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I n d i a  

ABSTRACT 

Sa lbu tamol  s u l p h a t e  loaded  Bovine serum albumin micro- 

s p h e r e s  w e r e  p r e p a r e d  by h e a t  d e n a t u r a t i o n  method. The 

e f f e c t s  of  such  p r e p a r a t i o n  c o n d i t i o n s  a s  d e n a t u r a t i o n  

t e m p e r a t u r e ,  d e n a t u r a t i o n  t i m e ,  p r o t e i n  c o n c e n t r a t i o n  

and phase  volume r a t i o  on t h e  e x t e n t o f  d rug  l o a d i n g ,  

s i z e  and s i z e  d i s t r i b u t i o n  and d r u g  release were 

s t u d i e d .  An i n c r e a s e  i n  p r o t e i n  c o n c e n t r a t i o n  from 5% 

w / v  t o  1 5 %  w/v i n c r e a s e d  t h e  mean p a r t i c l e  s i z e  from 

8 .5  pm t o  1 6 . 6  p m  and decreased t h e  d r u g  l o a d i n g  from 

*for cor re spondence .  
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1378 KARUNAKAR AND SINGH 

4 6 %  w/w t o  18% w/w. A d e c r e a s e  i n  t h e  p h a s e  volume r a t i o  

s u b s t a n t i a l l y  lowered mean p a r t i c l e  s i z e  and s i z e  

d i s t r i b u t i o n .  An i n c r e a s e  i n  t h e  s e v e r i t y  of d e n a t u r a -  

i o n  c o n d i t i o n s  lowered  b o t h  t h e  d r u g  i n c o r p x a t e d  and 

d r u g  r e l e a s e d .  The k i n e t i c s  o f  d rug  release from 

m i c r o s p h e r e s  w e r e  compared t o  t h e  t h e o r e t i c a l  models  of  

Higuchi  d i f f u s i o n a l  release and f i r s t  o r d e r  release. 

Both t h e  models gave  an  a d e q u a t e  f i t  t o  t h e  data .  

Scanning  e l e c t r o n  microscopy r e v e a l e d  t h a t  t h e  dummy 

mic rosphe res  are  s p h e r i c a l  w i t h  smooth s u r f a c e s .  A s  t h e  

d r u g - p r o t e i n  r a t i o  i n c r e a s e d ,  t h e  microsphereE e x h i b i t e d  

rough s u r f a c e s  showing t h e  p r e s e n c e  of d r u g  c r y s t a l s .  

INTRODUCTION 

T a r g e t i n g  of d r u g s  t o  s p e c i f i c  s i tes or  orgi ins  i n  t h e  

body i s  c u r r e n t l y  g a i n i n g  much i n t e r e s t  (1 1 . T a r g e t i n g  

i n c r e a s e s  t h e  s p e c i f i c  d i s t r i b u t i o n  of a d r u g  and hence  

combined w i t h  lower d o s i n g  increases  t h e  t h e r a p e u t i c  

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

been a c o n s i d e r a b l e  i n t e r e s t  i n  t h e  u s e  of  co l lo ida l  

car r ie rs ,  t o  i n c l u d e  m i c r o s p h e r e s ,  a s  a means of  

d e l i v e r i n g  d r u g s  ( 2 - 4 ) .  Mic rosphe res  have o f t e n  been 

used  f o r  t h e  pu rpose  o f  d r u g  t a r g e t t i n g  f o l l o w i n g  

p a r e n t e r a l  a d m i n i s t r a t i o n .  One s imple  a p p l i  c a t i o n  of  

m i c r o s p h e r e s  f o r  d e l i v e r y  t o  t h e  v a s c u l a r  compartment i s  
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SALBUTAMOL SULPHATE LOADED ALBUMIN MICROSPHERES 1379 

t h e i r  d i r e c t i o n  t o  t h e  l u n g s .  P a s s i v e  t a r g e t i n g  of 

m i c r o s p h e r e s  t o  l u n g  can  b e  a c h i e v e d  by e x p l o i t i n g  t h e  

f a c t  t h a t  m i c r o s p h e r e s  r e a s o n a b l y  l a r g e  i n  s i z e  (more 

t h a n  7 p m )  w i l l  b e  r e t a i n e d  a f t e r  i n t r a v e n o u s  adminis -  

t r a t i o n  by a s i m p l e  p r o c e s s  of mechan ica l  en t r apmen t  i n  

t h e  c a p i l l a r y  beds o f  t h e  l u n g  ( 5 - 6 ) .  T h i s  p r o c e s s  h a s  

been  employed f o r  many y e a r s  i n  d i a g n o s t i c  imaging ( 7 ) .  

The same p r o c e s s  h a s  been used  f o r  d r u g  d e l i v e r y  and 

examples  of  p o s s i b l e  c l i n i c a l  a p p l i c a t i o n s  have  i n c l u d e d  

t h e  t r e a t m e n t  of r e s p i r a t o r y  d i s e a s e s  (emphysema) and 

f o r  c a n c e r  chemotherapy ( 8 ) .  B i o d e g r a d a b l e  m i c r o s p h e r e s  

have  been shown t o  l o d g e  w i t h i n  t h e  c a p i l l a r y  ne tworks  

of t h e  l u n g s  and  t h e n ,  by a p r o c e s s  of  b i o d e g r a t i o n  and 

d i f f u s i o n ,  t o  release t h e  i n c o r p o r a t e d  a g e n t  ( 9 ) .  

Sa lbu tamol  s u l p h a t e  p 2  a g o n i s t  i s  w i d e l y  used  as  a 

b r a n c h o d i l a t o r  i n  a s t h m a t i c  c o n d i t i o n s .  But t h e  conven- 

t i o n a l  o ra l  d e l i v e r y  i n  t h e  form of t a b l e t  w a r r a n t s  

m u l t i p l e  d o s i n g  regimen ( 3  t o  4 t i m e s  d a i l y )  a s  t h i s  

d r u g  i s  r a p i d l y  abso rbed  c o u p l e d  w i t h  f a s t  e l i m i n a t i o n  

w i t h  a plasma h a l f  l i f e  o f  1 .5  t o  2 h r s  ( 1 0 ) .  Thus 

s a l b u t a m o l  i s  a p o t e n t i a l  c a n d i d a t e  f o r  l u n g  t a r g e t i n g  

a s  m i c r o s p h e r e s .  

Mic rosphe re  c h a r a c t e r i s t i c s  l i k e  s i z e  , s i z e  

d i s t r i b u t i o n ,  s u r f a c e  topography ,  pay load  and release 
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1380 KARUNAWLR AND SINGH 

k i n e t i c s  are g r e a t l y  a f f e c t e d  by v a r i o u s  p r o c e s s i n g  and 

f o r m u l a t i o n  v a r i a b l e s  such  a s  drug-alburi in  r a t i o  , 

d e n a t u r a t i o n  t e m p e r a t u r e  and t i m e  , p h a s e  vo:Lume r a t i o ,  

t y p e  of o i l ,  s t i r r i n g  s p e e d ,  homogenisa t ion  speed  and 

t i m e ,  e tc .  The p r e s e n t  i n v e s t i g a t i o n  a i m s  a t  o p t i m i z i n g  

t h e  p r o c e s s i n g  and f o r m u l a t i o n  v a r i a b l e s  t o  g e t  

m i c r o s p h e r e s  of optimum phys icochemica l  c h a r 3 c t e r i s t i c s  

s u i t a b l e  f o r  l u n g  t a r g e t i n g .  

MATERIALS AND METHODS 

Materials 

Solbutamol  s u l p h a t e  I .P .  ( o b t a i n e d  from T.P.S. Laborato- 

ries, Bombay), Bovine serum a lbumin  f r a c t i o n  V ( C D H ,  

D e l h i ) ,  p a r a f f i n  l i q u i d  l i g h t  ( S . D .  F i n e  Chemical ,  

Bombay), s o l v e n t  e t h e r  ( J a y w a n t h i  C h e m i c a l s ) .  A l l  o t h e r  

c h e m i c a l s  used  were of t h e  best  a v a i l a b l e  qua.Li ty .  

Methods 

Preparation of Microsphe res  - The m i c r o s p ? e r e s  were 

p r e p a r e d  by emuls ion  p o l y m e r i z a t i o n  t e c h n i q c e  (11,121. 

Aqueous s o l u t i o n s  of Bovine  serum albumin Df v a r i o u s  

c o n c e n t r a t i o n s  ( 5 ,  1 0 ,  12.5 ,  15% w/v) w e r e  p r e p a r e d  by 

d i s s o l v i n g  s p e c i f i e d  amounts  of  a lbumin  i n  water. 
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SALBUTAMOL SULPHATE LOADED ALBUMIN MICROSPHERES 1381 

1 0 0  mg of  s a l b u t a m o l  s u l p h a t e  w a s  d i s s o l v e d  i n  2 m l  e a c h  

of t h e  above Bovine serum albumin ( B S A )  s o l u t i o n s  and 

mixed w e l l .  T o  t h i s  s p e c i f i e d  amounts of l i g h t  l i q u i d  

p a r a f f i n  o i l  c o n t a i n i n g  0 . 1 %  span  80 w a s  added ,  ice  

c o o l e d  t o  4OC,  and homogenized a t  6 0 0 0  rpm f o r  3 min by 

R e m i  h i g h  speed  homogenizer (Model RQ/127A, R e m i  Lab 

i n s t r u m e n t s ,  Bombay). 

The r e s u l t a n t  w / o  emul s ion  w a s  t r a n s f e r r e d  t o  t h e  

b u r e t t e  o f  t h e  mic rosphe re  p r e p a r a t t i o n  a p p a r a t u s  (12). 

The emuls ion  w a s  added d ropwise  a t  a r a t e  of  100+10 - 
d r o p s  p e r  minute  t o  1 0 0  m l  o f  l i g h t  l i q u i d  p a r a f f i n  

p r e h e a t e d  t o  s p e c i f i e d  t e m p e r a t u r e  and s t i r r e d  a t  a 

c o n s t a n t  speed .  The s t i r r i n g  w a s  c o n t i n u e d  f o r  h a l f  an  

hour  t o  a l l o w  t h e  f o r m a t i o n  of m i c r o s p h e r e s .  The 

m i c r o s p h e r e  o i l  s u s p e n s i o n  w a s  a l lowed  t o  cool t o  24OC. 

The mic rosphe res  w e r e  washed w i t h  60  m l  o f  anhydrous  

s o l v e n t  e t h e r  by c e n t r i f u g i n g  a t  3000  rpm f o r  1 5  minu tes  

(C.M.B. C e n t r i f u g e ,  Bombay). The washing w a s  r e p e a t e d  

t h r e e  more t i m e s  w i t h  s imi l a r  amounts  of  e t h e r  t o  remove 

any t races  of  o i l  associated w i t h  t h e  m i c r o s p h e r e s .  The 

m i c r o s p h e r e s  w e r e  vaccum d r i e d  o v e r n i g h t  and t r a n s f e r r e d  

t o  a n  a i r t i g h t  c o n t a i n e r  and  s t o r e d  as a f r e e  f l o w i n g  

powder a t  4OC i n  d a r k .  The b a t c h  s p e c i f i c a t i o n s  are 

g i v e n  i n  t h e  T a b l e  1. 
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SALBUTAMOL SULPHATE LOADED ALBUMIN MICROSPHERES 1383 

Determination of Salbutamol Sulphate Content in 

- Microspheres - 10 mg of drug loaded microspheres were 
homogenized in 0.5 M acetic acid and the homogenate was 

centrifuged at 3000 rpm for 10 min and the solution was 

allowed to remain overnight at 4OC to allow the digestion 

of microspheres. Specified volume of the supernatant 

solution was withdrawn and analysed after suitable 

dilution on a Beckman - 21 UV Spectrophotometer at 276 

nm. Plain microspheres prepared without drug were 

treated similarly and used as blank. 

Optical Microscopy - The microspheres were sized using 
light optical microscope fitted with a caliberated 

micrometer. Three hundred microspheres were counted from 

each batch. 

Scanning Electron Microscopy - Scanning electron 

microscopy (SEMI was used to study the surface 

topography of microspheres. The samples were prepared by 

mounting the microspheres on a brass stubb with gold 

coating for 5 min on a JEOL sputter coater. The samples 

were examined and photographed on a scanning electron 

microscope (JEOL JSM 840A). 

In-Vitro Druq Release - A modified method of Miyazaki et 
al. (13) was employed to study the drug release from 
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1384 KARUNAK4R A N D  SINGH 

m i c r o s p h e r e s .  The donor  compartment c o n s i s t e d  of  a 

hol low g l a s s  t u b e  of  2.4 c m  i n t e r n a l  d i a m e t e r .  The 

c e l l o p h a n e  membrane w a s  soaked  fo r  1 2  h r s  i n  5% 

g l y c e r i n e  water and t h o r o u g h l y  washed w i t h  d i s t i l l e d  

water.  The membrane w a s  t i e d  t o  one end o f  tl-e t u b e .  The 

t u b e  w a s  immersed t o  a d e p t h  of  5 mm i r  50 m l  of 

p h o s p h a t e  b u f f e r  s a l i n e  pH 7.4 a s  r e c e i v e r  f l u i d  k e p t  i n  

1 0 0  m l  b e a k e r  o n  a magne t i c  s t irrer.  l 'wenty f i v e  

m i l l i g r a m  sample of  m i c r o s p h e r e s  was t a k e n  i n t o  t h e  

donor  compartment and 2 m l  phospha te  b u f f e r  s a l i n e  w a s  

added t o  it. The r e c e i v e r  f l u i d  w a s  c o n t i n u o L s l y  s t i r r e d  

a t  1 0 0  rpm w i t h  a magne t i c  bead .  A l i q u o t s  : 5  m l )  f rom 

t h e  r e c e i v e r  f l u i d  were withdrawn a t  r e g u l a r  i n t e r v a l s  

f o r  a s p e c i f i e d  p e r i o d  o f  t i m e  and  t h e  same amount w a s  

r e p l a c e d  w i t h  a f r e s h  b u f f e r .  The a b s o r p t i o n  w a s  

measured on Beckman-21 UV Spec t ropho tomete r  a t  2 7 6  nm. 

Dummy m i c r o s p h e r e s  p r e p a r e d  w i t h o u t  d r u g  were a l so  

s u b j e c t e d  t o  release s t u d y  and used  as  a c o n t r o l .  

S i m i l a r l y ,  2.5 and  5 mg of t h e  p u r e  d rug  powder w a s  

t a k e n  i n  t h e  donor  compartment w i t h  2 m.L phospha te  

b u f f e r  s a l i n e  and s u b j e c t e d  t o  i n - v i t r o  release s t u d y  a s  

above.  

RESULTS AND DISCUSSION 

Table 2 shows t h e  s i z e  and d r u g  l o a d i n g  of  mj .crospheres .  

I t  i s  found t h a t  t h e  i n c r e a s e  i n  a lbumin  c o n c e n t r a t i o n  
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SALBUTAMOL SULPHATE LOADED ALBUMIN MICROSPHERES 1385 

Table 2. S i z e  of M i c r o s p h e r e s  and Drug L o a d i n g  

B a t c h  Mean p a r t i c l e  P e r c e n t a g e  Pay l o a d  
N o .  s i z e ( u m ) ( + S . D . )  d r u g  Po w/w 

e n t r a p p e d  

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

8 . 5  (+  3 )  96 

1 0 . 8  ( +  - 4 . 0 9 )  70.57 

1 0 . 7  ( 2  5 . 5 8 )  67 .5  

1 1 . 2  ( +  - 5 . 3 7 )  76 

9 .44  ( +  - 1 . 3 5  55 

9 .01  ( +  - 1.11) 51.7 

1 6 . 6 1  (+ 7.59)  6 4 . 4  

10 .46  ( +  - 6.147)  4 9 . 3  

1 1 . 6 1  (+ 4 . 1 3 )  53.66 

1 1 . 9 5  (+ 5 . 3 8 )  4 1 . 1  

46 

23.5 

22.4 

21.7 

1 5 . 7  

1 4 . 7  

1 8  

1 2 . 3  

1 3 . 4  

1 0 . 4  

i n c r e a s e s  b o t h  mean s i z e  a n d  s i z e  d i s t r i b u t i o n  of 

m i c r o s p h e r e s  . The mean p a r t i c l e  s i z e  i n c r e a s e d  f r o m  8 .5  

t o  1 6 . 6 1  pm w i t h  a n  i n c r e a s e  i n  t h e  p r o t e i n  c o n c e n t r a -  

t i o n  from 5% w/v  t o  1 5 %  w/v .  More t h a n  808  of t h e  

m i c r o s p h e r e s  w e r e  a b o v e  7 pm i n  b a t c h e s  7 ,  9 a n d  1 0 .  I t  

i s  known t h a t  a l b u m i n  m i c r o s p h e r e s  i n c r e a s e  i n  s i z e  w i t h  

a n  i n c r e a s e  i n  a l b u m i n  c o n c e n t r a t i o n  ( 1 4 , 1 5 1 .  T h i s  

e f f e c t  c a n  p r o b a b l y  be a t t r i b u t e d  t o  a h i g h e r  r e l a t ive  

v i s c o s i t y  of t h e  p r o t e i n  s o l u t i o n  ( 1 6 ) .  
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1386 KARUNAKAR AND SINGH 

L 
5 10 15 20 2 5  30 ::5 

Particle s i z e  (pm 1 

FIGURE 1 
E f f e c t  of p r o t e i n  c o n c e n t r a t i o n  and phase  volume r a t i o  
on t h e  p a r t i c l e  s i z e  and s i z e  d i s t r i b u t i o n .  

Key : ( A )  Batch 4 I ( A )  Batch 5, (0) Batch 7 ,  ( 0 )  Batch 8 

A d e c r e a s e  i n  t h e  aqueous t o  o i l  p h a s e  r a t i o  

narrowed down t h e  p a r t i c l e  s i z e  c o n s i d e r a b l y  w i t h  more 

t h a n  30 t o  35% p a r t i c l e s  below 7 p m  i n  b a t c h e s  5 and 8.  

I t  i s  obse rved  t h a t  t h e  d o u b l i n g  o f  o i l  phase  d e c r e a s e d  

t h e  mean p a r t i c l e  s i z e  f rom 1 1 . 2  t o  9 .44  p m  i n  b a t c h e s  

4 t o  5 and  16.61 t o  10.46 p m  i n  b a t c h e s  7 t o  8 ,  r e s p e c -  

t i v e l y .  F i g u r e  I shows t h e  e f f e c t  o f  p h a s e  volume r a t i o  

and p r o t e i n  c o n c e n t r a t i o n  on t h e  s i z e  and d i z e  d i s t r i -  

b u t i o n  i n  t h e s e  b a t c h e s .  Reddy e t  a l .  ( 1 7 )  r e p o r t e d  t h a t  

t h e  low aqueous t o  o i l  phase  r a t i o s  producec.  small  and 

u n i f o r m l y  d i s t r i b u t e d  m i c r o s p h e r e s .  
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SALBUTAMOL SULPHATE LOADED ALBUMIN MICROSPHERES 1387 

The s c a n n i n g  e l e c t r o n  microscopy r e v e a l e d  t h a t  t h e  

p l a i n  mic rosphe res  a re  s p h e r i c a l  i n  shape  w i t h  smooth 

s u r f a c e s  ( F i g .  2a ,  2 b ) .  The d r u g  l o a d e d  mic rosphe res  are 

a l s o  s p h e r i c a l  b u t  w i t h  rough s u r f a c e  d u e  t o  t h e  

p r e s e n c e  of d r u g  c r y s t a l s  on  t h e  s u r f a c e  ( F i g .  2 c , d , e  

and f ) .  I n c r e a s i n g  t h e  d r u g  a lbumin  r a t i o  i n c r e a s e d  t h e  

d r u g  c r y s t a l s  on  t h e  m i c r o s p h e r e  s u r f a c e .  

I t  i s  e v i d e n t  from t h e  d a t a  i n  T a b l e  2 t h a t  t h e  

d r u g  l o a d i n g  i s  a f f e c t e d  by t h e  p r o t e i n - d r u g  r a t i o ,  

d e n a t u r a t i o n  t e m p e r a t u r e  and t i m e  and p h a s e  volume 

r a t i o .  An i n c r e a s e  i n  t h e s e  p a r a m e t e r s  d e c r e a s e d  t h e  

d r u g  l o a d i n g .  For  example,  a n  i n c r e a s e  i n  t h e  p r o t e i n  

c o n c e n t r a t i o n  from 5% w/v t o  15% w/v lowered t h e  pay 

l o a d  from 4 6 %  w/w t o  18% w/w i n  t h e  b a t c h e s  1 t o  7 ,  

r e s p e c t i v e l y .  Tomlinson and Burger  have made s i m i l a r  

o b s e r v a t i o n s  ( 1 8 ) .  S i m i l a r l y ,  a n  i n c r e a s e  i n  t h e  

d e n a t u r a t i o n  t e m p e r a t u r e  from 125OC t o  15OoC reduced  t h e  

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

i n c r e a s e  i n  t h e  d e n a t u r a t i o n  t i m e  f rom 3 0  min t o  3 h r s  

i n  b a t c h e s  9 and 1 0  d e c r e a s e d  t h e  pay load from 13.4% t o  

10.4% w/wI r e s p e c t i v e l y .  S i m i l a r  r e s u l t s  have  been 

r e p o r t e d  e l s e w h e r e  ( 1 9 , 2 0 1 .  T h i s  may b e  a t t r i b u t e d  t o  

t h e  f a c t  t h a t  t h e  d e g r e e  and e x t e n t  of  carr ier  d e n a t u r a -  

t i o n  may a f f e c t  t h e  p a r t i t i o n i n g  of d r u g  i n t o  t h e  o i l  

and washing  media, t h u s  a f f e c t i n g  i t s  en t r apmen t  ( 2 1 , 2 2 ) .  
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1388 KARUNAKAR AND SINGH 

FIGURE 2 

S c a n n i n g  e lectron m i c r o g r a p h s  of m i c r o s p h e r e s .  
Key : ( a )  P l a i n  m i c r o s p h e r e s  (X350) 

( b )  P l a i n  m i c r o s p h e r e s  (XlSOO),(c) B a t c h  4 ( X l Z O O ) ,  

( d )  B a t c h  4 (X23001, (el B a t c h  9 ( X l O O O ) ,  (f) B z t c h  9 (X2500) 
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(continued) 
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FIGURE 2 Continued 
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SALBUTAMOL SULPHATE LOADED ALBUMIN MICROSPHERES 1391 

A s  t h e  p a r t i c l e  s i z e  d e c r e a s e d  w i t h  a n  i n c r e a s e  i n  o i l  

phase  r a t i o  t h e  pay l o a d  d e c r e a s e d  p r o p o r t i o n a t e l y .  T h i s  

i s  i n  acco rdance  w i t h  t h e  f a c t  t h a t  f o r  a g iven  volume 

of c o l l o i d a l  ca r r ie r  a d e c r e a s e  i n  p a r t i c l e  s i z e  

i n c r e a s e s  i t s  exposed  s u r f a c e  area r e s u l t i n g  i n  loss  of  

more d r u g  due  t o  i t s  p a r t i t i o n i n g  i n  t h e  o i l / a n d  o r  t h e  

car r ie r  washing media ( 2 3 ) .  

The release of p l a i n  d r u g  from t h e  donor  compart-  

ment i s  c h a r a c t e r i z e d  by a v e r y  f a s t  release ( a b o u t  3 0 % )  

i n  t h e  f i r s t  f i v e  minu tes  f o l l o w e d  by an  e x p o n e n t i a l  

decrease ( r  = 0 . 9 9 9 4 ) .  The d r u g  release p a t t e r n  i s  t h e  

same w i t h  2 .5  and 5 mg o f  p l a i n  d r u g .  The d r u g  release 

f r o m  mic rosphe res  i s  r emarkab ly  s l o w  compared t o  t h e  

p l a i n  d r u g .  F i g u r e s  3 ,  4 and 5 show t h e  i n - v i t r o  release 

p r o f i l e  o f  s a l b u t a m o l  s u l p h a t e  from m i c r o s p h e r e s .  

G e n e r a l l y  a l l  t h e  b a t c h e s  e x h i b i t e d  a h i g h  i n i t i a l  

release ( b u r s t  e f f e c t )  u p t o  3 h r s  r e l e a s i n g  a b o u t  4 0 %  o f  

t h e  d r u g ,  fo l lowed  by a more g r a d u a l  t e r m i n a l  release. 

Such release p a t t e r n  h a s  been  r e p o r t e d  p r e v i o u s l y  a l s o  

( 2 4 ) .  I n  a l l  t h e  cases, i n c r e a s i n g  t h e  p a r t i c l e  s i z e  and 

s e v e r i t y  of d e n a t u r a t i o n  c o n d i t i o n s  d e c r e a s e d  t h e  ra te  

of d r u g  release. F i g u r e  3 shows t h e  e f f e c t  o f  d e n a t u r a -  

t i o n  t e m p e r a t u r e  and t i m e  on t h e  release p r o f i l e  of d r u g  

from b a t c h e s  7 ,  9 and  1 0 .  The f a s t e s t  and slowest d r u g  

release w e r e  o b t a i n e d  from t h e  m i c r o s p h e r e s  of  b a t c h e s  1 
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1392 KARUNAKAR AND SINGH 

1 ° 3  0 4 8 12 16 2 0  2 4  

l i m e  ( h r )  

FIGURE 3 

E f f e c t  of d e n a t u r a t i o n  t e m p e r a t u r e  and t i m e  on  i n - v i t r o  

release p r o f i l e  of  s a l b u t a m o l  s u l p h a t e  from mic rosphe res .  

Key: ( 0 )  P l a i n  d r u g ,  ( E l  ) Batch  7, ( A )  Batch  9 
( 0 )  Batch 1 0  

and 1 0 ,  r e s p e c t i v e l y .  The d r u g  release i n  b s t c h  1 0  i s  

more g r a d u a l  and p r o l o n g e d  compared t o  a l l  o t h e r  b a t c h e s .  

Drug release f rom m i c r o s p h e r e s  c a n  t a k e  place v i a  

v a r i o u s  p a t h s  such  as t o t a l  m i c r o s p h e r e  d i s i n t e g r a t i o n ,  

m i c r o s p h e r e  h y d r a t i o n ,  s u r f a c e  e r o s i o n ,  p a r t i c l e  
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1 O O C  

1393 

I 1 I I 1 1 
4 8 12 16 20 2 4  

Time ( h r )  

FIGURE 4 

Log% drug  remain ing  vs. t i m e  p r o f i l e  of  i n - v i t r o  release 
of sa lbu tamol  s u l p h a t e  from mic rosphe res .  
Key : ( A )  Batch 1, (0) Batch  2 ,  ( 0 )  Batch  3 ,  

( a  ) Batch 4 ,  ( m  ) Batch  5 .  

d i f f u s i o n  and l e a c h i n g  ( 1 8 ) .  The release ra te  of d r u g  i s  

h i g h l y  dependen t  on t h e  d r u g  l o a d i n g ,  p a r t i c l e  s i z e  and 

d e n a t u r a t i o n  c o n d i t i o n s .  

T y p i c a l l y  t h e  release o f  d rug  from mic rosphe res  

i n c r e a s e d  w i t h  d e c r e a s e  i n  t h e  p a r t i c l e  s i z e  of  

m i c r o s p h e r e s .  T h i s  may b e  due  t o  t h e  f a c t  t h a t  t h e  
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l i m e  I h r )  

FIGURE 5 

Log% d r u g  remain ing  v s .  t i m e  p r o f i l e  of in-vi l : ro  release 
of s a l b u t a m o l  s u l p h a t e  from mic rosphe res .  
Key : (El ) Batch 6 ,  ( 0 )  Batch  7 ,  (0) Batch  8 

( 0 )  Batch 9 ,  ( A )  Batch 10 .  

smaller  par t ic les  o f f e r e d  more s u r f a c e  area t o  release 

t h e  d r u g .  Thus,  it i s  p o s s i b l e  t o  modu la t e  d r u g  release 

rates by v a r y i n g  t h e  s i z e  of  t h e  mic rosphe res , ,  

The d e c r e a s e  i n  t h e  r a t e  of d rug  release from 

m i c r o s p h e r e s  s y n t h e s i z e d  by i n c r e a s i n g  t h e  s e v e r i t y  o f  

d e n a t u r a t i o n  c o n d i t i o n s  might  be a t t r i b u t e d  t o  t h e  l o w e r  
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amounts of d r u g  i n c o r p o r a t e d  i n  t h e  m i c r o s p h i r e s  and/or  

t o  i n c r e a s e  i n  t h e  d e n s i t y  and h a r d n e s s  o f  .:he albumin 

m a t r i x  (25,261. 

Table 3 shows t h e  i n - v i t r o  release k i n e t i c  da ta .  

The release p r o f i l e  o b t a i n e d  from v a r i o u s  b a t c h e s  i s  

compared w i t h  Higuchi  & and f i r s t  o r d e r  k i n e t i c  models. 

I t  can  be obse rved  from t h e  da ta  i n  Table 3 t h a t  bo th  

t h e  models p r o v i d e  an a d e q u a t e  f i t  t o  t h e  e x p e r i m e n t a l l y  

d e r i v e d  d a t a .  S i m i l a r  o b s e r v a t i o n s  w e r e  made by Gupta e t  

a l .  ( 2 7 )  a lso.  

I n  c o n c l u s i o n ,  s y n t h e t i c  c o n d i t i o n s  of t h e  b a t c h  9 

produced more t h a n  80% mic rosphe res  above  7 p m  w i t h  

13 .4% pay load and 63% d r u g  release o v e r  9 h r s .  Thus,  

t h e  mic rosphe res  of t h e  above b a t c h  are su i t ab le  f o r  

t a r g e t i n g  t o  l u n g s .  
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