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ABSTRACT 

A m a t r i x - d i s p e r s i o n  t ype  Transdermal Drug D e l i v e r y  System (TDS) o f  Pentazocine 

(PZ) was fab r i ca ted ,  us ing  combinat ions o f  r a t e  c o n t r o l l i n g  polymers, namely 

Eudrag i ts  R S 1 0 0  ( R S ) ,  R L l O O  ( R L ) ,  E t h y l c e l l u l o s e  (EC) and P o l y v i n y l  p y r r o l i d o n e  

(PVP), w i t h  the  o b j e c t i v e  o f  examining t h e  e f f e c t s  o f  f o r m u l a t i o n  va r iab les  on 

drug-permeation p r o f i l e s .  I n  depth i n - v l t r o  d rug  re lease  and skin-permeat ion 

k i n e t i c s  w i t h  th ree  d i f f e r e n t  loads, and a l so  t h e  e f f e c t s  o f  combinat ion o f  

l sop ropy l  M y r i s t a t e  (IPM), as permeation enhancer, were s tud ied  us ing  male a lb ino  

mice abdominal sk in .  The re lease  o f  PZ over a 12 hour p e r i o d  fo l l owed  Higuchi  

k i n e t i c s ,  w h i l e  i n - v i t r o  mice-sk in  permeat ion o f  PZ f o l l owed  an apparent Zero-order 

k l n e t l c s  over a p e r i o d  o f  24 hours. 

IaTROwGTIoll 

Pentazocine. hav ing  bo th  a g o n l s t i c  and weak o p l o i d  a n t a g o n i s t i c  a c t i v i t y ,  can 

be used as an ana lges ic  f o r  chron ic  severe pa in  (e.9.. cancer, p o s t - o p e r a t i v e ) ( l ) .  

P Z .  due t o  I t s  sho r t  b i o l o g i c a l  h a l f - l i f e  of 2 hours (2 ) .  r e q u i r e s  f requent dosing. 

Because o f  ex tens i ve  f i r s t - p a s s  metabol ism i n  t h e  l i v e r ,  o n l y  about 20% o f  PZ 

en te rs  the systemic c i r c u l a t i o n  ( 3 ) .  Transdermal r o u t e  o f  a d m i n i s t r a t i o n  i s  capable 

o f  avo id ing  the  hepa t i c  f i r s t - p a s s  e f f e c t  (4 ) .  

* Author f o r  correspondence 
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1934 MANDAL, BHATTACHARYYA, AND GHOSAL 

Pentazocine, w i t h  a l o g  Potanol /water va lue  o f  4.03, can be considered as a 

l i p o p h i l i c  drug, and i t  may penet ra te  e a s i l y  through the  s t ra tum corneum, which i s  

the major h u r d l e  t o  percutaneous pene t ra t i on  (5.6). Because o f  i t s  moderately h igh  

dose, t h e  f l u x  through the  s k i n  may be inadequate t o  ma in ta in  t h e  the rapeu t i c  PZ 

concent ra t ion  i n  blood. thus  needing co -admin i s t ra t i on  o f  enhancers. Use o f  

d i f f e r e n t  enhancers have been repo r ted  (7-11 ) bu t  those with H i  ldebrand-solubi  l i t y  

parameters nearer  t o  10.5, a re  use fu l  t o  enhance t h e  permeation ( 1 2 ) .  l sop ropy l  

Myr i s ta te ,  w i t h  a s o l u b i l i t y  parameter o f  8.02, has been used t o  inc rease the  

permeabi 1 i t y  o f  PZ. 

A ma t r i x -d i spe rs ion  type  TDS. which e a r l i e r  showed promis ing  r e s u l t s  w i t h  

Diazepam (13) .  Testosterone (14) and D ic lo fenac  Sodium (15) TDS, have been se lec ted  

f o r  PZ. 

EXPERIWWTAL 

M a t e r i a l s  : Eudrag i ts  R S l O O  and RLlOO (Rohm Pharma, Germany) P o l y v i n y l  

py r ro l i done  (Loba Chemie, M.wt. appx.40.000). Po lye thy lene g l y c o l  400 (Ranbaxy 

Labora tor ies) ,  E t h y l c e l l u l o s e  (B.D.H. England, v i s c o s i t y  14 cps). Pentazocine 

(cour tesy .  Biochem Pharmaceutical I n d u s t r i e s ,  Bombay. and Win-Medicare Ltd., New 

Oelh i ) .  l sop ropy l  M y r i s t a t e  ( A l d r i c h ,  U.S.A.). 

Methods : 

A. P re fo rmu la t i on  s tud ies  

C a l c u l a t i o n  o f  Dose : PZ needs a s k i n  permeation r a t e  o f  77.62 mcg/hr. which - e f f e c t i v e  plasma has been c a l c u l a t e d  us ing  t h e  formula, D=CpxVdxKe, where C 

concentrat ion,  V - Volume o f  d i s t r i b u t i o n ,  K t h e  r a t e  o f  e l i m i n a t i o n  (16).  
d e 

P 

F a b r i c a t i o n  o f  Transdermal F i lms  : 

The f i l m s  were f a b r i c a t e d  by c a s t i n g  method as repo r ted  e a r l i e r  by Mandal e t  

a l . ( l3.14),  u s i n g  RS. RL, EC, PVP (Tab le  I ) .  The prepared and d r i e d  f i l m s  were cu t  

i n t o  requ i red  dimensions by a d i e - c u t t e r ,  

Charac te r l za t i on  o f  TD F i lms  : 

Phys i co t  hemi ca 1 charac ter  i r a t  i on 

( i )  Content u n i f o r m i t y  : The drug  conten t  was es t imated spec t rophotomet r ica l  l y  

a t  278 n.m. i n  1(N) Hydroch lo r ic  acid.  T r i p l i c a t e s  were performed. 

( i i )  F i l m  th ickness  : I t  was determined by a Comparator (Doa l l  Company, 

I l l i n o i s ,  U.S.A.) a t  f i v e  separate p o i n t s  o f  a f i l m .  T r i p l i c a t e s  were 

performed. 

A .  
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MATRIX-DISPERSION TYPE TDS OF PZ 1935 

TABLE-1 

Caposltion of  TDS Films 

FN . Code Com~os i t i on 
Polymers Enhancer Orug 

RS100 RL100 EC PVP (IPM) % w/w mglcm' 

1 1 - -  - 8.50 
F1 

F2 

F3 

F4 

- 1 1  

2 1 - -  
- 4 1  

8.49 

- 8.70 

8.50 

2 1 - -  10 9.12 

- - 4 1  10 9.01 
F5 

F6 

6. 

C. 

Orug re lease s tudy  

The f i l m  sample was placed i n  between t h e  donor and receptor  compartment o f  

mod i f ied  Keshary-Chien d i f f us ion  c e l l ,  so as t o  keep the  drug-releasing 

sbr face  towards the receptor compartment, which was f i l l e d  w i th  a s o l u t i o n  o f  

20% PEG 400 i n  normal sa l i ne  a t  32kl"C. The e l u t i o n  medium was s t i r r e d  a t  600 

rpm, magnet ical ly.  A l iquots  withdrawn over 12 hours were est imated 

s p e c t r o p h o t m t r i c a l l y  a t  279 n.m. 

Skin permeation study 

Abdominal s k i n  o f  male a lb ino  mice was used a f t e r  pre-treatment. as descr ibed 

elsewhere (15). The s k i n  was f i x e d  on to  a mod i f ied  Keshary-Chien d i f f us ion  

c e l l ,  as described i n  sec t ion  8. 20% PEG 400-normal s a l i n e  s o l u t i o n  was used 

as e l u t i o n  medium, a t  37*loC, be ing  s t i r r e d  magne t i ca l l y  a t  600 rpm. A l i quo ts  

w i thdrawn over 24 hours were es t imated  a t  279 n.m. spectrophotometr ical  ly. 

Blank was run  simultaneously f o r  each se t ,  and ca l cu la ted  accordingly.  

RESULTS AND DISCUSSION 

Fi lms o f  d i f f e r e n t  compositions show minute va r ia t i ons  i n  drug content,  t o  the  

ex ten t  o f  a maximum of 5%. The maximum v a r i a t i o n s  showed by the  fo rmu la t i on  F i s  

7%. and the  minimum, showed by F i s  o n l y  1%. F i lms showed u n i f o r m i t y  i n  th ickness, 

ca l cu la ted  i n  between 0.8-0.9 m a ,  w i t h  a s l i g h t  v a r i a t i o n  a t  t he  per iphery.  

2 

6 
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1936 MANDAL, BHATTACHARYYA, AND GHOSAL 

E f f e c t  o f  Polymerlc c a p o s i t i o n  on re lease  c h a r a c t e r i s t i c s  of  pentazocine : 

( i )  I n - v i t r o  re lease p r o f i l e s  : The i n - v i t r o  re lease p r o f i l e ,  dep ic t s  drug re lease 

according t o  m a t r i x - d i f f u s i o n  k i n e t i c s  model, when cumulat ive percent re lease (9) 
was p l o t t e d  aga ins t  square r o o t  o f  t ime \n (Fig.1). Th is  can be exp la ined by 

H iguch i ' s  square-root k i n e t i c s  equat ion f o r  re lease from mat r i x - t ype  d e l i v e r y  

systems i n t o  s ink  cond i t i ons  a t  steady s t a t e  Q=D (2A-C ).C t whict .nd ica tes  Q 

and fl f o l l o w  a l i n e a r  re la t i onsh ip .  The fo rmula t ions  showed l i n e a r i t y  on Q versus 

fl p lo ts ,  con f i rm ing  square r o o t  k i n e t i c s .  The re lease r a t e  increased w i t h  

increment of RS i n  RS-RL combinations. For the EC-PVP formulat ions,  as PVP amount 

increasd, i n i t i a l  re lease r a t e  increased. bu t  g radua l l y  slowed down. 

t 
P P P  

The i n i t i a l  augnented release w i t , ,  increased amounts o f  h y d r o p h i l i c  polymer, 

may be a t t r i b u t e d  t o  a greater hydra t ion  fac to r .  Formulat ions F and F were chosen 

from amongst formulat ions F 

( i i )  I n - v i t r o  s k i n  permeation p r o f i l e  : The s k i n  permeation p r o f i l e s  o f  

fo rmola t ions  F and F showed apparent zero-order k i n e t i c s ,  when cumulat ive amount 
3 4 '  

periiieated (Q) was p l o t t e d  against  t ime ( t )  (Fig.2). This can be exp la ined by F i c k ' s  

law o f  d i f f u s i o n ,  under s ink  c o n d i t i o n  (11J,as oescriDed by the  equat ion Q = 

(DAK)/hCdt. 

3 4 
t o  F4 ,  due t o  t h e i r  maximum f l u x  values. 

1 

The permeation r a t e  o f  PZ through the  i n t a c t  s k i n  i s  g rea ter  f o r  RS-RL system, 

than f o r  t h e  EC-PVP system (Table-11). Th i s  ind ica tes ,  t h a t  bo th  the  d e l i v e r y  

system as w e l l  as the  s k i n  con t ro l s  the  steady s t a t e  permeation o f  PZ. The r o l e  o f  

TDS over t h e  c o n t r o l  o f  steady s t a t e  permeation o f  P Z  i s  apparent from the  fac t  

t h a t  w i t h  change i n  re lease ra te ,  there  i s  a corresponding change i n  permeation 

r a t e  also. Otherwise, i f  on ly  the  s k i n  had c o n t r o l l e d  the  steady s t a t e  permeation, 

a p ropor t i ona te  increase o f  permeation r a t e  along w i t h  increased re lease ra te ,  

would no t  be poss ib le .  

E f fec t  o f  enhancer on in - r l t ro  re lease  and p e l r e a t i o n  p r o f i l e s  o f  PZ 

Fi lms wi th I P M  as enhancer, showed grea ter  i n - v i t r o  re lease  r a t e ,  as compared 

t o  f i l m s  w i thou t  enhancer (Fig.1). The i n - v i t r o  permeation s tud ies  a l so  showed 

l i n e a r  p r o f i l e s ,  and films w i t h  IPM showed grea ter  re lease over 24 hours (Fig.2). 

The increase i n  re lease  r a t e  may be due t o  the  fo rmat ion  of a two-phase continuous 

network w i t h i n  t h e  polymer mat r ix .  I P M  has a HSP value between two extremes 

(b=8.02),and may thus  p a r t i t i o n  i n  bo th  the  l i p i d  and p o l a r  phases o f  s k i n  (12); 

bu t  i t s  lower s o l u b i l i t y  parameter makes i t  p a r t i t i o n  i n t o  t h e  l i p i d  phase t o  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

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



w 40 
a 
w 
J 

&! 30 
$ 

20-  

-I 10- 

> 
I- U 
3 
E 
3 
U 

- 

FIGURE-1 

Release p r o f i l e s  of  pentarocine from mat r ix  type f i l m s  ( p d , F  ;ti, F2;w , 

F3;-. F 4 ; ~ ,  F 5 ; ~ ,  F ). The numbers beside legend represents the  steady 

s t a t e  f lux  value (mg/cm’/hr ) f S.D. o f  four  determinations. 

1 

6 
f 

A 0.9775 (0.25581 
- A 0~5097(0.12711 

O 1.0500 10.15701 
0 1.106 (0.1632 I 

- 1.2768(0-18601 
1.1262(0*2027) 

I I 1 1 1 1  

A 67.70 (7.8121 
A 73.958 (6.2501 

79.166 (10.9361 

4 8 12 16 20 24 
TIME (HOUR) 

FIGURE-2 

I n - v i t r o  sk in  permeation p r o f i l e s  o f  pentazocine. The number beside each legend 

represents t h e  steady s t a t e  f l u x  value (mcg/cm*/hr.) i S.D. o f  6 determinat ions.  
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1938 MANDAL, BHATTACHARYYA, AND GHOSAL 

TABLE-I I 

Release and Permeation Flux o f  Films 

FN .Code Release f l u x  Permeation f l u x  

( mcg/cma/hr) t (mg/cm'/hr 

0.9775 (t 0.2558) 

C.5097 (t 0.1274) 

1.0500 (* 0.1570) 

1.1060 (t 0.1632) 

F2 

F4 

- 

66.666 (k 9.374) 

67.700 (* 7.812) 
3 

F 

f 1.2768 (* 0.1860) 79.166 (k  10.936) 

1.1262 (* 0.2027) 73.958 (t 6.250) 

(k) standard dev iat ion 

TABLE-I I I 
Release and permeation Flux o f  F i l l s  a t  D i f f e r e n t  loads 

FN. Code Load Release f l u x  Permeation f l u x  

mcg/cm'/hr f mg/cm= mg/cma/hr 

4.745 0.625 ( &  0.068) 18.33 (* 5.184) 
F, 5.653 0.700 ( *  0.069) 40.00 (k 5.780) 

8. I50 1.050 (t 0.15/) 66.66 (* 9.371) 

5.232 0.233 ( *  0.0256) 21.66 ( *  4.106) 
7.164 0.333 ( *  0.0266) 31.66 ( *  8.071) 
8.500 1.106 (t 0.1632) 67.70 (f 7.812) 

F4 

( + )  standard dev iat ion 

greater extent. Thus, i t s  act ion on the polar phase i s  low, r e s u l t i n g  i n  lower 

enhancement o f  skin-permeation rate. 

E f fec t  o f  i n i t i a l  drug load on release p r o f i l e s  

f i lms  F and F were chosen f o r  t h i s  study, incorporating three d i f f e ren t  drug 3 4 
loads (Table-111). Figures 3,4,5 c l e a r l y  ind icate an increase i n  both release and 

permeation rates,  w i th  gradual increase i n  drug loads, which i s  aff irmed by the 

concomitant increase i n  flux. Thus we may postulate, t ha t  enhancement o f  drug 

release r a t e  from the f i lm can increase the skin permeation o f  PZ.  and the maximum 

value of PZ s k i n  permeabilfty i s  yet  tL be attained. 
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FI6lRE-3 

Release p r o f i l e s  of pentazocine from RS:RL (2:l) f i l m s  a t  t h ree  d i f f e r e n t  loads 

(0-0. 4.745 mg/cm',D-o, 5.6535 m g / c m ' ; b d  , 8.750 mg/cm'). The number beside 

each legend represents  the  steady s t a t e  f l u x  value (mg/cm'/hr ) f S.D. o f  4 

determinations. 

t 

A 1.106 (0.1632) 

1 1.73 2.23 2.64 3 3.31 U 

  TIME)^?  HOURI''^ 
FI6lRE-4 

Release p r o f i l e s  of pentazocine from EC : PVP : (4:l) f i l m s  a t  th ree  loads (o---O, 
5.232 mg/cm2;D-U , 7.164 mg/cm';b-Q , 8.500 mg/cm'). The number beside each 

t legend represents t h e  steady s t a t e  f l u x  value (mg/cm'/hr ) f S.O. o f  4 

determinations. 
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1940 MANDAL, BHA’ITACHARYYA, AND GHOSAL 

0 21.66 14.1061 
31.60  18.071 1 

4 8 12 16 20 24 

TIME ( H O U R )  

FIGURE-5 

I n - v i t r o  s k i n  permeation p r o f i l e s  o f  pentazocine from th ree  d i f f e r e n t  loads; a )  

From RS-RL f i lms ,  -, 4.745 mg/cm‘; -, 5.6535 mg/cm*; -, 8.750 

mg/cm*; b) From EC-PVP f i 1 m s . H  5.232 m g / c m ’ ; H  , 7.164 m g / c m ’ ; M  , 8.500 

mg/cm‘. The numbev beside each legend represents t h e  steady s t a t e  f l u x  (mcg/cm’/hr) 

f S.D. o f  6 determinat ions .  

The permeat ion r a t e  requ i red  t o  ma in ta in  t h e  therapeut ic  l e v e l  o f  PZ as 

5 
ca l cu la ted  i s  77.62 mcg/hr. which i s  nearer t o  the  f l u x  va lue  o f  PZ from F 

(con ta in lng  10% IPM a t  a load o f  9.12 mg/cm*) a t  79.166 mcg/hr. Therefore, f u r t h e r  

i n - v i t r o  s t u d i e s  may lead t o  a successful  f o rmu la t i on  of TDS o f  pentazocine. 
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MATRIX-DISPERSION TYPE TDS OF PZ 1941 

1. 

2. 
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4. 
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