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ABSTRACT 

It i s  known t h a t  d rug  substances showing no d i f f e r e n c e  i n  

absorbance a long t h e  whole g a s t r o - i n t e s t i n a l  (GI )  t r a c t  a r e  s u i t a b l e  
f o r  SR-formulat ions w i t h  an extended re lease  c h a r a c t e r i s t i c .  However, 

a decrease i n  b i o a v a i l a b i l i t y  f rom p rox ima l  t o  d i s t a l  p a r t s  o f  t h e  g u t  

may be s u i t e d  f o r  a l i m i t e d  r e t a r d  e f f e c t .  I n  t h i s  i n v e s t i g a t i o n ,  

at tempts have been made t o  design a s u i t a b l e  d e l i v e r y  system f o r  

c a p t o p r i l  which i s  p o o r l y  b i o - a v a i l a b l e  f rom t h e  a l k a l i n e  reg ions  o f  
t h e  G I - t r a c t .  The p r i n c i p l e s  o f  'B ioadhes ion '  as w e l l  as ' G a s t r i c  
F l o a t i n g  Systems' a re  u t i l i z e d  i n  t h i s  study. 

INTRODUCTION 

C a p t o p r i l  USP, an o r a l l y  a c t i v e  i n h i b i t o r  o f  t h e  a n g i o t e n s i n  

conver t i ng  enzyme (ACE)") has been w i d e l y  used as a po ten t  d rug  o f  

* For  correspondence 
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1568 MATHARU AND SANGHAVI 

f i r s t  cho ice  i n  a n t i h y p e r t e n s i v e  therapy .  The drug however, man i fes ts  

two v i t a l  s h o r t c o m i n g s  v i z .  (1)The d u r a t i o n  o f  a c t i o n  a f t e r  a s i n g l e  
o r a l  dose being 6-8 hours r e q u i r e s  a d a i l y  i n p u t  o f  37.5-75 mg i n  

t h r e e  d i v i d e d  doses f o r  c l i n i c a l  u s e ( 2 ) .  ( i i ) T h e  b i o a v a i l a b i l i t y  o f  

t h e  drug i s  markedly reduced when admin i s te red  w i t h  food. S tud ies  

have i n d i c a t e d  t h e  degradat ion  o f  c a p t o p r i l  a t  h igher  pH c o n d i t i o n s  t o  

be t h e  main reason f o r  t h e  same . ( 3 )  

A t tendant  b e n e f i t s  o f  c o n t r o l l e d / s u s t a i n e d  r e l e a s e  the rapy  f o r  
(4,5) t h i s  drug have been a l s o  been r e p o r t e d  

I n  t h i s  work, s t u d i e s  were c a r r i e d  o u t  t o  design a c o n t r o l l e d  

re lease  system f o r  c a p t o p r i  1 us ing  e a s i l y  a v a i l a b l e  m a t e r i a l s ,  bea r ing  

i n  mind t h e  p r i n c i p a l  i dea  t o  r e t a i n  t h e  system as long as p o s s i b l e  i n  
t h e  proximal r e g i o n  o f  t h e  G I - t r a c t .  S i m p l i c i t y  o f  methods as w e l l  as 

ease o f  scale-up manufacture has been g i ven  pr ime importance i n  t h i s  

i n v e s t i g a t i o n .  

MATERIALS AND METHODS 

M a t e r i a l s :  C a p t o p r i l  was generous ly  donated by  t h e  Squibb 

Ins t . fo rWedica1 Research, NJ, USA.;HPMC 4000 and 15000 cps grades were 

ob ta ined  as g i f t  samples f rom Dow Chemical Co.,USA;Carbopol 934P was 

k i n d l y  donated b y  BFGoodrich,USA; E t h y l  c e l l u l o s e  (ds=2.42-2.53, 

ethoxy content=47.5-49.O),BDH Chemicals,UK; Eudrag i t  R S  100, Rohm 
Pharma,Germany; M i c r o c r y s t a l l i n e  c e l l u l o s e ,  C e l l u l o s e  Products o f  

I n d i a .  A l l  o ther  m a t e r i a l s  conforming t o  pharmacopial standards were 

procured f rom Loba Chemie, Bombay. 

P repara t i on  o f  f l o a t i n g  capsule system: A l l  t h e  i n g r e d i e n t s  l i s t e d  i n  
Table 1 f o r  each f o r m u l a t i o n  were s e p a r a t e l y  screened and blended 
us ing  a s p e c i a l l y  designed and f a b r i c a t e d  b lender  (drum type, 30 g 

capac i t y )  and f i l l e d  i n t o  hard  g e l a t i n  capsu le  s h e l l s  (#1 )  us ing  a 

h a n d - f i l l i n g  machine s u i t a b l y  m o d i f i e d  t o  f i l l  50 capsules.  

P repara t i on  o f  Bioadhesive systems: Fo r  f o r m u l a t i o n  No.8 (Tab le  2 )  , 
i n g r e d i e n t s  were mixed and d r y  g ranu la ted  us ing  Erweka d r y  g r a n u l a t o r .  
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DELIVERY SYSTEMS FOR CAPTOPRIL 1569 

TABLE 1: Formulations for Floating Capsule System 

INGREDIENT (9) FORMULA NUMBER 
[For 50 capsules] 1 2 3 4 5 6 7 

Captopr i 1 5.0 5.0 5.0 5.0 5.0 5.0 5.0 
Met h oc e 1 *K4M - - - 1.25 2.5 5.0 2.5 
Methocel K15M 1.25 2.5 5.0 2.5 
Lactose 5.57 4.95 3.7 5.57 4.95 3.7 3.7 
MCC 5.57 4.95 3.7 5.57 4.95 3.7 3.7 
Mag. stearate 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

- - - 

* HPMC (K4M and K15M are the 4000 and 15000 cps grades respectively) 

TABLE 2: Formulations for Bioadhesive System 

INGREDIENT (9)  FORMULA NUMBER 
[For 50 tablets] 8 9 10 11 12 13 14 

Captopril 5.0 5.0 5.0 5.0 5.0 5.0 5.0 
Lactose 2.15 5.0 5.0 5.0 5.0 5.0 5.0 
Eudragit RS 100 - 0.25 0.5 1.0 - - - 
Ethyl cellulose - - - - 0.25 0.5 1.0 
Carbopol 934P 10.0 - - - - - - 
Mag. stearate 0.35 0.4 0.4 0.4 0.4 0.4 0.4 
Bioadhesive polymer** - 9.35 9.1 8.6 9.35 9.1 8.6 

** Poly(acry1ic acid) cross linked with 0.001 % ethylene glycol 
dimethacrylate [synthesized in this laboratory] 

The granules were compressed into 10.5 m dia.round. flat-bevelled 
edged tablets on a single stroke tablet press (Cadmach, India). The 
hardness o f  tablets was about 4 Kg/sq.cm. on a Monsanto tablet 
hardness tester. For Formulation No. 9 through 14, captopril and 
lactose were screened through 60 mesh and blended using the blender 
described earlier. The blend was granulated using a solution o f  the 
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1570 MATHARU AND SANGHAVI 

retarding polymer ( udragit/ethyl cellulose) in isopropyl alcohol. The 
mass was dried in a hot air oven at 37OC. Granules obtained by sifting 
through 16 mesh seive were blended with magnesium stearate and the 
bioadhesive polymer which was synthesized in this laboratory by a 
method reported by Robinson e.t a h 6 ) .  This blend was then compressed 
into 10.5 mm round flat-bevelled edge tablets with a hardness of 2-2.5 
Kg/sq.cm (Monsanto units). 
Test Methods: 
The floating behaviour of the capsules was determined by placing one 
capsule over artificial gastric Dissolution studies (4 
replicates), were performed on the floating capsules using the USP/NF 

dissolution apparatus at the basket rotation of 50 rpm. Distilled water 
(900 ml at 37OC) was used as the dissolution medium. Analysis was 
carried out by a very sensitive colorimetric method developed in this 
lab~ratory'~). For the bioadhesive tablets, dissolution was carried 
as above except, the basket was replaced by paddle and the drug 
analysed spectrophotometrically at 205 nm. 

RESULTS AND DISCUSSION 
The floating capsule system for captopril was successfully prepared 
using the simple techniques described herein. Similar systems have been 
reported for drugs with restricted absorption from the lower ileum for 
e.9. riboflavin (8 ,10) ,  All the capsule blends were well within the 
limits for content uniformity and fill weight variation implying the 
usage of regular conventional methods of capsule manufacture for these 
novel delivery systems. The use of carbopol 934P as a bioadhesive as 
well as a rate controlling polyner has been enumerated several times 
in literature (11-16). A 16 hour controlled release formulation for 
captopril has also been patented(17). The bioadhesive tablets could 
also be prepared with as much ease as observed for conventional 
tablets. However, the relative humidity had to be maintained less than 
30% to avoid sticking. 
Drug Release: 
The capsule formulations, probably due to the gelatin shel1,were found 
to show interference in the U V  method of estimation. A colorimetric 
met hod using d i azo t i sat ion and complexation with 
N-l-naphthyl-ethylenediamlne dihydrochloride was developed to analyse 
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DELIVERY SYSTEMS FOR CAPTOPRIL 1571 
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0 1 P 8 4 6 6 7 8 

TIME (ha) 
- 8 d a A - C k r l m O B - t ~ l w C * ( k r l w D  

* 6 0 r i w E  4 - F  - h 1 0 a  
Ke-y: Series A t o  G sequen t ia l l y  represent formulat ions 

1 through 7 i n  Table - 1 

FIGURE - 1 
7n-vi . tm c a p t o p r i l  re lease from f l o a t i n g  capsule systems 

c a p t o p r i l  a t  concentrat ions o f  0.1 - 4.0 m ~ g / m l ( ~ ) .  No i n te r fe rence  was 
observed i n  the case o f  bioadhesive t a b l e t s  which were analysed a t  205 

nm. The regress ion c o e f f i c i e n t  and the  slope o f  t he  standard curve were 

found t o  be 0.99989 and 0.04345 respec t i ve l y .  

f o r  bo th  t h e  systems, t h e  study was designed t o  i n v e s t i g a t e  t h e  e f f e c t s  

o f  d i f f e r e n t  grades o f  t h e  r e t a r d i n g  polymers w i t h  vary ing r a t i o s  t o  

standard exc ip ien ts  on t h e  i n - v i h o  d i s s o l u t i o n  p r o f i l e s .  A 
considerable emphasis however, i s  l a i d  on t h e  ease and convenience o f  
large scale manufacture o f  t he  systems. As can be seen from Figures 1 

and 2, t h e  i n - v i t m  re lease o f  almost a l l  systems s tud ied  was as 
an t i c ipa ted .  The re lease r a t e  was d i r e c t l y  p r o p o r t i o n a l  t o  t h e  

v i s c o s i t y  and concentrat ion o f  t he  polymer used. I n  comparison t o  
Eudragi t  R S  100, e t h y l  c e l l u l o s e  was observed t o  be a stronger 
re ta rdan t .  
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1572 MATHARU AND S A N G H A V I  

0 1 P 0 4 6 6 7 I 

TIME (ha) 
OorM A + &r lH  B + &ria C * 60- 0 - 

* Oor laE  -C &rkrF &riaa 
w: Ser ies  A t o  G s e q u e n t i a l l y  rep resen t  f o r m u l a t i o n s  

8 th rough 14 i n  Table - 2 

FIGURE - 2 
Zn-uitko c a p t o p r i l  r e l e a s e  f rom b ioadhes ive  t a b l e t s  

Al though i t  would have been i n t e r e s t i n g  t o  s tudy  t h e  r e l e a s e  r a t e  

k i n e t i c s  and d i f f e r e n t  t r a n s p o r t  mechanisms, t h e  au tho rs  however, 

apprec ia te  t h e  s i g n i f i c a n c e  and importance o f  t h e  s imple,  'I% Disso lved  

aga ins t  Time" cu rve  as a p r a c t i c a l  approach t o  develop a CR/SR dosage 
form. I n c i d e n t l y ,  t h i s  s imp le  methodology happens t o  be most w i d e l y  

used b y  t h e  i n d u s t r y  today .  However, f rom morpho log ica l  p o i n t  o f  view, 

a l l  t h e  capsule fo rmu la t i ons  appeared swo l len  a t  t h e  end o f  t h e  

d i s s o l u t i o n  t e s t .  The b ioadhes ive  t a b l e t s  had d i s i n t e g r a t e d  i n t o  t i n y  

lumps of t h e  r e s i n  coated  granu les  adhered t o  t h e  b ioadhes ive  polymer 
as i l l u s t r a t e d  i n  F igure-3 .  The au thors  had prepared and i n v e s t i g a t e d  a 

s i m i l a r  i bup ro fen  b ioadhes ive  system f o r  p e l l e t s  i n  capsules.  The 

r e s u l t s  o f  these f rom t h e  i n - u i u o  t r a n s i t  s tud ies  i n  r a b b i t s  were found 
t o  be h i g h l y  encouraging (18)  . 
Although, u n l i k e  r i b o f l a v i n ,  cepha lex in ,  h y d r o c h l o r o t h i a z i d e  e tc . ,  

c a p t o p r i l  does no t  e x h i b i t  t h e  "window-effect" ,  s i g n i f i c a n t  decrease i n  
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DELIVERY SYSTEMS FOR CAPTOPRIL 1573 

- - - - P o l y m e r  coated  granu les  

Bio/mucoadhes i v e  polymer 

FIGURE-3: Bioadhes ive  t a b l e t s  during d i s s o l u t i o n  t e s t i n g  

t h e  b i o a v a i l a b i l i t y  o f  t h e  drug has been r e p o r t e d  when coadmin is te red  

w i t h  meals . Therefore,  t h e  systems i n v e s t i g a t e d  here in ,  cou ld  

p o s s i b l y  p r o t e c t  c a p t o p r i l  f r om a t t a c k  by  food  components by  

d i s a l l o w i n g  a p roper  con tac t  w i t h  t h e  l a t t e r  . 

( 3 )  

(19 )  

SUmARY AND CONCLUSIONS 
A s imp le  and p r a c t i c a l  approach t o  des ign ing  a p e r o r a l  CR system t h a t  

cou ld  be r e t a i n e d  i n  t h e  prox ima l  GI t r a c t  f o r  longer d u r a t i o n  when 

compared t o  convent iona l  systems has been presented. Both t h e  types  o f  

systems developed f o r  c a p t o p r i l  possess p o t e n t i a l  f o r  l a r g e  sca le  

manufacture w i t h o u t  r e q u i r i n g  any s p e c i a l i z e d  machinerylequipments. 
S i m i l a r  systems cou ld  a l s o  be t r i e d  f o r  o the r  drugs e x h i b i t i n g  

bioavailability/stability problems i n  t h e  d i s t a l  G I  t r a c t .  Al though 

such advantages cou ld  a rguab ly  be denied on t h e  b a s i s  o f  inadequate 

in -w iwo  v a l i d a t i o n ,  a t l e a s t  no disadvantage w i t h  r e s p e c t  t o  t h e  ease o f  

manufacture and performance cou ld  be v i s u a l i z e d  f o r  t hese  systems. 
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