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ALBUMIN MICROSPHERES : E m  OF PROCESS VARIABLES ON SIZE DISTRIBU- 
TION AND IN VITpO RELEASE 

2 3 and D.R.  Krishna B. Praveen Redd# , A . K .  Dorle  
1. J . S .  S . C o l l e g e  of Pharmacy 1:ocklands.  1 )otacamund 643L1O1, I n d i a .  

2 .  Depar tment  of P h a r m a c e u t i c , j l  S c i e n c e s .  !la:,pur U n i v e r s i t y ,  

3 .  I J n i v e r s i t y  C o l l e g e  o f  P h a r m a c e u t i c a l  S c i e n c e s ,  K a k a t i y a  l l n i v e r s i t y  . 
ldagpur 440 O l i l ,  I n d i a .  

L'orany,al 506 003 ,  I n d i a .  

Albumin m i c r o s p h e r e s  used  a s  t a r g e t  d r u g  d e l i v e r y  s y s t e m s  were 

p r e p a r e d  f r o m  egg a lbumin  by p o l y m e r i z a t i o n  t e c h n i q u e  u s i n g  g l u t a r a l  

dehyde  a s  t h e  c r o s s  l i n k i n g  a:;ent. The p r e s e n t  s t u d y  was d e s i g n e d  

t o  e v a l u a t e  t h e  e f f e c t  o f  p r o c e s s  v a r i a b l e s  on t h e  m i c r o s p h e r e  s i z e  

d i s t r i b u t i o n  and  i n  v i t r o  d r u g  release. 

of a g i t a t i o n  e x e r t e d  g r e a t e r  i n f l u e n c e  o n  t h e  m i c r o s p h e r e  s i z e  d i s t r i -  

b u t i o n  w h e r e a s  t h e  a lbumin  c o n c e n t r a t i o n  and cross l i n k i n g  time e f f e c  - 

t e d  o n l y  t h e  y i e l d  and s u r f a c e  c h a r a c t e r i s t i c s  of t h e  m i c r o s p h e r e s  

r e s p e c t i v e l y .  Lower phase volume ratios r e s u l t e d  i n  small  a n d  u n i f o r m  

n i c r o s p h e r e s  w i t h  smooth s u r f a c e s  i n  nar row s i ze  r a n g e .  Speed of 

a g i t a t i o n  e x h i b i t e d  a n  i n v e r s e  r e l a t i o n s h i p  w i t h  s i z e .  In v i t r o  
release p a t t e r n  o f  d r u g  froin t h e  mic r o s p h e r e s  showed a b i : lhas ic  

p r o f i l e  and  t h e  release rates were p r o l o n g e d  upon i n c r e a s e  i n  t h e  

c o n c e n t r a t i o n  of c r o s s  l inkin! ;  a g e n t  and cross l i n k i n g  time. 

P h a s e  volume r a t i o  and  s p e e d  

t o  whom c o r r e s p o n d e n c e  s h o u l d  b e  a d d r e s s e d .  
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1792 REDDY, DORLE, AND KRISHNA 

It is  d e s i r a b l e  t o  d e l i v e r  t h e  d r u z  t o  i ts s p e c i f i c  t a r g e t  o r g a n  

and  c o n t r o l  release t o  o b t a i n  h i g h e r  t h e r a p e u t i c  i n d e x  and lower 

a d v e r s e  e f f e c t s  e x  c a n c e r  c h e m o t h e r a p y ) .  ‘ 4 i c r o s p h e r c s  are c o l l o i  

d a l  d r u g  d e l i v e r y  s y s t e m  i n t e n d e d  f o r  p a r e n t e r a 1  a d r i i n i s t r a t i o n  

t o  a c h i e v e  t a r g e t  s p e c i f i c i t y .  i i i c r o s p h e r e s  c a n  b e  p r e p a r e d  from 

D v a r i e t y  of carrier materials ( e x  a l b u m i n ) .  Albumin m i c r o s p h e r e s  

are c h e r n i c a l l y  and  p h y s i c a l l y  s t a b l e ,  non  i r i r i unogen ic  a n d  b i o d e 2 r a  

d a b l e  ? a m e n a b l e  t o  p r e p a r a t i o n  i n  l a rge  b a t c h e s  a n d  c a p a b l e  of acco- 

xoda t in ; ;  r? w i d e  v a r i e t y  of d r u g  m o l e c u l e s  i n  a r e l a t i v e l y  non  s p e c i f i c  

f a s h i o n 3  . They are r a p i d l y  removed from t h e  v a s c u l a r  s y s t e m  by 

p h o g o c y t o s i s 4  , p o t e n t i a l l y  l o c a l i z e d  i n  t h e  r e t i c u l o -  e n d o t h e l i a l  

s y s t e m  a n d  f o u n d  w i t h i n  t h e  c y t o p l a s r i  of t u n o r  ce l l s5  . S e v e r a l  

r e s e a r c h  g r o u p s  i n v e s t i g a t e d  n lbu iq in  m i c r o s p h e r e s  as  t h e  p r o m i n e n t  

d r u g  carr i r rs  i n  t h r  c h e r i o t h e r a ; q  of i t i c r o b i n l  i n f e c t i o n s 5  i: . Radio -  

l o y i s t s  u t i l i z e  t h e  p’i , ipocyt ic  a c t i v i t y  of t h e  r e t i c u l o e n d o t h e l i a l  

s y s t e m  t o  a c h i e v e  t 1r;;Et s p e c i f i c i t y  i n  t h e  d e l i v e r y  of r a d i o l a b e l l e d  

a l i m r i i n  aiid s i i lEur  colloicts‘i 11. 

l ’ r r p a r n t i o n  of n l b u c i n  : n i c r o s p l i e r c s  i n v o l v e s  e i t he r  t h c r i n a l  

d e n a t u r a t i o n  a t  e l e v a t e d  t r n i p e r a t u r c s  <110-165°C) o r  chemical cross 

jj-ni<ing i n  v e g e t a t i l e  o i l  o r  is0 o c t a n e  c m l s i o n s 1 2 ’ 1 3  . Yape l  

r r v i c w e d  t h e  : ;enera1 ~ i e t h o d s  of p r e p 7 r n t i o n .  

14 

The  c! inrac t e r i s t ics  of a l b u m i n  n i c r o s p h e r e s  d e p e n d  upon n u n x o u s  

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

t e c ! i n o l o y  a r e  invo lve ! ! .  I ? e l a t i v e  t i s s u e  and  o r  o r g a n  d i s t r i b u t i o n  

of al bumin m i c r o n p h c r c s  i n  human body when g i v e n  i n t r a v e n o u s l y ,  is 

3 f u n c t i o : ]  of m i c r o s p h c r e  size14. Tiius by  s i m p l y  a l t e r i n ; :  t h e  s i z e ,  

i t  i s  ,)ossible t o  a c h i e v e  l o c a l i z a t i o n  of m i c r o s p h e r e s  i n  a p a r t i c u l a r  

o r g a n  and  o r  t i s s u r .  

Th? p r e s e n t  :study was d e s i y e d  t o  i d m t i f  y t h e  p r o c e s s  v a r i a b l e s  

:c!iich ::lay b e  i m p o r t a n t  t o  c o n t r o l  t h e  s i ze  d i s t r i b u t i o n  o f  :.iicro - 

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

on in v l t r o  release c h a r a c t e r i s t i c s .  
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ALBUMIN MICROSPHERES 1793 

I'hc d i s p e r s i o n  !.~i:: t h e n  i'lixcti at a n  a p p r o p r i a t e  speed u n t i l  

cross l i n k i n : ;  r e a c t i o n  :J;?s c o m p l e t e i i  ( n p p r o x :  5 t i ) .  A t  the  end  

the. s u s p e n s i o n  of . : I - i c r o s p h e r e s  W D S  washed f r e e  of o i l  w i t h  4 n i l  

v o l u i x s  of t o l u t ? n e  f o r  !+ times a t  1500 r i m  f o r  2 !81inrites i n  hi:;li 

spec! c e n t r i f i i z c  f i t t e d  w i t h  v a r i a b l e  spccd ad j u s t i n : :  s y s t e m .  'i'hcii 

t h e  i i i c r o s i i h e r e s  were was!icd 3 t i n e s  w i t ! i  5 i d  VOlUi:!C:j of a c e t o n e  

a t  25OU r,ir;:. i..i.t;~(?cri p:Icil washin;; m i c r o s p h e r e s  were cen t r i fu : ; ed  

t!ie s u p e r n a t e  d i scc l r t l cd  an(! r e s u s p e n d z d  . A t  t h e  end of f i : i a l  washin:; 

wit.ti  a c e t o n e  7 i c rosp l i e rc . s  wcrc suspended i n  10 i d  o f  a c e t o n e  a n d  

t r a n s f e r r e d  i n t o  R p i p s  d i s i i  fo r  a i r  b r y i n ;  a t  r o o n  t e r p e r a t u r e i 2 j ° C ) ,  

I!pori d r y  in: ycllow t o  y e l l o w i s h  o r a n g e  c o l o u r e d  f ree  f l o w i n g  f i n e  

powder was o b t a i n e i l .  

AlSumin m i c r o s p h e r e s  c o n t u i n i n g  s u l  F a d i a z i n e  were p r e p a r e d  u n d e r  

t h e  c o n d i t i o n s  !)/i:ise volume r a t i o  = 3 3(J. a1 l )ux in  c o n c e n t r a t i o n  

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

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1794 REDDY, DORLE, AND KRISHNA 

TABLE 1 
---- ~ _ _ _ _ -  . _ -_ - -_  - _ .  

~ _ _ _ _  
No. of 

P r o c e s s  v a r i a b l e  b a t c h e s  C o n s t a n t  c o n d i t i o n s  

1. Phase  volume r a t i o  2 : 3 0 ,  5 
3 : 3 0 ,  4 : 3 0 ,  5:30: 6 : 3 0  

2 .  Speed of A g i t a t i o n  l l O U ,  4 
4100, 5500, 7200 rpm 

3 .  Albumin c o n c .  1 2 . 3 2 .  $5.21.  3 
6.16:: w v ,  

4 .  Cross 1inkin:g tine 0 .5 ,  5 
2 ,  3, 4 ,  5 h 

.- - - . - _ - - - - _ . - - . - - . _ _ ^ - - I - _ _ -  ~ 

Albumin c o n c .  12.32;; Y; v Azita 
t i o n  = 5500 rpm. Cross l i n k i n g  
time = 5 h 

P h a s e  v o l u m  r a t i o  = 3 30. 
Albumin conc .=  12.32.6 w v 
Cross l i n k i n g  time = 5 h 

P h a s e  volume r a t i o  = 3 30 
A g i t a t i o n  = 5500 rpm’ 
C r o s s - l i n k i n g  time = 5 h 

Phase  volume ra t io=3 3 0 .  A g i t a -  
t i o n  = 5500 rpm Albumin conc.= 
1 2 . 3 2 1  w v .  

12.321- w v ,  s p e e d  o f  a z i t a t i o n  = 5500 r p a  and d r u g  t o  a lbumin  r a t i o =  

0.2 (75 mg d r u g  and 370 mg a l b u m i n ) .  S i n c e  s u l f a d i a z i n e  is water 

i n s o l u b l e .  i t  was f i n e l y  d i s p e r s e d  i n  f r e s h  e g g  alimrnin d r u g  albuqiin 

m i x t u r e  was k e p t  € o r  e q u i l i b r a t i o n  f o r  15 r i i n u t c s  before its a d d i t i o n  

t o  t h e  castor o i l  t o l u e n e  * i i x t u r e .  

S i z e  d i s t r i b u t i o n  a n a l y s i s  wr?s done by o p t i c a l  microscopy by 

s p r e a d i n g  a m i n u t e  q u a n t i t y  of in ic rosp t te res  on a c l e a n  g l a s s  s l i d e .  

Diameters of 4000 500 m i c r o s p h e r e s  were ineasurcl: on a n  a v e r a g e .  

To i n v e s t i g a t e  t h e  e f f e c t  of d i E f e r e n t  p r o c e s s  v a r i a b l e s  on s i ze  

d i s t r i b u t i o n  o f  m i c r o s p h e r e s .  eacli time o n e  v a r i a b l e  was v a r i e d  k e e p  

i n g  t h e  o t h e r s  c o n s t a n t  ( T a b l e  1 ) .  Fror! t h e  r e s u l t s  o b t a i n e d .  optimum 

l e v e l  of that v a r i a b l e  was k e p t  c o n s t a n t  i n  t h e  s u b s e q u e n t  e v a l u a t i o n .  

?lethod by K i m  et all5 was a d o p t e d  f o r  in vitro dru:; release 

s t u d i e s .  A t  p e r i o d i c  time i n t e r v a l s  f o r  24 11 5 m l  o f  medium were 
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Plate-I: A g g r e g a t e s  of Albumin 
r n i c r o s p h e r e s .  

Plate-I1 : Albumin m i c r o s p h e r e s  s e e n  

t o g e t h e r  w i t h  non s p h e r i c a l  

b e a d s  . 

Plate-I11 : Albumin n i c r o s p h c r e s  showin:, 
smooth s u r f n c c s .  
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1796 REDDY, DORLE, AND KRISHNA 

removed and f i l t c r c i l  th roy:h  a aembrane f i l t e r  (0 .45  urn). The 

amount o€ d r u g  r e l e a s e d  was e s t i c i a t e d  by UV s p e c t r o p h o t o m e t r y  a t  
16 535 nix . 

T!ie j n f l u e n c e  o f  t h c  v a r i a b l e s  - aiiiount of g l u t a r a l d e h y d e  

and cross  lin!cin;; tiilte on d r u g  release were i n v e s t i g a t e d .  

7 .  lnree h a t c t l e s  o f  m i c r o s p h e r e s  conto in in ; :  s u l k a d i a z i n e  were 

prepared  c o r r e s p o n d i n g  t o  0.5 0 . 7 1  anti 1 . 4 1 5  v v ; l u t a r a l d e h y d e  

c o n c e n t r a t i o n s  r e s p e c t i v e l y  c a l c u l a t e d  w i t h  r c f c r e n c e  t o  t h e  e x t e r  

nal  phase volume. Cross l i n k i n g  time was 5 I1 f o r  a l l  t h e  t h r e e  

b a t c h e s .  

Two b a t c h e s  of i . i icrospl iercs  c o n t a i n i n s  s u l f a d i a x i n e  were p r e p a -  

r e d  a t  3 h and 5 h cross l i n k i n g  t iaes  r e s p e c t i v e l y  u s i n g  0.7X 
o f  g l u t a r a l d e h y d e .  

It  i s  o b s e r v e d  frori r ’ i y r e  1 t h a t  b o t h  a v e r a g e  r i c r o s p h e r e  

s ize  r a n s e  i n c r e a s e d  w i t h  a n  i n c r e a s e  i n  p h a s e  volume r a t i o .  h’ith 

2.30. t h e  mean (2 S J )  d i a m e t e r  of m i c r o s p h e r e s  w<.s  2.51 & 1 . 0 7  

With 3 . 3 0 ,  t h e  r’iean (5 SI,) d i a m e t e r  o f  m i c r o s p h e r e s  i n c r e a s e d  s l i  

:;htly t o  3.33 _+ 1 .37 U T .  !’it5 b o t h  p h a s e  volurie r a t i o s .  ni icrosphc 

res w i t h  u n i f o r m  and siliooth s u r f a c e s  were o b t a i n e d  w i t h o u t  any 
v i s i b l e  s i g n  o f  a g y e g a t i o n .  ’ 5 t h  4 30 and 5 30 tilere was a marked 

i n c r e a s e  i n  t h c  m i c r o s p h e r e  s i z e  w i t h  4 .12  -i- 2 .5  urn and 6.(?4f3.L1& 
uin r e s p e c t i v e l y  t o g e t h e r  w i t h  s i g n s  oE n c g r e p t i o n  f i l l a t e  I>. 
X i t h  5 30 non s p l i e r i c a l  bcads were a l s o  o b s e r v e d  which were d i f f i  

c u l t  tobe removed fT’ ln te  11). \v’ith 6.30. n o t  m i c r o s p h e r e s  were 

formed and t h e  material wns c o n v e r t e d  i n t o  huge lunips .  

S i n c e  m i c r o s p h e r e s  are s t a b i l i z e d  w h i l e  t h e y  are i n  g l o b u l e  

form ~ t h e  f a c t o r s  a f f e c t i n :  t h e  s i z e  d i s t r i b u t i o n  of g l o h u l e s  w i l l  

a f f e c t  t h e  s i z e  d i s t r i b u t i o n  of n i c r o o p h e r c s .  I n c r e a s e d  volume 
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ALBUMIN MICROSPHERES 

Diameter um 

1797 

Fig.1. Effect of phase volume ratio on size 
distribution (r)2:30 (0 )3 :=  (~))4:30 

( r )  5:30. 

of in t e rna l  phnsc leads t o  tliminisiicd slicnring cffici.ency of the 

mixer o w i n 2  t o  t h e  increased in t e rna l  phase volriric? ! rcsu l t in r ,  i n  

l a rger  ; lobule  s i z e  a i d  increased s i z e  ranse.  \.!hen the in te rna l  

phase volume i s  1ar;;e tile man tlistancc between the g1.obules i s  

smaller leadint; t o  f loccul?t ion of ,:lobuIi.s w!iich m a y  increase 

t h e  chances of coalescence whjcti can n l s o  r e su l t  i n  i n t e r  ::iicro 

sphere c ross -  linlciiiin, l e a d i n g  t o  a2sre2ntion of t h e  cicrosphcres 

jire;)arwJ with 4:3C and 5-30 ;jha+;e volunie r a t i o s .  

I t  i s  ohservet! Eroi:i Fi;;iirc 2 t ! i n t  t!ie avera';e :iiicros;)herc 

s i z e  decreased w i t h  increasin:: s p e d  o l  a.;itntion ( r p m ) .  A t  7200 

r p m .  !nicro.c;pticrcs were smooth w i t h  mean (t Si!) diameter O T  i!.:<l - -+ 
1.17  u;? h ' i t h  a narrow s i z e  range. At 550rJ r p m ,  3icrosj)iiercs wsre 

siiooth showing a sli.;iit increase i n  the mean (L SLj) tliacictter 13 .02  - -+ 
1.10 urn) (P l a t e  111). A t  hlUi, r p .  there  was n gt:irl:eri increase 

i n  tlie neaii f+ SD) viicrospkierc diameter :'(?.96 4 . 6 1  uil '  and tlie 

smoothness and siiaptl of the 2iicrospheres were ;if fected considcrnbly . 

. A t  11tN r p m .  man (2 S ; ! )  d i m e t e r  was even 1ar;;er (16.63 _+_ 7 . b  i in) 

anit contained non spcierical h e a l s .  

- 
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1798 REDDY, DORLE, AND KRISHNA 

Fig.2 Ef fec t  of rpm on size dis tr ibut ion  
(0)7200 r p  (a15500 rpm ( ~ > 4 1 0 0  rpm 
( I )  ll00.rpm. 

Increase i n  s t i r r i n g  speed r e s u l t s  i n  more e f f i c i e n t  shearing 
O C  a l l u a i n  s o l u t i o n  i n t o  f i n e  :;Lobules. i;roiii : . igurc  2 it crii be 

o!,scrved t1 i : j t  t h e  si.ze d i  s tr i  1 )u t j .m  c u r v e s  of iriicrolsjilIeres preyare:!  

a t  7:!1,~1 1 mi.! 551.Xl rp::i arc almost s u p c r i m p o s i b l c  w h i c h  i i n p l i c s  that 

t h e  e f f i c i e n c y  of rriixer is n o  l o n z e r  cnhance: i  u n d e r  the ;:iven conr i i  

t i o n s  w i t h  a n  i n c r e a s e  i n  rpm. 

7 .  

I t  call be o h s c r v c d  irori k'iguru 3 t h a t  t h e  mean d i a m e t e r  o€ 
microspilere:;  d c c r c a s r J  : i i t i i  d e c r e a s i n g  c o n c e n t r a t i o n s  of a l b u m i n  

s o l u t i o n  thouf;h the d i f  f e r c n c c s  wcre n o t  s i g n i f i c a n t .  l'lie mean 

(2 SI;) m i c r o s p h e r e  riiaincter a t  12 .32 ,  t5.21 anti 6.16;; w v was 3.51 + 
1 . 2  3.15 2 1.07 an(! 2.(%) - + 1 . L 6  uIr r e s p e c t i v e l y .  An i n c r e a s e  

i n  c o n c e n t r a t i o n  riay r e d u c e  t h e  e f f l c i e n c y  of t h e  m i x e r  d u e  t o  

i n c r e a s e d  v i s c o s i t y .  

- 

It  i s  o b s e r v e d  froni I.'i=ure 4 t h a t  t h e  niem d i a n c t e r  o f  micro 

s p h e r e s  d e c r e a s e d  t o  a slik;ht e x t e n t  w i t h  i n c r e a s e d  cross l i n k i n : ;  

time. t ' i c r o s p ! i e r e s  p r e p n r e d  w i t h  a cross l i n k i n g  t i m e  of 0.5 h 

c o u l d  n o t  be r e c o v e r e d  as swellin:: om! s u b s e q u e n t  a g g r e g a t i o n  of 

t h e  m i c r o s p h e r e s  r e s u l t e d .  Thc :lean 1'2 SD) d i a r n e t c r  of m i c r o s p h e r e s  
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ALBUMIN MICROSPHERES 1799 

Flg.3.Effect of albuminsconcentration on size 
distribution (0)12.32w/v%, (m)8  .2Iw/uX, 
fA16.16 w/v%. 

Fig.4 Effect of cross-linking time size distri- 
butlon.f.0) 2 hr, (.? 3 hr, ('A) 4 hr, (a) 5 hr. 

p r e p a r e d  w i t h  c r o s s  l i n k i n g  times of 2 ,  3 ,  4 and 5 h was 3.OS 2 1 . 4 1 .  

3.75 - t l . G i i ,  3.59 - t 1.Lh anti 3.30 - t 1.16 uoi r e s p e c t i v e l y .  At h i q h e r  

c r o s s - - - l i n k i n g  times . uniforrii n i i c r o s p h e r e s  w i t h  smooth s u r f a c e s  

were o b t a i n e d .  S w e l l i n 2  of t h e  2 i c r o s ; ) h e r c s  prepared w i t h  c r o s s  

l i n k i n g  t i n e  of C.5 i n d i c a t e s  t h a t  t h e  c ross  l i n k i n s  r e a c t i o n  

i s  s l o w  and  t h e  n a t r i x  s t a b i l i t y  h a s  n o t  beer, a c h i e v e d  w i t h i n  t h a t  

t i m e .  The u n i f o r m  and smootii sur faces  of t h e  nicrosptieres p r e p a r e 2  

w i t h  l o n g e r  c r o s s - l i n k i n z  tines c a n  be a t t r i b u t e d  t o  be t te r  an2  

pro longed  s h e a r i n g  a c t i o n .  
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1800 REDDY, DORLE, AND KRISHNA 

Time,hr 

Fig.S: Effect o f  glutaraldehyde concentration 
on in vitro drug release 
( 0 ) 0 . 5 m  (@~0.71Lv/v, (A) 1.4% v/v 

I n  t h e  release s t u d i e s .  a p l o t  of l og  p e r c e n t  dru: r e m a i n i n g  

i n  t h e  m i c r o s p h e r e s ,  p r e p a r e d  usin!: d i f  f c r e n t  g l u t a r a l d e h y d e  c o n c e n  

t r a t i o n s  v e r s u s  t i ne  p r e s e n t e d  i n  F i g u r e  5 r e v e a l s  t h a t  d r u g  

release h a s  ta!:cn p l a c e  i n  two d i s t i n c t  p h a s e s .  An i n i t i a l  fas t  

r e l e a s i n g  p h a s e  of 1 - 2  h d u r i n q  w h i c h  40-70% of t h e  e n t r a p p e d  d r u g  

was r e l e a s e d  f o l l o w e d  by  a s low r e l e a s i n g  p h a s e  w h i c h  l a s t e d  f o r  

s e v e r a l  h o u r s .  A t  t h e  e n d  of 24 h some d r u g  was still r e t a i n e d  

i n  the m i c r o s p h e r e s  a n d  t h i s  amoun t  was p r o p o r t i o n a l  t o  t h e  g l u t a -  

r a l d e h y d e  C o n c e n t r a t i o n  u s e d .  r'rom t h e  F i g u r e .  rate c o n s t a n t s  

f o r  d ry :  release a n d  h d f  l i f e  v a l u e s  were c o m p t c d  f o r  b o t h  f a s t  

and slow release phases 3nd R i v e n  i n  Table 2 .  

I t  is clear  frori t h e  'I'alilc. t:iat t h e  rate of drug release was 

d e c r c a s c t l  i : i th incrc.asci1 g l u t n r n l ~ c l i y d c  C o n c e n t r a t i o n  f o r  b o t h  

f a s t  a n d  slow rulcasc ~,!iascs. 

1,iptiasic dru.; releasc p a t t e r n  was a l s o  o b s e r v e d  f o r  t h e  micro- 

s p h e r e s  p r e p a r e d  w i t h  d i I f c r e n t  cross l i n k i n :  t i n e s .  l 'he amount  
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ALBUMIN MICROSPHERES 

TABLE 2 

1801 

. . _  
1 t (11) 1: ( h - 5  2 Kelease phose 

- _ _ _  . _ " _  - _ _ _ _  . . - -  . . __ . . . . . - . . . -.. _ _  -_ _I__-_ - - .  - . . . . 

Glutaraldehyde concentration ( X  v/v> 

0 . 5 a. f a s t  

b .  slow 

0 .71  a. f a s t  

b .  slow 

1 . it1 a. fast 

11 . slow 

Cross-linking time 

3 h  a.  fast  
b .  slow 

0.886 0 .7:: 

0 . 0 2 2  31.94 

0 . 400 1.50 
U.017 39.92 

0.307 2.26 
0.013 5 2 . 7 0  

._I 

c 
a, u 
bl 
C> c 

10-  I Q I I I I 
m o  4 92 16 20 24 
.+ lime, hr 
0 

Fig.6.:: Effect o f  cross-linking time on in vitro 
drug release (0) 3 hr ,  (A) 5 hr. 
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1802 REDDY, DORLE, AND KRISHNA 

of d r u g  r e t a i n e d  w i t h i n  t h e  m i c r o s p h e r e s ,  a t  t h e  end o f  24 h 

in titro s t u d y ,  was more f o r  m i c r o s p h e r e s  p r e p a r e d  w i t h  5 h cross- 

l i n k i n g  time. The ra te  c o n s t a n t s  a n d  h a l f - l i f e  v a l u e s  were computed 

fo r  b o t h  f a s t  and slow release p h a s e s  see a l so  T a b l e  2 . 

T h e  i n i t i a l  r a p i d  d r u g  release ( " b u r s t  effect") may be  d u e  

t o  l o o s e l y  h e l d  d r u z  on t h e  s u r f a c e  o r  j u s t  b e n e a t h  t h e  s u r f a c e  

of the m i c r o s p h e r e s .  The slow release p h a s e  may b e  d u e  t o  slow 

d i f f u s i o n  of d r u g  t h a t  has been d e e p l y  e n t r a p p e d  i n  t h e  a lbumin  

m i c r o s p h e r e  m a t r i x .  I X c r o s p h e r e s  m a i n t a i n e d  t h e i r  s p h e r i c a l  s h a p e  

even af ter  24  h release p e r i o d .  S i n c e  g l u t a r a l d e h y d e  is r e s p o n s i b l e  

f o r  mat r ix  f o r m a t i o n .  i n c r e a s e d  g l u t a r a l d e h y d e  c o n c e n t r a t i o n  w i l l  

i n c r e a s e  t h e  ma t r ix  d e n s i t y  r e s u l t i n p ,  i n  t h e  f o r m t i o n  of more 

s t a b l e  and  r i g i d  s p h e r e s  wh ich  show less  t e n d e n c y  t o  swell. Swell- 

i n 2  of m i c r o s p h e r e s  n o t i c e d  after 24 h of dru, ;  release m i g h t  h a v e  

r e s u l t e d  i n  t h e  r e l a x a t i o n  of t h e  a l b u n i n  m i c r o s p h e r e  matrix f a c i l i  

t o t i n g  r a p i d  release of d r u g  by d i f f u s i o n  th rouCh  t h e  p o r e s .  Eence .  

a t  h i g h e r  g l u t a r a l d e h y d e  c o n c e n t r a t i o n s .  d r u g  release rates were 

lover p resumab ly  o w i n s  t o  lesser d e g r e e  o f  swe l l in : ; .  

(1) S i n c e  a l b u m i n  m i c r o s p h e r e s  were s t a b i l i z e d  i n  g l o b u l e  f o r m ,  

f a c t o r s  a f f e c t i n g  g l o b u l e  s i ze  d i s t r i b u t i o n  a l s o  a f f e c t e d  t h e  s ize  

d i s t r i b u t i o n  of n i c r o s p h e r e s .  S i n c e  b o t h  s p e e d  of a g i t a t i o n  a n d  

p h a s e  volume r a t i o  had a s t r o n g  i n f l u e n c e  o n  t h e  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 ,  d e s i r e d  s i ze  r a n g e  c a n  b e  o b t a i n e d  by c o n t r o l l i n g  

them. However,  a l b u m i n  c o n c e n t r a t i o n  and time of cross- l i n k i n g  

d i d  n o t  i n f l u e n c e  t h e  s i ze  d i s t r i b u t i o n  much. T h e s e  two p a r a m e t e r s  

c a n  b e  a d j u s t e d  t o  i :nprove t h e  y i c l d  a n d  s m o o t h n e s s  of t h e  p r o d u c t  

r e s p e c t i v e l y .  

( 2 )  In vitro d r u g  release showin; d i s t i n c t  b i p h a s i c  release p a t t e r n .  

S i p h a s i c  d r u g  release may be d e s i r a b l e  f o r  i n j e c t a b l e  d r u z  d e l i v e r y  

s y s t e m s ,  s i n c e  a t h e r a p e u t i c  ' l o a d i n g  dose '  c a n  be p r o v i d e d  i n i t i  

a l l y  i n  t h e  fast  release p h a s e  f o l l o u e d  by n s u b s e q u e n t  slower 

and  s u s t a i n e d  release of d r u z  n e c e s s a r y  t o  m a i n t a i n  t ! i e r a p e u t i c  

b lood  l e v e l s .  
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ALBUMIN MICROSPHERES 1803 

(3) 
t h r o u g h  m a t r i x  p o r e s .  

The p o s s i b l e  nechanism o f  d r u g  release in vitro is by d i f f u s i o n  

(4) Amount o f  c r o s s - - l i n k i n g  a g e n t  and t i m e  of c r o s s - l i n k i n g  e x e r t e d  

a s t r o n g  i n f l u e n c e  o n  in vitro d r u g  release. Hence d e s i r e d  d r u g  

release rates may b e  a c h i e v e d  by c o n t r o l l i n g  t h e s e  two v a r i a b l e s .  
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