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F O R  A:lPICILLIN C A P S U L E S  
* 

Lobna M .  M o r t a d a ,  Fatma A .  I s m a i l  and  S a i d  A .  K h a l i l  

D e p a r t m e n t  o f  P h a r m L i c c u t i c % ,  F a c u l t y  of  Pharmacy,  

U n i vc r s i t y o f .I 1 e Y d 11 ,l r i , i  , A 1 e xand r i a  , E gyp t 

ABS rRACT 

I h e  i n  v i t r o  r e l e d s e  o f  d m p i c i l l i n  f rom 8 b r a n d s  of 

a m p i c i l l i n  c a p - u l e s ,  u s i n g  f o u r  d i s s o l u t i o n  a p p a r a t u s ,  

was d e t e r m i n e d .  T h e s e  a p p a r a t u s  were  t h e  USP d i s s o l u t i o n  

a p p a r a t u s ,  t h e  U S P  p a d d l e  s t i r r e r  a p p a r a t u s ,  t h e  USP 

d i s i n t e g r a t i o n  a p p a r a t u s  and  t h e  s p i r a l - s t i r r e r  a p p a r a t u s .  

S i y n i f i c a n c e  o f  t h e  d i C f ' e i . i T ! i c e s  i n  d i s s o l u t i o n  be tween  

b r a n d s  and bet i5een methods  \ * e r e  t e s t e d .  A n a l y s i s  o f  

v a r i a n c e  o f  t h e  d i s s o l u t i o n  d a t a  showed s t a t i s t i c a l l y  

s i g n i f i c a n t  d i f f e r e i i c e s  be t : Jecn  b r a n d s  and  be tween  me thods  

a t  s e l e c t e d  t i m e .  The p a d d l e  method showed s u p e r i o r  

d i 3 c r i r n i n a t  i n q  c a p k c  ~ t y  t h a n  t h e  o t h e r  me thods .  C o r r e l a -  

t i o n  be tween t h e  p r e i c n t  i n  v i t r o  d a t a  arid t h e  p r e v i o u s l y  

r e p o r t e d  i n  vivo d a t a ,  i n  o r d e r  t o  f i n d  t h e  a p p a r a t u s  

c a p a b l e  t o  mimic i n  v i v o  t e l e c i 5 e  O C  c l - n p i c i l l i n  f rom 

L d p s u l e s ,  waa  i l s o  r l e t e rmi t i t~d .  

4 

To whom i t i q u i r i e s  sho i i ld  L J ~  d i r e c t e d  
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102 MORTADA, ISMAIL, AND KHALIL 

I N T X O D U C T  LON 

U i o 'i v'i 1 1 L.L h 1 1 i t y e v d  1 ua t i on  o f p h a  rma c e u t i c a 1 do 5 g e 

f o r m s  r r c ( u i r e s  a l a r g e  number o f  human v o l u n t e e r s  and  

h i g h l y  t r a i n e d  c l i n i c a l  i n v e s t i g a t o r s .  However, i n  v i t r o  

t e s t i n g ,  a s  a v a l i d  p r e d i c t o r  o f  b i o e q u i v a l e n c e ,  c a n  

g r e a t l y  r e d u c e  human s u b j e c t  r i s k  and  c o s t  i n v o l v e d  w i t h  

i n  v i v o  t e s t i n g  (1). I n  r e c e n t  y e a r s ,  c o n s i d e r a b l e  

i n t e r e s t  h a s  been  f o c u s e d  on the  deve lopmen t  o f  a r e l i a b l e  

-- 

i n  v i t r o  d ~ s s o l u t i o n  t e s t  method which  c a n  t r u e l y  m i m i c  

t h e  i n  v i v o  d i s s o l u t i o n  r a t e - c o n t r o l l e d  a b s o r p t i o n  o f  d r u g s  

a d m i n i s t e r e d  i n  s o l i d  dobage  fo rms .  A t t e m p t s  t o  s i m u l a t e  

-- 
-- 

t h e  e x t r e m e l y  complex GIT by  v a r i o u s  i n  v i t r o  means w a s  

n o t  a l w a y s  f r u i t f u l  i n  o b t a i n i n g  d a t a  which w i l l  c o r r e l a t e  

w i t h  i n  v i v o  r e s u l t s .  F i n d i n g  a u n i v e r s a l  d i s s o l u t i o n  r a t e  

t e s t ,  a l t h o u g h  d e s i r a b l e ,  i s  l a r g e l y  i m p r a c t i c a l .  Each 

d r u g  arid i t s  d o s a g e  forms  have  t o  be s t u d i e d  i n d i v i d u a l l y ,  

a n d  u s u a l l y  a f t e r  i n  v i v o  d a t a  a r e  a v a i l a b l e ,  t o  d e t e r m i n e  

s a t i s f a c t o r y  d i s s o l u t i o n  r a t e  p r o c e d u r e s .  S u g g e s t i o n s  were 

made t h a t  r e s e a r c h  i n  d i s s o l u t i o n  r a t e  t e s t i n g  s h o u l d  be 

d i r e c t e d  maj .nly toward  e s t a b l i s h i n g  c o r r e l a t i o n s  o f  t h e  

i n  v i t r o  d a t a  w i t h  i n  v i v o  d a t a  o b t a i n e d  i n  man ( 2 ) .  If -- 
s u c h  a c o r r e l a t i o n  c o u l d  be  e s t a b l i s h e d  w i t h  a n  i n d i v i d u a l  

d r u g ,  a n  i n  v i t r o  d i s s o l u t i o n  t e s t  may e v o l v e  i rhich c a n  

s e r v e  no t  o n l y  a s  a g u i d e  t o  f o r m u l a t i o n  deve lopmen t ,  b u t  

a150 a s  a r e l i a b l e  p r e d i c t o r  o f  d r u g  a b s o r p t i o n .  

C a p s u l e s  were c o r i s ~ d e r e d  a s  ii d o s a q e  form w i t h  minimum 

r i s k  O C  d r u g  r e l e a s e  f ' a i l u r e .  R e c e n t l y ,  i t  was d e m o n s t r a -  
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I N  VITRO DISSOLUTION OF AMPICILLIN CAPSULES 103 

t e d  t h a t  c a p s u l e s  s u f f e r  f rom p rob lems  a s  do o t h e r  s o l i d  

o r a l  dosage  forms .  F o r m u l a t i o n  o f  t h e  c a p s u l e  c o n t e n t  

( 3 - 1 1 )  is  t h e  ma in  c o n t r o l l i n g  f a c t o r  a f f e c t i n g  c a p s u l e  

b u r s t  and d e a g g r e g a t i o n  o f  t h e  c o n t e n t .  I n  a d d i t i o n ,  t h e  

g e l ~ t i n  s h e l l  may a c t  a s  a s i g n i f i c a n t  o b s t a c l e  f o r  t h e  

c o n t e n t  r e l e a s e  when s u b j e c t e d  t o  c e r t a i n  s t o r a g e  c o n d i -  

t i o n s  ( 1 2 , 1 3 1  a n d / o r  when p r o b a b l e  dye  g e l a t i n  i n t e r a c t i o n  

o c c u r s  (14). 

The m a j o r i t y  o f  c a p s u l e  d i s s o l u t i o n  r a t e  s t u d i e s  were  

done  on  a p p a r a t u s  s p e c i f i c  f o r  t a b l e t s  w i t h  s l i g h t  m o d i f i -  

c a t i o n s  f o r  c a p s u l e s .  L i n  e t  a1 ( 1 5 )  c a r r i e d  o u t  a n  

i n t e n s i v e  work on a p p a r a t u s  a v a i l a b l e  t o  d e t e r m i n e  thc  

d i s s o l u t i o n  r a t e  o f  c a p s u l e s .  Seven  d i s s o l u t i o n  methods  

f o r  r e l e a s e  o f  d r u g s  f rom h a r d  g e l a t i n  c a p s u l e s  w e r e  s c r e e -  

ned .  Hotsever, f u r t h e r  s t u d i e s  a r e  s t i l l  needed  i n  o r d e r  t o  

f i n d  a d i s s o l u t i o n  a p p a r a t u s  s p e c i f i c  f o r  c a p s u l e s .  

The a v a i l a b i l i t y  o f  i n  v i v o  e x c r e t i o n  d a t a  ( 1 6 )  f o r  

e i g h t  b r a n d s  o f  a m p i c i l l i n  c a p s u l e s  i n i t i a t e d  and e n c o u r a -  

g e d  t h e  a s ses se rne  it. o f  f o u r  d i s s o l u t i o n  r a t e  a p p a r a t u s  f o r  

t h e  i n  v i t r o  e v a l u a t i o n  o f  t h i s  d r u g  from t h e s e  d i f f e r e n t  

b r a n d s .  The s e l e c t i o n  o f  t h e  most s u i t a b l e  and d i s c r i m i n a -  

t i n g  a p p a r a t u s  t h a t  c a n  c o r r e l a t e  iv-ith t h e  i n  v i v o  d a t a  was 

a n o t h e r  o b j e c t i v e  o f  t h e  p r e s e n t  work. 

EXPERIMESTAL 

M a t e r i a l s  

H y d r o c h l o r i c  a c i d ,  c i t r i c  ‘ t c i d ,  d i s o d i u m  hydrogen  

p h o s p h a t e ,  and  c o p p e r  b u l p h a t e  o f  a n a l y t i c a l  g r a d e  were 
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104 MORTADA, ISMAIL, AND KHALIL 

1 
u s e d .  P u r e  a n h y d r o u s  a m p i c i l l i n  BP was a l s o  u s e d .  The 

same b r a n d s  arid b a t c h e s  of  t h e  e i g h t  a m p i c i l l i n  c a p s u l e s  

p r e v i o u s l y  t e s t e d  i n  v i v o  were  u s e d  ( 1 6 ) .  

D i s s o l u t i o n  R a t e  S t u d y  

F o u r  d i s s o l u t i o n  a p p a r a t u s  were u s e d  t o  d e t e r m i n e  t h e  

d i s s o l u t i o n  o f  t h e  v a r i o u s  a m p i c i l l i n  c a p s u l e s ,  name1y ; the  

o f f i c i a l  U . S . P .  r o t a t i n g  b a s k e t  d i s s o l u t i o n  a p p a r a t u s  ( 1 7 )  

( t h e  b a s k e t  m e t h o d ) ;  t h e  o f f i c i a l  U . S . P .  p a d d l e  s t i r r e r  

a p p a r a t u s  ( 1 7 )  ( t h e  p a d d l e  m e t h o d ) ;  t h e  o f f i c i a l  U . S . P .  

d i s i n t e g r a t i o n  a p p a r a t u s  ( 1 7 )  ( t h e  d i s i n t e g r a t i o n  me thod)  

a n d  t h e  s p i r a l - s t i r r e r  a p p a r a t u s  (18) ( t h e  s p i r a l  m e t h o d ) .  

I n  t h i s  me thod ,  t h e  d i s s o l u t i o n  medium was s t i r r e d  by a g l a s s  

s p i r a l  p a d d l e  a t t a t c h e d  t o  a n  o v e r h e a d  c o n s t a n t  s p e e d  motor .  

The p a d d l e  made 30 up-down movements p e r  m i n u t e  accompan ied  

b y  2 h o r i z o n t a l  r o t a t i o n s  t h r o u g h  a n  a r c  o f  45 d e g r e e  w i t h  

e v e r y  up-down movement. 

D i s s o l u t i o n  P r o c e d u r e  

4 1 1  d i s s o l u t i o n  s t u d i e s  were  c a r r i e d  o u t  at 37+O.5"C 

i n  800 m l  o f  0.lh' H C L .  A t  ~ e r o  t i m e ,  one  c a p s u l e  ( 5 0 0  m g )  

o r  two c a p s u l e s  ( 2 5 0  m g )  wvre p l a c e d  i n  t h e  a p p a r a t u s .  On 

u s i n g  t h e  d i s i r i tF :g ra t , i o r i  rnpthocl, e ach  c a p s u l e  ( 2 5 0  m g )  

was p l a c e d  i n  ;I s e p a r ; i t c  t ubt: o t '  t.tie h d s k e t - r a c k  a s s e m b l y .  

On u s i n g  t h e  pacidLe method o r  t h e  s p i r a l  mttthod, t h e  

c a p s u l e  w a s  allowed t o  s i n k  t o  t h e  h o t t o m  o f  t h e  v e s s e l  

b e f o r e  s t a r t i n g  r o t a t i o n .  A s m a l l ,  l o o s e  p i e c e  o f  s t a i n -  

1. C o u r t e s y  o f  t h e  A l e x a n i l r i a  C o .  € o r  PharmncerLt ica l  a n d  
Chemica l  I n d u s t r i e s ,  A l e x a n d r i a ,  Egyp t .  
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IN VITRO DISSOLUTION OF AMPICILLIN CAPSULES 105 

l e s s  s t e e l  w i r e  was a t t a c h e d  t o  t h e  c a p s u l e  t o  p r e v e n t  i t s  

f l o a t i n g .  ~t v a r i o u s  t i m e  i n t e r v a l s ,  hiimples (1 m l )  were  

wi thd rawn  u s i n g  a g l a s s  p i p e t t e  f i t t e d  w i t h  c o t t o n  wool .  

F r e s h  volumes  o f  t h e  d i s s o l u t i o n  medium a t  3 7 " C 0 . 5  were  

i m m e d i a t e l y  a d d e d  t o  compensa te  t h e  sample  wi thd rawn .  

Method o f  A n a l y s i s  

The timount o f  amp c i l l i n  i n  t h e  d i s s o l u t i o n  s a m p l e s  w a s  

d e t e r m i n e d  c h e m i c a l l y  a c c o r d i n g  t o  A n g e l u c c i  and  B a l d i e r e  

(19). T h r e e  s t a n d a r d  c o n c e r i t r - t ~ t i o n s  o f  a m p i c i l l i n  ( 2 0 ,  3 0  

a n d  40 ug /ml )  \ \ e r e  a . j s ay t?d  s i i ! (<  by s i d e  w i t h  t h e  s a m p l e s  t o  

overcome t h e  e f f e c t  o f  a n y  f L u c t u a t i o n  i n  t h e  c o n d i t i o n  of 

t h e  a s s a y .  A t  l e a s t  t h r e e  d e t e r i n i n a t i o n s  o f  e a c h  b r a n d  w e r e  

p e r f o r m e d  f o r  e a c h  d i s s o l u t i o n  method i n v e s t i g a t e d  i n  t h i s  

s t u d y ,  and  t h e i r  r e s u l t s  a v e r a g e d .  X e i t h e r  t h e  g e l a t i n  

s h e l l  n o r  t h e  o t h e r  i n g r e d i e r i t s  i n  t h e  d i l u t e d  sample  

a l i q u o t s  were  found t o  i n t e r f e r e  w i t h  t h e  s p e c t r o p h o t o m e t r i c  

a s s a y .  

R e s u l t s  a n d  D i s c u s s i o n  

T:ie d L s s o l u t i o n  r a t e  p a t  t e r n s  f o r  t h e  d i f f e r e n t  

a m p i c i l l i n  c a p s u l e s  t i s ing  t h e  f o u r  d i s i o l u t i o n  methods  i n  

0.1s I I C 1  a r c  shown i n  F igs .  1 - 4 .  I t  i s  e v i d e n t  from t h e  

p r e v i o u s  p l o t s  t h a t  a l a g  p e r i o d  does  e x i s t  p r i o r  t o  t h e  

d i s s o l u t i o n  o f  t h e  d r u g  from i t s  e n c a p s u l a t e d  form i n t o  

t h e  d i s s o l u t i o n  m e d i u m .  The lag p e r i o d  is t h e  t i m e  r e q u i -  

r e d  f o r  t h e  d i s s o l u t i o n  o f  g e l a t i n  s h e l l  p r i o r  t o  t h e  

l e a c h i n g  o r  r e l e a s i n g  of  t h e  d r u g  f rom t h e  c a p s u l e .  I n  

g e n e r a l ,  t h e  c a p s u l e  o p e n s  i n i t i a l l y  f rom b o t h  e n d s  a n d  
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106 MORTADA, ISMAIL, AND KHALIL 

Fig. 1. D i s s o l u t i o n  r a t e  p r o f i l e s  o f  d i f f e r e n t  b r a n d s  o f  

a m p i c i l l i n  c a p s u l e s  i n  0 . 1 N  H C 1 ,  a t  3 7 " C ,  u s i n g  

the r o t a t i n g  b a s k e t  method (50 r . p . m ) .  
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IN VITRO DISSOLUTION OF AMPICILLIN CAPSULES 107 
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F i g .  2 .  Dissolution r a t e  [)rciriLe.s of d i f f e r e n t  t i r , c ~ t i . i s  of 

a i n p i c : i l l i n  c a p s u l e s  i n  0 .  1?1 11C1, at 3 7 " C ,  11.5ing 

t h e  p a d d l e  m e t h o d  ( 2 5  r . p . m ) .  
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12 ( 

10( 
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QJ 
L 

n 

+ 
6C 

L + 
-0 
aJ 
> 
0 
- 
.- 2 4 0  
0 

s 

2 0  ii; 
1 0  2 0  30 

Time ( m i n . )  

F i g .  3 .  D i s s o l u t i o n  r a t e  p rof i les  o f  t l i f f e r e n t  h r a n d s  of  

a m p i c i l l i n  capsules i r i  0.1N H C 1 ,  a t  Y 7 " C ,  u s i n g  

t h e  d i s i n t e g r a t i o n  rncttiod ( 3 0  s t r o k e s / m i n ) .  
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T i m e  ( m i n . )  

F i g .  4. D i s s o l u t i o n  r a t e  p r o f i l e s  o f  d i f f e r e n t  b rands  o f  

a m p i c i l l i n  c a p s u l e s  i n  0 . 1 N  H C 1 ,  a t  3 7 " C ,  u s i n g  

the s p i r a l  method (30 s t r o k e s / m i n ) .  

t h i s  i s  soon f o l l o w e d  by t h e  d i s s o l u t i o n  o f  g e l a t i n  from 

t h e  middle  p o r t i o n  o f  t h e  c a p s u l e .  

Comparison between Brands 

T h e  d i s s o l u t i o n  r a t e s  o f  t he  d i f f e r e n t  b rands  o f  

a m p i c i l l i n  c a p s u l e s  a t  some s e l e c t e d  t imes  a r e  shown i n  
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T a b l e  1. T h e  d a t a  r e p r e s e n t e d  i n  t h i s  t a b l e  show t h a t  

c a p s u l e  B i s  t h e  s l o w e s t  d i s s o l v i n g  b r a n d  on u s i n g  a n y  

d i s s o l u t   on method.  Brands  A ,  C ,  E and  G ,  o n  t h e  o h t e r  

h a n d ,  c \ - h i b i t e d  h i g h  d i s s o l u t i o n  r a t e  b e h a v i o u r s .  I n  a d d i -  

t i o n ,  t h e  o t h e r  b r a n d s  showed i n t e r m e d i a t e  d i s s o l u t i o n  

r a t e s .  r a b l e  3, shows t h e  c a l c u l a t e d  v a l u e s  f o r  t and  5 0% 
( t i i i i es  n e c e s s a r y  f o r  50% and  90% d i s s o l u t i o n )  f o r  t h e  

()O% 

( l i f f e r - c r i t  b r i inds  o f  ampicillin c a p s u l e s  u s i n g  t h e  four 

d i s s o l u t i o n  methods .  The i i ve rage  t 

u s i n g  t h e  v a r i o u s  a p p a r a t u s ,  i s  more t h a n  one h o u r  wh ich  

a g a i n  e m p h a s i z e s  t h e  s l o w  d i s s o l u t i o n  r a t e  o f  t h i s  b rand .  

R a p i d  r e l e a s e  o f  a m p i c i l l i n  i s  a l s o  3 b s e r v e d  f rom b r a n d s  A ,  

C ,  E and  G as i n d i c a t e d  b y  t h e i r  t 

and  t f o r  b rand-€3 5 0% 9 0% 

50% a n d  t 90%' 

Al though  b r a n d s  C ,  E 'itid G showed r e l , i t i v e l y  h i g h e r  

i n i t i a l  d i s s o l u t i o n  r a t e  ' i f t e r  5 m i n u t e s ( T a b 1 e  1 )  compared  

t o  b r a n d  A ,  all t h e s e  p r e v i o u s  b r a n d s  e x h i b i t e d  a l m o s t  

s i m i l a r  d i s s o l u t i o n  r a t e  p a t t e r n s  w i t h  t i m e .  A s  c a p s u l e  A 

was found t o  be t h e  most  b i o l o g i c a l l y  a v a i l a b l e  b r a n d  as  

i n d i c a t e d  by t h e  i n  v i v o  d a t a  ( 1 6 ) ,  i t  was s e l e c t e d  f o r  

c o m p a r i s o n  w i t h  b r a n d - 8  t h e  s l o w e s t  d i s s o l v i n g  and t h e  

l e a s t  h i o l o g i c a l l y  a v a i l a b l e  b r a n d .  The d i s s o l u t i o n  p r o f i -  

l e s  f o r  b o t h  b r a n d s  u s i n g  t h e  f o u r  d i s s o l u t i o n  methods  a r e  

i l l u s t r a t e d  i n  F i g .  5 .  I t  i s  e v i d e n t  f rom t h i s  f i g u r e  t h a t  

a t ' t e r  5 m i n u t e s ,  i n  a l l  t h e  d i s s o l u t i o n  methods  t e s t e d , t h e c e  

1- i i - c  Libout t w o f o l d  i n c r e a s e  in d r u g  r e l r a s e  f rom ca r ) su le  A 

compared t o  B. : lorrever ,  a f t e r  20 m i n u t e s ,  t h e  r e l e a s e  o f  

a m p i c i l l i n  from c a p s u l e  A i s  a b o u t  f i v e - f o l d  g r e a t e r  t h a n  
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T a b l e  2 - T i m e s  ( i n  m i t i )  f o r  50% and 90% d i s s o l u t i o n  o f  

o f  the d i f f e r e n t  b r a n d s  of  a m p i c i l l i n  c a p s u l e s  

u s i n g  t h e  f o u r  d i s s o l u t i o n  me thods  i n  0 . 1 N  H C 1  

a t  37" . 
~ 

Ho t a  t ing D i s i n t e g r a -  
S p i r a l  t ion P a d d l e  

b a s k e t  B r a n d s  
t 50% t 90% t 50% t 90% t 50% t 90% t 50% t 90% 

A 

0 

C 

D 

E 

F 

G 

H 

1 3 . 0  34.5 8.5 14.5 3 .8  10.0 

)60 > 6 0  > 6 0  >60 > 6 0  >60  

6.0 16.0 5.5 16.0 4.3 10.0 

16.5 >60 6 .0  48.0 2.8 4.0 

6.0 27.0 5 .0  16.5 4 .0  5.5 

- - 6.5 16.0 - - 

4.5  11.5 8.5 20.0 2.5 5.0 

- - 40.5 >60  - - 

15.0 27.0 

51.0 >60 

16.0 36.5 

15.0 >60  

15.0 )60 

14.0 30.0 

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



IN VITRO DISSOLUTION OF AMPICILLIN CAPSULES 113 
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Time ( m i n . )  

Fig. 5. Dissolution rate prcifiles of ampicillin c a p s u l e s  (0) 

brand A ,  (0) brand 5 using (a) pad(lle, ( b )  rotating 

basket, ( c )  disintegration and ( ( 1 )  spiral methods. 
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t h a t  o f  c a p s u l e  B on  u s i n g  t h e  p a d d l e  m e t h o d ( F i g .  5 - a ) .  T h i s  

i n c r e a s e  i n  d r u g  r e l e a s e  was o n l y  a b o u t  t h r e e - f o l d  on u s i n g  

b o t h  t h e  r o t a t i n g  b a s k e t  and t h e  s p i r a l  m e t h o d s ( F i g .  5-b and  

d )  .;nd a b o u t  t w o - f o l d  on u s i n g  t h e  d i s i n t e g r a t i o n  a p p a r a t u s  

( F i g .  5 - c )  w i t h i n  t h i s  p e r i o d  o f  t i m e .  These  r e s u l t s  showed 

t h e  b e t t e r  d i s c r i i n i n a t i n g  c a p a c i t y  o f  t h e  p a d d l e  method t h a n  

t h e  o t h e r  d e v i c e s .  

T h e  o b s e r v e d  r e d u c t i o n  i n  d r u g  r e l e a s e  from c a p s u l e  0 

rnay be L i t t ~ r i h u t e d  t o  s e v e r a l  f ' a c t o r s ;  v a r i a t i o n  i n  t h e  

h y d r a t i o n  s t a t e  o f  a m p i c i l l i n ;  v a r i a t i o n  i n  t h e  s t o r a g e  

c o n d i t i o n s ;  v a r i a t i o n  i n  t h e  m a n u f a c t u r i n g  p r o c e d u r e s  a n d / o r  

v a r i a t i o n  i n  t h e  t y p e  and  c o n c e n t r a t i o n  o f  t h e  a d d i t i v e s .  

A p o s s i b l e  e x p l a n a t  i o n  t o  the  d e c r e a s e d  d i s s o l u t i o n  o f  

b r a n d  B may b e  due t o  t h e  s t a t e  o f  h y d r a t i o n  o f  t h e  d rug .  

A m p i c i l l i n  i n  b r a n d  A i s  i n  t h e  a n h y d r o u s  form and  e x h i b i t e d  

h i g h  d i s s o l u t i o n  r a t e ,  w h i l e  t h a t  i n  b r a n d  0 i s  i n  t h e  

t r i h y d r a t e  form and e x h i b i t e d  low d i s s o l u t i o n  ra te .  I t  h a s  

b e e n  r e p o r t e d  ( 2 0 , 2 1 1  t h a t  s u s p e n s i o n  and c a p s u l e  f o r m u l a -  

t i o n s  c o n t a i n i n g  a n h y d r o u s  a m p i c i l l i n  e x h i b i t e d  s u p e r i o r  

b i o a v a i l a b i l i t y  compared t o  f o r m u l a t i o n s  c o n t a i n i n g  t h e  

t r i h y d r a t e .  The r e s u l t s  o f  t h e  p r e s e n t  work a r e  i n  good 

ag reemen t  w i t h  t h e s e  f i n d i n g s  b u t  i n  c o n t r a s t  t o  o t h e r s  

( 2 2 - 2 4 )  who r e p o r t e d  t h a t  c a p s u l e s  c o n t a i n i n g  e i t h e r  form of  

a m p i c i l l i n  y i e l d  e s s e n t i a l l y  i d e n t i c a l  b i o a v a i l a b i l i t y .  

I n  t h e  p r e s e n t  work,  e x c e s s  imprope r  a d d i t i v e s  i n  

b r a n d  B compared t o  b r a n d  A rnay be t h e  most  p o s s i b l e  e x p l a n a -  

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



I N  VITRO DISSOLUTION OF AMPICILLIN CAPSULES 115 

t i o n  lor t h i s  o b s e r v e d  r e d u c t i o n  i n  d r u g  r e l e a s e .  The 

nvera!qe \c.ei:<ht o f  t h e  powder c o n t e n t  p e r  c a p s u l e  f o r  b o t h  

b r a n d s  were d e t e r m i n e d  e x p e r i m e n t a l l y .  The c o n t e n t  w e i g h t s  

f o r  c a l ~ s t t l e  ( L a b e l l e d  awount  500 m g )  and  B ( l a b e l l e d  amount 

2 5 0  mg) were found  t o  be 5 4 0  arid 3 4 0  mg r e s p e c t i v e l y .  S i n c e  

t h e  s i z e s  o f  c a p s u l e  A tirid [ 3  werc! ecliiit1 ( ~ e r o  s i z e ) ,  com- 

p a c t i o n  o f  c a p s u l e  A cont(!ri t  W i l l  t J f ,  greater t h a n  t h a t  o f  

c a p s u l e  0 c o n t e n t .  L t  s e e m s  r c a s o n a b l e  t o  e x p e c t  t h a t  t h e  

r e l e a s e  o f  a m p i c i l l i n  t rom c a p s i i l c  B ( 3 4 0  rng c o r i t e n t ) ,  due 

t o  l o w e r  c o m p a c t i o n ,  i s  g r e a t e r  Lhan t h a t  f rom c a p s u l e  A 

( 5 4 0  my c o n t e n t ) .  However,  c o n t r a r y  t o  what  w a s  e x p e c t e d ,  

ca l i s r i le  B r e l e a s e d  a r i i p i c i l l i n  much more s l o w e r  t h a n  

c a p s u l e  A. I n  a d d i t i o n ,  b r a n d  f3 y i e l d e d  a f t e r  r a p i d  d i s -  

s o l u t i o n  o f  t h e  g e l a t i n  s h e l l  ( a b o u t  2 m i n ) ,  a compact  m a s s  

wh ich  r e m a i n e d  ti-11 t h e  end  o f  t h e  d i s s o l u t i o n  r u n  i n d i c a -  

t i n g  p o o r  f o r m u l a t i o n .  Imprope r  s t o r a g e  c o n d i t i o n s  ( e . g  

h i g h  r e l a t i v e  h u m i d i t y )  may i n d u c e  c e m e n t i n g  o f  t h e  powder  

c o n t e n t  and  c o n s e q u e n t  s l u g  f o r m a t i o n .  I n  a d d i t i o n ,  

manufac t u r i n g  p r o c e d u r e  ( c a p s u l e  f i l l i n g  p a t t e r n )  may be  

r e s p o n s i b l e  f o r  s l u g g i n g  o f  i h r  v n c a p s u l a t e d  powder i n  

b r a n d  0 .  T h e r e f o r e ,  t h e  r e l e a s e  o f  a m p i c i l l i n  f rom c a p s u l e  

B was s lowed  down due  t o  t h e  l i m i t e d  a r e a  o f  c o n t a c t  be tween  

t h e  wet powder mass  and  t h e  d i s s o l u t i o n  f l u i d .  On t h e  o t h e r  

h a n d ,  r a p i d  d e a g g r e g a t i o n  o f  c a p s u l e  A c o n t e n t ,  a f t e r  t h e  

d i s s o l u t i o n  o f  i t s  g e l . i t i n  s l i e l l ,  r e s u l t e d  i n  a l a r g e  

e x p o s e d  s u r f a c e  of  c a p s u l e  A c o n t e n t  and c a u s e d  i t  t o  d i s s o -  

l v e  r a p i d l y  t h a n  B.  I t  was a l s o  n o t i c e d  t h a t  t h e  r a p i d  d i s -  

s o l u t i o n  o f  c a p s u l e  A c o r r e l a t e s  w e l l  w i t h  t h e  r a p i d  abso rp -  
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116 MORTADA, ISMAIL, AND KHALIL 

t i o n  and  h i g h  b i o l o g i c a l  ~ ~ v n i l a b i l i t y  o b s e r v e d  w i t h  t h i s  

b r a n d  ( 1 6 ) .  A l s o ,  t h e  s low r a t e  o f  d i s s o l u t i o n  o f  c a p s u l e  B 

c o r r e l a t e s  w e l l  w i t h  t h r  + low a b s o r p t i o n  and low b i o l o g i c a l  

a v a i l a h i l i t y  o f  t h i s  b r a n d  ( 1 6 ) .  

Compar ison  b e  tween_ Methods 

Compar ison  be tween  t h e  v a r i o u s  d i s s o l u t i o n  methods w a s  

d o n e  t o  deteritlint? which a p p a r a t u s  i s  t h e  most  s u i t a b l e  f o r  

i n  v i t r o  e v a l i i a t , i o n  o f  a m p i c i l l i n  c a p s u l e s .  The d i s s o l u -  

t i o n  p r o f i l e s  ot' e a c h  a m p i c i l l i n  b r a n d  u s i n g  t h e  f o u r  d i s -  

s o l u t i o n  methods  a r e  shown i n  F i g .  6. A l though  t h e  up  and 

down movemerit, w a s  k e p t  c o n s t a n t  a t  30 s t r o k e s  p e r  m i n u t e s  

-- 

o n  u s i n g  b o t h  t h e  d l s i n t e g r a t i o n  a p p a r a t u s  and  t h e  s p i r a l  

me thod ,  t h e  r e l e a s e  o f  t h e  d r u g  w a s  more r a p i d  on u s i n g  t h e  

f i r s t  m e t h o d ( F i g .  6 ) .  T h i s  f i n d i n g  w a s  a l s o  r e p o r t e d  by  L i n  

a n d  co;liorkers ( 1 5 )  who s c r e e n e d  s e v e n  d i s s o l u t i o n  m e  tiiods 

f o r  r e l13ase  o f  d r u g s  f rom h a r d  ge1a t i . n  c a p s u l e s  and found t h a t  

t h e  d i s i n t e g r a t i o n  aet l iod  p r o v i d e d  t h e  f a s t e s t  r a t e  and  t h e  

g r e a t e s t  e x t e n t  o f  d i s s o l i i t  ion. The i n c r e a s e d  d i s s o l u t i o n  

r a t e  o b s e r v e d  on u s i n g  t h i s  metliod c o u l d  be  a t t r i b u t e d  t o  

t h e  l a r g e  d i a m e t e r  o f  t h e  b a s k e t - r a c k  a s sembly .  T h e r e f o r e ,  

a s t r o n g e r  t u r b u l r n t  f l o w  and  a g r e a t e r  i m p a c t i n g  f o r c e  w e r e  

e x e r t e d  on t h o  c a p s u l e  b y  t h e  d i s i n t e g r a t i o n  method t h a n  

t h a t  o b t a i n e d  by o t h e r -  d e v i c e s .  T h e r e f o r e ,  t h i s  d e v i c e  h a s  

t h e  d i s a d v a n t a g e  t h a t  m i l d  d i f f e r e n c e s  i n  f o r m u l a t i o n  

c h a r a c t e r i s t i c s  m 3 y  ti0 t be r e v e a l e d  ( 1 5 ) .  With t h e  s p i r a l  

mn2tthod, t h e  m a j o r i t y  o f  t h e  c a p s u l e  c o n t e n t s  was n o t  w e l l  

d i s p e i ' s e d  i n  t h e  t e s t i n g  f l u i d  a t  30 s t r o k e s  p e r  m i n u t e s .  
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A f r a c t i o n  

t i o n  v e s s e  

t i o n  cond i  

l e s s  r a p i d  

MORTADA, ISMAIL, AND KHALIL 

o f  the d rug  f e l l  t o  t h e  bot tom o f  the d i s s o l u -  

ant1 c o n s e q u e n t l y  w a s  n o t  exposed t o  good a g i t a -  

i o n .  r h u s ,  t h e  i n i t i a l  r e l c - n s e  o f  t h e  d rug  was 

t h a n  t h e  o t h e r  mettiods(Fig. 6 ) .  

On usi.ng the  p a d d l e  mettiod, i t  w a s  obse rved  t h a t  t h e  

c a p s u l e  c o n t e n t  a lways  comes t o  l i e  c e n t r a l l y  under  t h e  

s t i r r e r ,  and i n  t h i s  way i s  s u b j e c t e d  t o  a c o n s i s t e n t  e f f e c t  

o f  t h e  s t i r r i n g  movements. I n  the  r o t a t i n g  b a s k e t  method, 

o n  the  o t h e r  hand,  t h e  p a r t i c l e s  p a s s  th rough  t h e  mesh o f  

t h e  wi re  n e t t i n g  and s e t t l e  on the  b a s e  o f  t he  v e s s e l  and 

t h u s  be o u t s i d e  t h e  d i r e c t  i n f l u e n c e  o f  t h e  r e v o l v i n g  b a s k e t .  

I n  a d d i t i o n ,  t h e  w i r e  mesh o f  t he  b a s k e t  ( 4 0  mesh s i z e )  w a s  

e a s i l y  f o u l e d  by t h e  d i s s o l v i n g  g e l a t i n  s h e l l  o r  oi .ker  

i n s o l u b l e  or gummy components,  r e s u l t i n g  i n  a nonuniform 

s o l v e n t  f low a r r o u n d  t h e  c a p s u l e  i n s i d e  t h e  b a s k e t .  

T a b l e  3 shows t h e  c a l c u l a t e d  r a t i o s  o f  t h e  a r e a  unde r  

d i s s o l u t i o n  c u r v e s  f o r  t h e  E a s t e s t  and t h e  s l o r f e s t  d i s s o l -  

v i n g  b rands  ( c a p s u l e s  A and B r e s p e c t i v e l y ) .  It can be s e e n  

from t h i s  t a b l e  t h a t  t h e  p a d d l e  method gave t h e  h i g h e s t  

r a t i o  ( 3 . 0 )  compared t o  t h e  d i s i n t e g r a t i o n  method which gave 

t h e  lowes t  r a t i o  ( 2 . 2 ) .  Ranking o f  t h e  a p p a r a t u s  a c c o r d i n g  

t o  t h e i r  d i s c r i n i n a t i n g  c a p a c i t y  u s i n g  t h i s  pa rame te r  was a s  

f o l l o w s  : 

P a d d l e  > r o t a t i n g  b a s k e t  > s p i r a l  > d i s i n t e g r a t i o n  

a p p a r a t u s .  

T h i s  f i n d i n g  a g r e e s  w i t h  t h o s e  of  Rothe and S c h e l l h o r n ( 2 5 )  

c o n c e r n i n g  t h e  u s e f u l n e s s  o f  t h e  p a d d l e  method. 
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IN VITRO DISSOLUTION OF AMPICILLIN CAPSULES 119 

TABLE 3 

R a t i o  o f  t h e  Area Under t h e  D i s s o l u t i o n  Curves f o r  Capsu le  
A and B on Using t h e  Var ious  D i s s o l u t i o n  Methods. 

D i s s o l u t i o n  Area unde r  t h e  
method d i s s o l u t i o n  c u r v e  

o f  c a p s u l e s  A / 0  

U.S.P d i s i n t e g r a t i o n  2.20 

S p i r a l - s t i r r e r  2 -55  

U.S.P r o t a t i n g  b a s k e t  2.56 

U,S.P p a d d l e - s t i r r e r  3.00 
~ 

A n a l y s i s  o f  v a r i a n c e  ( 2 6 )  i s  performed i n  o r d e r  t o  

d e t e r m i n e  i f  t h e  methods themse lves  a c t u a l l y  produce 

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

v a r i a t i o n s  s e e n  i n  t h e  d i s s o l u t i o n  a p p a r a t u s  a r e  o f  such  

magnitude a s  t o  produce o v e r l a p p i n g  c u r v e s  t h a t  a r e  e s s e n -  

t i a l l y  s i m i l a r .  Using t h e  d i s s o l u t i o n  d a t a  ( T a b l e  1) i n  

t h e  form o f  p e r c e n t  d r u g  r e l e a s e d ,  from t h e  s i x  d i f f e r e n t  

b r a n d s  o f  a m p i c i l l i n  c a p s u l e s  t e s t e d  by each  o f  t h e  f o u r  

d i s s o l u t i o n  me thods ,  a n a l y s i s  o f  v a r i a n c e  was performed 

a t  5 ,  1 5  and 30 minu tes .  These t imes  were s e l e c t e d  t o  

r e p r e s e n t  t h e  e n t i r e  d i s s o l u t i o n  p r o f i l e .  T a b l e  4 shows 

t h a t  a t  a l l  t h e  t i m e s  s t u d i e d  t h e  c a l c u l a t e d  F v a l u e  f o r  

t h e  d i f f e r e n t .  d i s s o l u t i o n  methods exceeds  the t a b u l a r  F 

v a l u e  a t  5 p e r c e n t  l e v e l  o f  c o n f i d e n c e .  I t  can be s e e n  

from t h i s  a n a l y s i s  t h a t  a m p i c i l l i n  c a p s u l e s  from t h e  same 

b rand  and t h e  s a m e  b a t c h  w i l l  r e l e a s e  a s i g n i f i c a n t l y  

d i f f e r e n t  amount of  d r u g  a t  v a r i o u s  t imes  when d i f f e r e n t  

d i s s o l u t i o n  a p p a r a t u s  a r e  used.  

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



+
 

N
 

0
 

T
A

B
L

E
 
4
 

A
n
a
l
y
s
i
s
 
o
f
 V
a
r
i
a
n
c
e
 
f
o
r
 P
e
r
c
e
n
t
 
D
r
u
g
 
D
i
s
s
o
l
v
e
d
 
o
f
 t
h
e
 V
a
r
i
o
u
s
 
A
m
p
i
c
i
l
l
i
n
 

B
r
a
n
d
s
 
a
t
 
S
e
l
e
c
t
e
d
 
Ti
me
. 

96
 
Di
ss
. 

a
f
t
e
r
 
5 
rn
in
 

%
 D
is
s.
 
a
f
t
e
r
 
15
 m
i
n
 

%
 
Di
ss
. 

a
f
t
e
r
 
30

 n
ii
n 

v
a
r
i
a
n
c
e
 

d
f
a
 

M.
S 

F
C
 

d
f
 

M.
 S

 
F 

d
f
 

M.
 S

 
F 

b 
S
o
u
r
c
e
 
o
f
 

B
e
t
w
e
e
n
 

m
e
t
h
o
d
s
 

3 
38
31
.5
 

27
 

3 
14
06
.7
 

9.
2 

3 
42
1.
4 

4.
6 

B
e
t
w
e
e
n
 

b
r
a
n
d
s
 

5 
81
4.
5 

5.
7 

5 
18
64
.1
 

12
.2
 

5 
22
59
.3
 

24
.7
 

x 0
 

E
r
r
o
r
 

15
 

14
1.
7 

- 
15
 

15
2.
6 

- 
15
 

91
.6
 

- 

a.
 
D
e
g
r
e
e
 
o
f
 
f
r
e
e
d
o
m
 

P
 

b.
 
M
e
a
n
 
o
f
 s
q
u
a
r
e
s
 

c
. 

F 
r
a
t
i
o
 

2.
9 

a
t
 

p
=

 0
.0
5 

5,
15

= 
T

a
b

le
 

F 
3,

15
= 

3
-2

9
 

9 
F 

H
 

r
 ?2 U
 E r H
 

r
 

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



IN VITRO DISSOLUTION OF AMPICILLIN CAPSULES 121 

C o r r e l a t i o n  Between D i s s o l u t i o n  Rate  a n d  B i o a v a i l a h i l i t y  

Rank o r d e r  c o r r e l a t i o n  of  t h e  sequence o f  d i s s o l u t i o n  

d a t a  as  i t  r e l a t e s  t o  the  o r d e r  o f  u r i n a r y  e x c r e t i o n  f o r  

t h e  d i f f e r e n t  b rands  of a m p i c i l l i n  c a p s u l e s  c a n  be used t o  

g i v e  a p r e l i m i n a r y  i n d i c a t i o n  of  i n  v i v o - i n - v i t r o  c o r r e l a -  

t i o n .  The c u m u l a t i v e  mg e x c r e t e d  d u r i n g  8 h r  a f t e r  o r a l  

a d m i n i s t r a t i o n  o f  6 b r a n d s  o f  a m p i c i l l i n  c a p s u l e s  ( 1 6 )  and 

t h e  p e r c e n t  d r u g  d i s s o l v e d  a f t e r  5 ,  15 and 3 0  m i n u t e s ,  f o r  

e a c h  o f  t h e  f o u r  d i s s o l u t i o n  methods were r anked  a c c o r d i n g  

t o  t h e i r  i n c r e a s i n g  v a l u e s .  Brand B showed t h e  l o w e s t  

o r d e r  on u s i n g  b o t h  i n - v i v o  and i n - v i t r o  p a r a m e t e r s .  

However, i t  i s  d i f f i c u l t  t o  conclude from t h e s e  d a t a  which 

b r a n d  e x h i b i t s  t h e  h i g h e s t  o r d e r .  

Brands A ,  B ,  C ,  D ,  E and G o f  a m p i c i l l i n  c a p s u l e s  were 

s e l e c t e d  f o r  t h e  c o r r e l a t i o n  s t u d y  s i n c e  they  were e v a l u a -  

t e d  i n - v i v o  and i n - v i t r o  u s i n g  t h e  f o u r  d i s s o l u t i o n  appa ra -  

t u s .  A s  b r a n d s  F and fi were s t u d i e d  i n - v i t r o  by means o f  

t h e  padd le  a p p a r a t u s  o n l y ,  t h e y  were i n c l u d e d  i n  c o r r e l a t i o n  

w i t h  i n - v i v o  d a t a  u s i n g  t h i s  a p p a r a t u s .  

T a b l e  5 summarizes t h e  rank o r d e r  c o r r e l a t i o n  c o e f -  

f c c i e r i t s  € o r  t h e  i n - v i v o  e u t r e t i o n  d a t a  and t h e  i n - v i t r o  

d i s s o l u t i o n  d a t a  foi .  s i x  h rands  o f  a m p i c i l l i n  c a p s u l e s  a s  

d e t e r m i n e d  by a p p l y i n g  t h e  method o f  r a n k  o r d e r  c o r r e l a -  

t i o n  ( 2 7 ) .  S i g n i f i c a n t  r ank  o r d e r  c o r r e l a t i o n  was o b s e r -  

ved between t h e  c u m u l a t i v e  mg e x c r e t e d  a f t e r  2 h r  and t h e  

p e r c e n t  d i s s o l v e d  a f t e r  15 minu tes  u s i n g  the paddle  method 

( T a b l e  5 ) .  I n  a d d i t i o n ,  s i g n i f i c a n t  r a n k  o r d e r  c o r r e l a -  
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TABLE 6 

C o r r e l a t i o n  of  I n  Vivo E x c r e t i o n  Data  and I n  V i t r o  D i s s o l u -  
t i o n  Data f o r  E i g h t  Brands o f  A m p i c i l l i n  Capsules  Using  t h e  - 
P a d d l e  Method. 

I n  Vivo 
d a t a  
-- Rank o r d e r  Regress  i o n  

c o r r e l a t i o n  . a n a l y s i s  
c o e f f i c i e n t  r c o e f f i c i e n t  r 

I n  V i t r o  
d a t a  

-- 

C.M.Ea(lhr) 

C.M.E ( l h r )  

C.M.E ( 2 h r )  

b P.E.T 

P.E.T 

P.E.T 

P .E.T 

U r i n a r y  Conc. 
a f t e r  2 h r  

Maximum peak 
v a l u e  

% d i s s o l v e d  
a f t e r  5 min 

96 d i s s o l v e d  
a f t e r  1 5  min 

% d i s s o l v e d  
a f t e r  15 min 

t 

t 
5 0% 

90% 
d i s s o l v e d  

a f t e r  5 min 

% d i s s o l v e d  
a f t e r  1 5  min 

% d i s s o l v e d  
a f t e r  15  min 

d i s s o l v e d  
a f t e r  15  min 

0.714 ( S ) c  

0.708 ( S )  

0.887 ( S )  

0.571 ( N . S )  

0.685 (S) 

0.530 ( N . S )  

0.440 ( N . S )  

0.448 ( N . S )  

0.390 ( N - S )  

0.624 ( N . S I d  

0.610 ( N . S )  

0.740 ( S )  

- 
0.870 ( S )  

- 
- 

- 
- 

a .  Cumulative mg e x c r e t e d .  

b .  Peak e x c r e t i o n  t ime. 

c .  S i g n i f i c a n t  a t  p= 0.05 

d .  I n s i g n i f i c a n t  a t  p= 0.05 

T a b u l a r  r ( n =  8 )  = 0.643 a t  p =  0.05 

T a b u l a r  r ( n =  8 )  = 0.700 a t  p =  0.05 

\ 

t i o n s  were o b t a i n e d ,  f o r  t h e  e i g h t  b r a n d s ,  between e a r l y  

e x c r e t i o n  d a t a  ( c u m u l a t i v e  m g  e x c r e t e d  a f t e r  1 o r  2 hr) 

and i n i t i a l  d i s s o l u t i o n  r a t e s  ( p e r c e n t  d i s s o l v e d  a f t e r  5 

o r  1 5  m i n u t e s )  u s i n g  t h e  paddle  method (Table  6 ) .  
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dissolved a f te r  1 5  rnin. 

F i g .  7 .  C o r r e l a t i o i i  be tween  t h e  a v e r a g e  c u m u l a t i v e  mg 

a m p i c i l l i n  e x c r e t e d  a f t e r  2 h r ,  f o l l o w i n g  t h e  

o r a l  a d m i n i s t r a t i o n  o f  8 b r a n d s  o f  a m p i c i l l i n  

c a p s u l e s  t o  s i x  s u b j e c t s ,  arid t h e  p e r c e n t  a m p i c i l l i n  

d i s s o l v e d  a f t e r  1 5  m i n u t e s  u s i n g  t h e  p a d d l e  method. 

Us ing  r e g r e s s i o n  a n a l y s i s  (281, a s i g n i f i c a n t  q u a n t i -  

t a t i v e  c o r r e l a t i o n  was o b s e r v e d  ( p =  0.05) between cumula-  

t i v e  rng e x c r e t e d  of a m p i c i l l i n  a f t e r  2 hr and p e r c e n t  

d i s s o l v e d  a f t e r  15 m i n u t e s  u s i n g  t h e  p a d d l e  method ( T a b l e  6 

a n d  F i g .  7 ) .  However, r e g r e s s i o n  a n a l y s i s  showed no 

s i g n i f i c a n t  c o r r e l a t i o n s  be tween  c u m u l a t i v e  mg e x c r e t e d  
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Fig. 8.  Correlation between the average time necessary to 

reach the urinary excretion peak, following the 

oral administration of 8 brands of ampicillin 

capsules to six subjects, and the in vitro t 

using the paddle method. 
9 0% 

after 1 hr and percent dissolved after 5 or 1 5  minutes 

(Table 6 ) .  Furthermore, significant rank order correlation 

iias obtained between the time o f  urinary excretion peaking 

a r i d  the Lime needed for 90% dissolution (t ) (Table 6 ) .  

Regression analysis also showed significant quantitative 

correlation between these t .wo  parameters (Fig. 8 ) .  

90% 
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From t.he p r e c e d i n g   result.^, i t  can b e  obse rved  t h a t  

d a t a  o b t a i n e d  from the u r i n a r y  e x c r e t i o n  o f  a m p i c i l l i n  

c a p s u l e s  gave ,  i n  most c a s e s ,  poor  c o r r e l a t i o n s  w i t h  t h e  

i n  v i t r o  d a t a .  However., on u s i n g  t h e  padd le  m e t h o d , s i g n i -  

f i c a n t  c o r r e l a t i o n s  were o b t a i n e d  between the  c u m u l a t i v e  

amount e x c r e t e d  a f t e r  2 h o u r s  and t h e  p e r c e n t  d r u g  d i s s o l -  

v e d  a f t e r  1 5  m i n u t e s ,  as w e l l  as between t h e  i n  v i v o  t i m e  

o f  peak ing  and the  t ime n e c e s s a r y  f o r  90% d i s s o l u t i o n  

( t  ) ( T a b l e  6 ) .  The u s e f u l n e s s  o f  t h e  padd le  method, 

o v e r  t he  other-  t h r e e  d i s s o l u t i o n  methods,  i n  i t s  c a p a c i t y  

t o  c o r r e l a t e  w i t h  i n  v i v o  d a t a ,  w a s  obv ious  i n  t h e  p r e s e n t  

s tud ) - .  However, t h e s e  f i n d i n g s  w e r e  n o t  i n  agreement w i t h  

t h o e e  o f G r 8 n i n g  ( 2 9 )  who found no c o r r e l a t i o n  between 

i n  v i t r o  and i n  v i v o  1.esul t .s  o f  n i t r o f u r a n t o i n  t a b l e t s  and 

c a p s u l e s  u s i n g  t h e  p a d d l e  method. Rothe and S c h e l l h o r n  

( 2 5 1 ,  on t h e  o t h e r  hand ,  d e m o n s t r a t e d  t h a t  t h e  p a d d l e  

method p r o v i d e s  good v i t r o - i n  v i v o  c o r r e l a t i o n  f o r  

v a r i o u s  a c t i v e  s u b s t a n c e s  and f o r m u l a t i o n s .  I n  a d d i t i o n ,  

d i s s o l u t i o n  p r o f i l e s  o f  p r e d n i s o n e  and p r e d n i s o l o n e  t a b l e t s  

( 3 0 )  u s i n g  b o t h  t h e  p a d d l e  a p p a r a t u s  and t h e  s p i n  f i l t e r  

a p p a r a t u s  were a l s o  s u c c e s s f u l l y  c o r r e l a t e d  w i t h  i n  v i v o  

d a t a .  These f i n d i n g s  s u p p o r t  t h e  s e l e c t i o n  o f  t h e  padd le  

method, as  a n  i n  v i t r o  b i o e q u i v a l e n c e  s t a n d a r d ,  by t h e  

o f f i c i a l  compendia. 

-- 

90% 

-- 

C O N C L U S I O N S  

From the  p r e c e d i n g  r e s u l t s  and d i s c u s s i o n ,  i t  c a n  be 

c o n c l u d e d  t h a t  , i n  v i t r o  e v a l u a t i o n  o f  t h e  d i f f e r e n t  b r a n d s  
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IN VITRO DISSOLUTION OF AMPICILLIN CAPSULES 127 

o f  a m p i c i l l i n  c a p s u l e s  u s i n g  the  f o u r  p r e v i o u s l y  d e s c r i b e d  

d i s s o l u t i o n  a p p a r a t u s  showed s i g n i f i c a n t  d i f f e r e n c e s  between 

b r a n d s  and between a p p a r a t u s .  Brand A e x h i b i t e d  h i g h  d i s -  

s o l u t i o n  b e h a v i o u r ,  w h i l e  b rand  B showed the  lowes t  d i s s o l u -  

t i o n  c h a r a c t e r i s t i c s  on u s i n g  any  o f  t h e  f o u r  d i s s o l u t i o n  

a p p a r a t u s .  These  f i n d i n g s  a r e  i n  agreement  w i t h  the r e s u l t s  

o f  t h e  b i o a v a i l a b i l i t y  s t u d y  ( 1 6 )  c o n c e r n i n g  t h e s e  two 

b r a n d s .  

On comparing t h e  d i f f e r e n t  d i s s o l u t i o n  methods,  t h e  

p a d d l e  method showed t h e  h i g h e s t  d i s c r i m i n a t i n g  c a p a c i t y  

w h i l e  t he  U.S.P d i s i n t e g r a t i o n  a p p a r a t u s  showed t h e  l o w e s t  

d i s c r i m i n a t i o n .  However, w e  can n o t  s a y  t h a t  t h i s  i n  v i t r o  

method can  r e p l a c e  t h e  n e c e s s i t y  o f  t h e  b i o l o g i c a l  e v a l u a -  

t i o n  o f  new f o r m u l a t i o n  o f  t h i s  dosage form. The p a d d l e  

method c o u l d  s u c c e s s f u l l y  be  used  i n  r o u t i n e  b a t c h - t o  b a t c h  

q u a l i t y  c o n t r o l  a n a l y s i s  f o r  t e s t i n g  a m p i c i l l i n  c a p s u l e s .  

G e n e r a l l y ,  d i s s o l u t i o n  t e s t i n g  i s  c o n s i d e r e d  as  a v a l u a b l e  

a d j u n c t  t o  good f o r m u l a t i o n  development as  w e l l  as a n  e x c e l -  

l e n t  t o o l  c a p a b l e  t o  m o n i t o r  t h e  c o n s i s t e n c y  o f  d r u g  d e l i v e r y  

from a p r o d u c t .  However, t h e  development o f  mean ingfu l  and 

u n i v e r s a l  d i s s o l u t i o n  a p p a r a t u s  i s  s t i l l  c o m p l i c a t e d  and 

d i f f i c u l t  t o  a c h i e v e .  T h i s  d e s i r a b l e  g o a l ,  s t i : n u l a t e s  

s c i e n t i s t s  f o r  f u r t h e r  r e s e a r c h  t o  f i n d  the  i r l ea l  

p r e d i c t i v e  d i s s o l u t i o n  a p p a r a t u s .  
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