
DRUG DEVELOPMENT AND INDUSTRIAL PHARMACY, 15(8), 1217-1230 ( 1 9 8 9 )  
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Banaxas Hindu U n i v e r s i t y ,  Varanasi-221005,  I n d i a  

ABSTRACT 
M u l t i p l e  O/W/O emuls ions  c o n t a i n i n g  p e n t a z o c i n e  

were p r e p a r e d  and  t e s t e d  i n  v i t r o  and  i n  v ivo .  'The 
e f f e c t  o f  two d i f f e r e n t  c o n c e n t r a t i o n s  o f  t h r e e  a d d i t i -  
v e s ,  v i z .  sodium c h l o r i d e ,  g l u c o s e  a n d  g l y c e r o l ,  l o c a t -  
i o n  o f  t h e  drug e i t h e r  i n  one o r  any two phases  of  t h e  
O/W/O emul s ions  a n d  pH o f  t h e  r e c e p t o r  f l u i d  on i n  v i t r o  
r e l e a s e  c h a r a c t e r i s t i c s  o f  t h e  d r u g  was s t u d i e d .  All t h e  
p a r a m e t e r s  i n f l u e n c e d  t h e  d r u g  r e l e a s e .  M u l t i p l e  O/iJ/O 

e m u l s i o n s  gave  h i g h e r  e x t e n t  o f  drug r e l e a s e  t h a n  t h e  

s i m p l e  O/W emulsions.  The r e s u l t s  of  i n  v i v o  s t u d i e s  i n  
mice showed p ro longed  t i s s u e  l e v e l s  o f  p e n t a z o c i n e  from 
t h e  m u l t i p l e  O/W/O e m u l s i o n s  i n  comparison t o  aqueous 
d r u g  s o l u t i o n  and  s i m p l e  O/W emulsion.  

IN T R OW C T I ON 
R e c e n t l y ,  t h e  p o t e n t i a l  o f  u s i n g  m u 1  t i p l e  emul s ions  

f o r  t h e  c o n t r o l l e d  a n d  p r o l o n g e d  r e l e a s e  o f  d rugs  h a s  
been  r e p o r t e d  by v a r i o u s  a u t h o r s  (1-8). Mimaki e t  a1 ( 9 )  
o b s e r v e d  a n  i n c r e a s e  i n  s u r v i v a l  t ime  o f  mice  b e a r i n g  
E h r l i c h  s o l i d  tumor a f t e r  a d m i n i s t r a t i o n  o f  W/O/W emul-  
s i o n  c o n t a i n i n g  adr iamycin .  

1217 

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

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1218 MISHRA AND PANDIT 

P e n t a z o c i n e  i s  a wide ly  u s e d  a n a l g e s i c  i n  man( l0 )  
and  i s  u s u a l l y  a d m i n i s t e r e d  t h r o u g h  p a r e n t e r a l  and  o r a l  
r o u t e s .  The c o n v e n t i o n a l  dosage form r e q u i r e s  f r e q u e n t  
a d m i n i s t r a t i o n  t o  t h e  p a t i e n t  and i s  i n c o n v e n i e n t .  I t  i s  
e x p e c t e d  t h a t  a p r o l o n g e d  r e l e a s e  dosage form o f  pen taz -  
o c i n a  would r e d u c e  t h i s  problem t o  a great  e x t e n t .  

An O/W/O emuls ion  i s  l i k e l y  t o  be  t h e  more e f f e c t i -  
v e  dosage form s i n c e  t h e  e x t r a  p a r t i t i o n i n g  s t e p  w i t h  t h e  
drug i n i t i a l l y  i n  t he  i n t e r n a l  o i l  p h a s e  would be expec- 
t e d  t o  a f f e c t  the r a t e  o f  drug  r e l e a a e .  The su rvey  o f  
l i t e r a t u r e  shows t h a t  no s u b s t a n t i a l  work has  been done 
o n  drug  r e l e a s e  c h a r a c t e r i s t i c s  o f  O/W/O emuls ions ,  pa r -  
t i c u l a r l y  unde r  t h e  i n f l u e n c e  o f  g . i .  pH, v a r i o u s  conce- 
n t r a t i o n s  o f  d i f f e r e n t  a d d i t i v e s  i n c l u d e d  i n  t h e  aqueous  
phase and  t h e  p r e s e n c e  o f  drug  i n  e i t h e r  one o r  any two 
p h a s e s  o f  t he  O/W/O emuls ions .  T h e r e f o r e ,  these paramet-  
e r s  were u n d e r t a k e n  i n  o u r  s tudy .  No r e p o r t s  on i n  v i v o  
s t u d i e s  of  O/W/O emul s ions  prompted  u s  t o  i n v e s t i g a t e  
t h e  i n  v i v o  t i s s u e  l e v e l s  of  p e n t a z o c i n e  i n  mice  a f t e r  
o r a l  a d m i n i s t r a t i o n  o f  O/W/O e m u l s i o n s  i n  compar ison  t o  
aqueous d r u g  s o l u t i o n  a n d  s i m p l e  emulsion.  

MA T ER I A LS 
P e n t a z o c i n e ,  sodium c h l o r i d e ,  g l u c o s e ,  g l y c e r o l ,  

Tween 40 ,  Span 80, l i q u i d  p a r a f f i n ,  sodium c a r b o n a t e ,  
sodium b i c a r b o n a t e  and a l l  o t h e r  c h e m i c a l s  were o b t a i n e d  
commerc ia l ly  a n d  were o f  e i t h e r  pharmacopoeal o r  a n a l y t i -  
c a l  r e a g e n t  g rade .  Benzene was washed w i t h  0.1 volume o f  
1 N  h y d r o c h l o r i c  a c i d  s o l u t i o n ,  1 N  sodium hydrox ide  Solu- 
t i o n  and tw ice  w i t h  d i s t i l l e d  water. 

METHOE 
P t a p a r a t i o n s :  50 m l  o f  each  f o r m u l a t i o n  was p r e p a r e d  at 
a time and e a c h  c o n t a i n e d  a t o t a l  o f  40 mg a n d  100 mg o f  
d rug  f o r  i n  v i t r o  a n d  i n  v i v o  s t u d i e s ,  r e s p e c t i v e l y .  Su- 
f f i x  I d 1  u s e d  i n  n o t a t i o n  o f  t h e  e m u l s i o n s  i n d i c a t e s  the  
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PROLONGED RELEASE OF PENTAZOCINE 1219 

presence  o f  drug  i n  t h a t  p a r t i c u l a r  phase  o f  an  emuls ion .  
A l l  t h e  f o r m u l a t i o n s  were p r e p a r e d  f r e s h l y  b e f o r e  t h e i r  
ev  a l u  at i o n. 

For  t h e  p r e p a r a t i o n  o f  an aqueous drug  s o l u t i o n ,  
t h e  drug was d i s s o l v e d  i n  a minimum volume o f  0.1N hyd- 
r o c h l o r i c  a c i d  s o l u t i o n ,  pH was a d j u s t e d  t o  5.0 w i t h  

0.1N sodium hydrox ide  s o l u t i o n  and  d i l u t e d  w i t h  water 
t o  50 m l .  

The s imple  O d / ' d  emuls ion  was p r e p a r e d  by f irst  
making a s u s p e n s i o n  o f  t h e  drug  i n  20 ml o f  l i q u i d  p a r -  
a f f i n  by s t i r r i n g  at  4000 r.p.m., t he  50 m l  of O/W e m u l -  
s i o n  was t h e n  made by d i s p e r s i n g  t h i s  s u s p e n s i o n  i n  30 
m l  o f  d i s t i l l e d  water c o n t a i n i n g  2$ v/v Tween 40 by st- 
i r r i n g  a t  4000 r.p.m, w i t h  a s t i r r e r .  

e a r l i e r  r e p o r t e d  ( 2 )  two-step e m u l s i f i c a t i o n  p r o c e d u r e  
w i t h  m o d i f i c a t i o n .  I n  t h e  f i r s t  s t e p ,  the  drug  was sus-  
pended i n  4 m l  o f  l i q u i d  p a r a f f i n  by s t i r r i n g  and  t h i s  
s u s p e n s i o n  was e m u l s i f i e d  w i t h  6 m l  o f  d i s t i l l e d  water 
c o n t a i n i n g  2h v/v Tween 40 by s t i r r i n g  a t  4000 r.p.m. 
f o r  5 minutes .  T h i s  g i v e s  t h e  p r imary  O/W emulsion.  I n  
the  second  s t e p ,  f i n a l  50 m l  o f  OdW/O emuls ion  was m a -  
de by e m u l s i f y i n g  10 m l  o f  t h e  p r imary  emuls ion  w i t h  40 
ml o f  l i q u i d  p a r a f f i n  c o n t a i n i n g  1% v/v Span 80 by sti- 
r r i n g  s t e a d i l y  a t  200 r.p.m. f o r  5 minu tes .  

t h e  p r e p a r a t i o n  o f  O/W/O e m u l s i o n s  c o n t a i n i n g  
e q u a l  h a l f  o f  t h e  t o t a l  d r u g  e i t h e r  i n  i n t e r n a l  o i l y  and  
i n t e r m e d i a t e  aqueous phase  (Od/WdO) o r  i n  i n t e r n a l  a n d  

e x t e r n a l  o i l y  p h a s e s  (OdW/Od), t h e  drug  was f i r s t  add- 
e d  t o  c o r r e s p o n d i n g  phases and  t h e n  t h e  two-step emul s i -  
f i c a t i o n  was commenced. The drug l e v e l  i n  e a c h  phase o f  
t h e  O d / W d O  and OdW//od emuls ions  was t h u s  20 m g  f o r  i n  
v i t r o  a n d  50 m g  f o r  i n  v i v o  s t u d i e s .  

For t h e  p r e p a r a t i o n  o f  a l l  t h e  s i m p l e  and  m u l t i p l e  
e m u l s i o n s  c o n t a i n i n g  a d d i t i v e  at O.@A and  3% concen t r a -  

The m u l t i p l e  O/W/O emuls ions  were p r e p a r e d  by an 
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1220 MISHRA AND PANDIT 

t i o n s ,  e i t h e r  300 m g  o r  1 5 O O m g  o f  the  a d d i t i v e  was f i r -  
s t  d i s s o l v e d  i n  t h e  aqueous  phase  and  t h e n  the e m u l s i f -  
i c a t i o n  was commenced. 
I I n  V i t r o  Eva lua t ion :  The i n  v i t r o  drug re lease s t u d i e s  
were done u p t o  7.5 h o u r s ,  i n  t r i p l i c a t e ,  i n  a wel l  des- 
i g n e d  a n d  s t a n d a r d i z e d  glass d i f f u s i o n  a p p a r a t u s  ( 1  1 ). 
I t  c o n s i s t s  o f  a small donor compartment c o n t a i n i n g  
emuls ion  ( 1 0 m l )  and  a la rger  s t i r r e d  (100 r.p.m.) comp- 
a r t m e n t  as a s i n k  c o n t a i n i n g  250 m l  o f  t h e  r e c e p t o r  
f l u i d .  The donor compartment was separa ted  from t h e  
s i n k  by a p r e t r e a t e d  c e l l o p h a n e  membrane ( 1  19 wi th  a 

mean t h i c k n e s s  o f  0.025 mm. The whole a p p a r a t u s  was 
p l a c e d  on a magne t i c  s t i r rer  and m a i n t a i n e d  a t  37+0.2° - 
C by c i r c u l a t i n g  t h e r m o s t a t e d  water. The r e c e p t o r  f l u -  
i d s  u s e d  were b u f f e r  s o l u t i o n s  o f  pH 1 .4 ,  4.5, 5.8, 7.0 
and  7.4 and were changed p e r i o d i c a l l y  i n  t h e  sink as 
f o l l o w s :  During f i rs t  hour- pH 1 .4 ,  second-  pH 4.5, t h i -  

rd-  pH 5.8, f o u r t h -  pH 5.8, f i f t h -  pH 7.0,  s i x t h -  pH 

7.0, s even th -  pH 7.4 and  t i l l  7.5 hours-  pH 7.4. The 
e m u l s i o n s ,  however,  i n  the donor compartment remain  
u n d i s t u r b e d .  An ona  m l  a l i q u o t  sampled  a t  t h e  e n d  o f  
e a c h  r u n  was d i l u t e d  s u i t a b l y  w i t h  0.1N h y d r o c h l o r i c  
a c i d  s o l u t i o n  and  t h e  a b s o r b a n c e s  were r e a d  a t  278 nm 
i n  a U.V. Spec t ropho tomete r  ( Carl Z e i s s ,  J e n a ,  DDR). 
The a c t u a l  amount o f  re leased  d r u g  was computed from 
a c a l i b r a t i o n  curve .  
- I n  Vivo E v a l u a t i o n :  Unused male a l b i n o  mice, weighing 
between 35-40 p s ,  were u s e d  and  m a i n t a i n e d  on p e l l e t  
d i e t .  18 mice were u s e d  f o r  t h e  i n  v i v o  t e s t i n g  o f  
e a c h  f o r m u l a t i o n .  When t i s sue  drug  l e v e l s  were h i g h  
e v e n  u p t o  6 h o u r s ,  the  sampl ing  was done t i l l  8 h o u r s  
a n d  21 mice were then  used.  Overn igh t  f a s t e d  mice 
( w i t h  wa te r  ad l i b i l u m  1 were f e d  w i t h  1 ml o f  t h e  
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PROLONGED RELEASE OF PENTAZOCINE 1221 

f o r m u l a t i o n  c o n t a i n i n g  2 mg o f  p e n t a z o c i n e .  Three  mice 
were u s e d  f o r  t h e  c o l l e c t i o n  o f  t i s s u e  samples  at each  
subsequen t  time i n t e r v a l  o f  0 ,  0.5, 1 ,  2 ,  4 ,  6 and  8 
hours .  Three  unmedica ted  mice  u s e d  at z e r o  hour  s e r v e d  
as t h e  c o n t r o l .  The b lood  samples  were c o l l e c t e d  from 
t h e  j u g u l a r  v e i n  i n  h e p a r i n i z e d  t u b e s  and s t o r e d  f r o z e n  
u n t i l  assayed .  L i v e r ,  l u n g  and k idney  samples  from e a c h  
mouse were a l s o  removed as q u i c k l y  a s  p o s s i b l e ,  b l o t t e d  
w i t h  f i l t e r  pape r ,  q u i c k l y  weighed on a p r e c i s i o n  ba la -  
nce and  s t o r e d  f r o z e n  u n t i l  assayed.  

25 m l  g round  glass t i s s u e  homogenizer  and  d i l u t e d  w i t h  
d i s t i l l e d  water i n  t h e  f o l l o w i n g  r a t i o s :  b l o o d  1:4, l i v  
e r  l:5, l u n g  a n d  k idney  1:lO. 

and  Way ( 1 2 )  was u s e d  w i t h  m o d i f i c a t i o n  f o r  t h e  a n a l y s i s  
o f  p e n t a z o c i n e  i n  b i o l o g i c a l  s amples  which, i n  s h o r t ,  i s  
as fo l lows:  The d i l u t e d  b i o l o g i c a l  s a m p l e  ( lrnl 1 was 
mixed w i t h  100 mg o f  l r l  m i x t u r e  o f  sodium ca rbona te -  
sodium b i c a r b o n a t e  and shaken  w i t h  5 m l  o f  benzene f o r  
10 minutes .  A 4 m l  p o r t i o n  o f  t h e  o r g a n i c  phase  was 
s e n a r a t e d  by c e n t r i f u g a t i o n  at 5000 xg and  f u r t h e r  sha- 
k e n  w i t h  3 m l  o f  0.2 N H C 1  s o l u t i o n ,  which h a d  previous-  
l y  been s a t u r a t e d  w i t h  benzene ,  f o r  10 minu tes .  A f t e r  
c e n t r i f u g i n g ,  t h e  aqueous l a y e r  was s e p a r a t e d  a n d  i t s  
f l n o r e s c e n e  was measured  i n  an Aminco Bowman Spec t ropho-  
t o f l u o r o m e t e r  at t h e  e x c i t a t i o n  and e m i s s i o n  wavelength  
o f  278 and 310 nm, r e s p e c t i v e l y .  The l e v e l  o f  pentazo-  
c i n e  was r ead  from a s t a n d a r d  cu rve  d e r i v e d  from known 
c o n c e n t r a t i o n s  o f  p e n t n z o c i n e  added  t o  e a c h  b l o o d  sample 
o r  t i s s u e  hornogenate from unmed ica t ed  mice. 

The t i s s u e  and b l o o d  c o n c e n t r a t i o n s  o f  p e n t a z o c i n e  
s o  o b t a i n e d  were c o r r e c t e d  by d e d u c t i n g  from i t  t h e  
v a l u e  o b t a i n e d  i n  b lank  samples ( at z e r o  hour  ) ,  which 

The l i v e r ,  l u n g  and  k i d n e y  were homogenized i n  a 

The Sp e c t r o  p ho t o  f luorome t r i c me t h o  d o f El-M a z a t  i 
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1222 MISHRA AND PANDIT 

were always l e s s  t h a n  0.2 mcg/ml o r  p e r  g. The l o w e s t  
d e t e c t a b l e  l i m i t  o f  t i s s u e  and b l o o d  drug  c o n c e n t r a t i o -  
n s  o b t a i n e d  by t h i s  method was 0.1 mcg p e r  m l  o r  p e r  
g. More than  90 p e r c e n t  r e c o v e r i e s  were found o f  added  
p e n t a z o c i n e  t o  t h e  b i o l o g i c  media  at a l e v e l  o f  1 mcg/ 
a1 o r  per  go 

---A Tissue- to-Blood P a r t i t i o n  C o e f f i c i e n t  ( Kp): 
were c a l c u l a t e d  (13) by u s i n g  the  f o l l o w i n g  formula.  

Kp v a l u e s  

AUC f o r  T i s s u e  
AUC f o r  Blood Kp = 

Where, AUC i s  the  area unde r  c o n c e n t r a t i o n - t i m e  cu rvee  

RESULTS AND DISCUSSION 
A l l  t h e  e m u l s i o n s  w i t h o u t  a d d i t i v e  are e x p r e s s e d  

as c o n t r o l  emuls ions .  
I n  V i t r o  Release o f  Pen tazoc ine :  The cumula t ive  per -  
c e n t  re lease  o f  p e n t a z o c i n e  from d i f f e r e n t  e m u l s i o n s  
are shown i n  t a b l e  1. The drug  r e l e a s e  from O/W/O 
e m u l s i o n s  are  much h i g h e r  than  t h e  s i m p l e  O/W emuls io-  
ns .  The lower  drug  r e l e a s e  from O/W emul s ions  c o n f i r -  
m s  t h e  f i n d i n g  o f  B r o d i n  e t  al ( 2 )  and  i s  a t t r i b u t e d  
t o  one o r  more r e a s o n s :  P e n t a z o c i n e ,  a hydrophob ic  
d rug ,  was p r e s e n t  i n  t h e  o i l y  phase  and may n o t  p a r t i -  
t i o n  well  w i t h  t h e  immediate  s u r r o u n d i n g  o f  aqueous  
phase.  
p h a s e  e x e r t s  a drawing f o r c e  on t h e  drug  p r e s e n t  i n  
t h e  i n t e r n a l  o i l y  phase ,  t h e  aqueous  phase  o f  t h e  O/W 
e m u l s i o n  c o u l d  n o t  i m p a r t  any s u c h  drawing f o r c e  on t h e  
drug. I t  i s  a l s o  p o s s i b l e  t h a t  t he  higher volume per-  
c e n t  o f  o i l  and  water i n  O/W emuls ion l ,  as compared t o  
t h e  pr imary  O/W emuls ion  o f  O/;Wr/O emuls ions ,  may exh i -  
b i t  a s lower  r e l e a s e  because  o f  the  larger  o i l  d r o p l e t s  
i n  the  s imple  O/W emulsion.  However, f ' u r the r  s t u d y  may 
be  r e q u i r e d  t o  e x p l a i n  t h e  lower  release from t h e  
s i m p l e  emulsion.  

While i n  O/W/O e m u l s i o n s  t h e  e x t e r n a l  o i l y  
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PROLONGED RELEASE OF PENTAZOCINE 1223 

TABLE 1 

In V i t r o  Release o f  P e n t a z o c i n e  from D i f f e r e n t  h u l s i o n s  

M e m *  Cumula t ive  P e r c e n t  R e l e a s e  

pH o f  t h e  R e c e p t o r  F l u i d  
Emulsion 1.4 4.5 508 5.8 7.0 700 7.4 7.4 

T i m e  i n  Hours 
1.0 2.0 3.0 4.0 5.0 6.0 7.0 7.5 

8.2 1308 17.5 20.4 23.2 25.4 26.7 27.4 
6.7 13.0 18.2 22.9 25.8 27.5 28.4 28.4 
8.2 15.7 22.9 28.3 33.1 36.8 39.3 40.6 

7.4 14.5 21.2 24.9 27.0 30.3 32.4 33.7 
7.9 14.2 19.3 22.6 25.5 28.25 29.3 29.8 

23.1 27.9 30.7 32.9 34.6 35.9 36.8 37.3 

27.4 30.6 33.2 35.8 38.1 4001 41.6 42.3 
23.1 30.2 36.5 40.2 43.4 45.9 47.7 48.2 

25.8 30.6 32.3 34.0 35.8 37.1 38.4 39.0 

16.3 24.1 29.3 34.1 38.1 41.0 43.5 44.7 
16.3 27.2 36.2 42.9 46.9 49.4 50.7 51.3 
18.2 30.7 40.0 47.1 53.4 56.7 59.2 60.4 
17.4 29.9 4106 51.0 60.3 65.5 69.2 71.3 
15.5 24.2 30.8 36.8 41.9 44.4 45.8 46.3 
16.7 23.7 27.8 31.8 35.9 39.8 42.3 43.7 
14.0 21.1 27.0 31.4 35.4 38.7 41.9 44.1 

29.3 35.2 38.1 40.9 43.4 45.2 46.9 47.7 

36.1 43.1 47.5 49.6 51.7 53.0 53.6 53.6 
30.0 39.0 4706 52.4 56.4 58.9 60.6 61.2 

31.2 35.9 38.0 39.3 40.8 42.0 43.3 43.9 
28.5 34.0 37.8 40.6 43.4 45.6 46.9 4'7.5 

7.9 14.9 20.5 25.2 29.3 33.0 34.7 35.5 
7.4 14.1 1903 22.5 25.4 27.1 27.7 27.7 

26.9 34.0 40.3 45.9 4909 52.0 53.0 53.0 

26.2 30.9 35.3 3705 39.6 41.3 42.3 42.3 

23.1 27.9 31.1 33.6 3601 37.8 39.2 39.7 

36.8 43.9 47.1 49.6 51.7 53.0 53.5 53.6 

30.6 33.9 36.2 38.5 40.8 43.1 44.5 4506 

* Mean o f  t h r e e  o b s e r v a t i o n s .  
UA - V i t h o u t  A d d i t i v e ,  SC - Sodium C h l o r i d e ,  Glu - Glu-  

c o s e ,  Gly - S l y c e r o l .  
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1224 MISHRA AND PANDIT 

I n i t i a l l y  at one  hour  O/W/O emuls ions  e x h i b i t e d  
h i g h e r  drug  re lease which l a t e r  s lowed down w i t h  t h e  in -  
c r e a s e  i n  pH o f  t h e  r e c e p t o r  f l u i d .  The drug  r e l e a s e  
from t h e  O d W / O d  e m u l s i o n s  was higher t h a n  t h e  O d W / O  
and  OdWdO emuls ions .  The maximum e x t e n t  o f  drug r e l -  
e a s e  from t h e  O d W / O d  e m u l s i o n s  i s  due t o  r a p i d  d i f f u s -  
i o n  o f  drug from t h e  e x t e r n a l  o i l  phase  and  t h e  subse-  
q u e n t  c o n t r o l l e d  slow r e l e a s e  from t h e  i n t e r n a l  o i l  pha- 
se. The lower  drug r e l e a s e  from t h e  Od/W/O t h a n  the  
OdW/Od emuls ions  i s  because  o f  t h e  p r e s e n c e  o f  t h e  dr- 
ug  o n l y  i n  t h e  i n t e r n a l  o i l  phase,  

I n  c a s e  o f  od/wd/0 emuls ions  drug  r e l e a s e  was i n i -  
t i a l l y  lower  t h a n  the OdLI/O emuls ions  b u t  was h i g h e r  
i n  l a t t e r  hours .  The i n i t i a l  low drug  r e l e a s e  i s  pro- 
b a b l y  due t o  l e s s  m i g r a t i o n  o f  t h e  i o n i s e d  d r u g  from 
t h e  aqueous phase  t o  t h e  e x t e r n a l  o i l  phase ,  wh i l e  i n  
l a t t e r  h o u r s ,  t h e  d r u g  from t h e  i n t e r n a l  o i l  phase m i -  
g r a t e d  u n d e r  t h e  i n f l u e n c e  o f  a c o n c e n t r a t i o n  g r a d i e n t  
between the two o i l  p h a s e s  and  i n  combina t ion  w i t h  t h e  
maLl amount o f  drug r e l ease  from t h e  aqueous  phase,  
r e s u l t e d  i n  h i g h e r  drug r e l e a s e  i n  compar ison  t o  O d W / O  
w u l s i o n s .  
- E f f e c t  o f  A d d i t i v e s  on  I n  V i t r o  Release o f  Pen tazoc ine :  
The e f f e c t  o f  3% and 0.6% w/v c o n c e n t r a t i o n s  o f  sodium 
c h l o r i d e ,  g l u c o s e  and g l y c e r o l  on d r u g  r e l e a s e  from si- 
mple a n d  m u l t i p l e  e m u l s i o n s  a r e  a l s o  shown i n  T a b l e  1. 
A l l  the  a d d i t i v e s  ( at b o t h  o o n c e n t r a t i o n s  ) produced  
an enhanc ing  e f f e c t  on drug  r e l e a s e  from the Od/W emul- 
s i o n s  because  o f  t h e i r  d e s t a b i l i z i n g  a c t i o n  o n  the i n t -  
e r f a c i a l  f i l m  o f  t h e  h y d r o p h i l i c  e m u l s i f i e r  ( Tween 40 ). 

I n  p r e s e n c e  o f  a d d i t i v e s ,  at b o t h  c o n c e n t r a t i o n s ,  
Od/W/O e m u l s i o n s  a l s o  gave  h i g h e r  drug r e l ease  t h a n  t h e  
c o n t r o l  emul s ion ,  i n  t he  f o l l o w i n g  o rde r :  sodium chlo-  
r i d e  > g l y c e r o l  > glucose .  The i n c r e a s e  i n  d rug  r e l e a s e  
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PROLONGED RELEASE OF PENTAZOCINE 1225 

i s  e x p l a i n e d  as : a d d i t i v e s  weaken and t h u s  des t ab f l i ze  
e i t h e r  one o r  b o t h  o f  t h e  i n t e r f a c i a l  f i l m s  o f  O/W/O em- 
u l s i o n s ,  a n d  t h i s  d e s t a b i l i z i n g  e f f e c t  i s  o f  greater  ex- 
t e n t  at 3% t h a n  at 0,6$ c o n c e n t r a t i o n  o f  i n d i v i d u a l  add- 

i t i v e .  

i n c r e a s e  i n  d rug  r e l e a s e  (71.3% i n  7.5 h r s . )  f o l l o w e d  
by 3% o f  b o t h  g l u c o s e  (60.4%) a n d  sodium c h l o r i d e  ( 5 1 . 3 P )  
and O,6$ sodium c h l o r i d e  (46.3%), while 0.6% o f  b o t h  
g l u c o s e  a n d  g l y c e r o l  gave an e x t e n t  o f  drug re lease al- 
most  s i m i l a r  t o  the c o n t r o l  ( 44% i n  7.5 h r s . )  emulsion. 
These r e s u l t s  i n d i c a t e  t h a t  when h a l f  o f  t h e  t o t a l  d rug  
was p r e s e n t  i n  t h e  aqueous  phase ,  0.6% o f  b o t h  g l u c o s e  
and  g l y c e r o l  were n o t  e f f e c t i v e  as d e s t a b i l i z e r  o f  t h e  
i n t e r f a c i a l  f i l m  and t h i s  migh t  be t h e  p o s s i b l e  r e a s o n  
for drug r e l ease  b e i n g  s i m i l a r  t o  t h e  c o n t r o l  emulsion.  
The maximum d e s t a b i l i z a t i o n  o f  t h e  one o r  b o t h  i n t e r f a -  
c i a l  f i l m  i s  caused  by 3% g l y c e r o l  f o l l o w e d  by g l u c o s e  
and sodium c h l o r i d e .  

I n  O d W d O  emuls ions ,  3% g l y c e r o l  p roduced  maximum 

I n  O d W / O d  emul s ions ,  o n l y  3$ o f  the  a d d i t i v e s  en- 
hanced  the  d rug  re lease i n  comparison t o  t h e  c o n t r o l  em- 
u l s i o n ,  and  i s  e x p l a i n e d  as above. 
- I n  Viwo R e s u l t s :  Fig.  1 and  Table  2 r e p r e s e n t  pentazo-  
c i n e  l a v e l s  i n  b lood  and l i v e r ,  l u n g ,  k idney ,  r e s p e c t i -  
v e l y ,  a t  d i f l ' e r e n t  time i n t e r v a l s  a f t e r  o r a l  a d m i n i s t r -  
a t i o n  o f  d i f f e r a n t  f o r m u l a t i o n s  t o  mice. The peak con- 
c e n t r a t i o n s  o f  p e n t a z o c i n e  from all t h e  f o r m u l a t i o n s  
were maximum i n  lung  a n d / o r  k i d n e y ,  f o l l o w e d  by l i v e r  
a n d  blood. Drug s o l u t i o n  showed the h ighes t  peak  i n  
all t h e  t i s s u e s  at h a l f  hour ,  b u t  drug l e v e l s  d e c l i n e d  
v e r y  r a p i d l y .  OdW emuls ion  a l s o  e x h i b i t e d  a faster de- 
c l i n e  i n  drug  l e v e l s  i n  a l l  t h e  t i s s u e s ,  a l t h o u g h  peak 
drug l e v e l s  were lower  t h a n  t h e  s o l u t i o n  b u t  peak t imes 
were t h e  same, i.e. h a l f  hour ,  
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1226 MISHRA AND PANDIT 
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FIG 1 - PROFILES OF AVERAGE B L O O D  CONCENTRATIONS OF P E N T A Z O C I N E  

A F T E R  2 m g 1 m l  ORAL A D M I N I S T R A T I O N  OF F I V E  O I F F E R E N T  

F O R M U L A T I O N S  T O  M I C E  ( n =  3 1 

M u l t i p l e  O d W / O d  emul s ion  e x h i b i t e d  two p e a k s ,  one 
a t  h a l f  hour  a n d  t h e  o t h e r  a t  two h o u r s ,  i n  a l l  t i s s u e s .  
I n s p i t e  o f  low drug l e v e l s  i n  b l o o d ,  t h e  l e v e l s  o f  pent -  
a z o c i n e  i n  o t h e r  t h r e e  t i s s u e s  were a p p r e c i a b l y  h i g h  p r -  
o b a b l y  due t o  r a p i d  drug  u p t a k e  by t i s s u e s  ( 1 2 ) .  S i n c e  
t h e  t o t a l  amount o f  drug  was d i v i d e d  i n t o  two e q u e l  h a l f  
i n  t h e  i n t e r n a l  and  e x t e r n a l  o i l  p h a s e s ,  i t  seems proba- 
b l e  t h a t  t h e  f i r s t  peak a t  half hour  is  due t o  drug  r e l -  
e a s e d  from t h e  e x t e r n a l  o i l  p h a s e  only.  L a t e r  o n , t h e  dr-  
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PROLONGED RELEASE OF PENTAZOCINE 1227 

TABLE 2 
Average T i s s u e  L e v e l s  (mcg/g) of  P e n t a z o c i n e  a f t e r  Oral 
A d m i n i s t r a t i o n  o f  D i f f e r e n t  F o r m u l a t i o n s  t o  Mice (n=3)  

Formul- T i s -  T i m e  i n  Hours  
a t i o n  s u e  0.5 l o o  2.0 4.0 6.0 9.0 

S o l u  t- 
i o n  

L i  
Lu 
K i  
Li 
Lu 
K i  
L i  
LU 
K i  
L i  
Lu 
K i  
L i  
Lu 
K i  
L i  
Lu 
K i  
L i  
Lu 
K i  
L i  
LU 
K i  
L i  
LU 
K i 
L i  
Lu 
K i  

37 23 
56.45 
62. 57 
12.00 
13.98 
10047 
7.18 

13.02 
13.22 

28.57 
31.85 
29.17 

6.80 

20.05 

13.22 
22.28 
32.25 
11.30 
10.65 
1 1  .53 
12.38 
18.37 

6.65 
14.38 
13.10 

20 55 

50.32 

24045 

8.65 3.10 
22.0'5 6.18 
23.96 5.78 
11.47 4.35 
10.60 4.40 
9.8'7 2.60 
1.92 1.18 
4.38 4.68 

8.17 1.50 
15.60 5.83 
14.00 3.05 

1.43 2.97 
7.95 22.25 
7.70 21.55 
4.92 3.72 

8.'75 5.67 
4.02 3.33 

4.70 3.20 

10.23 8.53 

7.80 6.68 
3.78 2.98 
5.45 1.135 

10.70 5.50 
13.78 3.03 

3.32 2.92 
13.60 9.58 
10.22 9.08 
20.95 2.82 

17.18 10078 3.87 
8.80 7.47 3.25 

1.10 
1.40 
1 .58 
1080 
1.07 
1.03 
1.10 

3.35 
1.05 
2.30 
1.85 
0.70 
5.43 
1073 
0.86 
5.75 
2.20 
0.77 
5.30 
1.35 
1.05 
4.20 
2.78 
1.60 
6.23 
6.52 
0.95 
1.43 
3.05 

5000 

0.10 
1 .oo 
1 .oo 
0.65 
0.86 
0.65 
1.15 
5.10 
3.20 
0.53 
1.35 
1.85 
0.20 
2.60 
0.68 
0.84 
5.75 
2.15 
0.68 
4.93 
1 .55 
1 .oo 
3. 10 
2.20 
1.60 
5.20 
2.50 
0.60 
1.40 
3.135 

0005 
2.60 
1.15 

1.25 
0.35 

1 .a0 

~ ~ ~~~ 

- ?Jot Determined.  
L i  - L i v e r ,  Lu - Lung, K i  - Kidney.  
SC - Sodium C h l o r i d e ,  Glu - G l u c o s e ,  Gly  - G l y c e r o l .  
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1228 MISHRA AND PANDIT 

u g  from t h e  i n t e r n a l  o i l  p h a s e  a l s o  becomes avai lable  
f o r  a b s o r p t i o n  and  i n  combina t ion  w i t h  t h e  s m a l l  amount 
o f  drug r e l e a s e d  e a r l i e r  from t h e  e x t e r n a l  phase, i t  gi-  
v e s  a second  peak at 2nd hour  which i s  s l i g h t l y  h i g h e r  
t h a n  t h e  f i r s t  peak.  T h e r e a f t e r  t h e  d r u g  l e v e l  c o n t i n u e s  
t o  d e c l i n e  due t o  r e d u c e d  c o n c e n t r a t i o n  o f  t h e  drug  i n  
t h e  i n t e r n a l  o i l  phase.  

l e v e l s  o f  p e n t a z o c i n e  t i l l  8 hours .  I n  t h e  o t h e r  t h r e e  
t i s s u e s ,  though t h e  drug  l e v e l s  were n o t  as c o n s t a n t  as 
i n  t h e  b l o o d ,  b u t  were c o n s t a n t l y  m a i n t a i n e d  i n  k idney  
between 4 and 8 hours .  

Mu1 t i p l e  O d W d O  emuls ion  e x h i b i t e d  p r o l o n g e d  b lood  

S i m i l a r l y ,  O d W / O  emul s ion  a l s o  e x h i b i t e d  a good 
p r o l o n g a t i o n  i n  t i s s u e  l e v e l s  o f  p e n t a z o c i n e  and  d r u g  
l e v e l s  were c o n s t a n t l y  m a i n t a i n e d  between 2 t o  6 and/or  
8 h o u r s  i n  t h e  d i f f e r e n t  t i s s u e s .  

The b l o o d  and t i s s u e  l e v e l s  o f  p e n t a z o c i n e  a f te r  
o r a l  a d m i n i s t r a t i o n  o f  v a r i o u s  o/W/O e m u l s i o n s  c o n t a i n i -  
ng 3% w/v a d d i t i v e s  t o  mice are a l s o  shown i n  Table 2 
and i n  Fig.2. The O d W d / O  emuls ion  c o n t a i n i n g  3% g l y c e r -  
o l  showed a p p r e c i a b l y  h i g h  a n d  p r o l o n g e d  l e v e l s  o f  pent-  
a z o c i n e  i n  a l l  t h e  t i s s u e s .  Un l ike  the  c o n t r o l  OJw/Od  
emul s ion ,  t h e  same emuls ion  c o n t a i n i n g  3% g l y c e r o l  does 
n o t  produce  two peaks.  
t h e  R p  v a l u e s  were: 5.11 f o r  l i v e r ,  27.22 f o r  l u n g  a n d  

25.37 f o r  k i d n e y ,  whereas  f o r  t h e  same emuls ion  con tn i -  
n i n g  3% g l y c e r o l ,  Kp v a l u e s  were: 4.04 f o r  l i v e r ,  3.09 
f o r  l u n g  and 2.86 f o r  kidney.  These v a l u e s  i n d i c a t e  th- 
a t  t h e r e  i s  v e r y  h igh  accumula t ion  of  d r u g  i n  t h e  tiss- 
u e s ,  p a r t i c u l a r l y  i n  l u n g  and  k i d n e y ,  i n  t h e  c a s e  o f  
c o n t r o l  emul s ion ,  w h i l e  t h e  d r u g  accumula t ion  was n e g l i -  
g i b l e  i n  t h e  t i s s u e s  when g l y c e r o l  was p r e s e n t  i n  t h e  
O d W / O d  emulsion.  
m o d i f i e d  t h e  i n t e r f a c i a l  p r o p e r t i e s  and c o n t r o l l e d  t h e  
drug r e l e a s e  from t h e  O d w / O d  emuls iono  

For  t h e  c o n t r o l  O d W / O d  emul s ion ,  

T h i s  c l e a r l y  shows t h a t  g l y c e r o l  h a s  

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

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



PROLONGED RELEASE OF PENTAZOCINE 1229 

c c 
t 0’211 

0- Q/W/O Containing Sod. chlo. 
0- Od/W/O Containing Glucose 

A- Od/W/O Containing Glycerol 

A- od/wdm Containin9 Glycerol 

X -  0, /W/Od COntdtning Glycerol 

I I! 

IY 

0 1 2 3 4 5 6 
T i m e  ( h r r )  

FIG.2 - PROFILES OF AVERAGE BLOOD CONCENTRATIONS OF 
PENTAZOCINE AFTER 2 m g l  ml ORAL ADMINISTRA- 
TION OF FIVE DIFFERENT O / W / O  EMULSIONS TO 
MICE ( n  = 3  1 

The 0 /W/O emuls ions  c o n t a i n i n g  32 o f  e i t h e r  sodiulii 
c h l o r i d e ,  g l u c o s e  o r  g l y c e r o l  g a v e  a lmos t  similar ( w i t h  

minor  e x c e p t i o n s )  p a t t e r n  o f  drug  l e v e l  p r o f i l e s  i n  bl- 
o o d  w i t h  p ro longed  n a t u r e  i n  comparison t o  s o l u t i o n  and 
OdW emulsion.  Drug l e v e l s  i n  o t h e r  t i s s u e s  a l s o  show- 
e d  s i m i l a r  n a t u r e  o f  p r o l o n g a t i o n .  The a d d i t i v e s  m i g h t  
have  i n t e r a c t e d  w i t h  one o r  b o t h  o f  t h e  i n t e r f a c i a l  co- 

p o n e n t s  (components  o f  t he  l i q u i d  c r y s t a l  phase )  and 
made them t o  a c t  as c o n t r o l  r e l e a s e  barriers.  Hoyever 
i n  t h e  absence  o f  a d d i t i v e s  also, t h e  i n t e r f a c i a l  b a r r -  

d 
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1230 MLSHRA AND PANDIT 

i e r s  a c t  as good c o n t r o l l e d  re lease membrane which res- 
u l t e d  i n  c o n t r o l l e d  and p r o l o n g e d  p e n t a z o c i n e  l e v e l s  i n  
t h e  b l o o d  ( c . f .  Fig.? ). 

Ell CLU S IONS 
On t h e  b a s i s  o f  e v i d e n c e  p r e s e n t e d  i n  t h i s  r e p o r t ,  

i t  can be  conc luded  t h a t  m u l t i p l e  O/W/O emuls ions  can 
b e  u t i l i z e d  as a p o t e n t i a l  p ro longed  release dosage fo- 
r m .  I t  i s  a l s o  r e c o g n i z e d  t h a t  f u r t h e r  i n  v i v o  s t u d i e s  
a r e  needed  i n  human v o l u n t e e r s  t o  c o r r e l a t e  o u r  f i n d i n -  
gs  t o  human u s a g e  f o r  t h i s  t ype  o f  dosage form. 

A CKN 0 WLE Ix; EM ENT S 
We a r e  t h a n k f u l  t o  Ranbaxy L a b o r a t o r i e s ,  New Delhi, 

I n d i a ,  f o r  a g e n e r o u s  g i f t  sample o f  pen tazoc ine .  
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