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ABSTRACT 

Numerous a t t empt s  

r a p i d  d i s s o l u c i o n  rate 

d r u g s .  A new approach  

a r e  cond>ic t ed  :so as t o  d e v e l o p  a 

f o r  t h o s e  p o o r l y  w a t e r - s o l u b l e  

f o r  e n h a n c i n g  t h e  i n t r i n s i c  dis-  

s o l u t i o n  ra te  o f  p h e n a c e t i n  i s  a s c r i b e d .  T h i s  t e c h n i q u e  

i s  b a s e d  on t h e  c o n c e p t  of t h e  r e c r y s t a l l i z a t i o n  o f  

p h e n c e t i n  from d i f f e r e n t  s u r f a c t a n t s  c o n c e n t r a t i o n s .  The 

o b s e r v e d  e n h a n c i n g  e f f e c t  i n  t h e  d i s s o l u t i o n  ra te  of  

p h e n a c e t i n ,  u s i n g  t h i s  t e c h n i q u e ,  ma'y b e  cxe t o  w e t t i n g  

and /o r  d e a g g r e g a t i o n  e f f e c t .  The d i s s o l u t i o n  ra te  s t u d y  

was i n v e s t i y d t c d  i n  0 . 1  N l i C l  dt 37  C and 50 r.p.iri. 

The e x p e r i m e n t a l  s t u d y  showed t l lat  t h e  d i s s o l u t i o n  r a t e ,  

d u r i n g  t h e  f i r s t  few m i n u t e s ,  i s  markedly a f f e c t e d  by 

t h i s  t e c h n i q u e .  The r e l a t ive  area unde r  t h e  c u r v e  from 

0 t o  30 m i n u t e s  (R.A.U.C. ) w a s  u sed  a s  a pa rame te r  t o  

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

be ing  r e c r y s t a l l i z e d  f r o m  1% w h  of each s u r f a c t a n t  s o l u t i o n . .  
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2148 I S M A I L ,  S H A V K Y ,  A N D  H A F E Z  

The e x t e n t , i n  t h e  d i s s o l u t i o n  r a t e  enhancing  e f f e c t ,  

w a s  found t o  r a n g e  from 2.66 t o  3.25 t i m e s  of t h a t  o f  

t h e  c o n t r o l .  T h i s  Lechnique i s  v a l u a b l e  a s  a preformula-  

t i o n  phase  of p h e n a c e t i n  i n  s o l i d  dosage foirms. 

INTRODUCTION 

D i f f e r e n t  t e c h n i q u e s  a re  commonly r e c o g n i z e d  so as 

to  speed  up t h e  d . i s s o l u t i o n  r a t e  of some p o o r l y  w a t e r -  

s o l u b l e  and/or  w a t e r - i n s o l u b l e  d u r g s  . The m o s t .  w i d e l y  

used t e c h n i q u e s  a re  : complexat ion (1-4), a d s o r p t i o n  

o n t o  a w a t e r  inso:Luble compound ( 5 ) ,  s a l t  f o r m a t i o n  

(61, s o l i d  d i s p e r s i o n  (7-111, c o p r e c i p i t a t e  u s i n g  a n  

i n e r t  w a t e r - i n s o l u b l e  carrier (12-15) and  t h e  u s e  of 

d i f f e r e n t  w a t e r  s o l u b l e  s u r f a c t a n t s  (16 -22)  . 
When a d r u g  i s  f o r m u l a t e d  i n  a s o l i d  dosalge form and  

i n t e n d e d  t o  be t a k e n  o r a l l y ,  t h e  drug  must be d i s s o l v e d  

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

system. It  w e l l  r e c o g n i z e d  t h a t  t h e  d i s s o l u t i o n  ra te  

of t h o s e  s l i g h t l y  w a t e r  s o l u b l e  d r u g s  i s  t h e  r a t e  

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

t h e y  a re  a d m i n i s t e r e d  o r a l l y  as  a s o l i d  dosage  form. 

The r e l a t i o n s h i p  between t h e  d i s s o l u t i o n  r a t e  and t h e  

biological  ava i1abi :Li ty  h a s  been d i s c u s s e d  by Wagner 

(23). T h e r e f o r e ,  a knowledge of t h e  d i s s o l u t i o n  r a t e  

of poor ly  w a t e r  s o l u b l e  d r u g s  i s  u s u a l l y  servicable €or 

t h e  so l id  d r u g  f o r m u l a t i o n  t e c h n i q u e s .  
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ENHANCING THE DISSOLUTION RATE OF PHENACETIN 2149 

The w a t e r  s o l u b l e  s u r f a c e - a c t i v e  a g e n t s ,  a t  concen- 

t r a t l o n s  above t h e i r  c r i t i c a l  micelle c o n c e n t r a t i o n  

v a l u e s  (CMC's) , are w i d e l y  used  t o  p r e p a r e  aqueous 

s o l u t i o n s  o f  t h o s e  s l i g h t l y  w a t e r - s o l u b l e  drugs .  There  

i s  a c o n s i d e r a b l e  e v i d e n c e  which s u g g e s t s  t h a t ,  t h e  

pharmacologica l  a c t i v i t y  of  a mice l l a r  s o l u b i l i z e d  d r u g  

is ,  g e n e r a l l y ,  a f u n c t i o n  of i t s  c o n c e n t r a t i o n  i n  t h e  

aqueous phase,  whereas ,  t h o s e  d r u g  molecules  i n s i d e  t h e  

micellar cores b e i n g  r e g a r d e d  a s  i n a c t i v e  reserve of t h e  

d r u g  (24,251. 

The p r e s e n t  work w a s  under taken  w i t l h  t h e  a i m  of t h e  

enhancing t h e  d i s s o l u t i o n  ra te  of p h e n a c e t i n .  The 

t e c h n i q u e  employed i n v o l v e d  t h e  r e c r y s t a l l i z a t i o n  of 

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

above CMC's, of some selected non- ionic  s u r f a c t a n t s .  

EXPERIMENTAL 

Materials : 

P h e n a c e t i n  (B.D.H. England) ,  p o l y s o r b a t e s  ;!0,40,60 

and  80 [ A t l a s  chemica l  i n d u s t r i e s  Co., U S A ) ,  h y d r o c h l o r i c  

a c i d  ( P r o l a b o ) ,  m y r j s  52,  53 and  59 ( A t l a s  chemica l  

i n d u s t r i e s  co., U S A ) ,  dimethylformamide (B.D.M.England), 

b r i j s  3 5  and 58 ( A t l a s  chemica l  i n d u s t r i e s  Co.,, USA). 

A l l  t h e  p r e v i o u s l y  mentioned c h e m i c a l s  w e r e  used w i t h o u t  

f u r t h e r  pur  i f icat  i o n  (. 

R e c r y s t a l l i z a t i o n  of P h e n a c e t i n  : 

Stock  aqueous s o l u t i o n s  ( 5 %  w / v )  of' t h e  tested s u r -  

f a c t a n t s  w e r e  p repared .  By a p p r o p r i a t e  d i l u t i o n s  1 , 
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2150 lSMAIL,  SHAWKY, A N D  HAFEZ 

2 and 3 % w / v  aqueous  s u r f a c t a n t s  s o l u t i o n s  w e r e  pre-  

pared.  An a c c u r a t e l y  weighed 2 gm. p h e n a c e t i n  w e r e  

d i s s o l v e d  i n  a b o u t  3 . m l .  dimethyformamide a t  a s u i t a b l e  

t e m p e r a t u r e  and  t h e  r e s u l t a n t  c lear  s o l u t i o n  w a s  poured 

i n t o  2 5  m l .  o f  each s u r f a c t a n t  s o l u t i o n ,  p r e v i o u s l y  

c o o l e d  a t  a b o u t  7 C:. The formed c r y s t a l s  w e r e  collected 

immedia te ly  by f i l t r a t i o n  a n d  d r i e d  i n  a d e s i c c a t o r  f o r  

0 

a b o u t  2 4  hours .  The powder w a s  p u l v e r i s e d ,  sieved and  

t h e  f r a c t i o n  of  t h e  powder h a v i n g  a p a r t i c l e  s i z e  

100-90 p w a s  u s e d  f o r  t h e  d i s s o l u t i o n  rate s t u d y .  The 

d i s s o l u t i o n  rate of t h e  p u r e  d r u g  h a v i n g  thee same p a r t i c l e  

s i z e  and  w i t h o u t  i r e c r y s t a l l i z a t i o n  w a s  a lso s t u d i e d .  

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

250 m l .  of 0.1 N HC1 w e r e  p l a c e d  i n  t h e  d i s s o l u t i o n  
* 

cel l  , The te imperature  ot t h e  d i s s o l u t i o n  m e d i u m  w a s  

moni tored  u n t i l  s t a b l i z e d  a t  37OC:. The s t i r r i n g  rate 

w a s  a d j u s t e d  ,st 5 0  r.p.m. a n d  a c c u r a t e l y  weighed 0.5 gm.  

of t h e  d r u g  powdered sample w a s  s p r i n k l e d  o n t o  t h e  

s u r f a c e  of t h e  d i s s o l u t i o n  medium . One m l .  a l i q u o t  

samples w e r e  withdrawn u s i n g  1 m l .  p i p e t t e  f i t t e d  w i t h  

a s m a l l  polyet .hylene t u b e  c o n t a i n i n g  a s m a l l  p i e c e  of 

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

of  t h e  drug .  The withdrawn samples w e r e  a n a l y z e d  

s p e c t r o p h o t o m e t r i c a l l y  f o r  i ts  p h e n a c e t i n  c o n t e n t  at 

2 4 5  n m , a f t e r  a p p r o p r i a t e  d i l u t i o n s  w i t h  d i s t i l l e d  w a t e r ,  

--- 
* ERWEKA DT-06 
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ENHANCING THE DISSOLUTION RATE OF PHENACETIN 2151 

The volume of  t h e  d i s s o l u t i o n  medium w a s  k e p t  conskant ,  

d u r i n g  t h e  e x p e r i m e n t a l  s t u d y ,  by r e p l a c i n g  1 m l ,  o f  

0 .1  N HC1 t o  t h e  d i s s o l u t i o n  medium immedia te ly  a f t e r  

e a c h  withdrawing.  

RESULTS AND DISCUSSION 

When a s l i g h t l y  w a t e r - s o l u b l e  d r u g  i s  immersed i n  

a n  aqueous d i s s o l u t i o n  medium, it i s  b a s i c a l l y  s u b j e c t e d  

t o  t h r e e  c o n s e q u e t i v e  p r o c e s s e s ,  which are  g e n e r a l l y  

r e s p o n s i b l e  f o r  i t s  t r a n s f e r  from a s o l i d  s t a t e  Into t h e  

bulk  of  t h e  d i s s o l u t i o n  m e d i u m .  These t h r e e  p r o c e s s e s  

c o u l d  be summarized as  f o l l o w s  : (a)  formatior i  of a 

s o l i d - l i q u i d  i n t e r f a c e ,  (b )  s o l v a t i o n  o f  t h e  so l id  a t  

t h e  i n t e r f a c e ,  and ( c j  t r a n s f e r  of t h e  dissolved so l id  

f r o m  t h e  s o l i d - l i q u i d  i n t e r f a c e  i n t o  t h e  b u l k  of t h e  

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

The r e s u l t s  of t h e  d i s s o l . J t i o n  r a t e  s t u d i e s ,  e x p r e s s e d  

i n  t e r m s  of mle/l. as a f u n c t i o n  of t i m e  are  ascribed i n  

i n  f i g u r e s  1-9. The f i g u r e s  c l e a r l y  i n d i c a t e  t h a t  t h e r e  

is  a s i g n i f i c a n t  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  of t h e  

drug  w i t h i n  t h e  f i r s t  few m i n u t e s  (15 m i n u t e s ) .  

The o b s e r v e d  enhancing  e f f e c t , i n  t h e  e x t e n t  of t h e  

d i s s o l u t i o n  rate o f  p h e n a c e t i n ,  af ter  b e i n g  r e c r y s t a l i -  

zed from t h e  s u r f a c t a n t s  aqueous s o l u t i o n s  c o u l d  be 

e x p l a i n e d  t h r o u g h  o n e  of t h e  f o l l o w i n g  p o s t u l a t i o n s  : 

(a)  t h e  d e g r e e  of  w e t t a b i l i t y  of t h e  d r u g  i s  markedly 

i n c r e a s e d  a f t e r  c r y s t a l l i z a t i o n  from t h e  s u r f a c t a n t s  
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ENHANCING THE DISSOLUTION RATE OF PHENACETIN 215.3 
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2154 ISMA.[L, S H A W K Y ,  AND H A F E Z  
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ENHANCING THE DISSOLUTION RATE OF PHENACETIN 2155 

s o l u t i o n s  which may b e  a t t r i b u t e d  t o  t.he a d s o r p t i o n  ot 

s o m e  s u r f a c t a n t  m o l e c u l e s  o n t o  t h e  hydrophobic  s u r f a c e  

of p h e n a c e t l n  c r y s t a l s .  The w e t t i n g  p r o c e s s  which, 

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

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

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

4ccord ingly ,  t h e  ra te  ot f o r m a t i o n  of  a s o l i d - l i q u i d  

i n t e r f a c e  i s  i n c r e a s e d  and  subsequentl .y,  t h e  t r a n s f e r  

r a t e  of  t h e  d r u g  molecules  i n t o  t h e  b u l k  of  t h e  d is-  

s o l u t i o n  medium i s  i n c r e a s e d .  (d)  d e a g g r e g a t i o n  e f f e c t  

which r e s u l t s  i n  a n  i n c r e a s e  i n  t h e  exposed so l id  sur- 

f a c e  area due t o  t h e  b r e a k  up of t h e  secondary  p a r t i c l e s  

i n t o  t h e  pr imary ones .  The 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  of a s p i r i n  i n  t h e  p r e s e n c e  of some s u r f a c t a n t s  h a s  

been a s c r i b e d  t o  e i t h e r  w e t t i n g  and/or  d e a g g r e g a t i o n  

e f f e c t  ( 2 6 )  

I t  w a s  observed  t h a t  ( 2 7 )  t h e  i n - v i t r o  d i s s o l u t i o n  

rates of s u l f a t h i a z o l e ,  p r e d n i s o n e  and  ch loramphenicol  

w e r e  markedly enahnced a f t e r  b e i n g  c r y s t a l l i z e d  in 

aqueous s u r f a c t a n t  s o l u t i o n s  . A l s o ,  it w a s  found 

t h a t  ( 2 8 )  t h e  d i s s o l u t i o n  r a t e  ot c h l o r t h a l i d o n e  c r y s -  

t a l s  w a s  enhanced a f t e r  c r y s t a l l i z a t i o n  i n  t h e  p r e s e n c e  

of some non- ionic  s u r f a c t a n t s  a t  d i f f e r e n t  c o n c e n t r a t i o n s .  

I t  i s  c l e a r l y  obvious ,  from Figs.1-9,  t h a t  t h e  dis-  

s o l u t i o n  r a t e s  of phenacet i r i  a r e ,  f r e q u e n t l y ,  dependent  

on b o t h  t h e  t y p e  and t h e  c o n c e n t r a t i o n  of t h e  s u r f a c t a n t  

used i n  t h e  r e c r y s t a l l i z a t i o n  process . ,  The re la t ive  area 

under t h e  c u r v e  ( R . A . U . C . ) ,  t ab le  1, w a s  used as a para-  
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A r e a  Under t h e  Curve (A.U.C.) and Relat ive Area 

Under t h e  Curve (R.A.U.C.) €or t h e  D i s s o l u t i o n  

R a t e  off Phenace t in  a f t e r  be ing  Treate.d w i t h  

1% w / v  S u r f a c t a n t s  S o l u t i o n s .  

T k e l  20 

Tween 40 

Tween 60  

Tween 80 

Myrj  52 

Myrj 53 

MyrJ 59 

B r i j  35 

B r i j  58 

14638 

17420 

17768 

17825 

17898 

15598 

17451 

16177 

1.7517 

2.66 

3.16 

3.23 

3.24 

3.25 

2.83 

3.17 

2.94 

3.18 

N.B. 1) A.U.C. O m -  . to the control = 5507.5 

2) - A.U.C. fo r  the untreated pheMcetin = ,4127.5 

m e t e r  so a s  t o  compare t h e  d i f f e r e n t  d i s s o l u t i o n  rates 

of phenace t in  a f t e r  be ing  r e c r y s t a l l i z e d  from 1 X  w/v of  

each  s u r f a c t a n t  s o l u t i o n ,  From t h i s  t a b l e  it is  obv ious ly  

observed  t h a t  most of  t h e  s u r f a c t a t n s  used i n  t h e  

r e c r y s  t a  11 i z a  t i o n  p rocess  , have a pronounced enhancing 

e f f e c t  towards t h e  d i s s o l u t i o n  rates. The d i f f e r e n c e  
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between t h e  e x t e n t s  of t h e  d i s s o l u t i o n  rates,  r a n g i n g  

from 2.66 - 3.25 f o l d s  ot t h a t  of t h e  c o n t r o l ,  is no t  

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

mechanism t h r o u g h  which t h e  d i s s o l u t i o n  ra te  is  enhanced 

is n o t  o n l y  due t o  t he  d r u g - s u r f a c t a n t  i n t e r a c t i o n s  but  

also may be due t o  w e t t i n g  and/or  d e a g g r e g a t i o n  e f f e c t s .  
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