac1ones la
10 es inventiva. |

i
De lo anterior, es claro que la composicién farmaceutica que comprende la forma
B de RTA 402 reclamada en la presente solicitud se debe tenet como inventiva
puesto que la misma presenta un efecto técnico inesperado, lo cual es un claro
-indicio de su nivel inventivo por cuanto aleja la posibilidad de que los mismos se
deriven de manera obvia u evidente a partir de las ensefianzas divulgadas ed los
documentos citados por su Despacho. J
En vista de lo anterior, las nuevas reivindicaciones no son obvias y Ddr lo
tanto son inventivos sobre el estado del arte. Por lo tanto, se le sohc1ta
respetuosamente al examinador retire la objecion de nivel inventivo.

Por consiguiente, teniendo en cuenta los atgumentos ptresentados, se concluye
que las enseflanzas de la anteriotidad citada por su Despacho no lleva a un
técnico versado en la materia a obtener la presente invencién ya que no revelan o
ensefian las caracteristicas técnicas esenciales relacionadas con la misma, de
maneta tal aca es reivindicada. Lo anterior si se tiene en cuenta que para el
estudio de nivel inventivo el Examinadot no puede adoptat la posicién de un
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inventor y que ademas no puede partir de la solucién dada sino simplemente de
lo que exptesamente tevelen el o los documentos mas cercanos del estado del

arte.

Habiendo atendido cabalmente las objeciones presentadas por ese despacho,
atentamente solicitamos se conceda el privilegio de patente de invencién a la
solicitud en estudio o si el examinador considera que subsisten fazones para
objetar la presente invencidén rogamos expedir otto examen de fondo con los
debidos motivos y razones que sustenten su objecién con el fin de que nuestro
'mandante tenga la posibilidad de exponer sus atgumentos con base en la
interpretacién de los articulos 45 de la Decision 486 -el cual otorga la facultad al
examinador para emitir los exdmenes de fondo-, 35 y 59 del Cédigo' Contencioso
Administrativo que sefiala que: “habiéndose dado oportunidad a los interesados para
expresar sus opiniones, y con base en las pruebas ¢ informes disponibles, se tomard la decision
que serd motivada al menos en forma sumaria si afecta a particulares”y “(.) deberd proferirse
la decision definitiva. Esta se motivard en sus aspectos de hecho y de derecho, y en los de
conveniencia si es el caso”, respectivamente (El subrayado es nuestro).

En consecuencia, solicitamos a ese despacho pronunciarse en relaciéon con todos
los argumentos presentados en este memorial dando estrictal aplicacion al
principio del debido proceso consagtado en el atticulo 29 de la Constitucion

Nacional.

Sefior Superintendente,
,

SILVANA MARIA LOPEZ Qz
C.C. 22468787 de Barranqllilla

T.P 147463 del CS]
notificaciones@clarkemodet.com.co
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Una composicioén farmacéutica que comprende una forma polimérfica de un

compuesto de formula:
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caracterizada porque al menos una porcién del comupesto se encuentra en forma
polimorfa y porque ademas la forma polimorfa es una forma amorfa que tiene un
patrdn de drifraccion de rayos X (CuKa) con un pico de halo de 13.5 °20, y un valor
de Tg en el rango de 120 °C hasta 135 °C.

|
La composicion farmacéutica de acuerdo con la reivindicacién 1, caracterizada

I
porque el valor de T se encuentra en el rango de 125 °C hasta 130 °C.

La composicién farmacéutica de acuerdo con la reivindicdcion 2, caracterizada

porque el valor de T, es de 125 °C.

La composicion farmacéutica de acuerdo con cualquiera de las reivindicaciones 1 a
3 caracterizada porque ademas comprende un excipiente, en donde el excipiente es
(A) un carbohidrato, un derivado de carbohidrato, o un polimero de carbohidrato;
(B) un polimero orgénico sintético; (C) una sal de acido organico; (D) una proteina,

un polipéptido o péptido y (E) un polisacarido de elevado pesé molecular.

v

La composicién farmacéutica de acuerdo con la reivindicacion 4, caracterizada

porque el excipiente es un polimero organico sintético.



10.

La composicién farmacéutica de acuerdo con la reivindicacion 4, caracte‘;rizada
porque el excipiente se selecciona del grupo integrado por una hidroxipropil-metil-
celulosa, un poli [1-(2-oxo-1-pirrolidinil)etileno o uno de sus copolimeros y un

copolimero de 4cido metacrilico-metacrilato de metilo.

La composicion farmacéutica de acuerdo con la reivindicacion 6, caracterizada

porque el excipiente es ester ftalato de hidroxipropil-metil-celulosa. !

La composicién farmacéutica de acuerdo con la reivindicacion 6, caracterizada

porque el excipiente es PVP/VA.

!
La composicion farmacéutica de acuerdo con la reivindicacion 6, caracterizada

porque el excipiente es copolimero‘ de acido metacrilico-acrilato de etilo (1:1). !
l

La composicién farmacéutica de acuerdo con la reivindicacién 5, caracterizada

porque el excipiente es copovidona.
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The objective of the study was to prepare amorphous atorvastatin hemi-calcium using spray-drying and
supercritical antisolvent (SAS) process and evaluate its physicochemical properties a'gnd oral bioavailabil-
ity. Atorvastatin hemi-calcium trihydrate was transformed to anhydrous amorphous form by spray-drying
and SAS process. With the SAS process, the mean particle size and the specific surface area of amor-
phous atorvastatin were drastically changed to 68.7 £ 15.8 nm, 120.35 + 1.40 m2/g and 95.7 +12.2nm,
79.78 +£0.93 m?/g from an acetone solution and a tetrahydrofuran solution, respectively and appeared
to be associated with better performance in apparent solubility, dissolution and pharmacokinetic
studies, compared with unprocessed crystalline atorvastatin. Oral AUCy.gy, values in SD rats for crys-
talline and amorphous atorvastatin were as follow: 1121.4+ 212.0 ng h/mL for crystalline atorvastatin,
3249.5+406.4 ng h/mL and 3016.1 + 200.3 ng h/mL for amorphous atorvastatin from an acetone solution
and a tetrahydrofuran solution with SAS process, 2227.84274.5 and 2099.9 + 339.2 ng h/mL for amor-
phous atorvastatin from acetone and tetrahydrofuran with spray-drying, The AUCs of all amorphous
atorvastatin significantly increased (P <0.05) compared with crystalline atorvastatin, suggesting that the
enhanced bioavailability was attributed to amorphous nature and particle size reduction. In addition,
the SAS process exhibits better bioavailability than spray-drying because of particle $ize reduction with
narrow particle size distribution. It was concluded that physicochemical properties and bioavailability of
crystalline atorvastatin could be improved by physical modification such as particle size reduction and
generation of amorphous state using spray-drying and SAS process. Further, SAS process was a powerful
methodology for improving the physicochemical properties and bioavailability of atorvastatin,

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Atorvastatin, as a synthetic lipid-lowering agent, is an

‘i
(F) of atorvastatin is 12% after a 40 mg oral dose (Corsini et al,
1999). ’ ‘
Oral bioavailability is limited by the factors such as the mem-

inhibitor of 3-hydroxy-3-methyl-glutaryl-coenzyme A (HMG-
CoA) reductase which catalyzes the conversion of HMG-Co A to
mevalonate, an early rate-limiting step in cholesterol biosynthesis
(Lennernas, 2003). Atorvastatin is currently used as calcium salt
for the treatment of hypercholesterolemia. Atorvastatin calcium
([R-(R*,R*)]-2-(4-fluorophenyl)-f3,8-dihydroxy-5-(1-methylethyl)-
3-phenyl-4-[(phenylamino)carbonyl]-1H-pyrrole-1-heptanoic

acid, hemi-calcium salt) is insoluble in aqueous solution of pH 4
and below; it is very slightly soluble in water and pH 7.4 phosphate
buffer. The intestinal permeability of atorvastatin is high at the
physiologically relevant intestinal pH (Lennernas, 1997; Wu et al.,
2000). However, it is reported that the absolute bioavailability

* Corresponding author. Tel.: +82 42 821 5922; fax: +82 42 823 3078.
E-mail address: sjhwang@cnu.ac.kr (S.-J. Hwang).

0378-5173/$ - see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.ijpharm.2008.04.006

brane permeability, the solubility, the dissolutionirate of the drug
and so on. Specially, the solubility and the dissolution rate of a
poorly water-soluble drug is a critical factor for its oral bioavailabil-
ity. Many approaches have been developed to improve solubility
and to enhance the dissolution rate and oral bioavailability of poorly
soluble drugs (e.g. salt formation (Engel et al., 2000; Perng et al.,
2003; Choi etal.,2004; Han and Choi, 2007), solid dispersion (Taylor
and Zografi, 1997; Chen et al,, 2004; Paradkar et dl., 2004; Sethia
and Squillante, 2004), inclusion complex (Al-Marzougqi et al., 2006;
Anzaietal., 2007; Jun et al,, 2007), microemulsion (Shen and Zhong,
2006; Park et al., 2007), micronization (Farinha et al., 2000; Kim et
al,, 2007a), etc.). Physical modifications often aim 'to increase the
surface area, solubility and wettability of the powder particles and
are therefore focused on particle size reduction or generation of
amorphous states (Hancock and Zografi, 1997; Grau et al., 2000).
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An amorphous solid can be defined as its molecular arrange-
ment lacks long-range order, which is the unique feature of crystals.
Solubility (S) of a solid solute can be expressed by considering the
three basic quantities, as follow (Lipinski et al., 2001);

S = f(Crystal Packing Energy + Cavitation Energy
+ Solvation Energy) (1)

For the solubilization of a solid solute, a first major huddle to
overcome is the disruption of crystal packing. A crystalline solid
possess relative higher crystal packing energy, as compared to an
amorphous solid. But unlike a crystalline solid, an amorphous solid
has low packing energy and no long-range order of molecular
packing. By this property of the amorphous solid, an amorphous
solid often exhibit higher solubility than a crystalline solid. In
many studies, it is reported that amorphous systems is efficient
for the enhancement of dissolution and bioavailability (Mullins and
Macek, 1960; Imaizumi, 1980; Sato et al., 1981; Choi et al., 2004). In
addition, Hancock and Parks (2000) reported that 10~1600 folds of
solubility enhancement could be achieved by the use of amorphous
systems.

Recently, several studies on particle formation using the SAS
process have been reported as a viable means of nanoparticle
formation using various pharmaceutical compounds (Reverchon
and Porta, 1999; Snavely et al., 2002; Lee et al., 2008; Marco and
Reverchon, 2008). Previously, we optimized the SAS process param-
eters such:as pressure, temperature, drug solution concentration
and feeding ratio of CO,/drug solution using methanol as a solvent
(Kim et al., 2007b). Since methanol is actually a toxic solvent, we
investigate the effect of solvent type on particle morphology and in
vitro performances of atorvastatin particles using various ICH class
Il solvents such as dimethyl sulfoxide, N-methyl-2-pyrrolidone,
acetone and tetrahydrofuran. In this study, amorphous atorvastatin
was prepared by spray-drying and supercritical antisolvent (SAS)
process using ICH class IlI solvents, acetone and tetrahydrofuran.
Their physicochemical properties and oral bioavailabilities were
evaluated by DSC, TGA, PXRD, solublhty dissolution and pharma-
cokinetic studies.

2. Materials and methods
2.1. Materials

Atorvastatin hemi-calcium trihydrate was obtained from Zhe-
jing Jiangbei Pharmacrutic (China). Metaqualone was purchased
from Sigma (St. Louis, MO, USA). Carbon dioxide (CO,, purity 99.9%)
was purchased from Hanmi Gas Co. Ltd. (Korea). Sodium laurylsul-
fate, extra pure grade, was purchased from Duksan Pure Chemicals
(Korea). All other solvents were of HPLC grade.

2.2. Preparation of amorphous atorvastatin hemi-calcium
particles

2.2.1. Supercritical anti-solvent (SAS) process

The experimental equipment used for SAS process was
described in detail (Kim et al., 2007b). Briefly, CO, was deliv-
ered into the particle formation vessel using home-made plunger
pump until equilibrium pressure and temperature (12 MPa, 40°C)
achieved. Then, drug solution (100 mg/mL in acetone or tetrahydro-
furan) and supercritical CO; were co-injected through the two-flow
spray nozzle in the particle formation vessel filled up with super-
critical CO; at 0.5 and 45 g/min, the feed ratio (CO;/drug solution)
90, respectively. After the injection of drug solution into the par-
ticle formation vessel, fresh CO, was introduced into the vessel at

45 g/min for further 120 min to remove residual solvent. During the
SAS process, the pressure of the vessel controlled constantly using
aback pressure yegulator (Tescom®, model 26-1723-24-194), Then,
the vessel was slowly depressurized and particles on the wall and
the bottom of the vessel were collected.

2.2.2. Spray drymg process

Atorvastatin hemi-calcium trihydrate was dissolved in acetone
or tetrahydrofurgn to obtain clear solutions. Spray drying was car-
ried out using laboratory scale spray dryer (SD 1000, Eyela, Japan)
under following set of conditions: drug solution concentration,
100 mg/mL; inlet temperature, 75 °C; outlet temperature, 62-65°C;
feed rate, 3 mL/min; atomization air pressure, 10kPa; drying air
flowrate, 0.70 m3/min.

|
2.3. Physicochemical evaluation of amorphous particles

2.3.1. Thermal gr:avimetn'c analysis

Thermal gravimetric analysis (TGA) was carried on a TA instru-
ments (USA) TGA 2950 Thermogravimetrical Analyzer over a
temperature range of 20-300°C at a heating rate of 5°C/min under
nitrogen flow (50mL/min). Approximately 5mg of sample was

placed in open al‘[uminum pans and the weight loss was monitored.

2.3.2. Differential scanning calorimetry

DSC measurements were performed using a Sinco model $-650
DSC (Korea). 2-5 mg of sample was placed in crimp sealed alu-
minum pans and the measurement was made over 30-200°C at

a heatrate of 5 °C|/min under nitrogen flow (20 mi/min).

2.3.3. Powder X-ray diffraction

The powder X-ray diffraction patterns of samples were obtained
using a Rigaku D/Max-2200 Ultima/PC powder X-ray diffraction
system (Japan) with Ni-filtered Cu Ko radiation. The 26 scan range
was 5-60° witha step size 0f 0.02° and the scan speed was 3 °min~1,

2.3.4. Particle size distribution

The particle size of unprocessed and spray-dried atorvastatin
particles was determined with a HELOS laser diffraction analyzer
(Sympatec Gmbh Germany) equipped with a RODOS vibrating
trough disperser. Anair pressure of 0.1 MPa and a vacuum of 5.3 kPa
were used to produce a uniform powder dispersion for each sam-
ples.

The size and suze distribution of the SAS processed atorvastatin
particles were measured by dynamic light scattering (DLS) (ELS-
8000, Otsuka Eleo::tronics, Japan) with a He-Ne laser beam at a
wavelength of 658 nm at room temperature and scattering angle
of 90°. To obtain a complete dispersion of primary particles, the
SAS processed atorvastatin particles were dispersed in mineral oil
(Marcol 52, Exxon Mobil Co., USA) and then sonicated for 10 min at
120 W (Branson 8210, Branson Ul-. trasonics Co., Danbury, CT, USA).

I
2.3.5. BET specific surface area measurement

The specific surface area of samples was determined following
the Brunauer-Emimett-Teller (BET) method of nitrogen adsorp-
tion/desorption at —196 °C with an ASAP2010 surface area analyzer
(Micromeritics Insltrument USA).

2.3.6. Supersaturation in vitro analysis

A VK 7000 dissplution apparatus (VanKel, USA) using the USP
XXVIII paddle method operating at a rotation speed of 200rpm
was used for supersaturation analysis of samples. All tests were
carried out on excess amount {approximately 100 mg as ator-
vastatin) of samples. Distilled water was used as dissolution
media. The volume and temperature of the dissolution medium
were 200mL and 37.0+0.5°C, respectively. Suitable aliquots
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were withdrawn at predetermined time intervals and filtered
using 011 wm nylon syringe filter. The filtrate was diluted with
methanol, and the quantification of atorvastatin was performed
using UV spectrophotometer at 245nm (Mini-1240, Shimadzu,
Japan). All samples were tested in triplicate.

2.3.7. Intrinsic dissolution test

The intrinsic dissolution rate (IDR) of each samples were mea-
sured using the stationary disc (Distek Inc., USA) and VK7000
dissolution apparatus (VanKel, USA) according to USP XXVII pad-
dle method. Intrinsic dissolution study was performed at 50 rpm
and 37 +:0.5°C employing 900 mL of distilled water containing 1%
SLS (under sink condition). To form a pellet, 80 mg of powder was
compressed using a PerkinElmer hydraulic press at 5 ton force for
1 min. Analysis of the compressed pellets by DSC and FTIR con-
‘firmed that the crystal form of the original powder was retained
following the compression procedure. The constant surface area
of the pellet exposed was 0.5 cm?, At predetermined time points,
- 3-mL aliquot samples were withdrawn with media replacement,
filtered using 0.11 pm nylon syringe filter, and analyzed by a UV
spectrophotometer at 245 nm. All samples were tested in triplicate.

2.3.8. Powder dissolution test

Powder dissolution tests was performed using the USP XXVIII
Type Il (paddle method)(VK7000, Vankel, USA). The rotation speed
of the paddles was set to 50rpm. The dissolution medium was
900 mL of deionized water. At predetermined time intervals 5 mL
samples were withdrawn, filtered using 0.11 pm nylon syringe filter
and the:amount of dissolved drug was determined by UV spec-
trophotometer at 245 nm. All samples were tested in triplicate.

2.4. Pharmacokinetic study in rats

2.4.1. Animals

Male SD rats (6-7 weeks old) weighing between 180 and
200g were purchased from Samtaco Bio Korea Inc. (Korea). All
rats had free access to tap water and pelleted diet. The rats were
housed in a cage and maintained on a 12h light/dark at room
temperature (25°C) and relative humidity of 55 4+ 10%. General
and environmental conditions were strictly monitored. All animal
experiments were performed according to the “Guidelines for
“the Care and Use of Laboratory Animals” at Chungnam National
University. The rats were deprived of food 24 h before the exper-
iment and food was reoffered 4h post-dosing. The rats were
divided into five groups of five animals each. Each group was
administered orally 1mL of 0.2% (w/v) methylcellulose aqueous
suspensions containing unprocessed atorvastatin, SAS processed
atorvastatin particles precipitated from an acetone solution (SCFA),
SAS processed atorvastatin particles precipitated from a tetrahy-
drofuran solution (SCFT), spray-dried atorvastatin particles from
an acetone solution (SDA) and spray-dried atorvastatin particles
from a tetrahydrofuran solution (SDT) (equivalent to 25 mg/kg
body weight as atorvastatin), respectively. Blood samples were
collected by tail vein; predose, 15, 30, 45, 60, 90, 120, 240, 360 and
480 min post-dosing. Blood samples were held on ice (+4°C) until
centrifuged at 10,000 rpm, 4°C for 10 min. Plasma was transferred
to individual Eppendorf's and stored at —20°C until analyzed.

2.4.2. LC/MS instrument and conditions

The LC/MS system consisted of a LC-10ADvp pump, SIL-10A
autoinjector, SPD-10ADvp UV detector, and LCMS-2010A mass
spectrometer (Shimadzu, Japan). The analytical column was Kro-
masil Cig (150 mm x 4.6 mm, 5 p.m) and the detection wavelength
was 270nm. The mobile phase consisted of 0.1 M ammonium
acetate buffer (pH 4.0)/acetonitrile (50:50, vjv) was pumped at a
flow rate of 1 mL/min.
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The mass spe@trometer was operated in positive ion mode and
connected to the system using an API electrospray interface. The
[M+H]*, m/z 251.00 for methaqualone and [M+H]*, m/z 559.00 for
atorvastatin were selected as detectingions, respectively (Hermann
et al., 2005; Nirogi et al., 2006). The MS operating conditions were
optimized as follows: drying gas 1.5 L/min, CDL temperature 250 °C,
block temperature 200 °C and probe voltage: +4.5 kV. Data process-

ing was performed using the LCMS solution software (Shimadzu,
Japan).

2.4.3. Plasma sample preparation

A plasma sa[mple (200 uL) was spiked with 100 uL of inter-
nal standard solution (methaqualone, 100 ng/mL) and 700 L of
acetonitrile was added. After vortex mixing for 30s, 800 uL of
supernatant was carefully transferred to a 15 mL glass test tube and
evaporated to c]ryness using a centrifugal evaporator (CVE-2000,
Eyela, Japan). Then the dried residual was reconstituted in 200 L
of methalol and a 5 pL aliquot was injected into the LC/MS system

for the quantification of atorvastatin.

2.44. Statistical analysis

Model independent pharmacokinetic parameters were calcu-
lated using WinNonLin Version 2.1 (Pharsight Corp., Mountain
View, CA). The PI( data between different formulations were com-
pared for statistical significance (P<0.05) by the one-way ANOVA
followed by Tukey-HSD multiple comparisons test using SPSS v
12.0 software (SPSS, Chicago, IL, USA).

3. Results and discussion

31 Physicoche|inical evaluation of amorphous particles

{
In this study, amorphous atorvastatin particles were obtained

from two organic solvents, acetone and tetrahydrofuran, containing
atorvastatin hemi-calcium trihydrate. DSC, TGA and PXRD analysis
and pharmaceutically important solid-state properties including
solubility, dissolution, and intrinsic dissolution were studied to
characterize the particles obtained by SAS process and spray-drying
process. i

1 -4.46% weight loss

Weight (%)
{~"

)

120 160 200
Temperature (‘C)

40 . 80 240 280

I
Fig. 1. TGA curves of (a) unprocessed atorvastatin particles, crystalline, (b) SAS pro-
cessed amorphous atorvastatin calcium precipitated from an acetone solution, (c)
SAS processed arnorphous atorvastatin calcium precipitated from a tetrahydrofuran
solution, (d) spray-dried amorphous atorvastatin calcium from an acetone solu-
tion and (e) spray-dried amorphous atorvastatin calcium from a tetrahydrofuran
solution. |



\\

214 J-5. Kim et al. / International Journal of Pharmaceutics 359 (2008) 211-219

r T T T T T T T x T i i

40 60 80 100 120 140 160 150 200
Temperature ("C)

Fig. 2, DSC traces of (a) unprocessed atorvastatin particles, crystalline, (b) SAS pro-
cessed amorphous atorvastatin calcium precipitated from an acetone solution, (c)
SAS processed amorphous atorvastatin calcium precipitated from a tetrahydrofuran
solution, (d) spray-dried amorphous atorvastatin calcium from an acetone solu-
tion and (e) spray-dried amorphous atorvastatin calcium from a tetrahydrofuran
solution,

The TGA curves of unprocessed, SAS processed and spray-dried
atorvastatin particles are shown in Fig. 1. Theoretically the stoi-
chiometric value of the trihydrate should be 4.46%. Unprocessed
particles exhibited a gradual decrease in weight about 4.46% due
to the loss of water. The total weight loss corresponding to a water
loss of about 4.46% is in agreement with stoichiometric value of
a trihydrate. On the other hand, this weight loss was not seen for
all processed particles. From these TGA results, it can be seen that
unprocessed atorvastatin, atorvastatin calcium trihydrate, were
transformed to anhydrous from by both of SAS and spray drying
process (Kim et al., 2007b),

Fig. 2 shows the DSC curves of unprocessed and all processed
particles. The DSC curves of unprocessed atorvastatin, a broad
endotherm at 50-130°C and a sharp endotherm at 155.96 °C were
observed. The broad endotherm ranging from 50 to 130°C indicat-
ing the loss of water was consistent with the result of TGA. The sharp
endotherm at 155.96 °C might be due to the melting point of ator-

e e b
_,_.--—-—-F/-“H*“——-—— C
e e S V1) d
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Fig.3. XRD patterns forunprocessed atorvastatin particles (W), SAS processed amor-
phous atorvastatin calcium precipitated from an acetone solution (@), SAS pracessed
amorphous atorvastatin calcium precipitated from a tetrahydrofuran solution (a),
spray-dried amorphous atorvastatin calcium from an acetone solution () and
spray-dried amorphous atorvastatin calcium from a tetrahydrofuran solution(D).

Fig.4. SEM micrograph of unprocessed atorvastatin particles, crystalline (%3000).

vastatin calcium. However, no endotherms were observed in the
DSC curves for SCFA, SCFT, SDA and SDT. The powder X-ray diffrac-
tion patterns of unprocessed and processed particles are shown
in Fig. 3. Characteristic diffraction peaks at 260=9.12, 9.44, 10.23,
10.54, 11.82, 12.16, 16.97, 19.45, 21.59, 22.62, 23.22 and 23.68° were
observed for unprocessed atorvastatin. On the other hand, all pro-
cessed particles were characterized by the complete absence of any
diffraction peak corresponding to crystalline atorvastatin calcium.
These results indicate that atorvastatin is no longer present as a
crystalline form when processed using SAS and spray-drying, but
exists in the amorphous state.

The SEM images of unprocessed and processed atorvastatin
particles are presented in Figs. 4-8. While unprocessed atorvas-
tatin particles have appeared as irregular-shaped crystals, a drastic
change in the morphology and shape of drug was observed for all
pracessed particles. SAS processed particles, SCFA and SCFT, were
observed as spherical agglomerated nanoparticles. The particle size
and specific surface area of unprocessed and all processed parti-
cles are summarized in Table 1. The SAS processed particles exhibit
narrow size distribution with a mean particle size of 68.7 £ 15.8
and 95.7 +12.2 nm for SCFA and SCFT, respectively (Fig. 9). On the

Fig. 5. SEM micrograph of SAS processed amorphous atorvastatin calciumn precipi-
tated from an acetone solution (x30,000).
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“Fig. 6. SEM micrograph of SAS processed amorphous atorvastatin calcium precipi-
tated from a tetrahydrofuran solution {x30,000).

Fig. 7. SEM micrograph of spray-dried amorphous atorvastatin calcium from an
acetone solution (% 1500).

-other hand, the spray-dried particles were observed as irregular
shaped microparticles with a mean particle size of 3.62+0.15 and
7.31£0.21 um for SDA and SDT, respectively. Specially, the specific
surface area of the SAS processed particles were increased sig-
nificantly, 120.35 +1.40 and 79.78 £:0.93 mZ/g for SCFA and SCFT,
respectively, compared with unprocessed atorvastatin. In the case
of SAS processed particles, the increased surface area might be due
to the particle size reduction achieved by the SAS process.

The supersaturated dissolution patterns of unprocessed and
processed atorvastatin particles are shown in Fig. 10. In the case
of unprocessed atorvastatin particles, the equilibrium solubil-

Table 1

Fig. 8. SEM micrograph of spray-dried amorphous atorvastatin calcium from a
tetrahydrofuran solution (x1500).

1004

604

40}

20-

Cummulative distribution %
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Fig. 9. Cumulative particle size distributions curves for unprocessed atorvastatin
particles (M), SAS processed amorphous atorvastatin calcium precipitated from an
acetone solution (@), SAS processed amorphous atorvastatin calcium precipitated
from a tetrahydrofuran solution (4), spray-dried amorphous atorvastatin calcium
from an acetone solution () and spray-dried amorphous atorvastatin calcium from
a tetrahydrofuran solution(O). |

ity (approximately 140 pg/mL) was reached rapidly. In contrast,
the maximum supersaturated concentrations of atorvastatin from
all processed particles were almost similar and were about
460 pg/mL. However, the supersaturated concentration of ator-
vastatin decreased gradually to about 200 pg/mL after 24 h. It is
suggested that these dissolution behaviors of all processed particles
might be due to the amorphous nature. In other words, the lack of
long-range molecular order and higher Gibbs free energy of amor-

Mean particle sizes of crystalline atorvastatin calcium and amorphous atorvastatin calcium (mean £5.D.; n=3)

' Spray-dried

~ Unprocessed atorvastatin ~ SAS processed

From acefbne:{SDf\)__'. - From te:rahyd_mfuran(SDTi

68,7 £ 158nm?
120.35 £ 1.40

3.83 £ 008pm |
14.56 £ 017

Mean particle size.
BET surface area (m?/g) =

From acetone (SCFA) . | From tetrahydrofuran (SCET):

79.78 £ 093

- 362£015pm? 731+021pm?
3694006 095+003

* Measured value using HELOS laser diffraction analyzer.

b Measured value using ELS-8000 electrophoretic light scattering spectrophotometer.
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Fig. 10. Kinetics to saturation solubility for unprocessed atorvastatin particles
(m), SAS processed amorphous atorvastatin calcium precipitated from an acetone
solution (@), SAS processed amorphous atorvastatin calcium precipitated from a
tetrahydrofuran solution (4), spray-dried amorphous atorvastatin calcium from
an acetone solution (Q) and spray-dried amorphous atorvastatin calcium from a
tetrahydrofuran solution (O) (n=3, mean=5.D.).

phous form resulted in rapid dissolution, reflected as the maximum
supersaturated concentration value after 10min (Elamin et al.,
1994; Chawla and Bansal, 2007). Then, the maximum supersatu-
rated concentration of amorphous particles was decreased due to
solvent-mediated conversion from the amorphous to crystalline
form. Nevertheless, the increased concentration of atorvastatin,
above 300 pg/mL, was maintained during 3 h.

Intrinsic dissolution patterns of unprocessed and processed
atorvastatin particles, SAS processed particles and spray-dried par-
ticles are shown in Fig. 11. Good linearities between time and
released amount per unit area were found for unprocessed ator-
vastatin particles. However, a decrease in the slope can be observed
after 10 min for all processed particles. This phenomenon might be
also due to solvent-mediated conversion from the amorphous to
crystalline form.

Under sink conditions, the intrinsic dissolution rate ] of a solid
is given by:

J = kCs 2)

where k is the intrinsic dissolution rate constant given by the ratio
of the solid diffusivity and the thickness of the diffusion layer.
Since hydrodynamic conditions are identical, the intrinsic disso-
lution rate constant of unprocessed atorvastatin and all processed
particles must be equal, Then Eq. (2) yields:

Jcrystailincﬂamorphous = Cn:rysml!inellcnmnrphnus 3)

where Jerystalline 230d Jamorphous are the intrinsic dissolution rate for
unprocessed atrovastatin (crystalline form) and processed atrovas-
tatin (amorphous form), and Ceystalline and Camorphous are the
solubilities of unprocessed and processed atrovastatin, respec-
tively. Therefore, knowing the values for Jeystatiines Jamorphous
and Cerystallines the value for Cymorphous can be readily calcu-
lated (Khankari and Grant, 1995; Di Martino et al., 2001). The
intrinsic dissolution rates, the observed supersaturated concen-
trations, the observed solubilities for atorvastatin particles and
the estimated solubilities for amorphous atorvastatin are listed
in Table 2. Intrinsic dissolution rate of unprocessed atorvastatin
was only 84.9 pug/minfcm?, On the other hand, in compari-
son to spray-dried particles (280.1 and 278.9 pg/minfem? for
SDA and SDT, respectively), SAS processed atorvastatin par-

ticles exhibited similar intrinsic dissolution rates 288.5 and
280.7 pg/minfcm? for SCFA and SCFT, respectively. The intrinsic dis-
solution rate of amorphous atorvastatin particles were increased
3.5 folds compared with the intrinsic dissolution rate of crys-
talline atorvastatin. In addition, the estimated solubilities for
amorphous samples, calculated by Eq. (3), were in good agree-
ment with the maximum supersaturated concentrations observed
from supersaturated dissolution test. Generally, compounds with
intrinsic dissolution rate below 0.1 mg/minfcm? exhibited prob-
lems with dissolution rate-limited absorption (Kaplan, 1972).
Since the intrinsic dissolution rate of crystalline atorvastatin was
0.0849 mg/minfcm?, atorvastatin is a drug with dissolution rate-
limited absorption. Thus, the higher intrinsic dissolution rate
values for amorphous atorvastatin particles means that amor-
phous system can provide a way to improve the bicavailability of
atorvastatin.

Powder dissolution profiles for unprocessed and processed par-
ticles are shown in Fig. 12. Dissolution rate enhancement is clearly
observed for SAS processed and spray-dried particles with compar-
ison of unprocessed atorvastatin. Approximately 90% and 65% of the
atorvastatin was already dissolved after 10 min for SAS processed
particles and spray-dried particles, respectively, compared to dis-
solution of below 50% of unprocessed atorvastatin after the same
time period. Complete drug dissolution being reached after only
15 min for SAS processed particles. Specially, SAS processed parti-
cles exhibited faster dissolution than spray-dried particles. This can
be explained by reduced particles size of SAS processed particles.
The SAS process decreased the size of solid particles to the nanome-
ter scale and simultaneously increased the surface area of particles
dramatically. By the increase in surface area, the high energy state
which achieved will increase the extent to which the particles can
dissolve due to an increase in dissolution pressure in regards to
Noyes-Whitney and Ostwald—Freundlich equations (Brittain, 1995;
Vaughn et al., 2006). Therefore, these results in faster dissolution
rate of the SAS processed particles, compared with that of spray-
dried particles.

3.2. Pharmacokinetic study

Following an oral dose of 25mg/kg (as atorvastatin), phar-
macokinetic study was carried out on male SD rats and
pharmacokinetic parameters were calculated. Fig. 13 shows the
pharmacokinetic profiles for each sample and pharmacokinetic
parameters are summarized in Table 3. The amorphous atorvastatin
particles from SAS process and spray-drying exhibited significantly
increased AUCy_g, and Cmax compared with unprocessed atorvas-
tatin (crystalline). Absorption of a drug is considered to involve
a dissolution step of the drug into the luminal fluid followed by
transport across the gastrointestinal epithelium. The low solubil-
ity and/or the dissolution rate may become the rate-determining
step in the bioavailability pathway. The crystalline atorvastatin has,
due to the lattice energy gain, a lower free energy and, hence, a
lower solubility and than the amorphous atorvastatin. Therefore,
the amorphous atorvastatin permitted to obtain high degree of
supersaturation by contrast with the crystalline atorvastatin. It is
suggested that the amorphous atorvastatin allows higher apparent
solubilities, thereby increasing the concentration of drug available
for absorption.

The AUC of unprocessed and processed atorvastatin particles
were in order of SCFA>SCFT>SDA>SDT>unprocessed atorvas-
tatin particles. The Cmax of unprocessed and processed atorvastatin
particles were in order of SCFA>SCFT>SDT >SDA > unprocessed
atorvastatin particles. The differences in bioavailability between
SAS processed particles and spray-dried particles should be
attributed to the differences in surface area of particles. The mean
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Fig. 11, Intrinsic dissolution patterns of (a) unprocessed atorvastatin particles, crystalline, (b) SAS processed amorphous atorvastatin calcium precipitated from an acetone
solution, (c) SAS processed amorphous atorvastatin calcium precipitated from a tetrahydrofuran solution, (d) spray-dried amorphous atorvastatin calcium from an acetone
solution and (e) spray-dried amorphous atorvastatin calcium from a tetrahydrofuran selution (n=3, mean=5.D.).

Table 2

Intrinsic dissolution rates and solubilities of crystalline atorvastatin calcium and amorphous atorvastatin calcium in water at 37°C

Intrinsic dissolution rate (p.g/minfcm?2)

Solubility (pgfmL)

Unprocessed atorvastatin (crystalline form)

84.9

142,28

Ay Early-phase (until 10 min) Late-phase Estimated solubility Peak concentration®
SAS processed (amorphous form): ; R
From acetone (SCFA) e 288.5 1795 483.2° 477.8°
From tetrahydrofuran (SCFT) = 280.7 1754 470,10 465.4°
Spray-dried (amorphous form) ' e ;
From acetone (SDA) 280.1 175.6 469.1° I 447.2¢
From tetrahydrofuran (SDT) 278.9 1751 467.1% 459,2¢

7 Observed value.
® Calculated value using Eq. (2).

¢ Observed maximum supersaturated concentration.

%
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Table 3
Pharmacokinetic parameters of crystalline atorvastatin calcium and amorphous atorvastatin calcium after oral administration in SD rats (mean=+5.D.: n=5)
AUCq_g (nghfmL)’ ; Cmax {ngfmL) Trmax {(h)
Unprocessed atorvastatin (crystalline form) 1121.4 £+ 212.0 504.4 + 66.4 0.6 £ 0.1
SAS processed (amorphous form) : |
- From acetone (SCFA) 3249.5 = 406.4%:0:¢ 2133.4 & 353.2%b.cd 0300
From tetrahydrofuran (SCFT) 30161 % 200.3%b:<. 1636.9 £ 137.9%:0:€ 0300
Spray-dried (amorphous form) ; o
From acetone (SD_A} : 2227.8 £ 274.5% 93_9.3 +170.8* 0300
From tetrahydrofuran (5DT) 2099.9 4 338,27 1050.0 + 136.8* 03 +00

- 3 Indicating significant (P <0.05) compared to unprocessed atorvastatin (crystalline).

b [ndicating significant (P <0.05) compared to spray-dried amorphous atorvastatin from an acetone solution,
¢ Indicating significant (P<0.05) compared to spray-dried amorphous atorvastatin from a tetrahydrofuran solution.
4 Indicating significant (P<0.05) compared to SAS processed amorphous atorvastatin from a tetrahydrofuran solution.

100+
i a
/1::’“"“ = o
o /"Q :iﬂ'—f.
.-; 60 - /23
3 ‘/
o
-]
B 40
] a
20-/
0 pe—y T o Tz v emy] T
s 10 15 20 25 30

Time (min)

Fig. 12. Powder dissolution profiles of unprocessed atorvastatin particles (W), SAS
processed amorphous atorvastatin calcium precipitated from an acetone solution
{®), SAS processed amorphous atorvastatin calcium precipitated from a tetrahydro-
furan solution (a), spray-dried amorphous atorvastatin calcium from an acetone
solution () and spray-dried amorphous atorvastatin calcium from a tetrahydrofu-
ran solution (0) (n=3, mean = 5.D.).
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Fig. 13. Plasma concentration-time curves of unprocessed atorvastatin particles
(m), SAS processed amorphous atorvastatin calcium precipitated from an acetone
solution (@), SAS processed amorphous atorvastatin calcium precipitated from a
tetrahydrofuran solution (i), spray-dried amorphous atorvastatin calcium from
an acetone solution () and spray-dried amorphous atervastatin calcium from a
tetrahydrofuran solution (O0) (n=5, mean=+S.D.).

particle size of spray-dried particles was 40-100 folds larger com-
pared with that of SAS processed particles. As seen in Fig. 7, since
the SAS process decreased the particle size to low nanometer range:
and thereby increased the surface area dramatically, the dissolution
rate of SAS processed particles was faster than those of spray-dried
particles. Thus, it is suggested that SAS processed particles could
exhibit enhanced bioavailability compared with spray-dried parti-
cles.

4. Conclusions

In this study, amorphous atorvastatin calcium was success-
fully prepared by spray-drying and SAS process and evaluated
its physicochemical properties and bioavailability. Through the
physicochemical assessment, amorphous atorvastatin was anhy-
drous form and exhibit enhanced dissolution rate and higher
apparent solubility due to their amorphous nature, compared with
crystalline atorvastatin. Also, it exhibits dramatic enhancement
in oral bioavailability. The enhancement in oral bicavailability of
amorphous atorvastatin was attributed to a combination of higher
apparent solubility and higher dissolution rate due to amorphous
nature. This study demonstrated the usefulness of the amorphous
system as a method of enhancing the dissolution of atorvastatin.
Furthermore, the SAS process is an efficient tool for improving oral
bioavailability of atorvastatin in combination of the benefit of amor-
phous form and surface area maximization.
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