— — — - B - —
I3

REYES & REYES \

. SUPERINTEN‘DENCIA DE INDUSTRIA Y COMERCIO

Senor U T

SUPERINTENDENTE DE INDUSTRIA Y C No. 10-098747- -00006-0000 _
‘ Fecha: 2011-10-06 11:46:22  Dep. 2020 DIR.NUEVASCR

E S D Tra. 11 PATENTEIYH Eve: 378 FASENACIONALI
oo - ° Act. 329 CTOINFORMACION  Folios: 46

REF: EXPEDIENTE 10-098-747

TITULO SOLICITADO: COMPOSICION FARMACEUTICA QUE COMPRENDE
UNA FORMA DE DOSIS UNITARIA SOLIDA DE UNO
O MAS INGREDIENTES ACTIVOS Y UN POLIMERO
INSOLUBLE EN AGUA Y/O UN POLIMERO
SOLUBLE EN AGUA.

PUBLICACION: Gaceta 629 de 20/06/2011, nimero de publicacién
635.
PRIORIDAD: IN 89/MUM/2008 DE 11/01/2008; IN489/MUM/2008 DE

10/03/2008; IN619/MUM/2008 DE 24/03/2008.

SOLICITANTE: CIPLA LIMITED.
APODERADO: LUZ CLEMENCIA SUAREZ DE PAEZ.
TRAMITE: SUSTENTACION DE OPOSICION

JOSE LUIS REYES VILLAMIZAR, mayor de edad, identificado como aparece al
pie de mi firma, abogado en ejercicio, titular de la tarjeta profesional nimero 44655
del Consejo Superior de la Judicatura, obrando en calidad de apoderado de la -
sociedad TECNOQUIMICAS S.A., dentro del tramite de la referencia, en ejercicio
de lo dispuesto por el articulo 42 inciso 2° de la Decision 486 de 2000, por medio
del presente escrito, procedo a sustentar y complementar la oposicion presentada
el 16 de septiembre de 2011, en los siguientes términos:



I. COMPLEMENTO DE INFORMACION

Comedidamente me permito presentar los argumentos que demuestran que la
solicitud de la referencia incumple los requisitos de patentabilidad establecidos por
los articulos 14, 16 y 18 de la Decisién 486 de 2000, y que por ello no merece

recibir el beneficio patentario, veamos: |

La solicitud colombiana en tramite 10-098-747 que se refiere a una composicion
farmacéutica caracterizada porque comprende una forma de dosis unitaria solida
la cual comprende uno o mas ingredient_és activos en combinacién con un
polimero insoluble en agua y/o un poliméro soluble en agua; no retne los
requisitos necesarios para otorgarsele el pri\}ilegio de patente de invencién, como

] - |
se demuestra a través de los siguientes argumentos:

En primer lugar, y dado que la solicitud en cuestién revela también una dispersion
solida, especificamente en sus reivindicaciones 1 a 3, también se puede afirmar
que dicha técnica es una estrategia tecnoldgica de formulacién ampliamente
reconocida. Cualquier persona medianamente versada en la produccion de
formulaciones farmacéuticas debe reconocer que la formacion de dichas
dispersiones del farmaco en el seno de un portador se puede realizar mediante

técnicas de fusion, disolucién-desecacion o una mezcla de ambas’'.

Teniendo en cuenta que o reivindicado por la solicitud colombiana en tramite se
refiere especificamente a una composicién farmacéutica soélida obtenida por
extrusion en masa fundida en caliente 'del ingrediente activo con el (los)
polimero(s), especificamente en sus reivindicaciones 4 a 18, es indispensable
aclarar que dicha técnica de formulacién es reconocida con anterioridad como
granulacién por fusion o “melt granulation’f’ si se utiliza el término técnico en el
idioma inglés. !

La granulacion por fusién es un proceso en el cual el granulado se consigue
mediante la adicién de un agente agiutinante que es sdlido a temperatura
ambiente y funde a temperaturas relativamente bajas, normaimente se trabaja con

sustancias de punto de fusién en torno a, 50-80°C, tanto de naturaleza hidrofila

' Vila Jato. J.L. Tecnologia Farmacéutica. Volumen I. Paginas 201 a 202.



como lipdfila, tal y como sucede en el proceso de obtencion reivindicado por la
solicitud en cuestion. |

En este procedimiento generalmente el agente aglutinante puede afadirse ya
fundido sobre la mezcla de polvos precalentada o en forma soélida junto con el
resto de componentes de la mezcla, de tal forma que la granulacion se desarrolla
en “un solo paso” al fundir el aglutinante en el seno de la mezcla. Tras la fusion, el
agente aglutinante actia como liquido de union de las particulas de polvo de
forma similar al liquido adicionado en los procesos de via humeda. Dependiendo
de la cantidad de aglutinante afiadido, de los componentes que constituyen la
mezcla y de la eleccién de las condicionés del proceso, es posible obtener
granulos o incluso pellets?>. Como se puéde apreciar, estas mismas son las
caracteristicas técnicas esenciales del procédimiento reivindicado en la solicitud

colombiana en tramite.

Esta propiedad permite emplear esta técnica para la formulaciéon de farmacos
sensibles a la humedad, evitar el controvertido uso de solventes organicos y
acortar el proceso de granulacién en términos de tiempo y energia al eliminar la
fase de secado. Asimismo, una adecuada seleccion del agente aglutinante y del
resto de excipientes permitira el desarrollo y elaboraciéon de formas farmacéuticas
tanto de liberacién inmediata como de liberacién controlada. Uno de los equipos
mas empleados en la granulacion por fusién es el mezclador granulador de alta
velocidad, que permite realizar esta técnicga en un solo paso; ademas, una vez
optimizado el proceso, permite su aplicaciéq a escala industrial®,
|

Siguiendo con el razonamiento anterior, cuélquier persona medianamente versada
en la formulaciéon de productos farmacéu’t‘icos también debe reconocer que un
mismo principio activo se puede presentar en diferentes formas farmacéuticas, las
cuales a su vez de pueden formular utilizando diferentes excipientes
farmacéuticamente aceptables; la seleccion de dicha forma farmacéutica depende
de las caracteristicas fisicoquimicas del farmaco, su via de administracion, entre

otros. !

? Lourdes OCHOA D.1, Manuela IGARTUA O.1, Rosa M? HERNANDEZ M.1, Alicia R. GASCON1 y
José L. PEDRAZ M. GRANULACION POR FUSION EN MEZCLADORES GRANULADORES DE
ALTA VELOCIDAD. VITAE, REVISTA DE LA FACULTAD DE QUIMICA FARMACEUTICA ISSN

0121-4004 Volumen 13 namero 1, afio 2006. Universidad de Antioquia, Medellin - Colombia. pags.
40-47. 3
% Ibid.



|

En este sentido, y teniendo en cuenta que la solicitud colombiana en cuestion
revela una mezcla en polvo de los ingredientes activos y los excipientes para
formar un granulado que finalmente se formulara en tabletas y/o capsulas, es
importante resaltar que precisamente en el estado de la técnica, la granulacion por
fusién es un proceso simplificado de aglomeracion de particulas primarias de polvo
para formar estructuras mayores denominadas granulos. Generalmente, este
granulado se utiliza como producto intermedip en la fabricaciéon de comprimidos y
capsulas, aunque también puede ser empleago como producto final*.

Las principales ventajas que conllevaria a cualquier persona medianamente
versada en la formulaciéon farmacéutica a e"scoger la granulacién por fusién, son
las siguientes: evita la formacién de polvo, élimina la fase de secado haciendo el
proceso de granulacién mas corto, y evita_‘ el uso de solventes y los posibles
problemas que derivan de ello (hidrélisis de principio activo, empleo de equipos
ignifugos etc.); asi mismo, para dicho formulador, escoger los principios activos
que se pueden involucrar en un granulado a través de este proceso, parte del
hecho (y mayor inconveniente de la técnica)ique no se puede aplicar a sustancias

termolabiles a las temperaturas habituales dé trabajo’.

En cuanto a la seleccion del aglutinante, y teniendo en cuenta que la solicitud
colombiana en tramite no restringe dichos compuestos mas que a polimeros
hidrofilos y/o lipéfilos, es importante indicar ‘que en esta granulacién por fusion, la
seleccion adecuada del agente aglutinante es un aspecto de gran importancia, ya
que permitira desarrollar tanto formulaciories de liberacién inmediata como de
liberacion controlada. Como agentes aglutinantes se pueden emplear numerosas
sustancias hidréfobas como el monoestearato de glicerilo, acido estearico,
Compritol 888 Ato (Glyceryl behenate), Gelucire 50/13 (Polyglicolized glyceride) y
otros tipos de grasas y alcoholes. Entre las sustancias hidréfilas mas empleadas
destacan el polietilenglicol (PEG 6000) (36) y el poloxamer 188 (Lutrol F68)°.

En cuanto a la proporcién del material aglut;inante, en el estado de la técnica se ha
reconocido que, en general, la granulacion por fusién requiere aproximadamente

entre un 10 y un 20 % en peso del agente aglutinante en la mezcla; un exceso de

* Ibid.
5 Ibid.
8 Ibid.
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aglutinante en la mezcla provocaria un sobre amasado, mientras que si no se
alcanza la proporcion suficiente no tendra lugar la formacion del granulado’.

\'
En otras palabras, no se puede sustentar una actividad inventiva de la elaboracién
de una formulaciéon farmacéutica convencioﬁal y reconocida en el estado de la
técnica, ni mucho menos en el hecho que una persona con conocimientos en
formulaciones de este tipo, seleccione los iexcipientes y los principios activos

adecuados para granularse bajo dicha técnica‘ﬂ

De la misma manera, la seleccién del equipo‘para la realizacién del procedimiento
de granulacion, tampoco puede sustentar el nivel inventivo de la solicitud en
cuestion. Lo anterior, teniendo en cuenta que en las reivindicacion 11 se
menciona que tanto el (los) ingrediente(s) activo(s), el (los) polimero(s) y demas
excipientes de la formulacién son procesados para formar una mezcla en polvo la
cual se transfiere a través del barril calienté de un extrusor; en este sentido, es
relevante indicar que en el estado de la téchica se reconocen como los equipos
mas empleados en la granulacién por fusién, al mezclador granulador de alta
velocidad, el lecho fluidizado® y los extrusores de tornillo simple® o de doble
tornillo'°.

La versatilidad de dicha técnica de formulacion depende, como ya mencionamos,
de las caracteristicas fisicoquimicas del prindipio activo, en especial lo relacionado
con su punto de fusién y su estabilidad a “Ia temperatura del proceso. De esta
manera, los farmacos mencionados en las reivindicaciones 1, 13 y 17 de la
solicitud colombiana en tramite no pueden‘sustentar novedad o nivel inventivo
alguno, independientemente de que hayan§sido incluidos o no en este tipo de
formulaciones con anterioridad, dado que como vimos, su seleccion se reduce a
que sus caracteristicas fisicoquimicas faYorezcan su estabilidad durante el
proceso de elaboracién del granulado por fusion, informacion que se obtiene
durante los ensayos de preformulacion y1 formulacién rutinarios en cualquier

I

proceso de formulacion farmacéutica. 1

" Ibid. |

® Ibid. _

® Liu J, Zhang F, McGinity JW. Properties of lipophilic matrix tablets containing
phenylpropanolamine hydrochloride prepared by hot-melt extrusion. Eur J Pharm Biopharm. 2001
Sep;52(2):181-90. |
19 Van Melkebeke B, Vermeulen B, Vervaet C, Remon JP. Melt granulation using a twin-screw
extruder: a case study. Int J Pharm. 2006 Dec 1,326(1-2):89-93. Epub 2006 Jul 10.



Sin embargo, podemos hacer evidente dicha versatilidad de la tecnica de

granulacion por fusion, veamos'":

Forma de liberacion Forma farmaceéutica Farmaco Aglutinante Referencia
Liberacién controlada Pellets Fenilefrina Precirol® + Compritol® 26
Liberacion controlada Peliets Teofilina Acido Estearico 31
Liberacion controlada Granulos Ibuprofenc Poloxamer 188 37
Liberacién controlada Granulos Prop‘;ranolol Precirol® 56
Liberacion inmediata Granulos Diazépam §0E/(1333000 0 Gelucire 34
Liberacion inmediata Granulos Carbamaze- 53

e e e s e A e R e
s oo .
Liberacion inmediata Granulos Diclofenaco PEG 4000 57
. s - . |
Liberacién inmediata Granulos Propranolol Propranolol oleato 58

. . ‘ ] s ra -
Entre otras tras publicaciones que revelan la aplicacion de esta técnica de

granulacién, y que contienen algunos de los mismos principios activos

mencionados en la solicitud colombiaha, se encuentran la publicacién
internacional W0O2007/084212 publicada el 26 de julio de 2007 (ejemplo 1 vy
reivindicaciones); la publicacién internacional WO/2004/098574 publicada el 18 de

noviembre de 2004 (ejemplo 1y reivindiéaciones); la publicacién internacional
WO/2007/034135 publicada el 29 de marzo de 2007 (tabla 1, ejemplo1 vy
reivindicaciones); la patente americana 'US 6,787,157 publicada el 07 de
septiembre de 2004 (ejemplo 1) y la publicacion internacional WO1993/11749

publicada el 24 de junio de 1993 (ejemplo 1y reivindicaciones).

Por ejemplo la publicacion internacional WO 1993/011749 de 24/06/1993 y titulada
‘PROCESS FOR THE PREPARATION OF A SOLID DISPERSION” expone lo

siguiente:

i
|

1 Lourdes OCHOA D.1, Manuela IGARTUA 0.1, Rosa M* HERNANDEZ M.1, Alicia R. GASCON1 y José
L. PEDRAZ M. GRANULACION POR FUSION EN MEZCLADORES GRANULADORES DE ALTA
VELOCIDAD. VITAE, REVISTA DE LA FACULTAD DE QUIMICA FARMACEUTICA ISSN 0121-4004
Volumen 13 numero 1, afio 2006. Universidad de Antioquia, Medellin - Colombia. pags. 40-47.




1. A process for the preparationfof a poorly water soluble
drug in solid dispersion comp;isihg
|

a) blending the drug with a‘carrier;

b) dissolving a surfactant énd a plasticizer/

solubilizer in water; .
\

c) spraying the surfactant-plasticizer/solubilizer
solution onto the drug/cérrier mixture in a fluid
bed granulator;

d) extruding the resulting granulation through a twin
screw extruder with at least one heating zone;

i
and,

[
e) milling the extrudate to a powdery mass of the
solid drug dispersion.

2. The process of claim 1 wherein said drug is selected
from the group consisting cf‘acetohexamide, ajamaline,
amylobarbitone, bendrofluoside, benzbromarone,
benzonatate, benzylbenzoate, betamethazone,
chloramphenicol, chlorpropamide, chlorthalidone,
clofibrate, corticesteroidsl diazepam, dicumerol,
digitoxin, dihydroxypropyltﬂeophylline, ergot
alkaloids, ethotoin, frusem%de, glutethimide,
griseofulvin, hydrochlorothiazide, hydrocortisone,
hydroflumethiazide, hydroquinone,
hydroxyalkylxanthines, indomethacin, isoxsuprine
hydrochloride, ketoprofen, khellin, meprobamate,
nabilone, nicotainamide, nifedipine, nitrofurantoin,
novalgin, nystatin, papaverine, paracetamol,
phenylbutazone, phenobarbitone, prednisolone,

prednisone, primadone, reserpiqe, romglizone, salicylic
acid, spiranolactone, sulphabenzamide, sulphadiamadine,
sulphamethoxydiazine, sulphamefazine,
succinylsulphathiazole, sulphamethizole,
sulphamethoxazole, sulphathiazole, sulphisoxazole,
testosterone, tolazoline, tolbutamide, trifluoperazine,

trimethaprim and mixtures thereof.

Por su parte la publicacion internacional WO 2004/098574 de 18/11/2004 y titulada
“‘NANOCOMPOSITE DRUG DELIVERY COMPOSITION” expone:



Polyethylene glycol (PEG5 20000 (Janssen
Pharmaceuticals) was the pblymer employed and
Cloisite 30B (Southern Clay Products, USA) was the
clay component. Paracetamol (Sigma, UK) was used as
a model active ingredient.‘ Production of the
nanocomposites was performed by melt extrusion using
a Killon KN-100 (Davis Standard Corporation, USA)
single screw extruder with r;d shaped die (33 mm
screw diameter, speed 20-22 rbm, die temp 54-57 °C,
temperature zone 1 50 °C - temperature zone 2 55-60
°C -.temperature zone 3 55-60 °C - temperature zone 4
55-60 °C, haul off speed 3—4 m/min, cool to room
temperature). The powders wefe not subjected to any
treatments prior to extrusidn, other than simple

mixing of the three components simultaneously.

|

. 1 |
16. A method of manufacturing a drug delivery
composition comprising the steps of forming an
admixture comprising a p?lymer, a clay and an

active ingredient and extruding the admixture to

produce an extrudate. 1

Finalmente podemos también exponer apartes de la publicacion internacional WO
2007/034135 de 29/03/2007 y titulada “COMPOSITION COMPRISING A NSAID
AND PARACETAMOL”, veamos:

Example 1(a): Preparation of the Granular‘Comgonent

The process for all illustrative examples involves dry blending the paracetamol
and NSAID free acid, optionally with other excipients which may be present in
the granular component, and then heating the mixture at a temperature of 100

to 165°C in an extruder to melt the NSAID free acid fully and thereby mix the
molten NSAID with the 'paracetamol and other optional excipients. ‘Tlhe molten
mass is poured onto cooled stainless steel trays or a cooled moving belt at 10
°C and allowed to cool. The molten mixture typically solidifies within 60
seconds; the mixture may be agitated during cooling. The solid mass thus
formed is milled by passing through a cone mill having a screen with a round
hole of 1mm. The resulting granules are collected.



Example 1(b): Preparation of a tablet

|

The respective extra-granular components (ghom in normal text in Tables 1, 2
and 4), namely, colloidal silicon dioxide, magnesium stearate, stearic acid,
Iactoée. dicalciuh phosphate and microéwstalline cellulose are blended
simultaneously with the granular composition formed from Example 1(a) above
for approximately 15 minutes in a blender. The dry blended material was fed to
a rotary tabletting machine (Fette P1200) and compressed into tablets
(machine speed of 100,000 tablets per hour;‘and compaction force of from 6 kN
to 25 kN) containing a therapeutic dose of NSAID drug and paracetamol,

(...)

1. A process for producing a granular composition comprising a plurality of
solidified melt granules including a non-steroidal anti-inflammatory drug
(NSAID) and paracetamol, the process comprising the steps of:

|

(@) forming a melt mixture by mixing a molten NSAID free acid and
" paracetamol, optionally with one or more excipients; and
(b) forming the melt mixture into solidiﬁed‘melt granules.

Asi mismo existen infinidad de puincacioneg que hacen referencia a este proceso
de granulacién por fusién, y que aunque no involucren los mismos principios
activos que la solicitud colombiana en cuestion, son una clara guia para llegar a
las formulaciones propuestas por dicha solicftud, veamos:

\

Las publicaciones cientificas:

< Melt Granulation in A Laboratory Scale High Shear Mixer.
% Preparation and characterisation of ibuprofen—poloxamer 188 granules
obtained by melt granulation. !

< Formulation design of carbamazepine fast-release tablets prepared by melt
granulation technique.

< The Control of Drug Release from Conventional Melt Granulation Matrices.

< Preparation and evaluation of diltiazem hydrochloride-gelucire 43/01 floating
granules prepared by melt granulatior;.

< Alternative Granulation Technique: Mélt Granulation.

Los documentos de patente de invencién:



10

X4

JP59022640A2: METHOD AND APPARATUS FOR MELT GRANULATION.
US5,403,593: Melt granulated compositions for preparing sustained release

o

&
L X4

dosage forms. !
WO9509044A1: MELT GRANULATION WITH DIELECTRIC HEATING.

US5,718,923: Melt granulated sucralfate preparations and a process for

*

D

25

o

their production.
WOO00/69415A2: MELT GRANULATION.

X/
o®

L)

i
Por todo lo anterior, ruego se analicen los argumentos expuestos con el rigor y
detenimiento habituales y que en consecuencia se decrete, ademas de la

negacion de la solicitud en comento, el archivo del expediente que la contiene.

. ANEXOS

Ruego que se tenga como tal, sin perjuicio de aquellas que el Despacho considere

oficiosamente, las siguientes: |

|
> Abstracts de todas las publicaciones cieptificas mencionadas en el acapite de

Fundamentos de la Oposicion.

» Portadas y capitulos reivindicatorios de todos los documentos de patente de

invenciéon mencionados en el acapite de Fundamentos de la Oposicién.

Sefior Superintendente,
s
JOSE LUIS REYES VILLAMIZAR

C.C. 79.152.473 de Usaquén
T.P.A. 44655 de C.S.J.
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Abstract
The aim of this study was to prepare, by melt granulation, granules containing ibuprofen as a poorly water soluble mode!
drug in order to improve its dissolution rate and its availability; lactose as a diluent and poloxamer 188 (Lutrol F68), as a
new meltable hydrophilic binder, were used. The granules were prepared in a laboratory-scale high-shear mixer, using a
jacket temperature of 50 degrees C and an impeller speed of 500 rpm. The particle size analysis shows that the main
fraction was between 200 and 500 microm, while the determination of drugicontent indicated that ibuprofen was quite

uniformly distributed in all the fractions. Scanning Electron Microscopy (SEM), image and fractal analysis revealed that the
granules did not have a perfect spherical shape and a rugged surface (D(s)=2.6475). The in vitro dissolution tests showed

an increase in the dissolution rate of granules compared to pure drug and p:hysical mixture. The characterisation of the
samples, performed by Differential Scanning Calorimetry (DSC) and X-ray powder diffraction (XRD)}, suggests that the

improvement of dissolution rate could be correlated to the formation of a eutectic mixture between the drug and the binder.

Stability studies indicated that the granule properties do not change, at Ieaét after 1 year of storage at 25 degrees C. In

conclusion, the results of this work suggest that the melt granulation technique is an easy and fast method to improve the

dissolution rate of ibuprofen, using poloxamer 188 as a new hydrophilic meltable binder.

\
PMID: 11803133 [PubMed - indexed for MEDLINE]

Publication Types, MeSH Terms, Substances |

LinkOut - more resources

http://www .ncbi.nlm.nih.gov/pubmed/11803133

3

03/10/2011 11:14 a.m.



Formulation design of carbamazepine fast-release... [Int J Pharm. 200...

l1del

Display Settings:  Abstract

Int J Pharm. 2003 Apr 30;256(1-2):53-63.
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Abstract
This work describes a new approach to prepare a fast-release dosage form for carbamazepine (CBZ), involving the use of
melt granulation process in high shear mixer for the production of tablets. Ih particular, the granules containing CBZ were
prepared using polyethylene glycol (PEG) 4000 as a melting binder and lactose monohydrate as a hydrophilic filler. The
potential of the intragranular addition of crospovidone as a dissolution enhancer and a disintegrant agent was also
evaluated. After the analysis of their solid state performed by means of X-ray powder diffraction (XRD) and differential
scanning calorimetry (DSC), the granules were characterised from the tecl?nological and dissolution point of view. The
subsequent step encompassed the preparation and the evaluation of the tablets, including the effect of the extragranular
introduction of crospovidone. Besides the remarkable enhancement of drug dissolution rate of the granulates in
comparison to physical mixtures and pure drug, no significant differences were found between the dissolution profiles of
the granulates containing lactose or crospovidone. However, the difficult disintegration and bad dissolution performance of
the tablets not containing intragranular crospovidone highlight the necessity of this disintegrant in the granulating mixture.
Moreover, the extragranular addition of a small amount of crospovidone géve rise to a further amelioration of the
disintegration and dissolution performances. .
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Floating Granules Prepared by Melt Granulation
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ABSTRACT

The basic objective of this study was to explore the applica-
tion of Gelucire 43/01 for the design of multi-unit floating
systems of a highly water-soluble drug diltiazem HCI.
Diltiazem HCI-Gelucire 43/01 granules were prepared by
melt granulation technique. The granules were evaluated for
in vitro and in vivo floating ability, surface topography, and
in vitro drug release. Aging effect on storage was evaluated
using scanning electron microscopy, hot stage polarizing
microscopy (HSPM), differential scanning calorimetry
(DSC), and in vitro drug release. Granules were retained in
stomach at least for 6 hours. Approximately 65% to 80%
drug was released over 6 hours with initial fast release from
the surface. Surface topography, HSPM, DSC study of the
aged samples showed phase transformation of Gelucire. The
phase transformation also caused significant increase in drug
release. In conclusion, hydrophobic lipid, Gelucire 43/01,
can be considered as an effective carrier for design of a
multi-unit floating drug delivery system of highly water-sol-
uble drugs such as diltiazem HCI.

KEYWORDS: multi-unit lipid granules, floating, diltiazem
hydrochloride, Gelucire, aging.

INTRODUCTION

Rapid gastrointestinal transit could result in incomplete drug
release from the device above the absorption zone leading to
diminished efficacy of the administered dose.! Therefore dif-
ferent approaches have been proposed to retain the dosage
form in the stomach. These include bioadhesive systems,?
swelling and expanding systems,>* and floating systems.>$
Large single-unit dosage forms undergo significant swelling
after oral administration, and the swollen matrix inhibits the
gastric emptying even at an uncontractile state of the pyloric
sphincter. Park and Park reported medicated polymeric
sheets and swelling of balloon hydrogels.” But the swelling

Corresponding Author: Anant Paradkar, Department of
Pharmaceutics, Bharati Vidyapeeth Deemed University,
Poona College of Pharmacy, Erandawane, Pune-411 038,
Maharashtra, India. Tel: +91-20-25437237. Fax: +91-20-
25439383. Email: arparadkar@rediffmail.com.

|

and expanding systems may show hazard of permanent
retention. Bioadhesive systems may cause problems such as
irritation of the mucous layer owing to high localized con-
centration of the drug.® Hydrodynamically balanced systems,
designed using effervescent mixtures, have achieved com-
mercial success but require a high drug:excipient ratio, have
unpredictable bioavailability, and are unsuitable for drugs
degrading in basic pH due to the alkaline microenvironment.
The single-unit systems such as tablet or capsule may exhib-
it the all-or-none emptying phenomenon, which may be
ove‘rcome by the design of multi-unit systems.® The multi-
unit dosage forms such as pellets and granules may be more
suitable because they claim to reduce the intersubject vari-
ability in absorption and lower the probability of dose dump-
ing.'® Many lipid-based sustained release matrix systems are
reported in literature.!-14 Recently, Kiran Kumar et al report-
ed floating glycerol monooleate (GMO) single-unit lipid
matrix containing high drug:excipient ratio (1:30) to achieve
sustained drug release.!’

Gel"ucires are a family of vehicles derived from mixtures of
mono-,di-, and triglycerides with polyethylene glycol (PEG)
esters of fatty acids. Gelucires are available with a range of
properties depending on their Hydrophilic Lipophilic
Balance (HLB 1-18) and melting point (33°C-65°C)
range. 1617 The Gelucires containing only PEG esters
(Gelucire 55/ 18) are generally used in preparation of fast
release formulations, while Gelucires containing only glyc-
erides or a mixture of glycerides and PEG esters (Gelucire
54/02, 50/13, 43/01) are used in preparation of sustained
release formulations.!:!® Sutananta et al reported sustained
reléase single unit matrices using Gelucire 43/01, where only
1.7% theophylline was released over a period of 20 hours.!?

Thus, the major objective of the present study was to design
floating sustained release granules with a low drug:lipid
ratio. In order to achieve lower drug to excipient proportion
and floating ability, the hydrophobic grade of lipid excipient
Gelucire (Gelucire 43/01) was selected. Diltiazem HCI
(DI'Z), a model drug for this study, is a calcium antagonist
used in the treatment of chronic heart diseases such as angi-
naand hypertension. It has elimination half-life of 3.5 hours.
Th‘erefore, it is a suitable model candidate for gastro-reten-
tive formulation. High solubility of DTZ is a major challenge
in designing its controlled drug delivery system. The extreme
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release retarding ability of Gelucire 43/01 may be exploited
to overcome this problem. In the present study, DTZ-
Gelucire 43/01 floating granules were prepared by melt gran-
ulation and were evaluated with respect to in vitro and in
vivo floating ability, drug content, surface topography, and in
vitro drug release. Effect of aging on the granules was stud-
ied using hot stage polarizing microscopy (HSPM), differen-
tial scanning calorimetry (DSC), scanning electron
microscopy (SEM), and in vitro drug release.

MATERIALS AND METHODS
Materials

Gelucire 43/01 (waxy solid, melting point (mp) 43°C,
HLB = 01, lot no. 0E4404-2) was a generous gift from
Gattefosse (St Priest, Cedex, France). Glyceryl monosterate
(GMS, MGS-F 75, white to yellow beads, mp 64°C,
HLB = 1.5, lot no. 2054) was kindly supplied by Nikko
Chemical Co Ltd (Tokyo, Japan). Methocel K4M (HPMC,
lot no. 0G08012N31) and Ethocel 20 FP (EC) were kindly
supplied by Colorcon Asia Pvt Ltd (Mumbai, India). Sterotex
NF (hydrogenated cotton seed oil, white solid powder, mp
61.4°C, HLB = 1.5, lot no. 065M3NF) was supplied by
Abitec Corp (Jenesville, WI). Diltiazem HCI was a kind gift
from Sun Pharmaceuticals Ltd (Mumbai, India). All other
chemicals were of analytical grade.

Methods
Preparation of Floating Granules

Floating granules containing DTZ were prepared using the
melt granulation technique. The drug:lipid ratios used to pre-
pare the different formulations were 1:1, 1:1.3, and 1:1.5. To
study the effect of additives of different sustaining agents
such as HPMC, EC, Sterotex, and GMS were added sepa-
rately to the formulations. The proportion of additives was
0.5 parts for HPMC and EC, whereas it was 0.25 parts for
Sterotex and GMS. Lipid was melted at 50°C, and the drug
or drug and additives mixture was added, mixed well, and
cooled to room temperature. The mass was passed through a
510-pm sieve to obtain uniform-sized granules.

Drug Content and Percentage Yield

Ten milligrams of floating granules were added to 10 mL of
distilled water, heated to 60°C to 70°C, and allowed to cool
to room temperature. The lipid was solidified and the drug
solution was filtered through Whatman No. 1 paper
(Whatman plc, Middlesex, UK). The sample was analyzed
for drug content by UV spectrophotometry (Jasco V530,
Tokyo, Japan) at 236.4 nm after suitable dilutions. Drug sta-
bility in the dissolution medium and distilled water was
checked for a period of 8 hours. Determinations were per-

formed in triplicate. Percentage yield of each formulation

was‘- calculated.

Su;')”ace Topography

The surface of the drug and granules were coated with a thin
gold-palladium layer by sputter coater unit (VG-Microtech,
Uckfield, East Sussex, UK) and the surface topography was
analyzed with a Cambridge Stereoscan S120 SEM

(Cambridge, UK) operated at an acceleration voltage of 5 kV.

Floating Characteristics
In Vitro Evaluation of Floating Ability

FiiT[y unit granules were placed in 900 mL of distilled water
and United States Pharmacopeia (USP) simulated gastric
fluid (pH 1.2) in a vessel maintained at 37°C + 0.2°C and
stirred at 50 and 100 rpm in a USP 24 type II dissolution test
apparatus (Electrolab TDT-06P, Mumbai, India). The per-
centage of floating granules up to 6 hours was determined,
and the floating times were measured by visual observation.!

\

y-Scintigraphy
In['vivo floating ability was studied by y-scintigraphy in 6
hqalthy human volunteers of aged 25 to 30 years and having
55 to 65 kg total body weight. They were nonalcoholic, non-
smokers, and were not taking any other medication. The vol-
unteers were asked to swallow the capsules filled with gran-
ules (drug:lipid, 1:1.5) containing radiolabeled tecnicium
(*Tc) along with 100 mL water after taking a light break-
fast in the morning. The dosage form was visualized using a
gamma camera (GE Millennium MPR Gamma Camera,
Israel). Images were taken at 0 hours, 1 hour, 2 hours, 4
hours, and 6 hours. Volunteers were in supine position during
imaging.

\
In Vitro Release Studies
The release of drug from the granules containing different
drug to lipid proportions (1:1, 1:1.3, and 1:1.5) was investi-
gated in triplicate. Studies were performed in USP 24 type 11
dissolution test apparatus with the agitation speed of 100 rpm
in USP simulated gastric fluid (pH 1.2) maintained at 37°C =
0.2°C. At appropriate time intervals, samples were with-
drawn and assayed spectrophotometrically at 236.4 nm with
suitable dilutions. Analysis of data was done using PCP
Disso v 2.08 software (Pune, India).2°

Effect of Aging

Effect of aging was studied by HSPM, SEM, DSC, and in
vitro drug release.

I
\

&
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Figure 1. Release profiles of diltiazem hydrochloride from

the granules showing the effect of increasing the
drug:Gelucire ratios.

Hot Stage Polarizing Microscopy

HSPM was conducted using Mettler Toledo FP82HT hot
stage (Greifensee, Switzerland) assembled on Leica DMLP
polarizing microscope equipped with Leica MPS-30 camera
(Leica, Bensheim, Germany). Untreated, freshly prepared
and aged samples were observed under the microscope at
scanning speed of 2°C/min. Changes in the samples mor-
phology (melting-crystallization) were noted as a function of
temperature. Three types of samples were prepared for the
physical evaluation of granules.

1. Freshly solidified samples. Placebo granules were
prepared and stored for 6 hours at room temperature
in order to avoid effects due to the thermal history.

2. Aged samples. Placebo granules were stored up to 1
month at room temperature (25°C; 60% relative
humidity) in order to detect any physical changes
(structural or polymorphic) on aging associated with
glyceride bases.

(73]

Untreated samples. Base without any special treat-
ment (as received from supplier).

Differential Scanning Calorimetry

Thermograms of granules were obtained using a Mettler-
Toledo DSC 821¢ instrument equipped with an intracooler.
Indium/zinc standards were used to calibrate the DSC tem-
perature and enthalpy scale. The sample of granules were
hermetically sealed in an aluminum pan and heated at a con-
stant rate of 10°C/min, over a temperature range of 25°C to
65°C. Inert atmosphere was maintained by purging nitrogen
gas at the flow rate of 50 mL/min.

cF : 5 A D RN
Figure 2. SEM images of (A) diltiazem hydrochloride,
original magnification x 199; (B) melt granules, x 73; (&)
fresh sample, x 1120; and (D) aged sample, x 1020.

|
Scanning Electron Microscopy

Sur‘:'face of the fresh and aged samples were observed by
SEM to study the ageing effect.

|
In IV?tro Release

Effect of aging on drug release was studied on samples aged
for 10 days and 30 days by the in vitro release method
described for fresh samples.

|
RESULTS AND DISCUSSION

Yield and drug content of the granules were found to be in the
range of 95% to 99% and 98% to 102% wt/wt, respectively. In
all ‘-the formulations (without any additives), 94% to 98% gran-
ules were found to float up to 6 hours. No significant differ-
ence was observed in the floating ability of granules contain-
ing different proportions of Gelucire. But drug release was
retarded significantly with increase in the amount of Gelucire
(ngure 1). All 3 drug:lipid ratios showed burst release in the
initial stage, but increase in lipid ratio above 1:1.5 caused sig-
nificant retardation, making it unsuitable for gastroretentive
release, where complete drug release is expected to occur
within the gastric residence period of 6 to 8 hours. The gran-
ules containing drug to lipid ratio 1:2 parts by weight showed
significant release retardation, as less than 50% drug was
released in 6 hours. Hence, the higher level of lipid in this
study was restricted to 1.5 parts, and granules containing
drug:lipid 1:1.5 were used for further evaluation. The SEM
photomicrograph of the granules showed presence of lipid on
the surface (Figure 2A-C). There was no effect of agitation
speed on floating ability (data not shown). All the formulations
fldated for more than 6 hours except the formulation contain-
ing GMS. The y-scintigraphy study of the floating granules in
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Figure 3. Gamma scintigraphs showing floating ability of
diltiazem hydrochloride:lipid granules (1:1.5) in stomach.

human volunteer showed that the formulation remains in the
stomach for ~6 hours (Figure 3). Drug release profiles in 0.1 N
HCl are shown in Figure 1. It was observed that as the amount
of lipid increased, the drug release decreased.

As an attempt to reduce initial drug release GMS, HPMC, EC,
and Sterotex were evaluated as release-retardant additives.
Surprisingly, the granules containing Gelucire:GMS (1:0.25)
did not float despite low HLB of GMS. Whereas, granules
containing Sterotex and HPMC floated but showed faster
release of drug as compared with plain drug:Gelucire granules.
Many workers have reported increased drug release owing to
addition of hydrophilic excipient to lipid carriers.2-2? Granules
containing Gelucire:EC mixture (1:0.5) have shown signifi-
cant retardation of drug release without hampering the floata-
bility. The surface hydrophobicity imparted to the drug parti-
cle by the hydrophobic lipid coat was responsible for floating
behavior. But all low HLB excipient did not ensure floating, as
similar granules prepared using Compritol and GMS separate-
ly did not show floating property. Therefore, apart from
hydrophobicity, density also plays an important role in design
of floating granules using lipophilic excipient.

The SEM photomicrographs of fresh and aged granules are
shown in Figure 2C and D. The SEM photomicrograph of

T EXO
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Figure 4. DSC thermograms of granules: fresh sample (0
day) and aged samples (30 days; Room Tempertaure).
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Figure 5. Semi-log solid fat content as a function of tem-
perature of Gelucire 43/01.

surface of the fresh granules did not show any crystalline
structure but showed smooth patches of lipid on the surface.
After aging, sample showed significant change in the sur-
face, possibly owing to phase transformation.

Thermograms of fresh and aged samples have shown signif-
icant difference. Enthalpy of fusion (AHy) increased signifi-
cantly upon aging (Figure 4). The average AH; of fresh sam-
ple was 124.48 J/g, which increased to 130 J/g during aging.
The glycerides melted over a narrow temperature range in
thf: aged sample as compared with the fresh one. In the fresh
sample, melting onset occurred at a temperature significant-
ly.lower than the aged sample, whereas end set temperature
was slightly higher in aged sample. Aged sample showed a
sh’arp shoulder at 45.6°C.

As the endotherm area is proportional to the solid content,
DSC data was converted in terms of solid fat content. A semi-
log plot of solid fat content versus temperature is shown in
Figure 5. The data fitted well in following model

% Solid content = Me Bt )]
[
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Figure 6. HSPM photomlcrographs of Gelucxre 43/01 (A)
untreated samples; (B) freshly prepared placebo granules;
and (C) aged placebo granules.

Where M and B are constant, M and B reflect initial solid
content and rate of decrease in solid content respectively.
Thus, logarithmic decrease occurred in the solid content in
both the samples. Significant differences existed in the slopes
of semi-log plots and were found to be 0.061 and 0.052 for
fresh and aged samples, respectively. This finding indicated
that rate of decrease in solid content was significantly higher
in the fresh sample as compared with the aged sample. The
similar observation was reported by Sutananta et al.2*

HSPM photomicrographs of untreated, fresh and aged place-
bo samples are shown in Figure 6. It has been observed that
complete melting of the Gelucire occurs at 45°C. HSPM
photomicrograph showed presence of some unmelted portion
even at 45°C in aged sample. Similarly, DSC data analysis
showed that 71.5% glycerides melted up to 40°C in fresh
samples as compared with 44.6% in aged samples (Figure S).
The energy required for melting increased with aging, which
might be attributed to phase transformation due to crystal-
lization of glycerides during aging. This slow crystallization
of glycerides may be responsible for phase transformation,
showing surface roughness.

Dissolution profiles of granules on aging (after 10 and 30
days) are shown in Figure 7. Drug release increased signifi-
cantly on aging, which might be attributed to the phase trans-
formation. About 94% to 98% of granules floated up to 6
hours; hence floating ability of the granules was not affected
by aging. Initial fast release was owing to the dissolution of
drug from the surface, after which release followed zero
order kinetics, which may be owing to a noneroding lipid
coat on the granule surface. Drug release kinetics were not

I
|
100 30 Days

6
10 Days
len
70
3 ’(:o 1 Day
g %
-
* w0
-30.
o
10
B , .
0 50 100 590 200 %0 300 3% 400

Time (minutes)

Fig‘lure 7. Release profiles of diltiazem hydrochloride from

granules (1:1.5) showing effect of aging.

\
affected by aging. Studies using Gelucires 50/13 and 55/18

have shown similar effects on aging. Sutananta et al studied
effect of preparation conditions, drug:Gelucire ratio, and
storage on theophylline release from Gelucire 50/13 and
55/18 molded tablets and reported increase in drug release on
aging.? It was attributed to changes in physical structure and
chemlcal composition during aging. Roussin and Duddu
attributed the increase in release to the development of sur-
face cracks caused by phase transformation during aging.26
The detailed study about mechanism of changes during aging
and its stabilization may further widen the scope of this
application.

CONCLUSION

\
It may be concluded that hydrophobic lipid, Gelucire 43/01,

can be considered as an effective carrier for the design of a
multi-unit floating drug delivery system of highly water-sol-
uble drugs like diltiazem HCI.

\
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Abstract

The purpose of this study was to use a twin-screw extruder for melt granulation. Polyethylene glycols (PEG 400 and 4000)
were used as binders for the development of a drinking water formulation with immediate drug release. The effect of drug
content, PEG 400/4000-ratio, surfactant (type and concentration) and granhlation temperature on granule properties and
dissolution characteristics was determined. The granulation temperature had an important influence on the granule
formation. High yield (95% of the granules <1400 microm) was obtained only at a temperature near the meiting point of
PEG 4000. During granulation the drug of BCS class Il was finely dlspersed in the PEGs, creating a micro-environment
around the drug particles enhancing the dissolution rate. To obtain complete drug release within 10 min for a formulation
containing 10% drug, the addition of 2% (w/w) surfactant (polysorbate 80 or Cremophor RH40) was required. At a higher
drug content (20%), the PEG 4000 concentration had to be increased to 20% to improve granule properties and 4%
polysorbate 80 was required to obtain 100% drug release. X-ray dlffractograms showed distinct peaks of crystalline drug,
the crystallinity of the drug did not change after 50 days, independent of the storage conditions.
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Abstract |
The objective of the present study was to investigate the influence of formulation factors on the physical properties of

hot-melt extruded granules and compressed tablets containing wax as a thermal binder/retarding agent, and to compare
the properties of granules and tablets with those prepared by a high-shear melt granulation (MG) method. Powder blends
containing phenylpropanolamine hydrochloride, Precirol and various excipie;nts were extruded in a single-screw extruder at
open-end discharge conditions. The extrudates were then passed through a 14-mesh screen to form granules. The
extrusion conditions and the optimum amount of wax to function as the thermal binder were dependent on the properties of
the filler excipients. At the same wax level, drug release from tablets decreased in the order of using microcrystalline
cellulose (MCC), lactose and Emcompress as the filler excipient. The observed differences in the dissolution properties of
the tablets were due to the differences in the solubility, swellability and der‘15ity of the filler excipients. Replacing Precirol
with Sterotex K, a higher melting point wax, resuited in slightly increased dissolution rates, when the extrusion was
performed at the same temperature conditions. Hot-melt extruded granuleé were observed to be less spherical than
high-shear melt granules and showed lower values of bulk/tap densities. However, tablets containing MCC or lactose
granules prepared by hot-melt extrusion (HME) exhibited higher hardness Values. Slower drug release rates were found
for tablets containing MCC by HME compared with MG. Analysis of the hot-melt extruded granules showed better drug
content uniformity among granules of different size ranges compared withlhigh-shear melt granules, resulting in a more
reproducible drug release from the corresponding tablets.
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RESUMEEN

La granulacién por fusién en un solo paso es una técnica alternativa basada en la utilizacién de un agente
aglutinante sélido que funde a temperaturas entre 50-80 °C, en lugar de solventes acuosos u orginicos.
Esta propiedad permite emplear esta técnica para la formulacién de firmacos sensibles a la humedad,
evitar el controvertido uso de solventes orginicos y acortar el proceso de granulacién en términos de
tiempo y energfa al eliminar la fase de secado. Asimismo)| una adecuada seleccién del agente aglutinante y
del resto de excipientes permitird el desarrollo y elaboracién de formas farmacéuticas tanto de liberacién
inmediata como de liberacién controlada. Uno de los equipos mds empleados en la granulacién por fusién
es el mezclador granulador de alta velocidad, que permite realizar esta técnica en un solo paso. Ademis,
una vez optimizado el proceso, permite su aplicacién a escala industrial. En este articulo se realiza una
descripcién de la técnica de granulacién por fusién y las variables que influyen en dicho proceso en un
mezclador granulador de alta velocidad. \
Palabras clave: Granulacién por fusién, mezclador granulador de alta velocidad, aglutinante.

|
ABSTRACT

Melt granulation in a high-shear mixer is an alternative technique that converts fine powders into granules.

The powder agglomeration is promoted by the addition of a low melting point binder, which is solid at
room temperature and melts at relatively low temperatures (50-80 °C). This technique is a good alternative
to the conventional wet granulation process when the use of solvents is not indicated. Moreover, it offers
several advantages since the drying phase is eliminated 4nd the process is less consuming in terms of time
and energy. By selecting the suitable binder, melt granulation can be used either to prepare immediate
or controlled release formulations. One of the equipments most commonly used for melt granulation
is the high shear mixer, which allows to development the process in “one-step”. Additionally, when the
process is optimized, it makes possible the industrial scaling-up. This paper focuses on the description
of the melt granulation technique and the parameters that influence the process in high shear mixers.
Key words: Melt granulation, high shear mixer, binder.

1 Laboratorio de Farmacia y Tecnologia Farmacéutica Facultad de Farmacia. Universidad del Pais Vasco (UPV-EHU), Paseo de la Universidad
N° 7, 01006 Vitoria-Gasteiz. Espaiia. |
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GRANULACION POR FUSIKON EN ME

INTRODUCCION

La granulacién es un proceso de aglomeracién
de particulas primarias de polvo para formar es-
tructuras mayores denominadas grinulos. Gene-
ralmente, este granulado se utiliza como producto
intermedio en la fabricacién de comprimidos y
cipsulas, aunque también puede ser empleado
como producto final. Las principales razones por
las cuales se recurre a la granulacién de una mezcla
pulverulenta son las siguientes:

e Prevenir la segregacién de sus componentes.
e Mejorar las propiedades de flyjo.
e Mejorar las caracteristicas de compactacién.

La preparacién de un granulado puede realizarse
por via seca o via himeda segin se adicione o no
un solvente a la mezcla de polvos. La eleccién del
método de granulacién dependeri por un lado de la
aplicacién que se quiera dar al granulado y por otro
de las propiedades fisico quimicas del principio activo
y de los excipientes de la formulacién, en particular
de su sensibilidad a la humedad y al calor (1).

Granulacién por via seca

Conocida como “granulacién por doble com-
presion”, se produce mediante la agregacién de los
componentes en polvo sometidos a alta presién
seguida de una fragmentacién o troceado y posterior
granulacién mediante tamizacién para conseguir el
tamanio de grinulo deseado. Las técnicas mis em-
pleadas son el briqueteado (slugging) y la compac-
tacién con rodillos. Esta via se puede utilizar como
alternativa a la via himeda cuando el firmaco que se
vaa granular es sensible a la humedad, a los liquidos
de granulacién, o no es estable a altas temperaturas
de secado. Sus principales inconvenientes son que
lamezcla debe presentar ciertas propiedades cohesi-
vas, la formacién de polvoy la baja reproducibilidad
en las propiedades finales del granulado.

Granulacién por via himeda

Consiste en un proceso de amasado de una
mezcla de polvos en presencia de un liquido de
granulacién, agua o solvente orginico, que puede
llevar disuelto un agente aglutinante o incorporarse
con el resto de los componentes de la mezcla para
favorecer la adhesién de las particulas una vez se-
cado el granulado.

La figura 1 muestra esquemdticamente las etapas
de la granulacién por via hiimeda y los equipos
necesarios para llevarla a cabo de forma conven-

|
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cional o mediante un proceso desarrollado en “un
solo paso”.

[
Sonda T

‘ Quebrantador
C:im.fiM Mezcla de
calefactora} polvos

i

\
Figura 1. Proceso de granulacién por via hiimeda

| convencional y en “un solo paso”.

Pala impulsora

/Como puede observarse, el empleo del mez-
clador granulador de alta velocidad (MGAV) o del
lecho fluido permite realizar la granulacién en “un
solo paso” ya que un mismo equipo permite realizar
las etapas de mezclado, humectacién, granulacién y
secado. Esto significa una reduccién en el niimero
de[equipos que se deben utilizar, lo que simplifica
considerablemente el proceso y evita posibles pro-
blemas en la manipulacién o pérdidas que pueden
producirse entre un equipo y otro.

'La granulacién por via hiimeda presenta también
algunos inconvenientes, como son la posibilidad de
hidrélisis del principio activo en presencia de agua,
la'necesidad de prolongados tiempos de secado y
la;pérdida de estabilidad del principio activo por
la' exposicién al calor durante la fase de secado.
Los solventes orginicos se pueden utilizar como
alternativa para firmacos sensibles a la humedad o
cuando se precisan tiempos de secado cortos; sin
er‘nbargo, su uso requiere trabajar en locales e ins-
talaciones antideflagrantes, lo que aumenta mucho
el coste de la produccién.

Otra posibilidad para la elaboracién de granu-
lados es la granulacién por fusién, que puede ser
considerada como una modificacién de la granu-
lacién por via himeda (1, 2y 3).

| Para la realizacién de este articulo se hizo una
rFVisién bibliogrifica durante los dltimos 18 me-
ses consultando las bases de datos Sciencedirect y

SciFinder Scholar 2006 Edition.
¢Qué es la granulacién por fusién?

La granulacién por fusién es un proceso en el
que la granulacién se produce por la adicién de
un agente aglutinante que es sélido a temperatura
ambiente pero funde a temperaturas relativamente
bajas. Normalmente se trabaja con sustancias de
punto de fusién en torno a 50-80°C, tanto de natu-

&
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raleza hidréfila como lipdfila (4). El agente agluti-
nante puede afiadirse ya fundido sobre la mezcla de
polvos precalentada (5) o en forma sélida junto con
el resto de componentes de la mezcla, de tal forma
que la granulacién se desarrolla en “un solo paso”
al fundir el aglutinante en el seno de la mezcla (6).
En este caso, dependiendo del equipo empleado, el
agente aglutinante fundird por el calor generado por
una corriente de aire caliente (granulacién en lecho
fluido), por la accién de una camisa calefactora, por
la friccién de los componentes de la mezcla produ-
cida por un impulsor durante la fase de mezclado y
amasado (7, 8), o por la combinacién de estas dos
acciones como ocurre en el mezclador granulador
de alta velocidad. En cualquier caso, tras la fusién,
el agente aglutinante actda como liquido de unién
de las particulas de polvo de forma similar al liquido
adicionado en los procesos de via hiimeda (2). De-
pendiendo de la cantidad de aglutinante afiadido, de
los componentes que constituyen la mezclay de la
eleccién de las condiciones del proceso, es posible
obtener grinulos o incluso pellets (8, 9). En este
sentido, los resultados descritos por Heng et al.
(10), y Seo et al. (11) pusieron de manifiesto que
una alta velocidad de mezcla y tiempos prolongados
de amasado favorecen la formacién de pellets.

Las principales ventajas que presenta la granu-
lacién por fusién son las siguientes: evita la forma-
cién de polvo, elimina la fase de secado haciendo
el proceso de granulacién mis corto, y evita el uso
de solventes y los posibles problemas que derivan
de ello (hidrdlisis de principio activo, empleo de
equipos ignifugos etc.). Su mayor inconveniente es
que no se puede aplicar a sustancias termolabiles a
las temperaturas habituales de trabajo.

Equipos

Los equipos mis empleados en la granulacién
por fusién son el mezclador granulador de alta
velocidad (12) y el lecho fluido (13, 14, 15, 16).
Ambos equipos pueden realizar la granulacién en
un solo paso, lo que permite simplificar conside-
rablemente el tiempo y los costes asociados a los
procesos de granulacién tradicionales. Ademis,
una vez optimizado el proceso y controlando las
variables que pueden influir sobre él, estos equipos
permiten la aplicacién del proceso a escala industrial

(17, 18, 19).

‘ VITAE

Una cuestién que se debe tener en cuentaala
hora de seleccionar el equipo de granulacién mis
adetuado, es su influencia sobre las caracterfsti-
cas del granulado que se va a realizar. Diversos
estudios descritos en la bibliografia ponen de
manifiesto que los grinulos obtenidos con el
MGAV son mis densos que los resultantes del
lecho fluido, debido a las altas fuerzas de cizalla y
de ‘compactaaon ejercidas por la pala impulsora
del equipo (20, 21). Por consiguiente, una misma
formulacién puede presentar distinto comporta-
miento biofarmacéutico dependiendo del equipo
atilizado en su elaboracién.

A pesar de las numerosas ventajas que presentan
ambos equipos, su principal inconveniente es la
cantidad de variables (velocidad del impulsor, flujo
del aire, carga del equipo, temperatura de trabajo,
etc.) que pueden determinar el resultado final y la
necesidad de conocer su influencia. El anilisis de los
pardmetros del proceso que pueden condicionar las
caracteristicas del granulado obtenido puede redu-
cirse mediante un disefio factorial, con el objeto de
disminuir el nimero de formulaciones que deben
ser elaboradas (22y 23).

'Una vez obtenido el granulado es necesario
realizar su correcta caracterizacién mediante la de-
terminacidn de distintas propiedades, tales como la
distribucién del tamafio de particula, la porosidad,
la densidad y voluminosidad, las propiedades de flu-
Jo, las caracteristicas de compresién, la distribucién
del agente aglutinante y la morfologia.

Granulacién por fusién en Mezclador
G{ranulador de Alta Velocidad

Como se ha comentado anteriormente, el
empleo del MGAV permite realizar el mezclado,
granulacién y secado/enfriamiento del granulado
en un solo paso.

' Como puede observarse en la figura 2, el equipo
estd formado por un recipiente cerrado y termos-
tatado mediante una camisa calefactora. Presenta,
ademis, una sonda para el registro continuo de la
temperatura del producto y un quebrantador o
“chopper” para evitar la formacién de grandes aglo-
merados. En la parte inferior estd la pala impulsora
que dari lugar al mezclado y permitirs la formacién
del granulado.
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Granulacién via humeda
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Figura 2. Esquerna de un mezclador g‘ranulador de alta velocidad.

Para la elaboracién de un granulado mediante
granulacién por fusién en un solo paso, se in-
corpora al equipo el agente aglutinante en estado
sélido junto con el resto de materiales de partida.
Los componentes se mezclan durante unos mi-
nutos mediante la accién de la pala impulsora a
velocidades bajas (150-250 rpm), dependiendo de
la cantidad de carga, y durante un corto periodo
de tiempo. Tras la fase de mezclado comienza la
de granulacién propiamente dicha en la que se au-
menta progresivamente la velocidad del impulsor
para favorecer una buena distribucién del agente
aglutinante y alcanzar su temperatura de fusién.
Gracias al calor generado por la camisa calefactora
y por la friccién de los componentes provocada por
el impulsor, el aglutinante funde actuando como
liquido de unién entre las particulas y dando lugar
alaformacién del granulado. En esta etapa del pro-
ceso de granulacién se puede evitar la formacién de
grandes aglomerados accionando el quebrantador,
cuyo empleo también puede favorecer la obtencién
de grinulos mis densos. Posteriormente se realiza
la etapa de enfriamiento, haciendo pasar aguafriaa
través de la camisa calefactora. Esta etapa se puede
acompafiar de un movimiento oscilatorio del reci-
piente (si el equipo lo posee) que evita que la mezcla
se adhiera a las paredes y favorece el enfriamiento
progresivo del granulado por intercambio de calor
con el recipiente. Una vez finalizado el proceso
se tamiza el granulado para eliminar los posibles
aglomerados obtenidos.

Es importante vigilar el proceso con atencién,
ya que la granulacién progresa con tanta rapidez

que el granulado se puede transformar muy répi-
dathente en un sistema sobreamasado inutilizable.
Por tanto, es conveniente utilizar un sistema de
mo‘nitorizacién adecuado para controlar el proceso
de granulaci6n (24, 25). En este sentido, se puede
emplear la medida de distintos factores para deter-
minar el punto final del proceso de granulacién,
como son, por ejemplo, el registro del consumo de
energia o el esfuerzo de torsién de la pala impulsora
(26,27, 28).

Al igual que el resto de técnicas de granulacién,
la éranulacién por fusién en MGAV esti condicio-
nada por numerosas variables, como son las carac-
teristicas de los materiales de partida y del equipo
utilizado. Otras variables que influyen en el proceso

ap;‘lrecen agrupadas en la Tabla 1.

Tabla 1. Principales variables del equipo, proceso y
producto que influyen en el proceso de granulacién

: por fusién en MGAV.
|
f Variables del Variables del Variables del
producto equipo proceso
]
Viscosidad del Tipo de pala Velocidad de la
aglutinante impulsora pala impulsora
\
Cantidad de Accion del Tiempo de
aglutinante quebrantador amasado

Temafio de particula .
de los materiales Carga del equipo
" Temperatura del
producto

Temperatura
calefactora
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Un adecuado conocimiento y control de ellas
permitir4 la obtencién de granulados homogéneos
y con buenas propiedades de flujo. A continuacién
se describe de forma mis detallada la influencia de
algunas de estas variables sobre las caracteristicas
del granulado obtenido.

Influencia del agente aglutinante

En la granulacién por fusién, la seleccién ade-
cuada del agente aglutinante es un aspecto de gran
importancia, ya que permitird desarrollar tanto
formulaciones de liberacién inmediata como de
liberacién controlada (29). Como agentes agluti-
nantes se pueden emplear numerosas sustancias
hidréfobas como el monoestearato de glicerilo (30),
icido estedrico (31), Compritol® 888 Ato (Glyceryl
behenate) (32), Gelucire 50/13 (Polyglicolized gly-
ceride) (33, 34) y otros tipos de grasas y alcoholes (7,
35). Entre las sustancias hidréfilas mas empleadas
destacan el polietilenglicol (PEG 6000) (36) y el
poloxamer 188 (Lutrol® F68) (37).

En la figura 3 se presentan perfiles de disolucién
de comprimidos de teofilina elaborados mediante
granulacién por fusidn con distintos agentes agluti-
nantes para conocer su influencia sobre la liberacién
del firmaco. En dichos perfiles, Ochoa et al. (38)
observaron que las formulaciones elaboradas con
aglutinantes lip6filos presentan una menor veloci-
dad de disolucién debido a que su naturaleza lipéfila
dificulta la penetracién de agua en el comprimido,
y por consiguiente, la liberacién del firmaco.
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Figura 3. Perfiles de liberacién de teofilina a partir de
comprimidos elaborados con distintos aglutinante (38).

Los agentes aglutinantes pueden presentarse en
forma de escamas o polvo, con una gran diversidad
de tamafios de particula. En principio se considera
que el proceso de aglomeracién en la granulacién por
fusién es pricticamente independiente del tamario de
particula del agente aglutinante, excepto cuando se
utilizan sustancias de viscosidad elevada. Esto se debe

|
a que una vez fundido, el aglutinante pasa a estado
liquido humectando el polvo de forma homogénea
indépendientemente de su tamafio de particula ini-
cial (8, 39, 40). Sin embargo, para evitar problemas
de homogenizacién con el resto de los componentes
en las fases de mezclado y granulacién, es preferible
emblear aglutinantes de tamafio de particula similar
al principio activo y excipientes de la mezcla ya que
como observaron Scott et al. (41) y Van den Dries
et al. (42), las diferencias en el tamaiio de particula
pueden afectar la composicién de los grinulos debi-
dola problemas de segregacién de los componentes

du‘rante la fase de mezclado.

Otra de las propiedades fisico-quimicas que
condiciona la eleccién de una sustancia para su
empleo como aglutinante es su rango de tempe-
ratura de fusién. Tal y como se ha mencionado
anteriormente, lo habitual es trabajar con sustancias
de punto de fusién en torno a 50-80°C, porque el
empleo de aglutinantes con punto de fusién mds
bajo puede ocasionar problemas ya que se podria
alcanzar dicha temperatura durante la manipula-
cién y almacenamiento del granulado y el agente
aglutinante fundiria. Por otro lado, temperaturas de
fusién mayores implican someter la mezcla a una
mayor temperatura, lo que contribuiria a posibles
problemas de inestabilidad especialmente con sus-

tancias termolibiles.

VITAE

| La cantidad del aglutinante en la mezcla ha sido
estudiada por numerosos autores como una variable
importante a la hora de elaborar un granulado (8,
32). Una conclusién a la que llegaron Schaefer (43)
y Knight et al. (5) es que para granular materiales
con tamafos de particula pequefios es necesaria
una cantidad elevada de aglutinante debido a que
presentan una mayor irea superficial que debe
ser adecuadamente humectada para conseguir su
aglutinacién

" En general, la granulacién por fusién requiere
aproximadamente entre un 10y un 20 % en peso del
agente aglutinante en la mezcla. Un exceso de aglu-
tinante en la mezcla provocarfa un sobreamasado,
mientras que sino se alcanza la proporcién suficiente
no tendré lugar la formacién del granulado.

|
Influencia de los demas excipientes de la
f"ormulacién

La eleccién de los excipientes, junto con la
naturaleza del aglutinante condicionari la libera-
cién del principio activo. El tamafio de particula
de los excipientes y del principio activo es otra
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de las variables mis estudiada y que se debe tener
en cuenta ya que su influencia sobre el resultado
final es importante. Autores como Thomsen (44)
y Mackaplow et al. (45) observaron que materiales
con tamafio muy pequefio no se podian granular
mediante granulacién por fusién, o que en caso de
granularse, estos granulados eran muy frigiles. Sin
embargo, Farag Badawy et al. (46, 47) vieron que los
excipientes y firmacos de pequefio tamafio de par-
ticula daban lugar a grinulos mayores y mis densos.
Asi mismo Keningley et al. (48) demostraron que
existe una importante relacién entre el tamafo de
particula y la viscosidad del aglutinante a la hora
de controlar el crecimiento y la consistencia del
grinulo. En este sentido, Johansen y Schaefer (49)
estudiaron esa relacién entre tamafio y viscosidad,
y sus efectos sobre el mecanismo de crecimiento
del granulado en un MGAV observando que aglu-
tinantes de viscosidad baja son suficientes para
obtener granulados resistentes con materiales de
tamafio pequefio. Por el contrario, con tamafios
de particula mayores se necesitan aglutinantes de
alta viscosidad para conseguir un granulado de
consistencia suficiente para evitar su ruptura. Estos
mismos autores demostraron también que la vis-
cosidad del aglutinante y el tamafio de particula del
resto de componentes afectan la homogeneidad de
tamafio de los grinulos de un mismo lote y entre
diferentes lotes (50).

Entre los excipientes que se pueden emplear en
esta técnica se encuentran los derivados de la celu-
losa, como la hidroxipropilmetilcelulosa (HPMC)
para el desarrollo de matrices hidréfilas con las que

\

se puede conseguir una liberacién sostenida del f4r-
maco debido a la formacién de un gel que contro-
lardsu liberacion. La liberacién del principio activo
a partir de estas matrices hidréfilas se produciri por
difusién a través del gel (si el principio activo es
soluble en el medio de disolucién), por erosién de
la matriz (si es poco soluble) o mediante la com-
binacién de ambos mecanismos (51). También se
puc‘aden utilizar otros derivados celulésicos como
la etilcelulosa o la hidroximetilcelulosa (HMC).
Si se desea incrementar la liberacién del principio
activo podemos afiadir diluyentes hidréfilos como
el manitol, o sustancias que mejoren su solubili-
dad como las ciclodextrinas (52). Por otro lado es
posible, mediante la incorporacién de sustancias
de accién disgregante como la crospovidona, desa-
rrollar formulaciones de liberacién inmediata (53,
54). El empleo de un aglutinante hidréfilo como
el Superpolystate® (PEG-6-estearato con un punto
de fusién de 33-37 °C), junto con un disgregante,
permite elaborar formulaciones de disgregacién
bucal inmediata “flash tablets” (55). Las propieda-
des de este aglutinante posibilitan incrementar la
resistencia fisica de los comprimidos obtenidos sin
afectar el tiempo de disgregacién, permitiendo su
répida disgregaci6n al fundir en la cavidad bucal y
fayoreciendo la ripida solubilizacién del principio
activo.

| Como se puede observar en la tabla 2, las aplica-
ciones de esta técnica son muy numerosas, ya que
pérmite el desarrollo de formulaciones de firmacos
de distinta solubilidad y pertenecientes a diferentes
gr[upos terapéuticos.

|

Tabla 2. Algunos ejemplos de firmacos empleados en el desarrollo de distintas formulaciones mediante granula-
cién por fusién en MGAV.

Forma de liberacion Forma farmacéutica Fér’maco Aglutinante Referencia
Liberacién controlada Pellets Fenilefrina Precirol® + Compritol® 26
Liberacion controlada Pellets Teoﬁlir‘ia Acido Estearico 31
Liberacién controlada Granulos Ibupro‘feno Poloxamer 188 37
Liberacién controlada Granulos Propramolol Precirol® 56
Liberacién inmediata Granulos Diazepam :5?33000 0 Gelucire 34
Liberacion inmediata Granulos ;:i?];ball,‘rnaze- PEG 6000 53
Liberacion inmediata Granulos Parac‘etamol Superpolystate® 55
Liberacién inmediata Gréanulos Diclofénaco PEG 4000 57
Liberaciéon inmediata Granulos Propranolo! Propranolol oleato 58
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Influencia de algunas variables del proceso

Ademis de los componentes de la formulacién,
también se ha demostrado que el proceso de ela-
boracién del granulado es importante a la hora de
controlar la liberacién del principio activo ya que
cambios en el mismo pueden dar lugar a formula-
ciones con distintos perfiles de liberacién y distinta
biodisponibilidad (59).

En cuanto a la velocidad de la pala impulsora, es
sabido que altas velocidades de trabajo producen un
crecimiento mis ripido del granulado haciendo asi el
proceso mis corto. Sin embargo, se corre el riesgo de
un crecimiento incontrolado (32). Knight et al. (60)
recomiendan velocidades bajas de trabajo para con-
seguir grinulos mayores ya que a velocidad elevada
se puede provocar la rotura de los grinulos.

Ademis, el empleo de la camisa calefactora
para la elaboracién del granulado puede afectar al
comportamiento reolégico del agente aglutinante
fundido, y por consiguiente, su comportamiento en
el mecanismo de granulacién, lo cual va a influir
sobre las caracteristicas finales del granulado.

Finalmente, otras variables del proceso que
pueden influir en el producto final, y a las que por
tanto es importante tener en cuenta, son: el tiempo
de amasado y la accién del quebrantador.

En resumen, podemos decir que es de gran
importancia conocer y controlar todos los factores
y variables que afectan el desarrollo del proceso de
granulacién por fusién en un MGAV para poder
conseguir granulados homoggéneos, reproducibles
y con buenas propiedades, ya que como Bergman
et al. (61) demostraron, estas caracteristicas son
imprescindibles para asegurar una buena calidad
del producto final.

CONCLUSIONES

La granulacién por fusién en MGAV es una técnica
adecuada para la formulacién de firmacos sensibles
a la humedad evitando el uso de solventes orginicos,
y que permite el desarrollo de formas farmacéuticas
tanto de liberacién inmediata como controlada.

Son muchas las variables a controlar para lograr
granulados homogéneos y reproducibles; sin em-
bargo, una vez conocida su influencia, el MGAV
permite su aplicacién a escala industrial.

El empleo de este equipo permite, ademis,
realizar la granulacién por fusién en un solo paso,
lo cual simplifica el proceso de elaboracién de los
granulados.

VITAE
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1) ABSTRACT

Therapeutically active sustained release dosage forms
are described which are prepared from compositions
which comprise (A) a hydrophilic cellulose ether poly-
mer or fuixtures thereof as a binder matrix material, (B)
a granulating medium selected from the group consist-
ing of a" lipid component, polyethylene glycol polymers,
and mixtures thereof, said granulating medium having a
melting range higher than about 30° C., and (C) a thera-
peutically active medicament, said components being in
melt as.:ocmuon. The compositions are prepared by a
melt gr-mulat:on process.

[ 23 Claims, 2 Drawing Sheets
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11 .
way between the surface of the dissolution medium and
the top of the paddle and not less than 1 cm. from each
vessel wall,

The amount of medicament present in each of the
vessels is calculated by reference to standard solutions 5
using UV spectroscopy.

Accompanying FIGS. 1 and 2 deplct the cumulative
amount of medicament delivered by each of Tablets 1
-and 2, respectively, over an extended period of time.

It will be seen that the tablets of the invention provide 10
a gradual, controlled release of the medicament over an
extended period of time.

What is claimed is:

1. A composition for preparing a therapeutically ac-
tive sustained release dosage form which comprises a 15
melt granulated ' substantially homogeneous mixture
comprising:

(A) 5 to 90 wt. % of a hydrophilic cellulose ether

polymer or polymer mixture;

(B) 5 to 50 wt. % of a granulating medium comprising
polyethylene glycol and a glyceryl ester of at least
one Cy2.23 fatty acid, wherein said granulating me-
dium has a melting range above about 30° C.; and

(C) a therapeutically active medicament.

2. A composition according to claim 1 wherein the 25
polyethylene glycol has an average molecular weight of
at least about 900.

3. A composition according to claim 2 wherein the
polyethylene glycol has an average molecular weight of
about 3,000 to about 9,000.

4. A composition accordmg to claim 3 wherein the
polethylene glycol (PEG) is selected from the group
consisting of PEG 3350, PEG 4600, PEG 8000, and
mixtures thereof.

5. A composition according to claim 3 wherein the
hydrophilic cellulose ether polymer is selected from the
group conmsisting of hydroxypropylmethylcellulose,
methylcellulose, hydroxypropylcellulose, hydroxyeth-
yicellulose, sodiumcarboxymethylcellulose, carbox-
ypolymethylene, carboxymethylhydroxyethylcellulose,
and mixtures thereof. )

6. A composition according to claim 5 wherein the
hydrophilic cellulose ether polymer is selected from
hydroxypropylmethylcellulose, methylcellulose, and
mixtures thereof. 45

7. A composition according to claim 6 wherein the
hydrophilic cellulose ether polymer comprises methyl-
cellulose.

8 A composmou accordmg to claim 6 wherein the
lipid component comprises glycerylpalmitostearate.

9. A composition according to claim 7 wherein the
methylcellulose has a methoxyl content of about 27.5 to
S wt. %.

10. A composmon according to claim 9 wherein the
methylcellulose is selected from 4,000 and 15,000 cps
viscosity grades.

11. A composition according to claim 6 wherein the
hydrophilic cellulose ether polymer comprises hydrox-
ypropylmethyicellulose.

12. A composition according to claim 11 wherein the 60
hydroxypropylmethylcellulose has a methoxyl content
of about 16.5 to 30 wt. % and a hydroxypropoxyl con-
tent of about 4 to 32 wt. %.

13. A composition according to claim 11 wherein the
hydroxypropylmethylcellulose is selected from 100,
4,000, 15,000 and 100,000 cps grades of hydroxypropyl-
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meth),'lcellulose having a methoxyl content of 19-24 wt.

% and a hydroxypropoxy! content of 7-12 wt. %.
14.| A composition according to claim 11 wherein the

hydrbxypropylmethylcellulose is a 4,000 cps grade hav-

ing a‘?8-30 wt. % methoxyl content and a 7-12 wt. %

hydroxypropoxyl content.

15 A composition according to claims 1 or 5 com-
prising:

(A) 30 to 40 wt. % of hydrophilic cellulose ether

polymer or polymer mixture;

(B) 15 to 30 wt. % of a granulating medium compris-

ing:

() 5 to 20 wt. % polyethylene glycol;

(ii) 5 to 20 wt. % of a glyceryl ester of at least one -
| Cra28 fatty acid; and

(C) a therapentically active medicament.

16 A composition for preparing a therapeutically
active sustained release solid unit dosage form which
compnsas a melt granulated substantially homogeneous
mixture comprising:

(A) 30 to 40 wt. % of hydroxypropylmethylcellulose

polymer;

(B) 15t0o 30 wt. % of a granulatmg medium, which

|comprises:
(@) 5 to 20 wt. % of glyceryl esters of Ciz.28 fatty
[ acids, and
(i) 5 to 20 wt. % of polyethylene glycol having an
average molecular weight of about 3,000 to
about 9,000
(weight percents based on total composition),
| wherein said granulating medium has a melting
. range of about 30°-100* C,; and

(C) a therapeutically active medicament. -

17. A composition according to claim 16 wherein the
polethylene glycol (PEG) is selected from the group
consisting of PEG 3350, PEG 4600, PEG 8000, and
mixtures thereof. )

18. A composition according to claim 17 wherein the
hydroxypropylmethylcellulose is selected from 100,
4, 000 15,000 and 100,000 cps grades of hydroxypropyl-
methylcellulose having a methoxyl content of about
19-24 wt. % and a hydropropoxyl content of about
7-12 wt. %.

19. A composition according to claim 18 wherein the
glyceryl ester is glycerylpalmitostearate.

20. A composition according to claim 16 wherein the
granulating medium has a melting range of 50°-100° C.

21. A process for preparing a therapeutically active
composition which comprises:

@) formmg a molten mass by applying heat to a com-

position comprising:

’ (A) 5 to 90 wt. % of a hydrophilic cellulose ether

polymer or mixtures thereof;
(B) 5to 50 wt. % of a granulatmg medium compris-

[ ing polyethylene glycol and glyceryl esters of

Ci3.28 fatty acids, wherein the granulating me-
dium has a melting range above about 30° C.; and
(C) a therapeutically active medicament,

(b) mixing the mass to provide a substantially homo-

geneous mixture; and

(c) cooling the mixture to room temperature.

2. A process according to claim 21 wherein the
granulating medium has a melting range of 50°-100° C.

[23. A composition according to claims 1, 6 or 16 in
tableted form.
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What is claimed is [
1. Aprocess for preparing granular c‘ompositions comprising the steps:
() adding the components of the composition, including at least one
5 component which is meltablg, to a chamber;
(ii) agitating the mixture of components;
(iii) applying dielectric heating th‘) said mixture of components and melting
the meltable component; and
(iv) collecting melt-formed granules from the chamber, whereby the inside
10 of the chamber walls remains subst‘antially free of caked composition.
2. A process according to Claim 1 w’herem one component of the composition
is an agriculturally active ingredient. - |
3. Aprocess according to Claim 1 wherein one component of the composition
is a pharmaceutically active ingredient. , '
" 15 4. A process according to Claim 1 cbmprising operating the granulation steps i
l - to iii and collecting step iv in a continuous ma‘:nner.
5. Aprocess according to Claim 2 comprising operating the granulation steps i
to iii and collecting step iv in continuous maner.
. 6. A process according to Claim 3 c’ompn'sing operating the granulation steps i
20  toiii and collecting step iv in a continuous ma{umer.
7. An apparatus for preparing granular compositions comprising:
(i) a chamber with agitating means and at least one inlet port; and
(i) an energy source for dielectric heating adjusted to cooperate with (i).
8. Anapparatus according to Claim; 7 having an outlet port for collecting

o . |
25  granular composition made continuously.
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(57 | ABSTRACT

Sucralfate preparation produced by melt granulating a mix-
ture of a comminuted sucralfate powder and a water-soluble
low-melting point wax, as well as a process for producing a
sucralfate preparation comprising the steps of comminuting
dry sucralfate into fine particles, mixing the finely divided
particles with a water-soluble low-melting point wax and
heating the mixture such that the wax is melted to effect melt
(adhesion) granulation of the finely divided sucralfate par-
ticles |are disclosed. Compared to conventional sucralfate
preparations, the thus produced sucralfate preparation has a
small| dispersed particle size, exhibits high capability for
binding to plasma proteins and thereby achieves marked
imprqvcments in administrability and protein binding capa-
bility.
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30 mg of a dry sucralfate powder and dispersed in water (5
mi). The stock BSA solution (15 ml) was added to the
dispersion and mixture was shaken at 37° C. for 30 min.
Thereafter, a HCI-KCl buffer solution (20 ml) was added and
the mixture was passed through a 0.22 pm membrane filter
(Millipore) to separate the sucralfate-bound insoluble BSA.
The liquid permanent was used as a sample and subjected to
the following assay.

A standard solution (a dilution of the stock BSA solution)
and the sample solution were each measured in 20 pl and
mixed with a protein measuring reagent (Protein Assay
15, Biorad; 5§ ml). The quantity of unbound BSA was
determined from the absorbance at 595 nm as measured with
a spectrophotometer (Shimadzu Corp.); BSA binding capa-
bility was calculated as the percentage of the BSA added that
bound to sucralfate.

The same measurements were conducted on a commercial
sample of subtilized granules (UL.CERLMIN, the registered
trademark of Chugai Pharmaceutical Co., Ltd.) so that the
performance of the subtilized granules prepared in accor-
dance with the invention were compared with the conven-
tional preparation. The results of measurement of dispersed
particle size and BSA binding capability are shown in Tables

3 and 4, respectively.
TABLE 3
Dispersed particle size
Percent
Average, 50 ym and
[T less
Subtilized gramules of invention 5.1 100.0
C iona)l subtilized granul 220 78.6
TABLE 4
BSA binding capability, %
Subtilized gramules of invention 699 (1.5)
Co jonal subtilized granul 47.0(10)

* The figures in parentheses are relative values.

Obviously, the subtilized granule preparation of the
invention could be dispersed as particles not larger than 50
um and showed a BSA binding capability 1.5 times as high
as the conventional preparation.

EXAMPLE 4

A portion (360 g) of the sucralfate preparation
(sucraifate:polyethylene glycol=20:4) obtained in Example
2 was mixed with sucrose (234.6 g), a flavoring agent and
other ingredients (in a total of 2.4 g) and a lubricant (3 g) in
a V-type mixer (Tsutsui Scientific Instruments Co., Ltd.) to
make a powder blend for tableting. The powder was fed into
a single-punch machine (Kimura Seisakusho K.K.), where it
was compacted into fiat, bevel edged tablets each having a
diameter of 18 mm and weighing 1 g in a thickness of 3.1
mm.

The thus prepared tablets were measured for the dispersed
particle size and BSA binding capability and the results are
shown in Tables 5 and 6. which also show the corresponding
data on a commercial sample of tablets (ULCERLMIN, the
registered rademark of Chugai Pharmaceutical Co., Ltd.)
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’ TABLE 5
f Dispersed particle size
Percent of 50 ym
! Average, um and less
Tnvention tablet 10.1 %8
Conventional tablet 7.2 75.7
|
f TABLE 6
; BSA binding capability, %
Invention tablet 65.1 (2.5)
Conventional Tablet 260 (10)

¢ The figires in parcathescs are relative values.

Obkusly, the tablets prepared in accordance with the
invention had very fine dispersed particle sizes as indicated
by the presence of at least 98.8% of particles not larger than
50 pm, #nd they showed a BSA binding capability 2.5 times
as lughl as the conventional tablets.

INDUSTRIAL APPLICABILITY

As described on the foregoing pages, the sucralfate prepa-
rations| produced by the present invention had small dis-
persed | particle sizes and exhibited high capabilities for
binding to plasma proteins as compared with the conven-
tional ;'rrcparations. Therefore, the invention is expected to
make a great contribution in solving the problems associated
with the administrability and protein binding capability of
the suclalfatc preparations produced by conventional meth-
ods. The sucralfate preparanons produced by the invention
have a salient feature in that they can be applied as phar-
maceuticals for oral application such as subtilized granules,
tablets and capsules or as pharmaceutical for external appli-
cation.’

We claim:

1. A sucralfate preparation produced by melt granulating
a mixture of sucralfate with at least 5 wt % of a water-
soluble low-melting point wax.

2. A preparation according to claim 1 which comprises
sucralfate finely divided into particles at least 90% of which
are not larger than 50 um, and the water-soluble low-melting
point wax.

3. A preparation according to claim 2, wherein said finely
divided sucralfate has an average particle size of ro more
than 20 pm and at least 90% of which comprises particles
not larger than 50 pm.

4. 17\ preparation according to claim 1, wherein said wax
has a melting point not higher than 80° C

s. A preparation acoording to claim 4. wherein said wax
is polyethylene glycol, polyoxyethylene-polyoxypropylene-
glycol or a mixture thereof.

6. A process for producing a sucralfate preparation which
comprises the steps of comminuting dry sucralfate into
pame]es at least 90% of which are not larger than 50 pm,
mlxmg the finely divided particles with a water-soluble
low-mlmg point wax and heating the mixture such that
said wax is melted thereby enabling the sucralfate particles
to be granulated adhesively.

7. A process according to claim 6, wherein said water-
soluble low-melting point wax is added in an amount of at
least‘.a wt % of the sucralfate for mixing with the latter.

8./ A process according to claim 6, wherein said dry
sua’alfate is comminuted into particles having an average

!
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size of no more than 20 um and at least 90% of which are 17. A preparation according to claim 2. wherein said wax
not larger than 50 pm. has a melting point not higher than 80° C.
9. A process according to claim 6, wherein said wax has 18.A jpreparation according to claim 17, wherein said wax
a melting point not higher than 80° C. is polyethylene glycol, polyoxyethylene-polyoxypropylene-
10. A process according to claim 9. wherein said wax is 5 glycol or a mixture thereof. .
polyethylene glycol, polyoxyethylenc-polyoxypropylene- esslctti‘:nsl‘;c;?fme preparation formed of granules consisting

glycol or a mixture thereof. 2y 9 . .
11. A process according to claim 6, wherein not only said finely divided sucralfate particles and an amount sufficient
wax but also an excipient is added. 5o less than 5% of a water-soluble low-melting point
12. A process according to claim 7, wherein said dry 10 §9ﬁd wax to agglomerate said finely divided particles

sucralfate is comminuted into particles having an average into granules, .
size of no more than 20 pm and at least 90% of which are whqcin said finely divided sucralfate particles have an
average particle size no greater than about 20 pm with

not larger than 50 ym. Y
13. A process according claim 12, wherein said wax has at least 90% of sald sucralfatc particles having a

a melting point not higher than 80° C. 15 p"am‘cle size no greater than 50 pm, and
said water-soluble low-melting point wax has a

14. A process according claim 8. wherein said wax has a wherein
melting point not higher than 80° C. melting point no greater than 80° C.
20.. A sucraifate preparation according to claim 19, in

15. A process according to claim 14. wherein said wax is
polyethylene glycol, polyoxyethylene-polyoxypropylene- granular form, wherein said solid wax is polyethylene
glycol or a mixture thereof. 20 glycol, polyoxyethylene-polyoxypropylene-glycol or a mix-
16. A process according to claim 13, wherein said wax is  ture thereof.

polyethylene glycol, polyoxyethylene-polyoxypropylene- .
glycol or a mixture thereof. ‘ * % x x %

|
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(54) Title: MELT GRANULATION

(57) Abstract

the rate and site of the release of the active component.

The present invention discloses a simple one—step process of coating by means’of melt granulation for effective masking of bitterness,
and a new, patient—friendly oral pharmaceutical formulation suitable also for diabet‘ics, which at the same time also enables variations in
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Claims i
1’
|

Pharmaceutical formulation in the formll of a granulate for oral use,

characterized in that it contains clarithromyq'in or its derivatives coated with a
|

1.

lipid substance. |
!
r

Pharmaceutical formulation according to! claim 1, characterized in that

2.
clarithromycin or its derivative is admixed with other pharmaceutically

|
acceptable additives. ”

!

r
. . . I . .
Pharmaceutical formulation according to ’fclalm 2, characterized in that the

pharmaceutically acceptable additive is a pﬁ)lymer insoluble in stomach.
e

!

3.

- . » I . . -
Pharmaceutical formulation according toI! claim 3, characterized in that the

polymer insoluble in stomach is a copoljmer of methacrylic acid and methyl

methacrylate. ;1

!
I
r

Pharmaceutical formulation according to claim 1, characterized in that the lipid

4.

5.
: . ! . .
substance is a higher fatty alcohol or a suitable acid or a mixture thereof.

r

i

l

6. Pharmaceutical formulation according to claim 1, characterized in that it is, by

the addition of other pharmaceutically é.cceptable substances, prepared in the
!

form of tablets or capsules. !

!

!

Pharmaceutical formulation according t"o claim 1, characterized in that it is, by

!

7.
the addition of other pharmaceutically, acceptable substances, prepared in the
. l
form of a suspension.
r
r
!
8. Pharmaceutical formulation according to claim 7, characterized in that it is

. {

prepared without sugar (saccharose). !
i

r

r

!

r

!

!
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10.

11.

12.

13.

14.

11

Pharmaceutical formulation according to claim 7, characterized in that polyols

are added as sweetening agents.

Pharmaceutical formulation according to any of claims 1 to 6, characterized in

that, additionally, a gastroresistant coating is applied.

A process for the preparation of a pharmaceutical formulation according to
claim 1, characterized in that it comprises a h‘omogeneous mixing of a coating

mixture, melt granulation, cooling and an addition of other excipients for the

formation of a granulate.

A process for the preparation of a pharmaceutical formulation according to
claim 11, characterized in that it is completed by applying a gastroresistant

coating.

Pharmaceutical formulation in granulate form for oral use, characterized in that
it is prepared according to the process of claim 11.

|
Pharmaceutical formulation according to claim 1 useful for the treatment and

prophylaxis of bacterial infections.

-
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