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ABSTRACT 

Xicrccapsules of oxazepam with coretwall  ratks 
I t 1  and l r 2  have been prepared by coacervation-phase se- 
parat ion method, using e thyl  ce l lu lose  as a coa t ing  ma- 

terial .  Phase separat ion was obtained by adding a sal t  

so lu t ion  to  the dispers ion o f  a water insoluble  material 
i n  organic solut ion,  Microencapsulation process p r o t e c h  
ed oxazepam from photochemical deoomposition and retarded 
i t s  release.  Release o f  the drug i n t o  simulated g a s t r i c  
and i n t e s t i n a l  j u i ce  was studied. I n  v i t r o  d isso lu t ion  

s tud ie s  showed t h a t  first order  release cha rao te r i s t i c s  
were exhibited. 

INTRODUCTION 

biicroencapsulation i s  a method o f  wrapping small 
The e n t i  t i es  i n  individual ,  p ro tec t ive  coatings (1) 

function of t h i s  coat ing may be t o  protect ,  separate  o r  
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YALABIK-KAS 1048 

t o  change the physical p roper t ies  o r  a v a i l a b i l i t y  of the 

core material. 

Oxazepam, which i s  a 1,4-Benzodiazepine-2-one deri-  

vat ive,  i s  a t ranqui l izer .  I t  i s  an important metaboli- 

t e  of  diazepam and medazeparn. 

to  be faster t h a n  the o ther  bensodiazepines. Oxazepam 

reaches to  a m a x i m u m  blood l e v e l  i n  two hours and i t s  
mean plazma ha l f - l i f e  i s  3.9 hours (2). 

a r e  a l s o  photochemically unstable (3-9) .  

Its el iminat ion is shown 

Benzodiazepines 

In t h i s  present work, the preparation o f  microcap- 

su l e s  with ethyl  ce l lu lose  a t  differsnt corerwall r a t i o s ,  

t h e i r  d i sso lu t ion  c h a r a c t e r i s t i c s  and the  effect o f  par- 

t i c l e  s i z e  and the corerwall r a t i o s  on d isso lu t ion  ki-  

n e t i c s  were investigated.  

Piat e r i a l  s 

Oxazepam (11-020), Wyeth, sieved through 180/125 pn 
sieve aperture;  e thy l  ce l lu lose ,  Fluka, ethoxy number 

48; methyl e thyl  ketone, Merck; disodium hydrogen phos- 

phate, Ivierck; potassium hydrogen phosphate, Riedel; hyd- 
rochlor ic  acid,  Blerck; t r i p p l e  d i s t i l l e d  water, prepared 

by d i s t i l l a t i o n  from an a l l  g lass  still. 

We thods 

Preparation o f  Oxazepam bliorocapsules- blicrocapsules we- 
r e  prepared by phase separation-coaoervation method (10 ), 
Phase separat ion was obtained by adding lO$ disodium 

hydrogen phosphate to  the dispers ion o f  oxazepam i n  me- 
thy l  e thy l  ketone. 

f i t t e d  with a two bladed stirrer, was plaoed a so lu t ion  

In to  a 1 l i t e r  three necked f l a sk ,  
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OXAZEPAM AND ETHYL CELLULOSE MICROCAPSULES 1049 

of e thyl  ce l lu lose  i n  methyl e thyl  ketone. 
r i n g  r a t e  of 680 rev  min-’ and a temperature of 50°C, the  
core material, oxazepam, was added. Then the sal t  solu- 

t i o n  was added from a sepaht ing funnel,  over a period 
of 60 minutes. 
minutes, the  system w a s  allowed t o  cool t o  room tempe- 
r a t u r e  with continuous s t i r r ing a t  the same speed i n  an 
i c e  bath. The hardened e thyl  ce l lu lose  coated microcap- 
su l e s  were decanted and washed with water three times t o  
get r i d  o f  the salts. These microcapsules then f i l t e r ed  

and a i r  dried. 

With a stir- 

After being held constant f o r  another 60 

Microcapsules with corerwall  r a t i o s  of l r l  and 112 

were prepared. The d i f f e r e n t  s i z e s  of microcapsules pre- 

s en t  i n  each batch were separated by s ieving on a mecha- 
n i c a l  shaker using a range of standard s ieves  ( 7 1 0 - 1 2 5 ~ )  
and shaking f o r  ten minutes. The microcapsules shown i n  
Table 1 were used i n  the  i n  v i t r o  d isso lu t ion  tests. 

Dissolution Procedure- A round bottomed, +necked flask 

with a 2-bladed s t i r r e r  was used. An amount o f  micro- 

capsule containing 10 m g  oxazepam was plased i n  a hard 

ge l a t ine  capsule and w a s  fixed to  a glass rod with a 

s t a i n l e s s  s t e e l  cord. 
was kept constant during the t es t  period. 
- + 0.loC simulated g a s t r i c  j u i ce  (0.1 N Hydrochloric 
Acid) or simulated i n t e s t i n a l  ju ice  (h/l5 Phosphate 
Buffer) were used as d isso lu t ion  mediums. 

were removed a t  timed i n t e r v a l s  and 5 m l  d i sso lu t ion  
medium returned t o  the  system immediatly. 
samples were f i l t e r e d  through 45 ) ~ n  Swinnex Mil l ipore 
f i l t e r .  

A s t i r r i n g  speed o f  100 rev min-’ 
1 l i t e r  37OC 

5 m l  samples 

The removed 
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1050 YALABIK-US 

Sieve Aperture (p) 
(Passed/Re tained) 

TABLE 1 
Nicrocapsules Used In In Vitro Dissolution Tests 

Code loret Wall 
Ratio 

1: 1 

lr2 

Aseay of Oxazepam- Oxasepam was assayed by measurements 
o f  the absorption at 229 nm. 
f o r  absorption against concentration was obtained and the 
regression equation y=O.O0347+0.0982~ and y4.002764 
+O.O553x f o r  0.1 N hydrochloric acid and M/15 phosphate 
buffer respectively were used to determine the concen- 
tration of oxazepam in the samples. 

A lineer standard curve 

RESULTS AND DISCUSSION 

The release of active material from microcapsules is 
through enzymatic digestion, diffusion and dissolution of 
wall material (11). Enzymatic digestion is a biochemical 
process; dissolution of wall material is a physicochemi- 
cal prooess. Whereas, diffusion is purely a physical pro- 
cess which takes place when the capsule content is suffi- 
cently soluble in body fluids and the wall material is 
permeable but insoluble. 
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OXAZEPAM AND ETHYL CELLULOSE MICROCAPSULES 105 1 

Since a comparison could be made between the diffe- 

r e n t  microcapsule s i z e  f r ac t ions  by s tuding t h e i r  i n  v i t r c  

d i sso lu t ion  r a t e s ,  the  d isso lu t ion  characteristics of the 

microuapsules l is ted i n  Table 1 were carried on both i n  

simulated g a s t r i c  and i n t e s t i n a l  juice.  During the  peri- 
od of t h e  d isso lu t ion  experiments, the microcapsules of 
e thy l  ce l lu lose  n e i t h e r  d i s in tegra ted  nor changed t h e i r  

shape and s ize .  T h i s  was an evidence that  a d i f fus ion  
control led process was responsible f o r  the  r e l ease  o f  
oxaaepam. 
k ins  and Blorence (12), Ja lsen jak  e t  a1 (13) and Alpa r  

and Walters (14). 
Hicrocapsules behaved l i ke  p l a s t i c  matrices (15). 

Dissolution started as the d isso lu t ion  medium penetra- 
ted  through the pores o f  the  microcapsules. Dissolut ion 
medium dissolved oxarzepam as i t  penetrated the microcap- 
su l e  wall. This  produced a sa tura ted  oxazepam solu t ion  
in s ide  the microcapsule wall. This formed a concentra- 
t i o n  gradient  between the i n t e r i o r  of the microcapsule 
and the d isso lu t ion  medium. A s  the d isso lu t ion  proceed- 

ed, the dissolved oxazepam di f fused  out. 

Th i s  was i n  accordance with the work o f  Jen- 

The d isso lu t ion  and the i n  v i t r o  re lease  of the 

drug are not  always easy t o  correlate .  Therfore d i f fe -  

r en t  equations and k i n e t i c  models should be applied(l.5- 

18). No one model is able  to  adequetly describe the  

r e l ease  s i t ua t ion .  Because o f  t h i s ,  the  d isso lu t ion  
data obtained have been examined and evaluated pharma- 

cokine t ica l ly  by the methods of Wagner(lb), Shwarts e t  
a l ( l 5 ) ,  zero and first order release kinet ics .  

mination coe f f i c i en t s (  r ) were calculated and are shown 
i n  Tables 2 and 3. 

Release r a t e  constants,  c o r r e l a t i o n ( r )  and deter- 
2 
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1052 YALAB IK-KAS 

5.13 

0 . 8896 

0.7914 

3.58 
0 9590 

0.9197 

TABLE 2 

Dissolution Hate Parameters I n  0.1 N Hydrochloric Acid 

7.64 

0.8899 

0,7917 

3060 

0 9491 
0 . 9008 

Kine t i c s  

krx10 3 

F i r s t  
Drder 

k:xlO 

r 

r 

Zero 
Order 

Iiguchi r 
Squati. 2 

r 

M1 

11.74 

0.8980 

0 . 8064 

3.40 

0.9713 

0.9435 

r sco r re l a t ion  coef f ic ien  

biicrocapsules 

Ni 

4.90 

0.9655 

0,9323 

~~ ~ 

10.02 

0.9221 

0 . 8603 

3 I "4 B 

r i d e  tgrminat ion coe f f i c i e n t  
kr, kr, K=dissolution r a t e  constants 

The zero order  re lease  p l o t s  gave a parabolic curve 

where the I-Iiguchi plots were curv i l inear  and could not  

be interpreted.  The Higuchi equation was developed t o  

define the r e l ease  from wax matrices. 

dened microcapsules present an extreme case o f  t h i s  H i -  
g ichi  model and the  s i z e  remained unchanged, a l inear 
re la t ionship  w a s  not obtained during the courm o f  t h e  

dissolution. 

Although the har- D
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TABLE 3 
Dissolution Rate Parameters I n  b1/15 Phosphate Buffer 

Kine t i cs  

krx10 3 I F i r s t  
(Order r 

2 r 

Z@*O 
Order r 

r 

KXlO Higuchi 
Equati. r 

2 r 

Licrocapsules 1 

0.82 

7.79 

0 9147 
0 . 8367 

3.39 
0.9859 

0.9721 

7.80 

0,8918 

0.7957 

M3 I M4 I 
0.9760 0 9709 
0.9626 00 9427 

the miorocapaule samples s tudied and allowed an easy com- 

parisonof the t50 re lease  time (Table 4). 

The log-probabili ty graphs o r  Wagner p l o t s  (Figu- 

res 1 and 2), gave s t r a i g h t  l ine r e l a t ionsh ip  f o r  a l l  

4 -  

Dissolution rate r e s u l t s  of a l l  the microcapsule 

samples (Tablel)  were p lo t t ed  according t o  the  first or- 
der k i n e t i c s  which gave the highest  co r re l a t ion  and deter- 
mination coe f f i c i en t s  (Table 2 and Figures 3 and 4). Fi- 

gures 3 and 4 show the  re lease  from microcapsules of dif-  

f e r en t  s i z e  f r ac t ions  with d i f f e r e n t  coretwall  r a t io s .  
Within a constant oorerwall r a t i o ,  the  smaller microcap- 
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PIGUKE 1 
Wagner P l o t s  o f  the Released Oxazepam i n  0.1 B Hydro- 
ch lo r i c  Acid. Nicrocapsulesr ?, ,IVll; A ,N2; ,M3; 0 ,M 4' 

su les  released t h e i r  contents more rap id ly  than the lar- 
ger ones. A s  the  core:wall r a t i o  deoreased, the w a l l  

thickened and the  r e l ease  r a t e  decreased. This  would be 

seen i n  Figures 3 and 4 c lea r ly ;  t h a t  i s  the microcapsu- 

l e s  with coretwall  r a t i o  l t 2 ,  re leased oxazepam slower 

than the ones with 1:l ra t io .  The r e l ease  rate decrea- 

sed as t h e , p a r t i c l e  s i z e  increased. 
Dissolution from the  microcapsules i s  complicated 

because they always contain a small proportion o f  uncap- 
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0.5 2 5 10 20 40 60 80 95 99 99.9 

Oxazepam Released 1%) 

FIGURE 2 

Wagner P l o t s  o f  t he  Released Oxazepam i n  N / 1 5  Phos- 
phate Buffer. (Symbols as i n  Figure 1). 

s u l a t e d  oxazepam which could be c a l l e d  'free oxaoepam' (19) 
This  could be the  oxazepam t h a t  i s  re leased  r a p i d l y  dur ing  

t h e  beginning of  t h e  d i s s o l u t i o n  s tudies .  

r ap id  followed by slow release rate could explain t h e  two 
l i n e a r  curves  obtained by the  first o rde r  kinetics. 

Th i s  kind o f  

The best fit wi th  t h e  h ighes t  determinat ion coe f f i c i -  
ents was t h e  first o rde r  k i n e t i c s  p l o t , w i t h  two s t r a i g h t  
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1056 YALABIK-KAS 

TABLE 4 
Time For 5O$ Release O f  The Microcapsules (t%50) 

Nicsocapsules 

M2 

3 

4 

bl 

M 

7450 (min) 

0.1 N 
Hydrochloric 

Acid 

44.00 

62.00 

85,OO 

102.00 

M/15 
Phosphate 

Buffer 

95,OO 

140.00 

200 , 00 

260,OO 

l i n e s  having two d i f f e r e n t  slopes. The first s t r a i g h t  

l i n e  gave l a r g e r  slope and f a s t e r  release rate than the  

second, The first slope might correspond t o  the  release 
of ' f r ee  oxaaepaml whereas the  second slope might corres- 

pond t o  the release of oxaeepam i n s i d e  the  microcapsule, 

This f a s t  re lease  could be useful1 f o r  the  i n i t i a l  dose 

and the  slow re lease  f o r  the maintanance dose of the  pro- 

longed re lease  formulation, 

It would appear t h a t  the  modified coacervation met- 
hod used i n  t h i s  study could be used t o  slow the release 
o f  the drug and t h a t  the re lease  o f  the core material i s  
a function o f  both core:wall r a t i o  and microcapsule s iae .  

I n  addi t ion to  slowing the  re lease  of the drug, the mic- 
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FIGURE 3 
F i r s t  Order P l o t s  of  the Released Oxasepam i n  
Hydrochloric Aoid. (Symbols a s  i n  Figure 1). 
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FIGURE 4 
F i r s t  Order P l o t s  of the Heleased Oxazepam in M/l5 
Phosphate Buffer. (Symbols as i n  Figure 1). 
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OXAZEPAM AND ETHYL CELLULOSE MICROCAPSULES 1059 

roencapsulat ion process  also pro tec ted  oxampam from 

photochemical decomposition (20). 
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