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ABSTRACT 

Oral g a l e n i c  fmms a b l e  t o  c o n t r d l  t he  drug r e l e a s e  i n  s t o -  

mach a r e  prepared  and s t u d i e u  i l l  t h i s  ?a?er .  A branched $o lyne r  

i s  d isGersed  i n  a b iocompat ib le  polymer as E u a r a e i t .  A Polyan- 

hydr ide  j s  chosen f o r  this branched ?olymer and i t  i s  ob ta ined  

by r e a c t i n g  t h e  anhydr ide  w i t h  the  drug  and then  polymer iz ing  

t h i s  branched monomer. The p o c e s s  o f  r e l e a s e  of d r u r  i s  s tu -  

d i e d  by u s i n g  i n  v i t r o  t e s t s  w i th  s y n t h e t i c  g a s t r i c  l i q u i d .  'The 

p r o c e s s  i s  proved t o  be c o n t r o l l e d  by t r a n s i e n t  d i f f u s i o n  o f  

t h e  l i q u i d  i n t o  and t h e  d rug  out  of t h e  g a l e n i c  f o r m ,  wi th  c m s -  

tant d i f f u s i v i t i e s .  A alrnple mathematical  model i s  t h u s  a b l e  to  

d e s c r i b e  bo th  t h e s e  m a t t e r  t r a n s f e r s .  Moreover, t h e  branched pu-  

lymer i t s e l f  e x h i b i t s  a r e t a r d a n c y  i n  t h e  r e l e a s e  o f  drug which 

i s  a l s o  c o n t r o l l e d  by d i f f u s i o n .  T h i s  r e t a r d a n c y  can  be of i n -  

t e r e s t ,  e s p e c i a l l y  i n  case  of a c c i d e n t  when the  ga l e i i i c  form i s  

broken i n  the  p a t i e n t ' s  mouth and chewed. 
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6 30 CHAFI, MONTHEARD, AND VERGNAUD 

INTRODUCTION 

The uevelopment of t h e r a p e u t i c  systems which r e l e a s e  a con- 

t r o l l e d  amount of drug over  a d e f i n e d  pe r iod  of time r e p r e s e n t s  

a s i g n i f i c a n t  pathway f o r  oGt imiz ing  drug  e f f e c t  (I ,2). Thera- 

p e u t i c  sys tems o f f e r  e s s e c i a l l y  impor t an t  advan tages  ove r  tra- 

d i t i o n a l  aosage  forms  i n  d i s e a s e s  r e q u i r i n g  the  most c o n s t a n t  

2 o s s i b l e  blood l e v e l s  ove r  proloiiged d u r a t i o n s  of therapy .  The 

sys tems c a r  n o t  on ly  enhance t h e  t h e r a p e u t i c  r a t i o  and reg imens  

of many e x i s t i n g  a g e n t s ,  bu t  can a l s o  perm; t t r e a t m e n t s  w i t ? ?  

pharmacoiogica l ly  a c t i v e  s u b s t a n c e s  which would i,ot be u s e f u l  

i n  convent icmal  dosage forms  because o f  t h e i r  t o x i t y .  I n  t h i s  

c a s e ,  t h e  imGortant  s i p i f i c a t i o n  i s  n o t  t h e  t o t a l  dose  g iven  

b u t  the r a t e  and d u r a t i o n  of drug  a d m i n i s t r a t i o n .  The a i s t r i b u -  

t i o n  o f  t h e  drug i n  t h e  organism can  only  be i n  e q u i l i b r i u m  

when t h e  r a t e  o f  ad :n in is t ra t io : i  i s  covis tant  and equa l  t c  t h e  ra- 

t e  of con t inuous  e l i m i n e t i o n  ove r  a prolonged  ~ e r i o d .  So t h e  

s ludy  of € a c t o r s  t h a t  a f f e c t  t he  e x t e n t  and s-ieed of l i b e r a t i o a  

o f  a drug f r o m  i t s  v e r i o u s  : ihjrsicochernicals f o r q s  i s  s u r e l j  o f  

h i g h  i n t e r e s t  ( 2 ) .  

The : ) r i n c i p l e  o f  r e t a r a a t i o n  c c n s i s t s  i n  s lowing abwri t h e  

?recess and ue lay i i ig  i t  f c r  a d e f i n i t e  pe r iod  o f  time. jome at- 

tem-3s have been made i n  o r d e r  t o  o b t a i n  d e v i c e s  a o l e  t o  r e l e a s e  

t h e  drue ove r  a .>rolonged per iod .  Three  :,iechanisms have been 

c o n s i a e r e d  fur t h i s  ) u r 3 o s e ,  i . e . ,  u i i f u ; i o i i ,  osmosis  and poly- 

mer e r o s i o n ,  and sometimes t h e  r e l e s s e  i s  c o i i t r o l l e u  by v a r i o u s  

mechanisms ( 3 ) .  S p e c i a l  a t t e n t i o n  has oeen g iven  t o  t h e  A)re,mra- 

t i o n  01' n o n o l i t h i c  urug-  iolyrner d e v i c e s ,  the  ciru,: be ing  d i sAie r -  

sed i n t o  t h e  2olyiner matrix a n d  t h i s  2o lyqe r  being e i t h e r  hio- 

oegradab le  o r  non-degradable  (4-9 ). 

Another way for u r i q  r e t a r d a t i o n  h a s  been f o l l o w e a  b j  at- 

t a c n i n z  t1.e urug  t o  a u iucom3a t io l e  Dolymer, t h i s  n e n  ic~lymer 

be ing  a b l e  t o  1 , e l case  t h e  drug  a f t e r  h y d r o l y s i s .  P o l j e t h j l e n e  
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ORAL GALENIC FORMS 631 

g l y c o l  (PEG) has  of ten  been chosen as the c a r r i e r  polymer be- 

cause i t  i s  known t o  be non-toxic and so luble  i n  %water. Various 

drugs have been a t tached  t o  PEG such procatlne (IG), etropilze 

(11) and v a r i o u s  s a l i c y l a t e s  (12). F o r  t h i s  l a s t  c a s e ,  the  joly-  

mer-drug conjugate  showed longer  dura t ion  of a c t i v i t y  due t o  

s low r e l e a s e .  Other molecules as p e n i c i l l i n ,  a q i r i n ,  ampheta- 

mine, qu in id ine ,  a t r o p i n e  (13)  and enzJrmes (14) have a l s o  been 

a t tached  t o  PEG. P inazz i  (15)  has modified polyisoprene t o  give 

a polymer chain with some pendant chloroformate f u n c t i o n s  a b l e  

t o  r e a c t  with drugs l i k e  quinine o r  choles te ro l .  This branched 

polymer I s  a b l e  t o  r e t a r d  a c t i o n  of  the  quinidine.  Quinidine has  

a l s o  been r e a c t e d  with golyvingl-cldorof ormate and the hyclroly- 

sis of the carbonate f u n c t i o n  i n  t h i s  modified polymer has  been 

t e s t e d  i n  b a s i c  medium (16). I n  a l l  these  above c a s e s ,  the poly- 

mer i s  allowed t o  r e a c t  with the drug,  and the  degree o f  s u b s -  

t i t u t i o n  cannot reach  t o  I00 $. A new way has  a l s o  been followed 

t o  prepare branched polymers, by r e a c t i n g  a monomer with t h e  

drug ,  and then by polymerizing the new mulecule. Chlorampheni- 

c o l  has  been immobilized on a hydrogel mat r ix  through d i f f e r e n t  

bonds slowly hydrolyzable a t  n e u t r a l  pH. Methacrylic e s t e r s  of 

t h i s  drug and i t s  a c e t a l  d e r i v a t i v e s  have been prepared and co- 

polymerized with methacrylate  (I7 ). Glycidyl methacrylate  h a s  

a l s o  been proposed as c a r r i e r  xonomer f o r  s a l i c y l i c  a c i d  and 

chlorambucil ,  and the  drug car ry ing  monomer thus  obtained h a s  

been polymerized (18). The new monomers der ived f r o m  drugs and 

leading  t o  hydrolysable t h e r a p e u t i c  polymers may take advantage 

of the  o p p o r t u n i t i e s  o f f e r e d  by copolymerization f o r  e s t a b l i s -  

hing v a r i o u s  physichochemical p r o p e r t i e s  t o  the polymer. More- 

over ,  a good knoivledge on the  polymeric mat r ix  can be obta ined ,  

and a degree of s u b s t i t u t i o n  c lose  t o  I00 7; may be expected as 

vie11 as a h igher  y i e l d  f o r  the  r e l e a s e  of  the drug. 

A purpose of t h i s  paper i s  t o  b u i l d  g a l e n i c  forms by d i s -  

pers ing  the branched polymer i n t o  a biocompatible non-degradable 

polymer ( E u d r a g i t ) ,  this l a t t e r  polymer playing the  r o l e  of ma- 
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632 CHAFI, MONTHEARD, AND VERGNAUD 

t r i x ,  and t o  s tudy  the  r e l e a s e  of t h e  drug  from t h i s  d e v i c e  i n -  

t o  s y n t h e t i c  g a s t r i c  l i q u i d .  A survey of t h e  p e r t i n e n t  l i t e r a t u -  

r e  p o i n t s  o u t  some f a c t s  of i n t e r e s t  abou t  t h e  k i n e t i c  of r e l e a -  

s e  ob ta ined  wi th  these  g a l e n i c  forms. The p r o c e s s  of  r e l e a s e  of 

drug  h a s  been s t u d i e d  by c o n s i d e r i n g  t h e  d i f f u s i o n  of  t h e  d rug  

and t h e  amount of  drug  t r a n s f e r r e d  h a s  been d e s c r i b e d  by a squa- 

r e - roo t  l a w  of time ( 7 , I g - U )  wi th  a c o n s t a n t  d i f f u s i v i t y .  S i -  

multaneous t r a n s f e r s  o f  matters have been r e p o r t e d  i n  p r e v i o u s  

papers .  A transfer of t h e  l i q u i d  i n t o ,  and p l a s t i c i z e r  o u t  of 

p l a s t i c i z e d  PVC h a s  been observed when t h e  polymer i s  c o n t a c t e d  

w i t h  v a r i o u s  l i q u i d s  (28 ,29 ) .  I n  c a s e  of g a l e n i c  forms  ob ta ined  

by d i s p e r s i n g  a drug  i n t o  v a r i o u s  polymers  (8,9,3O>, t h e  p r o c e s s  

of drug  r e l e a s e  w a s  proved t o  f o l l o w  t h i s  way : t he  l i q u i d  en- 

t e r s  t h e  polymer matrix, d i s s o l v e s  t h e  d r u g ,  and then  the  drug  

i n  s o l u t i o n  can d i f f u s e  through t h e  golymer i n t o  t h e  e x t e r n a l  

1 i quid.  

A polyanhydr ide  h a s  been chosen i n  t h e  p r e s e n t  s t u d y ,  be- 

cause  i t  r e a c t s  e a s i l y  wi th  water  provoking t h e  r e l e a s e  of t h e  

drug a t  human tempera ture .  I t  i s  ob ta ined  by fo l lowing  the  se- 

cond way, i . e . ,  by p repa r ing  a branched monomer and then  poly- 

mer i z ing  t h i s  monomer. The monomer i s  made by r e a c t i n g  the  po- 

tassium sal t  of a c e t y l  s a l i c y l i c  a c i d  w i t h  a c r y l o y l  c h l o r i d e .  

Th i s  branched polymer i s  d i s p e r s e d  i n t o  E u d r a g i t  as 9 0 1 ~ -  

mer m a t r i x ,  and p res sed  i n t o  s p h e r i c a l  g a l e n i c  forms. Var ious  

composi t ions  and v a r i o u s  s i z e s  can e a s i l y  be prepared .  The r e -  

l e a s e  of  t h e  drug i n  s y n t h e t i c  g a s t r i c  l i q u i d  i s  de termined  i n  

" in  v i t r o "  t e s t s  by u s i n g  e i t h e r  t h e  branched :?olyrner i t s e l f  

and the  g a l e n i c  form above-descr ibed.  

The branched moiiomer i s  s y n t h e t i z e d ,  and go lyne r i zed .  The 

b r m c h e d  polymer i s  then  d i s p e r s e d  i n t o  R go lyne r  m a t r i x ,  and 
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ORAL GALENIC FORMS 633 

t h e  g a l e n i c  fo rms  ob ta ined  i n  this way a r e  t e s t e d  I n  s y n t h e t i c  

g a s t r i c  l i q u i d  f o r  de t e rmin ing  t h e  ra te  o f  r e l e a s e  o f  t he  drug.  

P r e p a r a t i o n  o f  t h e  monomer 

The monomer i s  ob ta ined  by r e a c t i n g  potassium salt of ace- 

t y l  s a l i c y l i c  a c i d  (0.064 M - I4 g )  i n  anhydrous t e t r zhydro fu -  

ran (I0 cm’) w i t h  a c r y l o y l  c h l o r i d e  (0.064 Id - 5.8 g) a t  cons- 

tant tempera ture  (5%).  Acry loyl  c h l o r i d e  i s  added dropwise i n  

I 5  min. whi le  t h e  mixture  i s  s t i r r e d .  A g e n t l e  h e a t i n g  i s  f o l l o -  

wed f o r  20 min. up t o  e b u l l i t i o n  (65oC) and then t h i s  temperatu- 

r e  and s t i r r i n g  a r e  main ta ined  f o r  4 hours .  A f t e r  f i l t r a t i o n ,  

and evapora t ion  of THF, t h e  monomer i s  d r i e d  under  vaccum. The 

y i e l d  ob ta ined  f o r  t he  monomer (6.52 g) i s  56 $. A f t e r  s o l u t i o n  

and r e c r i s t a l l i z a t i o n  i n  ch loroform hexan m i x t u r e s ,  the pure  mo- 

nomer i s  c h a r a c t e r i z e d  a:. f o l l o w s  : 

+ 

I 

Ac t-,,loyl-acetyl salIcylIc anhydride 

Elementary A n a l y s i s  : 

$C : 61,4g ( t h e o r e t .  61.53) - $13 : 4,14 ( theo re to  4-28 )  

$@ : 34,35  ( t h e o r e t .  3 4 , 2 )  - 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



6 34 CHAFI, MONTHEARD, AND VERGNAUD 

I R  s;)ectrurn : 

1776 and 1755 cm-' : a n h y d r i d e  i u i i c t i o i i  

I690 cm-= : a c e t j l  , ruuG 
-I 

I u  4L CI? 

I t JCO cn-I  

: d o u u l e  boiid 

: double b u n t L  rirlc 

(CDC1 as  s o l v e r i t )  : 

2.33 ! i L m  (s) : Cl! -C- a c e t , f l  j r u w  
3 

3 I I  
C 

6.06 and 6.55 ppm(d) :  CH =CI!- 

7.15 t o  8 . I C  ppm (m): a r o m a t i c  
2 

P r e p a r a t i o n  oi" t h e  polymer 

'rile munor,ler ( 2 . 5 4  17 - 0.0104 N) is d i s s o l v e d  i n  a n h y d r o u s  
0 T I I p  ( 2  cm') iiiith 2 / o o  i n  w e i g h t  o f  a z o b i s - i s u b u t : r r o n i t r i l e  

(RI31; - 4.90 mc;) as i i i i t i a t o r ,  a i d  p l a c e d  i i i  a glass -tube. 'The 

t u b e  coolc t i  i i i  liquid r i i t r o g e n ,  i s  c o n n e c t e d  w i t h  a vaccum l i n e  

(0.1 mm. 9t-l for I0 inin. tc: remove t h e  a i r  d i s s o l v e c i ,  and  t h e n  

s e a l e d .  A f t e r  16.5 hours o f  h e a t i n g  a t  6 5 O C ,  t h e  2 r o d u c t  i s  d i s -  

solved i n  ' T I P .  'Che i?oljrrner i s  7 r e c i p i t a t e d  f r o m  t h e  s o l u t i o i i  u j i  

a d d i t i o n  of get ro leurn  e t h e r .  'The y i e l d  oP 69.4 $6 i s  a t t a i n e t i  fclr 

t h e  p o l y m e r i z a t i o n  (1.70 g uf p o l j m e r ) .  

I 
Pol y me ri za ti on 

( TI-1F- 29&,AIB.N -6SaCI6.5hr 
4 
I 
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ORAL GALENIC FORMS 635 

The c h a r a c t e r i s t i c s  of t he  polyacryloyl-acetylsalicylic 

anhydr ide  a r e  as  f o l l o w s  : 

I R  spectrum : 

1770 - I755 cm-l 

I3CO cm-I : s t r e t c h i n g  anhydr ide  

I695 cm-' : a c e t y l  group 

161A cm 

: anhydr ide  f u n c t i o n  

: double  bond r i n g  -1 

mp : I 3 1  - 132OC (ZiSC) 

'& : Ic'2OC 

The ?olymer i s  s l i g h t l y  s o l u b l e  i n  TIIF a t  room tempera ture  and 

i n  h o t  chloroform.  

P r e p a r a t i o n  o f  g a l e n i c  forms  

The polyacrjloyl-acetylsalicylic a i h j d r i d e  above-descr ibed 

and Eudrag i t  RL (copolymer of dimethylaminoethylacry la te  and 

e s h y l m e t h a c r y l a t e ,  Ivln = I 5 C  , O W  from R B h n  Pharma) i n  joNder 

fo rm,  a r e  i n t i m a t e l y  d i s g e r s e d  and t ransformed i n t o  an homoge- 

neous  t h i c k  9a;te a f t e r  p u l v e r i s a t i o n  of  a s m a l l  amourit of e tha -  

n o l  v,hicll i s  a s o l v e n t  of Eudrag i t .  S p h e r i c a l  beads  a r e  9 re s sed  

from t h i s  > a s t e  and e t h a n o l  i s  evaaora t ed  a f t e r  d r y i n g  f o r  4 

d a j s  a t  room t e q p e r a t u r e .  

Cond i t ions  i n  t h e  t e s t  " i l l  v i t r o l l  

Ex?eriments  a r e  c a r r i e d  ou t  wi th  s y n t h e t i c  g a s t r i c  l i q u i d  

( ICO i d . )  we l l  s t i r r e d  i n  a c l o s e d  f l a s k  k e p t  a t  37OC. The ?H o f  

1.2 i s  ob ta ined  as f o l l o w s  : I O O C  m l .  of  aqueous s o l u t i o n ,  8 C  m l .  

H C 1  I I J  ana 2 g. N a C 1 .  The g a l e n i c  f o r m s  (about  400 mg) inserted i n  

a permeable f i b e r g l a s s  a r e  soaked i n t o  t h e  l i q u i d .  

Sanp les  o f  l i q u i d  a r e  taken at i n t e r v a l s  f o r  a n a l y s i s  of t h e  

drug  and the  g a l e n i c  forms weighed. The r a t e  of t he  drug r e l e a s e d  

i n  the  l i q u i d  i s  determined by C ?  neasurements  (aeckman UG sphec- 

t r o ?  ho t ome t e r  ) . 
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636 CHAFI, MONTHEARD, AND VERGNAUD 

The same exper iments  are made on the  po lyac ry loy l - ace ty l sa -  

l i c y l i c  anhydr ide  wi thout  Eudrag i t  under  t h e  same c o n d i t i o n s  f o r  

measuring the  r a t e  of  r e l e a s e  o f  drug from t h e  branched polymer 
i t s e l f .  

THEOHETI C A L  

A s  the c e n e r a l  problem i s  very  complicated , t h e  f o l l o w i n g  

assumpt ions  a r e  made : 

i - The c a l e n i c  f o r m ,  s 3 h e r i c a l  i n  sha?e ,  i s  hoFoceneous, t h e  

bradched polymer be ing  wel l  d i s p e r s e d  i n t o  t h e  ?oljr:ner m a -  

t r i x  Eudragi  t .  
I .  

11. - Two m a t t e r  t r a r l s f e r s  t ake  p l ace  as shown p r e v i o u s l y  ( 8 , 9 ,  

30) : t h e  l i q u i d  e n t e r s  the  po1jr:ner m a t r i x ,  anu r e a c t s  

witli t h e  branched nolymer ; the  drug then d i f f u s e s  through 

bo th  golymer i n t o  t h e  e x t e r i o r  l i q u i d .  

iii - 9otli m a t t e r  t r a n s f e r s  a r e  c o n t r o l l e d  by t r a n s i e n t  d i f f u -  

s i o n ,  as shovm i n  the  ,ia?er. 

i v  - A m a t t e r  t r a n s f e r  i s  observed f o r  the  l i q u i d  which e n t e r s  

t h e  braxched polymer, t h i s  t r a n s f e r  be ing  c o n t r o l l e d  by 

t ran s i  en t d i f f u si  on. 

Traiisient d i f f u n i o n  throuqh a sphere  i s  d e s c r i b e d  by t h e  

Fick's equa t ion  : 

This e q u a t i o n  must be used n o t  on ly  f o r  t he  s p h e r i c a l  g a l e n i c  

f o r m s ,  but  a l s o  f o r  the g r a i n s  of branched polymer,  e i t h e r  f o r  

t h e  l i q u i d  and ? o r  t h e  drug. 

Moreover, t h e  r a t e  of t he  drug produced by t h e  r e a c t i o n  

between t h e  l i q u i d  and branched polymer can f o l l o w  t h e  c lass ical  

k i n e t i c  equa t ion  : 
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ORAL GALENIC FORMS 637 

where the  va lue  of t h e  o r d e r  n i s  v a r i e d  from I t o  0 i s  a t t a i n e d  

when t h e  c o n c e n t r a t i o n  of t h e  l i q u i d  ( w a t e r )  i s  v e r y  h i g h  wi th  

r e g r r d  t o  t h e  c o n c e n t r a t i o n  of t h e  drug.  The a c i d  €1121 i s  i n  lar-  

ge  e x e s  (pH 1 . 2 )  and i t s  co i i cen t r a t ion  oan be  cons ide red  as 

cons t an t .  

Under t h e s e  c o n d i t i o n s ,  no a n a l y t i c a l  s o l u t i o n  can be o b t a i -  

ned f o r  t h e s e  equa t ions .  

Ilowever, i n  case o f  s h o r t  t imes ,  and only  i f  t h e  r a t e  of 

m a t t e r  t r a n s f e r  i s  c o n t r o l l e d  by d i f f u s i o n ,  t h e  equat ioi i  3 can 

be a s o l u t i o n  of Eqn.1 e i t h e r  f o r  t h e  l i q u i d  

where M t  i s  t h e  amount of m a t t e r  t r a n s f e r r e d  

amount t r a n s f e r r e d  a t  equ i l ib r ium.  

and t h e  drug. 

a t  t ime t ,  M the  
a0 

D i s  t h e  d i f f u s i v i t y  and R i s  t h e  r a d i u s  of t h e  sphere.  

The p a r t i c u l a r  s imple c a s e  shown a8 f o l l o w s  can  be cons ide-  

r e d  i n  t h e  p r e s e n t  paper .  The p r o c e s s  i s  c o n t r o l l e d  by d i f f u s i o n  

when t h e  r a t e  of  r e a c t i o n  i s  r a t h e r  h i g h  wi th  r e g a r d  t o  the r a t e  

of d i f f u s i o n  process .  An a n a l y t i c a l  s o l u t i o n  can e a s i l y  be found 

when t h e  d i f f u s i v i t y  of t h e  drug  i s  c o n s t a n t  and when t h e  concen- 

t r a t i o n  a t  e q u i l i b r i u m  i s  a t t a i n e d  on t h e  s u r f a c e  of  t h e  g a l e n i c  

form as soon as  i t  i s  soaked i n t o  the  l i q u i d .  

The amount of d i f f u s i n g  subs tance  e n t e r i n g  ( l i q u i d )  o r  lea- 

v ing  (d rug)  t h e  s p h e r i c a l  form i s  g iven  by : 
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638 CHAFI, MONTHEARD, AND VERGNAUD 

n be ing  a n  i n t e g e r  

RESULTS 

A 0  shown i n  p r e v i o u s  p a p e r s  (8,g , , 3 C )  t he  whole p r o c e s s  of 

r e l e a s e  of drug  from g a l e n i c  forms  (where t h e  d r u g  i s  d i s p e r s e d  

i n  polymeric  matrix) can be d i v i d e d  i n t r o  thxee  s t e p s  : 

i - D i f f u s i o n  of t he  l i q u i d  e n t e r i n g  the  c a l e n i c  form. 

ii - D i s s o l u t i o n  of t h e  d rug  i n  the  l i q u i d .  I n  t h e  present ca- 

s e ,  t h e  r e a c t i o n  t a k e s  p l a c e  and the  r e s u l t i n g  drug  i s  d i s -  

solved.  

iii - The drug  s o  d i s s o l v e d  i s  t r a n s f e r r e d  by d i f f u s i o n  through 

the  g a l e n i c  fcrm. 

F o r  t h e s e  r e a s o n s ,  t h e  matter t r a n s f e r  is s t u d i e d  e i t h e r  

f o r  t he  l i q u i d  and f o r  t h e  drug. 

I - K i n e t i c  of r e l e a s e  of drug  from t h e  branched ?ol.vmer 

The b r a i c h e 6  ;3olymer, i n  powder fo rm,  i s  soaked i n t o  syn- 

t h e t i c  g a s t r i c  l i q u i d  and t h e  amount of drug r e l e a s e d  i s  d e t e r -  

mined a t  i n t e r v a l s  i n  t h e  l i q u i d .  The k i n e t i c  of t he  re lease of 

drug  i s  s t u d i e d  by t r y i n g  t h e  one o r d e r  r e a c t i o n  (FIg.1)  and the  

secondth  o r d e r  r e a c t i o n  (Fig.2) .  As shown i n  bo th  t h e s e  f i g u r e s ,  

n o  s t r a i g h t  l i n e  i s  o b t a i n e d ,  and t h e  k i n e t i c  o f  r e l e a s e  of d rug  

cannot  be d e s c r i b e d  by a s i m p l e  c l a s s i c a l  equa t ion .  

I t  i s  a i f f i c u l t  t o  o b t a i n  t h e  amount of l i q u i d  which enters 

t he  ?olyrner, because of t h e  s m a l l  s i z e  of 2olymer g r a i n s .  rdore- 

o v e r ,  t h i s  2oljrmer i s  t u r n i n g  i n t o  a g e l .  

2 - T r a n s f e r  of t h e  l i q u i d  i n t o  a a l e n i c  forms  

The k i n e t i c  of the  a b s o r > t i o n  of l i q u i d  i s  de termined  by 

u s i n g  the  v a r i o u s  g a l e n i c  fo rms  ( d e s c r i b e d  i n  Table  I) and soa- 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



ORAL GALENIC FORMS 639 

2.1 

2.c 
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time 
100 200 300 4200 500 min 

FIGURE 1 

. time 
100 200 m LOO 500 min 

FIGURE 2 
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640 CHAFI, MONTHEARD, AND VERGNAUD 

% of Abs. Liq. 

MJI 
MO 

6%oe : 840 mm 
- : theoretical 

0 : exp. 

% 

10 

!O 

10 

36 of Abs. Liq. 
M k 

FIGURE 3.1 

5' : 6.40 mrn 
Lo : Theoretical 

: E X ~ .  / -  '"'0 

FIGURE 3.2 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



ORAL GALENIC FORMS 641 

% of Absorbed 
Liquid pH = 1.2 t 

FIGURE 4 

!:in[; them i n t o  s y n t h e t i c  g a s t r i c  l i q u i d  :;.it11 pH 1.2 unuer  the  

C u i i u i  t i o n s  a jovc-descr ibed .  The c u r v e s  obta ined  a r e  dra:;?l i n  

Fig.  3 .  The amount of  l i q u i d  t r a n s f e r r e d  i l l t o  t he  g a l e n i c  f o r m  

i s  a l s o  p l o t t e d  as a f u n c t i o n  of t he  square  r o o t  o f  time i n  

P ig .4 .  ( f o r  bead made o f  Eudrag i t  and the  o t h e r  twc; Galeriic 

forms desci.ibed i n  Table  I and 2 ) .  

.Tht i'tilloming conc lus ions  a r e  .xortli p o i n t i n g  ou t  f r o m  these  re- 

s u l t s  : 

i - The prr icess  of l i q u i d  t r a n s f e r  can '01 cons ide red  as c o n t r o l -  

lec? by  d i f f u s i o n ,  because o f  the l i n e a r  r e l a t i o n s h i p  o b t a i -  

ned between t h e  amount o f  l i q u i d  and t h e  square  roGt of ti- 

me. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



642 

*Om1 D(cm2md) MCIS~(%) 
form liquid drug liquid druq 

1 67.10m7 13,€3 .1G7 54 Yo 72 Yo 

2 62.1G7 €3 .IG7 60% t37 y o  

CHAFI, MONTHEARD, AND VERGNAUD 

- 

Table 1: Charoctcristics of o w l  forms 

60% 4070 

%of  Released 
Acid from Polymer t 

30 I 
* %of  Released 

Acid from Polymer 

30, 

20 

I0 

2 6 8 10 0 

FIGURE 5 
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% of Rele 

Ac 
nn 
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FIGURE 6.1 

50 G : 6.40mrn 
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) t  
hr 

2 b 2  .4 ob s b '  * Id0 

FIGURE 6.2 
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6 44 CHAFI, MONTHEARD, AND VERGNAUD 

FIGURE 7 

ii - The d i f f u s i v i t y  v a r i e s  s l i g h t l y  w i t h  the  composi t ion of t he  

g a l e n i c  form, and can be cons idered  as c o n s t a n t  d u r i n g  the  

whole process .  

iii - The m o u n t  of l i q u i d  a t  e q u i l i b r i u m  i s  around 50 f o r  all 

t h e  samples. 

i v  - The v a l i d i t y  o f  this simple mathematical  model can be a p ? r e -  

c i a t e d  by comparing i n  Pig.  3 the  exper imenta l  k i n e t i c  wi th  

t h e  t h e o r e t i c a l  r e s u l t s  ob ta ined  by us ing  Eqn.4, w i t h  the  

two g a l e n i c  forms. 

3 - Drug d e l i v e r y  i n  s y n t h e t i c  g a s t r i c  l i q u i d  

It i s  easy  t o  measure t h e  amount of drug  i n  the  l i q u i d ,  and 

the  k i n e t i c  of  r e l e a s e  of drug  i s  de termined  e i t h e r  f o r  t h e  bran- 

ched polymer i t s e l f  and f o r  t h e  g a l e n i c  form. 'The r e s u l t s  o b t a i -  
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ORAL G A L E N I C  FORMS 645 

ned f o r  t he  branched polymer are shown i n  Fig.5 by p l o t t i n g  t h e  

amount of drug  r e l e a s e d  as a f u n c t i o n  o f  t h e  equare- root  o f  time. 

The k i n e t i c  of r e l e a s e  of drug can be d e s c r i b e d  by a d i f f u s i o n a l  

p r o c e s s  because o f  t h e  s t r a i g h t  l i n e s  ob ta ined  i n  F ig .  5. 

The g a l e n i c  form prepared  by d i s p e r s i n g  t h e  branched polymer 

i n t o  Eudrag i t  a r e  a l s o  s t u d i e d  by de te rmin ing  the  amount of drug  

r e l e a s e d  when they a r e  soaked i n t o  s y n t h e t i c  g a s t r i c  l i q u i d .  The 

k i n e t i c  of r e l e a s e  o f  d rug  ob ta ined  i s  shown i n  Pig.6 where the  

amomt  o f  r e l e a s e d  drug  i s  p l o t t e d  as  a f u n c t i o n  o f  time and i n  

Fig.7 where t h i s  amount i s  p l o t t e d  as a €unct ion  o f  t h e  square  

r o o t  OP time. 

The fo l lowing  c o n c l u s i o n s  can be d r a m  f r o m  t h e s e  c u r v e s  : 

i - 'The g r o c e s s  of r e l e a s e  o f  d rug  from t h e s e  g a l e n i c  forzls  i s  

c o n t r o l l e d  by t r a n s i e n t  d i f f u s i o n ,  wi th  a c o n s t a n t  d i f f u s i -  

v i t y .  The k i n e t i c  can  be d e s c r i b e d  by well-known s e r i e s ,  as 

proved by the  good agreement e x h i b i t e d  between t h e v r e t i c a l  

va lue  ( f u l l  l i n e )  and ex9er iments  ( p o i n t s ) .  

ii - The amount of  d rug  r e l e a s e d  a t  e q u i l i b r i u m  r e a c h e s  t o  about  

8 C  :; of  t h e  i n i t i a l  drug i n t r o d u c e d  i n  t h e  g a l e n i c  form. 

iii - The g a l e n i c  forms d e s c r i b e d  i n  t h i s  ua?er  have aq advanta-  

g e  over  t h e  c l a s s i c a l  g a l e n i c  forms ob ta ined  by c i i sgers ing  

t h e  drug i n t o  Eudrag i t  ( 3 0 )  : t h e  r e l e a s e  of t h e  drug  i s  

c o n t r o l l e d  by the  d i f f u s i o n  o f  t h e  l i q u i d  n o t  only through 

t h e  polymeric  m a t r i x  but  a l s o  through t h e  branched Folymer 

i t s e l f .  Thus,  t:vo l i m i t a t i o n s  f o r  t he  r e l e a s e  o f  a r u c  can 

? l a y  a r o l e ,  and t h i s  i s  o f  h i g h  i n t e r e s t  e s p e c i a l l y  i f  t h e  

g a l e n i c  f o r m  i s  broken i n  the  p a t i e n t ' s  mouth and chewed. 

Phis  ? a ? e r  has i2aved t h e  way t o  i i e w  o r a l  g a l e n i c  fo r rnc  a o l e  

t o  c o n t r o l  tl:e r e l e a s e  o f  d r u c  i n  stomach. They a r e  ootairied b j  

u i s>e r s . r ig  a brm!ched poly!ner i i i t o  a n o t h e r  b i o c m p a t i b l e  Jolyner .  
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The branched polymer i s  p repa red  by r e a c t i n g  the  cirug wi th  a con- 

v e n i e n t  monomer, and the  s o  branched monomer i s  polymerized. An 

anhydr ide  i s  chosen f o r  t h e  monomer, because of t he  e a s e  wi th  

which i t  r e a c t s  with water and then  r e l e a s e s  t h e  drug. 

The p r o c e s s  o f  r e l e a s e  of drug  i n  s y n t h e t i c  g a s t r i c  l i q u i d  

ha.; been s t u d i e d  by de t e rmin ing  t h e  l c i n e t i c s  of a b s o r p t i o n  o f  

water  by the  g a l e n i c  f o r m  and of  r e l e a s e  o f  t h e  drug. ,3oth t h e s e  

m a t t e r  t r a n s f e r s  a r e  c o n t r o l l e d  by t r a , i s i e n t  d i f f u s i o n  wi th  ~01:s- 

t a n t  d i f l u s i v i t y ,  and they  can be descr iDed by a sini,>le mathemati- 

c a l  model. 

A s  the  braml ied  polymer i t 6 e l f  e x h i b i t s  a r e t a r u a n c y  f o r  t h e  
r e l e a s e  of drug when c o n t a c t e d  wi th  t h e  l i q u i d ,  i t  is c l e a r  t h a t  

t h e  g a l e n i c  forms d e s c r i b e d  i n  the  pa2er  have an advantage of i n -  

t e r e s t  over  t h e  c l a s s i c a l  g a l e n i c  forms  : i f  t h e s e  Caleriic forms  

a r e  broken i n  t h e  mouth and chewed, t h e  r e l e a s e  of d rug  i s  then  

c o n t r o l l e d  by t h e  d i f f u s i o n  through t h c  branched polymer. 

REPEREX CES 

I - Zaff roni  A . ,  Pharm. J. 205 ,  4@0-4@2 (1970). 

2 - Eeilman K . ,  i n  "Therapeut ic  Systems", 2nd ed . ,  T k i e m  S t r a t t o n  

I n c . ,  New York (1984). 

3 - F e i j e n  J . ,  I 4  t h  Meeting of  French Polym. Group . ,  Rouen, Nov. 

1984. 
4 - H e l l e r  J . ,  CRC C r i t i c a l  Reviews i n  The rapeu t i c  Drug Carrier 

Systems,  Vol.1, 39-90 (1984). 

5 - Fessy IT. ,  Marty J.P, P u i s i e u x  F. and Cars tensen  J . T ,  J. Pharm. 

Sc i .  7 1 ,  749-52 (1982). 

6 - Pocher B . ,  I d a r z e t t i  A . ,  S a r t o  V . ,  Baltrame P.L and Carmitti P . ,  

J. A p p l .  Polyrn. Sci .  2 9 ,  3329-38 (1984). 

7 - Toui tou  E. and Donbrow PI., I n t .  J. Pharm., 11, 355-64 (1982) .  

8 - I l ro in  A . ,  Chaumat C . ,  R o l l e t  I$ . ,  Taae rde t  J.L and Vergnaud J.N, 
I n t .  J. Pharm. 2 7 ,  233-244 (1985) .  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



ORAL GALENIC FORMS 64 7 

9 - Alalley I. , Bardon J . ,  R o l l e t  M., Taverde t  J . L  and Vergnaud J . E ,  

Drug develop.  Ind. Pharm. 1 3 ,  67-79 (1987). 

I0  - IVeiner B.2 and Z i lkha  A . ,  J.  Med. Chem., 1 6 ,  573-574 (1973) .  

I1 - Weiner B . Z ,  Z l lkha  A. , P o r a t h (  G.  and Crunfe ld  Y.,  Europ. J. 

Ned. Chem. 11, 525-526 (1976) .  
I 2  - Weiner 3 . 2 ,  Iiavron A. and Z i lkha  A .  , I s r a e l  J. Chem. , 1 2 ,  86 3- 

872 (1974). 
I 3  - Zal ipsky  S . ,  Gi lon  C. and Z i lkha  A . ,  Euron. Polym. J . ,  1 9 ,  

1177-1183 (1983). 
I 4  - Davis  F.F, Van E s  T. and Polczuck N . C ,  Ger. Of fen . ,  2 ,  433, 

883, 5 Feb. 1976. 

P a r t  c ,  1 5 ,  2909-2917 (1377). 

I 5  - P i n a z z i  C . ,  Rabadeux J . C  and Pleurdeau  A . ,  J. Polym. S c i . ,  

I 6  - Gamichon G . ,  I!emery P. ,  Raynal S . ,  J .  Polym. S c i . ,  Cllim. 

Ed., 2 0 ,  3255-3259 (1982). 

I 7  - Meslard J . C ,  Yeam I,. , S u b i r a  F. and Vairon J . P ,  !hakron. Chein. 

1 8 7 ,  787-794 .(I986 ). 
I8 - Brosse J .C  and S o u t i f  J . C ,  Polym. PreLmints ,  Am. Chem. ~ o c . ,  

2 7 ,  7-8 (1986). 
I 9  - Higuchi  T . ,  J. Pharm. S c i . ,  5C, 874-875 (1961) .  

20 - Higuchi  T . ,  J. Pharm. S c i . ,  52 ,  1145-1149 (1963). 
21 - Brossard  C . ,  L e f o r t  d e s  [ louses  I). , Duchene D . ,  P u i s i e u x  F. 

an$ Cars tensen  J . T ,  J. Pharm. S c i . ,  7 2 ,  162-169 (190,). 

22 - Gurny R . ,  Uoelker  E. and Penpas N.A,  3 i o m a t e r i a l s ,  3 ,  27-32 

(1982 1. 
23 - Nick las soa  H., Boodin A. and Sundelof L . 0 ,  I n t .  J. Pharm., 

2 3 ,  97-108 (1985) .  
24 - T o j o  K. and Chien Y.IJ ,  Drug Dcv. Ind .  Pharm., I C ,  7 5 3 ,  769 

( I98  4) .  
25  - Peppas N.A, Pharm. Acta  Helv. ,  6 C ,  110-111 (1905). 
26 - Pep2as N.A and Segot-Chicq, STP Pharma, I ,  121-127 (1985). 
27 - T e i l l a u d  b. and Pourcelot-Roubeau Y . ,  Labo. Pharma. P rob l .  

Tech. ,  32 ,  279-283 (1984) .  
2 8  - Messadi U. and Vergnaud J.M, J. Agpl. Polym. S c i . ,  2 b ,  2315- 

2324 (1981). 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



648 CHAFI, MONTHEARD, AND VERGNAUD 

29 - Taverde t  J .L  and VerQiaud J.I.i,  J. Appl .  Polym. S c i . ,  2 9 ,  3391- 

3400 (1984). 
30 - Armand J . Y ,  Magnard F. , Bouzon J., k o l l e t  M . ,  Taverde t  J . L  

and Vergnaud J.X, In t .  J. Pharm., in press .  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


