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ABSTRACT 

The i n f l u e n c e  of  c e r t a i n  aqueous  n o n - i o n i c  s u r f a c t a n t s ,  c o s o l v e n t s  

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

p a r a c e t a m o l  were s t u d i e d .  Die lec t r ic  c o n s t a n t s  of t h e s e  s o l v e n t  

sys tems w i t h  and w i t h o u t  p a r a c e t a m o l  were d e t e r m i n e d .  I n  several  

i n s t a n c e s ,  p a r a c e t a m o l  was i n c r e a s e d  i n  s o l u b i l i t y  by 5-7 f o l d ,  

dependinn  0‘7 t h e  sys tem used .  D i e l e c t r i c  c o n s t a n t s  were a f f e c t e d  t o  

v a r y i n g  d e g r e e s  by t h e s e  s y s t e m s .  

The c o s o l v e n t s ,  p r o p y l e n e  g l y c o l  and g l y c e r i n  a p p a r e n t l y  s u p p r e s s  

m i c e l l e  f o r m a t i o n .  
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PAST WORK 

HAMZA AND PAFXJTA 

S u f a c e - a c t i v e  a g e n t s  of t h e  n o n - i o n i c  t y p e  v a r y  c h e m i c a l l y  and 

The g e n e r a l l y  a c c e p t e d  are q u i t e  d i v e r s e  i n  s o l u b i l i z i n g  power“) .  

mechanism of  i n c r e a s i n g  t h e  s o l u b i l i t y  of non-aqueous s o l u b l e  

mater ia ls  i s  by m i c e l l e  f o r m a t i o n .  The t y p e  of micelle formed,  i s  

s p h e r o i d ,  c y l i n d r i c a l  o r  l a m i n a r ,  i s  c o n c e n t r a t i o n  dependent .  

S o l u b i l i z a t i o n  i s  c o n s i d e r e d  t o  occur  by s e t t i n g  up b i p h a s i c  d i s p e r -  

s i o n s  of d i f f e r e n t  p o l a r i t i e s .  The h e a t  of f u s i o n  f o r  s o l i d s  i s  an  

i n  i t s  a b i l i t y  and c a p a c i t y  t o  b e  s o l u b i l i z e d  i m p o r t a n t  c o n s i d e r a t i o n  

(293) 

C o s o l v e n t s  such  as 

environment  and t y p i c a l  

h a s  been found,  however 

p r o p y l e n e  g l y c o l  and g l y c e r i n  a l t e r  i n  “ p o l a r ”  

y i n c r e a s e d  s o l u b i l i t y  by t h i s  mechanism. I t  

t h a t  s u r f a c t a n t s  and c o s o l v e n t s  used 

( 4 )  t o g e t h e r  a re  n o t  a d d i t i v e  w i t h  r e s p e c t  t o  enhanced s o l u b i l i t y  . 
Temperature  changes  t h a t  are minor  o n l y  s l i g h t l y  a f f ec t  s o l u b i l i z a t i o n  

(5). 

p e r t i e s  of s o l u b i l i z e d  mater ia l s  . 
There may b e  some change i n  t h e  c h e m i c a l  and b i o l o g i c a l  pro-  

( 6 )  

INTRODUCTION 

In t h i s  s t u d y ,  an  a t t e m p t  was made t o  d e t e r m i n e  s o l u b i i t y  

enhancement of  p a r a c e t a m o l  i n  v a r i o u s  s y s t e m s .  Two l i q u i d s ,  g l y c e r i n  

and propylene  g l y c o l  were used i n  aqueous c o - s o l v e n t  m i x t u r e s  a t  

20, 30 and 40% W / V ;  and c o - s o l v e n t  m i x t u r e s  w i t h  Tween 2 0  a t  10% W/V 

c o n c e n t r a t  i o n .  

Var ious  o t h e r  s o l u b i l i z i n g  a g e n t s  were used which i n c l u d e d  

Tween 80, Myrj 53 and 59 & B r i j  58 & 700 a t  c o n c e n t r a t i o n  l e v e l s  of 

2 . 5 ,  5 & 10% W/V.  There was a l s o  an  a t t e m p t  t o  r e l a t e  t h e  s o l u b i l i t y  
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SOLUBILIZATION OF PARACETAMOL 189 

changes  t o  t h e  d i e l e c t r i c  c o n s t a n t  changes  of  t h e s e  s o l v e n t  m i x t u r e  

w i t h  and w i t h o u t  d i s s o l v e d  d r u g .  

There  were s e v e r a l  i n t e r e s t i n g  changes  observed  f o r  t h e  d i e l e c t r i c  

c o n s t a n t s  of  t h e s e  sys tems which a i d e d  i n  i n t e r p r e t i n g  some o f  t h e  

s o l u b i l i t y  d a t a  d e t e r m i n e d  i n  t h i s  s t u d y .  

Some v e r y  s u r p r i z i n g  and i n t e r e s t i n g  r e s u l t s  were o b t a i n e d  when 

t h e  number of  moles  o f  d r u g  ( p a r a c e t a m o l )  were d i s o l v e d  p e r  mole of  

s u r f a c t a n t .  I n  t h i s  case, t h e  a v e r a g e  m o l e c u l a r  weight  o f  t h e  common 

name component i n  t h e  s u r f a c t a n t  m i x t u r e  w a s  u s e d .  

MATERIALS AND APPARATUS 

1. Tween 80, Tween 20,  M y r j  53,  Myrj 59, B r i j  59, and R r i j  700 (TCI 

Americas, I n c . ,  W i l l i n g t o n ,  Deleware, U . S . A . ) .  

2 .  P a r a c e t a m o l ,  Sigma Chem. Co.,  S t .  L o u i s ,  M O . ,  U . S . A .  

3. G l y c e r i n ,  J . T .  Baker  Chemical  Co., N . J . ,  U.S.A. 

4 .  P r o p y l e n e  g l y c o l ,  J.T. Baker  Chemical  Co., N.J., 1J.S.A.  

5. E l e c t r i c  oven ,  Blue M .  E l e c t r i c  Co. ,  I l l i n o i s ,  U . S . A .  

6 .  R o t a t i n g  b o t t l e s  a p p a r a t u s  w i t h  t h e r m o s t a t ,  P e r c i s i o n  S c i e n t i f i c  

c o . ,  U.S.A. 

7 .  O s c i l l o m e t e r ,  S a r g e t n  Model V ,  S a r g e n t  and Co., Chicago ,  U . S . A .  

EXPERIMENTAL 

The d i e l e c t r i c  c o n s t a n t s  were d e t e r m i n e d  by t h e  use of a ( S a r g e n t  

Model V )  o s c i l l o m e t e r  by g e n e r a t i n g  a c a l i b r a t i o n  CLII-ve of  known 

d i e l e c t r i c  c o n s t a n t s .  A b s o l u t e  e t h a n o l  ( U . S .  I n d u s t r i a l  Chemica ls  C o . )  

and d i s t i l l e d  w a t e r  were used  i n  s m a l l  i n c r e m e n t s  of c o m p o s i t i o n  

v a r i a t i o n  in o r d e r  t o  d e f i n e  t h e  c a l i b r a t i o n  c u r v e .  The r e a d i n g s  
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190 HAMZA AND PARUTA 

produced € o r  t h e s e  known m i x t u r e s  and known d i e l e c t r i c  c o n s t a n t s  of 

t h e s e  m i x t u r e s  a l lowed f o r  t h e  g r a p h i c  i n t e r p o l a t i o n  of  d i e l e c t r i c  

c o n s t a n t s  f o r  t h e  unknown s o l v e n t  s y s t e m s  used  i n  t h i s  s t u d y .  There  

was some day-to-day v a r i a b i l i t y  i n  t h e  c a l i b r a t i o n  c u r v e s  produced ,  

however, t h e y  tended  t o  e x h i b i t  p a r a l l e l i s m .  

I n  a l l  cases, t h e  10 cc c e l l  w a s  used and r e a d i n g s  ( i n s t r u m e n t  

u n i t s )  v a r i e d  a b o u t  100 u n i t s  o u t  o f  r e a d i n g s  of a b o u t  1 2 , 5 0 0  u n i t s  

f o r  a b s o l u t e  e t h a n o l  and a b o u t  18 ,500  u n i t s  f o r  water ,  T h i s  s i x  

thousand u n i t  s p r e a d  w a s  e q u i v a l e n t  t o  a d i e l e c t r i c  c o n s t a n t  s c a n  of 

L ETOH )‘ 
56.2 ( E I ’ , O  - E  

While t h i s  r a n g e  of 6000 u n i t s  f o r  a b o u t  60 d i e l e c t r i c  u n i t s  s h o u l d  

produce q u i t e  a c c u r a t e  r e s u l t s  (100 units/ l  d i e l e c t r i c  c o n s t a n t  u n i t ) ,  

t h e  v a r i a b i l i t y  w a s  on t h e  o r d e r  of  1 - 2 d i e l e c t r i c  c o n s t a n t  u n i t s .  

Two f a c t o r s  are i n v o l v e d  h e r e ,  one i s  t h e  g r a p h i c  i n t e r p o l a t i o n  where 

l i n e a r i t y  w a s  assumed €or  2.5% V / V  i n c r e m e n t s  o f  a b s o l u t e  e t h a n o l  i n  

w a t e r .  Minor l a b o r a t o r y  t e m p e r a t u r e  f l u c t u a t i o n s  o c c u r r e d  w i t h  changes  

i n  t h e  c a l i b r a t i o n  c u r v e  which showed some skewness  a t  d i e l e c t r i c  

c o n s t a n t  v a l u e s  h i g h e r  t h a n  60. T h i s ,  o f  c o u r s e ,  would b e  d u e ,  t o  t h e  

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

c o n s t a n t  changes  w i t h  t e m p e r a t u r e .  

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

ra ther  v i s c o u s  samples .  However, t h e y  were overcome by d r a i n i n g  t h e  

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

o r  sample t w i c e  and r e a d i n g  t h e  i n s t r u m e n t  v a l u e s  i n  one m i n u t e  

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

The d i e l e c t r i c  c o n s t a n t s  f o r  Tween 20 & 80 were d e t e r m i n e d  over 

t h e  e n t i r e  c o n c e n t r a t i o n  r a n g e .  The o t h e r  s u r f a c t a n t s  and c o s o l v e n t s  

d i e l e c t r i c  c o n s t a n t s  were d e t e r m i n e d  o n l y  a t  t h e  c o n c e n t r a t i o n s  of u s e  

i n  t h i s  s t u d y .  
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SOLUBILIZATION OF PARACETAMOL 1 9 1  

A l l  s o l v e n t  s y s t e m s  w e r e  d e t e r m i n e d  r e l a t i v e  t o  t h e  d i e l e c t r i c  

c o n s t a n t  v a l u e  w i t h  and w i t h o u t  t h e  d r u g ,  p a r a c e t a m o l ,  a t  s a t u r a t i o n .  

The s o l u b i l i t y  r e s u l t s  were d e t e r m i n e d  i n  t h e  u s u a l  manner a t  

2 5 O C  by u s i n g  a n  e q u i l i b r a t e d  ( seven  hour)  sample f i l t e r e d  through a 

0 . 2 2 ~  m i l l i p o r e  s y r i n g e  f i l t e r i n g  assembly .  The w e l l  known i n t e r -  

f e r e n c e  o f  smal l  amounts of  Tweens o r  g l y c e r i n  and p r o p y l e n e  g l y c o l  

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

o f  a d i f f e r e n t i a l  t e c h n i q u e .  A known amount of p a r a c e t a m o l  i n  e x c e s s  

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

a l lowed t o  e q u i l i b r a t e .  The e n t i r e  s a m p l e  was f i l t e r e d ,  and t h e  

r e s i d u e ,  i n c l u d i n g  t h a t  washed o u t  from t h e  s y r i n g e  remained on t h e  

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

weight  i n  an oven set at70°C f o r  4 h o u r s  and was s u b t r a c t e d  

o r i g i n a l  amount p u t  i n  t o  g e t  t h e  s o l u b i l i t y  v a l u e .  T h i s  d i f f e r e n t i a l  

t e c h n i q u e  would g i v e  o n l y  a p p r o x i m a t e  s o l u b i l i t i e s ,  and t h e  i n t e n t  

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

s u r f a c t a n t s  and c o s o l u b i l i z e r s .  The r e s u l t s  were q u i t e  c o n s i s t a n t  

and a r e  d i s c u s s e d  l a t e r .  

from t h e  

RESULTS & DISCUSSION 

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

c o n c e n t r a t i o n s  were d e t e r m i n e d  and t h e  r e s u l t s  are i l l u s t r a t e d  i n  

F i g u r e  1. A t  s a t u r a t i o n ,  p a r a c e t a m o l ,  jg. 1 4  mg/ml d e c r e a s e s  the 

d i e l e c t r i c  c o n s t a n t  of w a t e r  f rom 78.5 t o  70.1.  A s  t h e  c o n c e n t r a t i o n  

d e c r e a s e s ,  t h e  d i e l e c t r i c  cons  tarit i n c r e a s e s  and becomes a s y m p t o t i c  

a t  low c o n c e n t r a t i o n s  and a p p r o a c h e s  t h e  v a l u e  o f  t h e  p u r e  water.  

The d i e l e c t r i c  c o n s t a n t s  o f  Tween 20 and Tween 80 as b i n a r y  

m i x t u r e  o v e r  t h e  e n t i r e  r a n g e  o f  c o n c e n t r a t i o n  w e r e  a l s o  d e t e r m i n e d .  
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192 HAMZA AND PARUTA 

8 0  t 

7 O  t 
I '  " '  " "  ' I '  

2 4 6 8  10 12 14 16 18 20 22 
PARACETAMOL MG.1 ML. 

FIGURE I -  

Fig.1: Effect of Variation of Paracetamol Concentration 
on D i e l e c t r i c  Constant of Water 

The r e s u l t s  are d e p i c t e d  i n  F i g u r e  2 .  Tween 20 m i x t u r e s  w i t h  water 

gave a s t r o n g l y  p o s i t i v e  ( g r e a t e r  t h a n  a d d i t i v e )  c u r v e  p a r t i c u l a r l y  

a t  lower c o n c e n t r a t i o n s .  Tween 80, on t h e  o t h e r  hand seemed t o  be  

e s s e n t i a l l y  i n v a r i e n t  up t o  about  20% V / V  and p o s i t i v e l y  

Between a b o u t  35-55% W/V Tween 80 ( n e g a t i v e l y  d i s p o s e d )  a n  unpourahle  

g e l a n t i n o u s  mass e x i s t s  f o r  which d i e l e c t r i c  c o n s t a n t  v a l u e s  could  

n o t  b e  t a k e n .  The remain ing  c u r v e  i s  n e g a t i v e l y  d i s p o s e d  from a b o u t  

60 - 100% W/V Tween 80. I t  s h o u l d  b e  p o i n t e d  o u t  t h a t ,  c o n c e n t r a t i o n s  

of  2 .5 ,  5 and 10.0% W/V of b o t h  used  i n  t h i s  s t u d y  are a l l  p o s i t i v e l y  

d e v i a t e d  from l i n e a r i t y .  

d e v i a t e d .  
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SOLUBILIZATION OF PARACETAMOL 193 
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FIGURE 2 - 
1 0  2 0  30 40 5 0  60 70 80 90 100 

SURFACTANT CONC. O/o V/V 

F i g . 2 :  E f f e c t  of Tween 20 and  Tween  80 concen t r a t ion  
on Die lec t r ic  C o n s t a n t  of Water. 

The d i e l e c t r i c  c o n s t a n t s  of a l l  t h e  s u r f a c t a n t s  used i n  t h e  

p r e s e n t  s tudy  a t  v a r i o u s  c o n c e n t r a t i o n s  are given i n  Table  I. In  

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

water  system on ly ;  and t h e  s u r f a c t a n t  - water  - drug  s a t u r a t e d  

system. 

The amount of s o l u b i l i z e d  drug  i s  a l s o  shown f o r  t h e  sys tems 

s t u d i e s .  I n  a l l  c a s e s  t h e  d i e l e c t r i c  c o n s t a n t  i n c r e a s e s  w i t h  concen- 

t r a t i o n  excep t  Tween 80 which i s  i n v a r i e n t .  

t h e s e  s t r o n g l y  h y d r o p h i l i c  s u r f a c t a n t s  (h igh  HLB 15 - 18.8) are a l l  

p o s i t i v e l y  dev ia t ed  from l i n e a r i t y ,  and p rov ide  " l o c a l i z e d  environment' '  

This  would i n d i c a t e  t h a t ,  
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194 HAMZA AND PARUTA 

Table I :  D i e l e c t r i c  c o n s t a n t s  of  t h e  s u r f a c t a n t  s o l v e n t  systems 
wi th  and wi thout  Paracetamol and t h e  r e s p e c t i v e  s o l u b i l i t i e s  
(mdml)  

(DRUG CONC.) 
SOLUBILIZER € 1 2  C 123 

CONC. (% W/V) (S  .A. /WATER) (msr),) (S.A./WATER/DRUG) 

Tween 80 2.5 79.0 
5.0 79.0 

10.0 79.0 

Tween 20 2.5 80.6 
5.0 82.9 

10.0 84.2 

Myrj 53 2.5 75.9 
5.0 77.3 

10.0 79.4 

Myrj 59 2.5 76.0 
5.0 77.0 

10.0 77.6 

B r i j  58 2.5 76.1 
5.0 77.6 

10.0 80.9 

B r i j  700 2.5 76.3 
5.0 77.6 

10.0 80.7 

64 
74 
7 7  

52 
68 
97 

64 
69 
78 

62 
63 
67 

62 
62 
6 4  

54 
61 
67 

82.0 
83.1 
84.5 

82.5 
84.6 
85.9 

80.8 
80.8 
81.0 

80.7 
79.0 
79.0 

81.1 
81.0 
81.2 

81.1 
81.0 
81.1 

S.A.  = Surface  Act ive  Agent 

€ = D i e l e c t r i c  Constant 

d i f f e r e n t  from pure aqueous d ipoles .  The amount o f  s o l u b i l i z e d  drug  

u s u a l l y  i n c r e a s e s  wi th  i n c r e a s i n g  s u r f a c t a n t  c o n c e n t r a t i o n  t o  only  ve ry  

small e x t e n t s  such a s  Myrj 59 o r  l a r g e r  e x t e n t s  such a s  Tween 20, 

B r i j  700 and Myrj 53. The i n c r e a s e  i n  s o l u b i l i t y  compared t o  water 

wi th  these  a g e n t s  goes from a low of  3.7/1 wi th  Tween 20 a t  2.5% t o  

a h igh  of about 711 wi th  Tween 20 a t  10%. 

agen t s  i n c r e a s e  t h e  r a t i o  of s o l u b i l i t y  i n  any given system wi th  

r e s p e c t  t o  water between a r a t i o  of about 3.9 - 5.6.  It i s  i n t e r e s t i n g  

t o  n o t e  t h a t ,  t h e  d i e l e c t r i c  c o n s t a n t s  of  t h e  f i n a l  s o l u t i o n s  of both 

The o t h e r  s o l u b i l i z i n g  
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SOLUBILIZATION OF PARACETAMOL 195 

8 5  

8 0  

I- 
f 8 5  
L 
z 
0 
0 8  0 
0 a z 7 5  
rJ 
J w 
n 

7 0  

6 5  

/-. A - 0  

I I I 
2.5 5 10 

SURFACTANT CONC. W / V , '10 

FI OUR€ 3 - 
F i g . 3 :  E f f e c t  of v a r i a t i o n  of S u r f a c t a n t s  C o n c e n t r a t i o n  

w i t h  a n d  w i t h o u t  P a r a c e t a m o l  on D i e l e c t r i c  C o n s t a n t  
of Water. 
A :  Tween 801 Water / drug ; B:Tween 80 / Water. 
c ;  Tween 201 Water drug ; D:Tween 2 0  / Water. 

Tween 80 and Tween 20 - water - drug  showed i n c r e a s e s  i n  va lue  wi th  

t h e  concen t r a t ion  i n c r e a s e .  This sugges t s  t h a t ,  t he  paracetamol 

modified t h e  d i e l e c t r i c  cons t an t  of t h e  s u r f a c t a n t  s o l u t i o n s  t o  

vary ing  degrees .  Except f o r  Tweens (20 & 8 0 ) ,  Myrj and B r i j  compounds 

wi th  paracetamol gave a " l eve l ing"  e f f e c t ,  t h a t  i s ,  v e r y  l i t t l e  change 

i n  va lue  a s  t h e  c o n c e n t r a t i o n  changed. 

Both the  Tweens gave l i n e a r  i n c r e a s e s  of  d i e l e c t r i c  c o n s t a n t s  f o r  

t he  f i n a l  s o l u t i o n s ,  which were g r e a t e r  i n  magnitude than t h a t  of t he  

s u r f a c t a n t  - water  system. These d a t a  a r e  g r a p h i c a l l y  i l l u s t r a t e d  i n  

F igu res  3 and 4 .  
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196 HAMZA AND PARUTA 

I I 
SURFACTANT CONC. %, W / V  

FIGURE 4 - 
F i g . 4 :  E f f e c t  of v a r i a t i o n  of S u r f a c t a n t s  Concent ra t ion  

w i t h  and without  Paracetamol on D i e l e c t r i c  Constant 
of Water. 
A :  B r i j  700 / Water / Drug; B:  B r i j  700 1 Water. 
C :  B r i j  58 1 Water Drug; D :  B r i j  58 Water. 
F :  Myr j  53 1 Water / Drug; H :  M y r j  53 / Water. 
G :  M y r j  59 / Water / Drug; I :  M y r j  59 1 Water. D
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SOLUBILIZATION OF PARACETAMOL 197 

Table  11: D i e l e c t r i c  c o n s t a n t  and p a r a c e t a m o l  s o l u b i l i t y  v a l u e s  f o r  
c o s o l v e n t  b l e n d s  w i t h  and w i t h o u t  Tween 20 ( 1 0  % W / V >  . 

COSOLVENT CSA/H20 CSA/H20/D mg/ml CSA/H20/D/T20 mg/ml 
CONC. ( %  W/V) E 12 E 123 CD E 234 CD 

P r o p y l e n e  
g l y c o l  

20 70 .1  68 .1  
30 65 .2  63.2 
4 0  60.0 59 .3  

99 
87 
90  

G l y c e r i n  

20 72 .0  7 1 . 3  100 
30 6 8 . 1  6 6 . 2  92  
40 6 4 . 0  6 2 . 1  100 

6 6 . 4  
6 3 . 2  
59 .9  

7 0 . 4  
66 .5  
6 1 . 3  

92  
7 4  
75 

7 3  
7 0  
70  

CSA= C o s o l v e n t  

I n  Table  11, t h e  d i e l e c t r i c  c o n s t a n t  and s o l u b i l i t y  d a t a  i s  

g i v e n  f o r  t h e  c o s o l u b i l i z e r s ,  p r o p y l e n e  g l y c o l  and g l y c e r i n  i n  t h e  

p r e s e n c e  and a b s e n c e  o f  10% Tween 2 0 .  The c h o i c e  of Tween 20 a t  a 

c o n c e n t r a t i o n  of  10% W/V r e s i d e d  i n  t h e  f a c t  of  b e i n g  a b l e  t o  d i s s o l v e  

t h e  l a r g e s t  amount of  p a r a c e t a m o l  among t h e  s u r f a c t a n t s  used .  

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

water and g l y c e r i n  - water s y s t e m s  d e c r e a s e d  w i t h  i n c r e a s i n g  concen- 

t r a t i o n  of  c o s o l v e n t .  Parace tamol  i n  t h e  c o n c e n t r a t i o n s  n o t e d  i n  t h e  

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

g l y c e r i n  - water a t  2 0 ,  30 & 40% W/V by small amounts. 

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

i n v a r i a n c e  i n  t h e  c o s o l v e n t  sys tems a l t h o u g h  g l y c e r i n  - water s y s t e m s  

seem t o  b e  s l i g h t l y  b e t t e r  t h a n  p r o p y l e n e  g l y c o l .  When 10% water i s  

r e p l a c e d  by 10% Tween 2 0 ,  t h e  s o l u b i l i t y  d e c r e a s e s .  
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198 HAMZA AND PARUTA 

PERCENT COSOLVENT W / V  
FIGURE 5 - 

F i g . 5 :  Effect of variation of Propylene Glycol and Glycerin 
Concentration on Dielectric Constant of Water. 
A :  Propylene Glycol / Water; B: Propylene Glycol/ 
Water / Drug ; C :  Propylene Glycol/Water/Drug/Tween20. 
D: Glycerin/ Water; E: Glycerin /Water /Drug. 
F :  Glycerin/Water/Drug/ Tween 20. 

The d i e l e c t r i c  c o n s t a n t s  a r e  changed o n l y  by v e r y  minor  amounts  

i n d i c a t i n g  o n l y  a small change i n  o v e r a l l  p o l a r i t y .  

t o  b e  a d r a m a t i c  change i n  t h e  m i c e l l i z a t i o n  p r o p e r t i e s  o f  Tween 20 

i n  t h e  p r e s e n c e  of s e m i p o l a r  s o l v e n t s  such  as g l y c o l s  & g l y c e r i n  

There  would seem 

The s o l u b i l i t i e s  of p a r a c e t a m o l  f o r  a l l  t h e s e  s y s t e m s  have  been  

g i v e n  i n  t h e  a p p r o p r i a t e  t a b l e s  and a re  p l o t t e d  i n  F i g u r e s  6 & 7.  
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2.5 5 10 
SURFACTANT CONC.%W 1 V 

FIGURE 6 - 
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I00 
A 
L 
? 9 0  
c9 
I 

0 0  
J ~ 

Z 
0 
0 

7 0  

- 

2 0  30 40 
PERCENT COSOLVENT W I V  

FIGURE 7 -  

F i g . 7 :  E f f e c t  of v a r i a t i o n  of P r o p y l e n e  G l y c o l  a n d  G l y c e r i n  
C o n c e n t r a t i o n  w i t h  a n d  w i t h o u t  10% W / V  of T w e e n  2 0  
on Paracetamol S o l u b i l i t y  i n  Water. 
A :  G l y c e r i n I W a t e r  ; B : P r o p y l e n e  G l y c o l /  Water. 
C :  P r o p y l e n e  G l y c o l /  T w e e n  20 ;  D :  G l y c e r i n /  T w e e n  20. 

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

w i t h  c o n c e n t r a t i o n  t o  v a r y i n g  d e g r e e s .  

The o n l y  e x c e p t i o n  t o  t h i s  w a s  found f o r  B r i j  58 which w a s  

i n v a r i e n t  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n s .  An i n t e r e s t i n g  a s p e c t  of 

t h e  s o l u b i l i t y  d a t a  w a s  ( e x c e p t  f o r  Tween 20 a t  10%) t h a t  t h e  

magni tudes  of s o l u b i l i t y  d i d  n o t  v a r y  s u b s t a n t i a l l y  which may b e  

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

used ( h i g h  HLB v a l u e s ) .  
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SOLUBILIZATION OF PARACETAMOL 201 

I n  t h e  c a s e  of t h e  c o s o l v e n t s ,  p ropylene  g l y c o l  and g l y c e r i n  

t h e  s o l u b i l i t y  v a l u e s  were above those  achieved by s u r f a c t a n t s  a lone  

and about t h e  same magnitude given p r e v i o u s l y  i n  t h e  presence  of 

s u r f a c t a n t .  Again, i t  can be  po in ted  o u t ,  t h a t ,  t h e  coso lven t  

l i q u i d s  suppres s  m i c e l l e  format ion  and consequent ly  lower t h e  s o l -  

u b i l i z a t i o n  o€ t h e  s o l u t e .  

While i t  i s  recognized  t h a t ,  t h e  s u r f a c t a n t s  used a r e  mix tu res  

of v a r i o u s  components, an average  molecular  weight w a s  o b t a i n e d  f o r  

each one used i n  t h i s  s tudy .  This  was accomplished by de te rmin ing  

t h e  molecular  weight of t h e  common name component such as Polvo- 

xye thylene  50 s t e a r a t e  f o r  Myrj 53  and Polyoxyethylene 20 s o r b i t a n  

momolea te  f o r  Tween 80. 

These v a l u e s  are g iven  i n  Table  I11 i n  te rms  of moles of 

paracetamol d i s s o l v e d  pe r  mole of s u r f a c t a n t  and a r e  i l l u s t r a t e d  

i n  F igu re  8. 

S ince  t h i s  p l o t  gave a s e r i e s  of non- l inear  cu rves ,  t h e r e  a l s o  

seemed t o  be p a r a l l e l i s m  of t h e s e  cu rves  f o r  t h e  i n d i v i d u a l  s u r f a c t a n t s .  

Tween 80 produced a curve  wi th  i n t e r m e d i a t e  v a l u e s  f o r  t h e  r a t i o ,  

w a s  about  p a r a l l e l  t o  t h e  o t h e r  f i v e  cu rves ;  and was used t o  u n i t i z e  

t h e  r e s u l t s .  These a r e  found i n  Table  I11 and p l o t t e d  i n  F igu re  9 .  

These r e s u l t s  show tha t ,Myr j  53  and B r i j  700 have much g r e a t e r  

s o l u b i l i z i n g  power w i t h  r e s p e c t  t o  moles d i s s o l v e d  t o  t h e  e x t e n t  o f  

about two f o l d  and t h r e e  - f o l d  r e s p e c t i v e l y .  

A l l  t h e  o t h e r  s u r f a c t a n t s  have v a l u e s  around seven t e n t h s  t o  

u n i t y  compared t o  Tween 80. There a r e  some impor tan t  p r a c t i c a l  a s p e c t s  

r e l a t i n g  t o  t h i s  work. A l l  t h e  s o l u t i o n s  were kep t  a f t e r  s o l u b i l i t y  

a n a l y s i s  and s t o r e d  a t  ambient tempera tures  i n  o r d e r  t o  n o t e  any 
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SURFACTANT CONC.  % W / V  
FIGURE 8 - 

Fig.8. E f  Lc)ct of v a r i a t i o n  of S u r f a c t a n t s  C o n c e n l r t i t  i o n  o n  
blole/Nole Solubility of Paracc~taniol  in l a t e r .  
A Br1.1 700, B. M y r j  53 , C :  h l y Y < j  59, I) Tween SO, 
E .  T u e e n  20, F B r i J  58. 
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SOLUBILIZATION OF PARACETAMOL 203  

TABLE 111: Moles of Paracetamol dissolved per Mole of surfactant 
and its relation ratio defining Tween 80 as unity. 

SURFACTANT %W/V MOLES PARACETAMOL/MOLE SURFACTANT a (AVE . MOLE WT . ) 

Tween 80 2 .5  
5 . 0  

10.0 

Tween 20 2.5 
5 . 0  

10.0 

Mrij 5 3  2 . 5  
5.0 

10.0 

Mrij 59  2 .5  
5 . 0  

10.0 

Brij 5 8  2 .5  
5 .0  

10.0 

Brij 700 2 . 5  
5 . 0  

10.0 

2 2 . 3  
12 .8  
6 .7  

16 .9  
11.1 

7 .9  

40.9 
22 .4  
12.7 

2 3 . 8  
12 .0  
6 . 4  

18.2 
9 . 1  
4.7 

68.6 
38 .1  
20.9 

R =  1 
R =  1 
R =  1 

R = 0 . 8 0  
R = 0 .87  
R = 1.17 

R = 1.84 
R = 1.75 
R = 1.90 

R = 1.07 
R = 0 .94  
R = 0 .95  

R = 0.82 
R = 0.72 
R = 0.70 

R = 3.08 
R = 2.96 
R = 3.10 

a 
see discussion of  moleculer weight of surfactants 

R = ratio (all values divided by Tween 80 values at a given 
conc. of surfactant) 
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204 HAMZA AND PARUTA 

a - I- B pa  

2.5 5 10 
SURFACTANT CONC?/,W 1 V 

F IGURE 9 -  

F i g . 9 .  Effect of v a r i a t i o n  of Surfactants Concentration 
o n  relatibe number of moles needed to soluhilize 
one mole of Paracetiunol taking T w e e n  80 as unity 
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SOLUBILIZATION OF PARACETAMOL 205 

c o l o r  change. Paracetamol, bo th  hydro lyses  and o x i d i z e s  i n  s o l u t i o n  

t o  a chromophore of p i n k i s h  d i s c o l o r a t i o n  which can  be r e a d i l y  

d e t e c t e d  by v i s u a l  obse rva t ion .  

It would be expected t h a t ,  t h e  s u r f a c t a n t s  would i n c o r p o r a t e  

t h e  parace tamol  i n t o  t h e  m i c e l l e  and p r o t e c t  i t  from o x i d a t i o n .  The 

c o s o l v e n t s  propylene  g l y c o l  and g l y c e r i n  would a l s o  p r o t e c t  t h e  drug  

by suppres s ing  t h e  format ion  of  e l e c t r o n  r i c h  r a d i c a l s  i n  h igh  

concen t r a t ions .  A f t e r  3 months, a l l  of  t h e  s u r f a c t a n t  s o l u t i o n s  have 

remained c l e a r  excep t  f o r  B r i j  58. Th i s  would i n d i c a t e  a s a t i s f a c t o r y  

p r o t e c t i o n  f o r  t h e  drug  from o x i d a t i o n  degrada t ion .  The g l y c e r i n  and 

propylene  g l y c o l  s o l u t i o n s  remained c o l o r l e s s  a f t e r  3 months. 

The mixed sys tems,  g l y c e r i n  o r  propylene  g l y c o l  and Tween 20, 

o p e r a t i n g  wi th  both  mechanisms g iven  above are a l s o  c o l o r l e s s  a f t e r  

3 months. 

Another a s p e c t  of t h i s  d a t a  is t h e  s o l u b i l i t y  enhancement 

achieved wi th  s u r f a c t a n t s ,  c o s o l v e n t s  and s u r f a c t a n t  - c o s o l v e n t  

mixtures .  The c o n c e n t r a t i o n s  of about  60 - 100 mg/ml s u g g e s t s  a t  

t h e  lower end t h e  p o s s i b i l i t y  of  a p e d i a t r i c  dose  form w i t h  300 m g f 5  m l  

as a r e c o n s t i t u t a b l e  form wi th  a s h e l f  l i f e  of a t  l e a s t  3 months a t  

ambient tempera tures .  A t  t h e  h i g h e r  end, 100 mg/ml s u g g e s t s  a 500 mg 

dose pe r  t ea spoonfu l  w i t h  a s t a b i l i t y  of a t  least  3 months a t  2 5 O C  a s  

w e l l .  

By scanning  t h e  d a t a ,  a d e c i s i o n  can be made about a l i q u i d  

fo rmula t ion  by op t imiz ing  t h e  s o l v e n t  system components. 

For example, g l y c e r i n  a t  20% W/V i n  water d i s s o l v e s  100 mg/ml 

which is  b e t t e r  than  any of t h e  s u r f a c t a n t s  i n  any c o n c e n t r a t i o n .  I n  

p repa r ing  a l i q u i d  p e d i a t r i c  form of  t h i s  drug ,  i t  i s  obvious  t h a t  

an a p p r o p r i a t e  s o l u t i o n  should  be prepared  a t  h a l f  - s a t u r a t i o n  
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206 HAMZA AND PARUTA 

(50 mg/ml). Otherwise ,  t h e r e  would b e  some concern  about  t h e  

p o s s i b i l i t y  of  p r e c i p i t a t i o n  w i t h  t h e r m a l  v a r i a t i o n s  below ambient .  

For  t h i s  r e a s o n ,  i t  would b e  q u i t e  d i f f i c u l t  t o  p r e p a r e  s o l u t i o n s  of  

parace tamol  a t  h i g h e r  t h a n  p e d i a t r i c  l e v e l s .  

F u t u r e  s t u d i e s  a re  i n d i c a t e d  i n  terms of  mixed m i c e l l e s  and 

o t h e r  s o l v e n t  sys tems i n  o r d e r  t o  enhance t h e  s o l u b i l i t y  and minimize 

t h e  o x i d a t i o n  of  parace tamol .  
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