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ABSTRACT 

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

t i o n  p a t t e r n  of t a b l e t s  i n  an  automated d i s s o l u t i o n  appara tus  has  

been s t u d i e d .  T a b l e t s  were prepared by : ind iv idua l ly  weighing 200 

mg of t h e  drug p a r t i c l e s  having a narrow s i z e  d i s t r i b u t i o n ,  o r  

t h e  formula t ion  blend conta in ing  200 mg of t h e  drug. The t a b l e t s  

were pressed  u s i n g  a h y d r a u l i c  p r e s s  and employing i d e n t i c a l  com- 

p r e s s i o n  f o r c e  f o r  t h e  same t i m e  per iod  f o r  each t a b l e t .  The re- 

s u l t s  showed t h a t  t h e  i n t e r - t a b l e t  range  v a l u e s  obta ined  i n  each 

formula t ion  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  from each o t h e r  and 

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

crease in  t h e  d i s s o l u t i o n  rates. It is Eihown t h a t  t h e  v a r i a b i l i t y  

observed may have been due t o  t h e  p o s s i b l e  s u c t i o n  of t h e  d i s -  

s o l v i n g  drug p a r t i c l e s .  The u s e  of a f r i t t e d - g l a s s  f i l t e r  t i p  a t  
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4 18 MADAN 

t h e  i n l e t  end of t h e  sampling tube  reduced t l i e  v a r i a b i l i t y  s i g n i f -  

i c a n t l y  producing more r e p r o d u c i b l e  d i s s o l u t i o n  curves .  

INTRODUCTION 

I n  a r e c e n t  s tudy  d e a l i n g  w i t h  t h e  v a r i a b i l i t y  i n  a system 

f o r  t h e  automated de termina t ion  of d i s s o l u t i o n  rate ( l ) ,  i t  was 

shown t h a t  l a r g e  i n t e r - t a b l e t  v a r i a t i o n s  encountered i n  such a 

system may be observed e i t h e r  due t o  p o s s i b l e  i n t e r - t a b l e t  d i f -  

f e r e n c e s ,  e.g., d i f f e r e n c e s  i n  t h e  d i s i n t e g r a t i o n  p r o p e r t i e s  of 

t h e  t a b l e t s  and/or  uneven d i s t r i b u t i o n  of drug p a r t i c l e  s i z e  

among t h e  t a b l e t s ,  o r  due t o  t h e  non-reproducib i l i ty  of t h e  ap- 

p a r a t u s ,  

I n  a more r e c e n t  s tudy  d e a l i n g  wi th  t h e  e f f e c t  of p a r t i c l e  

s i z e  d i s t r i b u t i o n  on t h e  d i s s o l u t i o n  of t a b l e t s  (2),  i t  w a s  

shown t h a t  t h e  v a r i a b i l i t y  observed w a s  due t o  t h e  a l t e r a t i o n  

i n  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  of t h e  t a b l e t s  due t o  compres- 

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

duc t ion  i n  t h e  range v a l u e s  i n  t h e  d i s s o l u t i o n  of t a b l e t s  pre-  

pared w i t h  drug p a r t i c l e s  having a narrow s i z e  d i s t r i b u t i o n  was 

a l s o  found t o  be due t o  a l t e r a t i o n  i n  t h e  s i z e  d i s t r i b u t i o n  

brought about  d u r i n g  t a b l e t t i n g .  

range v a l u e s  obta ined  from t h e  d i s s o l u t i o n  of drug p a r t i c l e s  re- 

covered from t h e  t a b l e t  formula t ion  were found t o  be s imi l a r  t o  

t h e  range  v a l u e s  obta ined  from t h e  d i s s o l u t i o n  of t h e  t a b l e t  

formula t ion ,  t h e  i n t e r - t a b l e t  v a r i a b i l i t y  was r a t h e r  l a r g e .  

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

f a c t o r s  i n  such a d i s s o l u t i o n  de te rmina t ion  system. 

The f a i l u r e  t o  achieve  s i g n i f i c a n t  re- 

I n  s p i t e  of t h e  f a c t  t h a t  t h e  
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DETERMINATION OF DISSOLUTION RATE. 11 419 

EXPERIMENTAL 

MATERIALS : 

A l l  ma te r i a l s  were of USP o r  reagent grade and were used as 

received from t h e  manufacturer without f u r t h e r  p u r i f i c a t i o n  o r  

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

PREPARATION OF TABLETS: 

Three types of t a b l e t  formulations were inves t iga ted .  

Table t s  prepared by d i r e c t  compression and containing no (a) 

exc ip ien t :  

mg of t h e  drug f o r  each t a b l e t  and compressing t h e  t a b l e t s  using 

a hydraul ic  press. I d e n t i c a l  compression f o r c e  f o r  t h e  same 

time period was used f o r  each t a b l e t .  

ib) Table t s  prepared by d i r e c t  compression and containing a 

d i s in t eg ran t :  The drug was blended with the  d i s in t eg ran t  using 

a V-blender: Table t s  were prepared by individually weighing a 

quant i ty  of the  blend containing 200 mg of t he  drug and t h e  

blend w a s  compressed i n t o  t a b l e t s  as described i n  sec t ion  ( a ) .  

(c) Table t s  prepared by w e t  g ranula t ion  The t a b l e t s  prepared 

by w e t  g ranula t ion  were formulated t o  conta in  t h e  d i s in t eg ran t  

during wet granulation. Table t s  were prepared by ind iv idua l ly  

weighing a quant i ty  of t h e  d r i ed ,  blended granules conta in ing  

200 mg of the  drug and compressing i n t o  t a b l e t s  as described i n  

sec t ion  (a ) .  

DISSOLUTION STUDIES : 

Table ts  were prepared by ind iv idua l ly  weighing 200 

Dissolution of t h e  drug from t h e  t a b l e t s  was followed i n  

the  automated apparatus described previously ( 2 ) .  
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420 MADAN 

RESULTS AVD DISCUSSION 

The e f f i c i e n c y  of t h e  automated a p p a r a t u s  w a s  a s c e r t a i n e d  

as  d e s c r i b e d  p r e v i o u s l y  ( 2 ) .  The r e p r o d u c i b i l i t y  of t h e  ap- 

p a r a t u s  was good and t h e  f l u i d  samples  p a s s i n g  through t h e  f low 

c e l l  were found t o  be  r e p r e s e n t a t i v e  of t h e  bulk  media i n  t h e  

d i s s o l u t i o n  chamber. 

I n  o r d e r  t o  minimize i n t e r - c a b l e t  d i f f e r e n c e s  due t o  

p a r t i c l e  s i z e  d i s t r i b u t i o n ,  t h e  t a b l e t s  were prepared  u s i n g  a 

narrow s i z e  d i s t r i b u t i o n  of  drug  p a r t i c l e s .  

p l i s h e d  by s i e v i n g  o u t  t h e  u n d e r s i z e  and o v e r s i z e  p a r t i c l e s  em- 

p loying  s t a n d a r d  sieves. 

TABLETS PREPARED BY DIRECT COMPRESSION AND CONTAINING NO 

EXCIPIENT 

T h i s  w a s  accom- 

Fig .  1 shows t h e  d i s s o l u t i o n  o f  t h e  drug  from t h e  t a b l e t s  

prepared by d i r e c t  compression and c o n t a i n i n g  no e x c i p i e n t s .  

Curve A w a s  g e n e r a t e d  by computing t h e  a v e r a g e  v a l u e s  from t h e  

d i s s o l u t i o n  graphs  of i n d i v i d u a l  t a b l e t s .  Curve i s  a t y p i c a l  

d i s s o l u t i o n  p r o f i l e  o b t a i n e d  w i t h  o n l y  a few t a b l e t s .  Most of 

t h e  t a b l e t s  examined gave p l o t s  which e x h i b i t e d  a sudden and 

somewhat e r ra t ic  i n c r e a s e  i n  t h e  d i s s o l u t i o n  rate similar t o  

t h e  one shown i n  Curve C. 

i n c r e a s e  i n  t h e  d i s s o l u t i o n  ra te  w a s  n o t  at  t h e  same p o i n t  on 

t h e  t ime-axis  b u t  v a r i e d  from t a b l e t  t o  t a b l e t .  I n  t h e  case of 

I t  may b e  p o i n t e d  o u t  tha t  t h e  sudden 

a few t a b l e t s  t h e  sudden i n c r e a s e  i n  t h e  d i s s o l u t i o n  r a t e  w a s  

observed more t h a n  once. D
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DETERMINATION OF DISSOLUTION RATE. I1 4 2  1 
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FIGURE 1 

DISSOLUTION PROFILES OF TABLETS PREPARED BY DIRECT COMPRESSION 
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422 MADAN 

TABLETS PREPARED BY DIRECT COMPRESSION AND CONTAINING A 

DISINTEGRANT 

The d i s s o l u t i o n  of  t h e  drug  from t h e  t a b l e t s  prepared  by 

d i r e c t  compression and c o n t a i n i n g  a d i s i n t e g r a n t  w a s  found t o  be  

s i m i l a r  t o  t h e  d i s s o l u t i o n  of t h e  drug  from t h e  t a b l e t s  conta in-  

i n g  no e x c i p i e n t .  However, some d i f f e r e n c e s  were noted .  Very 

few t a b l e t s  fol lowed t h e  p a t t e r n  found i n  Curve 2 of Fig.  1 and 

t h e  number of  t a b l e t s  e x h i b i t i n g  t h e  shape found i n  Curve C of 

Fig. 1 was more i n  t h i s  case t h a n  t h a t  observed i n  t h e  case of 

t a b l e t s  c o n t a i n i n g  no e x c i p i e n t .  

TABLETS PREPARED BY WET G R A N L U T I O N  

The d i s s o l u t i o n  of t h e  drug  from t h e  t a b l e t s  prepared  by 

w e t  g r a n u l a t i o n  showed similari t ies i n  e x h i b i t i n g  t h e  sudden 

r ise i n  t h e  d i s s o l u t i o n  rate as d i s s o l u t i o n  progressed  but  such 

sudden i n c r e a s e s  were few and f a r  between. I n  most cases, t h e  

d i s s o l u t i o n  curve  w a s  smooth (Curve 11, Fig .  2) and t h e  m a j o r i t y  

of t a b l e t s  e x h i b i t e d  d i s s o l u t i o n  p a t t e r n s  which were more o r  less 

superirnposable. I n  a d d i t i o n ,  t h e  i n t e r - t a b l e t  range  v a l u e s  

(Curve A> were less t h a n  t h o s e  found i n  t h e  case of t a b l e t s  pre- 

pared by d i r e c t  compression (Curve A, Fig.1) .  

The r e s u l t s  found i n  F i g s .  1 and 2 r e v e a l  t h a t  i n s p i t e  of 

t h e  f ac t  t h a t  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  t h e  drug  w a s  

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

t a b l e t  range  v a l u e s  i n  each  formula t ion  s t u d i e d .  The v a r i a b i l i t y  

observed w a s  less i n  t h e  case of t a b l e t s  prepared  by w e t  formu- 

l a t i o n  t h a n  that found i n  t h e  case of t a b l e t s  prepared  by d r y  
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DETERMINATION OF DISSOLUTION RATE. I1 4 2 3  
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FIGURE 2 

DISSOLUTION PROFILES OF TABLETS PREPARIZD BY WET GRANULATION 
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424 MADAN 

g r a n u l a t i o n .  T h i s  may be dud t o  t h e  w e t t i n g  of t h e  drug p a r t -  

i c l e s  d u r i n g  w e t  g r a n u l a t i o n ,  which may have helped i n  caus ing  

some degree  of u n i f o r m i t y  i n  t h e  p r o c e s s  of d i s s o l u t i o n  ( 3 ) .  

I n  o r d e r  t o  g a i n  a b e t t e r  unders tanding  o f  t h e  r e a s o n s  

f o r  t h e  v a r i a b i l i t y  observed ,  t h e  d a t a  were examined c r i t i c a l l y .  

The d i s s o l u t i o n  c u r v e s  f o r  each  experiment  i n  each f o r m u l a t i o n  

were s t u d i e d  f o r  p o i n t s  of similari t ies and d i f f e r e n c e s .  I t  

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

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

i c a n t l y  as t h e  d i s s o l u t i o n  progressed .  S i m i l a r l y ,  i n  o t h e r  

i n s t a n c e s  t h e  r e v e r s e  w a s  t h e  case and i n  a few cases t h e  d i s -  

s o l u t i o n  curves  appeared t o  be s imilar  both  i n  t h e  i n i t i a l  as  

w e l l  as i n  t h e  f i n a l  p e r i o d s  but  e x h i b i t e d  d i f f e r e w e s  i n  t h e  

middle  segment of t h e  d i s s o l u t i o n  p a t t e r n .  

One p o s s i b l e  e x p l a n a t i o n  f o r  t h i s  t y p e  of  p a t t e r n  may b e  

a t t r i b u t e d  t o  t h e  p o s s i b i l i t y  o f  some small p a r t i c l e s  of  t h e  

d i s s o l v i n g  drug f i n d i n g  t h e i r  way i n t o  t h e  sampling t u b e  and 

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

g r a d i e n t .  Also, t h e s e  p a r t i c l e s  may have lodged themselves  

on t h e  f i l t e r  membrane a t  t h e  end of t h e  sampling t u b e  and 

may have d i s s o l v e d  s lowly  w h i l e  s t i l l  adher ing  t o  t h e  f i l t e r -  

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

from t h e  one a c t u a l l y  t a k i n g  p l a c e  i n  t h e  d i s s o l u t i o n  f l a s k .  

E i t h e r  one o r  a combinat ion of b o t h  t h e s e  f a c t o r s  would tend 

t o  e x h i b i t  v a r i a b i l i t y  i n  t h e  system. T h i s  is because t h e  d i s -  

s o l u t i o n  of such p a r t i c l e s  i n  t h e  sampling t u b e  would r e s u l t  i n  
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DETERMINATION OF DISSOLUTION RATE. I1 425 

a so lu t ion  more concentrated than  t h a t  i n  t h e  d i s so lu t ion  f l a s k  

and may a l s o  c r e a t e  a poss ib l e  non-sink condition wi th in  t h e  

sampling tube. 

A simple experiment was performed i n  order  t o  test t h e  

v a l i d i t y  of t h i s  hypothesis.  The t a b l e t s  were allowed t o  d i s -  

i n t e g r a t e  i n  a s a t u r a t i o n  s o l u t i o n  of t h e  drug and t h e  p a r t i c l e s  

were recovered by f i l t r a t i o n  (2 ) .  Microscopic examination of 

t h e  recovered p a r t i c l e s  revealed t h a t  t h e  t a b l e t s  prepared by 

wet granula t ion  yielded coarse  pa r t i c l e s :  which were similar 

t o  t h e  granula t ion  used f o r  compression. When placed i n  t h e  

sa tu ra t ed  so lu t ion  of t h e  drug and s t i r r e d  gent ly ,  t h e  par t -  

i c l e s  appeared t o  set t le  down a t  t h e  bottom of t h e  conta iner  

almost immediately. Thus, t h e  chances of t hese  p a r t i c l e s  

undergoing suc t ion  i n  t h e  sampling tube  would be r a t h e r  s l i m .  

I n  order  f o r  t h e  p a r t i c l e s  t o  undergo suc t ion ,  they would have 

t o  undergo cons iderable  d i s s o l u t i o n  so  t h a t  t h e i r  s i z e  would 

be small enough t o  keep them a f l o a t  and thus  prevent t h e i r  

s e t t l i n g .  

On t h e  o the r  hand, t h e  p a r t i c l e s  recovered from t h e  

t a b l e t s  prepared by d i r e c t  compression were found t o  be much 

smaller i n  s i z e  and exhib i ted  a g r e a t e r  tendency t o  undergo 

suc t ion  i n  t h e  sampling tube. This  was more pronounced i n  t h e  

case of t a b l e t s  conta in ing  a d i s i n t e g r a n t  then  those  which d id  

not conta in  any exc ip ien t .  

hypothesis that t h e  observed v a r i a b i l i t y  may have been due t o  

t h e  poss ib l e  suc t ion  of t h e  drug p a r t i c l e s  i n  t h e  sampling tube 

These r e s u l t s  appear t o  confirm t h e  
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DISSOLUTION PROFILES OF TABLETS PREPARED BY DIRECT COMPRESSION. 

CLOSED TRIANGLES: without f r i t t e d  g l a s s  f i l t e r  
OPEN TRIANGLES : i n  the presence of f r i t t e d  g las s  f i l t e r  
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DISSOLUTION PROFILES OF TABLETS PREPARED BY WET GRANULATION 

CLOSED CIRCLES: without f r i t t ed  g l a s s  f i l t e r  
OPEN CIRCLES : i n  the presence of f r i t t e d  g las s  f i l t e r  
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and r e s u l t i n g  i n  the  c r e a t i o n  of a v a r i a b l e  concent ra t ion  

g rad ien t ,  

I n  order  t o  minimize the  v a r i a b i l i t y  due t o  p o s s i b l e  suc- 

t i o n  of the  drug p a r t i c l e s  i n s i d e  t h e  sampling tube,  t h e  ap- 

para tus  w a s  modified s l i g h t l y .  A one-inch long c y l i n d e r i c a l  

f r i t t e d - g l a s s  coarse  f i l t e r  t i p  having t h e  same diameter as 

t h a t  of sampling tube  w a s  a t t ached  a t  t h e  i n l e t  end of t h e  

sampling tube and i t  was found t h a t  t h i s  modi f ica t ion  reduced 

t h e  v a r i a b i l i t y  s i g n i f i c a n t l y .  The r e s u l t s  a r e  shown i n  F igs .  

3 and 4 .  For comparison purposes t h e  r e s u l t s  obtained without 

t h e  use of t h e  f r i t t e d - g l a s s  f i l t e r  have a l s o  been included i n  

t h e  f igu re .  

From t h e  r e s u l t s  found i n  Figs.  3 and 4 ,  i t  can be r e a d i l y  

seen that t h e  i n t e r - t a b l e t  range va lues  were reduced s i g n i f -  

i c a n t l y  i n  t h e  case  of t a b l e t s  prepared wi th  con t ro l l ed  p a r t i c l e  

s i z e  and examined f o r  d i s s o l u t i o n  employing t h e  modi f ica t ion  

described above. Deta i led  experimentation i s  i n  progress  t o  

look i n t o  t h e  p o s s i b i l i t y  of f u r t h e r  improving t h e  instrumenta- 

t i o n  and w i l l  be t h e  sub jec t  of a f u t u r e  r e p o r t .  
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