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ABSTRACT 

The i n c r e a s e  i n  t h e  aqueous s o l u b i l i t y  o f  pa race tamol  by t h e  

u s e  of v a r i o u s  h y d r o t r o p e s  was s t u d i e d .  

These a g e n t s  were sodium g l y c i n a t e ,  sodium g e n t i s a t e ,  sodium 

s a l i c y l a t e  andnicodnamide.  A l l  o f  t h e s e  a g e n t s  i n c r e a s e d  t h e  

aqueous s o l u b i l i t y  t o  v a r y i n g  d e g r e e s ,  w i t h  n i c o t i n a m i d e  and sodium 

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

* - ** Correspondence 
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1578 HAMZA AND PARUTA 

A conductance pa rame te r  w a s  i n v e s t i g a t e d  as  a mean of a i d i n g  

i n t e r p r e t a t i o n  of t h e  s o l u b i l i t y  d a t a .  Dielectric c o n s t a n t s  c o u l d  

o n l y  b e  de t e rmined  i n  t h e  n i c o t i n a m i d e  sys t ems .  

U l t r a - v i o l e t  s p e c t r a l  a n a l y s i s , T L C ,  i n f r a - r e d ,  and NMR t e c h n i -  

ques were u t i l i z e d  i n  o r d e r  t o  e l u c i d a t e  t h e  s o l u b i l i t y  mechanism. 

These t es t s  i n d i c a t e  t h a t  no s p e c i a l  bonding o r  complex f o r m a t i o n  

exis ts  f o r  t h e  sodium salt  h y d r o t r o p e s  i n  t h e s e  p r e l i m i n a r y  work. 

There is  some ev idence  from UV ti TLC a n a l y s i s  t h a t  n i c o t i n a m i d e  and 

pa race tamol  e n t e r  i n t o  complex f o r m a t l o n .  

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

mechanism o f  s o l u b i l i z a t i o n  i s  one of " s a l t i n g  - i n "  by c a u s i n g  

m i s c i b i l i t y  of two f o r m a l l y  immisc ib l e  l i q u i d  p h a s e s  of t e r n a r y  

s y s  terns. 

INTRODUCTION 

Pha rmaceu t i ca l  sys t ems  have invo lved  s a l t s  of o r g a n i c  a c i d s  as 

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

d rugs .  These s o l u b i l i z i n g  a g e n t s  are known as  h y d r o t r o p e s  o r  hydro- 

t r o p i c  a g e n t s .  

The l a r g e  amounts of h y d r o t r o p i c  a g e n t  needed t o  b r i n g  a b o u t  

i n c r e a s e d  s o l u b i l i t y  of s p a r i n g l y  s o l u b l e  d r u g s  were c o n s i d e r e d  as 

an i n d i c a t i o n  f o r  a n o t h e r  mechanism t h a n  micellar s o l u b i l i z a t i o n .  

Some workers  have sugges t ed  t h a t  v a r i o u s  forms of b i n d i n g  between 

s o l u b l i z a t e  and h y d r o t r o p e  molecu le s  would o c c u r .  Ueda ( 1 , 2 )  

proposed t h a t  b o t h  f a c t o r s  of complex f o r m a t i o n  and s a l t i n g  i n .  

played a p a r t  i n  t h e  h y d r o t r o p i c  p r o p e r t i e s  as shown by s o d i u m  

benzoa te .  
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ENHANCED SOLUBILITY OF PARACETAMOL 1579 

Lawrence andFkarson(3) have s t u d i e d  t h e  i n f l u e n c e  of a h y d r o t r o p e  

on a s u r f a c t a n t  - s o l u b i l i z a t e  system. They i n d i c a t e d  t h a t ,  t h e  

a d d i t i o n  of low h y d r o t r o p e  c o n c e n t r a t i o n s  i n c r e a s e d  t h e  two l i q u i d  

r e g i o n s  i n d i c a t i n g  a s a l t i n g  - o u t  which they  compared t o  s imi l a r  

s a l t  e f f e c t  sugges t ed  by Klevens ( 4 ) .  Higher c o n c e n t r a t i o n s  of a 

h y d r o t r o p e  caused a s a l t i n g  - i n ,  y i e l d i n g  an i n c r e a s e  i n  t h e  a r e a  of 

t h e  phase diagram which showed an i s o t r o p i c  s o l u b i l i z e d  sys t em.  

The e f f e c t  of l a r g e  c o n c e n t r a t i o n s  of sodium b e n z o a t e  on t h e  

s o l u b i l i t y  of c a f f e i n e  i s  a c lass ic  example of hydro t ropy  a p p l i e d  t o  

a pha rmaceu t i ca l  system (5) .  I n  a d d i t i o n ,  s o l u b i l i z a t i o n  o f  b e n z o i c  

a c i d  w i t h  sodium b e n z o a t e  and t h e o p h y l l i n e  w i t h  sodium a c e t a t e  and 

sodium g l y c i n a t e  are  o t h e r  examples ( 6 , 7 ) .  

The p r e s e n t  s t u d y  was unde r t aken  t o  i n v e s t i g a t e  t h e  i n f l u e n c e  

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

pa race tamol .  

EXPERIMENTAL 

1 2 3 
Materials: Pa race tamol  , sodium s a l i c y l a t e  , sodium g e n t i s a t e  , 

sodium g l y c i n a t e  , n i c o t i n a m i d e  , s i l i c a  g e l  LK6DF, m i n e r a l  o i l  , 4 5 7 

Sigma Chemical Company, S t .  L o u i s ,  MO. ,  U.S.A.  

Amend Drug and Chemical Co., N . J . ,  U . S . A .  

Sigma Chemical Company, S t .  L o u i s ,  MO, U.S.A. 

Sigma Chemical Company, S t .  L o u i s ,  MO., U.S.A. 

Metheson Coleman and B e l l ,  d i v i s i o n  o f  Metheson Company, I n c .  

Norwood ( C i n c i n n a t i )  , U . S . A .  

Whitman Chemical S e p a r a t i o n  I n c . ,  C l i f t o n ,  N . J . ,  U.S.A. 

Chemalog Chemical Dynamics  C o r p o r a t i o n ,  P l a i n f i e l d ,  N . J . ,  U.S.A. 

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1580 HAMZA AND PARUTA 

potassium bromide8, chloroform9 , methanol", d6-acetonel1,  and 

de ter ium o x i d e  . 12 

S o l u b i l i t y  Determinat ion:  This w a s  achieved by use  of t h e  

s y n t h e t i c  s o l u b i l i t y  method. I n  t h i s  method, g r a d u a l l y  i n c r e a s i n g  

weights  of paracetamol  were p laced  i n  g l a s s  ampoules fol lowed by t h e  

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

t o  a b o i l i n g  water ba th .  Heat ing w i t h  o c c a s i o n a l  v i g o r o u s  shaking  i s  

cont inued t i l l  c l e a r  s o l u t i o n  were obta ined .  The ampoules w e r e  

removed and kept  undis turbed  a t  ambient tempera tures  f o r  t e n  days .  

where t h e  maxiwm c o n c e n t r a t i o n  of t h e  drug  t h a t  remained c l e a r  and 

beyond which no p r e c i p i t a t i o n  occurred  w a s  t aken  as  t h e  s o l u b i l i t y  of 

t h e  drug.  The weight  increment  i n  t h e  serial s o l u b i l i t y  v i a l s  w a s  

about  2 .5  mg/ml. 

Thin - Layer Chromatography: A p l a t e  of  s i l i c a  g e l  LK6DF w a s  

used where t h e  aqueous s o l u t i o n s  of t h e  h y d r o t r o p i c  a g e n t s  a l o n e  as  

w e l l  as s o l u b i l i z e d  paracetamol  i n  presence  of each a g e n t  were 

s p o t t e d  on t h e  base  l i n e  w i t h  t h e  a i d  of microdropper .  Then, t h e  

p l a t e  was l e f t  f o r  twenty minutes  t o  d r y ,  t r a n s f e r r e d  t o  s o l u t i o n  j a r  

where a s o l v e n t  system composed of chloroform - methanol (9O:lO V / V >  

was al lowed t o  r u n  f o r  20  CM. h e i g h t  t o  e f f e c t  s e p a r a t i o n .  L a s t l y ,  

t h e  p l a t e  w a s  t r a n s f e r r e d  t o  an  oven main ta ined  a t  105 C f o r  5 
0 

Beckman R I I C  Ltd . ,  London, England 

MCB Manufacturing Chemicsts,  I n c . ,  C i n c i n n a t i ,  OH.,  U.S.A. 

MCB Manufacturing Chemist, Inc.  , C i n c i n n a t i ,  OH, U.S.A. 

Wilmad Glass Co., Inc.  Buena, N J ,  U . S . A .  

Sigma Chem. Co., S t .  Louis ,  MO., U.S.A. 
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ENHANCED SOLUBILITY OF PARACETAMOL 

minutes  and then  s u b j e c t e d  t o  i o d i n e  vapours  f o r  v i s u a l i z a t i o n  of 

s p o t s .  

determined.  

The l a t t e r  were o u t l i n e d  and t h e i r  r e s p e c t i v e  5 v a l u e s  were 

Spec t roscopic  S t u d i e s :  S o l u t i o n s  of t h e  h y d r o t r o p i c  a g e n t s ;  

sodium s a l i c y l a t e ,  sodium g l y c i n a t e ,  sodium g e n t i s a t e  and n i c o t i n a m i d e  

i n  water as  w e l l  as  t h e  s o l u b i l i z e d  aqueous systems of paracetamol  

prepared  wi th  each of t h e s e  a g e n t s  were subjected t o  s p e c t r o p h o t o m e t r i c  

measurements i n  t h e  U.V.  r ange  u s i n g  a spec t rophotometer  . 13 

Infra-Red S t u d i e s :  Samples of t h e  h y d r o t r o p i c  a g e n t s  as  w e l l  as 

t h e  p r o d u c t s  of f reez-dry ing  of s o l u b i l i z e d  paracetamol  w i t h  t h e s e  

a g e n t s  weresubjected t o  I . R .  measurements. Only 5 mg of each sample 

was mixed wi th  100 mg of potass ium bromide and compressed as 

d i s c s  and measured by a spec t rophotometer  . Those samples c o n t a i n i n g  

sodium g l y c i n a t e  e i t h e r  a l o n e  o r  as  L y o p h i l i z e d  powder of s o l u b i l i z e d  

paracetamol  w i t h  t h i s  agent  were measured as  a t h i n  f i l m  i n  m i n e r a l  

o i l  due t o  i t s  v i r t u a l  i n s t a n t n e o u s  h y g r o s c o p i c i t y .  

14 

15 

NMR S t u d i e s :  60 mg of Lyophi l ized samples of s o l u b i l i z e d  

paracetamol  w i t h  sodium g l y c i n a t e ,  sodium s a l i c y l a t e ,  sodium 

g e n t i s a t e  and n ico t inamide  as w e l l  a s  t h e  i n d i v i d u a l  components of 

each experiment  were d i s s o l v e d  i n  deuter ium o x i d e  and t h e  NMR 

s p e c t r a  w e r e  recorded on a spec t rometer  1 5 .  

were i n i t i a l l y  scanned,  and then  s i g n a l s  of i n t e r e s t  were recorded  

The complete s p e c t r a  

l 3  

l4  

l 5  

Perkin  E l m e r  - H i t a c h i  200, H i t a c h i  Ltd ,  Tokyo, Japan 

Freez-dryer 18 Labconco, J e f f e r s o n  S c i e n t i f i c  Hillwood, I L ,  U . S . A .  

Varian Ins t ruemnt  Groups, Florhann,  N J ,  U.S.A.  
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1582 HAMZA AND PARUTA 

t h r e e  times t o  o b t a i n  t h e  l i n e  width a t  h a l f  - he igh t .  The l i n e  

widths  thus  measured were es t imated  t o  be  a c c u r a t e  t o  5 0.1 HZ. 

The normal ope ra t ing  probe temperature  w a s  kept  a t  0 C.  
0 

ELECTRICAL STUDIES 

Nicotinamide i n  aqueous s o l u t i o n s  could be  determined r e l a t i v e s  

t o  i t s  d i e l e c t r i c  cons t an t  va lues  of t he  use  of t h e  o s c i l l o m e t e r .  

The t h r e e  sodium sa l t s ,  g e n t i s a t e ,  g l y c i n a t e  and s a l i c y l a t e  were 

a l s o  determined on the  osc i l lometer16  by measuring the  number of 

u n i t s  r equ i r ed  t o  n u l l  t h e  instrument  needle .  This  w a s  done a t  

ambient temperatures ,  i .e .  23 - 25 C. These measurements were 

taken (R-values) on both t h e  hydro t rop ic  agen t s  s o l u t i o n s  and 

those  s o l u t i o n s  a t  paracetamol s a t u r a t i o n .  

0 

Due t o  t h e  h igh  concen t r a t ion  of t hese  agen t s  i n  aqueous s y s t e m s ,  

t he  proper ty  be ing  measured i n  some func t ion  o f  conduc t iv i ty .  It 

would be p o s s i b l e  t h a t  some s p e c i f i c  abso rp t ive  e f f e c t s  (concent ra t ion  

dependent) could t ake  p l ace  and cause some small h e a t i n g  conv ic t ion  

c u r r e n t s  i n  the  pos i t i oned  c e l l .  This  w a s  minimized by t ak ing  

readings  quick ly ,  us ing  the  same geometry ( c e l l  p o s i t i o n ) ,  and 

r i n s i n g  wi th  small amounts of sample p r i o r  t o  determining the  

R-values. Typica l ly ,  conductance would be given i n  micronmicro- 

f a rads ,  bu t  t h e  R-value, though ins t rumenta l  i n  n a t u r e  i s  cons idered  

t o  b e  s e l f - c o n s i s t a n t  and u s e f u l  f o r  t hese  types of s o l u t i o n s .  

l6 Sargent Chemical Osc i l lometer ,  Model V ,  Sargent  and Co., 

Chicago, I L ,  U . S . A .  
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ENHANCED SOLUBILITY OF PARACETAMOL 1583 

Data w a s  a l s o  compiled as  a f u n c t i o n  of t h e  c o n c e n t r a t i o n  of 

t h e  h y d r o t r o p i c  a g e n t ,  u s u a l l y  abou t  10 - 40% W/V and t h e  comments 

given above a l s o  app ly .  

RESULTS AND DISCUSSION 

The r e s u l t s  of t h e  s o l u b i l i t y  s t u d y  are g i v e n  i n  Table  I.  

The s o l u b i l i t y  of pa race tamol  is  abou t  15 mg/ml i n  water a t  

ambient t empera tu res .  It can be  s e e n  t h a t  t h e  s o l u b i l i t y  v a l u e s  

ob ta ined  w i t h  t h e s e  a g e n t s  v a r i e d  over  a wide r ange .  Sodium 

g e n t i s a t e  a t  20% W/V c o n c e n t r a t i o n  g i v e s  about  a 1.33 f o l d  i n c r e a s e  

i n  s o l u b i l i t y  whereas  n i c o t i n a m i d e  i n c r e a s e  s o l u b i l i t y  by 15-fold 

when expres sed  i n  mg/ml. 

The s o l u b i l i z i n g  c a p a c i t y  i s  e s s e n t i a l l y  a n  e f f i c i e n c y  e x p r e s s i o n  

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

l i z i n g  power, fol lowed by sodium s a l i c y l a t e ,  sodium g l y c i n a t e  and 

sodium g e n t i s a t e .  

O s c i l l o m e t r i c  S t u d i e s  - These s t u d i e s  were unde r t aken  t o  

de t e rmine  i f  a p o s s i b l e  mechanism of hydro t ropy  could be found.  

F i g u r e  1 d e p i c t s  t h a t ,  i n  case of sodium salts  ( g e n t i s a t e ,  

s a l i c y l a t e ,  g l y c i n a t e ) ,  when t h e  d rug  w a s  added as t h e  t h i r d  

component, t h e  conductance (R-value) i s  dec reased  p robab ly  i n d i c a t i n g  

a r e p r e s s i o n  of d i s s o c i a t i o n  of t h e  sodium s a l t s .  

The "hydro t rop ic"  a c t i o n  of t h e s e  s u b s t a n c e s  p robab ly  r e s i d e s  

i n  s e v e r a l  o p e r a t i v e  mechanisms. 

would cause  t h e  "release" of aqueous d i p o l e s  t o  t h e  medium and create 

a s l i g h t l y  less p o l a r  environment i n  t h e  o v e r a l l  s o l u t i o n .  S ince  

The s l i g h t  d i s s o c i a t i v e  r e p r e s s i o n  
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1584 HAMZA AND PARUTA 

Table I: Influence of Certain Hydrotropes on Synthetic Solubility 
of Paracetamol in Water 

SOLUBILIZED SOLUBILIZING CAPACITY 
PARACETAMOL MOLE PARACETAMOLI 

SOLUBILIZER % (WIV) (mg Iml ) MOLE HYDROTROPE 

a 1- Sodium Gentisate 1 
Water System 20 20.0 

30 32.5 
40 50.0 

2- Sodium Salicylatea/ 
Water System 

3- Sodium Glycinatel 
Water System 

4-  Nicotinamidea/ 
Water System 

20 
30 
40 

60.0 
90.0 
90.0 

20 90.0 
30 100.0 
40 112.5 

20 150.0 
30 150.0 
40 225.0 

0.116 
0.126 
0.146 

0.318 
0.318 
0,239 

0.289 
0.257 
0.161 

0.609 
0.404 
0.455 

a = These solutions at all concentrations were yellowish or p i n k i s h  
off-color prior to solubilizing drug. 

these organic salts can enter into various interactions such as Keesom, 

Debye and London type, it would be expected that the frequency of 

these depend on concentration of the hydrotropic agent. This is 

the general trend of increase in solubility of paracetamol with 

increased concentrations of hydrotropic agent. It would also be 

expected that, at these high concentrations of 20 - 40% W/V, these 
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ENHANCED SOLUBILITY OF PARACETAMOL 
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1585 
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m 
. 

- 
20 30 40 

HYDROTROPIC AGENT 46 W/V 

F i g . 1  : E f f e c t  of v a r i a t i o n  of H y d r o t r o p i c  Agents 
Concen t r a t ion  o n  R- Value o f  Water .  

salts, whi le  i o n i z e d  would n o t  be completely d i s s o c i a t e d ,  and. 

could a c t  a s  d i p o l a r  s p e c i e s  i n  s o l u t i o n  i . e . ,  i o n - p a i r s .  

Nicot inamide,  on t h e  o t h e r  hand, i l l u s t r a t e d  some i n t e r e s t i n g  

e f f e c t s .  I n  c o n c e n t r a t i o n s  of 20 - 40% W/V, nicot inamide  s o l u t i o n s  

have o n l y  a v e r y  s m a l l  e f f e c t  on d i e l e c t r i c  c o n s t a n t  of w a t e r ,  be ing  

o n l y  a few t e n t h s  below pure  water  as shown i n  Table  11. A t  concen- 

t r a t i o n s  of 10 - 20% W/V, a lmost  no change i s  evidenced i n  t h e  

d i e l e c t r i c  c o n s t a n t  of water. 
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1586 HAMZA AND PARUTA 

Table 11. Influence of Hydrotropic Agents on Electrical Charact- 
istics of Water and Solubilized Paracetamol System 

R-VALUES~ 
WITHOUT PARACETAMOL 

HYDROTROPIC AGENT % (W/V) WITH PARACETAMOL (I.E. IN WATER) 

1-Sodium Gentisate 20 
30 
40 

2-Sodium Salicylate 20 
30 
40 

3-Sodium Glycinate 20 
30 
40 

4-Nico t inamide 20 
30 
40 

24066 
24080 
24125 

23982 
23996 
24043 

23960 
24046 
24097 

24085 
24 150 
24230 

24 104 
24288 
24339 

23980 
24125 
24 140 

b EC123 Value E 12 Value 

85.2 
86.2 
85.8 

77.8 
77.8 
77.7 

a R-Value = Instrument reading 

El23 Value = Dielectric Constant of solubilized paracetamol in water 
with nicotinamide 

C El2 Value = Dielectric constant of nicotinamide in water 

However, nicotinamide was found to dissolve large amounts of 

paracetamol, varying from about 1.5 to 4.5 times as much as the 

other agents used. 

A surprising phenomenon was observed €or these ternary systems 

of paracetamol - water - nicotnamide. All of these saturated 

systems at 20, 30 and 40% W/V nicotinamide concentration, the dielectric 
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ENHANCED SOLUBILITY OF PARACETAMOL 1587 

cons tan t  w a s  s u b s t a n t i a l l y  g r e a t e r  than 78.5 ( t h e  va lue  of pure water 

a t  25OC).  

Since i t  was known t h a t  n ico t inamide  i n  concen t r a t ions  of 

20 - 40% W/V had very  l i t t l e  e f f e c t  on d i e l e c t r i c  cons t an t  of water, 

t he  added paracetamol i n  r a t h e r  h igh  concen t r a t ion  up t o  a s a t u r a t e d  

s o l u t i o n  must be involved.  It is  d i f f i c u l t ,  a t  t h i s  stage,  t o  sugges t  

a mechanism f o r  t h i s  i nc rease  i n  d i e l e c t r i c  cons tan t  when i t  i s  known 

t h a t  paracetamol i n  low concen t r a t ion  ( 1 4 . 2  mg/ml) decreases  t h e  

d i e l e c t r i c  cons t an t  of water by about  8.5 u n i t s .  Y e t ,  concen t r a t ions  

of  150-225 mg/ml appa ren t ly  inc rease  t h e  d i e l e c t r i c  cons t an t  of water 

by inc reas ing  i t s  va lue  by 8-9 u n i t s .  Fu r the r  s t u d i e s  may a i d  i n  

e l u c i d a t i n g  more p r e c i s e l y  t h e  ope ra t ive  mechanism r e l a t i n g  t o  t h e  

above phenomenon. 

U l t r a -v io l e t  s p e c t r a l  a n a l y s i s  of f r e s h l y  prepared s o l u t i o n s  and 

the  r e s u l t a n t  peaks are given i n  Table 111. 

Paracetamol i n  water g ives  a peak a t  245 nm. Sodium g l y c i n a t e  

would n o t  possess  a W s p e c t r a ;  and mixtures  of paracetamol - sodium 

g l y c i n a t e  - water g i v e  only  the  paracetamol peak a t  244 nm, as 

expected. Thus, no formation occurs  i n  t h i s  system. In  

t h e  case  of sodium g e n t i s a t e  - paracetamol - w a t e r  system, t h e  

g e n t i s a t e  peak a t  319 nm remains cons t an t ,  bu t  t h e  paracetamol peak 

of 245 nm. undergoes a s l i g h t  hypsochromic s h i f t  t o  229 nm. While 

t h i s  does i n d i c a t e  an e l e c t r o n i c  change i n  t h e  paracetamol molecule;  

t h e r e  i s  no concurren t  change i n  t h e  g e n t i s a t e  molecule.  This  

m i  t i g a t e s  a g a i n s t  "complex" format ion  i n  t h i s  system. 

The sodium s a l i c y l a t e  - paracetamol - water system is  somewhat 

more complex. For these  s p e c t r a ,  t h i s  is  a noted ba thochranic  
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1588 HAMZA AND PARUTA 

Table 111: U.V. Spectral Analysis ofH@-mtrcpicAgents With and Without 
Solub ilized Parace tamol 

SYSTEM PEAK, N.M. 

ParacetamolIWater 
Sodium Glycinate/Water 
Sodium Gentisatelwater 
Sodium SalicylateIWater 
Nicotinamide/Water 

Paracetamol/Sodium GlycinateIWater 
Paracetamol/Sodium Gentisatelwater 
Paracetamol/Sodium SalicylateIWater 

Paracetamol/Nicotinamide 

245 nm. 

319 nm. 
292 nm. 

263 nm. 

244 nm. 
229 nm. 319 nm 
257 nm. 325nm. 

292 nm. 

shift of 12 nm. for the paracetamol and a 33 nm. shift for the 

salicylate. Although it seems that electronic changes (chromophores) 

are occuring with both substances in solution, there are only 

modifications in where the peaks occur and not in their abolution. 

The nicotinamide - paracetamol - water system was unique among 
those studied. 

In this case, both the paracetamol and nicotinamide "normal" 

peaks are dramatically shifted bathochromically by 47 nm and 29 nm 

respectively. 

The apparent "loss'' of both the paracetamol 244 nm peak and 

the nicotinamide 263 nm peak indicates the formation of a new chromo- 

phore (or complex) with different electronic make-up. 
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ENHANCED SOLUBILITY OF PARACETAMOL 1589 

E luc ida t ion  of S o l u b i l i z a t i o n  Mechanism: 

A complete s tudy  us ing  th in - l aye r  chromatography, i n f r a - r ed  

spectrum and NMR c h a r a c t e r i s t i c s  w e r e  c a r r i e d  o u t  i n  o rde r  t o  e l u c i d a t e  

the  s o l u b i l i z a t i o n  mechanism of paracetamol  wi th  the  hydro t ropes .  

Each s o l u b i l i z e d  system w a s  i n v e s t i g a t e d  s e p a r a t e l y  comparable wi th  

i n d i v i d u a l  components and t h e  r e s u l t s  ob ta ined  are shown i n  Tables  

I V  and V. The NMR and I R  measurements were done f o r  l yoph i l i zed  

samples of s o l u b i l i z e d  paracetamol wi th  t h e  hydro t ropes .  

(I) paracetamol:  

It  is  obvious t h a t  t he  determined R of paracetamol equa l s  0 .43  F 
-1 

while  t h e  c h a r a c t e r i s t i c  shoulders  i n  I . R .  are a t  1180 cm 

rep resen t ing  a c e t a t e  group, a t  1400 - 1600 cm denot ing a romat ic  

group, a t  1650 c m  

t h a t  s h i e l d s  the  614 group. 

-1 

-1 -1 
f o r  (c=o) group and a t  3100 c m  f o r  (co-m2) group 

The NMR s t u d i e s  of paracetamol i n  d6-acetone show a peak of 

2= 2.5 denot ing  (CH3) :roup, another  peak 2 = 4.8 t h a t  r e p r e s e n t s  

both the  &€I) and (09 groups and a q u a r t e t  2 = 7.8  denot ing t h e  para- 

s u b s t i t u t e d  dramatic  r i n g  ( o r i g i n a l  c h a r t s  are a v a i l a b l e  f o r  any 

inqu i ry ) .  

(11) Paracetamol - Sodium Gen t i sa t e  S o l u b i l i z a t e :  

The I R  peaks of sodium g e n t i s a t e  are exh ib i t ed  a t  3400 cm-' 

denot ing (QH> , youp ,  a t  1600, 1500, 1460 and 1400 cm-l r ep resen t ing  

the  aromatic  ring,  and a t  1650 cm indica t ing(c=o)group.  On the  

o the r  hand, t he  I R  peaks of a Lyophi l ized  sample of paracetamol  - 

sodium g e n t i s a t e  s o l u b i l i z a t e  are shown a t  3200 - 3400 c m  as a 

-1 

-1 
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1590 HAMZA AND PARUTA 

Table I V :  IR Spect ra  of So lub i l i zed  Paracetamol wi th  Hydrotropes 
( f r e e z  d r i e d )  Comparable With Ind iv idua l  Components 
Using Potassium Bromide Discs 

CHARACTERISTIC PEAKS AT WAVE NUMBER (cm-') 

1-Parace tamol 

2-Sodium Gentj 
sate 

3-Solubi l ized 
Paracetamol 
wi th  sodium 
g e n t i s a t e  

4-Sodium S a l i -  
c y l a t e  

5-Solubi l ized 
Paracetamol 
wi th  Sod. 
s a l i c y l a t e  

6-Sodium 
Glyc ina te  

7- So l ub  i 1 i zed 
paracetamol 
wi th  sodium 
g l y c i n a t e  

8-Nico t inamide 

9 - Solub i 1 ized  
Paracetamol 
wi th  
n i c o  t inamide 

I11 

1400- 1600 

1460 

1400,1460 

1446,1480 

1390-149C 

- 

- 

1400-144a 

1400 

V 

- 

1600 

1600 

- 

1600 

- 

1665 

1600-1621 

1600 

V I  

- 

1650 

1650 

005-304 

1650 

2900 

660-26E 

1670 

1670 

VII 

3100 

3400 

200-3400 

3400 

3200 

1300-3400 

2900 

1070-3400 
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1592 HAMZA AND PARUTA 

broad and small forked  ones i n d i c a t i n g  t h e  presence  of both  NH2) 

and ( O d  yroups. 

r e p r e s e n t e d  t h e  a romat ic  r i n g s  of b o t h  t h e  drug  and t h e  s o l u b i l i z e r  

are evidenced.  Consequent ly ,  i t  seems obvious from t h e  p r e v i o u s  

f i n d i n g s  t h a t  no  change has  occurred  i n  t h e  c h a r a c t e r i s t i c  peaks 

of b o t h  t h e  drug and t h e  s o l u b i l i z e r  when brought  i n t o  s o l u b i l i z e d  

system t o g e t h e r .  

Also,  peaks a t  1600, 1500, 1460 and 1400 cm-l t h a t  

I n  a d d i t i o n ,  t h e  TLC i n d i c a t e d  t h a t  t h e  s p o t  of s o l u b i l i z e d  

paracetamol  w i t h  sodium g e n t i s a t e  h a s  s e p a r a t e d  i n t o  2 s p o t s  of 

%= 0.43 and RF = 0.083,being i d e n t i c a l  w i t h  t h o s e  of i n d i v i d u a l  

components. 

The NMR peaks of  sodium g e n t i s a t e  were shown a s  a s i n g l e t  

2= 5 . 2  t h a t  i n d i c a t e s  hydroxyl  group and a m u l t i p l e  = 7.5 which 

r e p r e s e n t s  an a r o m a t i c  r i n g .  However, a s o l u b l i z e d  drug w i t h  sodium 

g e n t i s a t e  showed a s i n g l e t  2 = 4.6 t h a t  i n d i c a t e s  both  NH2 and 

hydroxyl groups and m u l t i p l e  = 7.5 which d e n o t e s  t h e  a romat ic  r i n g s  

of bo th  t h e  drug and sodium g e n t i s a t e .  

In  conclus ion ,  t h e  aforementioned o b s e r v a t i o n s  r e v e a l  t h a t ,  no 

i n d i c a t i o n  f o r  a f i x e d  chemical  i n t e r a c t i o n  between t h e  drug  and t h e  

hydro t rope  l e a d i n g  t o  complex formation.  

(111) Paracetamol  - Sodium S a l i c y l a t e  S o l u b i l i z a t e :  

-1 
The I R  peaks of sodium s a l i c y l a t e  w e r e  shown a t  3400 c m  

denot ing  t h e  hydroxyl  group, a t  3005 - 3045 c m  r e p r e s e n t i n g  (CH) 

a romat ic ,  a t  1580, 1480 and 1446 c m  denot ing  t h e  a r o m a t i c  r i n g ,  and 

a t  1110 cm i n d i c a t i n g  asymrretric Keto group. Also,  a peak a t  

758 cm-' was shown t h a t  denotes  o r t h o - s u b t i t u t i o n  of t h e  a romat ic  

-1 

-1 

-1 
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ENHANCED SOLUBILITY OF PARACETAMOL 1593 

r i n g .  On the  o t h e r  hand, s o l u b i l i z e d  paracetamol wi th  sodium 

s a l i c y l a t e  exh ib i t ed  I R  peaks a t  3200 cm-l as a f o r k  peak of amino 

group, a t  1600, 1490 and 1390 c m - l  denot ing t h e  aromatic  r i n g ,  a t  

1650 c m  r ep resen t ing  the  ke to  group. Hence, i t  could be concluded 

t h a t  no missing o r  broadening of any of t he  c h a r a c t e r i s t i c  peaks of 

both the  drug and t h e  hydrotrope when brought i n t o  s o l u t i o n  i n  a 

s o l u b i l i z e d  manner. 

-1 

The TLC done r e v e a l s  t h a t ,  t h e  spot  of s o l u b i l i z e d  paracetamol 

wi th  the  a i d  of sodium s a l i c y l a t e  has  sepa ra t ed  i n t o  2 s p o t s  of 

% = 0.43 and 5 = 0.19 t h a t  are i d e n t i c a l  wi th  those  of i n d i v i d u a l  

paracetamol and sodium s a l i c y l a t e  r e s p e c t i v e l y .  

The NMR s t u d i e s  d i s c l o s e s  t h a t  sodium s a l i c y l a t e  showed a 

s i n g l e t  = 5.1  denot ing (OH) group and a m u l t i p l e  2 = 7.5 t h a t  

r ep resen t s  t he  aromatic  r i n g .  Furthermore,  t h e  Lyophi l ized sample 

of s o l u b i l i z e d  drug wi th  sodium s a l i c y l a t e  exh ib i t ed  a s i n g l e t  2 = 3.2 

t h a t  r e p r e s e n t s  (CH3) group of paracetamol ,  another  s i n g l e t  a t  2 = 5 .7  

of both (OH) and (NH) groups of t h e  drug and sodium s a l i c y l a t e .  Also,  

i t  showed a m u l t i p l e  2 = 8.2  which r e p r e s e n t s  t h e  aromatic  r i n g s  of 

both the  drug and sodium s a l i c y l a t e .  Consequently,  i t  seems obvious 

t h a t  n o t  i n t e r a c t i o n  occurred between paracetamol and sodium 

s a l i c y l a t e  i n  aqueous s o l u t i o n  and t h a t  s o l u b i l i z a t i o n  process  b e a r s  

no r e l a t i o n  t o  complexation be ing  mere hydrotropy.  

Paracetamol - Sodium Glyc ina te  S o l u b i l i z a t e :  

-1 
sodium g l y c i n a t e  showed I R  shoulders  a t  3300 - 3400 cm as a 

f o r k  peak t h a t  denotes  (NH2) group and a t  2900, 1570 and 910 cm-l 

t h a t  r ep resen t  (CH2) group. Never the less ,  t h e  Lyophi l ized sample of 
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1594 HAMZA AND PARUTA 

s o l u b i l i z e d  paracetamol wi th  sodium g l y c i n a t e  showed shoulders  a t  

2900 cm denot ing (CH2) group, a t  2660 - 2680 c m  r ep resen t ing  

aromatic  r i n g ,  a t  1665 c m  

denot ing (NH) group. 

-1 -1 

-1 
i n d i c a t i n g  k e t o  group and a t  1150 cm-l 

The TLC of a spo t  of s o l u b i l i z e d  drug  wi th  sodium g l y c i n a t e  gave 

2 s p o t s  of RF = 0.43 and RF = zero va lues  t h a t  were i d e n t i c a l  wi th  

those of paracetamol and sodium g l y c i n a t e  r e s p e c t i v e l y .  

The NMX of sodium g l y c i n a t e  revea led  2 s i n g l e t s ,  one a t  2 = 3.6 

of (CH2) group and t h e  o t h e r  a t  2 = 5.3 of (NH2) group. 

hand, t h e  Lyophi l ized sample of s o l u b i l i z e d  paracetamol wi th  sodium 

g l y c i n a t e  exh ib i t ed  a peak a t  2 = 2.2 denot ing  (CH3) group of 

paracetamol,  another  one a t  2 = 3.3 r ep resen t ing  (CH2) group of 

sodium g lyc ina te .  

paracetamol and sodium g l y c i n a t e  and a q u a r t e t  a t  2 =  7.2  f o r  para-  

On t h e  o t h e r  

Also ,  a peak a t  2 =  4.5 f o r  amino group of both 

s u b s t i t u t e d  aromatic  r i n g  of paracetamol were shown. 

I n  conclus ion ,  t h e  aforementioned evidence r e v e a l  t h a t  no 

s p e c i a l  o r  s p e c i f i c  i n t e r a c t i o n  does ex is t  between paracetamol and 

sodium s a l i c y l a t e  and t h a t  t h e  encountered s o l u b i l i z a t i o n  mechanism 

i s  hydrotropy. 

Paracetamol - Nicotinamide S o l u b i l i z a t e :  

Nicotinamide exh ib i t ed  I R  shoulders  a t  3070 - 3400 cm-l as a 

f o r k  peak denot ing amino group and a t  1400 - 1420 and 1600 - 1620 cm-l 

r ep resen t ing  aromatic  py r id ine  r i n g .  Also,  i t  showed a peak a t  

1670 cm-I i n d i c a t i n g  ke to  group and two o t h e r  peaks a t  1130 and 700 

cm denot ing py r id ine  r i n g .  However, a Lyophi l ized  sample of 

s o l u b i l i z e d  drup wi th  nicot inamide exh ib i t ed  peaks a t  3070 - 3400 

-1 
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-1 -1 cm as  a f o r k  one denot ing amino group, a t  1400 and 1600 cm 

rep resen t ing  a romat ic  r i n g ,  a t  1670 cm i n d i c a t i n g  k e t o  group and 

a t  1190 c m  denot ing  acetate group. These peaks were shown s i d e  by 

s i d e  those  of nicot inamide mentioned above. 

-1 

-1 

The TLC of a spo t  of s o l u b i l i z e d  drug wi th  n ico t inamide  h a s  

sepa ra t ed  i n t o  two s p o t s  wi th  the  same 5 va lues  c h a r a c t e r i s t i c  f o r  

paracetamolandnicotinamide but  without  sharp  c u t  o f f .  

The NMR of nicot inamide showed a t r i p l e t  a t  2 = 8 - 9.5  

denoting py r id ine  r i n g ,  a double t  a t  8 = 8.8, another  double t  a t  

2 = 9.5 and a s i n g l e t  a t  6 - 5.4 denot ing (NH2) group. 

t h e  Lyophi l ized sample of s o l u b i l i z e d  paracetamol with n ico t inamide  

showed t h e  same NMR peaks descr ibed  before  f o r  both of n ico t inamide  

and paracetamol a lone .  

Furthermore,  

It could be concluded t h a t  no s p e c i f i c  i n t e r a c t i o n  does ex is t  

between paracetamol and each of sodium g e n t i s a t e ,  sodium s a l i c y l a t e ,  

sodium g l y c i n a t e  and nicot inamide dur ing  s o l u b i l i z a t i o n  process .  

Consequently, t h i s  process  is  mediated through "hydrotropy" 

r a t h e r  than any o t h e r  pos tu l a t ed  mechanism. 

ACKNOWLEDGEMENTS 

Authors thank D r .  Moustafa Omar, Pharmacognosist of D r .  Madis 

Labora tor ies  Inc., Hackensack, N J ,  7606 f o r  a s s i s t a n c e  i n  per- 

forming I.R.,TLC and NMR s t u d i e s .  

REFERENCES 

1. Ueda, Chem. Phm. Bul l ,  14, 22  (1966) 

2 .  i b i d ,  39 

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1596 HAMZA AND PARUTA 

3. Lawrence and Pearson, Proceeding 4 th  I n t e r n a t i o n a l  Congress on 

su r face  a c t i v e  subs tances ,  Brusse ls ,  1964, Gordon and Breach, 

New York, 1967. 

4 .  H.B.  Kleven, Chem. Revs. 47 ,  1 - 74 (1950). 

5. W.O. Emery, and C.D.  Wright, J. Am Chem. S O C . ,  43, 2323 (1921). 

6. R. Labes, Arch Exp. Pathol .  Pharmacol., 158, 42 (1930). 

7. United S t a t e s  Pharmacopeia XX, Mack Publ i sh ing  Company, 1980, p 786 

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


