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ABS!CRACT 

Ethyl ce l lu lose  embedded prolonged release micropart ic les  

containing cimetidine was designed by dispers ing t h e  drug-ethyl 

ce l lu lose  mixture i n  acetone, i n t o  a medium of m i n e r a l  o i l  

and subsequent r ig id i za t ion  of the e t h y l  ce l lu lose  matrix. 

S igni f icant  reproducib i l i ty  of the  manufacturing process was 

observed. In vitro-in vivo correlation revealed the  the  d isso lu t ion  

process is the  rate determining s t e p  in  drug absorption and 

the  s i g n i f i c a n t  in vivo ef f ic iency  of the dosage form is w e l l  

expected. 

INTR 0 D U C!l!IO N 

The design of micropel le ts  as a technique f o r  t he  prepar- 

a t ion  of cont ro l led  release matrix embedded dosage form has 

earned importance. Generally, p e l l e t s  are spher ica l  bodies 

formed from a mass of f i n e l y  divided particles by a continuous 

r o l l i n g  o r  tumbling motion . A number of methods f o r  the prepar- 

a t i o n  of g e l a t i n  micropel le ts  have been reported.  The embedding 

of drug i n  hydrophi l l ic  ge l a t in  matrix was f i r s t  reported by 

Tanaka e t  a1 . The process of manufacture was thoroughly mod- 
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284 CHATTARAJ AND DAS 

i f  i e d  and d i f f e r e n t  p r o p e r t i e s  were i n v e s t i g a t e d  by Das and 

Gupta . 3 

C i m e t  i d i n e ,  a s p e c i f i c  H2 - r e c e p t o r  a n t a g o n i s t ,  h a s  

a ha l f  l i f e  of 123 512 min  w i t h  a much s h o r t e r  d u r a t i o n  of 
4 a c t i o n  . The a b s o r p t i o n  of c i m e t i d i n e  from t h e  g a s t r o i n t e s t i n a l  

t rac t  is  a l s o  d i s s o l u t i o n  r a t e  l i m i t e d .  The pro longed  release 

dosage form of  c i m e t i d i n e  is a n  impor tan t  t h e r a p e u t i c  a s p e c t  

because  it would be a b l e  t o  m a i n t a i n  t h e  s t e a d y  plasma l e v e l  

of t h e  drug  and reduce t h e  f requency  of a d m i n i s t r a t i o n .  The 

p resen t  i n v e s t i g a t i o n  envisages  t h e  development of a c o n t r o l l e d  

release dosage form of cimetidine i n  o r d e r  t o  maximize t h e  

t h e r a p e u t i c  b e n e f i t s  and minimize t h e  f requency  of  a d m i n i s t r a -  

t i o n  i n  case of severe c o n d i t i o n s  l i k e  Z o l l i n g e r  - E l l i s o n  

syndrom . 5 

The development of m i c r o p e l l e t e d  dosage form w a s  ach ieved  

b y  nonaqueous s p r a y  congea l ing  t echn ique .  Three fo rmula t ions  

o f  m i c r o p e l l e t s  w i th  a drug  : e t h y l  cel lulose r a t i o  of  1:1, 

1 : 2 and 1 : 2 . 5  were s t a n d a r d i z e d  a f t e r  t h e  p r e l i m i n a r y  s c r e e n i n g .  

The dosage forms w e r e  eva lua ted  b o t h  in vitro and in vivo . 

Materials 

Cimet id ine  - I n d i a n  Pharmacopeia, passed  th rough  # 100 

s i e v e  

E thy l  c e l l u l o s e  - Degree of s u b s t i t u t i o n  2 . 4 2  - 2.53, 

v i s c o s i t y  of  a 5% w/w s o l u t i o n  i n  80 : 20  t o l u e n e  : e t h a n o l  

by  weight a t  25" approx .  1 4  CP 

Toluene - Extra  pu re  g r a d e  
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CIMETIDINE RELEASE FROM ETHYL CELLULOSE MICROPELLETS 285 

Liquid p a r a f f i n  and Light l i q u i d  p a r a f f i n  - Ind ian  Pharma- 

cope i a  

Petroleum e t h e r  - Boil ing range 60 - 80°, w t  per m l  0 .67 

9m 

M e t h o d s  

Prepa ra t ion  of Mic rope l l e t s  

A 12% w/v homogeneous s o l u t i o n  of e t h y l  c e l l u l o s e  i n  

ace tone  w a s  prepared. Powdered cimet i d i n e  was d i s p e r s e d  i n t o  

t h e  s o l u t i o n  t o  form a n  uniform drug - e t h y l  c e l l u l o s e  mixture.  

Th i s  mixture w a s  p u r e d  a t  25 , i n  a t h i n  s t e a d y  stream, i n t o  

400 gms of mixture of 80% w/w of l i q u i d  p a r a f f i n  and 20% w/w 

of l i g h t  l i q u i d  p a r a f f i n  ( a b s o l u t e  v i s c o s i t y  103.10 CP a t  25 ) 

while  s t i r r i n g  t h e  l i q u i d  p a r a f f i n  mixture  a t  400 ? 5 r.p.m. 

A f t e r  15 minutes, petroleum e t h e r  w a s  added a t  a rate of 3 

ml/min f o r  a per iod of 30 minutes. During t h i s  pe r iod ,  t h e  

temperature  of t h e  s y s t e m  w a s  very slowly cooled t o  5 . 

0 

0 

0 

Recovery of t h e  formed mic rope l l e t s  was achieved by de- 

can t ing  t h e  supe rna tan t  petroleum e t h e r  and s u c c e s s i v e  washing 

wi th  c h i l l e d  petroleum e t h e r .  It w a s  t h e n  d r i e d  i n  open a i r  

f o r  1 hour,  followed by 2 hours c o n t r o l l e d  d ry ing  a t  60".  

In vi t.ro d i s s o l u t i o n  

The pH p r o f i l e  (pH 1 . 2  - 7.5) was achieved using t h e  

s o l u t i o n s  of hydrochlor ic  a c i d ,  sodium carbonate and t h e  sodium 

b ica rbona te  i n  double d i s t i l l e d  water '. Micrope l l e t s  of cime- 

t i d i n e  were placed i n  t h e  USP XX d i s s o l u t i o n  b a s k e t ,  covered 

with 100 mesh nylon c l o t h  t o  prevent t h e  g ranu le s  coming out 

of t h e  baske t .  Five hundred m l  of t h e  d i s s o l u t i o n  f l u i d  w a s  

used. The basket  with t h e  g ranu le s  w a s  r o t a t e d  a t  100 ? 1 r.p.m. 

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

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



286 CHATTARAJ AND DAS 

F i v e  m l  of  t h e  sample a l i q u o t s  were withdrawn and r e p l e n i s h e d  

t h e  same volume. The d i s s o l v e d  drug  was a s sayed  spec t ropho to -  

m e t r i c a l l y  us ing  H i t a c h i  200 - 20 U V / V i s  spec t ropho tomete r .  

In V i V O  Animal S t u d i e s .  

The in vivo d i s s o l u t i o n  o f  t h e  drug  from t h e  m i c r o p e l l e t e d  

dosage form w a s  s t u d i e d  by a d m i n i s t e r i n g  t h e  m i c r o p e l l e t s  t o  

twe lve  male a l b i n o  rabbi ts  weighing 2.5 - 3 kgs. On f o u r  separ- 

a t e  occas ions ,  f a s t  release c i m e t i d i n e  t ab le t s ,  m i c r o p e l l e t s  

of  core : c o a t  r a t i o  1 : 1 ,  1 : 2  and 1:2.5 were o r a l l y  admin i s t e r -  

ed.  All dosage con ta ined  e q u i v a l e n t  t o  50 mg of c i m e t i d i n e .  

The r a b b i t s  were f a s t e d  ove rn igh t  f o r  about  22  hour s ,  w h i l e  

water w a s  a l lowed a d  l i b i tum.  A t  t h e  beg in ing  of t h e  exper iment ,  

a 0-hour sample of t h e  blood w a s  ob ta ined  from t h e  margina l  

e a r  v e i n .  Then t h e  m i c r o p e l l e t s  i n  ha rd  g e l a t i n  c a p s u l e  w a s  

p l aced  i n  t h e  rear pharynx of t h e  rabbi t  th rough t h e  h o l e  i n  

wooden gag hold ing  t h e  mouth open. Then by g e n e r a t i n g  a i r  p re s s -  

u r e ,  t h e  c a p s u l e  was pushed th rough  t h e  pharynx. N o  water was 

g iven  and t h e  food w a s  a l lowed a t  4 h r s .  Blood samples  w e r e  

withdrawn from t h e  margina l  ear v e i n  a t  f i x e d  i n t e r v a l .  A f t e r  

t h e  s e p a r a r i o n  o f  t h e  plasma p r o t e i n s  by t r i c h l o r o a c e t i c  acid,  

t h e  con ten t  of drug  w a s  de te rmined  by  HPLC t e c h n i q u e  . 7 

ReSULTS AND DISCUSSIONS 

The format ion  o f  e t h y l  c e l l u l o s e  m i c r o p e l l e t s  is a phys i -  

cochemical phenomenon. The s p h e r i c a l  m i c r o p e l l e t s  a r e  formed 

due  t o  t h e  s t r o n g  cohes ive  f o r c e s  among t h e  molecules  of t h e  

e t h y l  c e l l u l o s e  sol, dur ing  t h e  cont inuous  r o l l i n g  motion o f  

t h e  s o f t  microdrops i n  a v i s c o u s  medium. The v i s c o s i t y  of  t h e  

e t h y l  c e l l u l o s e  so l ,  s t i r r i n g  speed  and t h e  v i s c o s i t y  of  t h e  

d i s p e r s i n g  medium i n f l u e n c e s  t h e  format ion  of t h e  s p h e r i c a l  

m i c r o p e l l e t s .  
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CIMETIDINE RELEASE FROM ETHYL CELLULOSE MICROPELLETS 287 

An impor tan t  phenomenon was noted  du r ing  t h e  p roduc t ion  

o f  t h e  m i c r o p e l l e t s .  In  t h e  p r e s e n t  i n v e s t i g a t i o n ,  a s o l u b l e  

drug  w a s  d i s p e r e d  i n t o  t h e  m a t r i x  forming polymer but  when 

t h e  non-solvent  petroleum e t h e r  w a s  added,  t h e  matr ix  s e p a r a t e s  

as  a s o f t  sphe re .  Some c i m e t i d i n e  may be  p a r t i t i o n e d  i n t o  t h e  

ace tone ,  which i t s e l f  is i n s o l u b l e  i n t o  t h e  pe t ro leum e t h e r .  

Thus, t h e  s o l u b i l i t y  parameter  o f  c i m e t i d i n e  exceeds  t h a t  of 

t h e  a c e t o n e  - pet ro leum e t h e r  mixture .  T h i s  c i m e t i d i n e  is  a g a i n  

adhered  t o  t h e  s u r f a c e  of  t h e  newly formed m i c r o p e l l e t s .  Thus 

p reven t ing  t h e  loss of  c o s t l y  drug  d u r i n g  t h e  manufac tur ing  

s t e p s ,  as w e l l  as i n c o r p o r a t i n g  t h e  l o a d i n g  dose.  Th i s  was 

suppor t ed  expe r imen ta l ly  by t h e  de t e rmina t ion  of  con ten t  of 

drug  a t  t h e  v a r i o u s  s t a g e s  of t h e  fo rmula t ion .  

The release of  c i m e t i d i n e  from t h e  m i c r o p e l l e t s  may e i t h e r  

be  f i r s t  order’  o r  t h e  d i f f u s s i o n  c o n t r o l l e d  p rocess  ’. The 

in vitro drug  release data w a s  p l o t t e d  acco rd ing  t o  f i r s t  order 

( f i g .  1 )  and Higuchi  equa t ion  ( f i g .  2 ) .  Drug release appeared  

t o  f i t  bo th  t h e  k i n e t i c  models upto c e r t a i n  e x t e n t .  Dev ia t ions  

from l i n e a r i t y  was observed  i n  t h e  p l o t s  of  Higuchi  e q u a t i o n  

a f t e r  110  mins. The re fo re ,  t h e  drug release was fo l lowed by 

d i f f u s i o n  c o n t r o l l e d  f i r s t  o r d e r  d i s s o l u t i o n .  I n  t h e  f i g .  1 ,  

w e  cou ld  obse rve  t h e  d i s s o l u t i o n  k i n e t i c s  showing a n  a b r u p t  

i n c l i n a t i o n  i n  t h e  beg in ing  of t h e  p l o t .  Th i s  w a s  due  t o  t h e  

b u r s t i n g  e f f e c t  and adherence  of  t h e  drug  particles on t h e  

formed micropellets, which would be  a h i g h l y  d e s i r a b l e  a s p e c t  

f o r  t h e  achievement of t h e  load ing  dose .  

The a v a i l a b i l i t y  of adequa te  animal  models h a s  been de- 

s i r e d  f o r  es t imat ing the  b ioava i l ab i l i t y  of dosage forms i n  

human . Although r abb i t s  are easy t o  handle, they have not  

been considered as the  idea l  animal model because of t he  d i f f i -  

cu l ty  i n  obtaining the empty stomach”. However, cont ro l  of 
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2 88 CHATTARAJ AND DAS 

PH 
1.2 3.0 5.0 7.5 

I I 1 

0 r u g : E c : :  1 : l  I 
1 : 2  A 
1 : 2.5 

Tab le t  - 0 

Time i n  Hour 

Fig. 1 .  First order plot  of t h e  in Vitm cimetidine release 

p ro f i l e  

t h e  stomach emptying rate has increased the  usefulness of rab- 
b i t s  i n  G.I. drug absorption etudies and produced good corre- 

la t ion  i n  G. I. drug absorption between rabbi ts  and human . 1 1  

For the  f n V i V 0  study, the use of fas t ing  rabbi ts  showed 
a great  advantage over the retardation of cimetidine absorption 
from the  gas t ro in tes t ina l  t r a c t .  The phannacokinetic parameters 
were estimated from the  serum ancen t r a t ion  of cimetidine a f t e r  
administration of either cimetidine powder or cimetidine micro- 
pellets (Table) .  The mean values of the maximum serum leve l  
(Cmax) and the time to  maximum serum leve l  (tmax) were not  
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CIMETIDINE RELEASE FROM ETHYL CELLULOSE MICROPELLETS 

1.8 

1.6 
8 * 
K 
0 1 . 4 -  

2 1.2 

!& 1.0 
0 
u 

a 

289 

- 
- 

- 
- 

2.0 m 

Z 0.8 

3 0.6 D r u g :  Ec:: I :  1 a E 
1 . 2  A 

4 0.21 1 : 2.5 0 

0.01 I I 
I 1 I I I I I 

0 ‘0.8 1.0 1.2 1-4 1.6 1.8 2.0 2.2 2.4 
Log T i m e (  M i n )  

Fig. 2 .  Higuchi  p lo t  of t h e  in Vitm cimetidine r e l e a s e  p r o f i l e .  

s i g n i f i c a n t l y  d i f f e r e n t  from cimetidine micropellets prepared 

w i t h  lower percentage of e t h y l  c e l l u l o s e .  The higher  Cmax va lue  

is c o n s i s t e n t  with t h e  shorter tmax value.  However, a s i g n i f i -  

c a n t  d i f f e r e n c e  w a s  obtained f o r  c imet id ine  microcapsules by 

using higher  concentrat ions of e t h y l  c e l l u l o s e .  The plasma 

of cimetidine were much longer  with t h e  h igher  concentra- t50% 
t i o n  of t h e  e t h y l  c e l l u l o s e  i n  t h e  formulation. This i n d i c a t e s  

that  cimetidine micropel le t s  prepared by using higher  ooncentra- 

t i o n  of e t h y l  c e l l u l o s e  e x h i b i t e d  better c o n t r o l l e d  release 

p r o p e r t i e s  . 

The r e l a t i o n s h i p  between t h e  mean plasma l e v e l ,  Cm, and 

is 0 .5 ’  
t h e  logarithm of t h e  drug d isso lved  i n  0.5 h r ,  log D 
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290 CHATTARAJ AND DAS 
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C I N E T I D I N E  RELEASE FROM ETHYL CELLULOSE MICROPELLETS 

A 

A 
€ 

a 
E 
V 
C 
0 .- 

0.52 - 2 
c 
C 

0 
C 
0 
V Drug : Ec : : 1 :  2.5 D 

1 : 2  c 
i : i  e n 

C Tab l e t  A 

I I I n I 
1.1 1.3 1-5 2.0 

0.26 - 
VI 
0 

0 

01 
0.9 

Log of Dissolution Rate Log 00.5 ( Log mg 
Dissolved 30 M i n )  

F i g .  3 .  C o r r e l a t i o n  of in vitro d i s s o l u t i o n  r a t e  

291 

and mean 

plasma drug  c o n c e n t r a t i o n ,  a v e r a g e  f S.E. i n  n i n e  

an ima l s .  

shown i n  f i g u r e  3. The r e g r e s s i o n  e q u a t i o n  was, Cm=0.4212 log 

-0.1273. S i g n i f i c a n t  c o r r e l a t i o n  between C and  l o g  D 
D0.5 m 0.5 
w a s  0.990 (P 4 0.10). These r e s u l t s  s i g n i f y  t h a t  t h e  d i s s o l u t i o n  

process is t h e  r a t e  de t e rmin ing  step i n  t h e  drug  a b s o r p t i o n .  

From t h e  c o r r e l a t i o n  c o e f f i c i e n t  it is w e l l  expected that  t h e  

micropellets of c i m e t i d i n e  would e x h i b i t  s a t i s f a c t o r y  c o n t r o l l e d  

release characteristics. 
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