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Abstract 

This work is an attempt to enhance the release of 

Ibuprofen by improving its aqueous solubility. This was 

done by dispersinc: the drug in a water soluble carrier 

such as polyethylene glycol (PEG). The solubility was found 

to depend on various factors such as method of preparation, 

carrier weight fraction and molecular weight and the p H  of 

the medium. It was found that dispersions prepared by the 

fusion method gave higher solubilities than those prepared 

- -. 
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2 2 6 4  N A J I 1 3  A N D  S A L E M  

by t h e  s o l v e n t  t e c h n i q u e .  The s o l u b i l i t y  was found t o  v a r y  

w i t h  c a r r i e r  mo lecu la r  we igh t  and i t s  weiqht  f r a c t i o n .  

Decreas ing  t h e  P E G  molecu la r  weight  r e s u l t e d  i n  i n c r e a s -  

ed s o l u b i l i t y .  A polymer t o  d rug  r a t i o  o f  1:l w a s  found 

t o  g i v e  t h e  h i g h e s t  s o l u b i l i t y .  The s o l u b i l i t y  dec reased  

a s  t h e  polymer weight  f r a c i t o n  was i n r r e a s e d  beyond t h i s  

v a l u e .  T h e  s o l u b i l i t y  of  t h e  s o l i d  d i s p e r s i o n  w a s  found 

t o  be pH dependent .  A g r e a t e r  s o l u b i l j t y  was o b t a i n e d  a t  

h i g h e r  pHs t h a n  a t  l o w e r  ones .  T h i s  was a t t r i b u t e d  t o  t h e  

weakly a c i d i c  n a t u r e  of Ibupro fen .  C a l c u l a t i o n  of  t h e  h e a t  

of s o l u t i o n  of t h e  v a r i o u s  systems s t u d i e d  showed t h a t  t h e  

non d i s p e r s e d  d rug  had a h i g h e r  h e a t  of s o l u t i o n  t h a n  t h e  

d i s p e r s e d  sys tems.  T h i s  w a s  t hough t  t c l  be t h e  c a u s e  of t h e  

h i g h e r  s o l u b i l i t y  of t h e  d i s p e r s i o n s  E I S  compared t o  t h e  

o r i g i n a l  drug .  

I n t r o d u c t i o n  

The p r e p a r a t i o n  of  f a s t  r e l r eas l e  s o l i d e  d i s p e r s i o n s  

by f u s i o n  and s o l v e n t  t e c h n i q u e s  h a s  been used t o  enhance 

t h e  d i s s o l u t i o n  p r o p e r t i e s  ( 1 - 5 )  and k l i o a v a i l i a b i l i t y  

( 6 - 9 )  of p o o r l y  w a t e r  s o l u b l e  d r u g s .  P o l y v i n y l p y r r o l i d o n e  

( P V P )  and polyethylene glycol .  ( P E G )  a r e  t h e  most commonly 

used polymers f o r  t h e  p e r p a r a t i o n  of :such d i s p e r s i o n s .  

PVP has  been used t o  enhance t h e  release of a number of 

d rugs  such a s  s u l p h a t h i a z o l e  ( 4 )  , r e s e r p i n e  ( 6 )  and 

indomethacin (11) . The d i s s o l u t i o n  of p r e d n i s o l o n e ,  
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2 2 6 5  R E L E A S E  O F  I B U P R O F E N  

methyletestosterone,digitoxin ( 7 )  and Dicumarol (12) have 

been enhanced by the use of PEG fusion dispersions. 

Ibuprofen is a poorly water soluble drug and there- 

fore its bioavailability would be dissolution rate limited. 

Hence an increase in dissolution rate would result in an 

improved bioavailability. The Noye's-Whitncy equation ( 1 3 )  

states that the dissolution rate of a drug is directly 

related to its equilibrium solubility. In this work an 

attempt is made to increase the aqueous solubility of 

Ibuprofen by dispersing it in an inert water soluble 

carrier such as PEG. The effect of the polymer weight fr#ac- 

tion and polymer molecular weight on the solubility of t'he 

drug is studied. The work also inc:Ludes the determination 

of the effect of the pH on the solubility as well as 

calculation of the heat of solution of the different solid 

dispersionsystems and physical mixtures of the drug and 

the polymer. 

Materials and Methods 

Materials: Ibuprofen, chlorofcrm,sodium hydroxide 

and hydrochloric acid were obtained from Sigma Chemical 

Company U.K. Anhydrous calcium sulphate was obtained froin 

Aldrich Chemical Company USA. PEG :L500, 4000 and 6000 were 

obtained from BDH, U.K. 

Methods: In the preparation of the dispersions 

by the solvent method (l), the required amounts of drug 
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2266 N A J I B  A N D  SALIIPI 

and polymer w'ere we ighed ,  d i s s o l - v e d  i n  t h e  minimum volume 

of  c h l o r o f o r m .  The cho lo ro fo rm w a s  e v a p o r a t e d  o v e r  a 

warm w a t e r  b a t h .  :Fu r the r  d r y i n g  was c a r r i e d  o u t  u n d e r  

anhydrous  c a l c i u m  s u l p h a t e .  All samples  w e r e  examined 

w i t h i n  2 4  h r s  a f t e r  p r e p a r a t i o n .  

D i s p e r s i o n  sys t ems  by t h e  f u s i o n  method ( 1 4 )  w e r e  

p r e p a r e d  by  mix ing  t h e  r e q u i r e d  amount of d r u g  and polymer 

on a watch  g l a s s .  The m i x t u r e  w a s  t h e n  h e a t e d  t i l l  it W ~ S  

c o m p l e t e l y  m e l t e d .  Con t inuous  s t i r r i n g  d u r i n g  t h e  m e l t i n g  

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

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

t h e n  s i z e  r e d u c e d  and t h e  r e q u i r e d  samples  f o r  s o l u b i l i t y  

s t u d i e s  w e r e  t a k e n  f rom t h e  m i x t u r e .  

E u u i l i b r i u m  s o l u b i l i t y  s t u d i e s  w e r e  per formed by 

a d d i n g  an  e x c e s s  of t h e  d r u g  ( O . . O 5 g )  or an amount of t h ' e  

s o l i d  d i s p e r s i o n  which c o n t a i n s  t h i s  q u a n t i t y  t o  10 m l s  

o f  wa te r  a t  t h e  r e q u i r e d  pH p l a c e d  i n  a 25 ml s t o p p e r e d  

c o n i c a l  f l a s k s .  Tlhe f l a s k s  were t h e n  p l a c e d  i n  a s h a k i n g  

w t a t e r  b a t h  a d j u s t e d  t o  t h e  r e q u i r e d  t e m p e r a t u r e .  The 

f l a s k s  w e r e  t h e n  shaken  fo r  2 4  h r s  ( a  t i m e  which w a s  found  

t o  be s u f f i c i e n t  t o  r e a c h  e q u i l i b r i u m ) .  The c o n t e n t s  o f  

t h e  f l a s k s  w e r e  t h e n  t r a n s f e r r e d  t o  a sy r i . nge  and rap id lTj  

f i l t e r e d  t h r o u g h  0 . 3  prn membrane f i l t e r  u n i t  ( m i l l i p o r e  

U . K .  L t d .  London) .  The f i l t r a t e s  w e r e  t h e n  a s s a y e d  f o r  

t h e i r  d r u g  c o n t e n - t s  s p e c t r o p h o t o m e t r i c a l l y  a t  2 6 3  n m .  
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2267 RELEASE OF IBUPROFEN 

Each experiment was repeated at least three times and the 

average values were taken. Physical mixtures of the drug 

and the polymer were prepared by mixing the ingredients 

in a glass morter in a geometric dilution technique till 

the two powders were homogeneously distributed within 

each other and the required samples were then taken from 

the mixtures for solubility studies. A drug: PEG 6000 

(1:3) prepared by the fusion method. was, unless otherwise 

stated, used in a l l  studies. 

Results and Discussion 

Fig. 1, shows the effect of the composition and 

technique of preparation of the solid dispersion on the 

equilibrium solubility of Ibuprofen. It is evident from 

the figure that both the solvent and the fusion techniquies 

produced graphs of similar shapes. In both cases the 

solubility begins to increase as the polymer weight 

fraction is increased till it reaches a maximum value at 

polymer to drug ratio of 1:1. At polymer weight fraction 

qrcatcr than this ratio the solubility decreases .  The 

figure also shows that greater solubilities were obtained 

€or dispersion prepared by the fusion technique compared 

with those prepared by the solvent technique. This 

difference in solubilities could be due to the different 
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2268 N A J I B  A N D  SAL,EM 
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RELEASE OF IBUPROFEN 2269  
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log M 

Figure 2. 

The relationship between solubility and logarithm of 
PEG molecular weight (log M). 

crystalline structures and hence (energies of the disper- 

sed systems obtained by these techniques (15,16). 

The solubility of Ibuprofen from dispersions prep- 

ared with PEG of different molecu.lar weight is shown in 

fig.2. It can be noted from the figure that the so1ubi:L- 

i t y  of the drug increased with decreasing polymer molceu- 

lar weight. Simlar findings have been reported for the 

release of hydrof lumethiazide from PEG rnelt systems (17) 
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2 2 7 0  N A J I B  AND SALEM 

0.08 

0.06 

0.04 

0.02 

F i g u r e  3 .  

The e f f e c t  of t e m p e r a t u r e  on s o l u b i l i . t y  of i b u p r o f e n  

from d i f f e r e n t  s y s t e m s  1) Drug:PEG 1500 D i s p e r s i o n  

2 )  Drug:PEG 4 0 0 0  D i s p e r s i o n  3 )  Druc7:PEG 6000 D i s p e r s -  

i o n  4 )  Drug:PEG P h y s i c a l  mix 5 )  Drug. 

and s u l p h a t h i a z o l  f rom P V P  d i s p e r s i o n s  ( 1 8 ) .  I n  o r d e r  t o  

e x p l a i n  t h e s e  f i n d i n g s  I t h e  e f  fed: of t e m p e r a t u r e  on s o l u b -  

i l i t y  w a s  s t u d i e d  .. 

The e f f e c t  o f  t e m p e r a t u r e  on s o l u b i l i t y  w a s  d e t e r -  

mined f o r  d i s p e r s i c n s  p r e p a r e d  w i t h  v a r i o u . ~  m o l e c u l a r  

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

p h y s i c a l  m i x t u r e  o f  t h e  d r u g  and  t h e  polymer. F i g .  3 
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RELEASE OF IBUPROFEN 2271 

3 0  31 32 '3 3 34 35 

1 4 
- x 10 
T 

F i g u r e  4 .  

The v a n ' t  H o f f  p l o t  of t h e  v a r i o u s  systems 1) Drug:PEG 

1500 D i s p e r s i o n  2 )  Drug:PEG 4000 D i s p e r s i o n  3 )  Drug:PEG 

6 0 0 0  D i s p e r s i o n  4 )  Drug:Phys ica l  rnix 5 )  Drug. 

shows t h e  r e s u l t s  o b t a i n e d .  I t  i s  e v i d e n t  from t h e  

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

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

p r o c e s s  i s  endo the rmic ,  t h u s  h e a t  i s  absorbed  when t h e  

drug d i s s o l v e s .  F i g .  4, i s  t h e  v a n ' t  Hoff p l o t  f o r  t h e s e  
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2272 N A J I B  A N D  SALEM 

TABLE 1. 

F e a t  of s o l u t i o n s  0-F: t h e  v a r i o u s  sys tems used .  

Drug 

Drug-PEG E'hysical mix 

Drug:I"EG 6000 d i s p e r s i o n  

Drug : P E G  4000 d i s p e r s i o n  

Drug:PEG :L500 d i s p e r s i o n  

19.128 

16.081 

5.614 

3.679 

4.056 

sys tems.  It  can be  seen  from t h e  f i g u r e  t h a t  l i n e a r  p l o t s  

w e r e  o b t a i n e d  i n  a1.1 c a s e s .  The h e a t  (of s o l u t i o n  was 

c a l c u l a t e d  from t h e  s l o p e s  of t h e s e  p l o t s .  T h e  v a l u e s  

o b t a i n e d  a r e  shown i n  t a b l e  1. 

The healt of s o l u t i o n  a s  i n d i c a t e d  from t h e  t a b l e  

was h i g h e s t  f o r  t h e  pu re  drug  fo l lowed  by t h e  p h y s i c a l  

m i x t u r e  and t h e n  t h e  s o l i d  d i s p e r s i o n s .  D i s p e r s i o n s  

p repa red  w i t h  t h e  h i g h e r  molecu la r  weight  f r a c t i o n s  have 

h i g h e r  h e a t  o f  s o l u t i o n s  t h a n  t h o s e  p repa red  w i t h  t h e  

lower ones .  Higher  h e a t  of s o l u t i o n  a re  a s s o c i a t e d  w i t h  

h i g h  l a t t i c e  ene rgy  and t h e r e f o r e  a l a r g e  amount of h e a t  

has tobe  absorbed  b e f o r e  d i s s o l u t i o n  t a k e s  p l a c e .  There-  

f o r e  a s  t h e  s o l i d  d i s p e r e s e d  sys tems e x h i b i t e d  lower 
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RELEASE OF I B U P R O F E N  2 2 7 3  

0.08 

0.06 

0.04 

0.02 

Drug dispersion 

Physical mix  
Druq alone 

2 4 6 a 10 

PH 

Figure 5. 

Effect of pH on the solubility of drug and drug:PEG 
physical m i x  and dispersion. 

heat of solutions, they showed a greater (aqueous solubi- 

lities. Fig. 5, shows the effect. of pH on the solubility 

of Ibuprofen, Ibuprofcn-PEG physical mix and Ibuprofen- 

PEG solid dispersion. The figure shows that at any one 

pH the solubility of the dispersed systems was higher 

than that of t.he physical mixture or the drug alone. 

However the solubility-pM profile was identical in all 

cases. The solubility was low at low pHs and then incre- 

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

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



2274  N A J I B  A N D  SA1,E.M 

ased as the pH increased to pH 8. At p H  values greater 

than 8 the solubil ity remained constatnt. This behaviomr 

is to be expected since Ibuprofen is a weak acid. Henc'e 

it will be weak1.y ionised at low pHs and fully ionised 

in alkaline media. 

In conclusion the equilbrium solubi.lity of Ipupro- 

fen was found to increase by dispersing the drug in an 

inert water so1u:bl.e carrier such as P E G .  An optimum 

ratio of drug to polymer which produced the highest 

solubility was found to be 1:l.. The solubility was found 

to be higher with lower molecular weight fractions of 

PEG than the higher ones. The increase in solubility 

of the solid dispersions could be partly due to the 

dispersed systems having lower heat of solutions than 

either the p ' h y s i c a l  mixture or the drug. 
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