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SUSTENTACION DE OPOSICION

JOSÉ LUIS REYES VILLAMIZAR, mayor de edad, identificado como aparece al 

pie de mi firma, abogado en ejercicio, titular de la tarjeta profesional número 44655 

del Consejo Superior de la Judicatura, obrando en calidad de apoderado de la 

sociedad FARMACÁPSULAS S.A., en ejercicio de lo dispuesto por el artículo 42 

de la Decisión 486 de 2000, muy respetuosamente me permito formular la 

siguiente

I. RATIFICACIÓN

Mediante el presente escrito, ratifico que la solicitud 13-111-735, referida a una 

composición para cápsulas duras entéricas y las cápsulas obtenidas mediante 

dicha composición, no cumple con los requisitos de patentabilidad y no puede, por 

ello, ser objeto de privilegio de patente.
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En efecto, en la oposición presentada el 25 de septiembre de 2013, se demostró 

que la solicitud en trámite no cumple con los requisitos para ser concedida, debido 

a que carece de claridad, concisión y soporte en la descripción.

Se mencionó que el documento US 6346269 (D1) publicado por Fang-Hsiung 

Hsiao, titulado “Method for preparing an oral formulation containing acid-sensitive 

drugs and oral formulation made thereby” del 12 de febrero de 2002, revela las 

característica técnicas esenciales de la solicitud al describir una formulación oral 

que comprende ña lato de hidroxipropil metil celulosa (HPMCP), hidroxiproil metil 

celulosa (HPMC), al menos un agente alcalino y estabilizadores, así como los 

polioles que son descritos.

Por lo tanto, la composición reclamada ya era conocida y había sido divulgada por 

un documento de patente anterior, haciendo que la materia en mención no pueda 

ser reclamada nuevamente, hecho que debería ser suficiente para negar de plano 

la presente solicitud de patente.

Por último, teniendo en cuenta el efecto ventajoso de la solicitud 13-111-735, se 

mencionó que éste había sido logrado por la anterioridad en mención al reducir la 

actividad de la cápsula con el principio activo.

Por lo tanto, el efecto técnico que presenta la solicitud colombiana 13-111-735 no 

es inventivo pues no aporta una solución sorprendente o inesperada, y más aún, 

una persona medianamente versada en la materia sabría que la combinación de 

los agentes de encapsulamiento, plastificantes, emulsificantes y estabilizantes 

empleados en la formulación de la cápsula eran ya conocidos para el momento de 

la presentación de la solicitud.

Se concluye entonces que la composición reclamada por el solicitante carece de 

novedad y altura inventiva.
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II. COMPLEMENTO DE INFORMACIÓN

De la lectura de la descripción de la solicitud 13-111-735, se observa que el 

problema técnico objetivo puede ser planteado como la necesidad de obtener 

cápsulas de HPMCP con una estabilidad y resistencia mecánica aumentadas 

(páginas 4 y 5):

Las cápsulas de gelatina tienen una alta productividad industrial y una elevada 

competüividad de precios. No obstante, si las cápsulas de gelatina contienen 10 % 

en peso de humedad o menos, pueden perder ¡plasticidad y pueden exhibir un 

deterioro serio en la resistencia al impacto. Las preocupaciones sobre la 

enfermedad de la encefaíopaiia espongiforme bovina ha limitado el uso de tas 

cápsulas de gelatina. Por estas razones, las cápsulas de HPMC a base de 

plantas, preparadas sin gelatina, y las cápsulas de HPMCP entéricas han atraído 

la atención.

Sin embargo, las cápsulas de HPMCP convencionales tienen baja transparencia 

y  son frágiles con un contenido bajo de humedad de 10 % en peso o menos, por 

ejemplo. Adidonal/nente, cuando se almacenan bajo condiciones severas de 

temperatura elevada, tas cápsulas de HPMCP pueden perder lentamente

humedad interior y endurecerse, porque incluyen un exceso de un agenle 

neutralizante (v.g., un agente alcalino). Por lo demás, el agente neutralizante 

puede separarse de las cápsulas endurecidas, lo cual se denomina también 

separación de sal, en un periodo relativamente corto de tiempo, la mayoría de las 

veces en 30 dias.

Para lograr dicho efecto, el solicitante refiere la siguiente composición de la 

reivindicación 1:

[Reivindicación 1J

Una composición para cápsulas duras entéricas, comprendiendo la composición: 

alrededor de 50 partes a alrededor de 90 partes en peso de ftalato de 

hidroxipropilmetilcelulosa (HPMCP);

alrededor de 10 partes a alrededor de 50 partes en peso de 

hidroxipropilmetilcelulosa (HPMC);

alrededor de 5,5 a alrededor de 8*5 partes en peso de un agente alcalino; y 

alrededor de 2 partes a alrededor de 15 partes en peso de un poliol, el cual tiene 

por lo menos tres grupos hidroxilo,

en donde las cantidades del HPMCP, la HPMC, el agente alcalino y el poliol en 

partes en peso se basan en 100 partes en peso del peso total del HPMCP y la 

HPMC.
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Frente a lo anterior, deseam os poner de presente que el ingrediente principal 

em pleado en esta com posición es el HPMCP, el cual es am pliam ente conocido 

como un m aterial de recubrim iento entérico (Brochure Shin-E tsu Chem ical Co., 

Ltd, Septiem bre 2002):

Although HPMCP was developed and used origi- 
nally as an enteric coating agent, ¡te favourable 
properties have led to extensión o f its range of 
applications ¡nto other fieids, including sustained- 
release preparations, binders and microcapsule 
bases. In the above-mentioned applications, 
HPMCP is usually used alone, but can be used in 
combination with other polymers, as in the case 
of the sustained-release preparations.
The descriptions of HPMCP given here apply 
mainly to coating applications.

Incluso, el uso de HM PCP para obtener una cubierta entérica ya había sido 

divulgado en la anterioridad US 6346269 (D I), m encionada en el escrito de 

oposición del 25 de septiem bre de 2013, [M ethod  fo r preparing an ora l form ulation  

contain ing acid-sensitive drugs and ora l form ulation m ade thereby" del 12 de 

febrero de 2002) (col. 13, In 25 a 35):

14 H it  iuviIkhI as d a iin v il  in v la im  1. xvlicrvin  Uie :s  
acllicsivcs are sc lcc lc tl l'ro iil llic  g n u ip  tx iiis is lin g  o f  p n ly v i-  

n y l p y rro lid o n c  ( l ’V I 1) .  g v la lin , h y ilro x y c ll iy l iv IIu Io n c  
( I1 L C ) ,  h y ilm x y p ro p y l c c lln lo s c  ( i l l ’C ) ,  h y < lro x y p r« p y l 
in c lh y l c c IIiilo s e  ( H P M C ) .  v in y l a vc la le  ( V A ) ,  p o ly v in y l 
a Ic o lio l ( I ’ V A ) , iiie lT iy lvctlu lii.sc  ( M C ) ,  v ih y i ce I! u lose ( l ; ( ) ,  M) 

liy ilro x y p io p y l n ie lh y l ce lliilo s e  ph lha ja lc  ( l l l ’M í  I* ) ,  ce  H u­
le'se a cc la le  p lillia lu ic  ( ( 'A l ' ) ,  c o p o ly m c t o f  m e iliy l acry lic  

ac id  m e lliv l m e llia c rv la le  w ith  p o lw in v l  acéta le  p lillia ia te  
( l ’ V A I’)

Este docum ento tam bién revela los m ismos com ponentes m encionados por la 

materia reclam ada por la solicitud en mención (col. 4 y 14) com o el HPMCP, 

HPMC, hidróxido, glicerina, m anitol y  propilenglicol:

O p lin m lly .  im c o t m ore  a d liv s iw s  van he adilu<l l<i iirvpa rc 
I h v  c o k " ,  w h iv h  aru sv lvc lvd  l in u i  llie  g rou p  v <i i i s í m ! m h  o f  

p u ly v m y l p y rro lid o n c  ( l ’V P ). g v la lin . ¡ ly d rn x y v lh y l c c lln -  
1 ' ! " 'c  ( l l l i ( ' ). I iv i l i i i x yprn|»vl c c lln lo sc  ( l l l ’O .  I iv d io w u ro p v l 

in c ll iy l  ce llidoM ; (H P M C ). v in y l acúlale (V A ), p o ly v in y l 
1 n i, : l i \ l  i x I I i i I o h  (M (  ), i  l l i v l  v i  lh d v - , ( I  I ], 

h y < lr< i\y p n ii'v l m e lliv l ve l in lose jil i i lu iln ic  ( l l l 'M C I 1). iv l lu -  
l i is t  ace llile  p lillia la le x  ( C A I ') ,  xa n ||llin  g um , a lp n ie  Huid, 

•15 s a llM if  a ln iu ie  a c id . I .u d ra g il® ,m i|x > ly m u rn l"m e lliy l a c iy lic  
ac id  in e lh v l m e lliae ry la le  w iih  p n lv v in v l acelale p ln lia la lc  
O’ V A l*)

D pliona lly . une or more p iaM Íc iA ls  can lie h u llic r iddcd 
to  prepare llic  core. Suilahle p la M ic i/o s  ate selecled t'iom 

Sil tlie y roup consisting o l ¿ K w rin , ix 'lve tliv lene u lvco l. Iri- 
e thyl c itratc, Itih u lv l citrate. prop iiliy l Iriacelale and castor 
olí. ""
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21  T h e  m c ilio d  i n  v la im v d  in v la im  I .  w h c rc in  ihc  
c xc ip ic n ! is s tlc e lc d  fro m  llic  g rim p  o m s is lin g  n f  h e ló se , 
s i.irvhu s^n jjinn in il, s ix liiim  c íiitH ixy n ie ih y l c v llu lo s c .s w liu n i

15 s inrch . M iJ iü iñ  v h lo rid c . |i<il.issium c h lo riilc . p ign ivn is , salís  
ni" a lg in iv  3 i.n l, la lc , liia n iu m  d io x id e , s icaric  ac id , si cara le , 
m iv ro -c ry s la llin u  c c llu lo s c , g lv c c n ii, p o lv c lliy lcn c  g lyc o l. 
Ir ic lh y l v iira le , tr ib u ty i c ilra lc , p rp p an y l ir ia c tila lc , d íbasic  
v a lc itim  phosphalc, iríhasic  c a lc in m  ph iis |iha ic , c a lc in m  
s u lfa te , c y v lv d e x u in  and cas lor v il

2 2  I he m ethod as d a im e d  in v la im  1, w h crc in  the 

s l.ih li /c fs  are scloctcd from  the g ttn ip  cons is ting  o ljiy c lu ix -  

ides o f  a lk a li-n te ta ls  and a lka lin e  cártH  m e lá is , to s e s  o f  
phospitales and organ ic  ac id  salís, and o rgan ic  am ines

De acuerdo con lo anterior, se ha dem ostrado que en el estado del arte ya se 

conocían cápsu las a base de HPMCP, que contenían HPMC, agentes alcalinos y 

polioles, por lo tanto, no se puede considerar que la m ateria reclam ada por la 

reivindicación 1 sea nueva o inventiva, pues los com ponentes de la m ism a ya 

habían sido divulgados en el arte.

Por otro lado, el docum ento US5385739 (D2), titu lado "S table com positions o f 

gastroprotected om erprazole m icrogranules and process fo r the production  

thereof', publicado el 31 de enero de 1995, se refiere al uso de HPMCP junto con 

HPMC para lograr cubiertas entéricas con óptim a estabilidad (p. 2, col. 2, In. 50 a 

65):

5 0  m m ) .

To ensurc Rood Slabilily of ¡he active principie dur- 
ing sioragc o f the microgranules according to the inven- 
tion, the moisture level of the active layer is less than 
1%. preferably less than 0,5%.

55 Additionally. the microgranule according to the in- 
vention advantagcously comprises an additional protec- 
tive layer of the active layer consisting of mannitol and 
of a binding agent, in order to dcfinitively isolate the 
core, on which the omeprazole is applied, from the 

60 externa] coating layer intended to provide gastroprotec- 
tion of the active cores.

Prcferemially, the binding agent is hydroxypropy! 
methylcellulose (HPMC) whereas the gastroresistant 
layer comprises hydroxypropyl methylcellulose phthal- 

65 ate (HPMCP1 or anionic copolymers of methacrylic 
acid and tale.

In order to satisfy the in vitro dissolution critcria of 
the omeprazole microgranules, according to which at

A si m ismo, el docum ento US5540945 (D3), titulado “Pharm aceutica l preparations  

fo r o ra l adm in istration that are adapted to release the drug a r appropiate s ites in 

the in testines”, publicado ju lio  30 de 1996, se refiere a cápsu las a base de HPMCP 

y HPMC (p.3, p. 8, col. 3, In. 24 a 50 ):
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The lirsi layer comprises an enteric or water-soluble 
¡ngrediem. '¡"he firsi layer is present in order lo insulatc ihe 
core from üie second layer, thereby controlling the time at 
which the active ingrcdicm starts to be released. Spccific 
examples of the cotnponent of the first layer include: enteric 
ingredients such as hydroxypmpylmcthyl cellulose phtha- 
latc (HPMCP). hydroxypropylmetiiyl cellulose acótate suc- 
cinatc (HPMCAS). methacrylic acid-methyl methacrylate 
copolymer, ethyl melhacrylate-inethyl mcüiacrylatc-chloro- 
trimcthylammonium cthyl methacrylate copolymer. ccllu- 
lose acétalo phthalate (CAP), cellulose propionaie pluhalaic, 
cellulose ¡icetatc maléale, polyvinyl acclale phthalate, poly­
vinyl alcohol phthalate, styrcnc-acrylic acid copolymer, and 
melhyl acrylatc-mcthacrylic acid copolymer; and water- 
soluble ingredients such asccllulosic derivativos (c,g, acctyl 
cellulose. melhyl cellulose, hydroxypropyl cellulose, 
hydroxypropylmethyl cellulose and carboxymethyl cellu­
lose sodium) and natural high molecular weighl compotinds 
(e,g. gelatin), The release start time can be delaycd by 
adding insoluble ingredients such as cthyl cellulose (E.C), 
Such insoluble ingredients can be added in amounts ranging 
from 0 to 50% of the first layer.

Each of üie first. second and tliird layers may have 
plasticizers, an ti si ais and other compounds incorporated 
Üierein for the purpose of improving coating and film- 
forming properties.

25

JO

35

40

■15

50

Así m ismo, el docum ento US 4138013 (D4), titulado "Enteric capsules" del 6 de 

febrero de 1979, presenta cápsulas entéricas conform adas por HPMC y HPMCP 

(Col. 1, In 10 a 20, col. 3, In. 40  a 55)
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SUMMARY A N D  D E T A IL E D  DESCR1PTION: 10

The present invention relates to enteric capsules. 
More particularly, the invention relates lo pha/maccuii- 
cal capsules ha ving capsule body and cap portions 
formed by dipmolding using a homogcncous film-form- 
ing múlure comprising ( I )  gelatin and an ammonium 
salí of hydroxypropyl methylcellulose phthalate poly- 
mer, or (2)^hydroxypropyl methylcellulosc and an am­
monium salí of cellulose acetato phthalate polymcr, or
(3) gelatin and an ammonium salí of a copolymer of 20 
methacrylic acid and methacrylic acid allcyl ester; op- 
tionally In combination with other ingredients; and to 
methods for the production of such pharmaceutical 
capsules.

sules._____
The enteric capsules of the present invention, whichj 

advantageously meet thcse objects, have capsule body 
and cap portions formed by dip-molding using a homo-; 
geneous film-form ing mixlure comprising ( I )  gelatin 
and an ammonium salt o f hydroxylpropyl mcthylcellu- 
lose phthalate polymcr, or (2) hydroxypropyl methyl- 
ccllulose and an ammonium salt o f cellulose acetóte 
phthalate polymcr, or (3) gelatin and an ammonium salt¡ 

jo f a copolymer o f methacrylic acid and methacrylic 
acid allcyl ester optionally in combination with addi­
tional ingredients such as plasticizer and/or coloring

i a g e n t . ________________________________
In manufacturine enteric capsules w a series o f steps

45

50

que contienen glicerina y propilenglicol (Col. 4, In. 37)

35 as used in the usual hard shell capsules are suitable. Up 
to 5% (by weight o f the dry gelatin or HPM C ) o f a 
plasticizer, such as glycerinc or propylene glycol, may 
be added if  desiredi

que presentan una excelente resistencia m ecánica y estabilidad (col. 3, In- 51 a 

56, col. 6, In. 25 a 34):

50 featurcs.
The new enteric capsules o f the invention have excel- 

lent enteric properties and pharmaccutical acceptabil- 
ity. They are chemically and physically stable and do 
not develop significantly increascd acidity during stor- 
age and use. In addition, they have a uniform wall thick- 
ness and a low perccntagc o f manufacturine defeots. 

Although it is known in the prior art that the men-

55

35

prior an enicnc capsules, au pass me ocscnoea enteric 
dissolution test Thus, in Ihe aging test simulating ene 
y car aging after manufacture (storage for 4 wceks at 40' 
C. under 40% relativo humidity), the capsules of the 
present invention did not dissol ve in gaslric fluid but 
dissolved promptly in intestinal fluid. Also, thcse cap­
sules when produced with coloring agents in the dip- 
ping solution did not undergo adverse color change 
under aging conditions. Moreover, the capsules had 
cxcellcnt retention of elasticity, transpareney and lustre 
under aging. Significantly, the capsules were free of any 
lendency to generate any odor ofammonia under aging.

I claim:

De acuerdo a lo anterior, queda dem ostrado que a la fecha de prioridad 

reivindicada por la solicitud 13 111 735 ya varios docum entos habían revelado la 

com posición para cápsu las que contienen HPMCP, HPMC, polio les y  agentes 

básicos, así com o tam bién rangos de concentración de los m ism os sim ilares. Por 

lo anterior, no se puede considerar que la m ateria reclam ada por la reivindicación

1 sea nueva.

Mas aún, en docum entos com o la patente US 41380, se d ivulga la m ejora en 

estabilidad física y quím ica de este tipo de cápsulas, por lo tanto, el efecto 

reclam ado en la presente solicitud no es sorprendente o inesperado para este tipo 

de com posiciones para cápsulas.
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Por otra parte, la reivindicación 2 se refiere a las características del HPMCP como 

se observa a continuación:

[Reivindicación 2]

La composición de la Reivindicación 1, en donde el HPMCP incluye alrededor de

20 % en peso a alrededor de 24 % en peso de un grupo metoxi. a lrededor de 6 % 

en peso a alrededor de 10 % en peso de un grupo hídroxipropoxi. y  a lrededor de

21 % en peso a alrededor de 26 % en peso de un grupo ftalilo. y  tiene una 

viscosidad cinética de alrededor de 48 cSt a alrededor de 66 cSt.

Frente a la reivindicación 2, deseam os poner de presente que según la 

monografía de la farm acopea USP 34- NF29 para HPMCP, ésta es defin ida como 

un éster de HPM C con porcentajes defin idos de grupo metoxi, hidropropoxi y 

ftalilo, como se lee a continuación:

Hypromellose Phthalate is a monophthalic acid ester o f hydroxypropyl 
methylcellulose. It contains m ethoxy (-O C H 3), hydroxypropoxy (-O C H 2CHOHCH3), 
and phthalyl (o-carboxybenzoyl, C8H50 3) groups. It contains not less than 21.0 
percent and not more than 35.0 percent o f phthalyl groups, calculated on the 
anhydrous basis. (USP34-NF29 Page 1550, Pharmacopeial Forum: Volume No. 
30(3) Page 9 8 4 -2 0 1 1 .)

Adicionalm ente, de la lectura de un brochure disponible en el m ercado, se sabe 

que estos son parám etros com únm ente em pleados a nivel industria l para referirse 

a diferentes grados de HPMCP y que tales rangos reclam ados en la reivindicación

2 realm ente equivalen a rangos ya conocidos e incluso determ inados por el grado 

de HPMCP referidos com o HP-55, HP-55S, y HP-50 en el siguiente fragm ento del 

brochure (Brochure Shin-Etsu Chemical Co., Ltd, Septiem bre 2002):
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The specifications for HPMCP are listed ¡n Table 4 . HPMCP meets all the requirements o f US/NF 
Hydroxypropyl Methylcellulose Phthalate, EP Hypromellose Phthalate or JP Hydroxypropyl Methyl­
cellulose Phthalate.

Shin-Etsu Chemical performs strict quality control to meet GMP guidelines.

Table 4: Specifications of HPMCP

Item/Grade HP-55 HP-55S HP-50

labeüed viscosity (cst) 40 170 55

Dcscription 
and solubility conforms

Identification 
(Infrared Absorption)

32-48

conforms

Viscosity (cst) 136-204 44-66

Water not more than 5.0%

Rcsidue on ignition not more than 0.20%

Chloride 

Heavy Metals 

Free phthalic acid

not more than 0.07%

—-----
not more than 0.001% 

not more than 1.0%-------------------------------------------- -------------------
Phthalyl contení 27.0-35.0% 21.0-27.0%

Methoxy content 18.0-22.0% 20.0-24.0%

Hydroxypropoxy!
content b'L J-u ,0 6.0-10.0%

Por lo tanto, la reivindicación 2 pareciera referirse a HPMCP grado HP-50 por los 

porcentajes allí referidos. Dado que estos son porcentajes estandarizados para 

cierto tipo de grado, no es posible decir que tienen novedad o nivel inventivo.

De acuerdo a lo anterior, se ha establecido la carencia de novedad y nivel 

inventivo de la m ateria reclam ada por el solicitante.

III. PRUEBAS

Ruego que se tengan com o tales, adem ás de aquellas que el Despacho considere 

oficiosam ente, las siguientes:

1. El docum ento US 4993137 titulado "M ethod o f m anufacturing hard  

capsules" publicada en 19 Febrero de 1991, de A raum e et al, portada y 

página 1.
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2. Brochure Shin-E tsu Chem ical Co., Ltd, Septiem bre 2002, todo el 

docum ento

3. El docum ento US5385739, titu lado “S table com positions o f  

gastroprotected om erprazole m icrogranules and process fo r the 

production th e re o f, publicado el 31 de enero de 1995, p. 2, col. 2, In. 50 

a 65

4. El docum ento US5540945, titu lado “Pharm aceutica l p reparations fo r oral 

adm inistration that are adapted to re lease the drug a r appropiate sites in 

the intestines", publicado ju lio  30 de 1996, p.3, p. 8, col. 3, In. 24 a 50.

5. Monografía Farmacopea USP34-NF29 Page 1550, Pharmacopeial Forum: 

Volume No. 30(3) Page 984 -  2011

Señor Superintendente,

JOSÉ LUIS REYES VILLAMIZAR

C.C. 79 ’152.473 de Usaquén 

T.P.A. 44.655 del C.S.J.
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Description 

Technical field

[0001] The present invention relates to the field of pharmaceutical technology and describes a dosage form for oral 
administration o f the magnesium salt of pantoprazole. The invention additionally relates to proces-ses for producing the 
dosage form.

Prior art

[0002] It is generally known to coat peroral administration forms, e.g. tablets or pellets which contain an acid-labile 
active compound, w ith an enteric coating which, after passage through the stomach, rapidly dissolves in the alkaline 
médium o f the intestine. Examples of such acid-labile active compounds are acid-labile protón pump inhibitors (HVK+ 
ATPase inhibitors), in particular pyridin-2-ylmethylsulfinyl-1H-benzimidazoles, such as are disclosed, for example, in

*5 EP-A-0 005 129, EP-A-0 166 287, EP-A-0 174 726 and EP-A-0 268 956. On account o f their H'VK+ ATPase-inhibiting 
action, these are o f importance in the therapy of diseases, which are due to increased gastric acid secretion. Examples 
o f active compounds from this group which are commercially available are 5-methoxy-2-[(4-methoxy-3,5-dimethyl-2- 
pyridinyl)methylsulfmylj-1 H-benzimidazole (INN: omeprazole), 5-difluoromethoxy-2-[(3,4-d¡-methoxy-2-pyridinyl)meth- 
ylsulfinyl]-1 H-benzimidazole (INN: pantoprazole), 2-[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl)methylsulfinyl]-1 H- 

20  benzlmidazole (INN: lansoprazole) and 2-{[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]-methylsulfinyl}-1 H-benzimida­
zole (INN: rabeprazole).
[0003] Because o f their strong tendency to decompose in a neutral and, in particular, in an acidic environment, where 
strongly colored decomposition products are also formed, for oral preparations it is  also necessary in this case to protect 
the active compounds from the action o f acids. In the case o f the strongly acid-labile pyridin-2-ylmethylsulfinyl-1 H-

25 benzimidazoles, it is moreover necessary to process these in the tablet core or in pellets in the form o f their alkaline
salts, for example as sodium salts, or together with alkaline substances. Since the substances suitable for enteric coatings 
are thcse having free carboxyl groups, the problem results that the enteric coating is partly dissolved o r even dissolved 
from inside because o f the alkaline médium in the interior and the free carboxyl groups promote the decomposition of 
the active compounds. It may therefore be necessary to provide an isolating intermedíate layer (subcoating) between 

30 the enteric coating and the alkaline tablet core or pellet. It is proposed in EP-A-0 244 380 to coat cores which contain
the active compound together with alkaline compounds or as an alkaline salt w ith at least one layer o f nonacidic, inert 
pharmaceutically acceptable substances, which are soluble in water or rapidly decompose in water, before the enteric 
layer is applied. The intermedíate layer or intermedíate layers act as pH-buffering zones in which the hydrogen ions 
diffusing in from outside can react with the hydroxyl ions diffusing from the alkaline core. In order to increase the buffer 

35 capacity of the intermedíate layer, it is proposed to incorpórate buffer substances Into the intermedíate layer(s). In 
practlce, it is possible by this process to obtain somewhat stable preparations. However, relatively thick intermedíate 
layers are needed in order to avoid the unsightly discolorations occurring even in the case of only slight decomposition. 
Moreover, a considerable effort is to be made in the preparation to avoid traces o f moisture.
[0004] In EP-A-0 519 365, a formulation on the principie of the alkaline core coated with a water-soluble intermedíate 

40 layer and an enteric coating is proposed for the active compound pantoprazole, In which improved stability is achieved
by use o f polyvinylpyrrolidone and/or hydroxypropylmethylcellulose as binders for the alkaline core. It is disclosed that 
as binder a polyvinylpyrolindone o f higher molecular weight Is used.
[0005] EP-A-0 342 522 discloses a formulation for acid-sensitive benzimidazoles in which, between the alkaline core 
and the enteric coating, an intermedíate layer is located which is composed o f only slightly water-soluble film-forming

1,5 material, such as ethylcellulose and polyvinyl acetate, and a slightly water-soluble finely granular inorganic o r organic 
material suspended therein, such as, for example, magnesium oxide, Silicon oxide or sucrose fatty acid esters.
[0006] EP-A-0 277 741 describes spherical granules having a core which Is coated with spray powder, which contains 
low-substituted hydroxypropylcellulose and a benzlmidazole compound having anti-ulcer actlvlty. These granules can 
be coated with an enteric coating agent.

so [0007] EP-A-1 213 015 discloses an oral pharmaceutical composition w ith delayed release of protón pump inhibitors.
[0008] As the abovementioned prior art shows, the production of peroral administration forms for acid-labile active 
compounds requires technicaliy complicated processes.
[0009] The International Patent Application W 097 /41114 describes a specific process for the preparation of magne­
sium salts o f pyridin-2-ylmethylsulfinyl-1H-benzimidazoles. Inter alia, the preparation of the magnesium salt of panto-

55 prazole Is also described by way o f example. According to the analysis data indicated, the salt prepared is pantoprazole 
magnesium in anhydrous form.
[0010] International Patent Application WOOO/10995 describes the dihydrate o f the magnesium salt o f pantoprazole. 
It is disclosed that the dihydrate o f the magnesium salt o f pantoprazole has Inter alia improved stability properties as in
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comparison to pantoprazole itself or to pantoprazole sodium sesquihydrate.

Description o f the invention

5 [0011] It is an object of the present invention lo  provide a dosage form for oral administration o f pantoprazole magnesium
salt, which dosage form can be produced without great technical complexity, which takes account of the acid lability of 
pantoprazole and which makes available the pantoprazole magnesium salt effectively for the body in such a way that 
an optimal active ingredient profile and thus action profile is achieved.
[0012] Pantoprazole magnesium oral pharmaceutical dosage forms, available as delayed release forms are found ¡n- 

w  vitro to have prolonged dissolution times as compared to corresponding dosage forms containing pantoprazole sodium. 
From a pharmakokinetic point of view it may thus be expected that pantoprazole magnesium oral dosage forms may 
have clinical disadvantages, e.g. delayed onset of action as compared to pantoprazole sodium oral dosage forms. 
Surprisingly, it has been found now that pantoprazole magnesium oral dosage forms have unexpected release profiles 
o f active ingredient and clinical advantages.

'5  [0013] In one aspect the invention therefore relates to an oral pharmaceutical dosage form comprising pantoprazole
magnesium together with pharmaceutically acceptable excipients.
[0014] Surprisingly it has also been found now that oral dosage forms for pantoprazole magnesium salt comprising 
low molecular weight polyvinylpyrrolidone as excipient show stability and a distinctly improved release profile for the 
active ingredient as compared to oral dosage forms for pantoprazole magnesium salt known from the art.

20 [0015] The invention therefore also relates to a dosage form for oral administration o f pantoprazole magnesium salt
comprising a therapeutically effective amount o f the pantoprazole magnesium salt together with low molecular weight 
polyvinylpyrrolidone and one or more other suitable pharmaceutical excipients.
[0016] A dosage form means, in particular, a medicinal dosage form such as a tablet, a coated tablet, a multiparticulate 
form such as pellets o r pellets and microtablets in a capsule or a múltiple unit tableted dosage form (such as disclosed

25 ¡n W O 96/01623), with the dosage form advantageously being designed so that the pantoprazole magnesium salt is 
released, o r made available effectively for the body, in such a way that an optimal active ingredient profile, and thus 
action profile, is achieved. Unit in connection with the múltiple unit tableted dosage form refers to an individual unit 
containing the pantoprazole magnesium salt, which individual unit can be a small bead, particle, granule o r pellet, in 
connection with the invention also referred to as pellet. Suitable dosage forms are for example disclosed in EP-A-0 519 

30 3 65, EP-A-0 244 380, EP-A-1 213 015, EP-A-1 105 105, EP-A-1 037 634, EP-A-1 187 601 and EP-A-1 341 528.
[0017] The oral dosage form o f the invention is preferably a dosage form with modified release of the active ingredient, 
in particular with delayed release of active ingredient. Particularly preferred is an enteric coated dosage form, comprising 
at least one enteric coating layer which is stable and does not release the active ingredient under acidic conditions but 
rapidly dissolves in neutral conditions and in particular in the alkaline médium of the intestine. In a further preferred

35  embodiment the dosage form according to the invention in addition to the enteric coating layer contains one or more
intermedíate layers (subcoating layers). In another embodiment the dosage form according to the invention comprises 
at least one enteric coating layer but does not contain an intermedíate layer.
[0018] Pantoprazole is the INN (International Nonproprietary Ñame) for the compound 5-difluoromethoxy-2-[(3,4- 
dímethoxy-2-pyridinyl)methylsulfinyl]-1 H-benzimidazole. The magnesium salt of pantoprazole is the chemical compound

40 magnesium bis[5-[d¡fluoromethoxy]-2-[[3,4-dimethoxy-2-pyridinyl]methyl]sulfinyl]-1H-benzimidazolide). In connection 
with the invention the pantoprazole magnesium salt can also be present in hydrate form (e.g. monohydrate, sesquihadrate 
or dihydrate). A particular preferred hydrate in connection with the invention is the dihydrate o f the magnesium salt of 
pantoprazole w ith the chemical ñame magnesium bis[5-[difluoromethoxy]-2-([3,4-dímethoxy-2-pyridínyl]methyl]sulfinyl]- 
IH-benzim idazolide] dihydrate. The synthesis o f the magnesium salt o f pantoprazole is described for example in Inter- 

45 national Patent Application W 097 /41114 and the synthesis o f the dihydrate o f the magnesium salt of pantoprazole is
disclosed in International Patent Application WO00/10995.
[0019] Because of a great tendency to decompose in a neutral and, in particular, acidic environment, which also results 
in highly colored decomposition products, for oral compositions, it is preferred on the one hand to keep the magnesium 
salt of pantoprazole in an alkaline environment and, on the other hand, to protect it from exposure to acids. It is generally

50 known to coat tablets or pellets, which contain an acid-labile active ingredient with an enteric coating which, after passage
through the stomach, rapidly dissolves in the alkaline médium in the intestine. In the case o f pantoprazole, which is very 
acid-labile, it is preferred to process it in the tablet core or in pellets in the form of its alkaline salts, and preferably together 
with alkaline substances. Since the substances suitable for enteric coatings contain free carboxyl groups, a problem 
arises when the enteric coating is partly or even completely dissolved from the inside because of the alkaline médium 

55 in the interior, and the free carboxyl groups promote decomposition of the active ingredients. It is therefore preferred to
provide a sealing intermedíate layer (subcoating) between the enteric coating and an alkaline tablet o r pellet core. EP- 
A 0244380 proposes to coat cores, which contain the active ingredient together with alkaline compounds or as alkaline 
salt with at least one layer, which is soluble in water or rapidly disintegrates in water, o f nonacidic, inert pharmaceutically-
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acceptable substance before the enteric layer is applied.
[0020] The intermedíate layer o r intermedíate layers act as pH-buffering zones in which hydrogen ions, which diffuse 
in from the outside, are able to react with the hydroxyl ions which diffuse out o f the alkaline core. In order to increase 
the buffer capacity o f the intermedíate layer, it is proposed to incorpórate buffer substance into the intermedíate layer

5 (s). It is possible in practice by this method to obtain rather stable compositions.
[0021] The invention therefore also relates to an oral dosage form in pellet or tablet form for magnesium salt of 
pantoprazole comprising a therapeutically effective amount of the magnesium salt o f pantoprazole together with one or 
more other pharmaceutical excipients in a pellet or tablet core, at least one subcoating (intermedíate layer) and an outer 
enteric layer which is soluble in the small intestine.

w  [0022] The invention further relates to an oral dosage form in pellet or tablet form for magnesium salt of pantoprazole 
comprising a therapeutically effective amount of the magnesium salt of pantoprazole together with one o r more other 
pharmaceutical excipients in an alkaline pellet o r tablet core, at least one subcoating (intermedíate layer) and an outer 
enteric layer which is soluble in the small intestine.
[0023] In another embodiment the invention also relates to an oral dosage form in pellet or tablet form for magnesium 

?5 salt o f pantoprazole comprising a therapeutically effective amount o f the magnesium salt of pantoprazole together with
polyvinypyrrolidon and optionally one or more other pharmaceutical excipients in an alkaline pellet or tablet core, at least 
one subcoating (intermedíate layer) and an outer enteric layer which is soluble in the small intestine.
[0024] In another embodiment the invention also relates to an oral dosage form in pellet o r tablet form for magnesium 
salt of pantoprazole comprising a therapeutically effective amount of the magnesium salt o f pantoprazole together with

20  PVP90 and optionally one o r more other pharmaceutical excipients in an alkaline pellet or tablet core, at least one
subcoating (intermedíate layer) and an outer enteric layer which is soluble in the small intestine.
[0025] In another embodiment the invention also relates to an oral dosage form in pellet o r tablet form for magnesium 
salt o f pantoprazole comprising a therapeutically effective amount o f the magnesium salt o f pantoprazole together with 
low molecular weight polyvinypyrrolidon and optionally one or more other pharmaceutical excipients in an alkaline pellet

25  or tablet core, at least one subcoating (intermedíate layer) and an outer enteric layer which is soluble in the small intestine.
[0026] In one embodiment o f the invention the oral dosage form is a múltiple unit tableted dosage form, w ith individual 
enteric coating layered units containing pantoprazole magnesium salt and optionally other excipients.
[0027] Further suitable pharmaceutical excipients, which may be used In the dosage form according to the invention 
are pharmaceutical excipients such as fillers, (additional) binders, disintegrants o r else lubricants and release agents.

30 Other suitable excipients, which may be present in the dosage form of the invention are, for example, flavoring substances
(such as flavors and sweeteners), buffer substances, preservativos, coloring substances (such as ¡ron oxid yellow or 
red), wetting agents, surfactants (such as sodium laurylsulfate) or else emulsifiers. Flavors are usually added in a 
proportion o f from 0.05 to 1 % by weight. Other flavoring substances by way of example are acids such as citric acid, 
sweeteners such as saccharin, aspartame, cyclamate sodium or maltol, which are added according to the desired result. 

35 [0028] Suitable binders which can be used for preparing the tablet or pellet core are polyvinylpyrrolidone (PVP),
hydroxypropymethylcellulose, hydroxypropylcellulose, sodium carboxymethylcellulose, gelatine, whereby PVP is pre­
ferred.
[0029] In a preferred embodiment the invention also relates to a dosage form for oral administration of pantoprazole 
magnesium salt comprising a therapeutically effective amount of the pantoprazole magnesium salt together with poly- 
vlnylpyrrolidone (PVP) as a binder and one or more other suitable pharmaceutical excipients.
[0030] The polyvinylpyrrolidone (PVP) employed as binder according to the invention can be of molecular weight In 
the range of 2.000 -  1.500.000. In one embodiment according to the invention PVP 90 (average molecular weight about
1.000.000 - 1.500.000) or PVP in the range of from 600 000 to 700 000 can be mentioned as preferred. In another 
embodiment o f the invention the PVP is a water-soluble PVP with a low average molecular weight and is preferably

->5 used as binder in the dosage form. Low average molecular weight in connection with the invention refers to PVP with 
an average molecular weight below 300 000, preferably below 100 000, particularly preferably below 70 000, more 
particularly preferably below 60 000, most particularly preferred below 40 000. Examples, which may be mentioned, are 
Kollidon 12 PF (molecular weight 2 000-3 000), Kollidon 17 PF (molecular weight 7 000-11 000), Kollidon 25 (molecular 
weight 28 000-34 000) and Kollidon 30 (molecular weight 44 000-54 000), whereby Kollidon 25 is preferred.

50 [0031] The proportion (in percent by weight based on the finlshed dosage form) o f PVP as a binder (and, where
appropriate, additional other binders) may preferably be according to the invention from 0.5 to 15 % by weight. The 
proportion o f PVP is preferably from 1 to 5 % by weight, particularly preferably from 1.5 to 3.5 % by weight.
[0032] Suitable fillers in connection with the invention are mannitol, lactose, starch, cellulose and calcium phosphate, 
whereby mannitol is preferred. In one embodiment of the invention mannitol is the solé filler used for the oral dosage

55 forms according to the invention.
[0033] For a baslc reaction of the pellet o r tablet core (= alkaline tablet or pellet core) it is mixed (where requlred 
increase in pH is not achieved simply by using an active-ingredient salt) w ith an Inorganic base. Mentlon may be made 
in this connection of, for example, the pharmacologically-suitable (tolerable) alkali-metal, alkaline-earth-metal or earth-
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metal salts of weak acids and the pharmacologically-suitable hydroxides and oxides o f alkaline-earth and earth metáis. 
Sodium carbonate may be mentioned as a base to be emphasized by way of example.
[0034] Besides filler and binder, other ancillary substances, in particular lubricants and nonstick agents, and tablet 
disintegrants, are used in the manufacture of tablet cores. Examples of lubricants and nonstick agents, which may be 
mentioned, are higher fatty acids and the ir alkali-metal and alkaline-earth-metal salts, such as calcium stearate. Suitable 
disintegrants are, in particular, chemically inert agents, Tablet disintegrants, which may be mentioned as preferred, are 
crosslinked polyvinylpyrrolidone, crosslinked sodium carboxymethylcelluloses, sodium starch glycolate and pregelati- 
nized starch.
[0035] In one embodiment o f the invention the oral dosage form according to the invention is a tablet and comprises 
as excipients for the tablet core sodium carbonate, mannitol, crospovidone, polyvinylpyrrolidone and calcium stearate.
[0036] In another embodiment o f the invention the oral dosage form according to the invention is in pellet form on the 
basis o f nonpareilles/seeds and the pellet core comprises starch as excipient. It has been found surprisingly that by 
using starch as excipient in the pellet core (based on nonpareilles/seeds) the release of the pantoprazole magnesium 
from the pellet core is faster and increased as compared to pellets without starch in the pellet core. Suitable types of 
starch, which can be used in this connection are different types o f starch such as corn starch, potatoe starch, rice starch, 
wheat starch, preferably pregelatinized starch and in particular pregelatinized corn starch (Starch 1500). In a preferred 
embodiment according to the Invention the amount of pregelatinized starch present in the pellet core is in the range of
0 .5 -4 %  per weight (based on the total weight of the pellet core), particularly preferably in the range of 1 - 3% per weight.
[0037] The pellet core may contain additional excipients such as those mentioned above and those mentioned in 
connection with tablet cores (e.g. binders, stabilizers, disintegrants, surfactants and wetting agents).
Wetting agents In this connection preferably refers to synthetic tensides (such as polysorbate, spans, brij), sulfate- and 
sulfonate salts o f fatty acids (such as sodium dodecylsulfate), non-ionic tensides (such as poloxamer) and glycerol esters 
o f fatty acids. In a preferred embodiment SOS (sodium dodecylsulfate) is present. Binders, which may be present are 
for example PVP, HPMC, hydroxypropylcellulose (HPC) and gelatine. Disintegrants, which may be present are 
crosslinked polyvinylpyrrolidone, crosslinked sodium carboxymethylcelluloses and sodium starch glycolate.
[0038] In another embodiment o f the invention the oral dosage form according to the invention comprises as excipients 
sodium carbonate, sodium laurylsulfate, pregelatinized starch, polyvinylpyrrolidone and sucrose ¡Pellets]. The oral dos- 
age form is preferably a pellet on the basis of nonpareilles.
[0039] In respect of the intermedíate layer(s) to be applied to a pellet core or tablet core, referen ce may be made in 
particular to those water-soluble layers such as are usually used before application of layers which are resistant to gastric 
juice, or such as are described e.g. in DE-OS 39 01 151. Examples, which may be mentioned o f film polymers, which 
can be used for the intermedíate layer are hydroxypropylmethylcellulose and/or polyvinylpyrrolidone, to which plasticizers 
(such as, for example, propylene glycol) and/or other additives (e.g. tale as an anti-sticking agent) and auxiliarles (e.g. 
buffers, bases or pigments) can also be added if desired.
[0040] In one embodiment of the invention the oral dosage form according to the invention comprises intermedíate 
layer(s) based on hydroxypropylmethylcellulose as film polymer.
[0041] The expert knows, on the basis of his technical knowledge, what outer layers, which are resistant to  gastric 
ju ice can be used. Examples of suitable polymers for the enteric coating are methacrylic acid/methyl methacrylate 
copolymer o r methacrylic acid/ethyl -acrylate copolymer (Eudragit® L, S, or Eudragit® L30D) o r cellulose derivatives, 
such as carboxymethylethylcellulose (CMEC, Duodcel®), cellulose acetate phthalate (CAP), cellulose acetate trimellitate 
(CAT), hydroxypropylmethylcellulose phthalate (HP50, HPSS), hydroxypropylmethylcellulose acetate succinate (HPM­
CAS) or polyvinyl acetate phthalate, to which it is also possible to add, if desired, plasticizer (such as propylene glycol 
or triethyl citrate) and/or other additives and ancillary substances (e.g. buffers, bases, such as, preferably, aluminum 
hydroxide, or pigments).
[0042] In one embodiment o f the invention the oral dosage form according to the invention comprises an enteric 
coating based on m ethacrylic acid/methyl methacrylate copolym eror methacrylic acid/ethyl - acrylate copolymer. Eudrag­
it®  L30D is particularly preferred (Eudragit® L30D is composed of methacrylic acid copolymer (type C) with molecular 
weight 250.000, sodium dodecylsulfate and polysorbate 80),
[0043] The layers are applied in conventional ways using equipment customary for these purposes.
[0044] The oral dosage form of the invention can be manufactured for example by processes known to the skilled 
workerfor producing tablets and pellets (for example as disclosed in the various patent documents relating to oral dosage 
forms for proton pump inhibitors; the process mentioned in EP-A-0 519 365 or EP-A-0 244 380 may be mentioned by 
way of example).
[0045] Pellets can be obtained as the case may be by application of a prelim inary isolation to sucrose starter pellets 
and subsequent application of a 10-20% suspensión o f the active compound in water with polyvinylpyrrolidone (PVP) 
as the binder.
[0046] The isolation layer can also be applied, analogously to tablets, using corresponding ready-made dispersions 
(e.g. opadry) in a fluidized bed coater. The coating with a layer, which is resistant to gastric juice, is carried out by a
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procedure analogous to that for tablets, using fluidized bed technology.
[0047] In one embodiment o f the invention, the pharmaceutical dosage form according to the invention is manufactured 
by producing a suspensión o f the magnesium salt of pantoprazole in an aqueous solution of PVP and spraying the 
suspensión on a mixture of pharmaceutical excipients to form granules. In a preferred embodiment the PVP is low 
molecular weight PVP.
[0048] In the event of further processing the granules to enteric coated tablets the granules may be processed together 
with dislntegrant and lubricant components by production processes familiar to the skilled worker to tablets and together 
w ith film  formen, plasticizer and coloring agent components obtaining the enteric coated tablets according to the invention.
[0049] Further subject of the invention is therefore a process fo r production o f an oral dosage form in form of tablets 
or pellets containing the magnesium salt o f pantoprazole comprising the following steps:

(a) production of a suspensión of the magnesium salt of pantoprazole optionally together w ith further pharmaceutical 
excipients in an aqueous solution of PVP;
(b) providing a mixture o f pharmaceutical excipients and
(c) granulation of the mixture obtained from (b) with the suspensión obtained from (a).

[0050] In a preferred embodiment the PVP is low molecular weight PVP.
[0051] In case o f dosage forms o f the invention in form of tablets the granules obtained from (c) may be pressed after 
drying and mixing with lubricants and where applicable with further pharmaceutical excipients to tablets on a tableting 
machine and layered to form enteric coated tablets.
[0052] In case of dosage forms o f the invention in form of multiparticulates the granules may be processed into pellets 
by extrusión and spheronlzation. Thereby the magnesium salt o f pantoprazole can be suspended in the solution of PVP
(a) and then mixed with other excipients (c). The mixture can be processed by extrusion/spheronization using suitable 
process equipments. The size of the obtained core pellets is approximately between 0.2 and 3 mm and preferably 
between 0.25 and 2 mm. In a preferred embodiment the PVP is low molecular weight PVP.
[0053] The manufactured extrusión pellets can further be layered with ingredients fam iliar to the skilled worker. The 
enteric coated pellets may be processed after drying by production processes fam iliar to the skilled worker to give enteric 
coated pellets which may be filled in capsules after mixing w ith glidants or pressed to tablets after mixing with further 
pharmaceutical excipients.
[0054] Alternatively, the suspensión obtained from (a) may be sprayed on seeds (e.g. nonpareilles comprising sugar, 
cellulose or HPMC). The pellets obtained may be processed after drying by production process-ses familiar to the skilled 
worker to give enteric coated pellets which may be filled in capsules after mixing with glidants or pressed into tablets 
after mixing with further pharmaceutical excipients.
[0055] Particularly preferred the dosage forms o f the invention in form of tablets are produced by granulating a mixture 
o f mannitol and insoluble PVP with a suspensión o f the magnesium salt of pantoprazole, sodium carbonate and sodium 
dodecylsulfate in an aqueous solution of PVP, drying the granules, mixing with lubricant and pressing into tablets on a 
tableting machine, followed by the coating processes. In one embodiment the PVP is o f low molecular weight.
[0056] Particularly preferred the dosage forms o f the invention in form of multiparticulates based on nonpareilles- 
technology are produced by spraying a suspensión o f the magnesium salt of pantoprazole, sodium carbonate and sodium 
dodecylsulfate in an aqueous solution of PVP on starter pellets, drying the pellets, layering them with subcoating and 
enteric coating, mixing with glidants where applicable and filling into capsules. In a preferred embodiment the PVP is 
low molecular weight PVP.
[0057] In another embodiment which is also a particularly preferred dosage forms o f the invention based on nonpa- 
reilles-technology the dosage form is produced by spraying a suspensión of the magnesium salt of pantoprazole, sodium 
carbonate, pregelatinized starch and sodium dodecylsulfate in an aqueous solution of PVP on starter pellets, drying the 
pellets, layering them with subcoating and enteric coating, mixing with glidants where applicable and filling into capsules. 
In a preferred embodiment the PVP is low molecular weight PVP.
[0058] Particularly preferred the dosage forms of the invention in form o f extrusión pellets are produced by granulating 
a mixture o f microcrystalline cellulose, sodium carbonate, sodium starch glycolate, sodium carboxymethylcellulose with 
a suspensión o f the magnesium salt o f pantoprazole in an aqueous solution o f PVP, extruding the wet mass and rounding 
it using a spheronizer o r marumerizer. The obtained pellet cores are dryed using a fluid bed dryer or other suitable drying 
techniques. Afterwards the pellets are layered with subcoating and gastric resistant coating, mixed with glidants where 
applicable and filled Into capsules. In a preferred embodiment the PVP is low molecular weight PVP.
[0059] In an other embodiment o f the invention the pharmaceutical form of the invention in form o f tablets is produced 
by granulating a dry mixture o f the magnesium salt of pantoprazole and pharmaceutical excipients with an aqueous 
solution of PVP, drying the granules and mixing them with further pharmaceutical excipients where applicable. The 
granules may be compressed into tablets on a tableting machine after mixing with further pharmaceutical excipients. 
Preferably the granulation is proceeded using a fluid bed granulator under convenient conditions. In a preferred ernbod-
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iment the PVP is low molecular weight PVP.
[0060] Subject o f the invention is therefore also a process to produce an oral dosage form in form o f tablets or 
multiparticulates containing the magnesium salt of pantoprazole comprising the following steps:

5 (a) production of a dry mixture o f the magnesium salt of pantoprazole and pharmaceutical excipients and
(b) granulating the mixture obtained from (a) w ith an aqueous solution o f PVP.

[0061] In a preferred embodiment the PVP is low molecular weight PVP.
[0062] In case of dosage forms of the invention in form of extrusión pellets the aforementioned m ixture may be 

<o processed into pellets by extrusión and spheronlzation. Thereby the magnesium salt of pantoprazole can be mixed with
other excipients (a) and granulated with an aqueous solution of PVP (b). In a preferred embodiment the PVP is low 
molecular weight PVP. The m ixture can be processed by extrusion/spheronization using suitable process equipments. 
The size of the obtained core pellets is approximately between 0.2 and 3 mm and preferably between 0.25 and 2 mm.
[0063] Particularly preferred the dosage forms o f the invention in form o f tablets are produced by granulating a mixture 

15 of the magnesium salt o f pantoprazole, mannit and sodium carbonate and insoluble PVP using an aqueous solution of
PVP, drying the granules, mixing w ith lubricants and pressing into tablets on a tableting machine, followed by the coating 
processes. In a preferred embodiment the PVP is low molecular weight PVP.
[0064] Particularly preferred the dosage forms of the invention in form o f extrusión pellets are produced by granulating 
a dry mixture o f microcrystalline cellulose, sodium carbonate, sodium starch glycolate, sodium carboxymethylcellulose

20 and the magnesium salt o f pantoprazole with an aqueous solution of PVP, extruding the wet mass and rounding it using 
a spheronizer or marumerizer. The obtained pellet cores are dryed using a fluid bed dryer o r other suitable drying 
techniques, followed by the above mentioned coating processes. In a preferred embodiment the PVP is low molecular 
weight PVP.

25 Description of the figures

Figure 1

[0065] Figure 1 shows the release o f the magnesium salt of pantoprazole from tablet cores containing different types 
30 of PVP with different molecular weights. The granules of example B9 were produced by granulating them using a

suspensión of the magnesium salt of pantoprazole in an aqueous solution of PVP. The granules o f the examples 88, 
810, 811, 812 and the reference example C1 were produced by granulating a dry mixture of the magnesium salt of 
pantoprazole and pharmaceutical excipients using an aqueous solution o f PVP.

35 Figure 2

[0066] Figure 2 shows the difference in release o f the magnesium salt o f pantoprazole from a tablet compared to the 
release of the sodium salt of pantoprazol from a tablet with comparable composition.
[0067] The production of dosage forms according to the invention is described by way of example below. The following 

40 examples explain the invention in more detall without restricting it.

Examples

A. Synthesis of Magnesium bis[5-[difluorom ethoxy]-2-[[3,4-dimethoxy-2-pvridinyl]-m ethyl]sulfinyl]-1H-benz- 
45 imidazolide] dihydrate

[0068] 3.85 kg (8.9 mol) o f pantoprazole Na sesquihydrate [sodium [5-[difluoromethoxy]-2-[[3,4-dimethoxy-2-pyridinyl] 
methyl]sulfinyl]-1 H-benzimidazolide]sesquihydrate] are dissolved at 20-25°C in 3 8 .5 1 of purified water in a stirring vessel. 
A  solution of 1.0 kg (4.90 mol) o f magnesium dichloride hexahydrate in 8 I o f purified water is added with stirring at

50  20-30°C in the course of 3 to 4 h. After stirring for a further 18 h, the precipitated solid is centrifuged, washed with 23 I
of purified water, stirred at 20-30°C for 1 to 2 h in 35 I of purified water, centrifuged again and washed again with 30-50 
I of purified water. The solid product is dried at 50°C in vacuo (30-50 mbar) until a residual water content of < 4.8% is 
achieved. The product is then ground.
[0069] The title compound Is obtained as a white to beige powder, which is employed directly for further pharmaceutical 

55 processing.
[0070] Yield: 3.40 kg (90% o f theory); water content: 4.5-4.6%; melting point: 194-196 °C with decomposition.
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CHN analysis C H N S

Theory 46.58 3.91 10.19 7.77

Found 46.33 3.89 10.04 7.83

[0071] Alternatively the title compound can be produced using mixtures of organic solvents with water. For this, 
pantoprazole Na sesquihydrate is dissolved in an organic solvent at 50-60°C. 0.5 mole equivalente o f the magnesium 
salt (e. g. magnesium chloride hexahydrate), dissolved in water, are added drop by drop and the solution is allowed to 
cool with stirring. The precipitated solid is filtered off, washed with the corresponding organic solvent and is dried in 
vacuo at 50°C to constant weight. The title compound is obtained as a colourless powder. Examples for different solvents 
are given in the following table 1.

Table 1:

pantoprazole Na 
sesquihydrate

organic solvent water yield o f title 
compound

melting point °C water content %

50 g isopropanol 300 mi 300 mi 45,4 g 1 9 6 -1 9 7 4 ,4 -4 ,5

50 g isopropanol 300 mi 120 mi 45,9 g 1 9 6 - 197 4,3

50 g ethanol 300 mi 300 mi 45,8 g 1 9 7 - 198 4,6

50 g aceton 300 mi 300 mi 45,6 g 1 9 5 -1 9 6 4 ,6 ,-4 ,7

[0072] A lternatively the title compound can be produced by reactlng pantoprazole with a basic magnesium salt, such 
as magnesium methylate, for example in the following manner: 90 g o f pantoprazole are dissolved in 700 mi of 2-propanol 
at 60-70“C. 13.4 g (0.5 moles) of solid magnesium methylate are added, the solution Is allowed to cool with stirring and 
filtered. A fter addition o f 36 mi o f water the crystalline solid formed is filtered off, washed with water and dried in vacuo 
at 50°C to constant weight. The title compound of melting point 194-196°C (water content 4.8 %) is obtained as beige solid.

B. Production o f dosage forms according to the Invention

Example B.1

[0073] Pellets made by W urster coating (Nonpareilles):

I. Active pellets:

a.) Sucrose starter pellets (0.425-0.5 mm) 500.0 g

b.) Sodium carbonate 30.0 g
c.) Pantoprazole-Mg dihydrate 300.0 g

d.) Polyvinylpyrrolidone K 25 35.0 g

II. Intermedíate layer (subcoating):

e.) Hydroxypropylmethylcellulose 120.0 g
f.) Titanium dioxide 2.0 g
g.) LB Iron oxide yellow 0.2 g

h.) Propylene glycol 24.0 g

III. Coating w ith a layer which is resistant to gastric ju ice (Enteric coating):

i.) Eudragit® L 30 D 230.0 g

8
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(continued)

II. Intermedíate layer (subcoating):

j.) Triethyl citrate 7.0 g

a. is sprayed with an aqueous dispersión o f b., c. and d. in a fluidised 
bed process (Wurster equipment) o r other suitable equipments (e.g. 
coating pan).
e. is dissolved in water (A), f. and g. are suspended in water using a high 
shear m ixer (B). A and B are combined and after addition o f h. the resulting 
suspensión is sieved through a suitable sieve. The suspensión is sprayed 
onto 500 g of the active pellets obtained under I using a fluidised bed 
process (Wurster) or other suitable processes (e.g. coating pan), 
i. is suspended in water and after addition o f j. the resulting dispersión is 
sieved through a suitable sieve. II is sprayed onto 500 g of the isolated 
pellets obtained under II in a W urster fluidised bed-apparatus or other 
suitable equipments (e.g. coating pan).

[0074] The resulting enteric coated pellets could be filled in hard gelatine capsules o f suitable size (e.g. size 2) or 
tableted using suitable tableting ingredients (e.g. microcrystalline cellulose o r lactose monohydrate) on a prevalent tablet 
press (see examples B6/7).

Example B.2

[0075] Pellets made by W urster coating (Nonpareilles):

I. Active pellets:

a.) Cellulose pellets (0.6-0.7 mm)

b.) Sodium carbonate

c.) Pantoprazole-Mg dihydrate

d.) Polyvinylpyrrolidone K 25

1000.0 g

75.0 g 

650.0 g

80.0 g

II. Intermedíate layer (subcoating):

e.) Hydroxypropylmethylcellulose 250.0 g
f.) Titanium dioxide 5.0 g
g.) LB Iron oxide yellow 0.45 g

III. Coating with a layer which is resistant to gastric juice (Enteric coating):

h.) Eudragit® L 30 D 365.0 g
i.) Triethyl citrate 15.0 g

a. is sprayed with an aqueous dispersión o f b., c. and d. in a fluidised 
bed process (W urster equipment) or other suitable equipments (e.g. 
coating pan).
e. is dissolved in water (A), f. and g. are suspended in water using a high 
shear m ixer (B). A and B are combined and the resulting suspensión is 
sieved through a suitable sieve. The suspensión is sprayed onto 1000 g 
of the active pellets obtained under I using a fluidised bed process 
(Wurster) or other suitable processes (e.g. coating pan).

h. is suspended in water and after addition of i. the resulting dispersión is sieved through a suitable sieve. III is sprayed 
onto 1000 g of the isolated pellets obtained under II in a W urster fluidised bed-apparatus or other suitable equipments 
(e.g. coating pan).

[0076] The resulting enteric coated pellets could be filled in hard gelatine capsules of suitable size (e.g. size 2) or 
tableted using suitable tableting ingredients (e.g. microcrystalline cellulose o r lactose monohydrate) on a prevalent tablet 
press (see examples B6/7).

9
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Example B.3

[0077] Pellets made by W urster coating (Nonpareilles):

I. Active pellets:

w

15

a. ) Cellulose pellets (0.4-0.5 mm) 2000.0 g
b. ) Sodium carbonate 136.0 g
c. ) Pantoprazole-Mg dihydrate 1420.0 g
d.) Polyvinylpyrrolidone K 25 117.0 g
e. ) Sodium dodecylsulfate (SOS) 16.4 g

II. Intermedíate layer (subcoating):

I.) Hydroxypropylmethylcellulose 600.0 g

9- ) Polyvinylpyrrolidone K 25 8.0 g
h. ) Titanium dioxide 10.0 g

i.) LB Iron oxide yellow 1.0 g

20

is performed in a fluid bed apparatus o r other 
suitable equipment as described in example 
B1.

25

[0078] The pellets covered with intermedíate layer are produced as described in example B1.

III. Coating with a layer which is resistant to gastric juice (Enteric coating):

j.) Hydroxypropylmethylcellulose acetate succinate 800.0 g

k.) Triethyl citrate 250.0 g
I.) Ethanol 7250.0 g

30

[0079] The enteric coating layer is applied to the isolated pellets using fluidized bed equipment from a water/ethanol 
solution.
[0080] The resulting enteric coated pellets could be filled in hard gelatine capsules o f suitable size (e.g. size 2) or 

35  tableted using suitable tableting ingredients (e.g. microcrystalline cellulose or lactose monohydrate) on a prevalent tablet
press (see examples B6/7).

Example B.4

[0081] Pellets made by extrusion/spheronization:
40

I. Manufacture of pellets using extrusion/spheronization:

a.) Pantoprazole-Mg dihydrate 250.0 g

b.) M icrocrystalline cellulose 150.0 g

45 c.) Sodium starch glycolate 20.0 g

d.) Sodium carbonate 32.5 g

e.) Sodium carboxymethylcellulose 25.0 g

f.) Polyvinylpyrrolidone K 25 35.0 g

50

55

a.-c. are mixed using a suitable mixer. d.-f. are dissolved 
in water and the resulting binder solution is added to the 
powder mixture. A fter addition o f the solution and mixing 
the mass is extruded using a screw extruder. Afterwards 
the granules are rounded using a spheronizer and dryed 
in a fluidised bed apparatus.

10
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II. Intermedíate layer (subcoating):

[0082] The application of the intermedíate layer is carried out by a procedure analogus to that described for the 
nonpareilles pellets (example B1 to 83) using fluidised bed or other suitable equipment.

5

III. Coating with a layer which is resistant to gastric juice:

[0083] The application o f the gastric resistant layer is carried out by a procedure analogus to that described for the 
nonpareilles pellets (example 81 to 83) using fluidised bed or other suitable equipment.
[0084] The resulting enteric coated pellets could be filled in hard gelatine capsules of suitable size (e.g. size 2) or 
tableted using suitable tableting ingredients (e.g. m icrocrystalline cellulose or lactose monohydrate) on a prevalent tablet 
press (see examples B6/7).

Example B.5
15

[0085] Pellets made by extrusion/spheronization:

I. Manufacture o f pellets using extrusion/spheronization:

a.:) Pantoprazole-Mg dihydrate 1300.0 g

b.:) Microcrystalline cellulose 700.0 g
c.;1 Lactose monohydrate 150.0 g

d.:) Hydroxypropylmethylcellulose 110.0 g

e.:) Sodium carbonate 180.0 g

f.) Pregelatinized starch 125.0 g

g.) Polyvinylpyrrolidone K 25 200.0 g

30

35

45

50

55

[0086] The extrusión pellets are produced as described in example 84.

II. Intermedíate layer (subcoating):

[0087] The application of the intermedíate layer Is carried out by a procedure analogus to that described for the 
nonpareilles pellets (example 81 to 83) using fluidised bed or other suitable equipment.

III. Coating with a layer which is resistant to gastric juice:

[0088] The application of the gastric resistant layer is carried out by a procedure analogus to that described for the 
nonpareilles pellets (example B1 to 83) using fluidised bed or other suitable equipment.

40  [0089] The resulting enteric coated pellets could be filled in hard gelatine capsules o f suitable size (e.g. size 2) or
tableted using suitable tableting ingredients (e.g. microcrystalline cellulose or lactose monohydrate) on a prevalent tablet 
press (see examples B6/7).

Example B.6

[0090] Múltiple unit tableted dosage form made from Nonpareilles-Pellets: 

1. Active pellets:

a.) Cellulose pellets (0.6-0.7 mm) 2500.0 g

b.) Sodium carbonate 180.0 g
c.) Pantoprazole-Mg dihydrate 1700.0 g

d.) Polyvinylpyrrolidone K 25 250.0 g

e.) Sodium dodecylsulfate 18.0 g

II. Intermedíate layer (subcoating):

f.) Hydroxypropylmethylcellulose 600.0 g

11
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(continued)

II. intermedíate layer (subcoating):

g.) Talcum (micronized) 100.0 g
h.) Magnesium stearate 80.Og

III. Coating with a layer which Is resistant to gastric ju ice (Enteric coating):

i.) Methacrylic acid copolymer 925.0 g
j.) Polyethylene glycole 400 28.0 g

10 a. is sprayed with an aqueous dispersión of b., c., d. and e. in a fluidized
bed process (Wurster equipment) or other suitable equipments (e.g. 
coating pan).
f. is dissolved in water (A), g. and h. are suspended in w ater using a high 
shear m ixer (B). A and B are combined and the resulting suspensión Is 

15 sieved through a suitable sieve. The suspensión is sprayed onto 2500 g
of the active pellets obtained under I using a fluidised bed process 
(Wurster) or other suitable processes (e.g. coating pan),
i. is suspended in water and after addition o f j. the resulting dispersión is 
sieved through a suitable sieve. III is sprayed onto 2500 g o f the isolated 

20  pellets obtained under II in a W urster fluidised bed-apparatus or other
suitable equipments (e.g. coating pan).

IV. Tablets:

25 [0091]

k.) M icrocrystalline cellulose 3750.0 g

I.) Crosslinked polyvinylpyrrolidone 100.0 g

3 0  m .) Magnesium stearate 7.0 g

2500 g o f enteric coated pellets are mixed with the tableting excinplents and compressed into tablets using a single 
punch tableting machine equipped with 11 mm round punches. The amount o f pantoprazole is approx. 20 mg.

35 Example B.7

[0092] Múltiple unit tableted dosage form made from Extrusion-Pellets:

I. Manufacture of pellets using extrusion/spheronization:

a.) Pantoprazole-Mg dihydrate 433.0 g
b.) M icrocrystalline cellulose 240.0 g
c.) Lactose monohydrate 55.0 g

d.) Hydroxypropylmethylcellulose 35.0 g
e.) Sodium carbonate 60.0 g

í.) Sodium dodecylsulfate 5.5 g
g.) Pregelatinized starch 35.0 g

h.) Polyvinylpyrrolidone K 25 70.0 g

II. Intermedíate layer (subcoating):

i.) Hydroxypropylmethylcellulose 190.0 g
j.) Polyvinylpyrrolidone K 25 8.0 g
j.) Talcum (micronized) 32.0 g

12
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(continued)

II. Intermedíate layer (subcoating): 

k.) Magnesium stearate 14.Og

The extrusión pellets are produced as described in 
example B5.

The application o f the intermedíate layer is carried out by a procedure analogus to that described for the nonpareilles 
pellets (example 81 to 83) using fluidised bed or other suitable equipment.

III. Coating with a layer which is resistant to gastricju ice (Enteric coating):

I.) Methacrylic acid copolymer 296.0 g

m.) Glycerol triacetate 28.0 g

The application o f the gastric resistant layer is carried out by a procedure analogus to that described for the nonpareilles 
pellets (example B1 to B3) using fluidised bed or other suitable equipment.
[0093] IV. Tablets:

n.) M icrocrystalline cellulose 1200.0 g

o.) Crosslinked polyvinylpyrrolidone 32.0 g

p.) Polyethyleneglycole 4000 38.0 g

q.) Magnesium stearate 4.5 g•  25 -----------------------------------------------------------
The enteric coated extrusión pellets are tableted with the above tableting excipients as described in example B6 of an 
amount o f approximately 40 mg pantoprazole.

30 Example B.8

Tablets:

[0094]

35
I. Tablet Core:

a.) Pantoprazole-Mg dihydrate 43.04 mg

b.) Sodium carbonate 5.55 mg
c.) Mannitol 52.66 mg
d.) Crospovidone 40.00 mg

e.) Polyvinylpyrrolidone K 25 5.00 mg
f.) Purified water 7.42 mg
g.) Calcium stearate 3.00 mg

II. Intermedíate layer (subcoating):

h.) Hydroxypropylmethylcellulose 11.87 mg
i.) Polyvinylpyrrolidone K 25 0.24 mg
j.) Titanium dioxide 0.21 mg
k.) LB Iron oxide yellow 0.02 mg

1.) Propylene glycol 2.66 mg

III. Coating w ith a layer which is resistant to gastricjuice (Enteric coating):

m.) Eudragit®  L 30 D 7.27 mg

13
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(continued)

III. Coating w ith a layer which is resistant to gastricju ice (Enteric coating): 

n.) Triethyl citrate 0.73 mg

a. is dry-mixed with a parí o f b., a part of c. and d. and pu l in the vessel 
o f a fluid bed granulator; e. is dissolved in f. together with the other part 
o f b. and c. to form the granulation liquid. The solution is sprayed on the 
mixture under convenient conditions. A fter drying and mixing with g. the 
m ixture is pressed into tablets using a rotary tableting machine equipped 
with 7 mm round punches. Tablet weight is approx. 156.7 mg, 
corresponding to 40 mg pantoprazole (i.e. 43.04 mg pantoprazole-Mg 
dihydrate).
h. is dissolved in water (A), j. and k. are suspended in a solution of i. in 
water using a high shear mixer (B). A fter sieving of B, A and B are 
combined I. is added to the suspensión. The suspensión is sprayed onto 
the tablet cores obtained under I using a coating pan. 
n. is suspended in water and mixed m. III is sprayed onto the isolated 
tablets obtained under II using a coating pan.

Example B.9

Tablets:

[0095]

I. Tablet Core:

a. ) Pantoprazole-Mg dihydrate 43.04 mg

b. ) Sodium carbonate 5.55 mg

c.:) Mannitol 51.94 mg

d.) Crospovidone 40.00 mg
e. ) Polyvinylpyrrolidone K 25 5.00 mg

f.) Sodium dodecylsulfate 0.72 mg

g. ) Purified water 7.42 mg
h. ) Calcium stearate 3.00 mg

f. and a part of b. are dissolved in water, a 
part o f c. is added and a. is suspended in the 
solution. A solution o f e. in water is added to 
the suspensión. The other part o f b. and c. is 
mixed with d. and the mixture is put in the 
vessel of a fluid bed granulator. The 
suspensión is sprayed on the mixture under 
convenient conditions. A fter drying and 
mixing w ith h. the mixture is compressed into 
tablets using a rotary tableting machine 
equipped with 7 mm round punches. Tablet 
weight is approx. 156.7 mg.

[0096] The tablet cores are isolated and layered w ith an enteric coating as described in Example B8. 

Example B.10

Tablets:

[0097]
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I. Tablet Core:

a. ) Pantoprazole-Mg dihydrate 43.04 mg

b. ) Sodium carbonate 5.55 mg
c. ) Mannitol 52.66 mg
d. ) Crospovidone 40.00 mg
e. ) Polyvinylpyrrolidone K 30 5.00 mg

f.) Purified water 7.42 mg

g. ) Calcium stearate 3.00 mg

The tablet cores are produced as described in example B8.
The tablet cores are layered with an isolating coating and an enteric coating as described in example B8.

Example B.11

Tablets:

[0098]

I. Tablet Core:

a.) Pantoprazole-Mg dihydrate 43.04 mg

b.) Sodium carbonate 5.55 mg

c.) Mannitol 52.66 mg

d-) Crospovidone 40.00 mg
e.) Polyvinylpyrrolidone K 17 5.00 mg

r.) Purified water 7.42 mg

g ) Calcium stearate 3.00 mg

The tablet cores are produced as described in example B8.
The tablet cores are layered with an isolating coating and an enteric coating as described in example 88.

Example B.12

Tablets:

[0099]

I. Tablet Core:

a.) Pantoprazole-Mg dihydrate 43.04 mg

b.) Sodium carbonate 5.55 mg

c.) Mannitol 52.66 mg

d.) Crospovidone 40.00 mg

e.) Polyvinylpyrrolidone K 12 5.00 mg
f.) Purified water 7.42 mg
g.) Calcium stearate 3.00 mg

The tablet cores are produced as described in example B8.
The tablet cores are layered with an isolating coating and an enteric coating as described in example 88.

15
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Example B.13

Tablets:

[0100 ]

I. Tablel Core:

a.) Pantoprazole-Mg dihydrate 43.04 mg

b-) Sodium carbonate 5.55 mg
c.) Laclóse 55.00 mg

d.) Crospovidone 35.00 mg

e.) Polyvinylpyrrolidone K 25 5.00 mg

f.) Purified water 7.42 mg

g ) Calcium stearate 3.00 mg

The tablet cores are produced as described in example B8. Tablet weight approx. 154 mg.

II. Intermedíate layer (subcoating):

h.) Hydroxypropylmethylcellulose 12.20 mg
i.) Titanium dioxide 0.21 mg

j.) LB Iron oxide yellow 0.02 mg

h. is dissolved in water (A), i. and j. are 
suspended in water using a high shear mixer 
(B). A and B are combinad and the resulting 
suspensión is sieved through a suitable sieve.
The suspensión is sprayed onto the tablet cores 
obtained under I using a coating pan.

[0101] The isolated tablet cores are layered with an enteric coating as described in example B8. 

Example B.14

Tablets:

[0102]

I. Tablet Core:

a.) Pantoprazole-Mg dihydrate 43.04 mg

b.) Trinatriumphosphate 5.55 mg
c.) Mannitol 55.00 mg

d.) Crospovidone 40.00 mg

e.) Polyvinylpyrrolidone K 25 5.00 mg

f.) Purified water 7.42 mg

g.) Magnesium stearate 3.00 mg

[0103] The tablet cores are produced as described in exampie B8. Tablet weight approx. 159 mg.

II. Intermedíate layer (subcoating):

[0104] The tablet cores are layered with an isolating coating as described in example B8.

16
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III. Coating with a layer which is resistant to gastric juice (Enteric coating):

m.) Methacrylic acid copolymer 6.5 mg

n.) Glycerol triacetate 0.65 mg

The application of the gastric resistant layer is carried out as described in example 88. 

Example B.15
w

[0105]

I. Tablet core

15
a) Pantoprazole-Mg dihydrate 43,04 mg

b) Sodium carbonate 5,55 mg

c) Mannitol 52,66 mg

d) Crospovidone 40,00 mg

e) PVP 90 (povidone) 5,00 mg
zo f) Calcium stearate 3,00 mg

25

a) is mixed with some o f b), c) and the 
complete amount o f d). The remainders of
b) and c) are added to a clear aqueous 
solution of e). Granules are obtained with 
this solution in a fluidized bed. f) is added to 
the dry granules and the granules are 
pressed on a suitable tablet- press.

30

II. Prelim inary isolation (intermedíate layer)

g) HPMC 2910, 3 cps 11,87 mg
h) PVP 25 0,24 mg
i) Titanium dioxide 0,21 mg
j) Iron oxide yellow 100 E 172 0,02 mg
k) Propylene glycol 2,66 mg

Total weight per preisoiated core 172 mg

III. Coating with a layer which is resistant to gastric juice
1) Eudragit L 30 D 7,27 mg
m) Triethyl citrate 0,73 mg

Total weight per film-coated tablet resistant to gastric juice 180 mg

g) is dissolved in water and h) is added and siso dissolved (A), i) and j)  are 
suspended in water using a suitable stirrer (B). A  and B are combined. After 
addition o f k), the suspensión is sieved immediately before further processing, 
during which the tablet cores obtained under I. are coated to an adequate 
thickness of the intermedíate layer in a suitable coating apparatus.
I) is diluted with water and m) is added. The dispersión is sieved before 
Processing.

[0106] The preisoiated tablets are sprayed in suitable coating apparatuses using the obtained dispersión.

17
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Example B.16

[0107] Pellets made by W ursler coating (Nonpareilles):

5 I. Active pellets:

a.) Sucrose starter pellets (0.71-0.85 mm)

b.) Sodium carbonate

c.) Pantoprazole-Mg dihydrate 

10 d.) Polyvinylpyrrolidone K 25
e.) Pregelatinized starch

f.) Sodium dodecylsulfate

a. is sprayed with an aqueous dispersión of the other 
ingredients in a fluidised bed process (Wurster

15 equipment) or other suitable equipments (e.g.
coating pan).

4.0 kg 
0.27 kg 

2.84 kg 

0.23 kg 

0.22 kg 

0.03 kg

20  II. Intermedíate layer (subcoating):

25

g.) Hydroxypropylmethylcellulose 1.830 kg

h.) Titanium dioxide 0.028 kg

i.) LB Iron oxide yellow 0.003 kg

j.) Polyvinylpyrrolidone K25 0.021 kg

g. and j. are dissolved in water (A), h. and i. are 
suspended in water using a high shear mixer 
(B). A and B are combined and the resulting 
suspensión is sieved through a suitable sieve.

. , 0  The suspensión is sprayed onto the active
pellets obtained under I using a fluidised bed 
process (Wurster) or other suitable processes 
(e.g. coating pan).

35

III. Coating with a layer which is resistant to gastric juice (Enteric coating): 

k.) Eudragit©  L 30 D 4.40 kg

I.) Triethyl citrate 0.13 kg

40 m.) Talcum 0.06 kg

k. is suspended in water and after addition of I. the resulting dispersión 
is sieved through a suitable sieve. The dispersión is sprayed on the 
isolated pellets obtained under II in a W urster fluidised bed-apparatus or 
other suitable equipments (e.g. coating pan).•  "

[0108] The resulting enteric coated pellets are mixed with talcum (m) und could be filled in hard gelatine capsules of 
suitable size (e.g, size 2) or tableted using suitable tableting ingredients (e.g. m icrocrystalline cellulose or lactose mono- 
hydrate) on a prevalent tablet press.

50
C. Physical investiqations and comparativa tests with dosaqe forms in which high molecular weight PVP was 
usad as binder

Example C.1

Tablets:

[0109]
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I. Tablet Core:

a.)i Pantoprazole-Mg dihydrate 43.04 mg
b.) Sodium carbonate 5.55 mg
c.) Mannitol 52.66 mg
d.) Crospovidone 40.00 mg
e.) Polyvinylpyrrolidone K 90 5.00 mg
f.) Purified water 7.42 mg

gO Magnesium stearate 3.00 mg

The tablet cores are produced as described in example B8.
The tablet cores are layered with an isolating coating and an enteric coating as described in example B8. 

Example 0.2

[0110]

I. Tablet core

a) Pantoprazole-Na sesquihydrate

b) Sodium carbonate

c) Mannitol

d) Crospovidone

e) PVP 90 (povidone)

f) Calcium stearate

a) is mixed with some o f b), c) and d). The 
remainders o f b) and c) are added to a clear 
aqueous solution o f e). Granules are obtained 
with this solution in a fluidized bed. The remainder 
o f d) and f) are added to the dry granules and the 
granules are pressed on a suitable tablet press.

II. Preliminary isolation (intermedíate layer)

g) HPMC 2910, 3 cps 19,00 mg
h) PVP 25 0,38 mg
I) Titanium dioxide 0,34 mg
j) Iron oxide yellow 100 E 172 0,03 mg
k) Propylene glycol 4,25 mg

Total weight per preisoiated core 188 mg

III. Coating with a layer which is resistant to gastric juice
1) Eudragit L 30 D 14,56 mg
m) Triethyl citrate 1,45 mg

45,10 mg

10.00 mg 

42,70 mg

50.00 mg

4.00 mg 

3,20 mg
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(continued)

III. Coating with a layer which is resistant to gastric juice 
T otal weight per film-coated tablet resistant to gastric juice 204 mg

5 g) is dissolved in water and h) is added and also dissolved (A), i) and j) are
suspended In water using a suitable stirrer (B). A and B are combined. After 
addition of k), the suspensión is sieved immediately before further processing, 
during which the tablet cores obtained under I. are coated to an adequate 
thickness o f the intermedíate layer in a suitable coating apparatus.

10 I) Is diluted with water and m) is added. The dispersión is sieved before
processing.

[0111] The preisoiated tablets are sprayed in suitable coating apparatuses using the obtained dispersión.
[0112] The release of the magnesium salt of pantopazole was determined for tablet cores corresponding to example 
BB, BB, B10, B11 and B12 compared to a tablet core corresponding to example C1.
[0113] Disintegration o f tablet cores: the disintegration o f tablet cores was determ ined as described in the European 
Pharmacopoeia.

[0114] Release of active ingredient: the release o f active ingredient was determined as described in the US Pharma­
copoeia (USP XXV; apparatus 2; phosphate buffer pH 6.8; 100 rpm).
[0115] The release of the formulations according to example 615 and C2 was determined after 2 hours in 0.1 N 
hydrochlorlc acid and 1 hourln  phosphate buffer pH 6.8; 100 rpm). In Figure 2 only thedrug release in phosphate buffer 
is shown.

[0116] Result: The disintegration results are shown in Table 1, the dissolution profiles are shown in Figure 1.

Table 1

Example PVP used as binder Disintegration [min]

BB PVP 25 7

B9 PVP 25 6.5

B10 PVP 30 10.5

B11 PVP 17 9

812 PVP 12 7.5

C1 PVP 90 10.5

[0117] Surprisingly, the dissolution o f the magnesium salt o f pantoprazole from tablet cores in which lew molecular 
weight PVP was used as binder is faster than from tablet cores in which high molecular weight PVP was used although

40 the disintegration fo r all tablet cores is below 1 5 minutes.

D. Physical investiqations and comparative tests with dosaqe forms contanlng pantoprazole sodium sesqui­
hydrate and pantoprazole magnesium dihydrate

45 [0118] Figure 2 shows the difference in release of the magnesium salt o f pantoprazole from a tablet compared to the
release o f the sodium salt of pantoprazol from a tablet with comparable composition. The dosage form having the sodium 
salt of pantoprazole as active ingredient (example C.2) shows after a short lag time an immediate and complete release 
o f the active ingredient. Surprisingly the dosage form containing the magnesium salt o f pantoprazole does not have a 
lag time in release o f active compound and shows a constant release of active ingredient over whole period.

50

E. Results o f Clinical Study

[0119] Healing o f patient suffering from GERD (gastro-oesophageal reflux disease) I to III (according to Savary/Mlller 
classification modlfied by Slewert) after treatment with pantoprazole magnesium dihydrate 40 mg o.d. (dosage form 

55  according to the invention) in comparlsion w ith a corresponding pantoprazole sodium sesquihydrate 40 mg o.d. dosage 
form have been studied. Surprisingly it has been found that pantoprazole magnesium dihydrate formulation is superior 
to pantoprazole sodium sesquihydrate formulation in the healing of GERD I to III, whereby safety is comparable for both 
dosage forms.
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Industrial applicability

[0120] The dosage forms according to  the invention containing the magnesium salt of pantoprazole can be employed 
fo r the treatment and prevention of all the diseases, which are regarded as treatable or avoidable by the use o f pyridin- 
2-ylmethylsulfinyl-IH-benzim idazoles. In particular, such dosage forms according to the invention can be employed in 
the treatment of stomach disorders. Examples which may be mentioned in connection w ith the invention are the treatment 
or prophylaxis of benign gastric ulcer, gastro-oesophageal reflux disease, Zollinger-Elllson syndrome, duodenal ulcer, 
duodenal ulcer associated with Helicobacter pylori, prophylaxis of NSAID-associated gastric or duodenal ulcer in patients 
with an increased risk of gastroduodenal complication who require continued NSAID treatment or combination therapy 
with antibiotlcs in the eradication of Helicobacter pylori. Such dosage forms according to the invention contain between
1 and 500 mg, preferably between 5 and 100 mg, particularly preferable between 5 and 80 mg o f the pantoprazole. 
Examples which may be mentioned are tablets or capsules, which contain the pantoprazole magnesium salt in an amount 
corresponding to 10, 20, 40, 50, 80 or 100 mg of pantoprazole (free acid). The administration of the daily dose (e.g. 40 
mg of active compound) can be carried out, for example, in the form o f an individual dose or by means o f a number of 
doses of the adm inistraron forms according to the invention (e.g. 2 times 20 mg of active compound).
[0121] The invention therefore also relates to a method for the prophylaxis or treatment of a clinical conditlon in a 
mammal, such as a human, for which a proton pump inhibitor is indicated, which comprises administration of a thera- 
peutically effective amount pantoprazole magnesium in a dosage form according to the invention. In one embodiment 
the clinical conditlon is selected from the group o f benign gastric ulcer, gastro-oesophageal reflux disease, Zollinger- 
Elllson syndrome, duodenal ulcer, duodenal ulcer associated with Helicobacter pylori, prophylaxis of NSAID-associated 
gastric or duodenal ulcer in patients with an increased risk o f gastroduodenal complication who require continued NSAID 
treatment and combination therapy with antibiotics in the eradication of Helicobacter pylori. In a preferred embodiment 
the clinical conditlon is gastro-oesophageal reflux disease (GERD), in particular GERD I to III (according to Savary/Mlller 
classification, optionally modified according to Siewert).
[0122] The dosage forms according to the invention can be combined with other medicaments, either in various 
combinations or in a fixed combination. In connection with the administration forms according to the invention, which 
contain magnesium salt of pantoprazole as active compounds, combinations w ith antim icrobial active compounds and 
combinations with NSAIDs (nonsteroidal antiinflammatory drugs) are particularly worthy of mention. Combination with 
antimicrobial agents, such as are employed for the control of the microorganism Helicobacter pylori (H. pylori), may 
particularly be mentioned.
[0123] Examples o f suitable antimicrobial active compounds (active against Helicobacter pylori) are described in EP- 
A-0 282 131. Examples o f antim icrobial agents suitable for the control o f the microorganism Helicobacter pylori which 
may be mentioned are, for example, bismuth salts [e.g. bismuth subcitrate, bismuth subsalicylate, ammonium bismuth 
(III) potassium citrate dihydroxide, bismuth n¡trate oxide, dibismuth tris(tetraoxodialuminate)], but in particular p-lactam 
antibiotics, for example penicillins (such as benzylpenicillin, phenoxymethylpenicillin, propicillin, azidocillin, dicloxacillin, 
flucloxacillin, oxacillin, amoxicillin, bacampicillin, ampicillin, mezlocillin, piperacillin or azlocillin), cephalosporins (such 
as cefadroxil, cefaclor, cefalexin, cefixime, cefuroxime, cefetamet, cefadroxil, ceftibuten, cefpodoxime, cefotetan, ce- 
fazolin, cefoperazon, ceftizoxime, cefotaxime, ceftazidime, cefamandol, cefepime, cefoxitin, cefodizime, cefsulodin, 
ceftriaxon, cefotiam or cefmenoxime) or other p-lactam antibiotics (e.g. aztreonam, loracarbef or meropenem); enzyme 
inhibitors, fo r example sulbactam; tetracyclines, for example tetracycline, oxytetracycline, minocycline o r doxycycline; 
aminoglycosides, fo r example tobramycin, gentamicin, neomycin, streptomycin, amikacin, netilmicin, paromomycin or 
spectinomycin; amphenicols, for example chloramphenicol or thiamphenicol; lincomycins and macrolide antibiotics, for 
example clindamycin, lincomycin, erythromycin, clarithromycin, spiramycin, roxithromycin o r azithromycin; polypeptide 
antibiotics, for example colistin, polymixin B, teicoplanin or vancomycin; gyrase inhibitors, for example norfloxacin, 
cinoxacin, ciprofloxacin, pipemidic acid, enoxacin, nalidixic acid, pefloxacin, fleroxacin or ofloxacin; nitroimidazoles, for 
example metronidazole; o r other antibiotics, for example fosfomycin o r fusidic acid. Particularly worthy o f mention in this 
connection is the administration of the magnesium salt o f pantoprazole with the combination of a multiplicity o f antimi­
crobial active compounds, for example with the combination of a bismuth salt and/or tetracyclines with metronidazole 
or the combination o f amoxicillin or clarithromycin with metronidazole and amoxicillin with clarithromycin.

Claims

1. A  solid dosage form in tablet o r pellet form for oral administration o f pantoprazole magnesium dihydrate comprising 
a therapeutically effective amount of the pantoprazole magnesium dihydrate together with low molecular weight 
polyvinylpyrrolidone and pharmaceutically acceptable excipients.

2. Dosage form according to claim 1, which is a delayed release dosage form comprising an enteric layer, which is
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soluble in neutral or alkaline conditions and at leasl one intermedíate layer (subcoating layer).

3. Dosage form according to claim 1 or 2, which is an orally administerable medicament in pellet or tablet form which 
is resistant to gastric juice, and in which each pellet or tablet consists o f a core in which active compound or its 
physiologically-tolerated salt is in admixture with binder, filler and, optionally, a member selected from the group 
consisting o f another tablet auxiliary anda basic physiologically-tolerated ¡norganic compound, an inert water-soluble 
intermedíate layer surrounding the core and an outer layer which is resistant to gastric juice, wherein the active 
compound is pantoprazole magnesium dihydrate, the binder is low molecular weight polyvinylpyrrolidone and/or 
hydroxypropylmethylcellulose and, optionally, the filler is mannitol.

4. Dosage form according to claim 3, wherein pharmacologically tolerated alkali metal, alkaline earth metal o r earth 
metal salt of a weak acid or pharmacologically tolerated hydroxide or oxide o f an alkaline earth or earth metal is the 
basic, physiologically tolerated inorganlc compound.

5. Dosage form according to any of claims 1 to 4, comprising the pantoprazole magnesium dihydrate together with 
low molecular weight polyvinylpyrrolidone in an alkaline pellet or tablet core.

6. Dosage form according to any of claims 1 to 5 In tablet form, comprising as excipients for the tablet core sodium 
carbonate, mannitol, crospovidone, low molecular weight polyvinylpyrrolidone, and magnesium or calcium stearate.

7 .  Dosage form according to any o f claims 1 to 6 in pellet form, comprising a pellet core, an intermedíate layer and an 
enteric coating, wherein the pellet core is formed from starter pellets, pantoprazole magnesium dihydrate, starch 
and optionally other excipients.

8. Dosage form according to claim 7 in pellet form, comprising a pellet core an intermedíate layer and an enteric coating, 
wherein the pellet core is formed from sucrose starter pellets, pantoprazole magnesium dihydrate, sodium carbonate, 
PVP 25, pregelatinized starch and sodium dodecylsulfate, the intermedíate layer is formed of HPMC, PVP 25, 
titanium dioxide and iron oxide yellow, and the enteric coating is formed o f Eudragit L 30 D and triethyl citrate.

9. Dosage form according to any o f claims 1 to 8 containing between 5 and 100 mg o f pantoprazole magnesium 
dihydrate.

10. Dosage form according to claim 9, which contains an amount o f pantoprazole magnesium dihydrate, which corre- 
sponds to 10, 20, 40, 50, 80 or 100 mg of pantoprazole (free acid).

11. Dosage form according to claim 10, which contains an amount of pantoprazole magnesium dihydrate, which corre- 
sponds to 40 or 80 mg o f pantoprazole (free acid).

12. Use o f the dosage form according to any of claims 1 to 11 for the manufacture of a medicament for the prophylaxis 
or treatment o f a clinical conditlon in a mammal, such as a human, for which a proton pump inhibitor is Indicated.

13. Use according to claim 12, wherein the clinical conditlon is selected from the group o f benign gastric ulcer, gastro- 
oesophageal reflux disease, Zollinger-Elllson syndrome, duodenal ulcer, duodenal ulcer associated with Helico­
bacter pylori, prophylaxis of NSAID-associated gastric or duodenal ulcer in patients with an increased risk o f gas­
troduodenal complication who require continued NSAID treatment and combination therapy w ith antibiotics in the 
eradication o f Helicobacter pylori.

14. Use according to claim 13, wherein the clinical conditlon is gastro-oesophageal reflux disease (GERD).

15. Use according to claim 14, wherein the clinical conditlon is GERD I to III (according to Savary/M lller Classification).
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1
STABLE C O M P O S IT IO N S  O F  

G ASTRO PRO TECTED O M E R P R A Z O L E
M IC R O G R A N U LE S  A N D  PROCESS FO R  T H E  

P R O D U C H O N  T H E R E O F

The present invention relates to a pharmaceutical 
formulation o f omeprazole in the form o f gastro- 
protected microgranules having a stability over time 
compatible w ith pharmaceutical requirements and to 
the process for the manufacture o f the said microgran­
ules.

Omeprazole, o r 5-methoxy-2-[[(4-methoxy-3,5- 
dimethyl-2-pyridyl)methyl]sulfinyl]-l H-benzimidazole, 
an anti-ulcerative substance which reduces gastrointes­
tinal acid secretion, is well known and has been de­
scribed especially in Swedish Patent N o . 78 04231 (Ak- 
tiebolaget Hassle Fack).

I t  is also known that omeprazole has a very low  solu- 
bility in water but that it is, in contrast, very soluble in 
alkaline solutions and that it degrades very quickly in 
acidic médium. Its degradation half-life is ten minutes in 
aqueous solutions w ith a pH  o f less than 4, eighteen 
hours for a pH  equal to 6.5 and approximately 300 days 
for a pH  o f 11.

When omeprazole is used orally, it is consequently 
indispensable to gastroprotect the pharmaceutical form 
of the active material ¿elatin  capsules, tablets or pow- 
der) so as to prevent any contact o f the latter in acidic 
médium in the stomach while achieving rapid dissolu­
tion in the intestinal médium, where the omeprazole 
must be absorbed, that is to say as soon as ambient pH  
becomes greater than 6 .8 .

The in vi tro dissolution characteristics o f an oral 
omeprazole formulation as well as the bioavailability 
results achieved in man w ith the aid o f these oral formu­
lations, consisting o f protected granules, have been 
described in the Scandinavian Journal o f Gastroenterol­
ogy (1985; 20 (suppl. 108): 113-120, Pilbran A ., Ceder- 
berg C ).

However, it was observed that the conventional en­
teric granules did not have a sufficient stability over 
time to be used in a satisfactory pharmaceutical form 
(gelatin capsules or tablets o f microgranules) since deg­
radation o f the active principie is rapidly observed 
when they are placed under usual conditions o f use 
(room temperature o f 25° C ,  degree o f humidity be­
tween 40 and 75% ) with the appear anee o f harmful 
degradation producís, such as described, for example, in 50 
Acta Chemica Scandinavia, 43 (1989), 536-548 (A m e  
Brandstrom et al.).

In order to overcome these disadvantages, it has 
especially been proposed (EP-A-0,247,983, Hassle A -G ) 
to mix a suitable amount o f omeprazole and o f an alka- 55 
line sodium, potassium, magnesium or calcium salt or 
alkaline ammonium salts in a mass o f cellulose coating 
derivatives and o f disintegrating agents, so as to pro­
duce, by extnision, a core whose composition is buff- 
ered and has an alkaline pH  between 7 and 12.

The microgranules thus prepared are then conven- 
tionally gastroprotected and correspond to the dissolu­
tion and gastroresistance standards defined for an opti- 
mum use o f the product orally, that is to say a dissolu­
tion greater than 75% after 30 minutes in an aqueous 65 
médium with a pH  equal to 6.8 and a gastroresistance 
greater than 85% after 2 hours in a médium with a pH  
equal to 1.2.

2
Nevertheless, this type o f preparation has a number 

o f significant disadvantages, both from the technical 
and from the economic viewpoint. First o f all, it is nec- 
essary to prepare combinations o f producís and mix- 

5 tures, with risks of overall toxicity and o f instability 
during the manufacturing process. Additionally, it is 
necessary to use a type o f specific and expensive appara­
tus which adds to the high cosí o f the active principie 
and tends to increase Ihe price o f the finished product 

10 too much for large-scale worldwide use, the daily cost 
o f treatment linked to the use o f such a product being 
much more significant than that obtained by using a 
treatment o f the type involving a bismuth salt and met­
ronidazole or macrolide acting as an anti-acid and 

15 agents which destroy Helicobacter py lo ri (agent respon- 
sible for the majority o f gastrointestinal ulcerations).

The subject o f the invention overcomes these disad­
vantages. I t  relates to a new stable formulation o f gas­
troprotected omeprazole microgranules and to the pro- 

20 cess which makes it possible lo produce them under 
advantageous economic conditions.

According to the invention, omeprazole is used in the 
powder form diluted in a substantially equal amount o f 
mannitol so as to produce a homogeneous and stable 

25 suspensión and so as to provide better uniformity o f the 
omeprazole content during application on neutral 
grains consisting o f a mixture o f sugar and o f starch.

The present invention thus relates lo  a stable formula­
tion o f omeprazole microgranules, characterized in that 

30 they contain a neutral core consisting o f sugar and of 
starch coated w ith an active layer comprising a dilution 
of omeprazole in mannitol in substantially equal 
amounts.

Dilute powder is understood to mean, according lo 
35 the invention, a mixture o f an omeprazole powder, o f a 

mannitol powder, o f sodium lauryl sulfate and o f car- 
boxymethylstarch.

Preferentially, the mixed powders have a substan­
tially equal particle size o f less than 100 microns.

Substantially equal amounts is understood to mean an 
omeprazole powder/mannitol powder ratio by weight 
in the región o f 1, that is lo say between 0.9 and 1.2.

The neutral cores consisting o f sugar and o f starch in 
proportions by weight in the región o f 4 parts per 1 parí 

45 o f omeprazole powder have a mean diameter between
0.7 mm and 0.9 mm.

The layer o f active principie, or active layer applied 
to the neutral grains, w ill preferably have a thickness 
between approximately 100 and 300 p.m (0.1 and 0.3 
mm).

To  ensure good stability o f the active principie dur­
ing slorage o f the microgranules according to the inven­
tion, the moisture level o f the active layer is less than 
1%, preferably less than 0.5%.

Additionally, the microgranule according to the in­
vention advantageously comprises an additional protec- 
tive layer o f the active layer consisting o f mannitol and 
of a binding agent, in order to definitively isolale the 
core, on which the omeprazole is applied, from the 

60 extemal coating layer inlended lo provide gastroprolec- 
lion o f the active cores.

Preferentially, the binding agent is hydroxypropyl 
methylcellulose (H P M C ) whereas the gastroresistant 
layer comprises hydroxypropyl methylcellulose phthal- 
ate (H P M C P ) or anionic copolymers o f methacrylic 
acid and tale.

In  order to satisfy the in vitro dissolution criteria of 
the omeprazole microgranules, according lo which al



3
least 75% of the omeprazole must be dissolved after 30 
minutes when the microgranules are placed in an aque­
ous médium w ith a pH  equal to 6.8  and at a temperature 
o f 37° C ,  the initial mixture o f omeprazole and o f man­
nitol is treated with approximately 10% of carboxyme- 
thylstarch (Exp lotab® , marketed by the company 
Mendell), in order to produce complete disintegration 
o f the granules at a p H  equal to 6 .8 , and with approxi­
mately 5% o f a surface-active agent, such as sodium 
lauryl sulfate, which improves solubiüzation of ome­
prazole in the intestinal médium.

Moreover, solutions, having a high viscosity o f the 
order o f 15 centipoises (1 5 x  10~ 3 Pa.s), o f hydroxypro­
pyl methylcellulose (H P M C ) (Pharmacoat (g), mar­
keted by the company Shin-Etsu), used in solution in a 
mixture o f at least 80% ethanol and at most 20%  water, 
for example a mixture o f 10 parts o f water per 90 parts 
o f 95° ethanol, and in small amounts in order to limit as 
far as possible the solvent and water content of the 
granules throughout the manufacture o f the active gran­
ules, are used as binding solutions for applying the ac­
tive layer to the neutral grains and then the additional 
mannitol protection.

Finally, according to an embodiment o f the stable 
omeprazole granules according to the invention, the 
gastroresistant coating o f the microgranules, consisting 
o f hydroxypropyl methylcellulose phthalatc (HPM CP) 
(H P  50 R, marketed by the Company Shin-Etsu) in 
7.5% solution in an 80/20 mixture by mass o f acetone 
and 95° ethanol, is applied in extemal layers after pre- 
treatment o f the active omeprazole and mannitol gran­
ules by spraying with a 33% sucrose syrup, in a 44/56 
by mass water/ethanol mixture, this sugar syrup having 
a total sucrose weight o f approximately 25% with re- 
spect to the amount o f final gastroresistant coating. This 
extemal layer may contain tale as a lubricatmg agent.

Throughout all the various application and coating 
stages, the temperature o f the granules is maintained 
between 32° C. and 38° C. and, between each stage, a 
drying is carried out so that the solvents and water 
contents are minimal, the final content being less than 
1% for water and 2000  ppm for ethanol.

Other characteristics and advantages o f the invention 
w ill become apparent in the light o f the following exam­
ples.

E X A M P L E  1 

Process for the preparation o f micro granules contain­
ing 8.41% o f omeprazole by weight

A ll the amounts mentioned are expressed in kg o f dry 
mass for a final amount equal to 237.80 kg o f microgran­
ules having an omeprazole content o f 84.1 mg per gram 
o f microgranules.

C O M P O S IT IO N

N e u tr a l s u g a r a n d  s ta r c h  g ra in s 80.00
A c t iv e  la y e n

O m e p ra z o le 20.00
M a n n ito l 20.00
C a rb o x y m e th y ls ta rc h  (C M S ) 4.00
S o d iu m  la u r y l s u lfa te 2.00
A d d it io n a l  n ro tc c t iv c  la y a r :

M a n n ito l 50.00
S ucrose 8.00
H P M C ,  15 ce n tip o ise s 3.20
G a s tro re s is ta n t la y e r

H P M C P 32.00
T a le 18.60

4
-continued_____________

C O M P O S IT IO N _________________

237.80

The process, according to the invention, consists in 
prcparing a dilution o f 2 0  kg o f omeprazole in 2 0  kg of 
mannitol in the presence o f 4 kg o f C M S  and o f 2 kg of 
sodium lauryl sulfate, and then binding this dry dilution 
onto 80 kg o f neutral sugar and starch grains, whose 
diameter is between 0.7 and 0.9 mm, with the aid o f a 
4%  solution of H P M C  (1.6 kg) in water (20 parts) and 
95° ethanol (80 parts) in a circular turbine with an in- 
clined fíat bottom, and then protecting the active grains 
thus obtained with the aid o f 50 kg o f mannitol applied 
with the rest o f the H P M C  solution (i.e. 1.6 kg), and 
then pretreating the granules thus protected with a 33%  
sugar syrup (8 kg o f sucrose) consisting o f 44 parts o f 
water per 56 parts o f 95° ethanol and in finally applying 
the gastroprotection coating at a charge o f 32 kg o f 
H P M C P  in 7.5% solution in a mixture o f 80 parts o f 95° 
ethanol per 20  parts o f acetone.

The granules thus obtained show a gastroresistance 
o f greater than 85% in a médium w ith a pH  o f 1.2, since, 
after 2 hours at 37° C., the amount o f unreleased ome­
prazole in this médium is 91.7%. In  an aqueous médium 
with a pH  equal to 6 .8 , the dissolution o f the granules 
shows, after 30 minutes, an omeprazole degree o f 92%, 
i.e. an amount greater than 75%  which is the minimum 
acceptable standard.

A t the end o f 12 and 24 months, the respective gas­
troresistance valúes are 92.1% and 92.8% and the disso- 
lutions at a pH o f 6 .8  are 91.4% and 93,8% under the 
same operating conditions.

Moreover, the very-pale beige color o f the micro- 
granules stored in gelatin capsules at room temperature 
and an extemal humidity o f 60% in glass bottles fitted 
w ith protective caps and containing desiccating cap­
sules is maintained constant for a period o f at least 24 
months.

E X A M P L E  2

Stability Tests
The testing o f the stability o f omeprazole was carried 

out on 4 batches o f gelatin capsules comprising micro- 
granules according to the invention and one batch o f 
microgranules. The monitored batches, the storage 
conditions, the methods o f analyses and the results are 
presented below.

1. M O N IT O R E D  B A T C H E S  
Omeprazole gelatin capsules 
C458-1-2, C458-1-6, C458-2-3 and C458-2-4 
Omeprazole microgranules 
U Q M  001-3

B A T C H E S
D A T E S  O F  
M A N U F A C T U R E

S T O R A G E  T I M E  
(m o n th s )

C 4 5 8 -1 -2 Ju n e  1983 36
C 4 5 8 -1 -6 F e b ru a ry  1954 36
C 4 5 8 -2 -3 S c p te m b e r 1984 24
C 4 5 8 -2 -4 O c to b e r  1984 24
U Q M  0 0 1 -3 O c to b c r  1990 3

2. S T O R A G E  C O N D IT IO N S  
25° C.-60% Relative humidity 
30° C.-30-40% , 60% Relative humidity 
37° C.-20-30% , 90% Relative humidity
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5
50° C.-80% Relative humidity 
Refrigerator

3. A N A L Y S IS  O F  T H E  S A M PLES
a. gelatin capsules 
Sample solution
A  - For the quantitative detcrmination o f omeprazole, 

introduce the contents o f 5 gelatin capsules into a 250 
mi volumetric flask, then introduce 200 mi o f methanol- 
/aqueous ammonia (95 /5 ) solution and stir magnetically 
for 30 minutes. Complete to volume using the same 
solvent. Filler and dilute 10 mi o f the fíltrate in a 100 mi 
volumetric flask w ith 30 mi o f dichloromethane and 
complete to volume using a methanol/aqueous am- 
monia/dichloromethane (24 /1 /75) solution.

B - T o  determine the degradation producís, dissolve 
the contents o f 2 gelatin capsules in 8 mJ o f the me- 
thanol/aqueous ammonia (95/5) solution, with mag- 
netic stirring for 30 minutes. Filter and dilute 2.5 mi o f 
the fíltrate to 100 mi in dichloromethane. Inject immedi­
ately.

Equipment and conditions 
H P L C  apparatus equipped with a U .V . detector.
7 ¿ím silica precolumn with a length o f 15 mm and an 

intemal diameter o f 3.2 mm (Brownlee or equiva- 
lent).

5 fim Lichrosorb Si 60 column, w ith a length o f 124 mm 
and an intemal diameter o f 4 mm (H ibar Merck or 
equivalent).

F low  rate: 1 m l/min.
Reading at 280 nm 
Injection: 40 fil.

Monitoring o f the system
Once stability o f the baseline has been obtained, the 

system is monitored in the following way:
Dissolve 5 mg o f omeprazole standard and 5 mg o f 

the corresponding sulfone H  168/66 (whose formula is 
reproduced below) in 100 mi o f the mobile phase. Inject 
40 /¿I scveral times until a constant retention time is 
obtained (difference between two injections < 1 % ).

s—CH2.

H 3C O ' HjC

The retention time o f omeprazole is 10 minutes and 
that o f the sulfone H  168/66 is 8 minutes,

b. microgranules
Determination o f the omeprazole content o f the mi­

crogranules
The omeprazole content o f the microgranules is de­

termined by ultraviolet spectrophotometry after separa- 
tion by high performance liquid chromatography. 

Reagents
Acetonitrile for H P L C  (for example Cario Erba ref. 

412409)
Dibasic sodium phosphate (Na^HPC^)
Monobasic sodium phosphate (NaHzPO-t.HzO) 
Distilled water
Reference substance: omeprazole 

Equipment
Apparatus for liquid chromatography w ith a U V  

detector (280 nm):
2 stainless steel columns in series:

6
precolumn: length 1.5 cm - intemal 03.2 mm - particle 

size 7 p.m
column: length 12.5 cm -  intemal 04 mm - particle 

size 5 jxm 
Stationary phase: Lichrosorb RP 18 
Injection system: for 20 /xl amounts (for example Wisp 

712 automatic injector).
Integrator: Perkin Elmer L C I 100 or Waters 645 Data 

Module
Gastroresistance and dissolution tests 
The microgranules are stirred for 2 h 30 in suitable 

media at constant temperature (37° C .± 0 .5 ° C .) in a 
dissolution apparatus.

Equipment
The dissolution apparatus used is the paddle appara­

tus described in the European Pharmacopeia.
Speed used: 500 mi o f médium w ith a p H  o f 1.2. Addi­

tion o f 400 mi o f médium with a p H  o f 7.6.
Media

Médium I: Médium having acid strength:
Introduce 2 grams o f sodium chloride and 7 mi o f 

concentrated (37% ) hydrochloric acid into a 1 liter 
volumetric flask. Complete to volume using purified 
water. Stir until dissolved. The p H  o f this solution 
should be 1.2 ±0.05.
Médium I I:  Médium w ith a pH  o f 7.6 (addition)

0.235M Dibasic sodium phosphate solution (NazH- 
PO4). Prepare 1 liter o f solution for 2 vessels.

4. R E S U LT S  A N D  C O N C L U S IO N S  
The results are summarized in the tables below. 
During determination of the impurities content, two 

main impurities are detected in all the batches. In  the 
tables o f results, they are identiñed by the designations
I  and I'.
A: Storage period (months)
B: Storage conditions - °C. - Relative humidity 
C: Appearance 
D : Disintegration (min)
E: Omeprazole assay (mg/gel)

O m e p ra z o le  g e la t in  ca psu le s , b a tc h  C 4 5 8 -1 -2

F
I r O th c rs

A B C D E * % %

0 a 6 20.3 < 0 .5 < 0 .5 < 0 .2
6  25 60 a 5 20.6 < 0 .5 < 0 .5 < 0 .2

30 60 a 7 20.1 < 0 .5 < 0 .5 < 0 .2
50 80 c 7 19.4 < 0 .5 < 0 .5 < 0 .3

12 25 60 a 5 20.5 < 0 .5 < 0 .5 < 0 .2
30 60 b 6 20.5 < 0 .5 < 0 .5 < 0 .2

18 25 6 0 a 6 19.8 < 0 .5 < 0 .5 < 0 .2
30 60 b 6 20.1 < 0 . 5 < 0 .5 < 0 .2

24  2  5 60 a 6 20.7 < 0 .5 < 0 .5 < 0 .2
30 60 c 7 20.2 < 0 .5 < 0 .5 < 0 .3

3 0  25 60 a 6 20.3 < 0 .5 < 0 .5 < 0 .3
3 6  25 60 b 6 19.9 < 0 .5 < 0 .5 < 0 .3

re f r ig e ra to r a 6 20.8 < 0 .5 < 0 .5 < 0 .2

i  =  whitc.
b =  colorcd, conforma, 
c  =  colorcd, does no', confonn

O m e p ra z o le  g e la t in  capsu les, b a tc h  C 4 5 8 -1 -6

F

A B C D E
I

%

r

%

O th c n
%

0 a 5 19.4 < 0 .5 < 0 .5 < 0 .2
6 25 60 a 5 19.6 < 0 .5 < 0 .5 < 0 .2

30 60 a 6 19.5 < 0 .5 < 0 .5 < 0 .2
50 80 c 7 18.7 < 0 .5 < 0 .5 < 0 .4
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-continued

5,385,739
8

A  B C D E
I

%

F

r
*

O th e re

*

12 2 5  60 a 5 19.2 < 0 .5 < 0 . 5 < 0 .2
30 60 b 6 19.3 < 0 .5 < 0 .5 < 0 .2

18 2 5  60 a 5 19.7 < 0 .5 < 0 .5 < 0 .2
30 60 b 5 19.1 < 0 .5 < 0 .5 < 0 .3

2 4  2 5  60 a 6 19.0 < 0 .5 < 0 .5 < 0 .2
30 60 c 6 19.2 < 0 .5 < 0 .5 < 0 .3

3 0  re fr ig e ra to r a 6 19.8 < 0 .5 < 0 .5 < 0 .2
25 60 a 5 19.3 < 0 .5 < 0 .5 < 0 .2

3 6  re fr ig e ra to r a 6 19.8 < 0 .5 < 0 .5 < 0 .2
25 60 b 5 19.2 < 0 .5 < 0 .5 < 0 .2

a  -  w h itc .
b  e  co lorcd. confonns,
c  =  co lo rcd , does n o l confonn

O m e p ra z o le  g e la tin ca psu le s , b a tc h  C 4 5 8 -2 -3

F

I r O th c rs
A  B C D E % % %

0 a < 5 21.2 < 0 .5 < 0 .5 < 0 .2
6 re f r ig e ra to r a < 5 20.9 < 0 .5 < 0 .5 < (U

25 60 a 5 21.1 < 0 .5 < 0 .5 < 0 .2
12 re f r ig e ra to r a 5 20.8 < 0 .5 < 0 .5 < 0 .2

25 60 a < 5 20.7 < 0 .5 < 0 .5 < 0 .2
18 re f r ig e ra to r a < 5 20.6 < 0 .5 < 0 .5 < 0 .2

25 60 a 5 20.4 < 0 .5 < 0 .5 < 0 .2
24 25 60 a 6 20.7 < 0 .5 < 0 .5 < 0 .2

a  =  whitc.
b  •= colorcd, coaforms. 
c  ■  colorcd, does not confonn

a =■ whitc,
b  «  colorcd, conforma, 
c  ■  colorcd, does not confonn

a «  whitc,
b  ■  colorcd, conforma, 
c  -  colorcd, does not confonn
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25
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O m e p ra z o le  g e la t in  c a p su le s , b a tc h  C 4 5 8 -2 -4

A B C D E
I

%
r

%
O th e rs

%

0 6 20.7 < 0 .5 < 0 .5 < 0 .2
6 25 60 a < 5 20.8 < 0 .5 < 0 .5 < 0 .2

12 25 60 a 5 20.3 < 0 .5 < 0 .5 < 0 .2
18 25 60 a 6 20.5 < 0 .5 < 0 .5 < 0 .2
24 re fr ig e ra to r a 5 2 0 .0 < 0 .5 < 0 .5 < 0 .2

25 60 b 5 20.4 < 0 .5 < 0 .5 < 0 .5

O m e p ra z o le  m ic rO R n m u lc s . U Q M  0 01 -3  

A :  S to ra g e  p e r io d  (m o n th s )

B :  S to ra g e  c o n d it io n s  -  * C .  -  R e la t iv o  h u m id i ty  
C : A p p e a ra n c e  
D :  O m e p ra z o le  assay ( m g /g )
E :  G a s tro re s is ta n c e  tes t 
F :  D is s o lu t io n  te s t -  %

40

45

5 0

A B C D E F

0 a 78.0 9 5 .9 95 .0
1 25 5 5 -6 5 a 80.8 9 3 .9 94.0

30 3 0 -4 0 a 81.2 94.4 95.0
37 2 0 -4 0 a 80.4 97 .0 97.0
37 90 a 7 7.6 97.5 ICO.O

3 25 5 6 -6 5 a 81.4 9 1 .6 92 .0
30 3 0 -4 0 a 79.1 95 .7 96 .0
37 2 0 -4 0 a 8 0.2 9 2 .0 93 .0
37 90 c 4 1 .9 - -

The gelatin capsules have good stability in the refrig­
erator and at 25° C., for up to 36 months o f storage. A ll 
the impurities have a concentration o f less than 0.50%.

The impurities content increases a little more with 
temperature and humidity, and can be sufficient to 
cause coloration o f the granules.

The microgranules stored in bulk have good stability 
for 3 months at room temperature and 55-65%  relative 
humidity, at 30° C. and 30-40%  relative humidity and at 
37° C. and 20-30%  relative humidity, and for month at 
37° C. and 90% relative humidity.

T E R M  O F  V A L 1 D IT Y
In  the light o f the results obtained, the specialty is 

stable for 36 months provided that it does not exceed 
25° C. during this period.

S P E C IF IC A T IO N S

1. A p p e a ra n c e h a rd  g e la t in  ca psu le s  c o n ­

ta in in g  o f f - w h i te  t o  m o re
o r  less d a rk -b e ig c  g ra n u le s

w i t h o u t  fo re ig n  p a r tic le s .
2 . M e a n  w e ig h t a p p ro x im a te ly  2 35  m g  ±  10%
3 . O m e p ra z o le  c o n te n t 1 8 .0 -2 2 .0  m g /g e la t in  ca psu le

(9 0 -1 1 0 % )
4. R e s is ta n c e  in  a c id  m é d iu m 5 8 5 %
5. R e le ase  a t  a  p H  o f  6.8 = 7 5 %
6. D e g ra d a t io n  p ro d u c ís to ta l c o n te n t  S 2 .0 %

in d iv id u a l c o n te n ts  5 0 .5 %

O f course, a person skilled in the art w ill be able to 
introduce variants into the embodiments o f the micro- 
granules according to the invention, in particular by 
using coating apparatuses such as fluidized beds in place 
of the flat-bottomed turbines described above, or also 
by using methacrylic polymers as gastroprotection ma- 
terials (for example Eudragit ®  L  100-55 or L  30 D  of 
the company Rohm &  Hass) or other gastroresistant 
polymers, without departing from the context and 
scope o f the invention.

On the other hand, the invention is not intended to 
produce microgranules by the conventional extrusión 
techniques already described in the prior art, these tech- 
niques requiring the use o f omeprazole in solution in a 
mass containing solvents and water, which are avoided 
by virtue o f the embodiments o f the process described 
above in order to overcome the consequences o f the 
instability o f omeprazole under such conditions.

W e claim:
1. A  stable formulation o f omeprazole microgranules 

containing a neutral core o f sugar and starch and an 
active layer consisting o f a dilution o f omeprazole in 
mannitol in substantially equal amounts, wherein the 
active omeprazole layer contains about 10% by weight 

55 o f carboxymethylstarch, about 5% by weight o f a so­
dium lauryl sulfate surface-active compound, and 
wherein the dilution of omeprazole in mannitol is ap­
plied to the neutral core by means o f hydroxypropyl 
methylcellulose as a high viscosity binder.

60 2. The  formulation as claimed in claim 1, wherein the
formulation contains, at the surface o f the active ome­
prazole layer, an additional protective layer consisting 
o f mannitol.

3. The  formulation as claimed in claim 2, wherein said 
65 protective layer is applied by means o f a high viscosity

binder o f hydroxypropyl methylcellulose.
4. The  formulation as claimed in claim 1, wherein the 

active grains contain an extemal gastroprotection layer



9
consisting of a gastroresistant coating o f hydroxypropyl 
methylcellulose phthalate and tale.

5. A  process for producing the formulations as 
claimed in claim 1, wherein a dry dilution o f mannitol 
and o f omeprazole is applied to neutral grains consisting 5 
of sugar and o f starch w ith the aid o f a high-viscosity 
binding solution o f hydroxypropyl methylcellulose in 
solution in a mixture o f at least 80% ethanol and at most 
2 0 % water.

6. The process as claimed in claim 5, wherein each 
application o f the dry dilution is followed by drying at

10
a temperature between 35° C. and 40° C. for a time 
which makes it possible to lower the water content of 
the active microgranules to 1% and their ethanol con­
tent to 2000 ppm.

7. The process as claimed in claim 5, wherein neutral 
microgranules are used whose size is between 0.7 and 
0.9 mm.

8. The process as claimed in claim 5, wherein flat-bot- 
tomed turbines are used to carry out the active dilution

10 applications and the gastroprotection coatings.
* * * * *
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[57] ABSTRACT

The improved pharmaccutical preparation for oral adminis­
tración which is adapted to reléase the drug al appropriate 
sites in the intestines comprises: a core that comprises an 
active ingredient and a pharmaceulically acceptable excipi- 
cnt, a first layer that covers the core and which comprises an 
enteric or water-soluble ingredient and an optional insoluble 
ingredient, a second layer that covers the first layer and 
which comprises a non-cnleric ingredient ihat dissolves 
upon reacting with at least one ingredient in the core, and a 
Ihird layer that covers the second layer and which comprises 
an enteric ingredient. This preparation is charactcrized in 
that it will not reléase the active ingredient until after it 
reaches a desired site in the intestines and that, in addition, 
it is capable of controlling the rale at which the active 
ingredient is released añer it has reached the desired site. 
Thereforc, this preparation is particularly eífective in admin- 
istering active ingrediente having absorption spccificity at 
specific sites in the intestines or for treating diseases at 
specific sites in the intestines.

2 Claims, 5 Drawing Sheets
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1
PH A R M A C EU TIC A L PREPARATIONS FOR  

O RAL A D M IN IS T R A R O N  T H A T  ARE  
ADAPTED T O  RELEASE T H E  DRUG AT 

APPROPRIATE SITES IN  T H E  INTESTINES

This is a Continualion o f U.S. application Ser. No. 
08/022, 099 filed on Jan. 8, 1993, now abandoned which is 
a conlinuation of U.S. application Ser. No. 07/640,425, filed 
as PCT/JP90/00596, May 10, 1990, now abandoned.

TECHNICAL FIELO

This invention relates to pharmaccutical preparaüons for 
oral administration that are adapted to reléase the drug at 
appropriate sites in the intestines. More particularly, this 
invention relates to the structurc o f a pharmaccutical prepa- 
ralion for oral administration that cnables Lhe drug to be 
released continuously at specific sites in the intestines.

BACKGROUND ART

Pharmaccutical preparations for oral administration are 
gcnerally intended to have the drug disintegrated in the 
stomach, etc. to insure that its efficacy is exhibited as quickly 
as possible. Thus, little R&D efforts have so far been 
dircctcd to pharmaccutical preparations for oral administra­
tion that are so adapted as to reléase the dmg only at specific 
sites in the intestines. Even if  L-ascorbic acid containing 
preparations are administered orally with a view to deliver- 
ing the drug to the largo intestino so that it is released there, 
the drug is decomposed in the stomach and mostly absorbed 
by the small intestinc, with little being dclivcred to the large 
intestino.

Sustaincd-rcleasc preparations have been devcloped as 
pharmaceuticals that are administered once or twicc a day 
and which yet are capablc of maintaining the blood concen- 
tration of the drug beyond a certain level over a prolonged 
time. Howcvcr, even such sustained-release preparations are 
incapable o f permitting the drug to be released only at 
desired sites in the intestines. For instance, even i f  it is 
intended to have the dmg absorbed by the large intestinc, 
part of the drug will be released before it reaches the large 
intestino since it takes 4 -5  hours for the administered drug 
to reach the large intestino during a fasting period. Further, 
the drug reaching the large intestino is released only slowly 
so that the perccnt absorption of the dmg is too low to insure 
eEcient administration of the dmg. Resides sustained-re­
lease preparations, administration can be made through the 
rcctum either in the form of suppositorics or by means of 
enema but even these methods are incapable of delivering 
the dmg effectively to every part of the large intestino. 
Henee, heretofore, no means have been available by which 
salazosulfapyridine and prednisolonc which are therapeutics 
for ulcerous colitis can be cfiicicntly administered to reach 
appropriate sites in the large intestinc.

DISCLOSURE OF TH E  IN VEN TIO N

Under thesc circumstances, the present inventors con- 
ducted intcnsive studies in order to develop a pharmaccuti­
cal preparation for oral administration that would not release 
the dmg until after it rcachcd a desired site in the intestines 
and which, after reaching the desired site, would release all 
the dmg within a desired period o f time. As a result of these 
studies, the present invention has been accomplishcd.

2
The pharmaccutical preparation of the present invention 

which is to be administered orally and which is adapted to 
release the drug at appropriate sites in the intestines com­
prises:

(a) a core that comprises an active ingredient and a 
pharmaceulically acceptable excipient;

(b) a first layer that covers the core and which comprises 
an enteric ingredient;

(c) a second layer that covers the first layer and which 
comprises a non-enteric ingredient that dissolves upon 
reacting with at least one ingredient in the core; and

(d) a third layer that covers the second layer and which 
comprises an enteric ingredient.

BR1EF DESCRIPTION OF TH E  DRAWINGS

FIO. 1 shows an example of the structurc of a granule 
according to the present invention;

FIG. 2 shows an example o f the structurc o f a tablet 
according to the present invention;

FIG. 3 shows various lypes (A  to E) of the core in the 
pharmaccutical preparation of the present invention; and

FIGS. 4, 5 and 6 are each a graph showing the results of 
a dissolution test in terms o f the relationship between 
dissolution time and percent dissolution.

BEST M O DE FOR CARRYING O UT THE  
IN VEN TIO N

The core o f the pharmaccutical preparation o f the present 
invention comprises an active ingredient and an excipient. 
The active ingredient can be selected from a broad range of 
cfficacious substances that can be absorbed by the intestines 
and/or can be adhered to the intestinal walls, etc. Particu­
larly, substances that are efBcienüy absorbed at a specific 
site such as the large intestinc as well as therapeutics for 
diseases in the intestines can be used efTcctively.

The core may contain a disintegrator that acccleratcs the 
release of the active ingredient.

The core may ñirthcr contain an additive material that 
dissolves the second layer. Such additive materials are not 
always neccssary i f  the active ingredient dissolves the 
second layer. However, i f  the active ingredient has little or 
no dissolving powcr or i f  sufficicm dissolving action cannot 
be exhibited even though the active ingredient has a strong 
dissolving powcr because it is present in a very small 
amount, additive materials will be used effectively. Additive 
materials are selected as appropriate in accordance with the 
component of the second layer. For instance, i f  a substance 
that is disintegratable in the stomach is used in the second 
layer, with a non-aeidic substance such as indomethacin 
being used as the active ingredient, water-soluble acidic 
materials such as organic acids can be used as additive 
materials.

The third layer which forras the outerraost shell of the 
pharmaccutical preparation of the present invention com­
prises an enteric substance. The third layer must be such that 
it prevents the inner layers from being dcstroyed in the 
stomach after the preparation is administered orally while it 
dissolves only after the preparation gets into the intestinos. 
Henee, it is required that the third layer not decompose with 
gastric juice but can be dissolved with intestinal juice. 
Specific examples o f materials that can be used to make the 
third layer include: synthctic high-molecular weight com- 
pounds such as ccllulose acctate phthalate (CAP), ccllulosc 
propionate phthalate, ccllulose acctate maléate, polyvinyl
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3
alcohol phihalatc, styrcnc-acrylic acid copolymcr, mcthyl 
acrylate-mcthacrylic acid copolymcr, polyvinyl acctate 
phthalate, hydroxypropylmcthyl ccllulosc phthalate 
(HPMCP), hydroxypropylmcthyl ccllulose acctate succinate 
(HPMCAS), methacrylic acid/mcthyl mcthacrylate copoly- 
mer, ethyl metliacrylatc-mcthyl methacrylatc-chloro-trim- 
cthylammonium ethyl mcthacrylate copolymcr, as well as 
those substances which can be used as enteric coating 
agents, as cxemplificd by the enteric ingredients listed below 
in connection with the description of the first layer.

The second layer comprises a non-enteric ingredient that 
dissolves upon reacting with at least one ingredient in the 
core. The second layer is provided in order to start the 
reléase of the active ingredient at a predetermined site in the 
intestines and to control the time over which it is released. 
The component of the second layer must be a non-enteric 
one that dissolves upon reaction with at least one ingredient 
in the core. Specific examples o f such components include 
polyvinyl acetato diethyl aminoacetate (AEA ), polyvinyl 
aminoacetal, and dimethylaminoethyl methacrylate-mcthyl 
mcthacrylate copolymcr. Among these, substances that dis- 
solve in an acidic región (pH 1-5) but which will not 
dissolve in a neutral or alkaline región are preferably used.

The first layer comprises an enteric or water-soluble 
ingredient. The first layer is present in order to insulate the 
core from the second layer, thcrcby controlling the time at 
which the active ingredient starts to be released. Specific 
examples o f the component of the first layer include: enteric 
ingredients such as hydroxypropylmcthyl ccllulosc phiha­
latc (HPMCP), hydroxypropylmcthyl ccllulose acctate suc­
cinate (HPMCAS), methacrylic acid-mcthyl mcthacrylate 
copolymcr, ethyl mcthacrylatc-mcthyl mcthacrylatc-chloro- 
trimcthylammonium ethyl mcthacrylate copolymcr, ccllu­
lose acótate phthalate (CAP), ccllulose propionate phthalate, 
ccllulose acetato maléate, polyvinyl acetato phthalate, poly­
vinyl alcohol phthalate, styrcnc-acrylic acid copolymcr, and 
mcthyl acrylate-mcthacrylic acid copolymcr; and water- 
soluble ingredients such as cellulosic derivativos (c.g. acctyl 
ccllulose, mcthyl ccllulosc, hydroxypropyl ccllulosc, 
hydroxypropylmcthyl ccllulose and carboxymethyl ccllu­
lose sodium) and natural high-molecular weight compounds 
(c.g. gclatin). The release start time can be delayed by 
adding insoluble ingredients such as ethyl ccllulosc (E.C). 
Such insoluble ingredients can be addcd in amounts ranging 
from 0 to 50% of the first layer.

Each o f the first, second and third layers may have 
plasticizcrs, antistats and other compounds incorporated 
thercin for the purpose of improving coating and film- 
forming propertios.

Whcn it onters the intestines, the pharmaccutical prepa­
ration of the present invention first has the tlúrd layer 
dissolved by intestinal juice. Since the second layer is 
non-onteric, intestinal juico will infíltrate the preparation 
without dissolving the second layer. Whcn the intestinal 
juice reaches the first layer, infiltration into the first layer or 
dissolution of this layer itself will start. Whcn the infiltration 
into or dissolution of the first layer causes the core to contact 
the solution, the ingredients of the core will difluse through 
the solution. Upon contact with the additive material and/or 
activo ingredient in the core, the sccond layer starts to 
dissolve, eventually causing the active ingredient to be 
released into the intestinos.

A specific structurc of the preparation of the present 
invention is designed in such a way that the active ingredient 
can be released at a desired site in the intestinos in accor- 
danco with the abovo-describcd mcchanism o f release. For
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example, lhe lime required for intestinal juice to reach the 
first layer or the time required for dissolution by the additive 
malerials, etc. can be controllcd by varying the thickncss of 
the sccond layer. Further, lhe release rale of the active 
ingredient can also be controllcd by selecting proper com- 
binations of lhe additive malerials and the second layer 
which is to be dissolved by thcm or by changing the 
component in the second layer. It should be noted here that 
the sccond layer is required lo have such a strength as lo 
prevent it from being dcstroyed before it is dissolved by the 
active ingredient or additive malerials.

The individual layers in the preparation of the present 
invention are usually coated in the following amounts. In the 
case of granules, the first layer is coaled in an amount of 
5-60 wt % of the core, the second layer is coaled in an 
amount of 10-80 wt % of the core with the first layer, and 
lhe third layer is coaled in an amount o f 10-30 wt % o f the 
core with the first and second layers. In the case of lablcis 
or capsules, the first, second and third layers are usually 
coated in the respective amounts of 0.5-10%, 0.5-10% and 
1-10%, on the basis of the borc tablet or capsule weight. As 
already described above, the coating weights of lhe respec­
tive layers can be appropriatcly selected in order to obtain 
pharmaccutical preparations for oral administration that are 
adapted to reléase the drug at desired sites in the intestines.

The structurc of the core is not limited in any particular 
way as long as it is capable of releasing the active ingredient 
by the mcchanism described above. Specific examples of the 
core struclure are listed below: a structurc that solely con- 
sists o f the active ingredient and an excipient in the absence 
of any additive material; a structurc in which the active 
ingredient and an additive material are present uniformly 
(FIG. 3A); a structurc in which a predetermined amount of 
additive material is mixed within the active ingredient (FIG. 
3B); a structurc having the active ingredient and an additive 
material present in difTerenl layers, a struclure having an 
isolating layer between a layer made of the active ingredient 
and a layer made of an additive material (FIGS. 3C and 3D); 
and a struclure having the active ingredient placed within a 
capsule (FIG. 3E). Whcn additive materials are to be used, 
factors such as their rcactivity with the active ingredient 
have to be takcn into account. Particularly in lhe case where 
additive materials are acidic whereas the active ingredient is 
not acidic, the structurc shown in FIG. 3B, C, D, or E is 
preferably employed.

The process for producing the pharmaccutical preparation 
of the present invention is not limited in any particular way 
and customary methods known lo one skilled in the art can 
be employed. For example, the core can be coated with 
various apparatus equipped with conventionally known pan 
coalcrs, fiuidized coaters and a forccd-air drying mccha­
nism. Coating solutions are also not limited in any particular 
way and various ingredients can be used, such as plasticiz­
crs, surfactants, higher alcohols, higher aliphatic acid esters 
of glyccrin for improving the film-forming property, addi- 
lives for adjusting water pcrmeabilily, water vapor perme- 
ability and light transmission (c.g., stearic acid, polycthylcnc 
glycol, tale and titanium oxide), antistats that are added for 
the purpose of improving the efficiency of coating opera- 
tions (e.g., stearic acid and polycthylcnc glycols), silicone 
resins for defoaming purposes, ¿yes and inorganic pigments 
for coloring purposes, and flavoring agents.

The pharmaccutical preparation of the present invention is 
chiefiy charactcrized in that lhe active ingredient will not be 
released until aftcr it reaches a desired site in the intestines 
and that the release rale o f the active ingredient can be 
controllcd after reaching the desired site. Henee, the phar-
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5
macculical preparation o f the present invention can be used 
with particular cffeetiveness not only in administering active 
ingredients that have absorption spccificity at specific sites 
in the intestines sueh as in the large intestine but also for 
treating diseases at specific sites in the intestines. This has 
the potcntial to allow heretofore intpossible or diflicult drug 
administrations and disease treatments to be accomplishcd 
effectively. For example, the pharmaccutical preparation of 
the present invention will prove extremely cffectivc as a 
means of cffectivc administration of reducing agents for the 
purpose o f prevenling not only the occurrcncc of polyp in 
the large intestinc due to a significantly oxidizing environ- 
ment but also the developmcnt of such polyp into adenoma 
or cáncer.

The following examples are provided for the purpose of 
further illustrating the present invention in a more specific 
and detailed manner but it should be understood that the 
scope of the present invention is only determined by the 
claims and that it is in no way limited by those examples.

In the following, all “parts" are on a weight basis.

E X A M P L E 1

Granules as a Preparation for Delivering 
L-Aseorbie Acid to the Large Intestino

L-ascorbic acid (72 parts), crystalline ccllulose (15 parts), 
lactose (5 parís), stearic acid (5 parts) and a 50% ethanol 
aqueous solution containing 10 wt % hydroxypropyl ccllu­
losc were kneaded in such a way that the content of 
hydroxypropyl ccllulose would be cquivalent to 3 parts as 
solids. The mixture was chargcd into a cylindrical granulator 
equipped with a 0.8 mm* net, where granulation and drying 
were effected.

The dry granules obtained (300 parts) were coated in the 
usual manner using a coating solution consisting of hydrox­
ypropylmcthyl ccllulosc phthalate (HP-55, 7 parts), purified 
shellac (0.7 parts), acetylated monoglyceride (0.7 parts), 
methylene chloridc (45.8 parts) and ethanol (45.8 parts) in 
such a way that the solids content would be equivalent to 75 
parts, whcreby the granules were coated with a first layer.

The granules with the first layer (300 parts) were coated 
in the usual manner using a coating solution for a second 
layer that consistcd o f AEA (5 parts), polycthylcnc glycol (2 
parts), ethanol (40 parts) and methylene chloridc (53 parts) 
in such a way that the solids content would be cquivalent to 
60 parts, whcreby the granules were further coated with a 
sccond layer.

The granules with the first and sccond layers (300 parts) 
were coated using a coating solution of the same composi- 
tion as the first layer in such a way that the solids content 
would be 60 parts, whcreby granules were obtained as a 
preparation for delivering L-ascorbic acid to the large intes­
tinc.

EXAM PLE 2

The barc granules (300 parts) prepared in Example 1 were 
coated in the usual manner using a coating solution consist­
ing o f hydroxypropylmcthyl ccllulose acctate succinate 
(HPMCAS, 10 parts), tricthyl citratc (4 parts) and puré water 
(86 parts) in such a way that the solids content would be 
equivalent to 60 parts, whcreby the granules were coated 
with a first layer. Coating of a second and a third layer was 
accomplishcd as in Example 1.

6
EXAMPLE 3

A firsl layer was applied in the usual manner using a 
coating solution consisting o f hydroxypropylmcthyl ccllu­
lose acctate succinate (HPMCAS, 10 parts), triethyl citratc 
(4 parts) and puré water (86 parts) in such a way that the 
solids content would be cquivalent to 90 parts. Subse- 
quently, coating o f a second and a third layer was accom- 
plished as in Example 1.

EXAM PLE 4

Granules as a Preparation for Delivering 
Indomethacin to the Large Intestinc

Indomethacin (10 parts), lactose (50 parts), citric acid (20 
parts), crystalline ccllulosc (15 parts) and hydroxypropyl 
cellulose (5 parts) were mixed and kneaded in the presence 
of water. The mixture was granulatcd and dried in a cylin­
drical granulator equipped with a 0.8 mm* net.

The dry granules (300 parts) obtained were coated with a 
first, a second and a third layer as in Example 3, whcreby a 
preparation for delivering indomethacin to the large intestine 
was obtained.

EXAM PLE 5

Granules as a Preparation for Delivering
Salazosulfapyridine to the Large Intestine

Salazosulfapyridine (50 parts), low-substitution hydrox­
ypropyl cellulose (10 parts), tartaric acid (20 parts), crys­
talline cellulose (5 parts), com starch (10 parts) and hydrox­
ypropyl cellulose (5 parts) were mixed and kneaded in the 
presence of water. Then, the mixture was granulatcd and 
dried in a cylindrical granulator equipped with a 1.0 mm* 
net.

The dried granules (300 parts) obtained were coated with 
a first, a sccond and a third layer as in Example 3, whcreby 
a preparation for delivering salazosulfapyridine to the large 
intestine was obtained.

EXAMPLE 6

Tablet as a Preparation for Delivering Prednisolone 
to the Large Intestine

Prednisolone (25 parts), lactose (25 parts), crystalline 
cellulose (20 parts), low-substitution hydroxypropyl cellu­
lose (25 parts) and hydroxypropyl cellulose (5 parts) were 
mixed and then kneaded in the presence of water. Granules 
were produced by treatment with a speed mili and the 
resulling granules were dried. The dried product (99 parts) 
was mixed with magnesium stearate (1 part) and tablcts cach 
weighing 200 mg were prepared in the usual manner. The 
tablets (300 parts) were coaled with a first layer in the usual 
manner using a coating solution consisting of hydroxypro­
pylmcthyl cellulose phthalate (HP-55, 7 parts), purified 
shellac (0.7 parts), acetylated monoglyceride (0.7 parts), 
methylene chloridc (45.8 parts) and ethanol (45.8 parts) in 
such a way that lhe solids content would be equivalent to 7.5 
parts.

The tablets with the first layer (300 parts) were coated 
with a sccond layer using a dimethylaminoethyl methaery- 
lalc-methyl mcthacrylate copolymcr (Eudragil E.30D) as a 
coating solution in such a way that the solids contení would 
be equivalent to 6.0 parts.
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7
The tablcts with the first and second layers (300 parts) 

were then coated with a third layer using a mcthyl meth- 
acrylatc-mcthacrylic acid copolymcr (Eudragil L-30D 55) as 
a coating solution in such a way that the solids content 
would be cquivalent to 6.0 parts.

EXAM PLE 7

Tablet as a Preparation for Delivering Prednisolone 
to the Large Intestinc

Tablcts were prepared by repeating the same proccdure as 
in Example 6 cxccpt that 25 parts o f prednisolone was 
rcplaccd by 10 parts of prednisolonc and 15 parts of citric 
acid.

EXAM PLE 8

Tablet as a System for Delivering Prednisolone to 
the Large Intestine

To 92.7 parts of L-ascorbic acid, an ethanol suspensión 
containing 5 wt % of hydroxypropyl cellulose and 30 wt % 
of tale was added in such a way as to provide a solids content 
equivalent to 7.3 parts. The ingredients were kneaded, 
granulatcd with a milling granulator and dried to obtain 
granules for tablet.

Sixty-fivc parts o f the resulting granules were mixed with 
24.5 parts of crystalline cellulose, 10 parts of low-substitu­
tion hydroxypropyl ccllulose and 0.5 parts of magnesium 
stearate and tablets cach weighing 165 mg were produced in 
the usual manner.

The tablets (400 parts) were coated with a first layer in the 
usual manner using a coating solution consisting of hydrox­
ypropylmcthyl ccllulose phthalate (HPMCP:HP-55,3 parts), 
polycthylcnc glycol (PEG-6000,0.6 parts) ethanol (40 parts) 
and methylene chloridc (56.4 parts) in such a way that the 
solids content would be equivalent to 3.5 wt %. The tablets 
with the first layer (400 parts) were coated with a second 
layer in the usual manner using a coating solution consisting 
of polyvinyl acctate diethyl aminoacetate (AEA, 3 parts), 
tale (3 parts), PEG-6000 (0.6 parts), stearic acid (0.6 parts), 
ethanol (40 parts) and methylene chloridc (52.8 parts) in 
such a way that the solids content would be equivalent to 2 
wt %.

The same proccdure was repeated to prepare two-layer 
coated tablets except that the solids contení in the sccond 
layer was changcd to 4 wt % or 6 wt %.

Each o f the thrcc kinds of two-layer coated tablets (400 
parts) were coated with an additional layer in the usual 
manner using a coating solution consisting of HP-55 (3 
parts), PEG-6000 (0.6 parts), stearic acid (0.6 parts), ethanol 
(40 parts) and methylene chloridc (55.8 parts) in such a way 
that the solids content would be cquivalent to 6 wt %, 
whcreby a system for delivering L-ascorbic acid to the large 
intestinc was obtained.

EXAMPLE 9

Tablet as a system for Delivering 
Salazosulfapyridine to the Large Intestinc

Salazosulfapyridine (30 parts), tartaric acid (20 parts), 
crystalline cellulose (20 parts), lactose (24.5 parts), low- 
substitution hydroxypropyl cellulose (LH-31, 5 parts) and 
magnesium stearate (0.5 parts) were mixed and tablets cach 
weighing 200 mg were prepared in the usual manner. These 
tablets (400 parts) were coated with a first layer in the usual
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manner using a coating solution consisting of HPMCP 
(HP-55, 2.75 parts), hydroxypropylmcthyl ccllulosc (HPM- 
C:TC-5, 0.25 parts), PEG-6000 (0.6 parts), ethanol (40 
parts) and methylene chloridc (56.4 parts) in such a way that 
the solids content would be equivalent to 4.5 wt %.

The tablcts were then coated with a sccond and third layer 
as in Example 8, whercby a system for delivering salazo- 
sulfapyridinc to the large intestine was obtained.

EXAM PLE 10

Capsule as a Preparation for Oral Administration of
Erythropoietin

A solution (150 mg) of middle-chain aliphatic acid trig- 
lyccridc (M CT) containing 0.01% erythropoietin was filled 
into hard gclatin capsules (No. 4) and a cap was sealed to the 
body, thcrcby obtaining capsules filled with erythropoietin 
in liquid form (which are hereinafter referred to as "cap­
sules").

The capsules (400 g) were chargcd into a ccntrifugal 
granulator. While thcy were spraycd with an 80% ethanol 
solution containing 5 wt % of HPC-L under rotation, a 
powdcr mixture of crystalline ccllulose (50 parts) and citric 
acid (50 parts) was addcd in an amount o f 20 wt % of the 
capsule weight so that it was coated onto the capsule surface. 
Upon drying, capsules having the structurc shown in FIG. 
3E were obtained.

Using the resulting acid-coatcd capsules, the proccdure of 
Example 9 was repeated to obtain a system for delivering 
erythropoietin to appropriate sites in the intestines.

EXAM PLE 11

Capsule as a Preparation for Oral Administration of 
rG-CSF

A solution (150 mg) of M C T containing 0.1% rG-CSF 
was filled into hard gclatin capsules (No. 4) and a cap was 
sealed to the body, thcrcby obtaining capsules filled with 
rG-CSF in liquid form.

By repeating the same proccdure as in Example 10, a 
system for delivering rG-CSF to appropriate sites in the 
intestines was obtained.

Expcriment 1

Granules A, B and C prepared in Example 1, 2, and 3, 
respectively, were subjected to a dissolution test by the 
sccond method of dissolution test (paddle method) described 
in the Eleventh Revised Edition of the Japancse Pharmaco- 
poeia. The test was conducted using 900 mi of test solutions 
at a temperature of 37o±0.5° C. with the paddle being rotated 
at 100 rpm. The sampie weight was LO g. The test solutions 
were samplcd al given time intervals and the amount of 
L-ascorbic acid in the test solutions was dclcrmincd lo 
calcúlate the perccnt dissolution. As the test solutions, JP 
Solutions 1 and II having the following formulas were used.

JP Solution I: 2.0 g of sodium chloridc dissolved in 24.0 
mi of dilute hydrochloric acid and water is added to 
make 1,000 mi.

JP Solution II: 250 mi o f a 0.2M polassium dihydrogcn- 
phosphate is mixed with 118 mi of a 0.2M sodium 
hydroxide test solution and water is addcd lo make 
1,000 mi.

The test results are shown in Table 1, as well as in FIGS.
4 and 5. As a comparison, granules were prepared with a first
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9
layer coated as in Example 1. In Table 1 and FIGS. 4 and 5, 
(A) rcfers to Example 1, (B) to Example 2, and (C) to 
Example 3.

TABLE 1

S am p lc
D isso lu tion  
in  2  hours

50%
D isso lu tio n

tim e

80%
D isso lu tio n

lim e
Lng
tim e

A 60% 100 m in. 160 m in. 4 5  m in.

B 25% 155 m in. 2 4 0  m in. 7 5  m in.

C 6.5% 2 5 5  m in. 3 0 0  min. 2  h o u is

C o m p ari­
so n

100% 15 m in. 2 0  m in. 5  m in.

Expcriment 2

Sampies 1, 2, 3 which were the three kinds of tablcts 
prepared by Example 8 were subjected to the same disso­
lution test as in Experiment 1. The results are shown in FIG. 
6 (average for n=6).

I  claim:
1. A pharmaccutical preparation for oral administration 

which is a granule and is adapted to release the drug at 
appropriate sites in the intestines, said preparation consisting 
of;

(a) a core that comprises erythropoietin or granulocyte 
colony-stimulating factor as the active ingredient and a 
pharmaccutically acceptable excipient;

(b) a first layer surrounding the core and which comprises 
an enteric ingredient consisting of hydroxypropylm­
cthyl cellulose phthalate, hydroxypropylmcthyl ccllu­
lose aeetate succinate, methacrylic acid-mcthyl meth- 
acrylatc copolymcr, ethyl mcthacrylatc-mcthyl 
mcthacrylate-chloro-trimcthylammonium ethyl mcth­
acrylate copolymcr, ccllulosc acctate phthalate, ccllu­
losc propionate phthalate, cellulose acctate maléate, 
polyvinyl aeetate phthalate, polyvinyl alcohol phtha- 
late, styrcnc-acrylic acid copolymcr, mcthyl acrylate- 
mcthacrylic acid copolymcr, or a water-soluble ingre­
dient consisting of acetyl ccllulosc, mcthyl cellulose, 
hydroxypropyl cellulose, hydroxypropylmcthyl ccllu­
lose, or carboxymethyl ccllulose sodium, said first layer 
being present in an amount of about 5-60 weight 
perccnt of the core;

(c) a second layer which is an enteric layer surrounding 
the first layer and which comprises a non-enteric ingre­
dient, said layer is permeable to intestinal fluid and 
dissolves upon reacting with intestinal fluid combined 
with at least onc ingredient in the core, said non-enteric 
ingredient o f the second layer comprising polyvinyl 
acctate dimcthyl aminoacetate, polyvinyl aminoacetal, 
or dimethylaminoethyl methacrylate-mcthyl methaery- 
late copolymcr and, said second layer being present in 
an amount o f about 10-30 weight perccnt o f the core 
and firsl layer; and

(d) a third layer surrounding the second layer and which 
comprises an enteric ingredient, said third layer con­
sisting cellulose acetato phthalate, cellulose propionate
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phthalate, ccllulose aeetate maléate, polyvinyl alcohol 
phthalate, styrcnc-acrylic acid copolymcr, mcthyl acry­
late-mcthacrylic acid copolymcr, polyvinyl aeetate 
phthalate, hydroxypropylmcthyl ccllulosc phthalate, 
hydroxypropylmcthyl ccllulosc acctate succinate, 
methacrylic acid/mcthyl mcthacrylate copolymcr, or 
ethyl methacrylate-mcthyl methacrylate-chloro-trim- 
cthylammonium ethyl mcthacrylate copolymcr; said 
third layer being present in an amount of about 10-30 
weight perccnt of the core, first layer and sccond layer.

2. A pharmaccutical preparation for oral administration 
which is a tablet or capsule and is adapted to reléase lhe drug 
al appropriate sites in the intestines, said preparation con­
sisting of;

(a) a core that comprises erythropoietin or granulocyte 
colony-stimulating factor as the active ingredient and a 
pharmaceulically acceptable excipient;

(b) a first layer surrounding lhe core and which comprises 
an enteric ingredient consisting of hydroxypropylm­
cthyl cellulose phthalate, hydroxypropylmcthyl ccllu­
lose acctate succinate, methacrylic acid-mcthyl mcth­
acrylate copolymcr, ethyl methacrylate-mcthyl 
meihacrylatc-chloro-trimethylammonium ethyl mcth­
acrylate copolymcr, ccllulosc acctate phthalate, ccllu­
lose propionate phthalate, cellulose acetato maléate, 
polyvinyl acctate phthalate, polyvinyl alcohol phtha- 
latc, styrcne-acrylic acid copolymcr, mcthyl acrylate- 
methacrylic acid copolymcr, or a water-soluble ingre­
dient consisting of acelyi cellulose, mcthyl ccllulose, 
hydroxypropyl ccllulosc, hydroxypropylmcthyl ccllu­
losc, or carboxymcthyl cellulose sodium; said firsl 
layer being present in an amount of about 0.5-10 
weight pcrccnt o f the core;

(c) a second layer which is an enteric layer surrounding 
the first layer and which comprises a non-enteric ingre­
dient, said layer is permeable to intestinal fluid and that 
dissolves upon reacting with intestinal fluid combined 
with at least onc ingredient in the core, said non-enteric 
ingredient o f the sccond layer comprising polyvinyl 
acetato diethyl aminoacetate, polyvinyl aminoacetal, or 
dimethylaminoethyl mcthacrylatc-mcthyl mcthacrylate 
copolymcr and; said sccond layer being present in an 
mount o f about 0.5-10 amount weight perccnt of the 
core and first layer and

(d) a third layer surrounding the sccond layer and which 
comprises an enteric ingredient, said third layer con­
sisting ccllulosc acctate phthalate, ccllulose propionate 
phthalate, cellulose acótate maleato, polyvinyl alcohol 
phthalate, styrcnc-acrylic acid copolymcr, mcthyl aery- 
late-methacrylic acid copolymcr, polyvinyl acctate 
phthalate, hydroxypropylmcthyl ccllulose phthalate, 
hydroxypropylmcthyl ccllulose acetato succinate, 
mcthacrylic acid/mcthyl mcthacrylate copolymcr, or 
ethyl mcthacrylatc-mcthyl methacrylatc-chloro-lrim- 
ethylammonium ethyl mcthacrylate copolymcr and, 
said third layer being present in an mount o f about 
1.0-10 weight perccnt of the coro, first layer and 
sccond layer.

* * * * *
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AB S TR A C T

Oral conjugalcd estrogen fomiulations aro discloscd and 
described. In  onc aspcct, the oral i'ormulation may be a tablet 
having a core and one o r inore coatings thercon. In addition 
to conjugalcd estrogen ingredients. the core may include one 
o r more organic excipients and one o r more inorganic 
excipients. In  one aspcct, lite organic excipients may include 
Icss than about 20% w /w  o f  a cellulose ingredient, and less 
than about 50% w/w o l a sugar ingredient. In another aspcct, 
the inorganic excipients may include less than about 10% 
w/w  o f  a calcium phosphate tribasic ingredient. In yet 
another aspect, the fonmilation dees not crack whcn storeci 
at about 40° C. and about 75% relative humidity for about 
2 months.
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1
COMPOSITIONS FOR CONJUGATE!)

ES ntOGENS AND ASSOCIATED METHODS

PRIORITY DATA

lilis application is a continuation-in-part of U.S. patent 
application Ser. No. 10/076,046, liled on l-'eb. 12, 2002 now 
U.S. Pat. No. 6,630,166, which claims priority to U.S. 
Provisional Patent application Ser. No. 60/268,177, filed on 
Feb. 12, 2001, cach of which are incorporated hcrcin by 
referencc.

FIELD OF THE INVENTION

lhe present invention relates gcnerally to conjugated 
estrogen formulations and methods o f administering such 
compositions. Accordingly, this invention covers the fields 
of pharmaccutical sciences, medicine, cosmetics, and related 
scienccs.

BACKGROUND OF' THE INVENTION

Conjugated estrogens have been used for years as an 
estrogen supplcmcnt in order to treat or prevent a variety of 
conditions that are induccd or exaccrbated by estrogen 
hormona deficiency. Particularly, conditions expcrienccd by 
peri-menopausal, menopausal, and post-mcnopausal women 
such as osteoporosis, hot flashes, vaginal atrophy, and loss 
of protection againsl heart attacks, can be amelionited using 
conjugated estrogens as pan of an estrogen replacement 
therapy rouline.

Although conjugated estrogens may be administered 
using various routes of administration, oral tablet adminis­
tration has traditionally been the most common. Such for- 
mulaltons have not only conlained conjugated estrogens, bul 
have also included other hormones, such as progesterone in 
order to balance the physiological ellccts o f estrogen supple- 
mentation. For example, oral estrogen replacement tablets 
containing either a conjugated estrogen, or combination of 
conjugated estrogen and medroxyprogesterone aeetate are 
currcntly marketed under the tnide ñames PREMAR1N®, 
PREMPRO™, and PREMPHASB®, by Wyeth-Ayerst 
Laboratories, Inc.

While oral tablet regimens o f conjugated estrogen have 
been able to achicve acceptable therapeutic results, various 
drawbacks to known oral tablet formulations still exist. 
Example o f such drawbacks include erratic drug reléase, 
degradation of the conjugated estrogen, and cracking o f the 
tablet formulation during storage.

A variety oral tablet formulations o f both instant and 
susiaincd release for administering conjugated estrogen are 
currcntly known. For example, U.S. Pat. No. 5.395.627, 
which is incorporated herein by referencc in its entirety, 
diseloses pharmaccutical granúlales and process lor making 
granúlales to be used in oral tablet manufacture, which are 
very resistant lo segrega!ion, and which display an increased 
stability for certain steroids, such as estrogens and progesto- 
gens.

U.S. Pat. No. 5,547,948, which is incorporated hcrcin by 
referencc in its entirety, diseloses a sugar coating composi- 
tion for application lo a compres sed medicinal tablet used to 
co-deliver two or more pharmacologically-actiye agents. 
Particularly, the sugar coating composition includes silgar, a 
therapeutic amount o f a hormonal steroid. and a hormonal 
steroid rclcasc-conirolling amount of microcrystalline cel­
lulose. The tablet core conlains a medicinal agent which is 
conventionally co-delivered with lhe specific steroid in the 
sugar coating.
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U.S. Pal. No. 5.720,977, which is incorporated hcrcin by 

referencc in its entirety, diseloses an elTcrvcsccnt oral l'or- 
mulaliun containing a water-soluble and stable estrogen 
compound, sueh as estropipate, or estrone, a water soluble 
calcium salt, and a pharmaccutically acceptable excipient. 
The eflervescent activity of the tablet is purported to aid the 
body’s absorption of estrone and other estrogens due to their 
water insoluble nature. Further, the calcium component of 
the elfervescent causing ingredients may be used as a 
calcium supplement to further protect against bone loss and 
osteoporosis.

U.S. Pat. No. 5,908,638, which is incorporated herein by 
referencc in its entirety, diseloses a solid dosage unit form 
containing low dose conjugated estrogens that are released 
at regular incrementa (i.e. sustained release) upon oral 
administration. Gcnerally, the sustained release of estrogens 
and other hormones, whcn included, is accomplishcd by the 
inclusión of a high molecular weight hydroxypropylmeth- 
ylcellulosc, which may be further combined with other 
hydrophilic gums. In addition lo controllcd release, this 
patent diseloses that striet control o f moisture contení within 
the formulation is essenlial to stabilizing conjugated estro­
gens and achicving a uní form release Ihcrcof.

In spite of lhe foregoing, problems such as insolubllity, 
instability, and tablet cracking associated with oral conju­
gated estrogen tablcts still persist. Thereforc, an oral tablet 
formulation which overcomes, or al leasl amelioralcs, these 
shortcomings continúes lo be sought through ongoing 
research and developmcnt efforts.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides a pharmaccu- 
lical composition in a solid oral dosage form which does not 
crack after storage at about 40°C. and about 75% relative 
humidity for about 2 months. In other words, the composi­
tions are stable under ambient conditions in most environ- 
ments. In one aspcct, the solid oral dosage form may be a 
tablet having a core containing a therapeutieally eífective 
amount of a conjugated estrogen, or a hormonal component 
thcrcof, at least one organic excipient. al least one inorganic 
excipient. A variety of specific conjugated estrogens and 
specific amounts thcrcof may be included. However, in one 
aspect, the conjugated estrogen may be present in an amount 
of from about 0.1 mg to about 3 mg. In another aspcct, the 
amount may be about 0.625 mg.

A variety of organic excipients may be used in the core of 
the present oral formulation. In one aspect. the organic 
excipients may include less than about 25% w/w o f a 
cellulose ingredient, and less than 50% w/w of a sugar 
ingredient. Further, while a variety of inorganic excipients 
may be used, in one aspect, the inorganic excipients may 
include less than about 10% w/w of a calcium phosphate 
tribasic ingredient.

In addition lo the core recited above, the oral formulation 
of the present invention may include an outer coating. In one 
aspect, lhe coating may be subslantially free of hormones. In 
another aspect, the coating may contain one or more sugar 
ingredients. In yet another aspcct, the coating may include 
one or more acrylic polymers.

There has thus been outlined, rather broadly, lhe more 
important features o f lhe invention so that the detailed 
description thcrcof thal follows may be better understood, 
and so that the present contribution to lhe arl may be better 
appreciated. Other features o f the present invention will 
become clearer from lhe following detailed description of
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3
the invention, takcn with the aecompanying drawings and 
claims, or may he Icarued by the practico of the invention.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows a graphical representation o f the compara­
tivo drug release results achieved for various sugar coated
0.625 mg dose conjugated estrogen tablcts, as compared to 
a Promarin® tablet as a control.

FIG. 2 shows a graphical representation o f the compara­
tivo drug release results achieved for various acrylic coated
0.625 mg dose conjugated estrogen tablcts, as compared to 
a Promarin® tablet as a control.

DETAII.F.D DESCRIPTION

Before the present invention is discloscd and described, it 
is to be undorstood that this invention is not limited to the 
particular structurcs, process stops, or materials disclosod 
herein, but is extended to equivalonts thercof as would be 
rccognizcd by those ordinarily skilled in the relevan! ans. It 
should also be understood that terminology employed herein 
is used for the purpose of describing particular embodimonts 
only and is not intended to be limiting.

Dclinitions
In describing and claiming the present invention, the 

following terminology will be used.
The singular forms "a," “an," and “the" include plural 

referents unless the context clearly dictates otherwisc. Thus, 
for example, referencc to “a polymcr" includes rcference to 
onc or moro typos of polymers, and rcference to “an ostro- 
gen" includes rcference to onc or more lypes of estrogen.

The term "formulation" and "composition" may be used 
interchangoably hcrcin.

The phrases “therapeutieally eífective amount" rcfers to 
an amount of conjugated estrogen suflicicnt lo achicve 
therapeutic or adequate hormone supplementation results. 
The determination o f an eífective amount is well within the 
ordinary skill in the art of pharmaccutical, cosmetic, and 
medical scienccs. Seo, for example, Meinor and Tonascia, 
“Clinioal Triáis: Dosign, Conduct, and Analysis," Mono- 
graplix in ICpidemiology and IHostatistics, Vol. 8 (1986), 
incorporated by referencc in its entirety.

As used herein, “frec o f  and “subslantially free o f  refer 
to the absence of a specific agent or compound, or if present. 
such agent or compound is present in an amount that doos 
not provide its functional purpose lo a mcasurable (logree. 
For example, a tablet coating thal is "free of," or “substan- 
tially freo o f  a hormone may be either tolally hormone Irco, 
or contain such a minute amount o f hormone, so as lo 
provide no mcasurable physiological ofloet. In somo cases, 
the phrasc “completely frec o f  may be used lo "mdicate lhe 
complete and total absence of a specific agent or compound.

The term “administration" refers to oral delivery of con­
jugalcd estrogen. This method and other methods of admin- 
istration aro well known lo those in the pharmaccutical arts.

lhe term "ccllulosc" rcfers lo a polysaccharidc consisting 
of anhydroglucose unils joined by an oxygen linkage lo form 
long molecular chains that are csscntially linear. A number 
o f specific ccllulosc inclusivo compounds aro known and 
used as excipients in lhe pharmaccutical arts. including 
without limitalion, hydroxypropylmethylcellulose, hydrox- 
ypropylccliulosc, hydroxyclhylccllulose, hydroxybulylcth- 
ylcollulose, hydroxybulylmethylcollulose, eihyleolluloso, 
carhoxymothylcellulose, sodium carboxymelhylcellulosc, as 
well as other ccllulose derivativos. As such, lhe rocitation of

4
the term "cellulose" gcnerically, should be intorprcted to 
include such specific collulosic compounds, as well as others 
not oxpressly rocitod.

The term “sugar" refers to any lype of simple carbohy- 
drate. such as a mono or disaccharide, or a combination 
thcrcof, either naturally obtained, refined from a natural 
source, or artificially produced. A variety of sugars are 
known and used in various pharmaccutical formulations, 
including without limitalion, sueroso, glucose, mannose, 
fructose, lactose, ote. As such, the rocitation of the term 
“sugar" gcnerically, should he intorprcted lo include such 
specific compounds, as well as others not oxpressly recited.

Concentrations, amounts, solubilitios, and other numeri- 
cal data may be expressed or presented hercio in a range 
formal. It is lo be understood thal such a rango formal is used 
mcrcly for convcnicnce and brevity and thus should be 
intcrprctcd flexihly to include not only the numerical valúes 
oxplicitly recited as lhe limits of the range, but also to 
include all lhe individual numerical valúes or sub-ranges 
encompasscd within that range as if each numerical valué 
and sub-range is oxplicitly recited.

As an iiluslration, a coneenlmlion rango of “about 1% 
w/w to about 10% w/w” should be intorprcted lo include not 
only the oxplicitly recited concentralion of about 1% lo 
about 10% w/w, but also include individual concentrations 
and the sub-ranges within the indioated range. Thus, 
included in this numerical rango are individual concentra- 
lions such as 2% w/w. 5% w/w, and 8% w/w, and sub-ranges 
such as from 1% w/w to 3% w/w, from 2% w/w lo 4% w/w, 
from 3% w/w to 8% w/w, from 5% w/w to 9% w/w, from I % 
w/w to 7% w/w etc. The same principie applics lo rangos 
reciting only onc numerical valué.

Similarly, an opon ended range recited as “loss than about 
10% w/w" should bo interprelod lo include all of lhe valúes 
and rangos as olahorated above for the range of "from about 
1% w/w to about 10% w/w." Furthermore, it is undorstood 
thal functional limitations may exist for limits not oxpressly 
reeiled by an opon ended rango, and thal such limitations aro 
inhercntly included as pan of lhe disclosure o f lhe present 
application, though not oxpressly recited. Such an interpro- 
lation should apply regardless o f lhe brcadlh of the range or 
lhe characteristics being described.

Invention
The present invention relatos lo a formulation comprising 

a core containing conjugated estrogens, onc or more inor­
ganic excipients, onc or more organic excipients, and one or 
more fillors, and a coating comprising either a sugar or one 
or more acrylic polymers and/or copolymcrs. The oral 
dosage formulation of the present invention includes in one 
aspcct, a tablet having a core and a coating. The tablet may 
bo made in accordance with a variety of teclmiques known 
to those skilled in the pharmaccutical arts. For example. the 
core may contain a simple admixture of particuhitc. or 
beaded ingredients. as is known, or beads may he provided 
that have specific configurations, such as an inner comer of 
excipient, surrounded by a conjugated estrogen. Other pos­
sible core configurations will be readiiy rccognizcd by those 
skilled in the an.

The conjugated estrogens of lhe present invention aro 
those gcnerally known and described in the art as conjugated 
estrogens. Seo United States Pharmacopia (USP 23). While 
conjugated estrogens are typically a mixture o f ostrogenic 
components, such as estrone and equilin, the present inven­
tion may be formulatcd to either utilizo such a mixture, or to 
include only selected or individual estrogenic components. 
These conjugated estrogens may bo of synthctic or natural 
origin. Natural ly occurring conjugated estrogens are
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5
obtained from prognant marc uriñe and then are processed 
and may be slabilized. Examples of such proccsscs are set 
forth in U.S. l’al. Nos. 2,565,115 and 2,720,483. each of 
which are incorporated herein by referencc. Many conju­
gated estrogen producís are now commercially available.

Conjugated estrogens are also made synihelically. 
Examples o f synihelically produced estrogens include 
estropipate and cthinyl cstradiol. “Conjugated estrogens" as 
used herein includes bullí natural and synthetic conjugated 
estrogens, such as the Pharmacopia inclusive compounds 
alluded to above, as well as other estrogens so considered by 
those skilled in the art. Further. "conjugated estrogens" 
refers lo esters of such compounds, such as lhe sulfate esters, 
salís of such compounds. such as sodium salís, and esters of 
lhe salís of such compounds. such as sodium salís of a 
sulfate ester, as well as other derivativos known in the art. 
Sonic specific examples include: 17-alpha and bola-dihy- 
droequilin, equilcnin, 17-alpha and bela-dihydrooquilcnin, 
estrone, 17-bota-ostradiol, and their sodium sulfate esters.

rhe specific conjugalcd estrogen dose included in the 
tablet of the present invention may be any dosage required 
lo achievo a specific therapeutic oflect, and may vary 
depending on the specific treatment indioated, and on the 
specific conjugated estrogen included in the tablet. How­
ever, in general, dosages of conjugalcd estrogens included in 
lhe tablet, can range from about 0.2 mg/tnblet lo about 3.0 
mg/lablet.

In addition, the presen! dosage forms can include other 
hormones such as progestins and androgens. Such hormones 
may bo incorporated either Into the core or coating of lhe 
present tablet, as discussed further below. Specific 
progestins that may be used include without limitalion: 
progesterone, nicdroxyprogosterono, and a variety of syn- 
thetic progestins and their salís, esters, and derivativos thal 
are gcnerally known and used in lhe oral contraceptivo aroa. 
Specific androgens that may he used, include without limi­
talion, tesloslorono, melhylleslostorone. and other known 
derivativos and their esters and salís, including deconoate, 
cypionate, propionate, etc. Any of those hormones can also 
be micronizod.

The inorganic excipients include calcium phosphate triba­
sic, and calcium carbonate. The calcium phosphate tribasic 
is present at loss than about 20% of lhe weight o f lhe 
composition. In somo aspeeis, lhe calcium phosphate i liba­
ste is present at loss than about 15% by weight; in somo 
aspeéis, loss than abou! 10% by weight; in somo aspeeis, il 
is loss than 8% by weight; and in somo aspecto, il is less than 
5% by weight of lhe composition. In another aspect, lhe 
calcium phosphate iribasic ingredient may be present in an 
amount of from about 0.5% by weight lo about 20% by 
weight. In ono aspcct, il has been discovored thal whcn the 
calcium phosphate iribasic is present al these proportipns, 
lhe physical stability of the composition is groally increased 
during storage, for example by reduced cracking, as com­
pared to those compositions of U.S. Pal. No. 5,908,638.

The invention also comprises one or more organic excipi­
ents in the tablet core, such as a cellulose ingredient. In one 
aspcct, the ccllulose may bo hydroxypropylmethylcellulose, 
Olher excipienls that can bo used in lhe coro of the compo­
sition include without limitalion: hydroxypropyl cellulose, 
carboxymethy Icol hilóse, ethyl ccllulosc, mcthyl cellulose, 
iheir derivalives and salís, as well as mixlurcs ihcrcof. 
Addilionally, other óigante excipients, such as polycthylone 
glycol, tale, laclóse, starch, sorbltol, mannitol, polyvinyipyr- 
rolidone can also be used.

In one particular aspect, laclóse, or another sugar may ho 
included in lhe coro, wherein lhe laclóse, or olher sugar is
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present at Icss than about 50% by weight of the formulation. 
In one aspcct, the lactose, or other sugar may be present in 
an amount of from about 1% to about 50% by weight. In 
some aspeets, lhe amount may he from about 10% to about 
50% by weight; in some aspeets, from about 10% to about 
40%; in some other aspeets, from about 10% lo about 30% 
by weight; in yet olher aspeets, from about 5% to about 30% 
by weight; in yet some other aspeets, from about 5% lo about 
50% by weight. In one aspcct, lhe amount may be from 
about 20% to about 30% by weight.

Notwithslanding the abovc-recitcd core ingredients and 
amounts thereforc, in one aspect. the tablet of lhe present 
invention may include gel form ing excipients, such as 
various cclluloses and gelatins, in an amount o f less than 
about 25% w/w of lhe composition. In use, such excipients 
form a gel in an aqueous solution. and thereforc, whcn the 
tablet coating is penetrated by digestivo fluida, the core 
swolls and ruptores lhe coating to facilítate release of the 
conjugated estrogen. In another aspect of the invention, lhe 
amount of gol fonning excipients muy be less than about 
20% w/w of the composition. In yet another aspcct, the 
amount may be less than about 15% w/w of lhe composition. 
In a further aspcct, the amount may be from about l%-25% 
w/w.

The coating for the tablet of lhe present invention may he 
made from a wido variety o f materials including sugars and 
acrylic polymers and eopolymers. O f particular note is that 
in one aspect, no hormones are conlained in the coating. In 
other aspeéis, the coating may contain hormones in addition 
lo a variety of other ingredients known to those skilled in the 
art, such as plasticizcrs, coloranls, and solvents or olher 
vellidos. Notably, such ingredients créalo a barrier that is 
initially soluble in gastrointestinal fluid, in order to achicve 
an initial drug release. By contras!, many sustained release 
formulations, such as the formulation discloscd in U.S. Pat. 
No. 5,908,638 roquire thal the tablet coating provide a 
coating that is impervious lo stomach Huid for al least lhe 
lii-sl lew hours. As such. in one aspee!, lhe tablet of the 
present invention may include a coating that provides initial 
drug release while in the stomach of a subjcct. In another 
aspect, initial drug release may occur in loss than about 2 
hours after administration. In yol another aspect, initial drug 
release may occur in less than about I hour after adminis­
tration.

A wido variety oí" sugars may ho used for the coating of 
lhe present invention as known lo Ihoso skilled in lhe art. 
Examples of suitablo sugars include without limitalion, 
sucrose derived from a variety of sources, such as bcel or 
cano sources, starch, saccharido or polysaccharidc converted 
sources. and which is considered suitablo for uso in plmr- 
maceutical applications.

A number of acrylic polymers or eopolymers known lo 
those skilled in the art may also be used to form the coating 
of lhe tablet of lhe presen! invention. Examples of specific 
polymers include wilhoul limitalion. polymers o f acrylic 
esters, such as mcthacrylate, and meihyl mcthacrylate 
eopolymers. Various acceptable polymers may be obtained 
from a variety of commercial sources, such as 
HUDRAGIT® polymers available from Rohm and Haas 
Corporation. In ono aspect, the coating may include a 
mixturo or blend o f acrylic polymers or eopolymers. In 
another aspcct, üic mixture may be presen! at a rallo of from 
about 1:10 to about 10:1. in a further aspect, lhe ralio may 
be from about 1:5 to 5:1. In yet another aspcct, the ralio may 
he from about 1:2 to about 2:1.
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7
"ITic present invention is distinct from the previously 

known and/or discloscd formulations in at least the follow­
ing ways:

a) in the presence of lactoso or similar sugar excipient in 
an amount of about or less than 50% by weight; or from 
about l%-50% by weight; or from about 5%-50% by weight, 
or from about 10%-40% by weight, or from about K)%-30% 
by weight; or from about 20%-30% by weight;

b) in the presence of calcium phosphate tribasic in an 
amount of less than 20% by weight; or from about 0.5%- 
20% by weight; or from about 5%-20% by weight; or from 
about 5%-l5% by weight; or from about I% -I5%  by 
weight; or from about 1%-10% by weight; or from about 
5%-10% by weight;

c) in the absence o f a substantial amount of a hormone in 
the outer coating layer in some embodimonts;

d) in the absence of a substantial amount o f a microcrys­
talline cellulose in the outer coating layer to aid in control­
ling the release o f the drug from the core;

e) in the absence of a substantial amount of a moisture 
barrier imparting polymcr (i.e. ethyl cellulose) as an oulcr 
coat tluit prevents dissolution in the gastrointestinal fluid of 
the stomach, and thereforc prevents of minimiz.es drug 
release in the stomach; and

I) in the prosonco o f gol fonning excipients in an amount 
of less than about 25% w/w of the composition; 20% w/w of 
the composition, 15% w/w, or from about I % w/w to about 
25% w/w of the composition.

It has been discovored that whcn the composition for 
conjugated estrogens comprises the above distinct charac- 
toristics, the composition does not crack over long storage 
times, provides a drug release that is very comparable to the 
commercially successful product known an Promarin®, and 
yet is simple to prepare, 'lhe prior known or discloscd 
compositions, although used commercially, have lackcd onc 
or more of the above characteristics and thereforc have the 
need to be improved for optimal stability and palient acccp- 
tance.

More specifically, U.S. Pat. No. 5,547,948 diseloses a 
core comprising conjugated estrogens and exoipioiits and a 
sugar coat that also comprises a hormone and microcrystal­
line cellulose to control Uto reléase of the hormone from the 
coating. 'ITie invention in the '948 patent is dircctcd at 
delivering the hormone in the sugar coating. and does not 
teach or suggest compositions that delivor conjugalcd estro­
gens from the core wherein such compositions comprise 
inorganic excipients such as calcium phosphate tribasic and 
yet that do not crack. In contras!, the present invention does 
not comprise a sugar coating that Controls the release of the 
hormone.

U.S. Pat. No. 5,395,627 teaches hormonal dosage forms 
wherein the core is made up of dcsogcstrel, othinylestradiol, 
and lactose and polyvinylpyrrolidonc, among others, and a 
film coat comprising HPMC and PliO. l he specilication 
toadles diluents such as lactose from about 70% to about 
95% by weight o f the composition and does not teach the 
inclusión of conjugated estrogens. In contrast, the excipients 
of the present invention comprise lactoso at about or less 
than about 50% by weight and contain an inorganic excipi- 
ont such as calcium phosphate tribasic and comprise conju­
gated estrogens.

U.S. Pat. No. 5,720,977 teaches formulations comprising 
estropipate, calcium glyccrophosphatc, citric acid, and 
sodium bicarbonato lo provide elTervosccncc, Estropipate, 
which can also be used in the present invention, is admit- 
todly distinct from naturally occurring conjugated estrogens

8
in that the lattor are highly moisture sensitivo, whereas 
estropipate is known to be “stable." Seo, column 3, linos 
17-25.

U.S. Pat. No. 5,908,638 teaches thal in order to accom- 
plish stable conjugalcd estrogen formulations: a) the mois- 
turc contení must be less than 2.5% freo water; b) inorganic 
excipients should not be present; c) shellac coating should 
be avoided; c) the core tablets must be coated using a 
moisture barrier material. See, columns 7,8, 10, and 14. This 
patent loaches that water hound to organic excipients do not 
cause any delolcrious oficots to the conjugated estrogens. 
See column 8. lines 39-41.

In contrast to these teachings, the present invention com­
prises an inorganic excipient. in some embodiments a shel­
lac coating, and does not contain a moisture barrier coating. 
Rather, only a sugar coating or an acrylic coating is used. 
Further, it is helioved, without wishing to bo hound by any 
theory, that lhe particular combination o f one or moro o f the 
above uniquo characteristics result in conjugated estrogen 
formulations that delivor the drug at ratos comparable lo the 
commercially successful Promarin® formulation. Further, 
such a formulation is stable and does not crack on extended 
storage. such as for one month. or two months or longer, 
under accolcratcd stability temperature and humidity condi­
tions. Or, of a more practical nature, as indioated by passing 
accolcratcd stability tests, the compositions o f the present 
invention aro stable and do not crack over an extended 
period o f timo under ambient conditions o f temperature and 
humidity as found in various environments.

Ono contributing factor to the success o f the present 
inventions may be, again without wishing to bo bound by 
any theory, the presence o f lactoso in lower amounts (i.e., at 
about or Icss llura 50% by weight and olher amounts 
discloscd herein) than in the previously discloscd formula­
tions of conjugated estrogens. Another contributing factor 
may bo. again without wishing to bo bound by any theory, 
the presence of low amounts (less than or about 20% by 
weight or olher amounts as disclosod herein) of calcium 
compound such as calcium phosphate tribasic. Il is also 
possible thal onc or moro o f these factors takcn either alono, 
or in combination contributo to the desired physical char­
acteristics described above.

A variety of convenlional methods known to Ihoso skilled 
in the art may be used lo produce the tablets of the present 
invention. Examples of such methods, such as wct granu­
lation. fluid-bed granulation. dry granulation, and direct 
comprossion may be found in Rcmming/on ’s l'hurmacuuli- 
ra l Sciences pp. 1615-1649 ( iV 1 cd. 1995).

EXAMPLE 1

The activo hulk ingredients were woighed and cornmi- 
nuted with hydroxypropylmcthyl cellulose (Mcthocel K-3) 
under nitrogen atmosphere. The mixture was passed through 
a ¡¡20 mesh scroon. The resulting mixturo was blonded with 
dehydrated alcohol under nitrogen atmosphere and dried 
with a loss on drying no greater than 2.5%. The dried 
mixture was then again passed through a Mesh f'20 scroon. 
The mixture was then blonded with calcium phosphate 
tribasic. laclóse (Fast-fio3I6) and microcrystalline cellulose 
(Avicol Pll 113), again under nitrogen atmosphere. 'lilis 
mixture was further treated with sicario acid and magnesium 
stearate as lubricanls. The resulting blend was dried again 
with a loss on drying no moro than 2.5%. The dried mixturo 
was then compresscd into tablcts on a rotary tablet pross.
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EXAMPI.li 2

Tablcts prepared as in Example 1. and having a core 
composition as shown in Table 1, were placed in a 24" 
Accelacota Side Vented coating pan and coated with shellac. 
This was followed by a coating of sugar. l he resulting 
sugar-coated tablets were cured for 24 hours in a Nary oven 
at 50° C. The composition oí' the sugar-coated tablets is 
given in the following Table 1.

TABLE 1

Composition o f  sup-ir-coAtcd 0.625 mu coniuaalcd cMroRcns Ublcls

Ingredient Mg'tablet

CORE

Conjugated estrogens 0.625
Mcthocel K-3 Pretil- I.V 40.0
Lactose ( l:ast-flo316) 55.5
Calcium Phosphate Tribasic, USP 7.0
Avicel PH 113 26.0
Stearic Acid 0.65
Magnesium Stcamtc N l: 0.65
"'1 Refined Plianuaccuticat Cilaze, NF in -15/2tKI 7.2
Alcohol (solid)
Tale, USP (Alphafil 500) 7.2
COATING

Sucrose, NF 111.3
Calciunt Sulfate, NI-’ 6.23
Tale, USP 2.25
PEG 8000, USP 0.09
Carimba Wax, NF 0.15
Total 264.S

mg/iablct

15

EXAM PLE3 "

Tablets as prepared in Example 1, and having the cure 
composition as in Table 2, were placed in a 24" Accelacota 
Side Vented coating pan and coated with methacrylic acid 
eopolymers. Such eopolymers are commercially known as 40 
Eudragil RL30D and Eudragil RS30IX The resulting 
acrylie-couted tablets were cured for 24 hours in a Nary oven 
al 50° C. The composition for lhe acrylic coated tablets is 
given in the following Table 2.

10

TABLE2

Composition o f  acn'lic-co.tiixt 0.625 me conjugated estrogens tablets

Ingredient Mg, tablet

CORK

Conjugalcd estrogens 0.625
Mcthocel K-3 l’ rem. I.V •10.0
Laclóse (Fast-no)ló) 55.5
Calcium Phosphate Tribasic. USP 6.5
Avicel P ll 113 26.0
Stearic Acid 0.65
Magnesium Sic-vatc NT 0.65
Tale, USP (Alphafil 500) 5.35
COATING

liudragit RS-30D 4.SS
(solid)

Hudragit RL-30D 2.*M
(solid)

Triethyl citratc 0.33
Anüfcain 0.70

Opadryl, Clcar (YS-1-10925-A) 1.3
Total 1*14.9

mg/tablei

30

EXAMPLE 4

Stability and drug release rales were studied for sugar- 
coated tablets as prepared in Example 1 and Table 1. 
Stability was monitored under difieren! storage conditions. 
lítese conditions included: 50° C., 75% reía! i ve humidity, 
añer !wo weeks; 40° C , 75% relative humidily, aller one 
month; 40" O., 75% relativo humidity, after two months. The 
sampies were monitored for various active compounds and 
degrada!ion producís as specified in the USP. 'lite dala are 
shown in Table 3. These dala indícale lita! lhe sugar-coated 
tablets o f lhe present invention were stable under all these 
acceleraled conditions. This is eslablished by lhe fací thal 
lhe various active compounds and lhe degradation producís 
were wilhin lhe specified limils for USP.

TABLE3

01125 mu CoaiccI  {Sunir)

Conjugiiicd lisirogciis-SlabilHy Slmlics 
Hroduct: 0.625 m g Coaled 'lablcis 
Lol I I  UXPWS 1246
Coating

K & l)  s.'n

IW1659 001753 002163 
Storip.c COndjtioii

002300

Inllin l
50c, 75% 
RII/2 wks

40c, 75% 
R H 'l inmh

40c, 75% 
RH/2 mrah

USP lim its %  hound %  Found %  Initial °/o Found %  Initial %  Found %  Initial

ILstronc S2.V61.5V. 49.1 50.8 103.5 50.2 102.2 50.2 102.2
Equilin 22.5-30.5% 22.7 23.3 102.6 23.0 101.3 23 101.3
Rairate f  Equilin 79.5-XK.05i 71.R 74.0 103.1 73.2 101.9 73.2 101.9
I7n-dihydmeqtiilin 115-19.5% 14.0 14.5 103.6 14.3 102.1 14.5 103.6
17a-cslnuliol 2.5.95% 3.a 3.8 100.0 .3.9 102.6 3.9 102.6
17b-cstradiol <2.25% 0.60 0.59 98.3 0.56 93.3 0.62 103.3
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TABU; 3-continuad

0.6?5 Coale:! (Sufrir) Tablcts

Conjugalcd lislrogciis-Slabilily Sindica 
Produce 0.625 mg Coated Tablcls 
Lot I I  EXPWS 1240

Coating
R K1)  s/n

00165!) 001752 002163 002300
______________________________ Storage C onditinn________________________

50c, 75% 40c. 75% 40c, 75%
Initial RII/2 wks R H 'l tnuth RH/2 itim li

USP lim ils %  Fuund %  Fomul %  Inilia l %  Found %  Initial %  Foiuul %  Inilial

nb-dihydrocqiiilin 0.S-4.0% 1.3 1.3 100.0 1.3 100.0 1.4 107.7

17a-ililiydioequ¡luniii <3.25% 2.05 2.19 106.8 2.16 105.4 2.2 107.3
17b-d¡hydrocquilcnin <2.75% 0.56 0.63 112.5 0.58 103.6 U.44 78.6

d8,9 dchydrocstcionc <6.25% 4.72 4.91 104.0 4.68 99.2 4.53 96.0
Equilcnin <5.5% 2.6 2.8 107.7 2.8 107.7 2.8 107.7

nquilin/Haronc 0.35-0.65% 0.46 0.48 100.0 0.46 100.0 (1.46 99.7

l-O D % 1.15 1.79 1.55 1.33

F.XAMVLi; 5

Slabilily ¡uid drug rcloasc rales were studied for acrylic- ^  
coated tablcts made in accordance wilh Example I and Table
2. Stability was monitored under difieren! storage condi­
tions. These conditions included: 50° C., 75% relative 
humidity, after two weeks; 40° C., 75% relative humidity, 
aftcr onc month; 40" C., 75% relative humidity, aftcr two

months. The samplcs were monitored lor various active 
compounds and degradation producís as specified in the 
USP. The dala are shown in Table 4. These dala indícale that 
Üie acrylic-coated tablets of lhe present invention were 
stable under all these acceleraled conditions. "lilis is eslab­
lished by the fací thal lhe various active compounds and lhe 
degradation producís were wilhin lhe specified limils for 
USP.

TAI3LH 4

0.625 mu ( ’oatcd (acrylic) Tablcts

Conjugalcd listroRcns-Stobility Studies 
Product: 0.625 mg Coated Tablcts 
lx>t i l  EXPWS 1251
Coating 10% Eudragit'RS:Rl. (2:1)

___________________ R&l) s n
001560 01656 COI 767 02087-1 002298
______________________________ SionMte Cor,'litiou________________________

50c, 75% 40c, 75% 40c. 75% 40c. 75%
Initial R li-2  wks R IM ir. R ll'2m   R ll'3 in

US!’  lim iis
%

Found
%

Found
%

Inilia l
%

Found
%

Inilia l
%

Foimd
%

Inilial
%

Fonnd
%

Inilia l Changc

llstronc 52.5-61.5% 55.9 55.2 98.7 56.6 101.3 55.9 100.00 56,4 100.9 0.5
Equilin 22.5-30.5% 27.3 26.5 97.1 27.1 99.3 26.5 97.1 26,4 V6.7 0.9
Kilm nc +  l-q iiiiin 79.5-88.0% 81.2 *1.7 96.2 83.6 100.5 82.4 99,0 82,9 99.6 0.3
17a-dihydrocquilin 13.5-19.5% 17.9 ¡7.4 97.2 17.9 100.0 17.6 98.3 18,1 101.1 -0.2
17a-cs1 radio! 2.5-95% 4.6 4.5 97.8 4.7 102.2 4.7 102,2 4,8 104.3 -0.2
17h cstradiol <2.25% 1.26 1.11 88.1 0.90 71.4 0.96 76,2 0,88 69.8 0.38
17b-diliydmcqliilin 0.5 •4.0% 2.3 2.2 95.7 2.6 108.7 2.4 104,3 2,4 104.3 -0.1
17o-dihydmcquilcnin <3.25% 1.65 1.79 108.5 2.03 123.0 2.34 141,8 2,82 170.9 -1.17
171)-diliydrucquilcnin <2.75% (1.77 0.67 87.0 0.97 126.0 (1.86 111.7 0,68 88.3 0.09
dtt,9 deliydrocülcmnf <6.25% 4.15 4.07 98.1 4.13 99.5 4.02 96.9 3,91 94.2 0.24
Equilcnin <5.5% 2.2 2.5 113.6 2.3 104.5 2.6 118,2 3,0 136.4 -0.8
EquiliiVlíslronc 0.35-0.65% 0.49 0.48 98.0 0.48 97.6 0.47 96,7 0,47 95.6 0.02
l.O U % 2.52 2.35 2.94 3.04 3.18



13
nxAMPi.i; 6

"lhe drug rulcusu pro lile was oblained for lhe sugar-eoaled 
conjugalcd eslrogcn lablels of lhe presen! invenlion. Stan­
dard USP melhodology was followed, which included using 
distilled water (900 mi), paddlcs at 50 rpm. The data were 
displayed graphically as shown in 1'IG. 1. A positive control 
of Promarin® was used to valídate further the dala.

Those dala indicate thal at least some sugar-coated lablels 
of tlio present invenlion release under some conditions lhe 
conjugated estrogens al approximately lhe sanio rale as lhe 
Promarin® product.

EXAMPLE 7

The drug release prolilo was oblained for the acrylic- 
coated conjugated estrogen lablels of lhe present invention. 
Standard USP melhodology was followed, which included 
using distilled water (900 mi), paddlcs at 50 rpm. The data 
were displayod graphically as shown in PIO. 2. A positivo 
control of Promarin® was used to valídate further the dala.

These data indícate that acrylic-coated lablels of the 
present invenlion release the conjugalcd estrogens at 
approximately the same rato as the Promarin product®. lilis 
release ralo is noled to be closer for all conditions leslcd.

O f course, il is lo he understood thal the ahove-dcscrihed 
arrangemonts aro only ¡Ilustrativo o f the application of lhe 
principies of the present invention. Numorous modifications 
and alternativo arrangemenls may bo devised by those 
skilled in lhe art without doparting from lhe spiril and scope 
of lhe presen! invention and lhe appcndod claims are 
intended lo cover such modifications and arrangemenls. 
Thus, while the present invention has been described above 
with particularily and detall in connection with what is 
presenil)' deemed to be lhe most practical and preferred 
embodimonts of lhe invention, it will bo apparent to those of 
ordinary skill in lhe arl tliat numorous modifications. includ­
ing, but not limited lo, variations in size, materials, shape, 
form, funclion and manner of operation, assembly and use 
may be made without doparting from lhe principies and 
conccpts sel forth herein.

What is claimed is:
1. A pharmaccutical composition in a solid oral dosage 

form comprising:
a core containing a therapeutieally eífective amount of at 

least one conjugated estrogen, or a component thereof, 
and at least ono óiganle excipient, wherein the at least 
onc organic excipient comprises Icss than about 25% 
w/w of a cellulose ingredient, and less Iban about 50% 
w/w of a sugar ingredient, and al leasl one inorganic 
excipient, wherein the at least one inorganic excipient 
comprises a calcium phosphate tribasic ingredient in an 
amount of less than about 20% w/w; and

a pharmaceulically acceptable coating that is freo of 
hormones, wherein the composition does not crack 
whcn storod at 40° C. and 75% relative humidity for 
about two months.

2. The pharmaccutical composition o f claim 1, wherein 
the therapeutieally efioctive amount of conjugalcd estrogen 
is from about 0.1 mg to about 3 mg.

14
3. The pharmaccutical composition of claim 2, wherein 

the amount is about 0.625 mg.
4. The pharmaccutical composition o f claim I ,  wherein 

the coating is a sugar coating.
5. The pharmaccutical composition of claim 1, wherein 

lhe coating is an acrylic coating.
6. The pharmaccutical composition of claim 1, wherein 

tiie sugar ingredient is present in an amount of from about 
5% w/w to about 50% w/w.

7. The pharmaccutical composition of claim 1, wherein 
the sugar ingredient is present in an amount o f from about 
10% w/w to about 40% w/w.

8. The pharmaccutical composition of claim I, wherein 
Üie sugar ingredient is present in an amount of from about 
20% w/w to about 30% w/w.

9. llie pharmaccutical composition of claim 1, wherein 
the calcium phosphate tribasic ingredient is present in 
amount of from about 1% w/w lo aboul 15% w/w.

10. The phamiaceuiical composiliou of claim 1, wherein 
lhe calcium phosphate iribasic ingredient is present in 
amount of from aboul 5% w/w to aboul 15% w/w.

11. The pharmaccutical composition of claim 1, wherein 
lhe calcium phosphate tribasic ingredient is present in 
amount of from aboul 1% w/w to about 10% w/w.

12. i  lie pharmaccutical composition o f claim 1, wherein 
the calcium phosphate iribasic ingredient is present in an 
amount of from aboul 5% w/w lo aboul 10% w/w.

13. "llie pharmaccutical composition o f claim 1, wherein 
the conjugalcd estrogen is of a natural origin,

14. The pharmaccutical composition o f claim 1, wherein 
lhe conjugated estrogen is of a synthctic origin.

15. The pharmaccutical composition of claim 1, wherein 
the conjugated estrogen is a mixturo of estrogenic compo­
nents.

16. The pharmaccutical composition of claim 1, wherein 
lhe conjugated estrogen is an ester o f an eslrogcn.

17. The pharmaccutical composition o f claim I, wherein 
lhe cellulose ingredionl is a member sclcclcd from the group 
consisting of: hydroxypropyl cellulose, carboxymethy Icol- 
lulose, ethyl cellulose, mcthyl cellulose, salís thercof, 
derivativos thcrcof, and mixtures thercof.

18. The pharmaccutical composition of claim 17. wherein 
lhe ccllulosc ingredient is hydroxypropyl ccllulosc,

19. The pharmaccutical composition of claim 1, wherein 
the sugar ingredient is a member selected from the group 
consisting of: sucrose, glucose, mannose, fructose, lactose, 
and mixtures thercof.

20. The pharmaccutical composition o f claim 19, wherein 
lhe sugar ingredionl is sucrose.

21. llie  pharmaccutical composition o f claim 20, wherein 
lhe sueroso is derived from a source selected from the group 
consisting of: beet sources, cano sourccs, starch, saccharido 
con verted sources, polysaccharidc convertcd sources, and 
mixtures thercof.

22. The pharmaccutical composition of claim 21, wherein 
lhe sucrose is derived from cañe sourccs.

* * * * *
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1
PANTOPRAZOLE MULTIPAUTICULATE  

I'OKMULATIONS

CROSS-REIKRENCE TO RELATKD 
APPLICATION

'Riis applicalion claims thcbenefit under35 DSC 119(e)of 
prior U.S. Provisioiuil Palenl Application No. 60/507,810, 
iiledOct. 1,2003.

13ACKGROUND OF THE INVliN'MON

Panloprazoic, 5-((linuoromelhoxy)-2-[(3,4-dimcthoxy-2- 
pyridyl)mclhylsulphinyl|-111-bcnzimidazole, is a I I+/K+-ad- 
enosine iriphosphale (ATI1) inhibilor (a¡so known as acid 
pump or proion pump inhibilor (PPI), is an cnzymc prcscnt in 
Ihc gastric parietal cclls. ll is believed thal these drugs are 
metaboli/.cd in the parietal cclls to active sulfcnamide 
metabolites that inactivate llie sulíhydryl gronp oílhe protón 
pump, tlms reducing the hydrogen ion secrction. PPls are 
generally iipophijic weak bases with pooraqueous solubility 
at low pll. Mmiy PPls are unstable in low pl I solulions and 
undergo rapid acid-catalyzcd degradation, and thcy are rela- 
tively stable al neutral or higli pll.

"ITie current commerciai oral formulations ofsodium pan- 
toprazole are single unit coated tablets. Sce, c.g., U.S. Pal. 
No. 5,997,903, which describes oral fonns of pantoprazole 
that consist of a core, an intermedíale layer and an outer layen 
The current coating lias a tendeney to cause undesirable stick- 
ing of the labial to the gastrointestinal tract.

Multiparticulate formulations, becausc oftheir nattire of 
dispersing in the gastrointestinal tract, show a reduced food 
eífect and variability in gastric emptying times, thereby pro- 
viding for reduced inter and intra subject variability, as com­
pared to single unit tablets (Intl. Journal o f Pharmaceutics 140 
|1996] 229-235).

Severa! unsuccessful allempts llave been mude in the past 
to develop a multiparticulate fommlation of pantoprazole. 
Howcvcr, these attempts yielded multiparticulates that were 
nol bioequivalent to tablets, only 70% relativo bioavailabilily 
was found. Anothcr attempt using dillcrcnt tecluiologies- 
non-pareil seed coating and extrusion/spheronization, 
resultcd in a product that did not provide the appropriate 
release in acid conditions. In addition, these attempts yielded 
product that was unslable, as observad by discolonition, when 
slored al room temperature.

SUMMARY OI7 THE 1NVHNT10N

The invention provides a stable multiparticulate pantopra­
zole fonnulation that provides reduced ínter and intra subject 
variability.

In one embodiment, the pantoprazole inullíparliculales of 
the invention is composed of a spheroid core comprising 
pantoprazole or an enantiomer tliereof, or a salt or hydrate 
thcreof, al least one surfactant, al least one dislinlcgrant, and 
about 1% to about 2% vv/w water; an entcric cont en the core, 
said entcric coat comprising a copolymerofmethacrylic acid 
and methacrylates in the range o f about 15 to about 45% w/w 
of the spheroid core; wherein said multiparticulates llave an 
average size o f about 1 mm indiameter.

Advantageously, the multiparticulate formulations o f the 
invention are stable under room temperature storage condi­
tions for at least twelve montlis. Based on the trend analysis 
using the twelve month room temperature data and 6 month 
40° C./75% relativo humidity (RH) data avaílable to date, Ihc 
multiparticulates of the invention shoukl have a shelf life of 
over 2 years. Typically, a multiparticulate fonnulation of the 
invention is consídered stable ifit retains 90% to 110% ofits 
poteney during shelf life storage.

2
This pantoprazole multiparticulalc fonnulation of the 

invention is less prono to adherence to the intestinal walls, 
nasogastric and gastromy tubes, and pouch material thereby 
giving predictable delivery of the drug product to the site of 
dmg reléase. It also provides for an cari y onset ofaction for 
relief of gastro-intestinal pain and has a prolongad dunition of 
action. 'filis formulation allows dosing to pcdiatric patients 
and patients who have dilliculty swallowing sol id foods. "lilis 
formulation also allows for dmg delivery via nasogastric and 
gastrostomy tubes.

Dl-'IAlI.l-.l) DI'.SCRIPTION O I'T I 11- INVIiNTION

The prcscnt invention provides a multiparticulate formu- 
lationof pantoprazole havingaunique eombinationof exeipi- 
ents and a surfactant (c.g., polysorbate 80) that are compatible 
with pantoprazole sodium in the presencc o f an alkaline pl 1 
environment. Further, the invention provides a process that 
utilizas low shcar during granulation and low temperatura 
during drying for preparation of the multiparticulate. This 
procass contributas to the stability ofthe core of the multi- 
particulates ofthe invention.

In one aspcct, the invention próvidas multiparticulate for­
mulations of pantoprazole having reduced ralease uuder gas­
tric conditions and fast ralease at neutral pl I, i.e., in the lowcr 
gastrointestinal tract.

The muí ti particulate fonnulation of sodium pantoprazole 
of the invention provides an enhanced systcm for the delivery 
of pantoprazole to patients.'ITie current marketed formulation 
is a single monolithic tablct. "ITieprcscnt formulation of mul- 
tiparticulate sphcroids, which is adaptable for use in a capsule 
ora foil packet, can be preparad by axtrusioii/spharonization 
plus coating tcchnology.

The coniposition ofthe multiparticle ofthe invention, and 
the entcric coat, c.g.. Eudragit, allows for reduced ralease at 
low pll ( - 1) and fast ralease at a neutral pl 1 (-7). This pro- 
vides faster blood levéis of the dmg. in patients, and thereby 
a faster onset of action. The smallcr T/ax valué o f multipar­
ticulate formulation as comparad to that of a single mono­
lithic tablct based on the results from dog data indicates faster 
onset ofaction of multiparticulate formulation.

The use ofa multiparticulate formulation facilitates dosing 
to pediatría patients and patients who have troublc swallow­
ing, by dispersing the sphcroids in a suspending liquid or 
spriiikling/dispersing in ¡i low pl 1 liquid likc applcsaucc, prior 
to administration. The suspending liquid could be made prior 
to administration by mixing a blend of powdcr material with 
water. The smallcr size of the multi particulutes, in a capsule 
or pouch or any other container, also allows dosing through 
nasogastric or gastrostomy tubo.

This formulation allows for a faster relief of ( II pain, and 
prolongad duration ofaction (extended ralease), as comparad 
lo the current marketed tablct.

I. Multiparticulates ofthe Invention
Suitably, the multiparticlcs are in the ranga of about 0.1 to 

2 mm,or0.5 mm to 1.5 mm,or 0.7 mm to 1.25 mm, or0.8 mm 
to 1 mm. In one embodiment, the multiparticulates in a com- 
position of the invention average about I mm in diameter. 
Typically, the multiparticlcs ofthe invention are no greater 
than about 1 mm in size in ordeno faeililate passage through 
nasogastric tubes.

The multiparticulates ofthe invention are composad, at a 
minimum, ofa spheroid core with an entcric coat over the 
cora. In between the core and enteric coat an initial seal coat 
may be applied, c.g., comprising a coating of hydroxylpropyl 
methylccllulose (hypromellose). Also, over the entcric coat a 
final seal coat muy be applied, c.g., a coating of hydroxylpro­
pyl mcthyl ccllulosc (hypromellose). The spheroid core is 
composed of, at a minimum, a pantoprazole or a salt thcreof, 
and a surfactant.
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3
As uscd hcrein unlcss the conlcxl requires olhcrwisc, llic 

lerm ‘panloprazoic’ refere to 5-(dintiorometlioxy)-2-[(3,4- 
d¡methoxy-2-pyridyl)mcthylsulphinyl |-111-benzimidazole 
and cnantinmcrs thcreof and the term "pantoprazole coni- 
pound’ includes pantoprazole and enantiomers and salts and 
hydrates tliereof. The active compound, pantoprazole ¡s 
dcscribed in Europcan l’atcnl 166 287, which describes the 
preparation thcreof, and is available commcrcially under the 
brand ñame PROTONIX®. Rxaniples o f pharmaccutically 
acceptable salts of pantoprazole include, e.g., sodium, mag- 
nesium, and calcium, amongothers; still others are dcscribed 
in the Europcan Palenl 166 286, which is incorporated by 
refercnce hcrein. "ITie selection of a suitable salí is nol a 
limitation of the invention. In one embodimenl, the salt is 
sodium. Typically, the pantoprazole compound is prcscnt in 
the range of from about 5 lo 50% w/w, more preferably about 
20 to 45% w/w, of Ihc total multiparticulate.

Suitable surfactants are known to lliosc of skiII in the an. 
Howcvcr, particularly desi rabie are sodium lauryl sulfate, 
polysorbatcs, including, e.g., polysorbate 80, and mixtures of 
these components. Typically, the surfactant is presen! in the 
core in an amount o f about 2 lo about 7% w/w, and desirably, 
about 5% w/w ofthe core. In anothcr embodiment, the sur­
factant is prcscnt in a ralio of about 5:3 drug: surfactant (e.g., 
pantoprazole sodium sesquihydrate lo sodium lauryl sulfate) 
lo about 10:1 drug: surfactant (e.g., pantoprazole sodium 
sesquihydrate to polysorbate 80). Advantageously, the sur- 
thetants in the multiparticulate formulation have been found 
lo enhance the wetlabilily and, thus, the speed and extern of 
release and absorption of the sodium pantoprazole, from the 
multi particulate formulation o f the invention.

The spheroid core can further contain a disintegrant, a pl 1 
adjuster and, optionally a binder or anothcr excipient such as 
hydroxypropyl meiliylcellulose (e.g.. hypromellose 2208). 
Suitably, the total amount o f disintegrant(s) presen! in the 
core is an amount of about 15% w/'w to about 80% w/w, or 
about 20% w/w to about 70% w/w, or about 25% w/w to about 
45% w/w, or about 30% w/w to about 42% w/w. In one 
embodiment, the total amount of drug to binder is represented 
by a ralio of from about 50:1 to about 40:1 by weight drug: 
binder. The total amount of a pll adjuster in the formulation 
can range from about 0.1% w/w to about 10% w/w of the 
multiparticulate, or about 1 % w/w to about 8% w/w, or about 
3% w/w to about 7% w/w. Howcvcr, these percentages can be 
adjusted as needed or desired by one o f skill in the art.

The disintegrant may be selccted from among other known 
disintegrants, including, e.g., ccllulosc, and crospovidone, 
among others. In one embodiment, the disintegrant is selccted 
from among microcrystalline ccllulosc and crospovidone, 
and mixtures thcreof. ITie binder may be selccted from 
among known binders, including e.g., ccllulosc, and povi- 
done, among others. In one embodiment, the binder is 
hydroxylpropyl mcthyl ccllulosc (hypromellose). Suitable 
pll adjusters include, c.g., sodium carbonate, sodium bicar­
bonato, potassium carbonate, lithium carbonate, among oth­
ers. Still other suitable components will be rcadily apparent to 
oneof skill in the art.

In one embodiment, the spheroid core contains, w/w based 
on the dry uncoated core, about 45% pantoprazole sodium 
sesquihydrate (about 40% free pantoprazole), about 25 to 
30%, and preferably about 27% microcrystalline ccllulosc, 
about 4 to 6%, and preferably about 5% polysorbate 80. about 
14 to 16%, and preferably about 15% crospovidone, about 0.5 
to 2%, and preferably about 1% hypromellose 2208, about 5 
to 8%, and preferably about 6.5% sodium carbonate. In one 
embodiment, the spheroid core contains:

4

pantoprazole sodium sesqui hydnilu 45.24% w/w
ni¡crocr>'S!ailinc ccllulosc 27.25% w/w
polysorhalc Kfl 5% w/w
cruspuviilunc 15% w/w
hypromellose 2208 1% w/w
sodium carbonato 6.5% w/w

In anothcr embodiment, the spheroid core contains:

%  w/w, based on
Amouni, total weight

liiRtvdicnls Capsule multiparticulate

Panloprazoic Sodium Scsquiliydralc 45.11 21.911
M¡crocr)-slill¡nc Ccllulosc. NF/EI’ 27.39 13.304
(Aviccl H ll l i l i )
Polysorbalc 80. N l: 5.00 2.429
X'cgclahlc sollrce
Crospovidone, N¡- 15.1)0 7.2116
(Polvplasdoiic X I.)
HPMC U'SP/liP (Mclhoccl) K3 1.00 0.486
Sodium Carbonalc. NF 6.50 3.157
Purificd Water, VSP-BI'-liP q.s. to makc

w ci niass*

Total 100.00 mg 48.573

Although moisturc is removed from the core during the 
drying process which is dcscribed below, the core preferably 
retains about 1% to about 2% w/w water. Without wishing to 
be bound by theory, the inventors believe that this water 
conten! contributes Ihc stability of this mulliparliculale as 
compared lo the failed prior art attempts at forming a multi­
particulate pantoprazole.

Optionally, an initial seal coat (or subcoal) can be applied 
directly lo the core prior lo coating with Ihc entcric coat. 
Although the components o f this seal coat can be modilied by 
oneof skill in the art, a particularly suitable initial seal coat is 
composed of hydroxypropyl methylccllulose (hypromellose) 
and water. For examplc, a suitable initial seal coat can be 
applied as a 7.5% w/w hypromellose solution. Typically, such 
a seal coa! is in Ihc range o f abou! 2% w/w to about 4% w/w 
ofthe uncoated core or about 1 % w/w lo about 2% w/w ofthe 
coated multiparticulate.

In one embodiment, a multiparticulate with a subcoal con­
tains:

Ingrediente
AmminV
Capsule

%  w/w, based on 
to la l weight 

niultipaniculalc

A . S'ub Coal: 4.(10 mg 1.94.1
Panloprazoic Sodium I’eilcts 
(4U mg panioprayoic per 100 mg 
pcllcls)

100.00 mg 48.573

Ilydjoxypropylmu’ihy] ccllulosc 4.00 mg 1.943

29IU .LSP.6cns
ftir ificd  waicr. USP'Bl'.'IU* 9.13 mg"

T o lil 11)4.(10 mg 5().51(i

•removed during proccssing

The entcric coal is applied over the initial seal coat. if  
present. or directly lo the uncoated spheroid core. Suitably. 
the enteric coat is applied such that it coats the core in an 
amount o f about 15 to 45% vv/w. or about 20% w/w to about
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5
30% w/w, or about 25% w/w to 30% w/w o f the multiparticu- 
latc. In ene embodiment, the enteric coat is about 27.5 to 
32.5% w/w ofthe multiparticulate. Suitably, the enteric coat 
contains a product which is a copolymer of methaerylie acid 
and methacrylates, such as the commcrcially available 
Eudragit L 30D-55. In one embodiment, the enteric coat is 
composed ofa Hudrag.it L 30D-55 copolymer, tale, triethyl 
citrate, sodium hydroxide and water. More particularly, the 
enteric coating may contain about 30% w/w o f multiparticu­
late (applied as a 30 wt % dispersión) of liudragit L 30D-55 
coating; about 15% w/w tale, about 3% triethyl citrate; a pll 
adjuster such as sodium hydroxide and water. Other suitable 
materials may be selccted ibr use in the enteric coal including, 
e.g., hydroxypropyl methylccllulose phthalatc, ccllulosc 
acótate phthalatc and the likc.

In one embodiment, a multiparticulate of the invention is 
provided with a subcoal over the core and an enteric coat as 
follows:

%  w/w. h.iscil on 
Iota! weighl

Ingrediente AmoUnt/capsule multiparticulate

Core 4 Suhcoat 100.20 mg 48.67
Hudrugit 1.300-55 208.00  mg 30.309

62.40 (solids)
Tule, USP, Alíale 500 V 31.20 mg 15.155
Sodium Hydroxide. NI-' 1 N 9.30 mg 0.175
solution 0.36 (solids)
Triethyl Citrate. PO/NF 6.24 mg 3.031

Purified Water, USP/BP/M* 183.38 mg"

Tolal 204.20 mg 99.186

•removed during proccssing

In onc embodiment, the cntcric-coated multiparticulate is 
further coated with a final seal coal. Suitably, this final seal 
coal is compriscs hydroxypropyl methylccllulose, and about
0.1% w/w lo 10% w/w of the coated multiparticle, 0.1 % w/w 
to about 5% w/w, or about 0.2% w/w to about 4% w/w.

In one embodiment, a final seal coat of hydroxypropyl 
methylcellulose in an amount o f 0.5 to 1% w/w ofthe mulli­
parliculale in water (which is removed during Processing) is 
applied over the enteric coat. Following this, a coating of tale 
can optionally be applied over the final seal eoat, in an amount 
of about 0.05 w/w lo about 1 % w/w, and preferably 0.1% w/w 
lo 0.5% w/w.

In one embodiment, the resulting multiparticulate formu­
lation ofthe invention achieves a geometric mean AUC ralio 
o f test/reference of 89 lo 94 with a 90% coníidence interval of 
84 lo 100 for the ralio or achieving a geometric mean Cmax 
ralio of test/reference of 62 to 66 with a 90% coníidence 
interval of 56 to 74 for the ralio or an in-vilro dissolution 
profile as shown below:

%  Dnm Rclcasc

Media Time Iniiia l

6 Moni lis
@ 25 CV 
60% R l I

6 Moni lis 
@•10 C . l  

75% R1I

Acid 2  hni 0.33 0.4 S 0.6
( p ll 1.0) 
Followcd by 3 min 0.91 0.85
Alkaline 6 min 3.61 1.83
BuiTer 9  min — 52.25 16.45
(p li 6.8) 12 m in — 89.65 75.15

15 min 101.58 97.15 91.92

6

- c o n lim ie d

%  Dnm Reléase

Media Time Iniiia l

6 Monlhs 
®  25 C J  

60% R tl

6 Monlhs 
@ 40 C J  

75% R ll Target

30 min 
45 min
60  min

105.29
105.29 
105.06

100.67
100.57
100.52

98.96
99.14
99.07

NI.T 75%

In anothcr embodiment, the resulting multiparticulate I'or- 
mulation of the invention achieves a mean AUC of 5451 to 
5629 ng.lVml and mean Cmax o f 1865 to 1929 ng/ml or an 
in-vitro dissolution profile as shown helow:

lla lcli

%  D n io  Reléase1

Acid 

2 tire 15

Hnflcr (min)

30 45

l i l i  l id 0.08 101.77 107.44 107.38
6 Monlhs /(7>'0 C..7S% R ll 0.73 95.44 101.12 101.21
12 Monlhs @25 C./60% RH 0.30 '«..11 101.92 102.20

•Spccificaiions: Acid at 2  hrs-NMT 10.0%; B u ffc ra l 45 m!n-NLT 75%

Howcvcr. the invention is not limited to these cxemplary 
proliles.

Without wishing to be bound by theory, it is believed that 
filial seal coat layer of hydroxypropyl methylccllulose pro­
vides a physical barricr for reduced contad between the 
mucoadhesive liudragit layer and the upper GI tract, and 
thereby allows the reliable transit ofthe multiparticulates to 
the proper pl I environment in the OI tract for effective release 
and absorption of the drug. In addition, the final seal coal 
layer of hydroxypropyl methylcellulose imparts anti-sticking 
properties to the multiparticulates and thus the multiparticu­
lates are not sticking to the pouch material and/or nasogastric 
tube. The multiparticulates of the invention are useful Ibr 
administration via the nasogastric tube and via food vellidos, 
particularly acidic food vehicles.

II. Melhod of I’roducing Multiparticulate Formulations of 
Invention

In anothcr aspcct, the invention pro vides a method of pro- 
ducing the multiparticulate formulations o f the invention.

Typically, the uncoated pantoprazole compounds are pre­
parad are follows. The dry components, including, at least the 
pantoprazole compound and the binder are dry blended in a 
suitable mixer under low shcar conditions. Suitable low shcar 
conditions can be rcadily achicvcd using, e.g., a 1 toban mixer, 
at a range of about 25 rpm to 35 rpm, and most desirably, 32 
rpm. I lowever, one of skill in the art will be ablc lo achicve 
comparable low shcar conditions using dilfcrent cquipment, 
with the rpm adjusted lo the appropriate low shcar settings for 
the selccted cquipment. Optionally, hydroxypropyl melhyl- 
cellulose or crospovidone may be subslituted or additionally 
included in this step. Additionally, a pll adjuster may be 
ineluded in ibis step.

Subsequently, the liquid components, c.g., the surfactant 
and water, are mixed in to alTord a granulatcd product by 
mixing under low shcar conditions. Suitable low shcar con­
ditions can be rcadily achicvcd using, e.g., a 1 lobart mixer, at 
a range of about 25 rpm to 35 rpm, and most desirably, 32 
rpm. Howcvcr, one o f skill in the art will be ablc to achicve 
comparable low shcar conditions using different cquipment, 
with the rpm adjusted lo the appropriate low shcar settings Ibr
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7
the selccted cquipment. 'lite granulation is tlien cxtnidcd and 
sphcronized tlirougli a suitabledcvice (c.g., a NICA extnider/ 
sphcronizcr) and the resulting sphcroids are dricd, siftcd. and 
optionally blcndcd prior to storage.

llie inventors have found that a significant advantage is 
provided to the stability of the compound when the multipar­
ticulates of the invention are dricd at low temperature. Desir­
ably, the spheroid cores of the pantoprazole multiparticulates 
of the invention are dricd to a percent (%) loss-on-drying 
(LOD) o f 3.4% to 4.3%. As uscd hcrein, low temperature 
drying refers to a temperature not excecding about 40” C. for 
a periodo!" 1 Oto 12 hours. When the drying conditions cxcccd 
this temperature and time period, impurities are observed that 
contribute to instabiüty. In one embodiment, drying o f the 
core is perfonned in the range of 35° C. to 40° C., or about 37“ 
C. to 39° C. for about 8 to 72 hours. In anothcr embodiment, 
the core is dryed at about 40° C. for 10 to 12 hours. Suitably. 
when coating layers are applied as dcscribed, the drying 
temperature for the various coating layers is also in this range.

Optionally, an initial seal coat ofa hydrophilic polymercan 
be applied to the uncoated multiparticulates. For examplc, an 
initial seal coat composed o f hydroxypropyl methylcellulose 
and purified water can be applied ona fluid bed coater, c.g., by 
spraying.

lite enteric coat can be applied directly to the uncoated 
spheroid core, i.e., the uncoated multiparticulate, or may be 
applied over an initial seal coat. The enteric coat as dcscribed 
above, is typically applied on a fluid bed wurster coater.

In one embodiment, a lina! seal coat is applied over the 
enteric coat and, optionally, tale is utilized in the final step 
prior to lilling the multiparticulates into a suitable packaging 
unit.

ITie multiparticulate ofthe invention may be in any suitable 
form including, e.g., granules, pcllcls, beads, minitabs, spher- 
ulcs, beadlets, microcapsules, millispheres, nonocapsules, 
microsphcres, platelets, tablets, and capsules, depending 
upon the desired route of delivery.

III. Formulations, Kits and Mclhods of Delivery
In anothcr embodiment, the present invention provides 

producís containing the pantoprazole multiparticulates ofthe 
invention.

Suitably, the multiparticulate compositions of the inven­
tion are formulated such that a patient rcceivcs a suitable 
amount of the pantoprazole, e.g., 5 mg to 200 mg, about 10 
mg to about 100 mg, or about 40 mg (measured based upon 
free pantoprazole). Preferably, the formulations are such that 
a suitable dosc is delivered in a single dosage unit. "ITicsc 
doses may be administered daily Ibr a suitable period of time, 
e.g., 4 weeks to 8 weeks, but can be delivered for a shorter 
period o f time, e.g., 3 days to 3 weeks, onc week to 3 monlhs, 
or over a longer period, e.g., over 6 monlhs, or longer. These 
compositions can be delivered alone or in combination with 
an antacid or other suitable composilion.

In one embodiment. the invention provides a method of 
treating humans by administering an elfective dosc of the 
pantoprazole multiparticulates such that an arca under curve 
(AUC) at least bioequivalent lo Protonix® 40 mg tablct and 
Cmax as Usted in Tablc V I are achicvcd.

In one embodiment, the pantoprazole multiparticulates are 
packaged for use by the patient or bis carugiver. For examplc, 
the multiparticulates can be packaged in a foil or other suit­
able package and is suitable for mixing into a food product 
(e.g., applcsaucc and other acidic food vehicles) or into a 
drink for consumption by Ihc patient.

The pantoprazole multiparticulate formulations of the 
invention are useful for treatment of gastroesophageal reflux 
disease (OliRD), ulccrs ofthe stomach and duodenum, and 
Zollinger-RIIison Syndromc.

8
In anothcr embodimenl, the pantoprazole multiparticulates 

are suspended in a physiologically compatible suspending 
liquid.

In yel anothcr embodiment, the pantoprazole multiparticu­
lates are fillcd in capsules, caplels or the likc for oral delivery.

In still a further embodiment, the invention provides 
method of treating a subject in need thcreof by administering 
an cffcctivc dosc o f the pantoprazole multiparticlcs of the 
invention.

The followingexamples Alústrate specilicembodiments of 
the invention and are not a limitation on the present invention.

EXAMPLI.i 1 

Panloprazoic Sodium Multiparticulate Formulations

Using a NICA extruder/spheronizer, during initial formu­
lation devclopment, several prototypes of uncoated multipar­
ticulates were manufactured to obtain a target immediate 
release profile similar to or faster litan the pantoprazole 
sodium uncoated tablct. currcntly available as Protonix 
(20 mg and 40 mg) tablets. Levéis of the disintegrant 
crospovidone from 5 to 28.5% and the binder hydroxypropyl 
mcthyl ccllulosc from 0.5 to I % were evaluated during prepa­
ration of uncoated multiparticulates over four batches.

A. Preparation of Uncoated Pantoprazole Sodium Mulli- 
particulates

More particularly, pantoprazole sodium sesquihydrate, 
microcrystalline ccllulosc, hydroxypropyl methylcellulose 
(hypromellose 2208), crospovidone and sodium carbonate 
are dry blended in a I lobart mixer. Thereafter, polysorbate 80, 
NF (vegetable source) and purified water, USP, are addcd to 
the Hobart mixer. The resulting granulatcd produce is 
cxtnidcd and sphcronized in a NICA® extruder/spheronizer 
and the sphcroids are tray dricd at a temperature not beyend 
40" O. and siftcd, followcd by transfer to a PK blcnder. The 
final sphcroids are stored in dmms.

Onc of the batches (an approximatcly 200 gm batch) with 
15% disintegrant crospovidone and with I % hydroxypropyl 
methylcellulose (Hypromellose 2208)-was selccted as a pro- 
totype with similar release profile. The sieve cut of the 
uncoated sphcroids from this batch was between 500-1000 
microns.

B. Prototypc Lab Batch (Batch A)
Approximatcly 100 grams of these uncoated sphcroids 

were coated in a 3" Wurster Fluid Bed coater with Eudragit 
I.30D-55 and hypromellose to rcsult in Enteric coated multi- 
p articúlales.

During coating for this batch, the levcl o f hydroxypropyl 
mcthyl ccllulosc (HPMC) initial seal coat was 4% ofthe 
weight ofthe uncoated multiparticulates. The % w/w of the 
dry polymer Eudragit L30D-55 uscd was 22.16%. In the 
coating batch, tale was inlroduced as dry powdcr in the coat­
ing chamber instead of being a pan of the suspensión. This 
was due to the small nozzle size (0.5 mm) uscd for coating the 
100 g batch, which could polcntially be cloggcd. The percent 
of tale and triethyl citrate uscd for the lab batch was less as 
compared to the el mi cal batches wliich were subsequently 
prepared. The multiparticulates were hand fillcd into size 112 
IIPMC capsules at a fill weight of 206 mg. The capsules were 
tested in vitro in 0.11 N HC1 and pll 6.8 phosphate bufier. 
Less than 1% was released in acid media in 2 houn> and 
greater than 80% was released in basic media in 45 minutes as 
desired.

These capsules were tested in dogs. 'llie C„,„, and AUC 
were 110 comparad against the current marketed Protonix 20 
mg tablct (and valúes were extrapolated to the 40 mg 
strength). It was sccn that these multiparticulates released 
dmg al a much faster rate than the current Protonix tablct in 
pl I 6.8 phosphate bufier as desired. The final seal coat com-
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priscs hydroxypropyl methylcellulose (hypromellose) and 
wnter. 'Vhis batch was packaged as sphcroids in olear glass 
vials and placed on stability at accelerated conditions (30° 
CV65% relative humidity (RH) and 40" C./75% RH). The 
stability was monitored Ibr 3 monlhs. The poteney and dis­
solution results are presented inTable 1. The multiparticulates 
were stable over the ihrcc month period and a 40 mg equiva- 
lent dose of multiparticulates fillcd into capsules at cach 
stability time point niel all dissolution and stability criteria.

Dissolution was tested by lilling the stored sphcroids into 
capsule shclls, and dissolving in 0.1 N MCI (target release at
2 hours: not more than (NMT) 10%), followcd by dissolution 
in pl I 6.8 phosphate buffer (target release al 45 min: not less 
than (NLT) 75%. The acceptance criteria further required a 
strength of 90 to 110% of the label elaim.

TABU- I

licu la lcs in clc.tr k I:uw viuls.

Dissoluiion-Pcrccntage
ttclciiscd (ave)

Strength Sccondary
'leal (HIM-C) 0.1 N tlissoluíion in
Unll 'lim e %  l.nhcj i k : i phosphate bufier

Initial 100.0% 0.9% 91.6%
Ainbicnt Room 1 month 97.2% 0.8% 88.5%
Tcmp 7 montli 108.5% 0.8% 94.1%
30’  060 "/=  R ll 1 month 99.3% 0.5% 83.4%

2  month 98.3% NA NA
3 month 104.4% 0.7% 82.2%

<tO"C./7;%RII 1 montli 95.4% 0.7% 86.1'
2  montli 97.3% NA NA
3 month 102.7% 0.7% 89.4%

'One copsulc-78% released.

EXAMPLE2

Coated Pantoprazole Sodium Multiparticulate 
Formulations (Batch 13)

Based upon the lab batch A, a further scale-up batch of 
1400 g was manufactured using a 7" wurster fluid bed coater. 
During coating Ibr this batch, the levcl of hydroxypropyl 
mcthyl ccllulosc initial seal coat was 2% of the weight o f the 
uncoated multiparticulates as compared to 4% Ibr llie coated 
Batch A. "llie % w/w ofthe dry polymer, F.udmgit 1,300-55 
used was 22.16% w/w. Also, the tale was added directly to the 
coating suspensión as a largor nozzle size ( I mm) was used.

Initial release o f coated multiparticulates in 0.1 N acid was 
high (9.0%) and very olose to thelimit o f 10%. This Batch (B)

did not mect the stability and dissolution criteria when tested 
at accelerated conditions (30" C./60% relative humidity (Rl l) 
and 40" C./75% Rll). Trial from this batch indicatcd that an 
initial seal eoat of greater than 2% of uncoated multipartieu-

5 lates enhances stability ofthe multiparticulates. Additionally, 
more enteric polymer loading may be benelicial to control the 
release in acid media as the process is scaled up.

liXAMPLIi 3

1 1 Preparation o f Pantoprazole Multiparticulates
Scale-Up Batch

A. Technical Batch
Using a NICA extruder/spheronizer, a 36 kg technical 

ls batch of uncoated multiparticulates was preparad and 20kgof 
ihis batch were enteric coated ina Glatt GPCG-15 machine to 
rcsult in a 32 kg batch o f coated multiparticulates. The % w/w 
ofthe dry polymer. I iudragit L30D-55 used was 22.16% w/w. 
lilis batch was lilled into size /'3 HPMC capsules at a fill 

20 weight of 156 mg. The release in 0.1 N IICI at 2 hours was 
greater than the desired 10%. Based on this, taking into 
account scale-up efleets, minoradjustments were made to the 
formula and process for clinical batch.

B. Clinical Batch
25 Two 12 kg sub batches o fa  wet granulatcd mass were 

extruded and sphcronized on a NICA extruder/spheronizer 
resulting in wet multiparticulates. The multiparticulates were 
tray dricd at 40° C. for 10 to 12 hours to the desired % LOD 
of 3.4% to 4.3%. The batch was sereened and only 16 kg of 

30 uncoated multiparticulates were used for coating to ensure 
uniformity and completcncss of coating in the GPCG-15 
machine. The sieved uncoated multiparticulates were coated 
with an initial hydroxypropyl mcthyccllulosc seal coat, fol­
lowcd by an liudragit L30D-55 entcric coat, followcd by a 
hydroxypropyl mcthyccllulosc final coat to rcsult in 33 kg of 
coated multiparticulates. This batch was fillcd into size 1(2 
I IPMC capsules at a lili weight o f 206 mg.

The ralease in 0.1 N I ICI at 2 hours was less than Ihc 10% 
limit and in pll 6.8 phosphate bufler, il was greater than the 
80% limit at 45 minutes. The batch met in vitro release char- 

40 acteristics. The one month stability date showed that the 
multiparticulates were stable at 40° CV75% RH for one 
month. Currcntly, this batch is stable up lo one y car at room 
temperature and up to 6 monlhs at 40 dcg.C/75% Rll. Stabil­
ity sludy at room temperatura condition beyond one y car is 

■is ongoing. The one year room temperature stability results of 
this batch are shown in Ihc following Tablc II.

The spheroid fillcd capsulo liad a faster in vitro release 
(dissolution) as comparad to the Protonix 40 mg tablct in pl I 
6.8 phosphate bufier.

TABU i II

Test

Appcarancc
and
Dcscriplion

Stability o f  Pantoprazole Sodium Spheroid-fillcd Capsules, 40 mg 

Strength
( ll l 'I .C )  Water ¡K i-) h ir i ty Dissolution

Specilicalion 112 Opnqilc 90.0 110.0% For U rgen  Single Toml Dissolution i 11 Dissolution in
« h ile  capsules L ib c l ('lamí Infortnatiou 01

Known and 0.1 N 11(1 Phosphate Bufier
(cap and hody) ( i r ) l.'nknown l.'nknown N M T  10% i ti X IT  75% in
conlaining wbilc Impurity ^0 .5 Impuniicii <2.0 2 lira. CotiTontis 45 li li lí .  Conibrnis
lo  oíl'-whilc IRRT) to USP <724, lo  USP <724,
eolored sphcroids

Unit % % % % % %
Initinl Conforins 100.3 5.1 BRI. l)R!. 0 105
Inili.il 1(17
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Slabililv o f  P¿uitopr.r/olc Sodium Sobcroid l l l lo i t*;n>si}lcs. 40 mt»

Test

Appcarancc
and
Dcscriplion

Strength
(ItPt.C ) Water (KF) Purily Dissolution

(Sphcroids only)"
25° 0760% R ll

1 Month No Changc 99.5 5.2 0.17(1.39) 0.17 1 103
2 Monlh No Chango 101.4 4.6 0.15(1.38)'' 0.23 0 101
3 Montli No Chango 101.2 4.5 0.17(1.39) 0.17 0 100
6 Montli No Changc 101.3 4.5 O .lK d J S )1 0.24 (i 11)11
6 Month 0 112
(Sphcroids on ly)'
9 Monlhs N o ChaJigc 99.2 5.1 0.21(1.40)» 0.33 0 101
9 Monlhs 0 IOS
(Sphcroids only)"
12 Monlhs No Changc 99.1 5.1 0.0» (0.14) 0.23 0 102
12 Monlhs 0 104
(Sphcroids only)"

B R L -  Below Rcponinp, Lim it (0.05%).
N M T -  Nul more than.
NLT -  Not less than.
RRT -  Relative rclention time.
"In itia l and (tvaíidation dissolution results an: provided for Pantoprazole Sodium Sphcroids. 40 mg'206 mg. which is  the ingoing batch o f  sphcroids uscd for 
manufacture o f  Pantoprazole Sodium Spheroid-fillcd Capsules. ■KI mg.
'""Corresponda to the impurity at RRT -  1.39.

BXAMPLE 4 
Evaluation ofBalch A Formulation in Bcaglc Dogs

"llie in-vitro reléase data of the sodium pantoprazole multi 
particulate formulation shows a faster release than the current 
marketed tablct. This provides earlier absorption and thereby 
a faster onset ofaction. The dog data clearly shows earlier 
drug levcls ofsodium pantoprazole from multiparticulates as 
compared to the single monolithic tablets. Earlier onset of 
action provides faster relief from gastric pain and other gas­
trointestinal (GI) disorders.

Pantoprazole sodium formulations have been evaluated in 
Beagle Dogs (n=5). The mean (SD) pliarmacokinctic param- 
eters and relativo bioavailabilily o f panloprazoic is illustratcd 
in the Tablc 111 below.

As illustratcd, the non-oplimized lab batch ofsodium pan­
toprazole multiparticulate formulation dosed in dogs shows 
smallcr lag time than the current marketed tablct. In the fol­
lowing tablc, AUC refers lo the a rea under a curve plotting 
mean concentralion against protocol lime. C„,„, refers to the 
máximum observed concentralion valué in the blood sample 
afier administration. T„ml refers lo the time point when C max 
occurs. T,„x refers to the time following administration belbre 
cffcctivc amounts ofthe drug are observed in the circulado»; 
t,/2 (hr) provides the half-life for drug elimination. Relativo 
bioavailabilily compares the absorption ofa product from the 
gul in comparison with a dose given intravenously (assnmed 
100%).

___________________ TABLE 111___________

The mean (SD) ph.imncokin.c!ic paramcicrs .uid 
laiivc

•«I mu Muilipaniciihile 
20 mg M;L-kct Capsule Bateh A
'tablct Batch A  w ith enteric coat •

Panm dcr Pantoprazole X V  Pantoprazole Xa

TABLB Hl-continued
30

50

55

A U C d ig 'h r/m l.) 
Cmax Oig'mL) 
Tmax (hr) 
tlag (hr)

16.3 (2.46) 
11.7 (3.55) 
1.70 (0.M ) 
1.10 (0.91)

17.3 (2.33) 
7.111 (1.76) 
1.20 (0.27) 
0.25 (0.18)

60

65

The mefln (S i)) phntinnmkínelic pununetcrs níici
relativo hioavailabilitv o i ixinlanrazolc

■10 mg M iillip .irticn la lc
20 m g M aikcl Capsule Batch A
Tablct Batch A w ith  cntciic coal -

Paramctcr Pantoprazole Na" Pantoprazole Na

1 v ) (hr) 0 .62(0.17) 0.77 (0.21)
Relativo Bioavailabilily AUC: 106%''

Cmax: 61%e

4„  "AU C  and Cmax are nomializcd lo  a 40 mg itosc 
*Ttclal¡vc lo  Maikcl Product Tabla

The dog dala of the sodium pantoprazole multi particulate 
formulation gives a similar AUC as the current marketed 
tablct. Without wishing to be bound by theory, il is believed 

45 that the faster release and similar AUC of the multi particu- 
lates is achicvcd by lowcring the levcl of the disintegrating 
agent crospovidone (as compared to the levcl in the tablct) 
and incorporating the fimetional excipient polysorbate 80 in 
the core ofthe sphcroids.

BXAMPLK 5 
Pantoprazole Sodium Scsquihydnite:Excipient 

Formulations
I his sludy was perfonned to determine the compatibility 

of pantoprazole sodium sesquihydrate with hypromellose 
2208. sodium lauryl sulfate (SLS), crospovidone, and 
polysorbatc-80.
A. Sludy Dcsign 

The sludy eonsisls of lwo seis o f samples. The firsl set 
contained drug and excipient. The second set conlaincd drug, 
excipient and approximatcly 2 [ti water. The rea son for the 
water along with the drug and the excipient is to sce whether 
additional water prcscnt causes any incompatibility.

The excipicnts were mixed with the dmg in the ralio indi­
catcd in the following tablc. The excipicnts and the drug were 
weighed into a glass vial, 'llien the vials were vortexed for 15 
scconds. Similarly, a second set of samples was prepared. 
Approximatcly 2 fil (the smallest amount of water that can be 
added with the pipeltc in the lab) was addcd to these vials.
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Then Ihc vials were vortexed for 5 seconds. finally, the lirsl 
and second sel of vials were cappcd and placed in slabilily 
cliambers. The conditions tested were 4()"/75% Rl 1 and 51° 
C. for 3 weeks.

13. Results
ITie results o f this drug-excipient compatibility study are 

presented as % recovery in the Tablc IV below. llie selection 
criteria for the compatibility or in-compatibility are based on 
the % recovery between 90-110%.

TABLE IV

14
-conlinucd

Fomuilminn:
[ngrcdicnls

Crospovidone, N1: 
(Polyplasdonc X I.)

Excipient

Dnm: Hxcinient Compatibility Results

%  Recoverv

Dnm t  nxciDicnl Drug t  Bxcipicni *  Water

Ralio o f  
DmgiExcipicnl

40° 0 7 5 %  RH 
3 weeks

51° C. 
3 wccks

40’ C /75%  RH
? wccks

5 I°C .
3 wccks

Control (Dm g alone) _ 94.67 100.53 94.60 96.64
Hypromellose 2208, 10:1 99.209 93.248 93.811 97.421
USP, 3 cps
Sodium Lauryl Sulfate (SLS) 5:3 99.947 98.763 95.466 95.088
Crospovidone, NF 10:1 100.080 98.908 97.201 105.716
Polysorbatc-80, NF BP/F.P 10:1 98.301 90.961 99.908 81.405
(vegetable source)

Mullip.miculatcs-

Amounlz
Capsule %  w /w

15.00 7.286

From the results shown in the Uible, Ihc following conclu­
sión: can be drawn. Hypermellose 2208, SLS, crospovidone 
and polysorbatc-80 are compatible with pantoprazole sodium 
sequihydnitc at 40° C./75% Rl I for 3 weeks. 1 lypromellosc 
2208, SI.S and crospovidone are compatible with pantopra­
zole sodium sequihydralcat 40" C./75% Rl I and 51" C. with 
and without additional water for 3 weeks.

•conlinucd

In this study degradation compounds were nol sludicd. 
Howcvcr, the pcdiatric clinical formulation, [pantoprazole 
sodium sesquihydrate 45.24% w/w; microcrystalline cellu- 
losc 27.25% w/w; polysorbate 80 5% w/w; crospovidone 
15% w/w; hypromellose 2208 1% w/w; sodium carbonate 
6.5% w/w; purified water q.s.], was studied under accelerated 
conditions of40u C./75% RH and is stable up to 6 monlhs, 
providing a 2 year room temperature shelf lile.

The components of the pcdiatric lonmilation aro provided 
in the following Tablc V.

Mulliparticuhiles

l-'onmilation:

Ingrcdicnls

Am ount'

Capsule %  w/w
55

Core:

Pantoprazole Sodium 45.11 21.911 60

Sesquihydrate

MicrocryslaUiuc Ccllulosc. 27.39 13.304

N l’VHP (Aviccl P ll 101)

Polysorbate 80, NF 5.00 2.429 65
Vcgeiablc sourcc

30
Mulii^anicnlaics

Fonniilalinn:
Iiigraliem s

Amount / 
Capsule

K

■15

50

HPMC USP-1-P (Mclhoccl) K3 1.00 0.486
Sodium CarhonAle, NF 6.5D 3.157

Purified Water, USPíBP/EP q.s. lo  makc 
wcl mass'

Tolal 100.00 mg 48.573
Hntcric Coat: 100.20  mg 48.67
liudragit I.30D-55 208.00 mg 

62.40
(solids)

30.309

Tale, USP, Altale 500V 31.20 mg 15.155
Sodium Hydroxide. NF 1 N 9.30 mg 0.175
solution 0.36

(solids)
Triethyl Citrate, PO/NF 6.24 mg 3.031

Purified Water, USP/ISPZRP 183.38 mg*

Total 204.20 mg 99.186
Final Seal Coat: 1.54 mg 0.748
Hyiiroxypropyl Mclhylcclllllosc, 1.54 mg 0.748

USP 2910,6 cps
Purified water. USP'HP'I:P 18.99 m g '

Tolal 205.74 mg 99.934
Tale, USP, Alíale 500V 0.14 mg 0.068

Total 205.88 mg 100.002

•removed during Processing

P.XAMI>I.P.6

Hvaluation of Pantoprazole Sodium Formulation in 
11timan Adult Subjccts

In lilis sludy, 40 mg pantoprazole sodium, formulated as 
dcscribed, clinical pcdiatric formulation, was administered lo
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hcalthy hum an adulls (n  2 4 ) by  sprinkling in applcsaucc, in  
lublet form , o r  as an aqucous suspensión prepared using an 
inactive powdcr blend and water (8  in cach group).

In  the fo llow ing  Tablc V I ,  colunin 1 provides the phanna- 
cokinetic (P K ) parameters, A U C  (arca under the concentra- 
tion curve), A U C ,. is the urea under the concentralion tim e  
curve, and C „,„„ m áxim um  concentralion. ITie second coi- 
um n provides the test/rcfcrcncc geom etric m ean (G M )  ratio. 
'fh c  third colum n provides the coníidence interval for the G M  
ratio. [T h e  P D A  considere a test product to be bioequivalent lo 
a refercnce product i f  the 9 0 %  coníidence interval (C I)  o fth e  
geometric mean ratio o f  A U C  and C „„„ between the test and 
refercnce ful! w itliin  8 0 -1 2 5 % ]. T h e  coníidence interval is 
calculated using W in N o n lin  software. 

________________________ T A l i l . i :  V I________________________

Hlimnn l'K  slnilv Rwulls

10

PK p íla m e la
TcsVRcfercncc 

GM ralio 90% CI luí ralio"

A . Sphcroids sprinklcd in  applcsaucc:

AUC 90 84-96
A U C , 89 84-95
Cmax 6? 56-70
I!. Splicroitls in  suspensión:

AUC 94 88-100
AU C , 94 88-100
Cmax 66 60-74

20

25

30

15

"Ilic lag tim e in the absorption o f  the tablct w as liigher 
compared to the sprinkle and suspensión form ulations. The  
entire drug in  the tablct is released over a small tim e interval 
and therefore a higher C ma( is obtained. W ith  the spheroid 
formulations, drug from cach spheroid is released over a 
longer tim e interval and therefore the C mo,  is low cr than the 
tablet. Howcvcr, the period o f  tim e fo llow ing  administration  
that pantoprazole remained in the circulation is s im ilar for the
3 formulations.

A ll  documenta iden lilied  hcrein are incorporated by refer- 
ence. O n e o f  skill in the art w ill recogni/c  that m inor m odi- 
lications to the conditions and tcchniqucs dcscribed in the 40 
specilic embodiments dcscribed hcrein can be varied without 
departing from  the prcscnt invention. Such m inor m odifica- 
tion and variants are w ith in  the scopc o f  the invention as 
delined by the fo llow ing  claim s.

The invention claim ed is: 45

1. A  m ctliod o f  produci ng a m ultiparticulate form ulation o f  
pantoprazole having reduced release under gastric conditions 
and fast reléase at neutral pl l, said m ethod com prising the 
steps of:

producing a spheroid core com prising about 4 5 %  w /w  50 

pantoprazole sodium sesquihydrate, as a solé active  
componen! in  the m ultiparticulate form ulation and 
about 25%  to 3 0 %  w /w  m icrocrystalline ccllulosc, about 
4 %  to 6 %  w /w  polysorbate 80. about 14%  to 16%  w /w  
crospovidone, about 0 .5  to 2 %  w /w  hydroxypropyl 55 

m ethylcellulose, and about 5 %  to 8 %  w /w  sodium car­
bonate a surfactant v ia  extrusión and spheronization, 
said core further contain ing about 1 to about 2 %  w /w  
water;

applying an in itia l seal coat com prising hydroxypropyl 
m ethylcellulose to the spheroid core, 

applying an enteric coating to the in itia l sefli coated spher­
oid core, said enteric coating com prising a copolym er o f  
m ethaerylie acid and methacrylates; 

and optionally applying a final seal coat to the enteric- 65 
coated spheroid core, said final seal coat being about I 
w t %  o f  the multiparticulate;

wherein the multiparticulates have an average diameter of 
about 0.7 mm to about 1.25 mm.

2. ’fhe melhod according lo elaim 1, wherein the spheroid 
core is prepared by mixing the ingredients in a low shcar 
mixer at low shearconditions at a range o f about 25 rpm lo 35 
rpm.

3. The method according to claim 2. wherein the low shcar 
conditions are 32 rpm.

4. The melhod according lo elaim 2. wherein the spheroid 
cores are dricd at a low temperature nol exceeding about 40°
C. for a period of8 lo 72 hours to a percent (%) loss-on-drying 
(L O D ) of 3.4% to 4.3%.

5. The melhod according lo claim 1, further comprising the 
step of applying a layer of tale in an amount of 0.05% w/w lo 
0.1% w/w ofthe multiparticulates.

6. The method according lo claim 1, wherein the enteric 
coating is sprayed as a suspensión onto the spheroid core.

7. Pantoprazole multiparticulates liuving reduced release 
under gastric conditions and fast reléase at neutral pl l, 
wherein cach of said multiparticulates compriscs: a spheroid 
core comprising about 45% w/w pantoprazole sodium ses­
quihydrate asa solo active componen! in the multiparticulates 
about 25% to 30% w/w microcrystalline ccllulosc, about 4% 
lo 6% w/w polysorbate 80, about 14% to 16% w/w crospovi­
done, about 0.5 lo 2% w/w hydroxypropyl methylcellulose, 
about 5% lo 8% w/w sodium carbonato, and aboul 1 to 2% 
w/w water; an initial seal coal comprising hydroxypropyl 
methylccllulose on the spheroid core; and an enteric coat on 
the initial seal coat. wherein said multiparticulates have an 
average diameter of about 0.7 mm to about 1.25 mm.

8. The multiparticulates according to claim 7, wherein said 
multiparticulates have an average diameter o f about 1 mm.

9. The multiparticulates according to claim 7, wherein said 
enteric coal compriscs aboul 48% w/w ofthe particulate,

10. The multiparticulates according lo claim 7, further 
comprising a final seal coat on the entcric coal.

11. Ihc multiparticulates according lo claim 10, wherein 
the final seal coat compriscs aboul 0.1 to 10 wt % ofthe 
multiparticulates.

12. "llie multiparticulates according to claim 10. wherein 
the final seal coat compriscs hydroxypropyl methylccllulose 
(hypromellose).

13. The multiparticulates according lo claim 7 wherein said 
initial seal coal is in tile rango of about 2 lo about 4% w/w of 
the weight of the uncoated core.

14. "ITie multiparticulates according lo claim 7, wherein Ihc 
enteric coating compriscs aboul 30% w/w of methaerylie acid 
and methyacrylatecopolymer, about 15% w/w tale, about 3% 
triethyl citrate and a pll adjuster; said amounts being by 
weight ofthe multiparticulates.

15. A pantoprazole formulation comprising a suspensión 
comprising the multiparticulates of claim 7 and a physiologi­
cally compatible suspending liquid.

16. A capsule comprising the multiparticulates of claim 7.
17. A  foil packet comprising the multiparticulates accord­

ing to claim 7.
18. The method according lo claim 1, wherein the spheroid 

core eonsisls essonlially of:

60
pantoprazole sodium scsquihydralc 
inicrocrysralline ccllulosc 
polysorbate 80 
crospovidone
hydroxypiopylniclhylccllulosc
sodium carbonate
water.

aboul 45% w/w 
nhom 27% w/w 

alrout 5% w/w 
aboul 15% w/w 

about 1%  w/w 
about 6.5% w /w: and
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19. The pantoprazole multiparticulates according to claim 

7, wherein the spheroid core eonsisls cssenlialiy of:

pantoprazole sodium scsquihydralc 
microcrystalline ccllulosc 
polysorbate 80 
crospovidone
hydroxypropylmrthylccllulosc
sodium carbonate
water.

about «15% w/w 
about 27% w/w 

about 5% w/w 
about 15% w/w 

aboul 1%  w'w 
aboul 6.5% w 'w : and

20. A plurality ol" panloprazoic multiparticulates, cach 
comprising: a spheroid corc consisting csscntially of about 
45% w/w pantoprazole sodium sesquihydrate, aboul 27%

18
w/w microcrystalline ccllulosc, about 5% w/w polysorbate 
80; aboul 15% w/w crospovidone; aboul 1% w/w hydrox- 
ypropy melhylcellulose, aboul 6.5% w/w sodium carbonate; 
and water; an inner seal coat comprising hydroxypropyl 
melhylccllulosc; and an enteric coating comprising a metli- 
acrylic acid and mcth[yl]aciy late polymer, and triethylcitratc, 
wherein multiparticulates have an average diameter in the 
range of about 0.7 mm to aboul 1.25 mm.

21. The product according lo claim 20, wherein the entcric 
coating further compriscs tale.

22. The product according lo claim 21, wherein the entcric 
coating further compriscs sodium hydroxide.

#
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(7 4 ) A tto rn cy , A gen!, o r  F irm  Paul C a rango , E sq u irc ;
H ow so n  &  M owson LL.P

(5 7 ) ABSTRACT

P an lop razo ic  s o d iu m  m u llip a n ic u la ic s  are  dcsc rib e d  w h ic l i  
a vo id  s lic k in g  lo  nasogastric and  g as tro no m y lubes. T h e  pan­
to p ra zo le  m u lt ip a rtic u la te s  have  a sp he ro id  co re  o f  pan top ra ­
zo le  o r  an  ena n tio m er th c re o f. o r  a salt th c re o f, a su rfactan t, 
and a d is in te g ran t; a sub c o a t w h ic h  is  com prise d  o f  h y d ro x ­
y p ro p y l m e th y lc c llu lo s e (h y p ro m c llo s c ) a nd  w ater, an e n te ric  
coat o n  the  sub-coa t, and a f in a l seal coat o ve r the  e n te ric  coal. 
w h ic h  is  com posed o f  h y d ro x y p ro p y l m e th y lc c llu lo s e  
(h yp ro m e llo se ) and water.

21 Claims, No Drawlngs
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PANTOPRAZOLE MULTIPARTICULATE  

l'ORM  U LATIO.N S

CROSS-REFERENCE TO REI.A'IEO 
APPI.ICATION

lilis is a conlinualion o f U.S. patent applicalion Ser. No. 
10/955,567, lilcd Scp. 30, 2004, which claims Ihc bcnclit 
under 35 USC 119(e) of prior U.S. Provisional Palenl Appli­
calion No. 60/507,810, filed Ocl. 1. 2003.

BACKGROUND OFTHE INVEN TION

Pantoprazole, 5-(diíluoromcthoxy)-2-|(3,4-dimclhoxy-2- 
pyridyl)melhylsulphinyl]-l11-bcnzimidazole, is a 1 l+/K+-ad- 
cnosinc Iriphosphale (ATI1) inhibilor (also known as acid 
pump or proion pump inhibilor (PPI), is an cnzymc prcscnt in 
Ihc gastric parietal cclls. It is believed Ihal these drugs are 
metabolized in Ihc parietal cclls lo active sulfcnamide 
metabolites that inactivate the sulíhydryl group ofthe proion 
pump, thus reducing the hydrogen ion secrction. PPls are 
generally lipophilic weak bases with poor aqucous solubility 
at low pl-l. Many PPls are unstable in low pl I solulions and 
undergo rapid acid-catalyzcd degradation, and thcy are rela- 
tivcly stable at neutral or high pl l.

llie curren! commerciai oral formulations ofsodium pan­
toprazole are single unit coated tablets. Sce, c.g., U.S. Pal. 
No. 5,997,903, which describes oral fonns of pantoprazole 
that consist ofa core, an intermedíale layer and an outer layer. 
The current coating has a tendeney lo cause undesirable slick­
ing ofthe tablet lo the gastrointestinal tracl.

Multiparticulate formulations, because of llieir naturc of 
dispersing in the gastrointestinal tract, show a reduced food 
efl’cct and variability in gastric emptying times, thereby pro­
viding for reduced inter and intra subject variability, as com­
parad lo single unit tablets (Intl. Journal of Pharinacculics 140 
[1996] 229-235).

Severa! unsuccessful attempts have been made in the past 
lo develop a multiparticulate formulation of pantoprazole. 
Howcvcr, these attempts yielded multiparticulates that were 
not bioequivalent lo tablets, only 70% relative bioavailabilily 
was found. Anothcr attempt using difieren! tcchnologics- 
non-pareil seed coating and exlriision/spheroni zalion, 
resultcd in a product that did not provide the appropriate 
release in acid conditions. In addition, these attempts yielded 
product thal was unstable, as observed by discoloralion, when 
stored at room temperature.

SUMMARY OF THE INVENTION

The invention provides a stable multiparticulate pantopra­
zole formulation that provides reduced Inter and intra subject 
variability.

In onc embodimenl, Ihc pantoprazole multiparticulates of 
the invention is composed of a spheroid corc comprising 
pantoprazole or an enantiomer thcreof, or a salt or hydrate 
thcreof, at least one surfactant, al leasl one disintegrant, and 
about 1 % lo about 2% w/w water; an entcric coal on Ihc core, 
said enteric coat comprising a copolymer of methaerylie acid 
and methacrylates in the range o f aboul 15 lo aboul 45% w/w 
ofthe spheroid core; wherein said mullipaniculaics llave an 
average size of about 1 mm in diameter.

Advantageously, the multiparticulate formulations of the 
invention are stable under room temperature storage condi­
tions for al least twelve monlhs. Based on Ihc trend analysis 
using Ihc twelve monlh room temperature dala and 6 month 
40° C./75% relative humidity (RH) dala available lo date, the

2
multiparticulates of the invention shouid have a shelf life of 
over 2 years. Typically, a multiparticulate fonnulation ofthe 
invention is consídered stable ifit retains 90% lo 110% ofits 
poteney during shelf life storage.

This panloprazoic multiparticulate formulation of the 
invention is less prone to adherence lo the intestinal walls, 
nasogastric and gastromy tubes, and pouch material thereby 
giving predictable delivery ofthe drug product to the site of 
dmg release. It also provides for an early onset ofaction Ibr 
relief of gastrointestinal pain and has a prolonged duration of 
action. This formulation allows dosing to pcdiatric patients 
and patients who have dilliculty swallowing sol id foods. lilis 
formulation also allows for drug delivery via nasogastric and 
gastrostomy tubes.

DHTA1LHD Dl-SCRll’TION Ol-'TUli INVIiNTION

The present invention provides a multiparticulate formu­
lation of pantoprazole having a u ñique combination of excipi­
cnts and a surfactant (e.g.. polysorbate 80) that are compatible 
with pantoprazole sodium in the presencc ofan alkaline pll 
environment. further, the invention provides a process that 
utilizes low shcar during granulation and low temperature 
during drying for preparation o f the multiparticulate. This 
process contributes to the stability o f the core of the multi­
particulates ofthe invention.

In one aspcct. the invention provides multiparticulate for­
mulations of pantoprazole having reduced release under gas­
tric conditions and fast release at neutral pl l, i.e., in the lowcr 
gastrointestinal tract.

The multi particulate formulation ofsodium pantoprazole 
ofthe invention provides an enhanced systcm for the delivery 
of pantoprazole to patients. The current marketed formulation 
is a single monolithic tablet. The present formulation of mul­
tiparticulate sphcroids, which is adaptable for use in a capsule 
ora foil packet, can be prepared by extrusion/spheronization 
plus coating tcchnology.

The composilion o f the multiparticulate of the invention, 
and the entcric coat, e.g., Eudragit, allows for reduced release 
at low pll (-1) and fast release at a neutral pll (-7). 'lilis 
provides faster blood levéis of the drug, in patients, and 
thereby a faster onset of action. The smallcr T,,,,. valué of 
multiparticulate formulation as compared to that of a single 
monolithic tablct based on the results from dog data indicates 
faster onset ofaction of multiparticulate formulation.

The use ofa multi particulate formulation facilitates dosing 
to pcdiatric patients and patients who have troublc swallow­
ing. by dispersing the sphcroids in a suspending liquid or 
sprinkling/dispersing in a low pl l  liquid likc applcsaucc, prior 
to administration. The suspending liquid could be made prior 
to administration by mixing a blend of powdcr material with 
water. The smallcr size ofthe multi partieulates, in a capsule 
or pouch or any other container, also allows dosing through 
nasogastric or gastrostomy tube.

This formulation allows lora faster relief of (i 1 pain, and 
prolonged duration ofaction (extended release), as compared 
to the current marketed tablet.

I. Multiparticulates ofthe Invention
Suitably. the multiparticulates are in the range o f about 0.1 

to 2 mm. or 0.5 mm to 1.5 mm, or 0.7 mm to 1.25 mm, or 0.8 
mm to I mm, In onc embodiment, the multiparticulates in a 
composition ofthe invention average about 1 mm in diameter. 
Typically, the multiparticulates ofthe invention are no greater 
than about I mm in size in order to facilítate passage through 
nasogastric tubes
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3
The mullipaniculaics of Ihc invention are composed, at a 

minimum, ofa spheroid corc with an enteric coal over ihe 
core, In between the core and enteric coal an initial seal coat 
may be applied, e.g., comprising a coating of hydroxylpropyl 
meÜiylcellulose(hypromellose). Also. over the enteric coat a 
final seal coat may be applied, e.g., a coating o f hydroxylpro­
pyl mcthyl ccllulosc(hypromellose). The spheroid corc is 
composed of, al a minimum, a pantoprazole or a salt thcreof 
and a surfactant.

As used hcrein unlcss the conlcxl requires olhcrwisc, Ihc 
term ‘panloprazoic’ refers to 5-(difiuoromelhoxy)-2-| (3,4- 
dimethoxy-2-pyridyl)melliylsulpliitiyl]-l H-benzimida/olc 
and enantiomers thcreof and the term 'pantoprazole com­
pound' includes pantoprazole and enantiomers and salts and 
hydrates thcreof. The active compound. panloprazoic is 
dcscribed in Europcan Palenl 166 287, which describes the 
preparation thcreof, and is available commcrcially under the 
brand ñame PROTONIX®. Examples of pharmaceutically 
acccplablc salís of pantoprazole include, c.g., sodium, mag- 
nesium, and calcium, among others; still others are dcscribed 
in the Europcan Palenl 166 286, which is incorporated by 
refercnce hcrein. The selection of a suitable salt is not a 
limitation of the invention. In one embodimenl, Ihc salt is 
sodium. Typically. the pantoprazole compound is prcscnt in 
the range of from aboul 5 lo 50% w/w, more preferably about 
20 lo 45% w/w, ofthe total multiparticulate.

Suitable surfactants are known lo those of skill in the art. 
Howcvcr, particularly desi rabie are sodium lauryl sulfate, 
polysorbatcs, including, e.g.. polysorbate 80, and mixtures of 
these components. Typically, the surfactant is present in the 
corc in un amount o f aboul 2 to about 7% w/w, and desirably, 
about 5% w/w of llie core. In anothcr embodiment. the sur­
factant is present in a ratio o f about 5:3 drug: surfactant (e.g., 
pantoprazole sodium sesquihydrate lo sodium lauryl sulfate) 
to aboul 10:1 drug: surfactant (e.g., pantoprazole sodium 
sesquihydrate to polysorbate 80). Advantageously. the sur- 
fiictants in the multiparticulate formulation have been found 
to enhance the wetlabilily and, thus, the speed and exlenl of 
release and absorption of the sodium pantoprazole, from the 
multi particulate formulation o f the invention.

The spheroid core c;m further contain a disintegrant, a pl I 
adjuster and, optionally a binder or anothcr excipient such as 
hydroxypropyl metliylccllulosc (c.g.. hypromellose 2208). 
Suitably. the total amount of disintcgrant(s) prcscnt in the 
corc is an amount o f aboul 15% w/w to about 80% w/w, or 
about 20% w/w to about 70% w/w, or about 25% w/w lo about 
45% w/w, or aboul 30% w/w lo about 42% w/w. In one 
embodiment, Ihc total amount of drug lo binder is represented 
by a ratio o f from about 50:1 to about 40:1 by weight drug: 
binder. The total amount ofa pl I adjuster in the fonnulation 
can range from aboul 0.1% w/w lo about 10% w/w ofthe 
multiparticulate. or about I % w/w to about 8% w/w, or about 
3% w/w lo aboul 7% w/w. I lowever, these percentages can be 
adjusted as needed or desired by one of skill in the art.

The disintegrant may be selccted from among other known 
disintegrants, including, c.g., ccllulosc. and crospovidone, 
among others. In one embodimenl, the disintegrant is selccted 
from among microcrystalline ccllulosc and crospovidone, 
and mixtures thcreof. llie binder may be selccted from 
among known binders. including e.g., ccllulosc. and povi- 
done, among others. In onc embodimenl. the binder is 
hydroxylpropyl mcthyl collulose(hypromellosc). Suitable pl I 
adjusters include, e.g., sodium carbonate, sodium bicarbon­
ato, potassium carbonate, lithium carbonate, among others. 
Still other suitable components will be rcadily apparent lo one 
o f skill in the art.

4
In one embodiment. llie spheroid core contains, w/w based 

on the dry uncoated core, about 45% pantoprazole sodium 
sesquihydrate (aboul 40% free pantoprazole), about 25 to 
30%, and preferably aboul 27% microcrystalline ccllulosc, 
about 4 to 6%. and preferably about 5% polysorbate 80, aboul
14 to 16%, and preferably aboul 15% crospovidone, about 0.5 
to 2%. and preferably about 1% hypromellose 2208. about 5 
lo 8%. and preferably about 6.5% sodium carbonate. In one 
embodiment. the spheroid core contains:

panloprazoic sodium scsquihydralc 45.24% w/w
rnicrocrysifllline ccllulosc 27.25% w/w
polysorbate «0 5% w/w
crospovidone 15% w/w
hyprcmcllosc 2208  1%  w/w
sodium carbonate 6.5% w/w

In iiiiolhw embodimenl, Ihe spheroid core conlains:

%  w /w, based on

f 1 Amount/
Capsule

lo la l wcighl 
m u llipú tku la lc

Panloprazoic Sodium Scsquihydralc 45.11 21.911
Microeryslallmc Ccllulosc, XI'.'EP 27.39 13.304
(Aviccl PH 101)
Polysorbate SO, NF 5.U0 2.429
Vegetable sourcc
Crospovidone, NF 15.00 7.286
(Polyplasdone X I.)
HPMC USP/liP (Mclhoccl) K3 1.00 0.486
Sodium Carbonalc. NF 6.50 3.157
Purified Water, USP/BP'EP q.s. to makc

w cl mass*

Totnl 100.00 mg 48.573

Although moisturc is removed i'rom the core during the 
drying process which is dcscribed below, the core preferably 
retains about 1% to about 2% w/w water. Without wishing to 
be bound by theory, the inventors believe that this water 
contení contributes the stability of this multiparticulate as 
compared lo the failed prior art attempts at forming a multi­
particulate pantoprazole.

Optionally, an initial seal coat (or subcoal) can be applied 
directly to the corc prior lo coating with the entcric coat. 
Although the components o f this seal coat can be modilied by 
one o f skill in the art, a particularly suitable initial seal coal is 
composed o f hydroxypropyl mcthylcellulosc(hypromellose) 
and water. 1-br examplc, a suitable initial seal coat can be 
applied as a 7.5% w/w hypromellose solution. Typically, such 
a seal coat is in the range of about 2% w/w to about 4% w/w 
ofthe uncoated core or about 1 % w/w to about 2% w/w ofthe 
coated multiparticulate.

In one embodiment, a multiparticulate with a subcoal con­
tains:

%  w/w, hnscd 
un lolal

AinounV weight 
Ingradicnls Cnpsiilc mnllipaniciiliuc

A . Sub Coal: 4.00 m g 1.943
Panloprazoic Sodium Pcllcls 100.00 mg 48.573
(40 m g panloprazoic per 100 m g pcllcls)
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5

- c o n l i n u c d

Ingredients
AmounV
Capsule

%  w/w. hnscd 
un lolal 
wcighl 

mulliparticulalc

Hydroxypropylmelliyl ccllulosc •t.un mg 1 941
2910, USP, 6 cps
Purified water, USP/BP/EP 9.33 mg*

Tolal 104.00 ing 50.516

•removed during proccssing

Ihc cnlcric coal ¡s applied over the initial seal coat, il" 
present, or directly lo the uncoated spheroid core. Suitably, 
Ihc entcric coat is applied such that il coals Ihe corc in an 
amount ol" about 15 lo 45% w/w, or aboul 20% w/w to about 
30% w/w, or about 25% w/w lo 30% w/w ofthe multiparticu­
late. In onc embodiment, Ihe cnlcric coal is about 27.5 to 
32.5% w/w of Ihc multiparticulate. Suitably, Ihc cnlcric coal 
conlains u produci which is a copolymer o f methaerylie acid 
and methacrylates, such as the commcrcially available 
Eudragit I. 300-55. In one embodiment, ihe enteric coal is 
composed of a Eudragit L30D-55 copolymer, tale, triethyl 
citrate, sodium hydroxide and water. More particularly, Ihe 
enteric coating may contain about 30% w/w of multiparticu­
late (applied as a 30 wl % dispersión) of Eudragit I. 30D-55 
coating; aboul 15% w/w tale, about 3% triethyl citrate; a pll 
adjuster such as sodium hydroxide and water. Other suitable 
materials may be selccted for use in the cnlcric coat including, 
e.g., hydroxypropyl melhylcellulose phthalatc, ccllulosc 
acótate phthalatc and the likc.

In one embodiment, a mulliparliculale o f Ihe invention is 
provided with a subcoal over the core and an cnlcric coal as 
follows:

%  w/w, based on

Ingrcdicnls /Xmoiini; capsule
lo la l wcighl 

multiparticulate

Corc +  Subcoal 100.20 mg 48.67
Eudmgil L30D-55 208.00  mg 30.309

62.40 (soláis)
Tale, USP, A ltó le 500V 31-20 mg 15.155
Sodium Hydroxide, N l:  1 N 9.30 mg 0.175
solution 0.36 (solids)
Triethyl Citralc, PG/XP 6.24 mg 3.031
Purifica W.ucr, l.'SP/BP'l-P 183.38 mg*

Tolal 204.20 mg 99.186

’ removed during proccssing

In onc embodiment, the entcric-coiited multiparticulate is 
further coated with a final seal coat. Suitably, this linal seal 
coat is compriscs hydroxypropyl methylccllulose, and about
0.1% w/w to 10% w/w o f the coated multiparticulate, 0.1% 
w/w to about 5% w/w, or about 0.2% w/w to about 4% w/w.

In one embodiment, a final seal coat o f hydroxypropyl 
methylccllulose in an amount o f 0.5 to 1% vv/w ofthe multi­
particulate in water (which is removed during proccssing) is 
applied over the entcric coat. Following this, a coating of tale 
can optionally be applied over the final seal coat, in an amount 
of about 0.05 w/w to about I % w/w, and preferably 0.1% w/w 
to 0.5% w/w.

In one embodiment. Ule resulting multiparticulate fonnu­
lation of the invention achieves a geometric mean AUC ratio 
oftest/refcrcnceof 89 to 94 with a 90% coníidence interval of

6
84 lo 100 Ibr the rallo or achieving a geometric mean Cmax 
ratio ol" test/rcfcrcncc ol" 62 lo 66 with a 90% coníidence 
interval o f 56 to 74 for the ratio or un in-vitro dissolution 
profile as shown below:

Media Time

%  Ií .-uk Reléase

Iniiial

6 Monlhs ISI 
25 CV 

60% R ll

6 Monlhs ÍT, 
40 CJ 

75% R ll Target

Acid 2 hrs 0.33 "4 5 0.6 N M T
(p ll 1.0) 10%
Followcd by 3 min — 0.91 0.85 —

Alkaline 6 min — 3.61 1.83 —

Bufler 9  min 52.25 16.45 —

(pH 6.8) 12 min — 89.65 75.15
15 min 101.58 97.15 91.92 —

30 min 105.29 100.67 98.96
45 min 105.29 100.57 99.14 NLT

7S«/„
60 iiiin 105.06 100.52 99.07

In anothcr embodiment. the resulting multiparticulate for­
mulation ofthe invention achieves a mean AUC of 5451 to 
5(529 ng.h/ml and mean Cmax of 1865 to 1929 ng/ml or an 
in-vitro dissolution profile as shown below:

%  Dnie Rt-lensc*

Acid ________ D uflcr (min)

Batch 2 hts 15 30 45

Initial 0.08 101.77 107.44 107.38
6  Monlhs 4i¡40 C./750-= R ll 0.73 95.44 101.12 101.21

12 Monlhs @25 C /60%  R ll 0.30 96.11 101.92 102.20

•Spccilicn lim s: Acid a! ? hrs- N M T  10.0%; B lif lc r jt l 45 min- NI.T 75%

llowevur, the invention is nol limited lo these exemphiry 
proliles.

Witliout wishing to be bound by theory, it is believed llial 
linal seal coal layer of hydroxypropyl methylcellulose pro­
vides a physical barricr for reduced contad between the 
mucoadhesive Eudragit layer and the upper GI tract, and 
thereby allows the reliable transit ofthe multiparticulates to 
tlie proper pH environment in the GI Iracl forefiective release 
and absorption ofthe drug. In addition, the final seal coal 
layer of hydroxypropyl methylcellulose imparts anti-sticking 
properties lo the multiparticulates and thus the multiparticu­
lates are not slicking lo the pouch material and/or nasogastric 
tube. The multiparticulates of Ihe invention are useful for 
administration via ihe nasogastric tube and via food vehicles, 
particularly acidic food vehicles.

II. Melhod of l’roducing Mulliparliculale Formulations of 
Invention

In anothcr aspecl, the invention provides a method o I" pro­
ducing the multiparticulate formulations ofthe invention.

Typically, llie uncoated pantoprazole compounds are pre­
pared are follows. The dry components, including, nt leasl the 
pantoprazole compound and the binder are dry blended in a 
suitable mixer under low shcar conditions. Suitable low shcar 
conditions can be rcadily achicvcd using, e.g., a Hobart mixer, 
at a range of about 25 rpm to 35 rpm, and most desirably, 32 
rpm. 1 lowever, one of skill in llie arl will be able lo achicve 
comparable low shcar conditions using different cquipment, 
with the rpm adjusted lo the appropriate low shcar settings for
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7
Ihc selccted cquipmcnt. Optionally, hydroxypropyl mcthyl- 
ccllulosc or crospovidone may be substituted or additionally 
ineluded in Ihis step. Additionally, a pll adjuster may be 
included in this step.

Subsequently, the liquid components, c.g., the surfactant 
and water, are mixed in to a fiord a granulatcd product by 
mixing under low shcar conditions. Suitable low shcar con­
ditions can be rcadily achicvcd using. c.g., a I lobart mixer, at 
a range of about 25 rpm to 35 rpm, and most desirably. 32 
rpm. Howcvcr, onc o f skill in the art will be able to achicve 
comparable low shcar conditions using different cquipment, 
with the rpm adjusted to the appropriate low shcar settings for 
the selccted cquipment. "llie granulation is then extruded and 
sphcronized through a suitable dcvice (c.g.. a NICA extnider/ 
sphcronizcr) and the resulting sphcroids are dricd, siftcd, and 
optionally blended prior to storage.

The inventors have found thal a significant advantage is 
provided to the stability ofthe compound when Ihe multipar- 
liculatcs of the invention are dricd at low lemperaturc. Desir­
ably, the spheroid cores ofthe pantoprazole multiparticulates 
of Ihc invention are dricd to a percent (%) loss-on-drying 
(LOD) of 3.4% lo 4.3%. As used hcrein, low temperature 
drying refers lo a temperature not excecding about 40° C. for 
a period of 10 lo 12 hours. When Ihe drying conditions cxcccd 
this temperature and time period. impurities are observed tlial 
contribule to instabiüty. In one embodimenl, drying of Ihe 
corc is perfonned in the range o f 35° C. to 40° ('., or aboul 37° 
C. to 39° C. for about 8 to 72 hours. In anothcr embodimenl, 
the corc is dryed at about 40° C. for 10 to 12 hours. Suitably, 
when coating layers are applied as dcscribed, the drying 
temperature for the various coating layers is also in this range.

Optionally, an initial seal coat ofa hydrophilic polymercan 
be applied lo the uncoated multiparticulates. I or examplc, an 
initial seal coat composed of hydroxypropyl melhylcellulose 
and purified water can beapplicd on a fluid bed coater, c.g., by 
spraying.

Tile cnlcric coat can be applied directly lo llie uncoated 
spheroid corc, i.e., the uncoated multiparticulate, or may be 
applied overan initial seal coal. The entcric coat as dcscribed 
above, is typically applied on a fluid bed wurster coater.

In one embodiment, a final seal coal is applied over Ihe 
cnlcric coal and, optionally, tale is utilized in the final step 
prior lo lilling the mullipaniculaics into a suitable packaging 
unit.

Ihe multiparticulalc of the invention may be in any suitable 
form including, c.g., granules, pcllcls, beads, minitabs, spher- 
ules, beadlets, microcapsules, millispheres, nanocapsules, 
microsphcres, platelets, tablets, and capsules, depending 
upon the desired route of delivery.

III. formulations, Kils and Mclhods o f Delivery
In anothcr embodimenl, Ihc present invention provides 

producís containing Ihe pantoprazole multiparticulates o f Ihc 
invention.

Suitably, the multiparticulate compositions o f Ihc inven­
tion are fonnulatcd such that a patient rcceivcs a suitable 
amount of the pantoprazole, e.g.. 5 mg lo 200 mg, about 10 
mg to aboul 100 mg, or aboul 40 mg (measured based upon 
free pantoprazole). Preferably, the formulations are such thal 
a suitable dose is delivered in a single dosage unit. These 
doses may be administered daily ibr a suitable period o f time, 
e.g., 4 weeks lo 8 wccks. bul can be delivered for a shorter 
period of lime, e.g., 3 days to 3 weeks, onc week lo 3 monlhs, 
or over a longer period, e.g., over <í monlhs, or longer. These

8
compositions can be delivered alone or in combination with 
an antacid or other suitable composition.

In onc embodimenl, the invention provides a method of 
treating humans by administering an cflective dose of the 
panloprazoic multiparticulates such that an arca under curve 
(AUC) at least bioequivalent to Protonix® 40 mg tablct and 
Cmax as Usted in Tablc V I are achicvcd.

In one embodimenl, the pantoprazole mullipaniculaics are 
packaged Ibr use by llie patient or bis caregiver. For examplc, 
the multiparticulates can be packaged in a foil or other suit­
able package and is suitable for mixing into a food product 
(e.g., applcsaucc and other acidic Ibod vehicles) or into a 
drink for consumption by the patient.

"Ihe pantoprazole multiparticulate formulations of the 
invention are useful Ibr treatment of gastroesophageal rcilux 
disease (GF.RD), ulccrs ofthe stomach and duodenum, and 
Zollinger-Ellison Syndromc.

In anothcr embodiment, the pantoprazole multiparticulates 
are suspended in a physiologically compatible suspending 
liquid.

In yel anothcr embodiment, the pantoprazole multiparticu­
lates are fillcd in capsules, cuplets or the likc for oral delivery.

In still a further embodiment, llie invention provides 
method of treating a subjccl in need tliereof by administering 
an cflective dosc o f the pantoprazole multiparticlcs of the 
invention.

Ihe following examples ¡Ilústrale specilic embodiments of 
the invention and are nol a limitation on the present invention.

HXAMPI.K I 

Pantoprazole Sodium Multiparticulalc Formulations

Using a NICA extruder/spheronizer, during initial formu­
lation development, several prototypes of uncoated multipar­
ticulates were manufactured to obtain a target immediate 
release profile similar lo or faster than the panloprazoic 
sodium uncoated tablet, currcntly available as Protonix (20 
mg and 40 mg) tablets. Levcls o f the disintegrant crospovi­
done from 5 lo 28.5% and Ihe binder hydroxypropyl mcthyl 
ccllulosc from 0.5 lo 1% were evaluated during preparation of 
uncoated multiparticulates over four batches.

A. Preparation of Uncoated Pantoprazole Sodium Multi­
particulates

More particularly, pantoprazole sodium sesquihydrate, 
microcrystalline ccllulosc. hydroxypropyl methylccllulose 
(hypromellose 2208). crospovidone and sodium carbonate 
are dry blended in a I lobart mixer. Ihcrcaflcr, polysorbate 80, 
NF (vegetable sourcc) and purified water, USP, are added lo 
the Hobart mixer. The resulting granulatcd produce is 
cxtnidcd and sphcronized in a NICA® extruder/spheronizer 
and the sphcroids are tray dricd at a temperature nol beyond 
40° C. and siftcd. followcd by transfer lo a PK blender. Ihe 
final sphcroids are stored in dmms.

One of llie batches (an approximatcly 200 gm batch) with 
15% disintegrant crospovidone and with 1% hydroxypropyl 
methylcellulose (I lypromellosc 2208)-was selccted as a pro­
totypc with similar release profile. "Ihc sieve cut of the 
uncoated sphcroids from this batch was between 500-1000 
microns.

5

10

15

20

25

30

35

40

45

5(1

55

60

65



9
13. Prototypc Lab Batch (Batch A)
Approximatcly 100 grams ol' thcsc uncoated sphcroids 

were coatcd in a 3" Wurster Fluid Bed coater with Eudmgil 
I.30D-55 and hypromellose to rcsult in Entcric coated multi­
particulates.

During coating Ibr Ihis batch, the levcl ol'hydroxypropyl 
mcthyl ccllulosc (HPMC) iniiial seal coal was 4% of the 
wcighl of Ihc uncoated multiparticulates. The % w/w of the 
dry polymer Eudragit I.30D-55 uscd was 22.16%. In the 
coating batch, tale was inlroduced as dry powdcr in Ihc coat­
ing chamber instead of being a part ofthe suspensión. This 
was due to the small nozzle size (0.5 mm) uscd for coating the 
100 g batch, which could polcntially be cloggcd. I he percent 
ol íale and triethyl citrate used for the lab batch was less as 
compared lo the clinical batches which were subsequently 
prepared. The multiparticulates were hand lilled into size «2 
HPMC capsules at a lili weight o f206 mg. 'llie capsules were 
tested in vitro in 0.1 N I ICI and pl I 6.8 phosphate buffer. 1 ,css 
than 1% was released in acid media in 2 hours and greater than 
80% was released in basic media in 45 minutes as desired,

Thcsc capsules were tested in dogs. The and AUC 
were compared against the current marketed Protonix 20 mg 
tablct (and valúes were extrapolated to llie 40 mg strength). II 
was sccn that thcsc multiparticulates released dmg at a much 
faster rate than Ihc current Protonix tablet in pl l 6.8 phosphate 
buffer as desired. The final seal coal compriscs hydroxypro­
pyl methylcellulose (hypromellose) and water. This batch 
was packaged as sphcroids in clear glass vials and placed on 
stability at accelerated conditions (30° C./65% relative 
humidity (RH) and 40° C./75% RH). Hie slabilily was moni­
tored ibr 3 monlhs, The poteney and dissolution results are 
presented inTable 1. The mulliparticulales were stable over 
Ihe three month period and a 40 mg equivalen! dose of mul­
ti partieulates fillcd into capsules at cach stability time point 
met all dissolution and stability criteria Dissolution was 
tested by filling the slored sphcroids into capsule shclls, and 
dissolving inO.l N HCI (target reléase al 2 hours: nol more 
than (NMT) 10%), followcd by dissolution in pll 6.8 phos­
phate buffer (target release al 45 min: not less than (NLT) 
75%. The acceptance criteria further required a strength of 90 
lo 110% of Ihc label claim.

____________________TABLE I____________________

■Si.-iliililv o f  miil<ii>,ntiatl:ui'>- iu ejear tlnss víais.

Dissolution - Percentaje 
_______ Released (■■nvj_______

Strength Seccncüry
Test (HIM.C) dissoluiion in
Unit Time %  l.abel 0.1 N HCI phosphate bufier

Iniiia l 100.0% 0.9% 91.6%
Ambicnt Room Tcmp 1 monlh 97.2% 0.8% 88.5%

7 monlh 108.5% 0.8% 94.1%
30° C J 6OV0 R ll 1 monlh 99.3% 0.5% 83.4%

2  monlh 98.3% XA NA
3 monlh 104.4% 0.7% 82.2%

40° C J 7 S %  R ll 1 month 95.4% 0.7% 86.1'
2 monlh 97.3% NA NA
3 monlh 102.7% 0.7% 89.4%

'One capsule -  78% released,

10
HXAMI’I.U 2

Coated l'imlopnizole Sodium Multipurticulule 
Fomiululions (Bulcli B)

Based upon Ihc lab balch A, a further scale-up batch of 
1400 g was manufactured using a 7" wurster Huid bed coater. 
During coating for this batch, the levcl of hydroxypropyl 
mcthyl ccllulosc iniiial seal coat was 2% of the weight o f the 
uncoated multiparticulates as compared lo 4% for the coated 
Batch A. I hc %  w/w of the dry polymer, liudragit I.30D-55 
used was 22.16% w/w. Also, the tale was addcd directly to the 
coating suspensión as a larger nozzle size (1 mm) was used.

Initial reléase of coated multiparticulates inO.l N acid was 
high (9.0%) and very cióse to the limit of 10%. This Batch (B) 
did not meet the stability and dissolution criteria when tested 
at accelerated conditions (30° C./60% relative humidity (RH) 
and 40" C/75% RH). Trial from this batch indicatcd that an 
initial seal coat o f greater than 2% o f uncoated multiparticu­
lates enhances stability ofthe multiparticulates. Additionally, 
more enteric polymer loading may be benelicial to control the 
release in acid media as the process is scaled up.

liXAMPLIi 3

Preparation o f Pantoprazole Multiparticulates 
Scale-Up Batch

A. Technical Batch
Using a NICA extruder/spheronizer, a 36 kg technical 

balch of uncoated multiparticulates was prepared and 20 kg of 
this batch were enteric coatcd in a Glatt GPCG-15 machine to 
rcsult in a 32 kg batch o f coated multiparticulates. "Ihc % w/w 
ofthe dry polymer, Eudragit 1,301 )-55 used was 22.16% w/w. 
This batch was lilled into size 112 HPMC capsules at a lili 
weight of 156 mg. "Ihe release in 0.1 N I ICI at 2 hours was 
greater than the desired 10%. Based on this, taking into 
account scale-up eífeets, minor adjustments were made to the 
formula and process for clinical batch.

B. Clinical Batch
Two 12 kg sub batches of a wet granulatcd mass were 

extruded and sphcronized on a NICA extruder/spheronizer 
resulting in wet multiparticulates, "Ihe multiparticulates were 
tray dricd at 40° C. for 10 to 12 hours to the desired % LOD
o 13.4% to 4.3%, The batch was sereened and only 16 kg of 
uncoated multiparticulates were used for coating to ensure 
uniformity and completcncss of coating in the GPCG-15 
machine. The sieved uncoated multiparticulates were coatcd 
with an initial hydroxypropyl mcthyccllulosc seal coat, fol­
lowcd by an Eudragit L30D-55 enteric coal, followcd by a 
hydroxypropyl mcthyccllulosc final coal to rcsult in 33 kg of 
coated multiparticulates. "filis batch was fillcd into size t‘2 
HPMC capsules at a fill weight of 206 mg.

I he release in 0.1 N HCI at 2 hours was less than the 10% 
limit and in pl I 6.8 phosphate bufler. it was greater than the 
80% limit at 45 minutes, I hc batch met in vitro release char- 
actcristics. "Ihe onc month stability date showed that the 
multiparticulates were stable al 40° C./75% RH for one 
month. Currcntly, this balch is stable up lo onc year at room 
temperature and upto 6 monlhs at 40 dcg.C/75% RH. Stability 
study at room temperature condition beyond onc year is ongo­
ing. "Ihc one year room temperature stability results of this 
batch are shown in the following Tablc 11.
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11 12
'llie spheroid lilled capsule liad a faster in vitro release 

(dissolution) as compared lo the Protonix 40 mg tablet in pll 
6.8 phospliate buffer.

TAB1.K II

Stability o í Pantoprazole Sodium Spheroid-fillcd Capsules, 40 mg

Test

Appcarancc and Sircngth

I>c.tcript¡on (HP1.C) Water (KH) Purily Dissoluiion

Specification

Dissolution Dissoluiion

«2 Opaque l.ugcst Single in 0.1 N U C I in  l'hosphate

wlútc capsules 90.0. Knowu or Total Known N M T  10% in BuIUt  NI.T

(cap and body) 110.0% Unknown and Unknown 2 hrs. 75% in 45 min.

containing l.abcl Claim Vor Impurity ^0 .5 Impurities Con fonns to Confonns lo

whitc to olí- ( l.C ) liilbn iia lio ji (RRT) S2.0 USP <724> L S I' <724,

white eolored Unit

sphcroids %  % % % % %

Initial ('oufonns 11X1.3 5.1 BRL B R I 0 105

in iiia l 0 107

(Splicroids

only)*

25* c y

60% RH

1 Montli No Changc 99.5 5.2 0.17 0.17 1 103

(1.39)

2 Monlh No Changc 101.4 4.6 0.15 0.23 0 101

(1.38)*

3 Month No Changc 101.2 4.5 0.17 0.17 0 ioo

(1.39)

6 Monlh No Changc 101.3 4.5 0.18 0.24 0 100

(U S ) '-

6 Monlh 0 112

(Sphcroids

only)'1

9 Monlhs No Chango 99.2 5.1 0.21 0.33 0 l i l i

( l . 'W

9 Monlhs 0 108

(Sphcroids

only)"

12 Monlhs No Chongo 99.1 5.1 0.08 0.23 0 102

(0.14)

12 Monlhs 0 104

(Sphcroids

only)-

B R L -  Bolow RcponinR L im il (0.05%). N M T -  Nol more Ihan. NLT -  Nol less t lm .  RRT -  Relative retemion Ilute.

" In iiia l and rcv.ilid.iUott dissolution results ate provided for Panloprazoic Sodium Sphcroids. -10 mgCOó mg, which is Ihc ingoing 
balch o f  sphcroids uscd fo r manufacture o f  l’anlopr.izolc Sodium Spheroid- fillcd  Capsules. -10 mg.

‘ Correspondí lo the im purity a l RRT -  1.39.
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liXAMPLIi 4 

livulualiun ol" Balch u Honnululiuu in Bcaglc Dugs

"ITie in-vitro reléase data ofthe sodium pantoprazole multi s 
particulate fonnulation shows a faster release than the current 
marketed tablct. "lilis provides earlier absorption and thereby 
a faster onset ofaction. The dog data clearly shows earlier 
drug levcls ofsodium pantoprazole from multiparticulates as 
compared to the single monolithic tablets. F.arlier onset of 10 
aclion provides faster relief from gastric pain and other gas­
trointestinal (ü l) disorders.

Pantoprazole sodium formulations have been evaluated in 
Bcaglc Dogs (n 5). The mean (SD) pliarmacokinctic param­
eters and relativo bioavailability of pantoprazole is illustratcd 15 
in the Tablc 111 below.

As illustratcd, the non-optimized lab batch ofsodium pan­
toprazole multiparticulate formulation dosed in dogs shows 
smallcr lag time than the current marketed tablet. In the fol­
lowing tablc, AUC refers to the arca under a curve plotting 
mean concentralion against protocol time. refers lo the 
máximum observed concentralion valué in the blood sample 
afteradministration. T„lu, refers to the time point when C max 
occurs. T,,,,, refers lo the lime following administration before 
elfective amounts of the drug are observed in Ihe circulation; 
1,,2 , (hr) provides the half-life for drug climination. Relative 
bioavailabilily compares Ihe absorption ofa product from the 
gul in comparison with a dose given intravenously (assnmed 
100% ).

TABLB 111

The mean (SD) phamutcokinetic panuiidcis niut relative bioavailabilily 
o f  panloprazoic

20 mg 40 mg Mulliparticulalc
M arkcl Tablct Capsule

R itch A Balch A w iih  cnlcric cn.u .
Panuncler Pantoprazole Na" Pantoprazole Nn

AUC (pg 'hr/m L) 16.J (2.46) 17.3 (2.33)
Cmax (|cg'nil.) U .7  (3.55) 7.10(1.76)
fn iax  (lir) 1.70(0.84) 1.20(0.27)
llag (hr) 1.10(0.91) 0.25(0.18)
M  (hr) 0.62(0.17) 0.77 (0.21)
Relativo — AUC: 106%''
Bioavailability Cmax: 61%''

"AU C  imd Cmax arv normaliza! to a 40 m# dose 
‘'Relativo to M aikcl Product Tablct

14
The dog dala of ihc sodium pantoprazole multi particulalc 

formulation gives a similar AUC as llie current marketed 
tablct. Without wishing lo be bound by theory. it is believed 
that Ihe faster release and similar AUC of the multi particu- 
latcs is achicvcd by lowcring llie levcl of the disintegrating 
agent crospovidone (as compared lo Ihc levcl in the tablet) 
and incorporating the functional excipient polysorbate 80 in 
the core ofthe sphcroids.

EXAMPLC 5

Pantoprazole Sodium Sesquihydrate Excipient 
formulations

i his sludy was perfonned lo determine the compatibility 
o f pantoprazole sodium sesquihydrate with hypromellose 

2(, 2208, sodium lauryl sulfate (SI.S), crospovidone, and 
polysorbatc-80.

A. Study Dcsign
The sludy eonsisls of lwo sets o f samples. The lirsl sel 

25 contained drug and excipient. The second sel contained drug, 
excipient and approximatcly 2 |il water. The reason for the 
water along with the dmg and the excipient is lo sce whether 
additional water present causes any incompatibility.

30 The excipicnts were mixed with the dmg in the ratio indi- 
caled in the following tablc. The excipicnts and the dmg were 
weighed into a glass vial, llien the vials were vortexed for 15 
seconds. Similarly, a second sel o f samples was prepared. 

35 Approximatcly 2 jtl (Ihc smallest amount o f water that can he 
addcd with the pipeltc in Ihc lab) was added lo these vials. 
Then the vials were vortexed for 5 seconds. Finally, Ihc lirsl 
and second sel of vials were cappcd and placed in slabilily 

40 chambers. The conditions tested were 40"/75% RH and 51" 
C. for 3 weeks.

1$. Results
ITie rcsulls of this drug-excipient compatibility study are 

45 presented as % recovery in the Tablc IV below. The selection 
criteria for the compatibility or in-compatibility are based on 
Ihc % recovery between 90-110%.

TABLE IV

P n iK :  l ix c ip lc n t  C o m p a l ib i l i ly  K c s u its

%  Recovery

Ralio o í Dnic .  Excipient Dnm + Uxcipicni + Water

lixcipient
Dmg:

Excipient
40"C ./75% R1! 

3 wccks
51" C, 

3 wccks
40° C,'75% R li 

3 weeks
51°C . 

3 wccks

Conlrol (Dm g alone) — 94.67 100.53 94.60 96.64
Hypromellose 2208, 
US!', .1 cps

10:1 99.209 93.248 93.811 97.421

Sodium l,aur>'l Sulfalc 
(SI.S)

5:3 99.947 98.763 95.466 95.088

Crospovidone, NF 10:1 100.080 98.908 97.201 105.716
I'olysorbíilc-Bft, X I 
HP/F.P (vegelahlc 
sourcc)

10:1 98.301 90.961 99.9(18 81.405
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From the results shown in the table, the following conclu- 

sions can be drawn, I lypromellose 2208, SI ,S, crospovidone 
and polysorbale-80 are compatible with pantoprazole sodium 
sesquihydrate at 40° C/75% RH for 3 weeks. I lypromellosc 
2208, SI.S and crospovidone are compatible with pantopra­
zole sodium sesquihydrate at 40° C./75% Rl I and 5 10 C. with 
and without additional water for 3 weeks.

In this study degradation compounds were not studied. 
Howcvcr, the pcdiatric clinical formulation, ¡pantoprazole 
sodium sesquihydrate 45.24% w/w; microcrystalline ccllu­
losc 27.25% w/w; polysorbate 80 5% w/w; crospovidone 
15% w/w; hypromellose 2208 1% w/w; sodium carbonate 
6.5% w/w; purified water q.s. J, was studied under accelerated 
conditions of40" C/75% RH and is stable up to 6 months, 
providing a 2 year room temperature shelf life.

llie components ofthe pcdiatric formulation are provided 
in the following Table V.

Fonnulation:

InRn-dicnts

Mullipaniculaics

AmounVCapsulc %  w/w

Cora:

Pantoprazole Sodium 45,11 21.911
Sesquihydrate
Microcryslallinc Ccllulosc, NF/EP 27,39 13.304
(Aviccl PH 101)
Polysorbate 80, NV 5.00 2.429
Vegetable sourcc
Crospovidone, KF 15,00 7.286
(Polyplasdone X I.)
HPMC USP/liP (Mclhoccl) K3 1,00 U.486
Sodium Carbonate, NF 6.50 3.157
Purified Water, USP/BP/EP q.s. lo malee

wcl mass*

Tolal 100.00  mg 48.573
Enteric Coal: 100.20  mg 48.67
Eudragit L30D-55 208.00  mg 30.309

62.40 (solids)
Tale, USP, Alíale 500V 31.20 mg 15.155
Sodium Hydroxide, NF 9.30 mg 0.175
1 N  solution 0,36 (solids)
Triethyl Citrate, PO/NF 6,24 mg 3.031
Purified Water, USP/BP/EP 183.38 mg* "removed

during
Processing

Totnl 204,20 mg 99.186
Final Seal Coat: 1,54 mg 0.748
1 lydroxypropyl Melhylccllulosc. 1.54 mg 0.748
USP 2910, 6 cps
Purified water, USP/BP/EP 18.99 mg* •removed

during
proccssmR

Total 205.74 mg 99.934
Tale, USP, Altale 500V 0.14 mg 0.068

Total 205.88 mg 100.002

EXAMPI.F. 6

Evaluation of Pantoprazole Sodium Formulation in 
Human Adult Subjccts

In this study, 40 mg pantoprazole sodium, formulated as 
dcscribed, clinical pcdiatric formulation, was administered to 
hcalthy human adults (n^24) by sprinkling in applcsaucc, in 
tablet form, or as an aqucous suspensión prepared using an 
inactivo powdcr blend and water (8 in cach group).

16
In the following Table VI, column I provides the pharma- 

cokinctic (PK) parameters, AUC (arca under the concontra- 
tion curve), AUC,. is the arca under the concentralion time 
curve, and C„„„, máximum concentralion, The second col­
umn provides the test/reference geometric mean (GM) ratio. 
The third column provides the coníidence interval for the GM 
ratio. |Thc PDA considere a test product lo be bioequivalent to 
a refercnce product if the 90% coníidence interval (Cl) ofthe 
geometric mean ratio o f AUC and Cma( between the test and 
refercnce fall within 80-125%). -The coníidence interval is 
calculated using WinNonlin software.

TAUI.E VI

Human l ’K  sludy Rcsulls 

Tesl/Refcrencc
l’K  paramctcr G M  ralio 90%  C l Ib r ralio*

A. Sphcroids sprinklcd ir. applcsaucc:

AUC 90 84-96
AU C r 89 84-95
Cir-ix 62 56-70

D. Sphcroids in  suspensión:

AUC 94 88-ICO
A U C , 94 88-100
Cmax 66 60-74

The lag lime in Ihe absorption of Ihc tablet was higher 
compared to Ihc sprinkle and suspensión formulations. The 
entire drug in Ihc tablct is released over a small time interval 
and therefore a higher C„leT is obtained. With the spheroid 
formulations, drug from cach spheroid is released over a 
longer time interval and therefore the C„,„, is lowcr than the 
tablet. 1 lowever, Ihe period of time following administration 
that pantoprazole remained in the circulation is similar for the 
3 formulations.

All documents idenlilied hcrein are incorporated by refer- 
cncc. One of skill in the art will rccognizc that minor modi- 
fications to the conditions and tcchniqucs dcscribed in the 
spccific embodiments dcscribed hcrein can be varied without 
departing from the present invention. Such minor modifica- 
tion and variants are within the scopc of the invention as 
delined by the following claims.

The invention claimed is:
1. A method of treating ulcere ofthe stomach and duode­

num, gastroesophageal rcilux disease (GliRD), or Zollingcr- 
lillison Syndromc in a mammalian subject, comprising the 
step o f administering to the subject a plurality o f pantoprazole 
multiparticulates, cach of which comprise:

a core consisting o f about 45% wAv pantoprazole sodium 
sesquihydrate and one or more excipicnts comprising 
about 25% lo 30% w/w microcrystalline ccllulosc, aboul 
4% to 6% w/w polysorbate 80, about 14% to 16% w/w 
crospovidone, about 0.5 to 2% w/w hydroxypropyl 
methylcellulose, aboul 5% to 8% w/w sodium carbon­
ate, and about I lo about 2% water;

an initial seal coal comprising hydroxypropylmcthyl ccl­
lulosc on Ihe spheroid corc; and an enteric coat on Ihe 
initial coatcd spheroid corc,

wherein the multiparticulates have an average size in the 
range from about 0.7 mm to about 1.25 mm.

2. The melhod according to claim 1. wherein the mamma­
lian subjccl is a human.

3. The method according to claim I , wherein said plurality 
of multiparticulates compriscs a pantoprazole compound
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prcscnt in an amount o f about 40 mg of pantoprazole per 100 
mg uncoated multiparticulates.

4. The method according lo claim 1, wherein the multipar­
ticulates have an average diameter of about 1 mm.

5. The method according to claim I, wherein said enteric 
coat compriscs a copolymer of methaerylie acid and meth­
acrylates

6. The method according to claim 5. wherein the enteric 
coat compriscs about 48% w/w of the coated multiparticu­
lates.

7. The method according to claim I, further comprising a 
final seal coat on the enteric coat.

8. The method according lo claim 7, wherein the final seal 
coat compriscs about 0.1 lo 10 wt% ofthe multiparticulates.

9. ITie method according to claim 7, wherein the final seal 
coat compriscs hydroxypropyl mcthyl ccllulosc (hypromel­
lose).

10. I hc method according to claim 1 wherein said initial 
seal coal is in the range of aboul 2 to 4% w/w ofthe wcighl of 
the uncoated corc.

11. "Ihe method according to claim 1, wherein the initial 
seal coat compriscs hypromellose.

12. The method according to claim I . wherein Ihe spheroid 
tore eonsisls csscntially of:

10

20

18
comprising hydroxypropylmethyl ccllulosc and wherein Ihe 
mullipaniculaics have an average diameter of about 1 mm.

14. The method according lo claim 1, wherein Ihe enteric 
coal compriscs aboul 48% w/w of the multiparticulates.

15. The method according lo claim 1. wherein the entcric 
coating compriscs about 30% w/w of Ihc copolymerofmeth­
acrylic acid and methacrylalc. aboul 15% w/w tale, aboul 3% 
triethyl citrate and a pll adjuster; said amounts being by 
wcighl ofthe multiparticulates.

16. The melhod according to claim 1, wherein the multi­
particulates are administered in a Ibod.

17. The method according to claim 16 wherein the Ibod is 
applcsaucc.

18. The melhod according to claim 1, wherein the multi­
particulates are administered in a physiologically compatible 
liquid.

19. The method according lo claim 1. wherein the multi­
particulates are contained in a foil wmpper prior to adminis­
tralion.

20. The method according lo claim 1. wherein the multi­
particulates are administered in a capsule.

21. The method according lo claim 1, wherein the spheroid 
core eonsisls csscntially o f

25

panloprazoic sodium sesquihydrate 45% w/w panloprazoic sodium scsquihydralc about 45% w/w
microcrystalline ccllulosc 27% w/w microcrystalline cullulusc aboul 27% w/w
polysorbate 80 5% w/w polysorbate 80 aboul 5% w/w
crospovidone 15% w/w 30 crospovidone about 15% w/w
hydroxypropylmcthylccllulosc 1%  w/w, and hydroxypropylmcthylccllulosc about 1%  w/w,
sodium carbonate 7% w/w. sodium carbonate 

water
about 6.5% w/w, and

13. The melhod according lo cluim 1. wherein the enteric 
coating compriscs a copolymer of merliaczyüc acid and 35 
methyacrylates and further comprising an outer seal coat
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PANTOPRAZOLE MULTIPARTICULATE  

FORMULATIONS

CROSS-REFERENCE TO REI .ATEO 
APPLICATION

This is a conlinualion oi'U.S. palenl applicalion Ser. No. 
10/955,567, liled Sep. 30, 2004, which claims Ihe bcnclit 
under 35 USC 119(e) of prior U.S. Provisional l’atent Appli­
calion No. 60/507,810, filed Ocl. 1. 2003.

BACKGROUND OF T I 1E INVENTION

Pantoprazole, 5-(difluoromcthoxy)-2-|(3,4-dimcthoxy-2- 
pyr¡dyl)methylsulphinyl]-lH-bcnzimidazoIe, isa H+/K+-ad- 
enosine Iriphosphale (ATI’) inhibilor (also known as acid 
pump or protón pump inhibilor (PPI), is an cnzymc present in 
the gastric parietal cclls. It is believed that these drugs are 
metabolized in Ihe parietal cclls lo active sulfcnamide 
metabolites that inactivate the sulíhydryl group ofthe proion 
pump, thus reducing the hydrogen ion secrction. PPls are 
generally lipophilic weak bases with poor aqucous solubility 
at low pl-L Many PPls are unstable in low pll solulions and 
undergo rapid acid-catalyzcd degradation, and thcy are rcla- 
tively stable at neutral or high pH.

The current commerciai oral Formulations ofsodium pan­
toprazole are single unit coatcd tablets. Sec, e.g., U.S. Pal. 
No. 5,997,903, which describes oral fonns of pantoprazole 
that consist ofa core, an intermediate layer and an outer layer. 
The current coating has a tendeney lo cause undesirable slick­
ing of the tablet lo the gastrointestinal Iracl.

Multiparticulate formulations, because of their nature of 
dispersing in the gastrointestinal tracl, show a reduced ibod 
cffecl and variability in gastric emptying times, thereby pro­
viding Ibr reduced ínter and intra subjccl variability, as com­
para! to single unit tablets (Intl. Journal ofPharmaccutics 140 
[1996| 229-235).

Several unsuccessful attempts have been made in the past 
lo develop a multiparticulate formulation o f pantoprazole. 
Howcvcr, these attempts yielded multiparticulates that were 
not bioequivalent to tablets, only 70% relative bioavailabilily 
was found. Anothcr attempt using dilTcrcnl tcchnologics- 
non-pareil seed coating and extrusion/spheronization, 
resultcd in a product that did not provide the appropriate 
release in acid conditions. In addition. these attempts yielded 
product that was unstable, as observed by discoloralion, when 
stored al room temperature.

SUMMARY OF TI IE INVENTION

The invention provides a stable multiparticulalc pantopra­
zole formulation that provides reduced inter and intra subject 
variability.

In one embodiment, the pantoprazole multiparticulates of 
the invention is composed of a spheroid core comprising 
pantoprazole or an enantiomer tliereof, or a salt or hydrate 
thcreof, at leasl one surfactant, al least une disintegrant, and 
about I % to about 2% w/w water; an entcric coat on the core, 
said enteric coat comprising a copolymer of methaerylie acid 
and methacrylates in the range of about 15 to aboul 45 % w/w 
ofthe spheroid core; wherein said multiparticulates have an 
average size of aboul 1 mm in diameter.

Advantageously, the multiparticulate formulations ofthe 
invention are stable under room temperature storage condi­
tions for at leasl twelve monlhs. Based on the trend analysis 
using the twelve month room temperatura data and 6 month 
4O" C./75% relative humidity (RH) data available to date, the

2
multiparticulates ofthe invention shouid have a shelf life of 
over 2 years. Typically, a multiparticulate formulation of the 
invention is considcred stable ifit retains 90% to 110% ofits 
poteney during shelf life storage.

This pantoprazole multiparticulate formulation o f the 
invention is less prone to adherence to the intestinal walls, 
nasogastric and gastromy tubos, and pouch material thereby 
giving predictable delivery of the drug product to the site of 
drug release. It also provides for an early onset ofaction for 
relief of gastrointestinal pain and has a prolonged duration of 
action. This formulation allows dosing to pcdiatric patients 
and patients who have dilliculty swallowing solid foods. 'lilis 
Ibrmulation also allows for dmg delivery via nasogastric and 
gastrostomy tubes.

DHTAILlil) DliSCRIl’TION O l'T H li INVIiNTION

The present invention provides a multiparticulate formu­
lation of pantoprazole havingaunique combination of excipi­
cnts and a surfactant (e.g.. polysorbate 80) that are compatible 
with pantoprazole sodium in the presencc ofan alkaline pll 
environment. Further, the invention provides a process that 
utilizes low shcar during granulation and low temperature 
during drying for preparation of the multiparticulate. This 
process contributes to the stability ofthe corc of the multi­
particulates of the invention.

In onc aspcct, the invention provides multiparticulate for­
mulations of pantoprazole having reduced release under gas- 
trie conditions and fast release at neutral pl l, i.e., in the lower 
gastrointestinal tract.

The multi particulate formulation ofsodium pantoprazole 
ofthe invention provides an enhanced systcm for the delivery 
of pantoprazole to patients. The current marketed fommlation 
is a single monolithic tablet. The present fonnulation of mul­
tiparticulate sphcroids, which is adaptable for use in a capsule 
ora foil packet, can be prepared by extrusion/spheronization 
plus coating tcclmology.

The composition o f the multiparticulate of the invention, 
and the enteric coat, e.g.. liudragit, allows for reduced release 
at low pll (-1 ) and fast release at a neutral pll (-7). "lilis 
provides faster blood levcls of the drug, in patients, and 
thereby a faster onset ofaction. The smallcr T,„x valué of 
multiparticulate fonnulation as compared to that ofa single 
monolithic tablet based on the results from dog data indicates 
faster onset ofaction of multiparticulate formulation.

llie use ofa multi particulate formulation facilitates dosing 
to pcdiatric patients and patients who have troublc swallow­
ing, by dispersing the sphcroids in a suspending liquid or 
sprinkling/dispersing in a low pl 1 liquid likc applcsaucc, prior 
to administration. The suspending liquid could be made prior 
to administration by mixing a blend of powdcr material with 
water. The smallcr size of the multi partieulates, in a capsule 
or pouch or any other container, also allows dosing through 
nasogastric or gastrostomy tube.

This formulation allows for a faster relief of Ul pain, and 
prolonged duration ofaction (extended release), as compared 
to the current marketed tablet.

I. Multiparticulates ofthe Invention
Suitably, the multiparticulates are in the range o f about 0.1 

to 2 mm. or 0.5 mm to 1.5 mm. or 0.7 mm to 1.25 mm, or 0.8 
mm to 1 mm. In one embodiment, the multiparticulates in a 
composition of the invention average about 1 mm in diameter. 
Typically, the multiparticulates of the invention are no greater 
than about I mm in size i ti order to faeililate passage through 
nasogastric tubes
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3
The multiparticulatcs of thc invention aro composcd, at a 

mínimum, of a spheroid core with an cntcric coa! over Ihe 
core. In belwecn ihe core and cntcric coal an initial sea! coai 
may be applicd, e.g., comprising a coating of hydroxy Ipropyl 
melhylccllulosc (hypromeHosc). Also, over thc cntcric coat a 
lina! seal coat may be applied, e.g., a coating ofhydroxylpro- 
pyl mctliyl cellulose (hypromeHosc). The spheroid core is 
composcd of, at a mínimum, a patuoprazole or a salí thereof, 
and a surfactant.

As used hcrcín unlcss Ihe conlcxt requires otherwise, Ihe 
temí ‘pantoprazolc' refers lo 5-(difluoromethoxy)-2-[(3.4- 
dimelhoxy-2-pyridyl)methylsulphinyl]-lIl-benz.imidazole 
and cnantiomcrs thereof and thc term 'pantoprazolc com- 
pound' íncludes pantoprazolc and cnantiomcrs and salís and 
hydrates thereof. llie active compound. pantoprazolc is 
dcscribcd in Ruropcan l’atent Ififi 287, which describes thc 
prcparatjon tlicrcof, and is avaílablc commercially under thc 
brand ñame PROfONlXÍO. Examplcs of phamiaccutically 
acccptuble salís of pantoprazolc inelude, e.g., sodium, nrng- 
nesium, and calcium, among olhers; still olhers are dcscribcd 
in thc Ruropcan Patent Ififi 2K6, which is incorporalcd by 
relcrence hcrcín. TTic sclection of a suitablc salí is not a 
limitation of thc invention. In one embodiment, thc salí is 
sodium. Typically, thc pantoprazolc compound is presen! in 
tile range of from aboul 5 lo 50% w/w, more prefcrably about 
20 lo 45% w/w, of Ihe total multiparticulatc.

Suitablc surfactants are known lo those o f skill in Ihe art.
1 lowcver, particularly desirabie are sodium lauryl sulfate, 
polysorbatcs, including, e.g., polysorbatc 80, and mixtures of 
Ihese components. Typically, Ihe surfactant ís presen! in Ihe 
core in un amoiwl o f about 2 lo aboul 7% w/w, and dcsirably, 
about 5% w/w of thc core. In another embodiment, thc sur­
factant is presen! in a ralío o f aboul 5:3 dmg: surfaclanl (e.g., 
pantoprazolc sodium scsquihydratc lo sodium lauryl sulfalc) 
lo aboul 10:1 dmg: surfactant (e.g., pantoprazolc sodium 
scsquihydratc lo polysorbatc 80). Advantageously, Ihe sur­
factants in thc multiparticulatc formulation have been found 
lo enhance thc wetlabílíly and, thus, thc speed and exlent of 
reléase and absorplion of thc sodium pantoprazolc, from thc 
mullí particulate formulation ofthe invention.

The spheroid core can further conlain a disíntegrant, a pH 
adjuster and, optionally a bínder or another cxcipicnt such as 
hydroxypropyl mclhylcellulosc (e.g., hypromeHosc 2208). 
Suitably, thc total amount of disintcgrant(s) present in thc 
core is an amount of aboul 15% w/w to about 80% w/w, or 
about 20% w/w lo about 70% w/w, or aboul 25% w/w to about 
45% w/w, or about 30% w/w lo about 42% w/w. In one 
embodiment, thc total amount of dmg to binder is rcprcsenlcd 
by a ratio of from about 50:1 to aboul 40:1 by weighl dmg: 
binder. The total amount of a pl-1 adjuster in thc formulation 
can range from about 0,1% w/w lo aboul 10% w/w ofthe 
multiparticulatc, or aboul 1% w/w lo aboul 8% w/w, or aboul 
3% w/w lo aboul 7% w/w. I lowcver, these pcrcentages can be 
adjuslcd as needed or dcsired by one o f skill in Ihe art.

Ihe disíntegrant may be selected from among other known 
disíntegrants, including, e.g., cellulose, and crospovidonc, 
among olhers. In one embodiment, thedisintegranl is selected 
from among microcrystalline cellulose and crospovidonc, 
and mixtures thereof. The binder may be selected from 
among known binders, including e.g., cellulose, and poví- 
done, among olhers. In one embodiment, Ihe binder is

4
hydroxylpropyl methyl cellulose (hypromeHosc). Suitablc 
pH adjusters inelude, e.g., sodium carbonate, sodium bicar­
bonato, potassium carbonate, lithium carbonato, among olh­
ers. Still other suitablc components will be rcadily apparent to 
onc of skill in thc art.

In onc embodiment, thc spheroid core conlains, w/w based 
on Ihe dry uncoated core, aboul 45% pantoprazolc sodium 
scsquihydratc (about 40% freo pantoprazolc) , aboul 25 lo 
30%, and prefcrably aboul 27% microcrystalline cellulose, 
about 4 lo 6%, and prefcrably aboul 5% polysorbatc 80, about 
14to 16%, and prefcrably about 15% crospovidonc, about 0.5 
lo 2%, and prcferably about 1% hypromeHosc 2208, about 5 
lo 8%. and prefcrably about 6.5% sodium carbonate. In onc 
embodiment, thc spheroid core conlains:

pantoprazolc sodium scsquihydratc 45.24% w/w
microcryslallinc ccllulosc 2 1 .2 5 %  w/w
polysorbatc 80 5% w/w
crospovidonc 15% w/w
hypromcllosc 2208  1%  w/w
sodium carbonate 6.5% w/w

In another embodiment, thc spheroid core contains:

%  w/w, hascri on

Ingrcdkms
Amounv'
Capsule

lu litl wciglit 
multiparticulatc

Pantoprazolc Sodium Scsquihydratc 45.11 21.911
M ic iocos la llinc Ccllulosc. NlViiP 27.39 13.304
(Aviccl P II 101)
Polysorhafc R'), Ni" 5.00 2.429
Vegetable sourcc
Ctospovidcnc, NF 15.00 7.2*6
(Polyp lis to ne  X I.)
IÍP M C  USP.'EV (Mclhoccl) K3 1.00 0.486
Sodium Carbonate. NI* 6.50 3.157
Pllrificd Water. DSP/IIP/ÜP <|.s. to mnkc wcr

mass*

Total 100.00 mg 48,573

Although moislurc is removed from ihe core during thc 
drxúng process which is dcscribcd below, thc core prefcrably 
rctains aboul 1 % lo aboul 2% w/w water. Without wishing lo 
be bound by thcory, thc inventors believe that Ibis water 
contení contribuios thc stability of this multiparticulatc as 
compared lo Ihe failed prior art altempts al forniing a multi­
particulatc pantoprazolc.

Optionally, an inilial seal coal (or subcoal) can be applicd 
directly to thc core prior to coating with thc cntcric coat. 
Although thc components o f this seal coat can be modified by 
one o f skill in Ihe art, a particularly suitablc inilial seal coat is 
composcd of hydroxypropyl mcthylccllulose (hypromcllosc) 
and water. I'or cxamplc, a suitablc inilial seal coat can be 
applicd asa 7.5% w/w hypromcllosc soiution. Typically, such 
a seal coal is in Ihe range o f aboul 2% w/w to about 4% w/w 
ofthe uncoated core or aboul 1 % w/w to about 2% w/w ofthe 
coated muliiparliculale.

In onc embodiment, a multiparticulatc with ;i subcoal con­
tains:
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-coalimicd

Ingrediente
Amount/
Capsule

%  w/w, hnsed 
on lolnl 
weighl 

muliiparticulatc

A. Snh Com: 4.00 mg 1.943
Pantoprazolc So>lium Pcllcls
(•SO mg pantoprazolc per 100 mg pcllcls)

100.00 mg 48.573

Ilydroxypropylmcthyl ccllulosc 
2910, USP, 6cps 
Purificd water, USP/BP/EP 
•removed during processing

4.00 mg 

9.33 mg*

1 943

Total 104.00 mg 50.516

llic cntcric coat is applicd over Ihe initial seal coal, if 
present, or dircclly to tlie uncoated spheroid core. Suitably, 
Ihe cntcric coal is applied such that il coals thc core in un 
amount o f about 15 to 45% w/w, or about 20% w/w lo about 
30% w/w, or about 25% w/w lo 30% w/w o f thc mulliparticu- 
lalc. In onc embodiment, thc cntcric coat is aboul 27.5 to 
32.5% w/w o f thc multiparticulatc. Suitably, Ihe cntcric coat 
contains a product which is a copolymer of methacrylic acid 
and methaerylates, such as thc commercially availablc 
Hudragil L 30D-55. In onc embodiment, Ihe cntcric coal is 
composcd of a Hudragil L30D-55 copolymer, tale, tricthyl 
citrate, sodium hydroxidc and water. More particularly, thc 
cntcric coating may conlain aboul 30% w/w of multiparticu- 
late ( applied as a 30 wt % dispersión) o f Hudragil L 30D-55 
coating; aboul 15% w/w tale, aboul 3% iriethyl citrate: a pl I

2 i

Ingraliunis Ammint/capsulc

%  w /w. based on 
lo lnl weighl 

multiparticuiale

soiution 0.36 (solids)
in c lh y l Cilralc, P O W 6.24 mg .3.031
Purificd Walcr, USIVÜP/I-P 1S3.3S mg*
•removed during processing 

Tola] 204.20 mg 99.186

In onc embodiment, ihe enleric-coaled multiparticulatc is 
ñirther coated with a final seal coal. Suitably, this final seal

15 coat is compriscs hydroxypropyl mcthylccllulose, and about
0.1 % w/w lo 10% w/w of tlie coated multiparticulatc. 0.1 % 
w/w lo about 5% w/w, or about 0.2% w/w lo about 4% w/w.

In onc embodiment, a final seal coal of hydroxypropyl 
mcthylccllulose in an amount of 0.5 to I % w/w of Ihe multi- 

211 particulate in water (which is removed during processing) is 
applicd over thc cntcric coal. Pollowing this, a coating of tale 
can optionally be applicd over thc final seal coat, in an amount 
of aboul 0.05 w/w to aboul 1% w/w, and prefcrably 0.1% w/w 
lo 0.5% w/w.

In one embodiment, thc rcsulling multiparticulatc formu- 
lation of thc invention adiicvcs a geometric mean AU(" ralio 
of tcst/reference of 89 to 94 with a 90% confidencc inlcrval of 
84 lo 100 for ihe ratio or achieving a gcomelric mean Cmax 
ratio o f tcst/rclercnce of f>2 lo 66 with a 90% confidencc 
inlcrval of 56 lo 74 for Ihe ratio or an in-vilro dissolution 
proíile as shown below:

% nn¡B RcloMc

Media Tinte Initl.il
6 Mcmlhs @

25 C./óO% I t l l
6 Months @ 

40 C..'75% R ll Tantcl

Acid 2 hn> 0.33 0.45 0.6 X M T  10%
( p ll 1.0)
h illowod by 3 min 0.91 0.85 _
Alkalinc 6  min — 3.61 1.83 —
lluíTcr 9  min — 52.25 16.45 _
(p ll 6.8) 12 min — 89.65 75.15 —

15 min 101.58 97.15 91.92 —
30 min 105.29 100.67 98.96 —
45 min 105.29 IIXI.57 99.14 X l.T  75%
60 min 105.06 100.52 99.07

Ingicilicnls Aiiiuunl/ciipsulo

%  w/w, hascd on 
lo inl weighl 

m ulliparticiila lii

Core + Subcoal 
HudraRÍl IJOD-55

Tule, USP, A lía le 500 V  
Sodium Hydroxidc, NF 1 N

100.20 mg 
208.00  mg
62/10 (soliils)
31.20 mg 
9.30 mg

48.67
30.309

15.155
0.175

50
adjuster siieli as sodium hydroxidc and water. Other suitablc 
matcrials may be selected for use in thc cntcric coat including, 
e.g., hydroxypropyl mcthylccllulose phthalatc, cellulose 
acótate phthalatc and thc likc.

In onc embodiment, a multiparticulatc ofthe invention is 
provided with a subcoal over thc core and an cntcric coat as 55 

follows:

In another embodiment, Ihe rcsulling multiparticuiale for­
mulation o f thc invention achieves ¡i mean AUC of 5451 to 
5629 ng.h/ml and mean Cmax of 1865 to 1929 ng/ml or ;ui 
in-vitro dissolution proíile as shown below:

Ratch

1

Acid

2 hrs 15

Buffet (min)

30 45

Initial 0.U8 1111.77 107.44 107.38
6 Months (a } 4 0  C775% R ll 0.73 95.44 101.12 101.21

12 Months @ 25 C./60%RH 0.30 96.11 101.92 102.20

65

•Spcciíicatiom: Acid a l 2 hrs - X M T  10.0%: BuITcrai 45 m in - X l.T  75%

Howevcr. llie ¡nvenllon ¡s nnl limita! to these exemplnry 
pro files.
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Without wishing to be bound by thcory. it is bclieved that 

final seal coat laycr of hydroxypropyl mcthylccllulose pro­
vides 11 physical barríer for reduccd contad belwecn Ihe 
mucoiidhcsive Etidragil laycr and thc uppcr GI tr.icl, and 
thcrcby allows thc rcliable Inmsil ofthe multiparticulatcs lo 
thc proper pl I cnviromncnt in thc GI imci foreficctive reléase 
and absorplion of thc dmg. In addition, llie final seal coal 
laycr of hydroxypropyl mcthylccllulose imparts anti-sticking 
piuperties lo thc multiparticulatcs and Ihus llie multiparlicu- 
latcs are not sticking lo thc pouch material ancVor nasogastric 
tube. fhc multiparticulatcs of thc invention are useful for 
administration via llic nasogastric lube and via food vehieles, 
particularly acidic food vehieles.

II. Mcthod of Producing Multiparticulatc Formulalions of 
Invention

In another aspcci, thc invention provides a mcthod of pro­
ducing thc multiparticulatc formulalions o filie invention.

Typically, thc uncoated pantoprazolc compounds are pre- 
pared are follows. The dry components, including. al Icasl thc 
pantoprazolc compound and thc binder are dry blendcd in a 
suitablc mixer under low shear condilions. Suitablc low shcar 
condilions can be rcadily achieved using, e.g., a I lobart mixer, 
al a range of aboul 25 rpm lo 35 rpm, and most dcsirably, 32 
rpm. I lowcver, onc of skill in llic art will be ablc lo achicve 
comparable low shcar condilions using dill'crent cquipmenl, 
wiih thc rpm adjuslcd to thc appropriate low shear sellings for 
Ihe sclccled cquipmenl. Optionally, hydroxypropyl melhyl­
ccllulosc or crospovidonc may be substituto! or addilionally 
included in this slep. Addilionally, a pH adjuster may be 
ineluded in this step.

Subscqucntly, ihe liquid components, e.g., Ihe surfactant 
and water, are mixed in lo a fiord a granulaied produci by 
mixing under low shcar condilions. Suitablc low shcar con­
dilions can be rcadily achieved using, e.g.. a Hobart mixer, at 
a range of aboul 25 rpm lo 35 rpm, and most dcsirably, 32 
rpm. Howevcr, one of skill in thc art will be ablc lo achicve 
comparable low shear condilions using dilTerent cquipmenl, 
with thc rpm adjuslcd lo thc appropriate low shear sellings for 
ihe selected cquipmenl. The granulation is tlien extruded and 
sphcroniz.cd through a suitablc device (e.g., a NICA extnider/ 
sphcronízer) and Ihe rcsulling spheroids are dried, sifled, and 
optionally blendcd prior lo sloragc.

The inventors have found that a significan! advantage is 
provided !o Ihe slabilily of ihe compound when Ihe multipar­
ticulatcs of Ihe invention are dried al low temperatura. Dcsir­
ably, thc spheroid cores of llic pantoprazolc multiparliculales 
of thc invcnlion are dried lo a pcrcent (%) loss-on-drying 
(LOD) of 3.4% lo 4.3%. As used hercin. low temperature 
drying refers lo a temperature not cxcceding about 40" C. for 
a period of 10 lo 12 hours. When Ihe drying condilions exceed 
this temperature and lime period, impuriiies are observed tluit 
contribute lo inslabilily. In onc embodiment, drying o f llie 
core is performed in thc range of 35° C. to 40° C , or about 37°
C. lo 39° C. for aboul 8 lo 72 hours. In another embodiment, 
thc core is dryed at aboul 40° C. for 10 lo 12 hours. Suitably, 
when coating layers are applied as dcscribcd, thc drying 
temperature for tile various coaling layers is also in this range.

Optionally, an initial seal coal ol a hydrophilic polymercan 
be applied lo thc uncoated multiparliculales. For cxamplc, an 
inilial seal coal composcd of hydroxypropyl mcthylccllulose 
and purificd watercan be applicd on a finid bed coaler, e.g., by 
spraying.

'ITic cntcric coat can be applied dircclly lo thc uncoated 
spheroid core, i.c., Ihe uncoated mulliparliculalc, or muy be 
applied overan inilial seal coal. The cntcric coal as dcscribcd 
above, is typically applied on a Huid bed wurster coaler.

8
In onc embodiment, a final seal coat is applicd over thc 

cntcric coal and, optionally, tale is ulilized in thc final stop 
prior lo filling thc multiparliculales inlo a suitablc packaging 
unil.

The multiparticulatc oftlie invention may be in any suitablc 
form including, e.g., granules, pcllcls, beads, minitabs, spher- 
ules, beadlets, mierocapsulcs, millispheres, nanocapsules, 
microsplicrcs, plalelcts, lablels, and capsules, dependíng 
upon llie dcsired mulé o f delivery.

III. Formulalions, Kits and Methods of Delivery
In another embodiment, llie present invcnlion provides 

producís containing ihe pantoprazolc multiparticulatcs ofthe 
invention.

Suitably. thc multiparticulatc compositions of thc invcn­
lion are fomiulatcd such that a palien! receivcs a suitablc 
amount ofthe pantoprazolc, e.g., 5 mg lo 200 mg, about 10 
mg lo aboul 100 mg, or about 40 mg (measured based upon 
free pantoprazolc). Prefcrably, thc formulalions are such that 
a suitablc dose is delivered in a single dosage unil. These 
doses may be adminislcred daily for a suitablc period oflimc. 
e.g., 4 wceks lo S weeks, bul can be delivered for a shorter 
period of time, e.g., 3 days to 3 weeks, one weck lo 3 months, 
or over a longcr period, e.g., over 6 months, or longcr. I hese 
compositions can be delivered alone or in combination with 
an antacid or other suitablc composilion.

In one embodimem, thc invcnlion provides a mcthod of 
Irealing humuns by administering an effective dose of llie 
pantoprazolc mulliparticulates such iba! an arca under curve 
(AUC) al leas! bioequivalcnt lo Prolonix® 40mg lablel and 
Cmax as lislcd in Table V I are achieved.

In one embodiment, ihe pantoprazolc multiparliculales are 
packagetl for use by tlicpatient or bis caregiver. For cxamplc, 
thc multiparticulatcs can be packaged in a foil or other suit- 
able package and is suitablc for mixing inlo a food product 
(e.g., applesaucc and other acidic food vehieles) or inlo a 
drink for consumption by thc patient.

Tlie pantoprazolc multiparticulatc formulalions of thc 
invention are useful for irealment of gaslroesophageal refiux 
disease (GEKD), ulcers of Ihe stomach and duodenum, and 
Zollinger-KHison Syndromc.

In anolhcr embodiment, ihe pantoprazolc mulliparticulates 
are suspended in a physiologically compatible suspending 
liquid.

In yet another embodiment. thc pantoprazolc multiparticu­
latcs are lillcd in capsules, caplels or Ihe likc for oral delivery.

In still a further embodiment, ihe invcnlion provides 
mcthod oflrcating a subject in nced thereof by administering 
an eficelive dose o f thc pantoprazolc multiparticles of thc 
invcnlion.

The following examplcs i Ilústrale specificembodimentsof 
thc invcnlion and are nota limitation on thc present invcnlion.

F.XAMPI.H I 

Pantoprazolc Sodium Multiparticulatc Formulalions

Using a NICA exlruder/spheronizcr, during inilial formu- 
lalion devclopmcnt, several prolotypes of uncoated multipar­
ticulatcs wcrc manufaciured lo oblain a lamel immcdialc 
reléase proíile similar lo or faslcr iban thc pantoprazolc 
sodium uncoated lablel, currently availablc as Prolonix (20 
mg and 40 mg) lablels. Levéis ofthe disintcgranl crospovi- 
done from 5 lo 28.5% and Ihe binder hydroxypropyl methyl 
cellulose from 0.5lo 1% wcrccvaluatedduringpreparalionof 
uncoated mulliparticulates over four baiches.
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A. Prcpamlion o f Uncoated l’antoprazolc Sodium Mulii- 

particulates
More particularly, pantoprazolc sodium scsquihydratc, 

microcrystalline cellulose, hydroxypropyl mcthylccllulose 
(hypromcllosc 2208), crospovidonc and sodium carbonate 
are dry blendcd in a Hobart mixer. Thcrcafter. polysorbatc 80. 
NV (vegetable sourcc) :md purificd water, USP. are added to 
thc Hobart mixer. The rcsulling granulaied produce is 
extruded and sphcronized in a NICA® exlruder/spheronizcr 
and thc spheroids are Iray dried at a temperature not beyond 
40" C. and sifted, followed by Ira usier lo a PK hlendcr. The 
final spheroids are stored in dmms.

One ofthe batches (an approximatcly 200 gm batch) with 
15% disíntegrant crospovidonc and with 1% hydroxypropyl 
mcthylccllulose (Hypromcllosc 2208)-was selected as a pro- 
totype with similar reléase proíile. The sieve cut of Ihe 
uncoated spheroids from this batch was belwecn 500-1000 
mierons.

13. Protolype Uib Batch (Batch A)
Approximatcly 100 grams of these uncoated spheroids 

wcrc coated in a 3" Wurster Muid Bed coaler with Hudragil 
L30D-55 and hypromcllosc to resull in Enteric coated multi­
parliculales.

During coating for this batch. thc level o f hydroxypropyl 
methyl cellulose (HPMC) initial seal coat was 4% of thc 
weighl o f thc uncoated multiparticulatcs. The % w/w ofthe 
dry polymcr Eudragit L30D-55 used was 22.16%. In thc 
coating batch, tale was inlroduced as dry powder in Ihe coal­
ing chamber instead of being a part o f thc suspensión, This 
was duc to thc small nozzle si/e (0.5 min) used for coating Ihe 
100 g batch. which could potcntially be cloggcd. Tlie pcrcent 
of tale and tricthyl citrate used for thc lab batch was less as 
compared to thc clinical batches which wcrc subscqucntly 
prepared. The multiparticulatcs wcrc hand lillcd inlo size ¡¡2 
HPMC capsules at a lili weighl o f206 mg. The capsules wcrc 
tesled in vitro in 0.1 N 1IC1 and pl 1 6.8 phosphatc buflcr. Less 
than 1 % was relea sed in acid media in 2 hours and greater Iban 
80% was released in basic media in 45 minutes as dcsired.

These capsules wcrc tesled in dogs. The C„ln< and AUC 
wcrc compared against thc currcnt marketed Protonix 20 mg 
lablel (and valúes wcrc cxtrapolalcd to llic 40 mg strenglh). Il 
was secn thal ihese mulliparticulates released dmg al a inucll 
faslcr rale iban thc currcnt Prolonix lablel in pl 16.8 phosphale 
bu 11er as dcsired. The final seal coat compriscs hydroxypro­
pyl mcthylccllulose (hypromcllosc) and water, lilis batch 
was packaged as spheroids in clear glass víais and placed on 
stability at accclcratcd condilions (30° C./65% relative 
humidity (RH) and 40° C.,'75% Rl 1). ITic slabilily was moni- 
tored for 3 months. The poleney and dissoluiion resulis are 
presenled in Table 1. The mulliparticulates wcrc stablc over 
llie tlirce month period and a 40 mg equivalent dose of mul­
tiparticulatcs lillcd inlo capsules at cach stability time point 
niel all dissolution and stability critcria

Dissolution was tesled by filling thc stored spheroids inlo 
capsule shclls, and dissolving in 0.1 N HCT (target reléase al
2 hours: not more than (NMT) 10%), followed by dissolution 
in pH 6.8 phosphatc buflcr (target reléase al 45 min: not less 
than (N I,I ) 75%. The acceptancc critcria further required a 
strenglh of 90 to 110% o f thc label claim.

10
TABU i 1

S ta h ilitv  o f  m n lt ip a r t ic u l. i ic s  in  c lc . ir  u la ss  v ia ls .

Dissolution - Pcrccnta^c 
__________ R e le a s e d  U v h ) _________

Strvngüi SvcoiKlary
Test (HPI.C) dissolution in
U n il Time %  I.nbel 0 .1 N H C I phosphale bu fie  r

Inilial 100.0% 0.9% 91.6%
Ambicat lloom  Tcmp 1 month 97.2% 0.8% 88.5%

7 month 108.5% 0.8% 94.1%
30° C /60%  RH l  month 99.3% 0.5% 83.4%

2 month 98.3% XA NA
3 month 104.4% 0.7% 82.2%

40" C /75%  R ll 1 month 95.4% 0.7% 86.11
2 month 97.3% N A XA
3 month 102.7% 0.7% 89.4%

'O ne capsule - 78% released.

l íX A M I ’L l i  2

Coated Pantoprazolc Sodium Multiparticulatc 
l’omuilations (Batch 13)

Based upon thc lab batch A, a lurther scalc-up batch of 
1400 g was manufacturcd using a 7" wurster Huid bed coater. 
During coating for this batch, thc Icvcl of hydroxypropyl 
methyl cellulose initial seal coat was 2% of thc wcight ofthe 
uncoated multiparticulatcs as compared to 4% for thc coated 
Batch A. The % w/w of thc dry polymcr, Eudragit L30D-55 
used was 22.16% w/w. Also, thc tale was addcd directly to thc 
coating suspensión as a largor nozzle size (1 min) was used.

Initial reléase o f coated mulliparticulates inO.I N acid was 
high (9.0%) and very cióse to thclimit of 10%. This Batch (B) 
did not meet thc stability and dissolution critcria when tested 
at accclcratcd conditions (30° C./60% relative humidity (Rll) 
and 40° C./75% RH). Trial from this batch indicated that an 
initial seal coal o f greater than 2% of uncoated multiparticu­
latcs enhances stability ofthe mulliparticulates. Addilionally, 
more cntcric polymcr loading may be bcncficial to control thc 
reléase in acid media as thc process is scalcd up.

l-XAMPM-: 3

Prcparation of Pantoprazolc Multiparticulatcs 
Scale-Up Batch

A. Technical Batch
Using a NICA exlruder/spheronizcr, a 36 kg technical 

batch of uncoated mulliparticulates was prepared and 20kgof 
this batch wcrc cntcric coated in a (ilatt GPCG-15 machine to 
resull in a 32 kg batch o f coated multiparticulatcs. The % w/w 
of Ihe dry polymcr, Hudragil 1.301 )-55 used was 22.16% w/w. 
"lilis batch was lillcd inlo size II7> HPMC capsules al a lili 
wcight of 156 mg. The reléase in 0.1 N HC1 at 2 hours was 
greater than thc dcsired 10%. Based on this, laking inlo 
account scalc-up cITccts, minor adjustments wcrc made lo thc 
formula and process for clinical batch.

B. Clinical Batch
Two 12 kg sub batches of a wct granulaied mass were 

extruded and sphcronized on a NICA exlruder/spheronizcr 
rcsulling in wct multiparticulatcs. The multiparticulatcs were 
iray dried at 40" C. for 10 lo 12 hours to thc dcsired % 1,01) 
of 3.4% to 4.3%. The batch was scrccncd and only 16 kg of 
uncoated multiparticulatcs were used for coating lo ensure
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11 12
uniformity and complctcncss o f coating in ihe GPCG-15 The spheroid lillcd capsule liad a faslcr in vilro reléase 
machine. The sieved uncoated multiparticulatcs wcrc coated (dissolution) as compared to thc Protonix 40 mg tablet in pll
witli an inilial hydroxypropyl muthyeollulose seal coal, Ibl- 6.8 phosphale buffer.

TABU- II

Stabilitv o f  Panltinfa/ulo S'(m! íiuh  Snhoroid-filloil Ciinniilob'. -ID mu

Test

Appc.v.incc m i Sucnglh
Dcscripiion (HPI.C) Walcr (KF) Purily Dissoluiion

Spccificiilion

112 Opaque
w liilc  tiipsulus Dissolution Dissoluiion
(cnp and boiiy) Largcst Single in 0.1 N U C I in Phosplmtc
containing Known or 'lo ln l N M T  10% B uflcr N IT
«h ite  to olT- 90.0-110,0% Unknown Known and in 2 hrs. 75% in  15 min.
whitc coloreti Labcl Claim ro í lniptmt>- 50.5 Unknown Confoims to Confomis to
sphcroiik (I.C) Inl'onmlion (RRT) Impuriiies <2.0 USP <724> USP <724>

Unil

% % % % * %

Imlial Cotiltm iis 100.3 5.1 BRI. BRI. 0 105
Inilial 0 107
(Sphcmiih
unly)*
25° C J

60% R ll

1 Month No Chango 99.5 5.2 0.17 0.17 1 103
(1.39)

2 Month No Chango 101.4 ■1.6 0.15 0.23 0 101
(1-38)*

3 Month No Chango 101.2 4.5 0.17 0.17 fl 100
1139)

6 Month No Chango 101.3 4.5 0.1 S 0.24 0 100
(1.38)*

6  Munth 0 112
(Spheroids
only)"
> Momhs N o Chango 99.2 5.1 0.21 0.33 0 101

(1.40)'-
9  Momhs 0 IOS
(Spheroids
o iily )*
12 Months No Chango 99.1 5.1 n.os 0.23 0 102

(0.14)
12 Montlts 0 104
(Spheroids
only)"

BRI. -  Below Repon i ng I.inüt (0.05%).
N M T -  Xot more than.
N LT = N o t less than.
RRT -  Relative rctcnlion time.
" In ilia l and revalidalion dissolution resalís are provided for Hanioprazolc Sodium Sphcroiíts. 40 mg-'206 mg. which is thc ingoing 
batch o f  spheroids used for manufacture o f  Pantoprazolc Sodium Spheroid-filled Capsules. 40 mg.
Convsponds to llie  im purily al RRT -  1.39.

lowcd by ¡m Eudragit L30D-55 cntcric coal, followed by a HXAMPLli 4
hydroxypropyl melhycellulose linal coal lo resull in 33 kg of 
coalcd mulliparticulates. This batch was filled inlo size «2 55
HPMC capsules al a lili weighl o f 206 mg. livalualion o f Batch A 1-onnulation in Beaglc Dogs

The reléase in 0.1 N MCI at 2 hours was less than ihe 10% 
limil and in pH 6.8 phosphale buflcr, it was greater than thc
80% limil al 45 minutes. The batch niel in vilro reléase cliar- The in-vitro release dala of thc sodium pantoprazolc multi 
aclerislics. The one month slabilily dale showed thal Ihe particulate formulation shows a faslcr release than llie currcnt
mulliparticulates were stablc at 40° C/75% R ll for one marketed tablet. This provklcs carlierabsorplion and thereby
month. Currently, Ibis batch is stablc up to one y car al room a faslcr onsel of action. The dog data clcarly shows carlier
temperature and uplo 6  monlhs at 40 dcg,C/75% RH. Slabilily dmg levéis of sodium pantoprazolc from multiparticulatcs as
sludy al room temperature condilion beyond oneyear isongo- 65 compared to the single monolilhic lablels. liarlier onsel of 
ing. The onc y car room temperature stability results of this action provides faslcr relie f  from gastric pain and other gas-
batch are shown in thc following Table II. trointeslinal (GI) disorders.
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Pantoprazolc sodium formulalions have been cvaluated in 

Beaglc Dogs (n -5 ). TTic mean (SD) pliarmacokinctic param- 
cters and relative bioavailability o f  pantoprazolc is illustrated 
in thc Table 111 below.

As illustrated, thc non-optimizcd lab batch o f sodium pan- s 
toprazole multiparticulatc formulation dosed in  dogs shows 
smallcr lag time than the currcnt marketed tablet. In thc fol­
lowing table, AUC refere to the arca under a curve plotting 
mean concentmtion against protocol time. C max refers lo the 
máximum observed concentration valué in the blood sample 
after administration.T„lnl refers to thc time point when C max 
occurs. T,„x  refere lo  thc time fo llow ing administration before 
effective amounts o f  thc drug are observed in  the circulation; 
t , ,2  (hr) provides the ha lf-lifc  for dmg elimination. Relativo 
bioavailability compares thc absorplion o f  a product from thc 
gut in comparison w ith a dose given iutravcnously (assumed 
100% ).

T A B L Ii III

The inca» (S I)) phamiacokinclic paruiictcre aiitl relative bioavailability o f 
pantonrazole

20 mg 40 mg Multiparticuiale
Markel Tablel Capsule

Batch A Iln lch A  w iih  cntcric
I’anmiclcr Pantoprazolc Xa" coat - Pantoprazolc Na

AUC (jig • h i/m L) 16.3 (2.46) 17.3 (2.33)
Cmax (jig/m l.) 11.7(3.55) 7.10(1.76)
In iax  (lir) 1.70 (0.S4) 1.20(0.27)
llag ¡hr) 1.10(0.91) 0.25(0.18)
I I *  (hr) 0.62(0.17) 0.77 (0.21)
Relative Ilioavailnbility — AUC: 105%*

Cmax: 6 l% *

"'AUC ttiid Cm.tx un: noniuilizcd to a 40 mg dose 
*  Relative to Markel Product Tablet
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liXAM PI.F. 5

Pantoprazolc Sodium Scsquihydratc :lixcipicnt 
l'ormulations

l'his study was performed to determine thc compatibility 
o f  pantoprazolc sodium scsquihydratc w ith  hypromcllosc 

10 2208, sodium lauryl sulfate (SLS), crospovidonc, and 
polysorbate-80.

A. Study Design

The study consists o f  two sets o f  samplcs. The (irsi set 
, 5 contained drug and exeipicnt. The sceond set eontained drug, 

cxcipicnt and approximatcly 2 )il water. The reason Ibr thc 
water along w ith  the drug and the cxcipicnt is to sec whether 
additional water present causes any incompatibility.

llie  exeipicnts wcrc mixed w ith  the dmg in thc ratio indi­
cated in the fo llow ing table. The exeipicnts and the drug wcrc 
wcighed in lo a glass v ia l. Then thc vials were vortexed for 15 
seconds. Sim ilarly, a sceond set o f  samplcs was prepared. 
Approximatcly 2 (il (thc smallest amount o f  water that can be 

25 addcd with thc pipette in llic  lab) was added to Ihese vials. 
Then the vials wcrc vortexed Ibr 5 seconds. l'ina lly, the lirst 
and sceond set o f  vials wcrc capped and placed in stability 
chambcrs. TTic conditions tested were 40°/75% R ll and 51°
C. fo r 3 weeks.

13. R e s u lts

The results o f  this drug-excipient compatibility study are 
presented as %  rccovcry in  thc Table IV  below. The sclection 
critcria for the compatibility o r incompatibility are based on 
thc % rccovcry belwecn ‘JO-110%.

t a b ú ;  i v

Dn¡e^xcj]iie i¡¡ C u iiin iiiiN lilv  Kcsulis

%  RccovcrylI

Dm e *  lixciniciit '  Water

lixeipicnt
Ralio o f 

Dnig:lixclp¡cnt
40”  C /75%  R ll 

3 wceks
s r e .

3 wceks
40° C-75%  R l! 

3 wceks
51° C. 

3 wceks

Control (Dm g alone) 94.67 100.53 94.60 96.64
H>pron:e|[osc 2208, 
USP, 3 cps

10:1 99.209 93.248 93.8! 1 97.421

Sodium I-iu ry l Sulfnle 
(SLS)

5:3 99.947 98.763 95.466 95.088

Crospovidonc, X I' 10:1 100.080 98.908 97.201 105.716
Polysorbatc-80, NF 
BP/HP (vesditble 
source)

10:1 98.301 90.961 99.908 81.405

Tlie dog data o f  llie sodium pantoprazolc m ulti particulate 

formulation givcs a sim ilar AU C  as thc currcnt marketed 

tablet. Without wishing lo be bound by thcory, il is bclieved 

that the faslcr reléase and sim ilar AUC o f  the m ulti particu- 

lales is achieved by lowering the level o fth e  disintegrating 

agent crospovidonc (as compared to the level in the lablel) 

and incorporating the functional cxcipicnt polysorbatc 8 0  in 

the core o f  thc spheroids.

55

From the results shown in the table, thc following conclu- 
sions can bedrawn. 1 lypramellose 2208, SLS. crospovidonc 
and polysorbate-80 are compatible w ith pantoprazolc sodium 

6(| scsquihydratc at 40° C./75% RH for 3 weeks. I lypromcllosc 
2208, SUS and crospovidonc are compatible w ith pantopra­
zolc sodium scsquihydratc at 40° C./75%R11 and 51° C. with 
and without additional water for 3 wceks.

In this study degradation compounds wcrc not studied.
6 .s Howevcr, thc pcdiatric clinical formulation, [pantoprazolc 

sodium scsquihydratc 45.24% w /w : m icrocrystalline cellu­
lose 27.25% w/w; polysorbatc 80 5% w /w ; crospovidonc



15
15% w/w; hypromcllosc 2208 1% w/w; sodium carbonalc 
6.5% w/w; purificd water q.s. ], was studied under accclcratcd 
conditions of 40° C/75% Rl 1 and is stablc up to 6 months. 
providing a 2 year room temperature shelflife.

llic  components of thc pcdiatric formulation are provided 
in the following Table V.

Formulation: Mulliparticulates

Ingrediente Amount/Capsulc %  w/w

Cure:

Paiiioprayole Sodium 
Sesquiliydnitc

45.11 21.911

M icroco’stalline Cellulose, NF/liP 
(Aviccl PH 101)

27.39 13.304

Polysorbatc 80, NF 
Vegetable sourcc

5.00 2.429

Crospovidonc, NF 
(Polyplasdone XL )

15.00 7.286

HPMC USP/l;P (Mclhoccl) K3 1.00 0.486
Sodium Carbonate, NF 6.50 3.157
Purificd Water, USP/BP/HP q.s. lo  mnkc 

wct mass"

Total 100.00  mg 48.57.3
Enteric Coat: 100.20 mg 48.67
Eudragit 0015-55 20H.G0 nig 

62.40 (solids)
30.309

Tale, USP, Altale 500 V 31.20 mg 15.155
Sodium Hydroxidc, NF I N 9.30 mg 0.175
soiution 0.36 (solids)
Tricthyl Citrate, PO/NF 6.24 mg 3.031
Purificd Water, USP/I3P/EP 1X3.38 mg" •removed during 

processing

Total 204.20 mg 99.186
Final Seal Coa:: 1.54 mg 0.74S
Hydroxypropyl Mcüiylcclhilóse, 
USP 2910, 6 cps

1.54 mg 0.748

Purificd water, USP/BP/EP 18.99 mg* •removed during 
Processing

Total 205.74 mg 99.934
Tale, USP, Altale 500 V 0.14 mg 0.068

Total 205.88 mg 100.002

liXAMl'l.l- 6

Evaluation of Pantoprazolc Sodium Formulation in 
Human Adult Subjects

In this study, 40 mg pantoprazolc sodium, formulated as 
dcscribcd, clinical pcdiatric formulation, was adminislcred lo 
hcalihy human adults (n 24) by sprinkling in applesaucc, in 
tablet fomi, or as an aqucous suspensión prepared using an 
inactive powder blend and water (8 in cach group).

In thc following Table VI, colunin 1 provides the pharma- 
cokinetic (PK) parameters, AUC (arca under the concentra­
tion curve), AUC,. is the arca under the concentration time 
curve, and C„lo„  máximum concentration. The second col- 
umn provides the test/relerence geometric mean (GM) ratio. 
The üiird column provides thc confidencc inlcrval for the GM 
ratio. [The PDA considere a test product lo be bioequivalcnt lo 
a reference product if the 90% confidencc inlcrval (CI) of the 
geometric mean ratio o f AUC and C„„, belwecn the test and 
reference fall wilhin 80-125%].—The confidencc inlcrval is 
calculatcd using WinNonlin software.

16
TABU.; VI

H iiiinn  l*K stiKly Krsults

Tcst/Rcfcrcnce
1‘K paranieicr GM ratio 90% CI for ratio*

A . Spheroids sprinkled in applesaucc:

AUC 90 84-96
A U C , 89 84-95
Cmax 62 56-70

13 Spheroids in suspensión:

AUC 94 88-11X1
AUCr 94 88-ICO
Cmax 66 60-74

The lay time in llic absorplion o I" llic lablel was higher 
comparcd lo thc sprinklc and suspensión formulalions. I'hc 
cnlirc drug in ihe tablet is released over a small time inlcrval 
and therefore a higher is obtained. With the spheroid 
formulalions, drug from cach spheroid is released over a 
longcr lime inlcrval and therefore the Cm„, is lower than thc 
lablel. Howevcr, the period of time following administration 
thal pantoprazolc remained in the circulation is similar for thc
3 formulalions.

All documcnts idcnlilicd hercin are incorporalcd by refer- 
cncc. One of skill in thc art will rccognize that minor modi- 
fications to llie conditions and tcchniqucs dcscribcd in the 
specilic cmbodimenls dcscribcd hercin can be varied without 
deparling from the present invcnlion. Such minor modifica- 
lion and variants are wilhin thc scope of the invention as 
dcíinud by thc following claims.

The invcnlion elaimed is:
1. A mcthod oflrcating gaslroesophageal reflux disease 

(GliRD), ulcers ofthe stomach or duodenum, or Zolliugcr- 
Ellison Syndromc in a human,

comprising administering a plurality of pantoprazolc 
sodium multiparticulatcs to a human, whcrcin said mul­
tiparticulatcs comprisc a core consisting of aboul 45% 
w/w pantoprazolc sodium scsquihydratc and one or 
more exeipicnts comprising aboul 25% to 30% w/w 
microcrystalline ccllulosc, about 4% to 6% w/w 
polysorbatc 80, about 14% lo 16% w/w crospovidonc, 
aboul 0.5 to 2% w/w hydroxypropyl mcthylccllulose. 
about 5% to 8% w/w sodium carbonate, and about 1 to 
about 2% water, an inner seal coat surroundingsnid core, 
and a n enteric coating on thc inner seal-coated core, said 
multiparticulatcs having an average diameter o f about 
0.7 mm to about 1.25 mm, and

whcrcin following administration lo humans said compo­
silion provides a geometric mean AUC o f belwecn 5451 
to 5629 ng.h/ml. and a geometric mean Cmax of 
belwecn 1865 to 1929 ng/ml..

2. The mcthod according lo claim 1, whcrcin the multipar­
ticulatcs llave spheroid cores comprising a pantoprazolc com- 
pound present in an amount of about 40 mg of pantoprazolc 
per 100 mg uncoated multiparticulatcs, whcrcin thc amount 
of pantoprazolc is measured in the free drug form.

3. The mcthod according to claim 1, whcrcin the multipar­
liculales further comprisc a final seal coat on Ihe enlcric coat.

4. The melhod of claim 1 whcrcin the mulliparticulates are 
adminislcred in a physiologically compatible liquid.

5. The mcthod of claim 1 whcrcin thc multiparticulatcs are 
administered in a food.

6. The mcthod of claim 1 whcrcin the mulliparticulates are 
adminislcred in a capsule.

7. The melhod of claim 1 whcrcin the mulliparticulates are 
contained wilhin a foil package prior lo administration.

* * * * *
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1
DEVICE AND M E T IIO D  I'O R EXAM INING  A 

BODY LUMEN

CROSS-REFliRliNCE TO RELATIilD 
APPLICATIONS

lilis application is a continuation-in-part of U.S. patent 
application Ser. No. 10/192,861, entitled “Dcvicc and 
Mcthod for Examining ¡i Body Lumen" filed on Jul. 11,2002 
now U.S. Pat. No. 7,083,578, which is hereby incorporated by 
reference in its entirety, and which claims priority and benefit 
from (a) Israelí Patent Application Number 144296, entitled 
"A Device and Mcthod for Testing a Body I.umen Configu- 
ration", liled on Jul. 12, 2001, which is hereby incorporated 
by reference in its entirety, and (b) Israelí Patent Application 
Number 147126, entitled "A Device and Mcthod for Testing 
a Body Lumen Configuration", filed on Dec. 16,2001, which 
is hereby incorporated by reference in its entirety.

PIELD OF T I II: INVENTION

"Hie present invention relates to a device and mcthod for 
examining a body lumen. The device and mcthod may be 
useful, ínter alia, in dctccting abnormalitics in a body lumen 
configuration.

BACKGROUND OF THE INVENTION

Tubular organs in Ihe body may have a convoluted cavity 
configuration. The gastrointestinal tract, for cxamplc, starts 
from thc oral cavity and procceds through the esophagus, 
stomach, duodenum and small intestinc, which may be a long 
tube that may fold many times to lit ínside thc abdomen. The 
small intestino ís conneetcd to the largo intestino, which 
begins with the cecum, a small saelike evaginatíon. then 
continuos with the ascending colon, transverso colon, 
descending colon and thc sigmoid (S-shaped) colon to thc 
rectum. These body lumens may suiTer from pathologics, 
which may affcct the anatomy or configuration o f the lumen. 
For cxamplc, stricturos, narrowing or closure o f a nonnally 
conligurcd lumen may be caused by calcification or by thc 
presence of scar tissue or a tumor. Stricturos of the esophagus 
may be a conunon complication o f ehroníe gastrooosoph- 
agacal refiux disease (GliRD). Aculo, complete obstruction 
ofthe esophagus may occur when food may be lodgcd in the 
esophageal stricturc. Endoscopy may usually be omployed to 
rctrievo thc food and relieve thc obstruction.

Methods for diagnosis of body lumens may usually be 
symptom rclated or invasivo. Non-invasivo tcchniqucs of 
diagnosing the gastrointestinal (GI) tract may inelude utiiiz- 
ing solid non-dcgradablo ingostible autonomous eloctronic or 
magnetically marked capsules. These autonomous capsules 
may inelude capsules for measuring motílity ín the GI tract, 
gastric pl I (such as the Hoidolborg capsulo) and in-vivo tem­
poral ti re (such as the CoroTomp™ capsule). Also, gastric 
transit may be measured by using biomagnetic measuring 
equípmont such as a magnetically marked capsulo, which is a 
solid non-dcgradablo oral dosage form containing powdered 
magnetite encapsulatcd in siliconc rubbor (W. Weitschies, R. 
Kolitz, D. Cordin, L. Trahms. ( 1997), J  Pilarín Sc¡, 86:1218- 
1222). Such capsules may typically be propclled through the 
GI syslem by peristalsis. These non-invasivo methods may 
enablc reaching parts of thc intestino, forexample, distal parts 
ofthe small intestino aojunum and iloum) that may not be 
reachable by other methods. Howevcr, in raro cases of severo 
stricturos in the GI tract, swallowing of a solid bolus (such as 
an clectronic or magnetically marked capsule) may cause 
obstruction of the GI tract.

2
Ncm-invasivc methods for delection of strictures, spccifi- 

cally in thc (il truel, usually inelude x-my series that may be 
based on iniuke of x-ruy opaque (radio-opaque) material 
(barium sulphate, gastrographine, or olhers), for exumple a 
barium pill (solid bolus) thal dissolves rapidly for testing 
strictures in Ihe esophagus. The material may reside for some 
time on the walls of the GI tract, cnabling examination ofthe 
x-ray images ofthe GI tract. This tcchniquc may have severa 1 
drawbueks, namely, low delection rale and exposure lo x-ray 
radiation.

In-vivo deviees, pills, or other medical systems may need 
to pass through thc GI tract. Howevcr, it may be diflkull lo 
prediet if such deviees, pills, or systems may achicve safe 
passage through Ihe GI tract. short of acmally attempling lo 
pass the objeets through the tract.

SUMMARY OI7 T I IH INVIiNTION

Various cmbodimenls of the present invention may provide 
an examining device capable of being deplcted omnidirec- 
tionally, for cxamplc lo faeililate its passage through abnor- 
mal configuration ofa body lumen and a melhod foromnidi- 
rectional dcplclion o f thc examining device. In some 
cmbodimenls of thc present invention Ihe examining device 
may have inilial dimensions for a predetermined lime period 
and may take on final dimensions in-vivo after a predeter­
mined time period. The linal dimensions may be substantially 
reduccd as compared lo thc inilial dimensions. In some 
cmbodimenls ofthe present invcnlion thc examining dcvicc 
may be a solid bolus substantially coated with a substantially 
impermeable oiiler coating. The solid bolus may conlain one 
or more caps and a device body. The device body may, for 
cxamplc. conlain íiller. One or more openings in the coating 
may expose the bolus and/or cap to an in-vivo environment. 
According to an embodiment ofthe invention one or more of 
the caps may serve as a timer. 'llic coating may be deplcted of 
Ihe bolus in-vivo and may be collapsed lo final dimensions.

BRI I T  DF.SCRIPTION OF TI IF, FIGURES

The subject maller regarded as Ihe invention is particularly 
poinlcd oul and distinclly ciaimed in the concluding portion 
of the spccificalion. The invention, howevcr, bolli as lo orga- 
nization and melhod of operation, togeiher with objeets. Iba- 
tures and advantages thereof, may best be understood by 
reference to the following delailed descriplion when rcad 
with the accompanied drawings in which:

FIG. 1 is a schematic illustralion of two phases of an 
examining dcvicc in-vivo, according lo an embodiment of the 
present invcnlion;

FIG. 2 is a schematic illustralion ofa front cross scclional 
view oí an examining device according to an embodiment of 
Ihe present invention;

FIG. 3 is a schematic illustralion ofa top cross scclional 
view of an examining device according to an embodiment of 
ihe present invention; and

FIGS. 4A, 413, and 4C are consecutivo schematic illustra- 
tions ofa progression ofan examining device passing through 
a stricturc of a body lumen according to cmbodimenls ofthe 
present invcnlion.

It will be appreciated thal for simplicity and clarity of 
illustralion, elemenis shown in the figures have not neccssar- 
ily been dravvn to scalc. For cxamplc, the dimensions o f some 
of Ihe elements may be cxaggeratcd relativo lo other elements 
for clarity. Further, where-considered appropriate, reference 
numeráis may be repcaled among the figures lo indícate cor­
respondí ng or analogous elements.
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3
DETA1LED DESCRll’TION OF THE INVENTION

In llic following descriplion, various ¡ispecls of llic prcscnl 
invention will be dcscribcd. I'or purposes of cxplamilion, 
specilic configuralions and detai Is are set forth in order lo 
provide a thorough understanding of the present invcnlion. 
Howevcr, it will also be apparent lo one skilled in thc an thal 
the prcscnl invcnlion may be practiced without thc specilic 
delails presented hercin. Furthennore, well-known fcalures 
may be omitted or simplified in order not to obscurc thc 
presen! invcnlion.

An atypical passage ofan object through a body lumen or 
symptoms appearing after the insertion of an objecl inlo a 
body lumen may be indicativo ofan abnormal configuration 
of thc body lumen. An examining device according to 
embodiments of the invention, which may, for cxamplc, 
examine a body lumen and/or may he an indicator ofthe body 
lumen configuration, may be designed to be deplcted from its 
contcnts in-vivo and thus be safely cxiicd from the body, 
indcpcndcntly of thc configuration of thc body lumen. 
According to onc embodiment thc body lumen may be thc 
gastrointestinal (GI) tract.

Reference is now made lo FIO. 1 showing a schematic 
illustralion ofthe lwo phases of an examining dcvicc in-vivo, 
according lo an embodiment o f thc invention. An examining 
dcvicc 10, for cxamplc, an autonomous device having initial 
dimensions may be inserted inlo a body lumen 100 and may 
be moved through the body lumen 100 (for cxamplc, in the 
direclion indicated by the arrow A) actively or passivcly. I he 
device 10, with inilial dimensions, forexample, a diameter of 
1-12 mm may, for cxamplc, pass frecly through the lumen 100 
that may span over a given width, for cxamplc, a widlh o f 1 
mm lo iOcm, until a stricturc 101 may bercached. Device 10 
may pass through other body lumens and may have other 
suitablc initial dimensions. Al and/or near thc stricturc 101, 
the width may decrease such that device 10 in its inilial 
dimensions may not be ablc lo pass through stricturc 101. In 
one cxamplc, stricturc 101 may be a residual functioning 
lumen of, for cxamplc, about 2-10 mm. Strictures with other 
dimensions and other rungos of dimensions may be cncoun- 
tered by dcvicc 10. The dcvicc (now illustrated in a broken 
line and referred to by ihe numeral 10') may be unablc to 
continuo its passage through the body lumen 100 duc to its 
dimensions, which may be largor than the dimensions ofthe 
body lumen at the stricturc 101. The dcvicc 10. in its inilial 
dimensions, may thus be blockcd at the stricturc 101. In some 
cmbodimenls ofthe present invention, examining device 10 
may block the opening through stricturc 101. Prolongcd 
blockagc ofa body lumen, for cxamplc a body lumen of the 
GI tract may be dangerous and/or may cause discomfort lo a 
patient.

After a predetermined timo period the device"s 10 dimen­
sions may be changcd, for cxamplc, to reduce or substantially 
reduce its dimensions and/or volume. Typically, the predeter­
mined lime period may be set to exceed the lime period that it 
would normal ly take thc examining dcvicc 10 to exit thc body 
and/or specilicd body lumen in a case where no strictures 
wcrc cncounlercd. In some cmbodimenls of thc prcscnl 
invention, the dcvicc may chango ils dimensión in a slop-like 
fasllion after the predetermined time period so as to avoid 
biocking a body lumen for a prolongcd period. For cxamplc, 
for a predetermined time period, the dcvicc 10 may substan­
tially maintain ils initial dimensions and rigidity and soon 
after that predetermined time period thc dcvicc may take on 
ils linal dimensions. In one cxamplc, the dcvicc 10 may be 
deplcted from its contcnts and thereby, forexample, collapsc 
rcsulling in ils final dimensions 12. Omnidiroctional deplc-
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tion may laci 1 italc clearing o f thu blockagc thal may bu aggra- 
valcd by dcvicc 10 in a ncar slcp-likc fashion. In some 
embodiments of the present invention, depletion may take 
about 10-20 hours, for cxamplc 16 hours. In other embodi­
ments o f thc invcnlion, depletion may occur in a shorter or 
longcr period of time. Final dimensions 12 may have, for 
cxamplc, a reduccd volume and a fiattened sha pe with a 
diameter substantially betwcen 30 (im-100 mm. Other suit­
ablc muges of linal dimensions and shapes may resull. In 
another cxamplc, dcvicc 10 may be, for cxamplc, disintegrale 
or degrade inlo several small sections orparlielcs 14. cach of 
which may be approximatcly less than, forexample, 0.5 wide. 
Other suitablc ranges of final dimensions may be imple- 
mented that may be more or less than 0.5 wide. In other 
embodiments of the present invention device 10 may llave 
final dimensions that may be any combination of final dimen­
sions 12 and 14. The device in ils final dimensions 12 and/or
14 may pass through thc stricturc 101 and may, for cxamplc, 
exit thc body. In altérnate embodiments, thc dimensions or 
shape ofthe body lumen 100 may be difieren! and the device 
10 may change in other manners, to other dimensions or 
shapes. Forexample, thc device need not be broken into more 
than onc scction.

in another embodiment of Ihe invcnlion, thc examining 
dcvicc 10 may be used lo simúlale thc passage of another 
in-vivo device, such as a diagnoslic and/or thcrapcutic device, 
through a body lumen, for cxamplc, an autonomous diagnos­
lic and/or thcrapcutic device. In Ibis case, obtaining Informa­
tion on the passage ofthe examining dcvicc through thc body 
lumen may be advanlagcous in designing a specilic in-vivo 
device or in delermining whether a certain in-vivo dcvicc may 
be safely used on a patient. In one embodiment, difieren! 
sized and sliaped examining deviees 10 according to an 
embodiment of lite invcnlion may be passed through a body 
lumen to determine the most suitablc size and shape for an 
in-vivo dcvicc lo be frecly and safely passed through the same 
lumen.

In onc embodiment of thc prcscnl invcnlion, the initial 
dimensions may be typically determined in accordance with 
thc known anatomy and/or physiology ofa body lumen. In its 
final phase thc dimensions of the examining dcvicc may be 
typically substantially smallcr and its shape possibly changcd 
such that il may frecly pass through the body lumen even if  thc 
lumen dimensions may be smallcr than expected in accor- 
dancc with the known anatomy and/or physiology ofthe body 
lumen. Proceeding from an initial phase lo a final phase ofthe 
examining dcvicc, may, for cxamplc, be promoted by endo- 
luminal condilions or may be cxternally controlled,

Passing of the examining dcvicc through a body lumen 
may, forexample. simúlate Ihe passage ofthe target in-vivo 
dcvicc through that body lumen and thus a safe mcthod of 
indication may be provided as lo thc transfcrability of thc 
target in-vivo dcvicc in the body lumen.

Typically thc examining device 10 may inelude at leasl lwo 
phases, an initial phase in which Ihe examining dcvice's (10) 
dimensions approximatcly resemble the dimensions ofa tar­
get in-vivo dcvicc and a final phase in which thc dimensions 
ofthe examining dcvicc 10 may be changcd so as to enablc the 
examining dcvicc 10 lo pass through uncxpecled configura­
lions of body lumen and/or abnormally configurad body 
lumens. In other embodiments more than two phases may be 
implemented. In some embodiments ofthe prcscnl invcnlion, 
thc dimensions of examining device 10 may be changcd, by 
deplcting parí and/or all ofintemal contcnts ofthe examining 
device 10 and changing Ihe dimensions ofan cxlcrnal portion 
ofthe examining device 10 to final dimensions.
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5
In anolhcr embodiment o f the present invention. the dcvicc 

10 may be shaped, sized or have dimensions substantially 
similar to an autonomous ingostible imaging device for pur­
poses of imaging the GI tract The device 10 may be safely 
passed through thc GI tract. to test the transfcrability of such 
a diagnoslic or thcrapcutic device through the GI tract, whilc 
its progression may be monitored and/or thc phase the device 
10 is in may be dctected as may be dcscribcd hercin. In the 
event thc device 10 may not traverso a scction o f the lumen, its 
shapeordimensions may change to allow passage. The exam­
ining dcvicc III may be, forexample, capsule shaped, shaped 
similar to and containing components similar to thc ingestiblc 
capsule dcscribcd in U.S. Pat. No. 5,604,531, entitled "An 
in-vivo video camera systcm" which is hereby incorporated 
in its entirety by reference, Publication Number WO 
01/65995, also assigned lo thc common assignee of the 
present application and incorporated hercin by reference, 
and/or similar in shape and size lo other pills, labios capsules 
and the likc, known in the art.

In one embodiment, a capsule shaped examining device 10 
possibly having, for exampie, inilial dimensions of approxi- 
malely 11 mmx26 mm may be used lo test Ihe (il tract. Other 
suitablc dimensions may be used. The dcvicc III may he 
swallowcd or otherwise placed or inserted in the GI tract (by 
an endoscope, for cxamplc) and may be passivcly moved 
through the GI tract duc to peristalsis ofthe GI tract, until it 
may be naturolly cxcrcted from thc body. In other embodi­
ments of the present invention, dcvicc 10 may be actively 
advanced through the GI tract.

Reference is now made to 1TG. 2 schematically illustrating 
a front cross scclional view ofan examining device according 
lo some embodiments of the present invcnlion. According lo 
an embodiment of thc prcscnl invention, dcvicc 10 may be a 
bolus 58 capable of being disintegralcd thal muy typically 
inelude a device body with, for cxamplc, Iiller 52 sandwiched 
betwcen two caps 581) and 581) that may be substantially 
cncloscd wilhin a coating 54, forcxamplea pliable coating. In 
other embodiments ofthe prcscnl invention, more or less than 
lwo caps 5813 and 58D may be used and íiller 52 may not be 
sandwiched butween lwo caps 5813 and 581). The coating 54 
may typically be a laycr or a plurality of layers of, for 
cxamplc, substantially impermeable or slightly permeable 
material or combination of matcrials, which may be essen- 
lially durable (e.g., may not corrode or disintegrale) under 
in-vivo condilions. The bolus 58 may typically be composcd 
and/or fabricated from an croding and/or dissolvable mate­
rial. One or more openings, aperture, and/or windows 56 in 
coaling 54 may partially expose bolus 58 to thc surrounding 
environment and may allow, for cxamplc. in-vivo lluids lo 
cause disintegration (e.g. erosión) ofthe caps 5813 and 581) 
and depletion of dcvicc 10 over a prcdelined lime period. 
Typically, an opening may be for cxamplc a circular opening 
with a diameter o f approximatcly 1-10 mm and an a rúa of 
approximatcly 0.5 to 100 mm2. Other suitablc openings with 
other shapes and sizes may be used as wcll. Erosión of caps 
5813 and 581) may be dependan! on parameters, such as. the 
size ofwindow 56, thc number ofwindows 56, thu direclion 
thal cach window 56 faces with rcspcct to thc body lumen 
through which device 10 may be Iravcling, thu proporties of 
Ihe material fabricating caps 5813 and 581), the dimensions 
and/or volume of the caps 5813 and 581), and thc density of 
caps 5813 and 581). Other conditions may inllucnce the ero­
sión time of cach ofthe caps 5813 and 581) and thc depletion 
lime of device 10. The caps 5813 and 581) may be dcsigned lo 
crodc at a dcsired predetermined time period. Por cxamplc, 
the dimensions, material, and density of the material pack­
aged may he sel lo meet thc requircment of maintaining the
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cxlcrnal dimensions ofthe examining device 10 for a prede- 
termined time period and subsequent to thc elapsed predeter­
mined time period, deplcting Ihe contcnts of the examining 
dcvicc 10 in a near step-like fashion. Typically, caps 5813 and 
58D may acl as a timer for the disintegration o f dcvicc 10. 
More than onc aperture and/or more than one window 56 
facing in more than one-direction, for cxamplc substantially 
oppositc directions, may allow bidirectional or omni-direc- 
tional depletion o f device 10.

According lo an embodiment of the invention, coating 54 
has initial dimensions thal are changeable lo final dimensions 
and the bolus 58 compriscs partidos that are of linal dimen­
sions. Final dimensions enablc passage ofthe dcvicc in a body 
lumen configuration that is not cnabled by thc inilial dimen­
sions. Partial or full depletion o f coating 54 from bolus 58 
may initiate thc changos in thc dimensión of coaling 54. For 
cxamplc a volume that coaling 54 endoses may be directly 
rclated lo thc volume o f bolus 58 that coating 54 encom- 
passes. Upon depletion ofthe contcnts encompasscd by coat­
ing 54, the inilial dimensions o f coating 54 may change lo 
final dimensions in a near step-like fashion. The pliable cliar- 
aclcrislic o f coating 54 muy enablc coating 54 lo tuku on linal 
dimensions thal are substantially reduccd form the initial 
dimensions. As such, coating 54 may pass through a stric- 
tured body lumen whilc intact.

In some cmbodimenls ofthe prcscnl invention, a monitor- 
ing mcchanism, for cxamplc, an II)  lag 53 muy be included 
wilhin examining device 10, for cxamplc, lo allow moniior- 
ing ofthe presence of device 10 ina specilicd localion and/or 
in-vivo. In other cmbodimenls of the present invcnlion, a 
traceable material 403. for cxamplc a radio opaque material 
may be used to monitor thc presence o f examining device 10 
in a specilicd localion and/or in-vivo. In yet other embodi- 
menls, other suitablc methods or a combination of more than 
onc melhod mnybu used to monitor device 10, In other 
embodiments ofthe present invcnlion, device 10 need not be 
monitored.

In one embodiment of the present invention, caps 5813 and 
581) may typically be fabricated and/or composcd from a 
hydrophobie muteriul, for cxamplc, u hydrophobic wux con­
taining microcncapsulated hydrophobic material, or from a 
combination o f hydrophobic and hydrophilic material. Non- 
limiling examplcs of matcrials thal may be suitablc for cap 
5813 and 581) muy, for cxamplc, inelude, Compritol 888, 
Aviccl Pl 1200, Laclóse anhydr., PVP K-90, or a combination 
of more than one material may be used. In another embodi- 
mcnt o f thc present invention, thc cap may be composcd 
and/or fabricated from other synthelic waxes or, for cxamplc, 
lipophilic material of plan! origin or hydrocarbons (simple 
and/or complex). Other suitablc matcrials may bu used. 
According lo onc embodiment ofthe present invention, thc 
hydrophobic material may inelude micro-partidos lo faeili­
late flow of in-vivo fluids inlo the cap and lo facilítate thu 
disintegration ofthe cap al a given rato. A syslem thal may be 
suitablc to use inan embodiment ofthe present invcnlion may 
be a syslem of nuno-particlcs. forexample, formed ofa solid 
hydrophobic inner core and a calionic exterior, "llie nano- 
parlieles may be encapsulatcd in micro-capsules. In onc 
embodiment thc nano-particlos may be encapsulatcd In mois­
lurc sensitivo micro-capsules. Such systems may be pro- 
duced, for example, by Salvona, USA. In some cmbodimenls 
ofthe present invention, caps 5813 and 581) may be pressed 
into a dcsired shape and dimensions by known methods. 
Fabricating caps 5813 and 581) by press ing of synthelic mate­
rial, e.g. Compritol 888, Aviccl Pll 200, Laclóse anhydr., 
and/or PVP K-90, may resull in less or no expandí ng or 
swelling of thc cap when com ing in contad with in-vivo
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7
fluids that may otherwise occur when using natural waxes or 
derivativos of natural waxes. In some cmbodimenls of thc 
present invention, the cap may be composcd by a combination 
of hydrophobic and hydrophilic material and llie ratio 
betwcen the hydrophobic and hydrophilic material may 
determine and/orbe rclated to thc erosión rale of thc cap. I'or 
example, a composilion with a relatively higher ratio of 
hydrophobic material as compared to hydrophilic material,
o.g. 1:3 hydrophobic/hydrophilic, may orado al a slowor rato 
compared lo a composilion with a relatively lower ralio of 
hydrophobic material as compared to hydrophilic material,
o.g. 1:12 hydrophobic/hydrophilic. In one example, the cap 
may be fabricated from layers o f more than onc or more than 
onc combination o f hydrophobic matcrials. In another 
cxamplc thc cap may be fabricated from layers of material 
packaged with dilTerent densitios. For example. to maintain 
thc oulcr dimensions of thc examining device intact for the 
predetermined time period, an outer layer of thc cap may, for 
example, be pressed and'or packaged with a higher density 
than thc internal layers so that erosión rato of in the inner 
portion of thc cap may be higher than thc erosión rale in the 
outer surfaco ofthe cap. Other suitablc methodsof fabricating 
caps 5813 and 581) and/or croding caps 5813 and 581) whilc 
maintaining the oulcr dimensions of dcvicc 10 for a predeter­
mined lime period may be used. Typically bul not necessarily, 
oneor more caps 5813 and 581) may have substantially similar 
dimensions. In some cmbodimenls of thc invention, one or 
moro caps 5813 and 580 may have dilTerent dimensions and/ 
or configuration. In one embodiment ofthe present invention, 
in a device of aboul 11 mmx26 mm, caps 5813 and 581) may 
have a substantially dome shape with a longitudinal length of 
approximatcly 4-6 mm. Other suitablc sizes may be used and 
cach of thc caps 5813 and 581) may have a dilTerent length or 
geomelry. Typically, bul not necessarily cap 5813 and 581) and 
dcvicc body and/or Iiller 52 may be made of different malc­
riáis.

Filler 52 may typically be o f any suitablc biodcgradable or 
dissolvable material, forexample any suitablc cxcipicnt, e.g. 
laclóse, powdered sugar, etc. Typically, Iiller 52 may be 
strong cnough lo withsland cndo-luminal pressurc. The Iiller
52 may also conlain adhesivos and other fillers to, for 
example, further provide mechanical slabilily lo the device. 
Other suitablc matcrials may be used. Filler 52 may be 
pressed inlo a dcsired shape and dimensions by known meth­
ods. In onc embodiment ofthe prcscnl invcnlion, Iiller 52 may 
be cylindrical with dimensions approximating 12-14 mm in 
length and 9-12 mm in diameter. Other suitablc dimensions 
may be used. Caps 5813 and 581) may be joined and/or glued 
lo Iiller 52 with an adhesivo, Ibr example, a biocompaliblc 
adhesivo, o.g. UV glue. Other suitablo methods of joining 
caps 5813 and 58D to filler 52 may be used. In other examplcs 
cap 5813 and 581) may be joined and/or aflixed lo filler 52 by 
packaging and/or coating, for example, coaling with coaling 
54. Other suitablc methods may he used

Typically, the outer coating 54 may be a thinner layer than 
the internal bolus 58. According to some embodiments, the 
oulcr coaling 54 may be dcsigned to impart mechanical 
strenglh to thc device and keep Ihe dcvicc shape and dimen­
sions constan! thraughoul the initial phase (and/or the prede- 
termined period) of the device. The coating may also serve as 
a barrier betwcen thc internal Iiller 52 and ihe surrounding 
environment, e.g. thc cndo-luminal environment. Typically, 
coating 54 may be a thin laycr of impermeable polymcr, Ibr 
cxamplc, a thin layer o f l'arylene C, for example. an 8-1 (I jun 
layer of l’arylene C. Other suitablc coalings and coating 
methods may be used. Typically, upon depletion of bolus 58 
through window 56, coating 54, which may be pliable, may
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chango lo final dimensions (e.g. reduccd and/or collapsed 
dimensions). In some cmbodimenls ofthe invention. coaling 
54 may coilapso lo final dimensions including a width of, for 
example, 30 jun-O.S mm.

In one embodiment ofthe present invention, device 10 may 
also inelude a monitoring mcchanism, forexample, an II) tag 
53 e.g. radioactivo, color or magnetic lag or an clectronic II) 
lag (e.g., an RFID tag) wilhin thc bolus 58 or filler 52. Other 
monitoring mechanisms or bcacon device may be used. II) 
tag 53 may be, forexample, a nidio-frequcncy (RF) II)  tag. In 
one embodiment of the invention. the tag may inelude two 
components: a metal coil which may acl as a lwo-way antenna 
and a Silicon chip that may be activated by cneigy rcceivcd 
from an outside source. and when activated may send back a 
single identilication signa! which may be pickcd up by an 
extemal pick up dcvicc, forexample a radio frequeney scan- 
ncr. Typically, these components may be encapsulatcd in. for 
example, a glass casing. In one cxamplc, thc glass casing may 
be rc-encapsulatcd with for example medical grade polyurc- 
tliane as a prolective jackct. Other suitablc methods for 
dctccting thc presence of the examining device may be imple­
mented and other suitablc II) lags 53 may be used. One 
exemplary dimensión of an II)  lag 53 may be 2-3 mm in 
diameter and 12-15 mm in length. Other suitablc dimensions 
may be used.

Reference is now made to FIG. 3 showing a top cross 
scclional schematic illustralion of device 10 where an II)  tag
53 may be included in Iiller 52. In one embodiment ofthe 
present invention, a boro 44 may be made wilhin Iiller 52 so 
that an II) lag 53 may be inserted through it. In one embodi­
ment ofthe present invention. boro 44 may have dimensions 
of 2 mm in diameter and 13 mm in length. Other suitablc 
dimensions may be used. Other suitablc methods may be used 
Ibr incorporating an ID lag wilhin device 10.

In some embodiments ofthe present invention, a material 
403 providing, Ibr cxamplc, a radio opaque elTcct may be 
included wilhin bolus 58, e.g. wilhin Iiller 52. An example of 
a suitablc material may be for example barium sulphate pow­
der. Other suitablo matcrials may be mixed into thc filling for 
casily monitoring o f devico 10 by, forexample, x-ray. In onc 
embodiment ofthe present invention Iiller 52 may conlain 
10% barium sulphate powder. Other suitablo conccntrations 
and other suitablc detectablc matcrials may be used. The 
dcvicc 10 with 11) tag 53 or traceable material 403 may be 
monitored, for cxamplc, by using a reader such as a suitablc 
reador provided by Trovan Ltd. UK. Other methods of moni­
toring may be implemented. llic tag may be the lags 
dcscribcd hercin, such as a radioactivo markor, a magnetic 
devico, or a radio based tag.

In one embodiment ofthe present invention, the dcvicc 1II 
may also inelude an examining mcchanism, such as a thor- 
mometer, pl I meter, etc., for examining cndo-luminal condi­
tions, or other sensing deviees such as an imaging device. In 
another embodiment ofthe present invention, Iiller 52 may 
conlain one or more medical dnigs, Ibr cxamplc, that may bo 
released, for cxamplc in an abnormally conligurcd lumen 
during depletion of filler 52. In some embodiments of the 
present invention, an cflcrvesccnt componen! may be addcd 
to filler 52 to expedite the dcplclion of Iiller 52.

Device 10 may be dcsigned lo substantially maintain its 
outer dimensions for a predetermined period of time after 
which surface erosión through window 56 duc lo in-vivo 
lluids, for cxamplc, gastric and/or GI lluids may disintegrale 
and/or orado the caps 5813 and 581) and thc in-vivo lluids may 
penétrate thc body of device 10 where thcy dissol ve thc Iiller 
52. leaving behind thc pliable coating and the lag 53. In some

s

to

15

20

25

30

35

40

45

50

55

60

65



9
embodiments ofthe present invention, thc change in dimen­
sión may occur in a near step-like fashion.

In some cmbodimenls of the presen! invcnlion. Ihe rule of 
erosión of caps 5815 and 58D llirough windows 56 may no! be 
uniform. In one example, device 10 may block ihe slriclure 
101 and Hule orno finid may come in contad with thc down- 
stream facing cap 58D. The exposure lo in-vivo lluids on the 
downstream side of the device 10 may be signilicantly 
reduccd such thal, for example. crosion o f cap 58 U may come 
lo a near hall. In other cmbodimenls ofthe present invcnlion, 
exposure of eacli ofthe caps 5813 and 581) may difl'er duc to 
other conditions. Omnidiroctional exposure lo in-vivo fluid 
may ensure depletion of device 10 a flor a predetermined 
period elapsed and may accclenilc thc depletion o f device 10 
after Ihe predetermined period elapsed. I'or cxamplc, expo­
sure of in-vivo fluids may in general be greater for a cap 5813 
facing upstream as compared to anolhcr cap 581) facing 
downstream. In other embodiments o f thc present invention, 
non-unifomt erosión o f cach of thc caps 5813 and 581) may be 
duc lo other l'actors, I'or example, cach of caps 5813 and 581) 
may be fabricated and/or composcd with dilTerent matcrials, 
in different sizes, and/or shapes so thal thcy may crodc over 
dilTerent lime periods. In yet other embodiments of Ihe 
present invention. erosión of caps 5813 and 581) may be duc lo 
other faclors besides and/or in addition lo exposure lo in-vivo 
lluids.

In a mcthod according lo an embodiment of thc prcscnl 
invcnlion an examining dcvicc may examine cndo-luminal 
condilions, or test thc configuration of a body lumen, detect 
configurationa! abnormalitics in a body lumen and/or simú­
late thc passage ofan in-vivo dcvicc in a body lumen whilc no 
long term obstruction of thc body lumen may be posed. 
According lo an embodiment ofthe invcnlion, an examining 
device in ils initial phase may inelude dimensions such that il 
may pass through a typically hcalihy body lumen and/or give 
a good approximalion of the passage ofan in-vivo dcvicc in 
the body lumen. In ils final phase thc examining dcvice's 
dimensions may be changcd (typically reduccd. although 
other changes are contemplated) so that it may pass through 
an abnormally conligurcd body lumen where Ihe examining 
device in ils initial phase could not, becauseof ils dimensions.

In case lite body lumen is o f uncxpecled dimensions 
(whcrcin thc expected dimensions are based, for example on 
the known or typical anatomy and/or physiology of the body 
lumen) or in case ofa stricturc or any other coniigurational 
abnormality in the body lumen, thc examining dcvicc in its 
initial dimensions may be blockcd from continuing ils typical 
or expected passage in Ihe body lumen, A fiera predetermined 
lime the examining dcvice's dimensions may be changcd 
such thal thc examining dcvicc, in its linal phase, typically 
deplcted of ils former contcnts and typically ofdegraded or 
reduccd form, will not be blockcd from passing even through 
a smallcr or abnormally conligurcd body lumen.

If no clinical or coniigurational abnormalitics are present 
in thc body lumen the examining dcvice’s passage through 
the body lumen may be typical and thc examining dcvicc may 
pass through thc body lumen and exits thc body whilc il may 
still maintain ils initial dimensions. I lowcver, in a case in 
which the body lumen may be abnormally conligurcd (e.g.. 
Hiere is a stricturc) or iflhcrc is a clinical problem (e.g.. slow 
or no motility in thc gastro intestinal tract) thc examining 
device may be held back in ihe body lumen and rcaches ils 
final dimensions whilc in the body lumen. I'hc degraded or 
reduccd device may be ablc to continué ils passage through 
the body lumen lo cventually exit thc body. Il will Ihus be 
appreciated thal the device and mcthod o f the invcnlion may 
be ulilized lo detect clinical and/or coniigurational abnor-
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malitics in body lumens llirough which Ihe device may be 
passed and exiled, such as thc ( il tract, thc urogenital tract, the 
reproductivo tract, Ihe oral-nasal cavity, etc, or a portion of 
any of these lumens.

A person skilled in the an may casily adjusl thc specilic 
design of the examining device and the predetermined time 
period betwcen an inilial and final phase of thc examining 
device to be applicablc lo a specilic body lumen having spe­
cilic and known anatomy and physiology.

Reference is now made lo FIG. 4A. 413 and 4C showing 
consecutive schematic illustrations of a progression of an 
examining device 10 passing llirough a stricturc 101 ofa body 
lumen 100 according lo an embodiment ofthe present invcn­
lion. Relcrence is now made lo FIG. 4A showing a front cross 
scclional schematic illustralion of an examining device 10 
Iravcling through body lumen 100 and approaching an arca 
with a stricturc 101. During travel through body lumen 100, 
contad with in-vivo fluids 125 through windows 56 may 
promote erosión of caps 5813 and 58D. For a predetermined 
period, the erosión of caps 5813 and 581) and/or the omnidi- 
rectional dcplclion o f device 10 may continué with oul com- 
promising the rigidity and outer dimensions o f device 10.

In some embodiments oflhc present invention, erosión of 
caps 5813 and 581) may be a function on thc degree o f contad 
caps 5813 and 58D may have with thc surrounding in-vivo 
fluids. For example, the orientation o f examining device 10 
with rcspcct lo thc body lumen may resull in one of its caps, 
for example cap 580. having grealer exposure lo in-vivo 
fluids as compared lo anolhcr of ils cap 581). For cxamplc, a 
lirst cap 5813 facing an upstream direclion may llave more 
exposure to in-vivo lluids as compared to sceond cap 581) 
facing in a downstream direclion. As such, thc lirst cap 5813 
lacing in thc upstream direclion may crodc wilhin a shorter 
lime period as compared to the second cap 581) facing Ihe 
downstream direclion. Including lwo or more caps 5813 and 
581) in device 10 may, in some embodiments ofthe present 
invention, ensure thal a dcsired change in dimensión may take 
place al a predelermined lime period, even if  one of thc caps 
5813 or 581) may have liad insullicient exposure to in-vivo 
fluids duc to in-vivo condilions. Omnidireclional depletion of 
device 10 may allow for accclcratcd depletion of device 1(1 
and/or coaling 54, typically, in a step-like fashion al the 
icnnination o f the predetermined period.

In anolhcr cxamplc, when approaching an arca with a slric­
lure, dcvicc 10 may, for cxamplc, block passage o f in-vivo 
fluid and onc ofthe caps, for example cap 581) possibly facing 
ihe direclion of thc slriclure may cxpericncc lillle or no con­
tad with in-vivo fluids. As such, il may be possible thal the 
erosión o f caps 58D may be temporarily halted, ncarly halted, 
and/or slowed down. Omnidirection dcplclion o f coaling 54 
enablcs the passage o I" dcvicc 10 regardless ofthe orientation 
of device 1U with rcspcct lo ihe body lumen 100 and/or 
regardless of Ihe orientation o f device 10 with résped lo Ihe 
stricturc 101.

Reference is now made lo FIG. 413, showing a device 10 
with a substantially croded cap 5813. In-vivo lluids may dif- 
fuse or flow in through window 56, croding, forexample. cap 
5813 cnough to crcate an opening lo Iillcr52. The filler 52 may 
typically be made ofa material that may be faslcr lo dissolve 
than the material composing the cap 5813 and 581). Exposure 
of filler 52 to in-vivo fluids, may faeililate rapid depletion of 
filler 52 such tliat dimensions o f device 10 may be substan­
tially altercd. In some cmbodimenls ofthe prcscnl invention, 
Iiller 52 may be substantially dissolved before cap 58D may 
have substantially croded. As such, in-vivo fluids may expose 
cap 581) through Ihe Iiller 52 side and erosión of cap 581) may 
occur from holh sides, acceleraling llic erosión ofcap 581), so
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that dcvicc 10 may succcssfully pass through stricturc 101 
and relieve blockagc that may have been temporarily aggra- 
vated by device 10. In onc embodiment o filie present inven­
tion, erosión ofcap 58D may occur mainly from the upstream 
direclion duc to lack of in-vivo fluids in the downstream 
direclion. In other embodiments of thc present invention, 
dcvicc 10 may be ablc to pass through stricturc 101 during 
depletion of Iiller 52 and before complete crosion ofcap 581).

Reference is now made lo FIG. 4C. Erosión of cap 5813, 
filler 52 and cap 58D may, forexample, lead to pliable coaling
54 disengaging at Icast partially from the material that it may 
be coating and in its new smallcr and/or collapsed dimensions 
may pass casily through stricturc 101. ID tag 53 may be 
released from filler 52 and also pass through stricturc 101. In 
other embodiments, fragments of filler 52 and caps 5813 and 
581) muy puss llirough stricturc 101 whilc still in the process 
of disintegration and/or crosion. In some embodiments ofthe 
present invention, rapid depletion of dcvicc 10 (a 11er thc 
predetermined time period muy have elapsed) may be dcsired 
so as to minimize any discomfort to u patient (for example, 
undergoing an examination with examining device 10) that 
muy be caused by further blockagc ofa stricturcd urea 101 by 
Ihe examining device 10. Erosión of caps 5813 und 581) from 
bolh thc upstream und downstream direclion muy accelcralc 
thc change in dimensión o f examining device 10 so that it muy 
vacate thc pathological and/or stricturcd urea without unnec- 
essary del ay.

A health professionul muy monitor (e.g. with known moni­
toring deviees) thc pussugeofdevice 10 through u body lumen 
to determine the presence o f abnormal body lumen configu- 
rations. The presence o f dcvicc 10 oribe contcnts o f  device 10 
(e.g. ID tag 53, material 403) in-vivo for less than the prede­
termined time may be indication that no abnormal body 
lumen configuralions wcrc encountcred. Delection of dcvicc 
10 oribe contcnts o f dcvicc 10 (e.g. 11) tag 53, muteriul 403) 
in-vivo substantially after the predetermined time muy be 
indication that abnormal body lumen configuralions were 
cncounlercd. In some embodiments ofthe prcscnl invention 
thc predetermined time period may be in thc order of onc 
hundred hours. In other embodiments a period of approxi- 
malely forty to seventy hours may be used. In still altérnate 
cmbodimenls, other time limits may be used, und examining 
deviees for olher body lumens may be dcsigned in accordance 
with thc specilic body lumen having specilic and known 
anulomy and physiology.

In one embodiment ofthe present invention, a health pro- 
fessional may detect the presence of dcvicc 10 in a delined 
arca in a body lumen lo determine the presence of abnormal 
body lumen configuralions. llic presence o f device 10 or thc 
contcnts of device 10 (e.g. I I)  lug 53, material 403) in a 
delined urea for less than the predetermined lime muy be 
indiculion that no abnormal body lumen configuralions wcrc 
cncounlercd. The presence of dcvicc 10 or thc contcnts of 
device 10 (e.g. ID lag 53, material 403) in a delined arca for 
more than the predetermined lime may be indication that 
abnormal body lumen configuralions were cncounlercd.

The foregoing descriplion of the cmbodimenls of the 
invention has been presenled for Ihe purposes of illuslralion 
and descriplion. It is not iiitcndcd lo be exhaustive or lo limil 
Ihe invention to the precise form disclosed. Il should be appre­
ciated by persons skilled in thc art that many modilications, 
varialions, substitutions, changes, and equivalcnts are pos­
sible in light of thc above teaching. It is, therefore, lo be
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undcrslood thal Ihe appendcd claims are ¡ntendcd lo cover all 
such modilications and changes as fall wilhin thc truc spirit of 
the invention.

The invention elaimed is:
1. An in vivo examining device comprising:
a device body:
two erodible caps;
a substantially impermeable outer coaling for substantially 

covering at leasl the lwo caps, said coating comprising al 
leasl lwo openings, whcrcin cach o f said lwo caps is 
exposed by at least one of said two openings;

whcrcin the device body is covered by thc coating and 
compriscs Iiller sandwiched betwcen thc two caps.

2. The device according to claim 1 whcrcin thc caps inelude 
a combination of hydrophobic and hydrophilic matcrials.

3. The dcvicc according lo claim 2 whcrcin llie hydropho­
bic material is selected from a group consisting of: glyceryl 
behenate and microcrystalline ccllulosc, and the hydrophilic 
material is selected from a group consisting of: anliydrous 
laclóse and polyvinylpyrrolidone.

4. "Hie dcvicc according to claim 1 whcrcin the coating is 
durable under in-vivo conditions.

5. The dcvicc according lo claim 1 whcrcin the coating is a 
pliable coating.

6. ITic device according to claim 1 whcrcin thc coating 
includes l’arylene C.

7. "Hie device according to claim 1 whcrcin thc coating is 
conligurcd for laking on substantially reduccd dimensions 
in-vivo after a predelermined lime period.

8. The device according to claim 1 whcrcin thc filler 
includes at least a dissolvable material.

9. The device according lo claim 1 whcrcin the Iiller 
includes al Icast one material selected from a group consisting 
of: laclóse and powdered sugar.

10. "llic device according to claim 1 whcrcin the dcvicc 
body compriscs a monitoring mcchanism.

11. llie device according to claim 10 whcrcin the device 
body compriscs an RF ID tag.

12. The device according lo claim 1 whcrcin the dcvicc 
body includes at least barium sulphate.

13. The dcvicc according to claim I whcrcin cach ofthe 
two caps is glued to the dcvicc body.

14. The device according to claim 13 whcrcin cach of thc 
two caps is glued to the dcvicc body with UV glue.

15. The device according lo claim 1 comprising a monitor­
ing mcchanism.

16. The device according to claim 15 comprising an RF ID 
tag.

17. "llie device according to claim 1 whcrcin the device 
includes barium sulphate.

18. The device according to claim 1 whcrcin the arca of 
cach ofthe openings is 0.5 mm2 lo 100 mm2.

19. A mcthod o f use ofan examining device wilhin a body 
lumen, thc melhod comprising:

providing an examining device with a body comprising a 
dissolvable Iiller material and two erodible caps, the 
examining dcvicc conligurcd for being deplcted omni- 
direetionally after a predetermined time period; and

inserting said examining device inlo said body lumen;
whcrcin thc dimensión o f said examining dcvicc changes

lo final dimensions after thu predetermined lime period 
in a step-like fashion, whcrcin final dimensions ofthe 
device inelude a width o f betwcen 30 |uu and 0.5 mm.

20. The melhod according to claim 19 wherein thc body 
lumen is a lumen ofa ( il tract.
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21. T h e  m elhod according lo c la im  19 wherein ihe exam ­

ining device is capsule shaped.

22. T h e  m elhod according lo c la im  19 com prising coaling  

ihe  exam ining device w ith  a substantially im perm eable outer 

coating.

23. T h e  m cthod according lo  c la im  21 com prising provid­

ing an opening through the coating to expose the cap.

24. The m cthod according to c la im  21 com prising provid­

ing a lirst opening llirough thc coating lacing an upstream  

direclion;

14
a second opening llirough the coating facing a downstream  

direclion.
25. H ie  m elhod according to c la im  19 com prising deplel- 

ing the exam in ing device in the upstream and downstream
5 direclion.

26. T h e  m elhod according lo  c la im  19 wherein the prede­
term ined tim e period is approxim atcly betwcen forty  and one  
hundred hours.

27. H ie m cthod according lo c la im  19 com prising m oni- 
to toring the exam ining device.

*  *  *  *  »

#
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1
EXTENDED RELEASE FORMULATION OF 

VENLAFAXINE IIYDROCULORIDK

BACKGROUND OI- TI II- INVENTION

1. Field of thc Invention
"l'his invcnlion relates to a pharmaceutical composilion of 

extended release formulation comprisinghard gelatin capsule 
containing Ihcrapeutically effective amount of mini-tablets 
wherein cach mini-tablct compriscs vcnlafaxinc hydrochio­
ride, microcrystalline cellulose, binder and optionally con- 
ventional exeipicnts.

2. Rclated Art ofthe Invention
The use of hydrophobic polymcrs to produce extended or 

controlled reléase pharmaceutical composition is known in 
the art. For extending thc reléase, the solid dosage form of 
mini-tablets comprising a drug is coated with hydrophobic 
polymcr and pore forniing agent. As soon as solid dosage 
form comes in contad with surrounding media, the pores are 
formed and the drug is difliiscd through diese pores. Control 
of the rato of release benefits llicrapy by producing constan! 
blood plasma levéis of the active ingredient and by decreasing 
thc frequeney of administration, thereby improving patient 
compliancc to thc dosage régimen. The present invention 
provides a pharmaceutical composilion of extended release 
capsule containing mini-tablets of vcnlafaxinc hydrochioride 
suitablc for once daily administration lo human subjects.

I'hc invention relates lo an extended release pharmacculi- 
cal formulation for once daily administration. in particular lo 
a controlled release pharmaceutical formulation of vcnlafax­
inc hydrochioride.

Several extended release drug delivery systcm adapled for 
thc delivery of vcnlafaxinc hydrochioride are known in thc 
prior art.

U.S. Pat. No. 4,535,18(1 describes a class of hydroxycy- 
cloalkanephenelhyl ainines as being useful antidepressants 
and exemplifies the compound now known as vcnlafaxinc 
hydrochioride as one ofthe suitablc species.

Vcnlafaxinc, is chcmically named as (R/S)-I-[ 2-(dimethy- 
liimino)-1 -(4-nielhoxyphcnyl)clhylj-cyclohcxíinol. Pres­
ent ly vcnlafaxinc hydrochioride is administered to adults as 
conventional immcdialc reléase lablels or as 24 hours 
extended-release multiparticulatc capsules. Vcnlafaxinc 
hydrochioride is approvcd for sale in various countries 
including thc United States o f America under the brand ñame 
HFFIiXOR™ (Wyeth Ayersl). It is availablc as an Immcdialc 
release tablet and as an extended release capsule under llic 
brand ñame F.FFF.XOR™ (Wyeth Ayersl) and I-.FFF.XOR 
X R t m  (Wyeth Ayersl), respectivcly.

Vcnlafaxinc hydrochioride is very soluble in water. Il is 
known that it is very dillicult to develop a pharmaceutical 
form with a very slow dissolution rale of frecly soluble drug.

U.S. Pal. No. 6,274.171 and rclated 1ÍP 0797991 disclose 
encapsulatcd extended release formulalions form vcnlafaxinc 
hydrochioride. A once daily, encapsulatcd extended release 
dosage form is disclosed that provides a flaticncd drug plasma 
proíile and reduces the adverse side clfecls. The encapsulatcd 
dosage form is tauglit to comprisc spheroids of vcnlafaxinc 
hydrochioride, microcrystalline cellulose, and hydroxypro- 
pylmethylcellulosc (HPMC). "I hese spheroids are coalcd 
with a mixture of cthyl ccllulosc and IIPMC. By providing an 
appropriate amount ofthe coating, the dcsired blood plasma 
proíile can be obtained,

U.S. Pal, No, 6,274,171 and liP 0797991 also State that 
forniing an extended release dosage Irom of vcnlafaxinc 
hydrochioride was difficult in part duc to the high water 
solubility of thc hydrochioride salí. In fací, these patcnts
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disclose thal “|n)umcrous attcmpts to produce extended 
release lablets by hydrogc! technology proval lo be fruitless 
because the compressed lablets were eilher physically 
unstable (poor compressibilily or capping prublems) or dis­
solved too rapidly in dissolution studies." Unlike the encap­
sulatcd extended release formulalions dcscribcd in these pat- 
ents, a hydrogel extended release vcnlafaxinc hydrochioride 
tablet is taught to typically exhibit a dissolution proíile 
wherein 40%-50% is released wilhin 2 hours, 60%-70% is 
released wilhin 4 hours, and 85%-100% Is released wilhin 8 
hours.

W099/22724 also discloses encapsulatcd vcnlafaxinc 
hydrochioride extended reléase dosage forros. "I hese formu­
lalions dillcr from those in U.S. Pal. No. 6,274,171 and KP 
0797991 in that the spheroid is substantially free of HPMC.

Although a vcnlafaxinc extended release capsule has been 
produccd, il would he advanlagcous lo provide a less compli- 
caled dosage form thal nonetheless provides extended reléase 
of vcnlafaxinc.

W094/27589 and WOO1/37815 describe osmotic dosage 
forros containing vcnlafaxinc hydrochioride.

US 20030190354 discloses an extended reléase composi­
lion comprising as active compound vcnlafaxinc hydrochio­
ride in a malrix tablet dosage form, in which vcnlafaxinc 
hydrochioride is mixed with a combination of hydrophilic 
and hydrophobic malrix fonning components. "Hie roatrix 
components are suitably combination o f high and low viscos- 
ity grades hydroxyl propyl methyl cellulose, ethyl cellulose, 
glyceryl behenate and methyl cellulose. Two granulation 
methods were used for thc production o f thc lablets: thc lirst 
was a regular onc slep granulation process, in which all 
excipienls wcrc blendcd logether with the active, then wct 
granulaied with Kollidon SR, dried, millcd and compressed 
Into oval shape scored lablels. The second granulalion pro­
cess was a two slep process, thc lirst was wct granulation of 
the active material, which was blendcd with the hydrophobic 
components selected froro P.thocel or Compritol. I-ater on. 
thc millcd granúlate was mixed with the hydrophilic compo- 
ncnls, thc methocels and the lubricating components, syloid 
244 and Mg stearate.

W003/55475 teaches Ihe controlled reléase formulation of 
vcnlafaxinc. "Hie pharmaceutical formulation ofthe present 
Invention compriscs for example a core consisting o f an 
active dmg which may be advantageously in aroorphous 
form, polyvinylpyrrolidone, a combination of lwo hydro­
philic polymcrs having dilTerent viscosity and optionally 
olher commonly used ingredicnts for solid dosage forros. The 
core is coalcd with a polymeric coaling comprising a comhi- 
nallon of lwo polymcrs having di ITcrent water penneabl lity. A 
plaslicizcr and olher commonly used ingredicnts for film 
coaling may be optionally added Hiérelo, The combination of 
llie carriers i.c. the water soluble polymcr, polyvinylpyrroli­
done and thc low viscosity hydrophilic polymcr luis a double 
eficct and thc advantage that It stahilizes the aroorphous form 
of thc active ingredient and simultancously modifics the 
release of Ihe aroorphous active ingredient In such a way that 
It is sustained, rcpeatableand independeut ofthe amorphous 
or polymorphous forro of the active ingredient, ils partiele 
size and specilic surface arca.

WO 03/53402 and rclated US 2004133982 discloses zcro- 
order sustained reléase dosage forros. A solid dosage forro 
comprising a malrix core comprising inlragranular ethylcel- 
lulose and a water soluble active agent granulaied and com­
pressed logether with cxlragranular cthyl cellulose and a film 
coaling comprising a hydrophobic polymcr wherein Ihe film 
coaling complctcly encases thc roatrix core. This invcnlion 
also relates to a process for manufacturing a zern-order sus-
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3
taincd reléase tablet containing a water-soluble active agent, 
comprising the steps of: (a) preparing a lirst admixture com­
prising Ihe active agent and inlrugranular elhylcellulose; (b) 
gr.miilating the lirst admixture in order lo oblain a granular 
product; (c) preparing a second admixture comprising extra- 
granular elhylcellulose; (d) preparing a ihird admixture com­
prising the granular product and thc second admlxture;

W004/12699 and rclated US 20040096501 leach the use 
ol'dual relurd tcchniquc lo elTeclivcly control llie release rale 
of modified release active ingredient by using small quantity 
of reléase conlrolllngagenls. This dual relard tcchniquc thus 
sufficlenlly reduces thc size o f Ihe dosage form, which Is 
convenían for swallowing. The dosage form compriscs ofa) 
Micro malrix pnrticlcs containing high solubility active ingre- 
dicnt and one or more hydrophobic reléase controlling agent,
b) Coaling o f Micro malrix particles with one or inore hydro- 
phohic reléase controlling agents.

Extended reléase prcparation of dnigs are advanlagcous In 
thc administration because oftheir reduccd dosage frequeney. 
The frequeney can be reduccd by maintaining constan! 
plasma concentration of drug over an extended period o f lime 
lo ensure extended effect o f active ingredient.

SUMMARY OI- THE INVENTION

Il Is an object of the present invcnlion lo provide an 
extended release of thc active Ingredient from thc phamia- 
ccutical composilion, which has blood plasma levéis above 
mínimum therapeuilc concentration over extended period of 
lime.

Another objecl of the present invention is lo provide 
extended release pharmaceutical composilion for once daily 
dosage form.

Ye! another object ofthe present invention is lo provide an 
extended reléase pharmaceutical composilion, which 
releases thc active ingredient in predetermined manner.

Yet another objecl o f  Ihe  present invention is lo  produce the 
form ulation by a conventional melhod so as lo reduce thc 
process lim e.

Yet anolhcr objecl of the present Invcnlion Is lo develop 
extended release formulation o f vcnlafaxinc hydrochioride 
which is bioequivalcnt lo 1 iffexor XRby conventional mcthod 
comprising comprcssion and coating.

Accordingly, thc prcscnl invention relates lo an extended 
release pharmaceutical formulation comprising vcnlafaxinc 
hydrochioride, diluent, water-soluble componenl and water 
insoluble polymcr and other pharmaceutical acccptable 
excipienls.

llie  components are selected in such ¡i way to give 
extended reléase of thc vcnlafaxinc hydrochioride in a prede­
lermined manner.

The invcnlion relates lo extended release composilion in 
ihe form of mini-tablets which are incorporalcd in hard gela­
tin capsules containing a ihcrapeutically effective amount of 
the mini-tablets comprised o f venia fax i ne hydrochioride, 
microcrystalline ccllulosc, polyvinyl pyrroiidonc and option­
ally conventional excipienls and further coating of mini-tab- 
lets comprising of cthyl cellulose and plasdone S630 copoly- 
vidonium (ISP tcchnologies). The lablels of thc invention 
exhibit specilic dissolution profilos, especial ly with vcnlafax­
inc MCI.

Prefcrably, the prcscnl invcnlion relatos lo thc extended 
reléase formulation which compriscs from aboul 40% to 
about 80% by wcight of a vcnlafaxinc hydrochloridc; from 
aboul 25% lo aboul 45% of microcrystalline cellulose and 
from aboul 0.5% to about 10% polyvinyl pyrroiidonc of the 
total wcight of composilion. llie coating on mlni-tablet com-

4
prises o f from aboul 2% lo 15% of total wcight of the com­
posilion. The coating composilion compriscs from aboul 50% 
lo aboul 95% elhylcellulose and from aboul 3% lo aboul 50% 
of plasdone S-630 copolyvidonium (ISP tcchnologies) of thc 
total weighl of thc coaling laycr.

More prefcrably thc prcscnl invention relates lo Ihe 
extended release formulation which compriscs from about 
48% lo aboul 68% by wcight ofa vcnlafaxinc hydrochioride; 
from about 26% lo aboul 38% of microcrystalline cellulose 
and from about 2% lo about 9% of polyvinyl pyrroiidonc of 
the total wcight of composilion. The coaling on mini-tablct 
compriscs of from about 4% to 14% o f total weighl of the 
composilion, The coaling on mini-tablct compriscs of from 
about 65% lo about 95% cthylcellulosc and from aboul 5% lo 
aboul 40% of plasdone S-630 copolyvidonium of the total 
weighl of thc coating layer.

Still more prefcrably llie present invcnlion roíales to thc 
extended release formulation which compriscs from aboul 
57% to aboul 62% by weighl ofa vcnlafaxinc hydrochioride; 
from about 27% lo about 32% of microoryslulline cellulose 
and from about 2.5% lo aboul 5,5% of polyvinyl pyrroiidonc 
ofthe total wcight of composilion. The coating on mini-tablct 
compriscs of from aboul 6% lo 12% of total weighl ofthe 
composilion. fhc coaling on mini-tablct compriscs of from 
aboul 70% lo about 80% cthylcellulosc and from aboul 20%
lo about 30% of plasdone S-630 copolyvidonium of thc total 
weighl of thc coaling laycr,

BRIEF DESCRIPTION OF TI IE INVENTION

According lo thc present invention, thc extended reléase 
Ibrmulation Is prepared by comprcssion IbIlowcd by func­
tional coating melhod, thc said mcthod comprising stops of 
i. Blending thc vcnlafaxinc hydrochioride and diluent. 
il. Granulating the blendcd mixture with an aqucous or non- 

aqucous soiution of binder and drying il. 
ili. Lubricating thc dried granules and compressing inlo lab­

lels of appropriate shape (3-6 mm In diameter).
iv. Coaling thc lablets with an aqucous or non-aqucous dis­

persión of water Insoluble and water soluble polymcr.
v. filling coated mini lablets obtained In stop (Iv) inlo capsule 

of appropriate size.
Such 12, 6, 3 mini-tablets are lillcd inlo pharmaceulically 

acccptable capsule to form 150 mg, 75 mg and 37.5 mg 
slrengths respectivcly of vcnlafaxinc,

BRIEF DESCRIPTION OFTHE DRAWINGS

FIG. 1 is a plol of the mean drug plasma Icvcl rcsulling 
from thc biopharmaccutical test comparing Example 1 lo 
vcnlafaxinc hydrochioride 150 mg (Eficxor XR™), of which 
thc pliarmacokinctic parameters are recorded in Table 1,

DETAILED DESCRIPTION OFTHE INVENTION

In an embodiment of the present invcnlion. the hard gelatin 
capsulo compriscs of film coated mini-tablets. These mini- 
tablets comprised of active ingredient. binder and water- 
soluble componenl and optionally conventional excipienls. 
These mini-tablets are coated with combination o f water- 
soluble and waters insoluble polymcr.

According lo thc prcscnl invcnlion, thc pharmaceutical 
composilion contains vcnlafaxinc hydrochioride as an active 
ingredient. The vcnlafaxinc hydrochioride may be prcscnl in 
an amount from aboul 40% to about 80%, prefcrably from
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5
about 48% to about 68% by wcight, more prefcrably from 
about 57% to about 62% of thc total wcight o f extended 
reléase composilion,

Further, vcnlafaxinc hydrochloridc may be present in an 
amount from 12.5 mg to 400 mg per capsule,

According to the embodiment of the present invention, thc 
mini-tablct contains microcrystalline cellulose as diluent. 
Microcrystalline cellulose may be present in an amount from 
about 25% to about 45%, prefcrably from about 26% to aboul 
38% by wcight, more prefcrably from aboul 27% lo about 
32% of thc total wcight of extended reléase composition.

According lo the embodiment of the present invcnlion, Ihe 
mini-tablct contains polyvinyl pyrroiidonc as binder. Polyvi­
nyl pyrroiidonc may be prcscnl in an amount from about 0.5% 
to about 10%, prefcrably from aboul 2% lo about 9% by 
weighl, more prcferably from aboul 2,5% lo about 5.5% of 
thc total weighl of extended ralease composilion,

In addition lo thc above ingredicnts, pharmaceutical grade 
magnesium stcaratc/stearic acid as a glidant, tale as an anti- 
adliercnl and colloidai silicion dioxide as a lubrican! are 
included in the mini-tablct, Prefcrably, magnesium stearate/ 
sicario acid, tale and colloidai silicion dioxide are prcscnl in 
amounts in the range of 1% lo 6% by wcight eilher alone or in 
combination.

In an embodiment oflhc prcscnl invention, the coaling on 
mini-tablct compriscs of water insoluble polymcr and water- 
soluble polymcr, The water insoluble polymcr is sclccled 
from the group consisting of ccllulosc clhcr such as elhyleel- 
lulose, a cellulose esler such as ccllulosc acclatc, methacrylic 
derivatives availablc from Rohm Pharma under llic trade 
ñame "Eudragit™" RL, RS and NL, etc, In a preferred 
embodiment, the water insoluble polymcr is cthyl ccllulosc 
present in an amount from aboul 50% to aboul 95% by wcight 
of thc functional coating contení of extended release compo­
silion.

In an embodiment oflhc prcscnl invcnlion, thc coaling on 
mini-tablct also conlains water-soluble polymcr, The water 
soluble polymcr is sclccled from thc group consisting of 
Plasdone S-630 copolyvidonum (ISP tcchnologies), hydrated 
colloidai silica, sucrose, mannilol or any olher substance 
capable of playing thc same role, In preferred embodiment, 
thc water soluble polymcr is Plasdone S-630 copolyvidonum 
(ISP tcchnologies) which is present in an amount from about 
3% lo aboul 50% by wcight of the functional coating contení 
o f extended reléase composition.

lithyl cellulose, an cthyl clhcr of ccllulosc, is a long-chain 
polymcr of h-anhydroglucosc units joined logether by acelal 
linkages. It is lasleless, free flowing, whitc lo light tan eolored 
powder. Il is a stablc, slightly hygroscopic material, It is 
praclicaily insoluble in glycerin, propylene glycol and water, 
Elhylcellulose that conlains less than 46,5% of eihoxyl 
groups is frecly soluble in chlorofomi. methyl acclatc and 
tetrahydrofuran and in mixtures o f aromalic hydrocarbons 
withethanol (95%). Elhylcellulose that contains not less than 
46.5% ofcthoxy groups is frecly soluble in chloroform, ctha- 
nol (95%), cthyl acclatc, methano! and tolucnc. It is Chemi­
cal ly resistanl lo alkalis, bolh dilute and concentrated and lo 
salí solulions, although it is more sensitivo lo acidic matcrials 
than are cellulose estere. Ethyl cellulose polymcrs exhibit 
good stability wilhin thc pll range of 3 lo 11, so thcy can bo 
used with bolh acidic and alkalinc ingredicnts.

"I'hc viscosity ofethyl cellulose is measured typically al 25° 
C. using 5% w/v elhylcellulose dissolved in a solvcnl blend of 
80% tolucnc: 20% cthanol (w/w). DilTerent grades ofcthyl- 
ccllulose are elhoccl std 4 premium, elhoecl sld 7FP pre- 
mitim, elhoccl std 7 premium, cthoccl std 10FP premium, 
elhoccl std 10P premium, elhoccl std 20P premium, cthoccl

6
std 45P premium, cthoccl std 100FP premium, cthoccl 100P 
having viscosity range o f 3-5.5 cP, 6-8 cP, 6-8 cP, 9-11 cP, 
9-11 cP, 18-22 cP, 41-49 cP 90-110 cP, 90-110 cP respec- 
lively. The viscosity of an elhylcellulose soiution mercases 
with an increasc in cthylcellulosc concentration. The viscos- 
ity o f such solulions depends almosl cntircly on the alcohol 
contení and is independent o f tolucnc. In addition, nonphar- 
maceulical grades of elhylcellulose that differ in iheir eihoxyl 
contení and degree of polymerizatioii are availablc. Ethyl 
ccllulosc is prepared by Irealing purificd cellulose with an 
alkalinc soiution, followed by ethylalion of thc alkali cellu­
lose with chloroethane.

Plasdone S-630 copolyvidonum (ISP tcchnologies) is a 
synthelic water-soluble copolymer consisting of N-vinyl-2- 
pyrrolidone and vinyl acclatc in a random 60:40 ralio. Plas­
done S-630 copolyvidonum has low hygroscopicily. At 50% 
RH level, Plasdone S-630 copolyvidonum gains less than 
10% weighl and does casily desorb thc gained moislurc, Il is 
an exeipienl of dioico for moislurc sensilive drugs.

The K-value for Plasdone S-630 copolyvidonum is speci­
licd belwecn 25.4 and 34.2. The K-value is calculatcd from 
thc kiucmatic viscosity ofa 1 % aqucous soiution and henee is 
rclated lo the average molecular wcight of the polymcr.

Plasdone S-630 copolyvidonum is a highly cffcctivc film 
forniing adhesive. Il is used primarily as a lablel binder, 
although ils unique properties makc il useful in thc formula­
tion and coating ofa varicty of pharmaceutical dosage forms.

Plasdone S-630 copolyvidonum is soluble in many sol- 
vents and can be used in non-aqucous granulation orcoalings.
Il is supplied as a frce-fiowing spray-dried powder lo ensure 
máximum handlingeOiciency- Spray drying results in spheri- 
cal particles with liglilly controlled partiele size dislribution. 
The partiele morphology is rcsponsible for the cxcdlcnt pow­
der llow properties, which aids blending with other excipi- 
cnts.

According lo a process for making thc composition of llie 
present invention, thc vcnlafaxinc hydrochloridc is blendcd 
with microcrystalline ccllulosc and granulaied using binder 
soiution, I hese granules are then compressed into mini-lab- 
lels. The rcsulling mini-tablets are then coated with extended 
reléase polymcr.

In an embodiment ofthe present invcnlion, thc functional 
coating is done by dissolving elhylcellulose and plasdone S 
630 copolyvidonum in a solvcnl such as cthyl alcohol. The 
rcsulling soiution is sprayed onto thc mini-tablct cores, using 
a coaling pan or a perforated turbine or a lluidizcd bed appa- 
ralus.

In an embodiment ofthe present invcnlion, the weighl ralio 
o f functional coating/tablet is comprised e.g, hctween 0,02 
and 0.15, prefcrably belwecn 0.04 and 0.14, more prefcrably 
belwecn 0.06 and 0.12.

"llic mini-tablct size ranges belwecn 3-6 mm in diameter.
Prcferably, vcnlafaxinc hydrochloridc and diluent are 

sifled through suitablc mesh sieve and Ihe sifted mass is 
blendcd using high shear mixture and the blendcd mass is 
granulaied with aqucous or non-aqucous binder soiution and 
thc granulaied mass is dried until llic moislurc contení is less 
than 4% w/w and the dried mass is passed through suitablc 
mesh sieve and this granules are lubricatcd with lubricants, 
giidanls, anliadheranls. The lubricatcd granules are com­
pressed inlo mini-tablets of appropriate size (3-6 mm in diam­
eter). "llic mini-tablets are further coalcd with coaling of 
water soluble and water insoluble polymcr. These film-coaled 
mini-tablets are filled inlo hard gelatin capsule.

"flie prcscnl invention is illustrated by Ihe following 
examplcs.
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7
liXAMPLDS

8
Cxamplc 2

General l’rocedure I'or thc Prcparation of Kxtcndcd 
Reléase Capsule Containing Mini-lablets

Vcnlafaxinc hydrochloridc and microcrystalline cellulose 
is sifled through suitablc mesh sieve and thc sifted mass is 
blended using high shear mixture and the blendcd mass is 
granulaied with aqucous polyvinyl pyrroiidonc soiution and 
thc granulaied mass is dried until thc moislurc contení comes 
down lo less than 4% w/w and the dried mass is passed 
through suitablc mesh sieve and ihis granules are lubricatcd 
with magnesium stearate, colloidai Silicon dioxide and lalc 
and thc lubricatcd granules are compressed inlo mini-tablets.

ITicsc mini-tablets are coated with aqucous or non-aque- 
ous dispersión of functional coaling of walcr soluble and 
water insoluble polymcr. The diameter of lilm-coated mini- 
tablct ranges betwcen 3-6 mm. These mini-tablels are then 
lillcd inlo hard gelatin capsule.

Such 12, 6,3 mini-tablels are filled inlo pharmaceulically 
acccptable capsule to form 150 mg, 75 mg and 37.5 mg 
slrengths respectivcly of vcnlafaxinc hydrochloridc.

Dissoluiion Melhod
For all examplcs, the capsule containing lablels wcrc tesled 

for dissoluiion o f vcnlafaxinc hydrochloridc in lX)() mi of 
walcr as dissoluiion media al 37° C. and in 40-mesh baskel 
(USP Type 1) and rotalcd al 100 rpm.

In ihe following examplcs, the composilion and ils disso­
luiion pro files are given in a tabular form.

Example 1 

Composilion

Ingredient Weighl (mgtoblct)

Vcnlnf/ixiiiti HCI 14.27
Microeiystallinc Cellulose 7.13
Povidone 1.10
lilh y l Alcohol qs
Tule 0.25
Collonl.il Silicon Dioxide 0.25
Magnesium Sic-ir.«c 0.50
Ethyl Cellulose 1.22
C?opolyvidone 0.37
Rthyl Alcohol q-1

Total Weiiiht 25.09

Dissoluiion Proíile

Pcrcent Venlafaxine
Time (hour) 1ICI released

Composilion

li iy cd icn l Weighl (mg/lnblcl)

Vtnl.ifiix ir.c HCI 14.27
Microcryslnllinu ccllulosc 7.11
Povidnnc 1.10
Puro Wnlcr q.í.
Tale n.25
Colloidai Silicon Dioxide 0.25
Magnesium Siearnic 0.50
lilh y l Ccllulosc 1.59
Copolyvidonc 0.48
E lliy l Alcohol q.s.

Tolal Wciglil 25.57

D is s o lu i io n  l ’ r o l i le

Pcrccm Vcnlafaxinc
Time (hour) HCI rclcasnl

1 0.2
2 7.7
4 23.2
8 46.2

12 611
24 81.9

Hxiimple 3

Composilion Composition

40

Ingredient Weighl (mg/lablet) Ingredient Wcight (ing/'iablei)

VcnlofAxino HCI 14.27 Venlafaxine HCI M.27
Microcrystalline Cellulose 7.13 Microcrystalline cellulose 7.1.3
Povidonc 1.10 45 Povidonc 1.10
lithy l Alcohol q.s Puré Water q.s.
Tale 0.25 lalc 0.25
Colloidai Silicon Dioxide 0.25 Collo idai Silicon Dioxide 0.25
Magnesium Stearate 0.50 Magnesium Stearate 0.50
lithy l Cellulose 1.22 li lh y l Ccllulosc 1.0#
Copolyvidonc 0.37 50 Copolyvidonc 0.32
lilh y l Alcohol q-s. EÜiyl A lcolio l q.s.

Total Wcight 25.09 Total Wcight 24.9

Dissoluiion l’rolile 55 Dissolution Proíile

Perccul VviilaliixiiiL'
Time (hour) IIC I released ¿(| l im e  (hour)

Pcrcent Vcnlallxiue 
HCI released
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9
Example 4 

Composilion

IngrnliclU W cighl (111% 'ubkt)

Vcnlafaxine HCI 14.27
M icrocryslnlliltc ccllulosc 7.13
Povidmic 1.10
1‘urc Wuler (|.S.

Tale 0.25
Colluitlal Silicua Dioxide 0.25
Magncsiuni Stcarate 0.50
nudragil RS 30D 3.15
Tale 0.16
Tric lliy l Cilratc 0.19
Puré Walcr q.s.

Tolal Wciglil 27.00

Dissolution Prolilc

Pcrccnl Vcnlafaxine
Time (hour) HCI idease,1

1
2
.1

8
9

12
8 85

12 IIM
24 —

Further, when the composition oi'the present invention was
cxtrudcd, sphcronizcd and dried to fomi spheroids instead of
mini-tablets as envisaged in the present invention, the disso­
lution prolilc was more immediate, which is unsuitable for
once daily administration, as shown in the accompanying
example:

Example 5

Composilion

Sr.
No. Ingrodicnt Qty/Capsulc (150 g i l)

CORE

1 Vcnl.ifaxinc HCI 171.24
2 M icrociysln lliiic  Ccllulosc 85.56
3 l'ovidonc 1.1.20
4  Wnlcr q.s.

COAT 270.00
8 EUiyl Ccllulosc 19.500
9 Copolyvidonc 5.86

10 filhy l Alcohol q.s.

TOTAL W E IG irr 295.36

A unifonnly blendcd mixture orVcnlafaxine l lydrochlo- 
ride (171.24 g) and microcryslallinc ccllulosc (85.56 g) was 
granulalcd inlo an ovcr wcllcd dough tising solution oípovi- 
done (13.2 g) in water. The plástic mass was cxtrudcd. sphcr- 
onized and dried lo prepare uneoaled spheroids. The cylin- 
drical exlmdcs of tlie composition wcrc very sticky and 
fragüe with variable length o f the cxtrudcd cyiinders which

10
resullcd inlo non-unilbrm spheroids during spheronization. 
The exlmdcs were diilicull lo spheronize. The formed sphe­
roids wcrc irregular sluiped und excessivcly slieky in luilurc 
which resullcd in the ibrnuition o f aggrcgules. Aggregales 
wcrc removed hy sieving after drying the spheroids. The 
spheroids wcrc furlhcr coated in a wurster type Huid bed 
coaler with a solution o f 19.5 g of Hthyl ccllulosc and 5.86 g 
of Copolyvidonc in litliyl alcohol. The fragile natura o f the 
spheroids resulted in formal ion of too many fines while eoal- 
ing. The presence of fine bridged the formation offew aggre- 
gates during eoating. The film coated spheroids were sieved 
to remove those aggregates and then lillcd inlo pharmaceuti- 
cally acceptable capsules.

'llie in vitro drug dissolution studies wcrc condueted on the 
formed spheroids using USI’ I al 37“ C. and 100 rpm in 900 mi 
water. The drug reléase was as follows:

Time Pcrccm Vcnlufaniiiu
(llours) HCI relcascd

1 21
2 M
A 99

The dissolution prolilc suggcsts that prcparing spheroids of 
the composition elaimed in the present invention would have 
¡i more immediate drug re lea se chanieteristics unsuitable for 
once daily administration. The said invention is thus only 
workabie for mini-tablets o f diameler greater than 3 mm and 
not for spheroids of diameler less than 2 mm.

Biopharmaceutics:
A randomizcd, two treatment. two period. lwo scqucncc, 

single dose, crossover bioavailability study on Venlafaxinu 
¡50 mg extended release capsule (F.xample 1), compared 
with Vcnlafaxine hydrochloride 150 mg extended release 
capsule (lifl'exor XR'IM) manufactured by Wyeth Ayerst labo- 
ratories, USA, in 12 healthy, adult, male, human subjeets was 
conducted under fasting conditions. The mean dmg plasma 
levelareshown in F1G. I and thepharmacokinetic parameters 
are recorded in Table I .

TAB1.1-: 1

Pnreni Mctabolito

Pimuneter Uuil
Hxflnv 
ple 1

H flexor 
XR

Kxom- 
plv 1 HRexor XR

Cmax
Tnux
AVC(0->l)
AUC(0->mf)

ug'mL
h
ng - li'm l. 
ng • h 'm l.

101.28
7.67

1560.62
1635.48

106.183
8.500

1669.10
1823.616

162.33 
11.25 

■i 119.86 
4740.36

166.025
12.17

3949.95
4494.14

The invention elaimed is:
1. An extended release formulation o f vcnlafaxine hydro- 

chioride in tlic fomi of comprcsscd mini-tablets having a 
diameler of 3-6 mm, lillcd in a hard gclatin capsule, said 
mini-tablets having a core and an outcr eoating, the core of 
said mini-tablets comprising from abont 57-62% of venlafax- 
ine hydrochloride by weiglit of cach mini-tablcl, from abont 
27-32% ofmicrocrystalline ccllulosc by wciglit ofeach mini- 
tablet, and from about 2.5-5.5% of polyvinylpyrrolidonc by 
wciglit ofeach mini-tablcl, and said eoating comprising (i) 
70-80% of a water insolublc polymcr which is selected from 
etliylcelluloseand copolymcrs comprising at least two mono- 
mers selected from the group consisting ofacrylic acid, meth- 
acrylic acid, estera ofacrylic acid, and esters of mcihacrylic
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11
acid and 20-30% ol'a water soluble polymer which is copoly­
vidonc, and (ii) 5-14% of the total weiglit of tlic mini-tablets, 
wherein said formulation exhibits the following dissolution 
pro lile when measured in a USP type I ¡ipparatus at 37° C. in 
water at 100 rpm: 5

a) at least 46.2% of total vcnlafaxine hydrochloride is 
relcascd at 8 hrs;

b) at least 60% of total vcnlafaxine hydrochloride is 
relcascd al 12 hrs; and

c) at least 81.9% of total vcnlafaxine hydrochloride is to 
relcascd at 24 hrs.

2. The extended release formulation o f vcnlafaxine hydro­
chloride according to claim 1, which is administered once 
daily.

3. The extended release formulation o f vcnlafaxine accord- 15 
ing to claim 1;

wherein the extended release formulation o f vcnlafaxine 
hydrochloride is prepared by a proccss comprising the 
steps of:

12
(i) blending the vcnlafaxine hydrochloride and microcrys­

lallinc ccllulosc,
(ii) granulating the blendcd vcnlafaxine hydrochloride and 

microcryslallinc ccllulosc with an aqueous or non-aque- 
ous solution of polyvinylpyrrolidonc and drying it to 
fomi dried granules,

(iii) lubricating the dried granules and compressing said 
granules inlo mini-tablets,

(iv) eoating tlic mini-tablets with an aqueous or non-aque- 
ous dispersión of a water insolublc componen! selected 
from clhylccllulosc and copolymcrs comprising at least 
two monomers selected from the group consisting of 
acrylic acid, mcihacrylic acid, esters ofacrylic acid, and 
esters of mcihacrylic acid and a water soluble compo- 
nent of copolyvidonc, and

(v) lili ing coated mini-tablets obtained in step (iv) inlo 
capsules.
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1
PANTOPRAZOLE MULTIPARTICULATE  

VORMULAI'IO.NS

CROSS-REFERIiNCE TO RÜI.AI ED 
APPLICATIONS

"lilis is a nalional slage applicalion under 35 U.S.C, 371 of 
PCTAJS04/033058, lilcd Sep. 30, 2004, which claims the 
bonefil under 35 U.S.C, 119(e) o f the priorily of U.S. Palenl 
Application No. 60/507,810, lilcd Oct. 1, 2003.

BACKGROUND OF THE INVENTION

Pantoprazole, 5-(difluoromethoxy)-2-[(3,4-dimcihoxy-2- 
pyridyl)methylsulphinyl |-1 H-benziniidazole, is a 11+/K+-ad- 
enosine triphosphate (ATI1) inliibitor (also known as acid 
pumporproion pump inhibitor (PPI), is an cnzymc present in 
Ihc gastric parietal cclls. Il is believed ihal lítese dnigs are 
mclabolizcd in the parietal cclls to active sulfenamide 
melabolites that inaclivate the sulfliydryl group o f the proion 
pump, thus reducing the hydrogen ion sccrciion. PPls are 
gencrally lipophilic weak bases with poor aqueous solubilily 
at low pl-I. Many PPls are unsiable m low pl l solulions and 
undergo rapid acid-calalyzcd degradalion, and they are rela- 
lively slable at neutral or high pil.

lile current commercial oral fomiulations of sodium pan­
toprazole are single unil coated tablcls. See, e.g., U.S. Pal. 
No, 5,997,903, which describes oral fonns o f pantoprazole 
that consist of a core, an intemiediate layer and an muer layen 
The current eoating has a tendeney to cause undesirable slick- 
ing of the lablet lo lite gastrointestinal Iracl.

Multiparticulate fomiulations, becausc o f iheir nature of 
dispersing in tlic gastrointestinal Iracl, show a reduced food 
eflect and variability in gastric empiying limes, thercby pro- 
viding for reduced Ínter and intra subjccl variability, as com­
pared to single unil tablets (Intl. Journal of Pharmaccutics 140 
|I996] 229-235).

Several unsuccessfui attempts have been made in the pasl 
lo develop a multiparticulate formulation o f pantoprazole.
I lowever, these attempts yielded multiparticulalcs that were 
not bioequivalcnt to tablets, only 70% relativo bioavailability 
was found. Anothcr atlompt using díffcrcnt lechnologies— 
non-pureil seed eoating and exlrusion/splieronizalion, 
resullcd in a product that did not provide the appropriate 
release in acid condilions. In addilion, these atiempls yielded 
product that was unsiable, as observad by discoloration, when 
stored al room temperatura.

SUMMARY OF T IIE  INVENTION

'lite invention próvidas a stablc multiparticulate pantopra­
zole formulation that provides reduced ínter and intra subjccl 
variability.

In one embodiment, the pantoprazole multiparticulalcs of 
the invention is composcd of a spheroid core comprising 
pantoprazole or an enanliomer thereof, or a salt or hydratc 
thereof, al least one surfactant, al least one dislíntegranl, and 
about 1% to about 2% w/w water; an cntcric coat on the core, 
said enteric coat comprising a copolymerof mcihacrylic acid 
and methaery lates in the rango of about 15 lo about 45% w/w 
ol'thc spheroid core; wherein said multiparticulalcs have an 
avorago sízc o f about I mm in diameler.

Advantageously, the multiparticulate fomiulations o f the 
invention are stablc under room temporature storage condi­
lions for al leasl twelve months. Based on the trend analysis 
using the twelve monlh room temporature dala and 6 monlh 
40° C./75% relativo humidíty (RM) dala availablc lo date, the

2
multiparticulalcs o f ihc invention should have a shelf Ufe of 
ovcr 2 ycars. Typically, a mulliparliculale formulation o f the 
invention is considcred slable i f  it relains 90% to 110% ofils 
poleney during shelf life storage.

lilis pantoprazole multiparticulate formulation of the 
invention is less pronc to adhercnce to the intestinal walls, 
nasogastric and gastromy tubes, and pouch material ihcrcby 
giving prcdictablc del i ver)' of Ihc drug product lo the site of 
drug release. Il also provides for an caríy onset o f action for 
reliefofgaslro-intestinal pain and has a prolongad duralion of 
action. Tliis formulation alioxvs dosing to pediatric palicnls 
and palicnls who have dilficully swallowing solid foods. 'litis 
formulation also allows for drug delivery via nasogastric and 
gastrostomy tubes,

DBTAILED OliSCRIPI'lON ü l' f lll-  INVKNTION

llie presen! invention provides a mulliparliculale formu- 
lalion of pantoprazole having a unique combinalion ofcxcipi- 
cnts and a surfactant (e.g., polysorbatc 80) that are compatible 
with pantoprazole sodium in the presence of an alkalinc pll 
environment. further, the invenIion provides a proccss that 
uliliz.es low shear during gramilation and low temperalure 
during drying for preparallón o f the multiparticulate. lilis 
proccss conlribuics lo the slabilily o f the core of the mulli- 
parlicu lates of the invention.

In one aspee!, Ihc invention provides multiparticulate for- 
mulalions of pantoprazole having reduced release under gas- 
trie condilions and fas! reléase at neutral p! I, i.e., in the lower 
gastrointestinal iracl.

Themulli parliculale formulation o f sodium pantoprazole 
ofthe invention provides an enhanced system for the delivery 
of pantoprazole lo palicnls. The current markelcd formulation 
is a single monolithic lablc!. The present formulation of mul­
tiparticulate spheroids, which is adaptable for use in a capsule 
ora foil packet, can be prepared by cxtmsion/sphcronization 
plus eoating lechnology.

The composition of the multiparticle ofthe invention, and 
the enteric coat, e.g., Budragil, allows for reduced release at 
low pll (~ l) and fast release at a neutral pll (-7). This pro­
vides faster blood levéis of the drug, in palicnls, and thercby 
a faster onset of action. The smalicr T,w valué of multipar­
ticulate formulation as eompared lo that of a single mono­
lithic lablet based on the rcsults from dogdata indícales faster 
onset of action of multiparticulate formulation.

Theuseofa multiparticulate formulation facüitates dosing 
to pediatric palicnls and palicnls who have trouble swallow­
ing, by dispersing the spheroids in a suspendí ng liquid or 
sprínkling/dispersing in a low pl 1 liquid likcapplcsauce, prior 
to administration. The suspendí ng liquid could be made prior 
lo administration by míxing a blend of powder material with 
water. The smalicr si/e ofthe mullí partieulates, ¡n a capsule 
or pouch or any other container, also allows dosing through 
nasogastric or gastrostomy tube.

lilis formulation allows lora faster rclicf of GI pain, and 
prolonged duralion of action (extended reléase), as compared 
lo the current markelcd lablet.

I. Multiparticulalcs ofthe Invention
Suitably, the multiparticles are in tlic range o f about 0.1 lo

2 mm, or0.5 mm lo 1.5 mm, or0.7 mm to 1.25 mm, or0.8 mm 
lo I mm. In one embodiment. the multiparticulalcs in a com­
position o f the invention average about 1 mm in diameler. 
Typically, the multiparticles ofthe invention are no greater 
than about I mm in size in order to facilítate passage through 
nasogastric tubes
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3
The multiparticulalcs ofthe invention are composcd, at a 

minimum, of u spheroid core with an enteric coat ovcr the 
core. In belwcen the core and enteric coat an inilial seal coat 
may be applied, e.g., comprising a eoating ofhydroxylpropyl 
methylcellulosc (hypromellose). Also. ovcr the enteric coat a 
final seal coat may be applied, e.g., a eoating ofhydroxylpro­
pyl mcthyl ccllulose (hypromellose). The spheroid core is 
composcd of, at a minimum, a pantoprazole or a salt thereof, 
and a surfactant.

As used herein unless the context requires othcrwise, the 
temí ‘puntoprazole’ refere to 5-(dilIuoromethoxy)-2-|(3,4- 
dimetIioxy-2-pyridyl)melhylsu!phinyl]-llI-benzimidazole 
and enantiomers thereof and the tcrm ‘pantoprazole com- 
pound’ includes pantoprazole and enantiomers and salts and 
hydrates thereof. The active compotmd, pantoprazole is 
described in European Patent 166 287, which describes the 
preparation thereof, and is availablc commercially under the 
brand ñame PROTONIX®. Bxamples o f phannnceulically 
acceptable salís of pantoprazole include, e.g., sodium, mag- 
nesium. and calcium, among others; still otliere are described 
in tlic European Patenl 166 286, which is incorporated by 
rcfcrencc herein. The selection o f a suitable salí is not a 
limitation of ihc invention. In one embodiment, Ihc salí is 
sodium. Typically, the pantoprazole compound is presen! in 
the range of from about 5 to 50% w/w, more preferably about 
20 lo 45% w/w, of the total multiparticulate.

.Suitable surfactants are known lo those ofskill in Ihc arl. 
I lowever, particularly dcsirable are sodium lauryl sulfate, 
polysorbatcs, ineluding, e.g., polysorbatc 80. and mixtures of 
these components. Typically. the surfactant is present in the 
core in an umount o f about 2 to about 7% w/w, and desirably, 
about 5% w/w of the core. In anothcr embodiment, the sur­
factant is present in a ratio of about 5:3 drug:surfactanl (e.g., 
pantoprazole sodium scsquihydratc to sodium lauryl sulfate) 
to about 10:1 drug:surfactant (e.g., pantoprazole sodium scs­
quihydratc to polysorbatc 80). Advantageously, the surfac­
tants in Ihc multiparticulate formulation have been found lo 
enhancc Ihc wcttability and, thus, the speed and extern of 
release and absorption of the sodium pantoprazole, from the 
mulli parliculale formulation ofthe invention.

lile spheroid core can furlhcr conlain a disintegranl, a pl l 
adjuster and, optionaliy a binderor anothcr cxcipicnt such as 
hydroxypropyl melhylccllulosc (e.g., hypromellose 2208). 
Suitably, Ihc total amoimt o f disintcgmnl(s) present in the 
core is an amount of about 15% w/w lo aboul 80% w/w. or 
about 20% w/w lo about 70% w/w, or about 25% w/w lo about 
45% w/w, or aboul 30% w/w to about 42% w/w. In one 
embodiment, Ihc total amount ofdrug to binder is represented 
by a ratio o f from aboul 50:1 to about 40:1 by weight drug: 
binder. The total amount of a pl 1 adjuster in the formulation 
can range from about 0.1% w/w lo about 10% w/w of the 
multiparticulate, or about I % w/w lo aboul 8% w/w, or aboul 
3% w/w to about 7% w/w. I lowever, these pcrcenlages can be 
adjusted as needed or dcsircd by one of ski 11 in the an.

The disintegranl may be selected from among other known 
disintegrants, ineluding, e.g., ccllulosc, and crospovidonc, 
among others. In one embodiment, Ihc disintegranl is selected 
from among microcryslallinc ccllulosc and crospovidonc, 
and mixtures thereof. The binder may be selected from 
among known binders, ineluding e.g., ccllulose, and povi- 
donc, among others. In one embodiment. tlic binder is 
hydroxylpropyl mcthyl ccllulose (hypromellose). Suitable 
pH adjusters include, e.g., sodium carbonate, sodium bicar­
bonato, polassium carbonate, lilhium carbonate, among olh- 
ers. Still other suitable components wi 11 be rcadily apparent lo 
one ofskill in the an.

4
In one embodiment, the spheroid coreconlains, w/w based 

on the dry uneoaled core, aboul 45% pantoprazole sodium 
scsquihydratc (aboul 40% freo panloprazole), aboul 25 lo 
30%. and preferably aboul 27% microcryslallinc ccllulosc, 
about 4 lo 6%, and preferably about 5% polysorbatc 80. about
14 lo 16%, and preferably aboul 15% crospovidonc, about 0.5 
lo 2%. and preferably aboul 1% hypromellose 2208. aboul 5 
lo 8%. and preferably aboul 6.5% sodium carbonate. In one 
embodiment, the spheroid core eontains:

pantoprazole sodium scsquihydratc 45.24% w/w
m krocrystallinc ccllulosc 27.25% w/w
polyscrtutc NU 5% w/w
crospovidonc 15% w/w
hypromellose 2208  1%  w/w
sodium carbonate 6.5% w/w

In anothcr embodiment, the spheroid core eontains:

%  w/w, based 011

Ingrodicnls
Amounv’
Cnpsnle

total weight 
multipiirticiilnle

Hantoprazolc Sodium Scsquihydratc •15.11 21.911
Microc^Titallinc Ccllulosc, NT.'hl’ 27.39 13.304
(Avicel PH 101)
Polysorbatc Bl), N I' 5.UO 2.429
Vegetable source
Crospovidonc. N í; 15.00 7.286
(Polyplasdoue X I.)
1IPMC USP,l:P (Methoccl) K3 1.00 0.486
Sodium Car 1»nalc, NF 6.50 3.157
Purificd Walcr, USP/lilV liP q.s. lo  ntukc wet

mass*

Total 100.00 mg 48.573

Alihnugh moisture is removed Imin the core during the 
drying proccss which is described below, the core preferably 
retains about 1% to about 2% w/w water, Without wishing to 
be bound by theory, the inventora believe that this water 
contení contributes the stability of this multiparticulate as 
compared to the failed prior art attempts at forming a multi­
particulate pantoprazole.

Optionaliy, an inilial seal coat (or subcoal) can be applied 
directly to the core prior to eoating with the enteric coat, 
Although the components o f this seal coat can be modilied by 
one of ski II in the art, a particularly suitable inilial seal coat is 
composcd of hydroxypropyl melhylccllulosc (hypromellose) 
and water. I 'or example, a suitable inilial seal coat can be 
applied asa 7.5% w/w hypromellose solution,Typically, such 
a seal coat is in the range o f about 2% w/w lo aboul 4% w/w 
ofthe uneoaled core or aboul I % w/w lo about 2% w/w of the 
coated multiparticulate.

In one embodiment, a multiparticulate with a subcoal con- 
tains:

%  w/w, based 
on ln l.il

/Xilimmv' wcighl
Ingiedknls Capsule m ulliputicu la lc

A . Sub Coat: 4.1X1 m * 1.943
Paiilopni/oli! Kalium  l’ e llt is  100.00 ihk  •18.57.1
(40 m u panloprazole per 100 ing 
pcllcls)

5

10

15

20

25

.10

35

40

45

50

55

60

65



5

-continucd

Ingrcdicnts
AniounL,1
Capsule

%  w /w, based 
on tola! 
wcighl 

m iilliparticiilatc

Hyrimxypropylrnethyl cclliilosu 4.00 mg 1.943
2910. USP. 0 cps
Purificd walcr, USIVBH/liP 9.33 mg*
•icmovcd during processing
Totol 104.00 mg 50.516

The cntcric coul is applied ovcr the inilial seal coat, il" 
present, or directly to the uncoatcd spheroid core. Suitably, 
the cntcric coat is applied such that il coats the core in an 
amount o f aboul 15 lo 45% w/w, or about 20% w/w to about 
30% w/w, or about 25% WAV to 30% w/w ofthe multipar­
ticulate. In one embodiment, the enteric coat is about 27.5 lo 
32.5% w/w of the multiparticulate. Suitably, the cntcric coat 
eontains a product which is a copolymer of mcihacrylic acid 
and methacrylatcs, such as the commercially availablc 
Eudragit L 30D-55. In one embodiment, the enteric coat is 
composcd of a Hudragil L 30D-55 copolymer, tale, triethyl 
cilratc, sodium hydroxide and water. More particularly, the 
cntcric eoating may conlain about 30% w/w o f multiparticu­
late (applied as a 30 wl % dispersión) of Hudragil 1,30D-55 
eoating; aboul 15% W /W  tale, about 3% triethyl cilratc; a pl I 
adjuster such as sodium hydroxide and water, Other suitable 
materials may be selected for use in the cntcric coat ineluding, 
e.g,, hydroxypropyl melhylccllulosc phthalatc, ccllulosc 
acctatc phthalatc and the likc.

In one embodiment, a multiparticulate ofthe invention is 
provided with a subcoal ovcr the core and an enteric coat as 
follows:

%  w /w, based on 
total weight

Ingrcdicnts Amounl/cnpsulc multipartieulnte

Cure + Subcoal 100.20 mg 48.67
Eudrngit UOO-55 208.00  mg 30.309

62.40 (solids)
Tale, USP, A lía le 500V 31.20 mg 15.155
Sodium Hydroxide, NF 1 N 9.30 mg 0.175
solution 0.36 (solids)
Trie tliy l Citrate, PO/NV 6.24 mg 3.031
Purified Walcr, USP/DP/EP 183.38 mg*
•removed during processing
Tolal 204.20 mg 99.186

In one embodiment, the cnleric-coaled multiparticulate is 
further coated with a final seal coat. Suitably, this final seal 
coat is comprises hydroxypropyl methylcellulosc, and about
0.1% w/w to 10% w/w ofthe coated multiparticle, 0.1% w/w 
to about 5% w/w, or about 0.2% w/w lo about 4% w/w,

In one embodiment, a final seal coat of hydroxypropyl 
melhylccllulosc in an amount of 0,5 to I % w/w of the multi­
particulate in water (which is removed during processing) is 
applied ovcr the enteric coat, Following this, a eoating of tale 
can optionaliy be applied ovcr the final seal coat, in an amount 
of about 0.05 w/w to about 1 % w/w, and preferably 0.1% w/w 
to 0.5% w/w,

In one embodiment, the resulting multiparticulate fomiu- 
lation of the invention achieves ¡t geometric mean AUC ratio 
oftest/referenceof 89 to 94 with a 90% confidcnce interval of 
84 to 100 for the ratio or achicving a geometric mean Cmax

6
ratio o f tcst/rcferencc of 62 to 66 with a 90% conlidence 
interval of 56 to 74 for the ratio or an in-vitro dissolution 
prolilc as shown below:

Media Tune

%  Dmo Reléase

Inilia l

6 Muntlis @ 
25 CV 

60% R1I

6 M uuliis 0  
4 0 0  

75% RII Target

Acid 2 tos 0.33 0.45 0.6 N M T 10%
(pH 1.0)
l'o llowcd bv 3 min — 0.91 0.85 —

Alkalinc 6 min — .1.61 1.8.1 —

HuITcr 9  min — 52.25 16.45 -----

(pH 6.8) 12 min 89.65 75.15
15 min 101.58 97.15 91.92
30 min 105.29 100.67 98.96 —

45 min 105.29 100.57 99.14 N i; r  75%
60 min 105.06 100.52 99.07

In anothcr embodiment, Ihc resulting multiparticulate for­
mulation ofthe invention achieves a mean AUC o f 5451 to 
5629 ng-h/ml and mean Cmax o f 1865 to 1929 ng/ml or an 
in-vitro dissolution prolilc as shown below:

%  DniK Rclc.w *

A c iil _________ KmP.lt (mm)

Unlch 2 llis 15 30 45

Inilia l 0.08 101.77 107.4-1 107.38
6 Momhs ®40 C./75% RII 0.7.1 95.44 101.12 101.21

12 M onllis @25 C./60% R II 0.30 96.11 101.92 102.20

•SpccificalkKiv Acid j l  2 h'v - NMT I0.0Í4; nuffirt j t  45 min -NI.T7511

1 lowever, ihe invenlion is not iimited to these exemplary 
praliles.

Without wishing to be bound by theory, it is believed that 
linal seal coat layer o f hydroxypropyl melhylccllulosc pro­
vides a physical barrier for reduced contad belwcen the 
mucoadhesivc Hudragil layer and the upper OI Iracl, and 
thercby allows the reliable Iransit of the multiparticulalcs lo 
Ihc proper pH environment in Ihc (¡I iracl for cffcctivc release 
and absorption of the drug. In addition, the final seal coat 
layer of hydroxypropyl methylcellulose impafis ami-sticking 
propertics lo the multiparticulalcs and thus Ihc multiparticu- 
lates are not sticking lo the pouch material and/or nasogastric 
tube. The multiparticulalcs of Ihc invention are useful for 
administration via the nasogastric tube and via food vehicles, 
particularly aeidie food vehicles.

II. Method of l’roducing Multiparticulate Hormulalions of 
Invenlion

In anothcr aspcct, the invenlion provides a method o f pro- 
ducing the mulliparliculale fomiulations o f the invenlion.

Typically, the uneoaled pantoprazole eompounds are pre­
pared are follows. The dry components, ineluding, at least the 
pantoprazole compound and the binder are dry blendcd in a 
suitable mixer under low shear conditions. Suitable low shear 
condilions can be rcadily achicved using, e.g., a Hobart mixer, 
al a range of aboul 25 rpm to 35 rpm, and most desirably, 32 
rpm. Howcver, one ofskill in the arl will be able lo achicvc 
comparable low shear condilions using difieren! cquipmcnt,
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7
with the rpm adjusted to the appropriate low shear settings for 
the selected cquipment. Optionaliy, hydroxypropyl methyl­
cellulose or crospovidonc may be substituted or additionally 
included in this step. Additionally, a pll adjuster may be 
included in lilis slep.

Subscquently, the liquid components, e.g., the surfactant 
and water, are mixed in to alTord a granulated product by 
mixing under low shear condilions. Suitable low shear con­
ditions can be rcadily achicved using, e.g.. a Hobart mixer, al 
a range o f aboul 25 rpm lo 35 rpm, and most desirably, 32 
rpm. Howcver, one of skiII in the art will be able to achicvc 
comparable low shear condilions using difieren! cquipmenl, 
wilh ihc rpm adjusled lo the appropriate low shear seliings for 
the selected cquipment. l ile  granulation is then cxtrudcd and 
sphcronizcd through a suilablc device (e.g., a NICA exiruder/ 
spheronizer) and the resulting spheroids are dried, sifled, and 
optionaliy blendcd prior lo slorage.

The invcntors have found dial a significan! advanlage is 
provided lo Ihc slabilily o f the compound when the mulli par- 
liculalcs of the invenlion are dried a! low icmpcralurc. Desir­
ably, ihc spheroid cores of ihc pantoprazole mullipaniculaies 
of Ihc invenlion are dried lo a pcrccnl (%) loss-on-drying 
(LOD) of 3.4% lo 4.3%. As used herein, low tempcraUirc 
drying refere lo a lemperalure nol exceeding aboul 40° C. for 
a period of 10 to 12 honre. When the drying conditions exceed 
this lemperalure and lime period, impurilics are observed lluil 
conlribule lo inslabilily. In one embodiment, drying of the 
core is perfonned in ihc range of 35° C. lo 40° C., or aboul 37“ 
C. lo 39° C. for aboul 8 lo 72 hours. In anolhcr embodimenl, 
the core is drycd al about 40° C. for 10 lo 12 hours. Suitably, 
when eoating layers are applied as described, Ihc drying 
lemperalure for Ihc various coaling layers isalso in this range.

Optionaliy, an inilial seal coai ol a hydrophilic polymercan 
be applied lo ihc uncoatcd multiparticulalcs. I'or example, an 
inilial seal coat composcd o f hydroxypropyl methylcellulosc 
and purificd waterean beapplied on a fluid bed coaler, e.g., by 
spraying.

The enteric coat can be applied directly lo the uncoatcd 
spheroid core, i.e., Ihc uncoatcd multiparticulate, or may be 
applied overan inilial seal coal. The cnleric coai as described 
above, is typically applied on a fluid bed wurster coaler.

In one embodiment, a final seal coal is applied ovcr the 
enteric coal and, optionaliy, tale is ulilizcd in the final step 
prior to filling Ihc mulliparticulatcs inlo a suilablc packaging 
unil.

Themulliparliculaleof Ihc invenlion muy be in any sai lablc 
form ineluding, e.g., granules, pellcts, beads, minilabs, 
sphclulcs, boadlets, microcapsulcs, millispheres, nonocap- 
sules, microspheres, plalclets, tablets, and capsules, depend- 
ing upen the dcsircd roule of delivery.

III. Fomiulations, Kits and Mclhods of Delivery
In anothcr embodiment, the present invenlion provides 

producís containing the pantoprazole multiparticulalcs ofthe 
invention.

Suitably, the mulliparliculate compositions of the inven­
tion are formulated such tlial a patient rece i ves a suitable 
amount ofthe pantoprazole, e.g., 5 mg lo 200 mg, aboul 10 
mg lo aboul 100 mg, or aboul 40 mg (measured based upon 
free pantoprazole). Preferably, the fomiulations are such that 
a suilablc dosc is delivered in a single dosage unil. "llicsc 
doses may be administered daily for a suilablc period o f time, 
e.g., 4 wecks lo 8 wceks, bul can be delivered for a shorter 
period of lime, e.g., 3 days lo 3 wceks, one weck to 3 months.

8
or ovcr a longer period, e.g., ovcr 6 months, or longer. These 
compositions can be delivered alone or in combinalion with 
un anlacid or other suitable composition.

In one embodimenl, the invention provides a method of 
Ireating humans by administering an effeelive dose o f the 
pantoprazole multiparticulalcs such that an arca under curve 
(AUC) al leasl bioequivalcnt lo Prolonix® 40 mg lablet and 
Cmax as lisied in Table V I are achicved.

In one embodimenl, the pantoprazole multiparticulalcs are 
packaged for use by Ihc palicnl or bis caregiver. For example, 
the multiparticulalcs can be packaged in a foil or other suit­
able package and is suitable for mixing inlo a food product 
(e.g., applcsauce and other aeidie food vehicles) or inlo a 
drink for consumption by the patient.

The pantoprazole multiparticulate fomiulations of Ihc 
invention are useful for trealmeni of gastrocsophagcal reilux 
disease (GERD), ulcere of the slomach and duodenum, and 
Zo 11 i ngcr-Ell ison Syndromc.

In anothcr embodiment, the pantoprazole multiparticulalcs 
are suspended in a physiologically compatible suspending 
liquid.

I n yet anothcr embodiment, the panloprazole multiparticu­
lalcs are lillcd in capsules, caplcts or the likc for oral delivery.

In still a further embodimenl, the invention provides 
method of ireating a subjccl in need thereof by administering 
an effeelive dose of the pantoprazole multiparticles of Ihc 
invention.

'Hie following examples illustratc specilic embodimenls of 
the invention and are not a limitation on Ihc present invention.

Kxample 1

Pantoprazole Sodium Mulliparliculale Fomiulations

Using a NICA extnider/sphcmnizer, during inilial formu­
lation dcvelopmcnt, several prototypes o f uncoatcd multipar- 
ticulates were manufactured to obtain a i argel immediate 
release prolilc similar lo or faster than Ihc pantoprazole 
sodium uncoatcd lablet, ciirrently availablc as Protonix (20 
mg and 40 mg) tablets. I.evels of the disintegranl crospovi­
donc from 5 to 28.5% and the binder hydroxypropyl mcthyl 
ccllulose from 0.5 lo I % were cvaluatcd during preparation of 
uneoaled multiparticulalcs ovcr four batches.

A. Preparation of Uncoatcd Pantoprazole Sodium Multi­
particulalcs

More particularly, panloprazole sodium scsquihydratc, 
microcryslallinc ccllulose, hydroxypropyl methylcellulose 
(hypromellose 2208). crospovidonc and sodium carbonate 
are dry blendcd ina I lobart mixer. Thereafler, polysorbalc 80, 
NF (vegetable source) and purificd walcr, USP, are added lo 
tlic 1 lobart mixer. The resulting granulalcd produce is 
cxtrudcd and sphcronizcd in a NICA® cxlnidcr/spheronizcr 
and the spheroids are tray dried al a lemperalure nol beyond 
40° C. and sifled, followed by transfer lo a PK blender. The 
final spheroids are stored in dmms.

One ofthe batches (an approximately 200 gm batch) with 
15% disintegranl crospovidonc and with 1% hydroxypropyl 
melhylccllulosc (I lypromellose 2208) was selected as a pro- 
totype with similar release prolilc. The sieve cui of the 
uncoatcd spheroids from this batch was belwcen 500-1000 
microns.

Ii. Prototype Lab Batch (Batch A)
Approximately 100 grams of these uncoatcd spheroids 

were coated in a 3" Wurster Fluid Bed coaler wilh Eudragit 
I-30D-55 and hypromellose to residí in Enteric coated multi­
particulalcs.
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9
During coaling for this batch, the level o 1'hydroxypropyl 

mcthyl ccllulosc (111’MC) inilial seal coat was 4% of the 
wcighl of the uncoatcd multiparticulalcs. The % w/w ofthe 
dry polymer Eudragit I.30D-55 used was 22.16%. In the 
coaling batch, tale was intmduccd as dry powder in the coal­
ing chamber instead of being a pan of tlic suspensión, 'lilis 
was due to the small nozzle size (0.5 mm) used for coaling the 
100 g batch, which could potenlially be cloggcd. The pcrccnl 
of tale and triethyl cilratc used for the lab batch was less as 
eompared to the clinical batches which wcrc subscquently 
prepared. llie multiparticulalcs were hand lillcd into size ¡12
1 IPMC capsules at a lili weight o f206 mg. 'llic capsules were 
tested in vitro in 0.1 N11C1 and p ll 6.8 phosphale buffer. Less 
than 1 % was relcascd in acid media in 2 hours and greater than 
80% was relcascd in basic media in 45 minutes as dcsircd.

'llicsc capsules were tested in dogs. The C„ml and AUC 
wcrc eompared against the current markelcd Protonix 20 mg 
lablet (and valúes were exlrapolated to the 40 mg strength). It 
was seen that these multiparticulalcs relcascd drug at a much 
faster rale than the current Protonix lablet in pl 16.8 phosphale 
bulleras dcsircd. llie linal seal coat comprises hydroxypro­
pyl methylcellulose (hypromellose) and water, lilis batch 
was packaged as spheroids in clcar glass vials and placed on 
stability at accelerated condilions (30° C.165% relativo 
humidity (R II) and 40° C./75% RII). llie stability was moni- 
tored for 3 months. llie poleney and dissolution rcsults are 
presented in Table I. The multiparticulalcs were slable ovcr 
the thrce monlh period and a 40 mg equivalen! dose of mul- 
tiparticulates lillcd inlo capsules a! cach slabilily time poinl 
niel all dissolution and stability critcria

Dissolution was tested by lilling the stored spheroids inlo 
capsule shells, and dissolving in 0.1 N I IC1 (largei reléase at
2 hours: nol more Iban (NMT) 10%), followed by dissolution 
in pl 1 6.8 phosphale buffer (target release at 45 min: not less 
than (NLT) 75%. The acceptance critcria further required a 
strength of 90 lo 110% o f the label claim.

TABLEI

S la b i l i ly  o f  m iih ip a r t ic n U tc s  in  c lc a r  c.lass v ia ls .

___________ Tes;____
Dissolution - 

P crccn lA u c  R clc .vscd  fa v a )

SuvugUi Secoadaiy
(HPLC) dissohnion in

U n il Time %  Labcl 0.1 N  HCI phosphale buficr

lu itiii! 100.0% 0.9% 91.6%
Ambicnl Room Tcmp l  inomli 97.2% 0,8% 88.5%

7 nionth 10R.5% 0.8% 94.1%
30" CJ60% RII 1 monlli 99.3% 0.5% 83.4%

2 monlli 98.3% NA NA
3 monlh 104.4% 0.7% 82.2%

40° C/75%  RII 1 IIIOIIÜI 95.4% 0.7% 86.1'
2 monlh 97.3% NA NA
3 monlh 102.7% 0.7% 89.4%

'One capsule -  78%  relcascd.

lixamplc 2

Coalcd Pantoprazole Sodium Multiparticulate 
Fomiulations (Batch B)

Based upon the lab batch A, a further seale-up batch of 
14(X) g was manufactured using a 7" wurster Huid bed coaler.

10
During coaling I'or this batch, the leve! of hydroxypropyl 
mcthyl ccllulosc inilial seal coat was 2% ofthe weight ofthe 
uncoatcd multiparticulalcs as compared to 4% for the coated 
Batch A. The % w/w of the dry polymcr, Eudragit L30D-55 
used was 22.16% w/w. Also. the tale was added directly to the 
eoating suspensión as a largor nozzle size (1 mm) was used.

Initial release ofeoated mulliparticulatcs in 0.1 N acid was 
high (9.0%) and very cióse lo the limit of 10%. This Batch (B) 
did not meet the stability and dissolution critcria when tested 
at accelerated conditions (30° C./60% relativo humidity (RII) 
and 40" C.J15% RII). Trial from this batch ind¡caled that an 
initial seal coal of greater than 2% o f uncoatcd multiparticu­
lalcs enliances stability ofthe multiparticulalcs. Additionally, 
more enteric polymer loading may be benelicial to control the 
release in acid media as the proccss is scaled up.

Example 3

Preparation of Pantoprazole Multiparticulalcs 
Scale-Up Batch

A. Tcchnical Batch
Using a NICA extruder/spheronizer, a 36 kg tcchnical 

batch of uncoatcd multiparticulalcs was prepared and 20 kg of 
this batch were enteric coated in a Glalt GPCG-15 machine to 
result in a 32 kg batch ofeoated multiparticulalcs. Thc% w/w 
ofthe dry polymer, I iudragit L30D-55 used was 22.16% w/w. 
This batch was lillcd into size #3 IIPMC capsules al a lili 
weight o f 156 mg. "l"hc release in 0.1 N I  1CI at 2 hours was 
greater than the dcsircd 10%. Based on this, taking into 
account scalc-up elfeets, minor adjustments wcrc made lo the 
formula and proccss for clinical batch.

B. Clinical Batch
Two 12 kg sub batches of a wet granulalcd mass wcrc 

cxtrudcd and sphcronizcd on a NICA extruder/spheronizer 
resulting in wet mulliparticulatcs. The multiparticulalcs wcrc 
tray dried al 40" C. for 10 to 12 hours to the dcsircd % LOD 
of 3.4% to 4.3%. The batch was sereened and only 16 kg of 
uncoatcd mulliparticulatcs were used for coaling to cnsure 
uniformity and complctencss of eoating in the GPCG-ma- 
chinc. Tlic sieved uncoatcd mulliparticulatcs were coalcd 
with an inilial hydroxypropyl methyccllulose seal coat, fol­
lowed by an Eudragit L30D-55 enteric coat, followed by a 
hydroxypropyl mcthycellulose linal coal to result in 33 kg of 
coalcd mulliparticulatcs. This batch was lillcd into size 112 
IIPMC capsules at a lili wcighl of 206 mg.

The release in 0.1 N I IC1 al 2 hours was less than the 10% 
limit and in pll 6.8 phosphale buffer, it was greater than the 
80% limit at 45 minutes. The batch niel in vitro reléase char- 
acteristics. The one monlh stability date showed thal the 
mulliparticulatcs wcrc slable at 40" €.115% RII for one 
monlh. Currently, this batch is slable up lo one year at room 
lemperalure and up to 6 months al 40 deg. C./75% RII. 
Slabilily study at room tempera tu re condition beyond one 
year is ongoing. The one year room lemperalure stability 
rcsults of this batch are shown in the following Table II.

The spheroid lillcd capsule liad a faster in vitro release 
(dissolution) as compared to the Protonix 40 mg lablet in pll 
6.8 phosphale buffer.
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TABLE 11

Slabilily o f  Pantoprazole Sodium Spheroid-lillcd Capsules. 40 mu

Tcsl

Appcarancc
and Strength

Dcseription (HPLC) W alcr (KP] Purily Dissolution
Spccificalion

112 Opaque Largcsl
white Single

capsules Known
(cap and or Tolal Dissolution in Dissolution in

hody) l.'nknown Known «nd (U N  HCI Phnsphnlc Bufier
containing 90.0-110.0% linpurily Unknown N M T  10% in NLT 75% in

whitc to Labcl Claim 50.5 Impurilics 2 hrs. Confonns 45 min. Conlbnns
off-white (l.C ) For Infommlion (RRT) * 1 0 lo USP <724> toUSP<724>
co lorid Unil

spheroids % % % % % *

Inilia l Confonns 100.3 5.1 BR!. BR1. 0 105
Initial 0 107
(Splicroids
only)*
25° c;60%
RII

1 No 99.5 5.2 0.17 0.17 1 103
Month Chnngc (139)
2 No 101,4 •1.6 0.15 0.23 0 101

Monüi Chango (1.38)''
3 No 101.2 4.5 0.17 0.17 0 100

Monlh Cluuigc (1.39)
6 No 101.3 4.5 0.18 0.24 0 HXI

Month Chango (138)"
6 0 112

Month
(Spheroids
only)"

9 Months No 99.2 5.1 0.21 0.33 0 101
Change (1.40)*

9 Months 0 108
(Spheroids
on lyy
12 Months No 99.1 5.1 0.08 0.23 0 102

Chungo (0.14)
12 Months 0 104
(Spheroids
only)"

URL -  Below Repetí ing L im it (0.05%).
N M T  -  Not more than.

N L T  -  N o t lev» than,

RRT -  R ehtivv  ictcntiun time.

'[n itu la n d  re v jlu ljt io n r liw tlu t io n  re m ití are nmvirfed for Pantoprazole Sodium Spheroirt\,40 mgCDA mg, which isthe  ingoing h itch  o fip h c ro id t w c d  for 
manufactvre o f  Ih intopra/ole Sodium  Spheroid (illed  Capsule», 40 m *.
*C orre ipond i to the mipvwity i i  RRT -  1 39

50

Example 4

Hvaluation o f Batch A Formulation in Rengle Dogs

ITic in-vilro reléase data ofthe sodium panloprazole mulli 
particulate formulation shows a faster release than the current 
marketed lablet. This provides earlier absorption and thereby 
a faster onset of action. The dog data clearly shows earlier 
drug levels o f sodium panloprazole from mulliparticulatcs as 
eompared lo the single monolithic tablets. Earlier onset of 
action provides faster rclicf from gastric pain and other gas­
trointestinal (01) disorders.

Pantoprazole sodium fomiulations have been cvaluatcd in 
lieagle Dogs (n 5). llie mean (SD) pliarmacokinetic param-

55

60

etors iind relaUvu bioavailability of pantoprazole is illustnitud 
in the Table 111 below.

As illustrated, the non-optimizod lab batch of sodium pan­
toprazole multiparticulate formulation dosed in dogs shows 
smalicr lag time than the current marketed lablet. In the fol­
lowing table, AUC rcl'crs lo the arca under a curve plotting 
mean concentmtion against prolocol lime. C„(llv refers lo the 
máximum observed concenlralion valué in the blood sample 
after administration. Tm„A refers lo the lime poinl when C max 
occurs.T,Vs refers lo the time following administration before 
effeelive amoimts of Ihc drug are observed in Ihc circulalion; 
l ,,2 (hr) provides the half-lifc for drug elimination. Rclalive 
bioavailability compares the absorption ol a product from the 
gm in comparison with a dose given intravenotisiy (assumed 
100%).



13

TABLE III

US 7,838,027 B2
14

A. Study Design

The mean (SD) pharmacokinetic parameters and 

rclntivc bioavailability o f  pantoprazole

20 mg 40 ii:#  M ullipa iticuh lc

M .vkct Tablct Capsule

Match A  Ralch A  w ith enteric coal -

Panunetur Panloprazole Na" Panloprazole Na

AUC (jig 'h r/m L) 16.3(2.46) 17.3(2.33)

Cnuix (iig 'm L) 11.7(3.55) 7.10(1.76)

Tmax (hr) 1.70(0.84) 1.20 (0.27)

H«R (hr) 1.10(0.91) 0.25 (0.18)

1 ' / ¡  (hr) 0.62(0.17) 0.77 (0.21)

Rclalivc Bioavmlnhililjr — AUC: 106%''

Cmax: 61%*

The sludy eonsisls of lwo seis of s¡imples. The firsl sel 
5 coniuined drug and cxcipicnt. The second sel eoniained drug, 

excipieiU and approximately 2 |il water. The reason for the 
water along with the dmg and the cxcipicnt is to sec whctlicr 
additional water present causes any incompatibility.

10 The excipients wcrc mixed with the drug in the ratio indi- 
caled in the following lablc. The excipients and the dmg wcrc 
weighed into a glass vial. Then the vials were vortexed for 15 
scconds. Similarly, a second sel of samplcs was prepared.

15 Approximately 2 id (the sniallest amount of water that can be 
added with the pipette in the lab) was added lo these vials. 
Then the vials were vortexed for 5 scconds. Finally, Ihc lirst 
and second set o f vials were capped and placed in stability 
chambcrs. The conditions tested were 4()°/75% RH and 51° 

20 C. for 3 wecks.

'A U C  and Cmax ore nonra llzed  lo  a -10 mg do ic  

'■ReLilivc lo  M arkct Protlucl ’Jiihlcl

Ihc dog data o I" the sodium pantoprazole multi particulate 
formulation gives a similar AUC as the current marketed 
tablct. Without wishing to be bound by theory, il is believed 
that the faster release and similar AUC of the multi partieu­
lates is achicved hy lowering the level ofthe disintegrating

25 B . R csu lts

The rcsults o f this drug-excipient compatibility study are 
presented as % recovcry in the Table IV  below. The selection 
critcria for the compatibility or incompatibility are based on 
the % recovcry belwcen 90-110%.

TABU- IV

Dm«: lixcinicm  C om m llh ililv  Rcsulis

%  Rccoverv

D n ro t  lixcinient 111añ

Ratio o f •10’ 0 7 5 %  R II 5 r e . 4 0 ' C . n s %  R l! 5 I"C .
üxclpicnt DmgtUxcipicm 3  wecks 3 wecks 3 wccliS 3 wecks

Conlrol (Dnigiilunv) 94.67 100.53 94.60 96.64
üypromcllosc 2208, 10:1 99.209 93.248 93,811 97.421
USP, 3 cps
Sodium Lauryl Sullatc 5:3 99.947 98.763 95.466 95.088
(SLS)
Crospovidonc, NF 10:1 100.080 98.908 97.201 105.716
Polysorbatc-SO, NI* 10:1 98.301 90.961 99.908 81.405
BP/nP (vegetable
source)

agcnl crospovidonc (as eompared lo the level in the tablct) 
and incorporaling the functional cxcipicnt polysorbatc 80 in 
the core ol'thc spheroids.

Example 5

Pantoprazole Sodium Sesquihydrate: Excipicnt 
Fomiulations

'lilis study was perfonned lo determine the compatibility 
of panloprazole sodium scsquihydratc with hypromellose 65 
2208, sodium lauryl sullatc (SI.S), crospovidonc, and 
polysorbate-80.

From the rcsults shown in the lablc, the following conclu-
55 sions can be drawn. Hypcrmellose 2208. SI.S, crospovidonc 

and polysorbate-80 are compatible with panloprazole sodium 
sequ¡hydratc at 40° C./75% RM for 3 wecks. Hypromellose 
2208. SI.S and crospovidonc are compatible with pantopra­
zole sodium scquihydratc at 40° C./75% RI 1 and 510 C. wilh 

60 and without additional water for 3 wecks.
In this study degradalion eompounds were not sludied. 

Howcver, the pediatric clinical formulation, [pantoprazole 
sodium scsquihydratc 45.24% w/w; microcryslallinc celhi­
lóse 27.25% w/w; polysorbatc 80 5% w/w; crospovidonc 
15% w/w; hypromellose 2208 1% w/w; sodium carbonate 
(í .5% w/w; purificd water q.s.], was sludied under accelerated
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condilions of 40° C./75% RI I and is stablc up to 6 months, 
providing a 2 year room lemperalure shelf lifc.

"Hie components ofthe pediatric formulation are provided 
in the following Table V.

FonimUlion:

Ingrcdicnts

Muhmarticulalcs 

Amnuntj'Capsule %  w /w

Core:

Pantopm/olo Sodium Scsquihydrac 45.11 21.911
Micrutiryslallhio Ccllulose, NF/EP 
(Avicel M I 101)

27.39 13.304

Polysorbatc 80, NF 
Vegetable source

5.00 2.429

Crospovidonc, NF 
(Polyplasdonc XI.)

15.00 7.286

IIPM C US1VUP (Mclhocel) K3 1.00 0.480
Sodium Carbonate, NF 
Purificd Water, IJSP/BP/F.P

6.50 3,157 
q.s. lo  innke 
wul m itis*

Total 11X1.00 rng 48.571
Enteric Coal: 100.20 mg 48.67
Eudragit IJOD-55 208.00  mg

62.40 (solids)
30.309

Tale, USP, Altale 500V 31.20 ing 15.155
Sodium Hydroxide, NF 1 N  solution 9.30 mg 

0.36 (solids)
0.175

T rlctliy l Citrate, PG/NF 6.24 mg 3.031
Purificd Water, USP/DP/EP 183.38 mg* •removed

diiriiiR
processiiiR

Total 204.20 mg 99.186
Final Sc.il Coal: 1.54 mg 0.748
Hydroxypropyl Melhylccllulosc, 
USP 2910,6 cps

1.54 mg 0.748

Purificd water, USP/13P/EP 18.99 mg* "removed
dnring

proccssinR

Total 205.74 mg 99.934
Tale, USP, Altalo 500V 0.14 mg 0.068

Total 205.88 mg 100.002

Example 6

Hvaluation of Pantoprazole Sodium Formulation iu 
Human Adult Subjeets

In this sludy, 40 mg panloprazole sodium, formulated as 
described, clinical pediatric formulation, was administered to 
healthy human adults (n-24) by sprinkling in applcsauce, in 
tablct form, or as an aqueous suspensión prepared using an 
inactivo powder blend and walcr (8 in cach group).

In the following Table VI, column 1 provides the pharma- 
cokinctic (PK) parameters, AUC (arca under the concentra- 
tion curve), AUCr  is tlic arca under the concenlralion time 
curvo, and Cm„„ máximum concenlralion. "llie second col­
umn provides the test/reference geometric mean (GM) ratio. 
The third column provides Ihc conlidence interval for the GM 
ratio. [The I DA considers a test product lo be bioequivalcnt to 
a rcfcrencc product i f  the 90% conlidence interval (Cl) ofthe 
geometric mean ratio of AUC and Cmil< belwcen the test and 
rcfcrencc lail within 80-125%]. -The conlidence interval is 
calculated using WinNonlin software.
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TABLE VI

llum an PK study Rcsulls

A. Spheroids sprinklcd in npplcsnucc:

Test Rcfcrencc
PK pnriuncler G M  m i ¡o «Xí% C l fo r ratio*

AUC 90 84-96
Ai:cr KV 84-95
......... 62 56-70

I i.  .Spheroids in siispun.slori:

Test/Rcfcrcncc
i 'K  pannictcr G M  rallo 90% C l for ratio

AUC 94 88-100
A U C , 94 88-100
Cmax 66 60-74

The lay lime in ihc absorption o f the tablct was higlier 
eompared lo the sprinklc and suspensión fomiulations. The 
emire dmg in ihc tablct is relcascd ovcr a small time interval 
and therefore a higher C„IIt, is obtained. With tlic spheroid 
formulations, drug from cach spheroid is relcascd ovcr a 
longer time interval and therefore Ihc ('„„„ is lower than the 
tablct. Howcver, the period of lime following administration 
thal pantoprazole remained in the circulalion is similar for the
3 fomiulations.

All documents identilied herein are incorporated by refer- 
ence. One of skill in the art will rccognize that minor modi- 
fications to the conditions and tccluiiques described in the 
specilic embodimenls described herein can be varied without 
departí ng from the present invenlion. Such minor modifica- 
lion and variants are within the scope of the invention as 
defined by the following claims.

llie invention elaimed is:
1. Pantoprazole multiparticulalcs having reduced release 

under gaslric condilions and fast reléase at neutral pll, 
wherein cach of said multiparticulalcs comprises: a spheroid 
core comprising aboul 20% w/w lo about 45% w/w of a 
pantoprazole salt or a hydratc thereof, as the solé active com­
ponen! in the multiparticulate and aboul 25% lo aboul 30% 
w/w microcryslallinc ccllulosc, about 4% lo aboul 6% w/w 
polysorbatc 80, about 14% to about 16% w/w crospovidonc, 
about 0.5 to about 2% w/w hydroxypropyl methylcellulose, 
about 5% to about 8% w/w sodium carbonate, and about 1 to 
aboul 2% w/w water,

an inilial seal coat comprising hydroxypropylmclhyl ccl­
lulosc on the spheroid core; and

an cnleric coal on the inilial seal coal,
wherein said mulliparticulatcs have an average diameler of 

about 0.7 mm to about 1.25 mm.
2. The multiparticulalcs according lo claim 1, wherein ihc 

pantoprazole salt is selected from pantoprazole sodium and 
panloprazole magnesium.

3. The mulliparticulatcs according to claim 1, wherein the 
hydratc is a scsquihydratc.

4. The mulliparticulatcs according to claim 1, wherein the 
panloprazole salt or hydratc thereof is present inan amount of 
about 45% w/w.

5. The mulliparticulatcs according lo claim 1, wherein said 
multiparticulalcs have an average diameler o I" about I mm.

6. The mulliparticulatcs according lo claim 1, wherein said 
cntcric coal comprises about 48% w/w ofthe particulate.

7. The multiparticulalcs according lo claim I , further com­
prising a final seal coal on the cntcric coal.
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8. The mulliparticulatcs according to claim 7, wherein the 

final seal coal comprises aboul 0.1 to 10 wt % ol'thc multi­
particulalcs.

9. 'Hie mulliparticulales according lo claim 7, wherein Ihc 
final seal coal comprises hydroxypropyl methylcellulose s 
(hypromellose).

10. The mulliparticulatcs according lo claim 1, wherein 
said inilial seal coal is in the range ol'aboul 2 to aboul 4% w/w 
of ihc weight of the uneoaled core.

11. The mulliparticulatcs according to claim 1, wherein the 
cntcric coaling comprises about 30% w/w o f mcihacrylic acid 
and mclhyacrylatc copolymer. about 15% w/w tale, aboul 3% 
triethyl cilratc and a pll adjuster; said amounts being by 
weight of Ihc multiparticulalcs.

12. Pantoprazole multiparticulalcs having reduced reléase 
under gaslric condilions and fasl reléase al neutral pll, 
wherein cach of said mulliparticulales comprises: a spheroid 
core comprising a panloprazole salí or a hydratc thereof in an 
amount of aboul 40% w/w free pantoprazole, as the solé 
active componen! in the multiparticulate and about 25% to 
aboul 30% w/w microcryslallinc ccllulosc, aboul 4% loabom 
6% w/w polysorba!e 80, abou! 14% !o abou! 16% w/w 
crospovidonc, about 0.5 !o about 2% w/w hydroxypropyl 
melhylccllulosc, abou! 5% lo aboul 8% w/w sodium carbon­
ate, and about 1 lo abou! 2% w/w walcr; an initial seal coa! 25 
comprising hydroxypropylmclhyl ccllulose on the spheroid 
core; and an cntcric coat on the inilial seal coal, wherein said 
multiparticulalcs have an average diameler of aboul 0,7 mm 
lo aboul 1.25 mm.

13. A product comprising a plurality o f pantoprazole mul­
liparticulales, cach comprising a spheroid core comprising a 
panloprazole salt or a hydratc thereof in an amount o f aboul 
40% w/w free pantoprazole, as ihc solé active componcnt in 
the mulliparliculale and abou! 25% lo about 30% w/w tnicro- 
crystallinc ccllulose, aboul 4% lo aboul 6% w/w polysorbalc 35 
80, about 14% lo about 16% w/w crospovidonc, about 0,5 lo 
aboul 2% w/w hydroxypropyl methylcellulosc, about 5% lo 
about 8% w/w sodium carbonate, and about I lo aboul 2% 
w/w walcr; an initial seal coa! comprising hydroxypropylm­
clhyl ccllulosc on the spheroid core; and an enteric coal on the -to 
inilial seal coal, wherein said mulliparticulales have an aver­
age diameler of aboul 0,7 mm lo aboul 1.25 mm.

14. The product according lo claim 13, comprising about 
10 mg lo aboul 100 mg pantoprazole, based upon Ihc wcighl 
of free panloprazole base,

15. The product according lo claim 14, comprising about 
40 mg panloprazole, based upon Ihc weight of free panlopra- 
zolc base.
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16. The produel according lo claim 14, wherein said plu- 

ralily of mulliparticulatcs are in an aqueous suspensión,
17. The produel according lo claim 14, wherein said plu­

rality of mulliparticulales are in a capsule.
18. A method of producing a multiparticulate formulation 

of pantoprazole having reduced reléase under gastric condi­
tions and fast reléase at neutral pl l, said method comprising: 
producing a spheroid core comprising a panloprazole sal! ora 
hydratc thereof in an amount o f aboul 40% w/w free, as the

to solé active componen! in Ihc mulliparliculale and aboul 25% 
lo aboul 30% w/w microcryslallinc ccllulosc, aboul 4% to 
aboul 6% w/w polysorbatc 80, aboul 14% to aboul 16% w/w 
crospovidonc, aboul 0.5 lo aboul 2% w/w hydroxypropyl 
mcthylcellulosc, aboul 5% lo about 8% w/w sodium carbon-

15 ate, and aboul 1 lo aboul 2% w/w walcr, via cxlrusion and 
spheronization; applying an initial seal coat comprising 
hydroxypropyl mcthyl ccllulosc lo Ihc spheroid core; apply­
ing an cnleric coaling lo the inilial seal coated spheroid core, 
said enteric coaling comprising a copolymer o f mcihacrylic 

20 acid and methacrylatcs; and optionaliy applying a linal seal 
coat lo Ihc cnleric-coaled spheroid core, said final seal coal 
being about 1 wl % of the mulliparliculale; wherein Ihc mul­
tiparticulalcs have an average diameler o f aboul 0,7 mm to 
aboul 1,25 mm,

19. The method according lo claim 18, wherein Ihc spher­
oid core is prepared by mixing the ingredicnls in a low shear 
mixer al low shear conditions at a range of about 25 rpm to 35 
rpm.

20. "llie method according lo claim 19, wherein the low 
30  shear condilions are 32 rpm.

21. The method according lo claim 18, wherein the spher­
oid cores are dried al a low lemperalure nol exceeding aboul 
40" C. for a period of 8 lo 72 hours lo a pcrccnl (%) loss-on- 
drying (LOD) of 3,4% lo 4,3%,

22. The method according lo claim 18, further comprising 
Ihc slep o fapplying a layerof lalc in an amount o f0.05% w/w 
lo 0.1% w/w ofthe mulliparticulatcs.

23. The method according lo claim 18, wherein llie cnleric 
coaling is sprayed as a suspensión onlo Ihc spheroid core.

24. A method of Ireating ulccrs of Ihc slomach and duode­
num, gaslrocsophageal reilux disease (GERD), or Zollinger- 
Ellison Syndromc in a mammalian subjccl, comprising ihc 
step ofadminislering to the subjccl a plurality ofpantoprazole 
mulliparticulatcs according to claim 1 comprising aboul 10

45 mg lo aboul 100 mg panloprazole, based upon llie wcighl of 
free panloprazole base.

*  *  *  » *


