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ABSTRACT 

D i s s o l u t i o n  s t u d i e s  and a 24 p a t i e n t  randomized double-b l ind  

c r o s s o v e r  b i o a v a i l a b i l i t y  s t u d y  were performed u s i n g  two 

commercial ly-s ized b a t c h e s  of an ibupro fen  200 mg t a b l e t  

f o r m u l a t i o n  ( s u g a r - c o a t e d ) .  The b a t c h e s  were e q u i v a l e n t  w i t h  

r e s p e c t  t o  t h e  USP d i s s o l u t i o n  tes t ,  but  d i f f e r e d ,  p a r t i c u l a r l y  

from t a b l e t - t o - t a b l e t ,  when a padd le  a t  50 rpm was s u b s t i t u t e d ,  

one ba tch  c o n s i s t e n t l y  g i v i n g  a h igh  d i s s o l u t i o n  and t h e  o t h e r  

c o n s i s t e n t l y  g i v i n g  a low d i s s o l u t i o n .  

The b i o a v a i l a b i l i t y  s t u d y  showed t h e  b a t c h e s  t o  be 

b i o e q u i v a l e n t ,  t h u s  prompting an i n v e s t i g a t i o n  as t o  why t h e  

s u b s t i t u t i o n  of a padd le  a t  50 rpm gave no c o r r e l a t i o n  wi th  
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1630 DASH ET A L .  

b i o a v a i l a b i l i t y  and s h o u l d  t h e r e f o r e  be u n s u i t a b l e  a s  a s t a n d a r d  

d i s s o l u t i o n  tes t .  I t  was found t h a t  s o a k i n g  t a b l e t s  i n  a c i d  

p r i o r  t o  u s i n g  t h e  p a d d l e  a t  50 rpm ( t h u s  s i m u l a t i n g  more 

c l o s e l y  t h e  i n  v i v a  pH s e q u e n c e )  i n c r e a s e d  t h e  d i s s o l u t i o n  

r a t e .  The i n c r e a s e  is  s u c h  t h a t  t h e  maximum d i s s o l u t i o n  r a t e ,  

which a l s o  a p p r o x i m a t e s  t h a t  g i v e n  by t h e  USP method, is 

a c h i e v a b l e  w i t h i n  f i v e  m i n u t e s ,  even  when t h e  p r e s o a k  medium i s  

a n  u n b u f f e r e d  s o l u t i o n  of h y d r o c h l o r i c  a c i d  a t  pH 4 .  A s t a n d a r d  

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

t a b l e t  f o r  f i v e  m i n u t e s  i n  5 ml of USP g a s t r i c  f l u i d  w i t h o u t  

p e p s i n  a t  room t e m p e r a t u r e  and w i t h  no a g i t a t i o n .  A 

comprehens ive  a p p l i c a t i o n  of t h i s  p r o c e d u r e  t o  b o t h  b a t c h e s  

c o n s i s t e n t l y  produced  r e s u l t s  e q u i v a l e n t  t o  t h o s e  o b t a i n e d  by 

t h e  USP method. In p a r t i c u l a r ,  t h e r e  was v e r y  l i t t l e  t a b l e t  t o  

t a b l e t  v a r i a t i o n .  S t u d i e s  w i t h  f o r m u l a t i o n s  of v a r y i n g  

b i o a v a i l a b i l i t y  w i l l  be n e c e s s a r y  b e f o r e  i t  can  be d e t e r m i n e d  

whether  t h i s  new a c i d  p r e s o a k  p r o c e d u r e  w i l l  p r o v i d e  a more 

m e a n i n g f u l  d i s s o l u t i o n  tes t  compared w i t h  t h e  c u r r e n t  USP method. 

INTRODUCTION 

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

i n e x p e n s i v e  and p r e c i s e  means of m e a s u r i n g  t h e  p h a r m a c o l o g i c a l  

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

o r a l  d o s a g e  forms. The most w i d e l y  a c c e p t e d  r e f e r e n c e  
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IBUPROFEN TABLETS 1631 

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

m e a s u r i n g  d r u g  l e v e l s  i n  body f l u i d s  a t  v a r i o u s  times a f t e r  

i n g e s t i o n  ( i . e . ,  b i o a v a i l a b i l i t y  t e s t i n g ) .  B o t h  b l o o d  se rum a n d  

u r i n e  h a v e  b e e n  u s e d ,  b u t  blood serum h a s  become t h e  more 

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

model .  S i o a v a i l a b i l i t y  t e s t i n g  h a s  l i m i  a t i o n s .  F i r s t ,  body 

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

w i t h  p h a r m a c o l o g i c a l  r e s p o n s e .  S e c o n d ,  t h e  d a t a  t e n d  t o  be 

s t u d y - s p e c i f i c  so t h a t  d a t a  f r o m  o n e  set o f  p a t i e n t s  and  s t u d y  

c o n d i t i o n s  may n o t  be c o m p a r a b l e  t o  t h o s e  o f  a n o t h e r  set o f  

p a t i e n t s  and  s t u d y  c o n d i t i o n s .  T h i r d ,  i n  a d d i t i o n  t o  b e i n g  

r a t h e r  imprecise, b i o a v a i l a b i l i t y  t e s t i n g  i s  r e l a t i v e l y  

t ime-consuming  a n d  e x p e n s i v e  p r i n c i p a l l y  b e c a u s e  o f  

i n s t i t u t i o n a l  p rac t ices  a n d  t h e  number o f  p a t i e n t s  r e q u i r e d .  

C o n s e q u e n t l y ,  b i o a v a i l a b i l i t y  t e s t i n g  i s  used f o r  r e f e r e n c e  

p u r p o s e s  r a t h e r  t h a n  f o r  r o u t i n e  m o n i t o r i n g .  

The o t h e r  method t h a t  h a s  emerged  is  t h e  i n  v i t r o  a p p r o a c h  

of d i s s o l u t i o n  t e s t i n g  whereby  t h e  r a t e  a t  w h i c h  t h e  drug passes  

f r o m  t h e  dosage fo rm i n t o  s o l u t i o n  is d e t e r m i n e d  u n d e r  a g i v e n  

set of c o n d i t i o n s  i n c l u d i n g  s i m u l a t e d  d i g e s t i v e  media (e .g . ,  

g a s t r i c  a n d / o r  i n t e s t i n a l  media) ,  a g i t a t i o n  mechanism (e .g . ,  

r o t a t i n g  baske t  or p a d d l e ) ,  a g i t a t i o n  s p e e d  a n d  v e s s e l  

d i m e n s i o n s .  S u c h  t e s t i n g  attempts t o  s i m u l a t e  t h e  d i g e s t i v e  

process i n  a s i m p l i s t i c  way. It is  u n d e r s t o o d  t h a t  t h i s  

t e c h n i s u e  s h o u l d  n o t  be u s e d  t o  make i n  v i v o  p r e d i c t i o n s  u n l e s s  
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1632 DASH ET A L .  

the parameters chosen permit a correlation with bioavailability 

data. Both Skelly et all and the AAPS Task Force’ have 

emphasized this point. It follows that caution must be 

exercised in selecting dissolution methodology for evaluating 

and optimizing formulations and for monitoring batch 

3 consistency. Chemburkar et a1 , have given examples of how 

accelerated stability samples of methaqualone tablets (both 

thermal and humidity stress) showed declining dissolution with 

increasing stress, even though all the samples were 

bioequivalent. They obtained a correlative dissolution method 

only after radically altering the test parameters. Hekimoglue 

et a1 , have described how a commercial acetaminophen product 

showed a poor (and failing) dissolution in the USP dissolution 

test (paddle at 50 rpm) but was nevertheless bioequivalent to 

two competitive products which gave high (and passing) 

dissolution in the same test. Clearly, it is possible to create 

dissolution methodology which is so sensitive that it detects 

differences which are not meaningful from a bioequivalence 

standpoint. 

4 

For ibuprofen tablets, the official USP dissolution method 

prescribes, among other conditions, the use of a rotating basket 

at 150 rpm and a pH 7 .2  phosphate buffer. The latter was chosen 

because neither the use of water nor acid was considered to be 

feasible due to the relative insolubility of ibuprofen in both 

media. Recently, Velagapudi et a15 proposed a modification 
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IBUPROFEN TABLETS 1633 

( p a d d l e  @ 50 rpm) which r e p o r t e d l y  d e t e c t s  b a t c h  or  

t a b l e t - t o - t a b l e t  d i f f e r e n c e s  n o t  d i s c e r n i b l e  by t h e  USP method. 

T h i s  p a p e r  d e s c r i b e s  w o r k  w e  have c o n d u c t e d  t o  e s t a b l i s h  t h e  

r e l a t i o n s h i p  of  b i o a v a i l a b i l i t y  t o  t h e s e  methods and t o  a t h i r d  

p r o c e d u r e  c o n s i s t i n g  of p r e s o a k i n g  t h e  t a b l e t  i n  a c i d  p r i o r  t o  

u s i n g  t h e  p a d d l e  a t  50 rpm. O u r  r a t i o n a l e  was t o  tes t  t h e  

e f f e c t  of more c l o s e l y  s i m u l a t i n g  t h e  i n  v ivo  p H  sequence. 

STUDY DESIGN 

Ibuprofen T a b l e t s  S t u d i e d  

Two commerc ia l - s ized  b a t c h e s  ( A  & B )  of  a s t a n d a r d  

s u g a r - c o a t e d  f o r m u l a t i o n  c o n t a i n i n g  200 mg i b u p r o f e n / t a b l e t  were 

s t u d i e d .  They were c h o s e n  b e c a u s e  e a c h  was known t o  

c o n s i s t e n t l y  g i v e  a h i g h  d i s s o l u t i o n  r a t e  w i t h  t h e  USP method 

and b e c a u s e  t h e y  were a l s o  known t o  c o n s i s t e n t l y  behave 

d i f f e r e n t l y  w i t h  r e g a r d  t o  t h e  u s e  of t h e  p a d d l e  a t  50 rpm. 

Both b a t c h e s  f u l l y  conformed w i t h  t h e  USP monograph " I b u p r o f e n  

T a b l e t s " .  

D i s s o l u t i o n  Methods Used 

METHOD I - USP X X I  ( i n c l u d e s  u s e  of a r o t a t i n g  b a s k e t  and 900 

m l  of pH 7 . 2  p h o s p h a t e  b u f f e r ) .  
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1634 DASH ET AL.  

METHOD I1 - USP X X I  m o d i f i e d  a s  p r o p o s e d  by  t h e  V e l a g a p u d i  e t  

a 1  ( u s e  o f  p a d d l e  a t  50 rpm). 

METHOD 111 - Method I1 p r e c e d e d  by  s o a k i n g  t h e  t a b l e t  i n  5 m l  

USP g a s t r i c  f l u i d  w i t h o u t  p e p s i n  ( s t a t i c  and  a t  RT). 

B i o a v a i l a b i l i t y  S t u d y  C o n d i t i o n s  

The  two b a t c h e s  o f  ibuprofen t a b l e t s  were compared  i n  a 

d o u b l e - b l i n d  crossover s t u d y  i n  24  h e a l t h y  vo lunteers .  

V o l u n t e e r s  were randomly  a s s i g n e d  t o  receive two 200 mg t a b l e t s  

f rom e a c h  b a t c h  s e p a r a t e d  by a one-week wash-out  p e r i o d .  P l a sma  

samples were drawn a t  b a s e l i n e  and  a t  5, 1, 1.5, 2 ,  3 ,  4 ,  6,  8, 

1 0 ,  and  1 2  h o u r s  f o l l o w i n g  d o s i n g .  The samples were randomly  

numbered so t h a t  t h e  i d e n t i t i e s  o f  t h e  samples h a n d l e d  by t h e  

a n a l y s t s  were d i s g u i s e d .  

RESULTS 

D i s s o l u t i o n  V e r s u s  B i o a v a i l a b i l i t y  

C o m p a r i s o n s  o f  t h e  time means f o r  t h e  b i o a v a i l a b i l i t i e s  o f  

B a t c h e s  A a n d  B w i t h  t h e  means  f o r  t h e  a p p l i c a t i o n s  o f  

d i s s o l u t i o n  Methods  I,  11, and  I11 a r e  shown i n  F i g u r e s  1 and  

2 .  Summar ie s  o f  t h e  d a t a  upon w h i c h  t h e  g r a p h s  a re  b a s e d  a r e  

shown i n  T a b l e s  1 and 2.  
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1636 DASH ET A L .  
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IBUPROFEN TABLETS 1637 

Batch 

A 

9 

Summary Bioavailability Data for Batches A and B 
(Means and Standard Deviations) 

130 
(31) 

128 
(26) 

Cmax 
mg/l 

43.3 
(11.4) 

41.0 
(8.8) 

Tmax 
hrs. 

1.3 
(0.7) 

1.4 
(0.8) 

NOTES 

0 Study was a randomized double-blind crossover study with 24 
patients. 

0 AUCo--- Area under plasma concentration curve (extrapolated 
to infinity) with time calculated by the trapezoidal rule. 

CmaX - Maximum plasma concentration. 
Tma, - Time required to achieve Cmax. 

0 

0 

0 Means are statistically derived on a per patient basis. 

Examples of Individual Tablet Dissolution Data for Methods I1 

and I11 

Typical examples are shown in Figure 3. Figure 3(a) shows 

results for the application of Method I1 to six random tablets 

of Batch A and Figure 3(b) shows the application of Method I11 

to six random tablets of the same batch. 
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1638 DASH ET AL.  

TABLE 2 

I b u p r o f e n  D i s s o l u t i o n s  f o r  B a t c h e s  A and  R 
E x p r e s s e d  a s  % L a b e l  C l a i m  

(Means and Standard Dev ia t ions )  

Number 
o f  

Method T a b l e t s  
M i n u t e s  

B a t c h  5 10  20 30 45 60 

I 

I1 

111 

48 

48 

48  

48 

48 

12 

A 26.6 77.6 90.6 
( 1 3 )  (5.5) (2 .8  

B 11.7 80.0 92.4 
(12) (4 .9 )  (2.6 

- 
A 0.40 0.52 21.0 

(1.5) (1.6) ( 2 5 )  
40.5 52.3 57.8 
( 3 7 )  ( 4 3 )  ( 4 5 )  

0.08 38.7 87.6 95.9 98.7 1 0 0  
(0 .4 )  ( 2 8 )  (7 .7 )  (3 .7 )  (2 .4 )  (1 .3 )  

A 31.4 72.5 92.9 97.9 
( 1 3 )  (5 .7 )  (2.7) ( 2 . 1  

46.1 74.8 92.1 97.5 t B  (11) ( 4 . 1 )  (1 .3 )  (1.4 

99.7 1 0 0  
(1 .7 )  ( 1 . 4 )  

99.7 1 0 0  
(1 .8 )  (1 .7 )  

O p t i m i z a t i o n  o f  D i s s o l u t i o n  Method I11 

B e f o r e  i t s  r o u t i n e  use f o r  t h i s  present  s t u d y ,  t h e  a c i d  

presoak c o n d i t i o n  f o r  Method 111 n e e d e d  t o  be o p t i m i z e d .  The  

op t imiza t ion  s t u d y  was p e r f o r m e d  on a b a t c h  t h a t  gave a slow 

d i s s o l u t i o n  r a t e  w i t h  Method 11. The resu l t s  a r e  shown i n  

F i g u r e  4 a n d  T a b l e  4. F i g u r e  4 ( a )  shows  t h e  e f f e c t  o f  a f i v e  
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FIGURE 3 

Examples of Individual Tablet Dissolution Data (Batch ; 

(a) METHOD I1 (b) METHOD I11 
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TABLE 3 

I b u p r o f e n  D i s s o l u t i o n s  f o r  I n d i v i d u a l  T a b l e t s  
f o r  A p p l i c a t i o n  o f  Methods  I1 a n d  I11 t o  B a t c h  A 

( E x p r e s s e d  a s  % C l a i m )  

M i n u t e s  
Method T a b l e t  No. 5 1 0  20 30 45 60 

1 2 2 3 3 4 5 

2 0 0 9 45 74 88 

3 5 5 53 79 92 98 

4 4 4 4 5 5 6 

5 3 3 4 29 55 73 

6 4 4 5 6 8 1 0  

1 45 78 94 98 99 100 

2 38 76 95 99 1 0 1  1 0 1  

3 34 70 89 95 98 1 0 0  

4 51 80 93 96 97 100 

5 20 70 94 99 1 0 1  1 0 1  

6 40 80 96 100 1 0 1  1 0 1  

I I1 

m i n u t e  presoak a t  p H  1 ( 5  m l  of LISP g a s t r i c  f l u i d  w i t h o u t  

pepsin)  and  p H  4 ( 5  m l  of 0.0001 N HC1). Even t h o u g h  t h e  r a t e s  

were comparable, p H  1 was s e l e c t e d  a s  a more p r a c t i c a l  c o n d i t i o n  

f o r  O p t i m i z a t i o n .  F i g u r e  4 ( b )  shows  t h e  e f f e c t  o f  p r e s o a k  t i m e  

a t  pH 1. S i n c e  a maximum d i s s o l u t i o n  r a t e  was e s s e n t i a l l y  
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Optimization of Dissolution Method I11 

(a) Effect of 5 Minute Presoak at pH 1 and pH 4 

(b) Effect of Presoak Time at p H  1 
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TABLE 4 

Means and  S t a n d a r d  D e v i a t i o n s  o f  I b u p r o f e n  D i s s o l u t i o n  
Data for  O p t i m i z a t i o n  of D i s s o l u t i o n  Method IXX 

( E x p r e s s e d  a s  % C l a i m )  

P r e s o a k  
C o n d i t i o n s  

N o  p r e s o a k  

PH 4 

PH 1 

5 min  

3 min 

5 m i n  

10 m i n  

Number 
o f  

T a b l e t s  

1 2  

1 2  

1 2  

1 2  

1 2  

M i n u t e s  
5 1 0  20 30 45 60  

-- -- 13.1 20.9 23.9 26.2 
( 2 8 )  ( 2 9 )  ( 4 0 )  ( 4 2 )  

13 .1  63.7 89.0 95.5 98.7 99.7 
( 6 . 4 )  ( 5 . 0 )  ( 2 . 7 )  ( 2 . 1 )  ( 1 . 2 )  ( 1 . 2 )  

1 .17  18 .5  52.2 67.0 
( 2 . 4 )  ( 2 5 )  ( 3 4 )  ( 3 4 )  

18.6 66.4 88.7 94.8 
(11) ( 6 . 3 )  ( 2 . 9 )  (2 .0  

41.6 71.7 89.8 95.6 
( 6 . 7 )  ( 4 . 3 )  ( 2 . 6 )  ( 2 . 7  

79.3 75.6 
( 3 7 )  ( 3 6 )  

98.2 98.7 
( 2 . 5 )  ( 1 . 3 )  

98.4 99.4 
( 1 . 6 )  ( 1 . 6 )  

a c h i e v e d  w i t h i n  f i v e  m i n u t e s ,  t h i s  time was s e l e c t e d  for r o u t i n e  

u s e .  

DISCUSSION 

The d i s s o l u t i o n  and b i o a v a i l a b i l i t y  d a t a  f o r  t h e  two b a t c h e s  

A and  I3 i n d i c a t e  t h a t  t h e  b a t c h e s  were b i o e q u i v a l e n t  b u t  a l s o  

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

employed.  The a p p l i c a t i o n  of t h e  USP method ( i .e . ,  Method I) 
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gave very  s i m i l a r  r e su l t s  f o r  t h e  two ba tches .  T h e  s imple  

s u b s t i t u t i o n  of t h e  padd le  a t  50 rpm f o r  t h e  r o t a t i n g  b a s k e t  a t  

150 rpm gave wide ly  d i f f e r e n t  resul ts .  While w i t h  b a t c h  B i t  

gave r e s u l t s  o n l y  s l i g h t l y  lower and wi th  a s i v i l a r  i n t e r - t a b l e t  

v a r i a t i o n ,  w i t h  b a t c h  A i t  gave ve ry  much lower r e s u l t s  wi th  

c o n s i d e r a b l e  i n t e r - t a b l e t  v a r i a t i o n .  The u s e  of an  a c i d  

p re soak ,  markedly a c c e l e r a t e d  t h e  d i s s o l u t i o n  o b t a i n e d  w i t h  t h e  

padd le  a t  50 rpm. Even a presoak  a t  pH 4 gave d i s s o l u t i o n s  

s i m i l a r  t o  t h o s e  ob ta ined  wi th  t h e  USP method. 

C l e a r l y  t h e  simple s u b s t i t u t i o n  of a padd le  a t  50 rpm 

detects ba tch- to-ba tch  and/or  t a b l e t - t o - t a b l e t  d i f f e r e n c e s  which 

have no meaning from a b i o a v a i l a b i l i t y  s t a n d p o i n t  and t h u s  makes 

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

r e l e a s a b i l i t y  of b a t c h e s  f o r  commercial  use.  

A p o s s i b l e  e x p l a n a t i o n  f o r  i t s  u n s u i t a b i l i t y  is t h a t  t h e  i n  

v ivo  p r o c e s s  is more s t r e s s f u l  t o  t h e  t a b l e t s  and r e a d i l y  

overcomes t h e  s l i g h t  d i f f e r e n c e s  t h a t  t h e  method detects. Based 

upon t h i s  model, bo th  t h e  u s e  of t h e  r o t a t i n g  baske t  a t  150 rpm 

and t h e  use of an a c i d  presoak  p r i o r  t o  t h e  p a d d l e  a t  50 rpm a r e  

more s t r e s s f u l  and t h e r e f o r e  p r e s e n t  b e t t e r  c a n d i d a t e s  for 

r e l e a s e  t e s t i n g .  S t u d i e s  w i t h  f o r m u l a t i o n s  of va ry ing  

b i o a v a i l a b i l i t y  w i , l l ,  however, be n e c e s s a r y  b e f o r e  i t  can  be 

de termined  which of t h e s e  methods c o n s t i t u t e s  t h e  more 

meani ngf ul approach.  
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