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ABSTRACT 

This work embodies s tudies ,  performed with micropellet 
type dosage forms of Pentazocine Hydrochloride ( Pz-HCl) , using 
single and composite matrices of Eudragit RSlOO (RS) and R L l O O  

( R L ) .  The effects of formulation parameters on various dosage 
form c r i t e r i a  - namely drug loading, par t ic le  s i ze  dis t r ibut ion,  

release profiles etc.  have been investigated. Results indicate,  
that  the two polymers can be successfully combined to uroduce 

different changes in release kinetics,  with simule modifications 

of coating composition and ini t ia l  drug loads. 

INTRODUCTION 

Pentazocine ( P z )  is an opioid analgesic (1) of the benz- 

rnorphan series ( 2 ) ,  used widely in  cases of moderate to severe 
pains ( 2 - 4 )  of various origins,  l ike  post-surgical, trauma, cancer, 

burns, colics,  a s  w e l l  a s  a preanesthetic and anesthetic supole- 

* For correspondence 

1613 

Copyright Q 1994 by Marcel Dekker, Inc. 

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.



1614 BHATTACHARYYA ET AL. 

ment ( 5 , 6 ) .  Pz-HC1 has  a short  biological half life of 2-5.7 hrs. 

( 1 , 2 ) ,  and a frequent dosing reg ime of an amount equivalent to 

25-100 mg of Pz eve ry  3-4 hours,  upto 600 mg da i ly  ( 4 ) .  The 

most common route of Pz administration is parenteral  ( b y  I . V . ,  

I.M., S.C. routes) ,  which may lead to numerous effects like 

fibrous myopathv woody sclerosis  of skin a t  the injection s i t e  
( 4 ) .  Thus ,  a sustained release oral  dosage form would be useful 
in  increasing patient compliance and would also decrease the 
dosing frequency, with concomitant decrease of plasma drug-level 

fluctuations, so  prominent with conventional dosage forms ( 7 ) .  

Previously,  Pandit e t  a l .  have used a multiple emulsion of Pz 
( 8 , 9 )  for achieving prolonged release.  For t h i s  s tudy ,  Pz-HC1 
(which is the  oral ly  administered form of Pz usually u s e d ) ,  h a s  
been used to design a drug del ivery system. 

Literatures report  use of single (10-12 ) , and composite 
(13-15) matrices of different polymers for modulating drug 
release from controlled-release systems. This work r epor t s  the 
use of Eudragits a s  sustained release agents for  controlling Pz- 
HC1 release. 

EXPERIMENTAL 

Materials 

Pentazocine Hydrochloride (Courtesy: Win - Medicare Ltd., 
Ind ia ) ,  Eudragit RSlOO and R L l O O  (Courtesy: R E h m  Pharma, 
Darmstadt) , Span 80 (Fluka)  , Acetone, Petroleum ether 6Oo-8O0, 

Hydrochloric ac id ,  Sodium Hydroxide pel le ts ,  Dibasic Potassium 
Phosphate, Heavy Liquid Paraffin (all from S . D .  Fine C h e m . ,  

Bombay and of A.R. grades 1. 

Procedure of micropelletization 

The micropellets were prepared by the emulsion - solvent 
- evaporation method (16-181, using different ini t ia l  drug loads 
and polymer rat ios  (Table  1 1 .  The drug was f i r s t  uniformly 

dispersed in  an acetone - solution of polymers. Next, t h i s  drug- 
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1616 BHATTACHARYYA ET AL. 

polymer dispersion was poured in a thin,  uniform stream into 

Heavy Liquid Paraffin (containing 0.1% v / v  Span 80),  being 

s t i r r e d  a t  700 rpm for 1 hr. for complete acetone evaporation. 

Next, 100 m l  petroleum e t h e r  ( 6 O o - 8 O 0 )  (PET) was added 
dropwise during 1 h r .  to rigidize the polymer coating. The 

paraffin was next decanted off, and t h e  micropellets washed 

with 3x20 m l  PET, f i l t e r ed ,  vacuum d r i e d ,  and s tored.  

Micropellet Characterization Studies 

1. Sieve Analysis : This was performed using a nest  of 

standard s ieves ,  of numbers 18, 2 2 ,  30, 44 i n  a s i eve  shake r .  
The fractions retained on each s ieve were weighed, and par t ic le  

s ize  calculated by Hatch-Choate equation. 

2.  Scanning Electron Microscopic Studies (S.  E. M .  ) : Surface 

morphology of micropellets were examined , using a Scanning 

Electron Microscope (SEM-Hitachi S-415A), by f i r s t  gold coating 

the  pel le ts  a t  200 Ao thickness,  using a sput ter  coater. The t i l t  

was 1 5 O ,  working distance 1 5  mm, accelerating voltage 15 KV. 

The secondary electron imaging technique was used. 

3. Content Determination Of Micropellets : Content of the 

micropellets were determined with accurately weighed 100 mg of 

micropellets, using 0.1 (N) HC1, at  278 n.m., in  a Hitachi 200- 

20 U.V. -Vis  double beam spectrophotometer, and calculations 

done, based on a standard curve. 

4. Dissolution R a t e  Testing I T h i s  was performed using 100 

mg micropellets from formulations in  a Modified USP X I X  Dissolu- 

tion Rate Testing Apparatus, using 500 m l  of bath fluid [ 0 . 1  ( N )  

HC1 o r  pH 7.2  Phosphate buffer U.S.P.], prewarmed and 

maintained a t  37+loC. A 40 mesh S.S. wire hasket at. 100 rpm 

was used, and 10  m l  al iquots,  withdrawn at  suitable intervals  

were di luted,  and analyzed spectrophotometrically a t  278 nm ( f o r  

acidic media) or 298 nm ( fo r  alkaline media). 
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FIGURE 1 
Scanning Electron Micrographs of Pentazocine Hydrochloride 
Micropellets. Key, Plate 1, FN. A2 (x50) 

Plate 2 ,  FN. D2 (x50) Plate 3 ,  FN. C 2  (x30) 
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FIGURE 2 
Effects of polymer combinations on release profiles of formula- 
tions ( ini t ia l  drug load of 40% w / w )  in 0.1") HC1. 

RESULTS AND DISCUSSION 

A )  Effect of formulation var iables  on physical propert ies  of 
micropellets 

1. Variation of polymer comibnationz : When the total polymer 
amount was held constant with variations only in ra t ios  of R S  

and R L ,  there were minimal changes in product yield,  drug 
entrapment, or  drug loss. In a l l  cases,  exceDt formulations A2 

and D2 (Table 11, drug entrapment was over 9096, and the  pat- 
tern of drug loss could not be  definitely corelated with changed 

polymer combinations. Product yield was excellent,  being above 
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CONTROLLED RELEASE FORMS OF Pz-HCI 1619 

0 -  A2 

v- c2 
0- 02 

A-B2 

0- E2 

0 30 60 90 120 180 240 300 360 420 
TIME(  MINS.) 

FIGURE 3 
Effects of polymer combinations on release profiles of formula- 
tions ( ini t ia l  drug load of 50% w / w )  in O . l ( N )  HC1 

95% in  a l l  cases,  thus validating the  manufacturing process. 
S.E.M. shows spherical  micropellets being formed a t  a l l  com- 
binations, with uniform coatings (F ig .  1, Plates 1,2,3). 

2.  Variations of ini t ia l  drug load : A change in drug load 

from 40% w / w  to 50% w/w, brought about no significant changes 
in product yield.  T h e  drug loss in case of the 50% w / w  

batches was a b i t  higher than the 40% w / w  batches,  and 
consequently, drug entrapment was also s l ight ly  low, though no 
definite relation was found between drug loss and polymer 

variations a t  a particular drug load. 
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1620 BHATTACHARYYA ET AL. 

0 30 60 90 120 280 240 300 360 420 
T I M E ( M I N S . 1  

F I G U R E  4 
Effects of ini t ia l  drug loads on release profiles of formulations 
[ in  O . l ( N )  HC11. 

B) Effect of formulation and o the r  var iables  on release of Pz- 
HC1 from micropellets 

1. Effect of polymer combination variations on release of drug: 
Eudragits RS and R L  exe r t  a significant effect  on modulation of 
release from formulations. The batches with R L 1 0 0 %  ( E l  and E 2 )  

depict  maximum Pz-HC1 release,  and R S 1 0 0 %  batches ( A 1  and 

A 2 ) ,  show minimum release ( F i g .  2 . 3 ) .  This can be at t r ibuted to 
greater permeability of R L  ( 1 9 , 2 0 1  due to larger  number of 
quaternary ammonium groups than R S ,  thus having less retardant 
effect on drug release than R S .  When gradually increasing 
amounts of R L  a r e  incorporated into the R S  matrix,  Pz-HC1 
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CONTROLLED RELEASE FORMS OF Pz-HCI 1621 

FIGURE 5 
Effects of pa r t i c l e  s ize  on release prof i les  of formulations (ini-  
t ial  drug load 40% w / w )  in  0.1 (N) HC1. The symbols # represent 
mesh numbers. 

release is enhanced due to drug - leaching by dissolution 

medium, which gains facil i tated entry through open channels 

created by R L  in the nearly - impermeable RS matrix. 

Moreover, R L  being more prone to swelling in the  dissolution 

medium, causes faster drug release by implied hydrodynamic 
pressure.  

2.  Effect of ini t ia l  drug load on release r a t e  : From Fig. 4,  

t he  effect of varying drug loads on release profiles a r e  seen. 
For a specific par t ic le  s ize ,  the formulations AZ,  C2, D2 gave a 

higher  re lease than corresponding Al, C1, D1 batches.  Thus, 
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1622 BHATTACHARYYA ET AL. 

TIME(M1NS.I 

FIGURE 6 
Effects of pH on release profiles of formulations ( ini t ia l  load of 
40% w / w  1 .  

with increase of drug load, a higher release was obtained [ l i k e  

Chang e t  a1 ( 2 1 ) ] ,  due to reduction in  diffusion pathlengths, 
since the  total polymer amount was held constant. 

3 .  Effect of par t ic le  s ize  on release profiles : Figure 5 

shows a comparative profile for batches A1 and C1 a t  mesh 
sizes 18, 22 ,  and 30. With increase in par t ic le  s ize ,  the release 

of formulations decreased appreciably,  thus bearing out t h e  
inverse relationship between surface area and dissolution ( 2 2 ) .  

The mesh 30 formulations showed fastest release in cases of both 
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CONTROLLED RELEASE FORMS OF Pz-HCI 1623 
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FIGURE 7 
Effects of p H  on release profile of formulations ( ini t ia l  drug 
load of 50% w / w ) .  

A1 and C1, and mesh 18 batches,  the slowest release. Similar 
resul ts  were obtained with the  50% w / w  batches.  

4. Effect of pH on release profiles : Figures 6 , 7  show the 

release profiles of B1, C1, D1 and B2, C 2 ,  D2 in acidic  and 
alkaline media. The figures depict ,  that release is greater in pH 
7.2 phosphate buffer than in 0.1 ( N )  HC1. Actually, Pz-HC1 
undergoes a greater degree of ionization in alkaline media than 
in acidic media, hence leading to a greater solubili ty in  the  
former medium. 
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n 

""I / 

0 2 4 6 8 10 12 14 16 18 20 
iTiW 1 MINS.) 

FIGURE 8 
Release profiles of formulations following Higuchi kinetics [ i n  
O . l ( N )  H C l ]  

Kinetics of drug release from micropellets 

A number of kinetic models have been used in l i teratures  
to descr ibe release kinetics from micropellets and microcapsules 

(23-261 and w e  too attempted describing the release profile by 
a model function. Drug release appeared to fi t  zero, f i r s t  o rde r  
and square root kinetic models, a s  reported by Kristl  ( 2 7 ) .  

But, on application of differential  r a t e  treatments and l inear 
regression analysis , ultimately evidence supported the  Higuchi 
matrix model ( F i g .  8 )  and (Table  2 )  , according to the  equation 
Q = [ D  (2A-C,t)I4 (281, for diffusion controlled transport  i n  a 
polymer matrix. Data also appeared to f i t  f i r s t  o rde r  ( F i g .  9 )  

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.



T
A

B
L

E
 

2 
4 

C
om

pa
ri

so
n 

B
et

w
ee

n 
L

in
ea

ri
za

ti
o

n
 O

f 
R

el
ea

se
 

D
at

a 
B

y 
F

ir
st

 
O

rd
er

, 
Z

er
o 

O
rd

er
 

A
nd

 
t 

Or
de

r 
K

in
et

ic
s 

F
or

 D
if

fe
re

n
t 

F
o

rm
u

la
ti

o
n

s 

C
o

re
la

ti
o

n
 

C
o

ef
fi

ci
en

ts
 (

r)
 

4 
F

or
m

ul
n.

 
C

od
e 

Z
er

o 
O

rd
er

 
1
st

 
O

rd
er

 
t 

o
rd

e
r 

A
1
 

B1
 

c
1
 

Dl
 

0.
91
5 

0.
90
0 

0.
98
7 

0.
98
4 

0.
90
0 

0.
91
6 

0.
96
6 

0.
99
0 

0.
97
9 

0.
87
0 

0.
94
4 

0.
99
4 

0.
99
2 

0.
98
4 

0.
93
3 

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.



1626 BHATTACHARYYA ET AL.  

TIME (MINS.1 

FIGURE 9 
Release profiles of formulations by first-order kinetics [ in  
O . l ( N )  HC11. 

and zero order  models, but Higuchi plots gave consistently 

higher  values for corelation coefficients, than for  both first and 
zero order  models, in  majority of the formulations. The ini t ia l  

s l ight  deflections in  the Higuchi plots  (Fig.  8) may be due to  
the slow imbihation of polymer matrix by dissolution medium. 

The non-conformity of zero o rde r  models by matrix sys -  
tems, has been confirmed also by Pongpaibul et a1 ( 2 9 ) .  the 

reason being due to the  changing distance t ravel led by t he  drug 
from the matrix - core to the surface,  which increases with 

time. So, usually r a t e  of re lease from matrix follows square 
root kinetics,  a s  also postulated by  Gohary et a1 (30 ) .  

CONCLUSION 

From the studies i t  is clear ,  that  a wide range of pro- 

pe r t i e s  of formulations can b e  affected with Eudragits. Extensive 
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work is s t i l l  progressing, a s  w e  intend to find out t he  formula- 

tions giving optimum sustained action of Pz-HCl. It can be visua- 

lized from these s tudies ,  that  a RS-RL combination would be 

near-perfect f o r  achieving our purpose. We hope to extend t h i s  

study to in-vivo t r i a l s ,  and establ ish an in-vitro - in-vivo core- 

lation. 
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