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S ,d.iis'OCUT'A 
h a c u l t y  or' I'fiaimacy, TJeyurtmcnt of Fh8ZlU8C8UtiCal Tech- 
nology snd b i o p h a m u c e u t i c s ,  34Cc' Clu;j-%apcjca ,h'onauia 

:n t h i s  study g e l a t i n  n i c r  o sghe res  of mot ron idazo le ,  
cor i to ic ing  u i a p e t i t e ,  w i t k ;  and wi thou t  e t h y l o e l l u l o s e  
costing have boen prepared, 'i'he p r e p a r a t i o n  is based 
on d i s p o l - s i o n  of a g e l a t i n - ~ . e t x o n i d e z o l ~ - ~ a ~ n e t i t e  
aueous suspension i n  l i q u i d  p a z a x f i n ,  f ollovded by d r y i n g  
w i t n  i s o p r o p o n o l  treatrneai;, C o c t i n g  of' p1al;i.n microo- 
ykeras w i t h  e t h y l c e l l u l o s e  was obtain by o rgan ic  phase 
s e p c r z t i o n  method. The tzagrmtic r e s p o n s i v e n e s s  and t h e  
r o 1 o g ~  o a1 p x  o,po I' i;i e s of the m i  c 1' oc up E ul e su s pe nsi 03 s 

ir p h y s i o l o g i c a l  s a l i n e  ?:i i th 623 dextran,  s u g a e s t s  t h a t  
the microca.:!sules csn  be l o c a l i z e d  a t  a t a r g e t  s i ~ e  in 
vLvo by rneaus of an e x t e r n a l i y  q p l i e d  magnet ic  f i e l d ,  
?'he xeleese of u ie t ronidazole  f r o i i  n i c r o s p h e r e s  d e c l i n e d  
3t an apga ren t  first-arder r a t e ,  b u t  f rom e t h y l c e l l u l o s e  
cclnted uicroca,pfiu.les fo l lowed  an ap2z ren t  zero-order 
r a t e  G e l a t i n  mic rocapsu le s  offer promise for a t t a i c i n g  
.barget s i t e  s p e c i i ' i c i  t y  . 

iNTfiO3UC'h. ob: 
k e t r o n i d a z o l e  is an  efficiect-  s e n s i t i z e r  of Iliama- 

l i e n  L!ZPCXic c e l l e s  t o  t h e  e f f e c t s  of r a d i a t i o n ,  L U t  8 
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2282 LEUCUTA 

Liif:;kI se1:iini L e v e l  ci' LIie d r t q  i s  E e c e s s a r y  f o r  t h e  r a d i o -  
s e n s i t i z i n g  e f f i c i e n c y ,  r e q u i T i n g  the  z d ~ f i i n i s t r a t i o n  of 
r e l a t i v e l y  l a r g e  amounts  of 6 g/m2 o r  more ~y l i m i -  
t i n e  d r u g  C e l i v e r y  t o  a s p c i f i c  r e g i o n  o r  s t r u c t u r e  in 
t h e  body ,  t h e r a p e u t i c  drug l e v e l s  may be a c h i e v e d  a t  the 
l o c a l  s i t e ,  The s e l e c t i v e  d e l i v e r y  and r e t a n t i o n  of d r u g s  
a t  sr:ecif'ic t a r g e t  s i t e s  s v i t h i a  Ghe body p o s e  2 substar;- 
t i 3 1  :;uoblem i~ drut ;  d s s i g n  w d  f o r m u l a t i o n ,  A number of 
ap ;xoachss  have  been s u g g e s t e d  / 2 /  Brnorng t h i s  p o p ~ s h l s  
WBS the c o n c e p t  of us rng  m a g n e t i c a l l y  guided a lbumin  m i -  
c r o s p h c r e s  ss a d i r e c t e d  d rug  d e l i v e r y  system ,(:/* 

i n  t n i s  s t u d y  gelatin Gicrnspheres  of izetronl2azo1,  
c o n t a i n i n g  magaet i te ,  -r"lith and rwi thout  e t h y l c e l l u l o s e  
c o a t i n g  have b e e n  P r e p a r e d ,  The  r e t e n t i o n  of these  mi- 
c r o s l h e r e s  and micr o c c p m l e s  b y  a n  ex terna l  nlignetic 
f i e l d  was measuec! i n  an I n  v i t r o  model ,  and t h e  i n  v i -  
t r o  re lease p o p e r t i e a  of' t h e  drug  f r o m  t h e  drw d e l i -  
v e r y  s y s t e m s  ~vers e v a l u a t e d ,  

;$mxFx ?JZi\TlA L 

k~r  e p ar a ti on of M i  c I' osr)he r e s 

S i x t s  f o u r  c of dis t - i . l fed water wePe added t o  l9 g of 
p l a t i n  ( G e l z t i n  weiss, imrck j  After b 3 i n ~  El lowed t o  
s t a n d  cjt r o o m  t o m p e r a t u s e  f o r  3C minu tes ,  t h e  g e l a t i n  
had  swol len  s r d  was d i s s o l v e d  on B waber ba th  a t  55-GC°C, 

w i t h  stirring, ?'tie solution was plac0c2 is 1OC.C ml boakar 

n e t i t e  w e ~ 0  Zdded, Then  3.95 d of mine ra l  o i l  (E ' ,Z: , iX 
grade /4/ ) c o n t a i n i n g  O,., g sorbiten t r i o l e a t e  (Lchu- 
cha rd ,  i'dinchen) p r e v i o u s l y  heate:: t o  50-6~ C was added 
and  t h e  m i x t u r e  s'ias ;gi ta i ;ed ~ G T  5 ul inutes  with a s t i -  
rrinc 2r.L;e of 300 rpxl, 'i'Ltea the  g lass  v e s s e l  was placed 
i n  i c e  w a t e r  and c o o l e c  q d i c k l y  t o  5 O C .  The s t i r r i n g  a t  
3GC rpm was c o n t i n u e d  f o r  30 m i n u t e s ,  nnd 75 ml i s o p r o -  
p a n o l  was added.  After 10 a i n u t e s  t h e  g e l a t i 3  micros-  
pherss were s e p a r a t e d  by f i l t r a t i o n  and washed three  
,ti.:!:es ivith iso.;:ro;,3anol Tke sustx?i:aioc r:f i;.icrosi;heros 

The p r o c e d u r e  i s  a d r y i n g  me.bhod i n  s o l u t i o n  i ' 5 ,6 / *  

an<! 6 g metronj,du::.ofe ( ' ' ~ ~ < a ~ ~  graae /+/ 1 and 10 g nlag- 
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2284 LEUCUTA 

v;t!eye 11 is the ci;;raeter; of 't!ie cc:,.iliar; ; v is the ' a t e  
of s e t t l i f i p ;  ; d A S  t h e  d e r j s i t y  of d l s . p e r s i o n  mediurr; and 
r, i s  tile v i s c c c i t y  cf t h e  nicdLum /.I.C/. 
'!.he _I--̂_LI- V i s c o s i t y  oz-.gne b':icx. ucai ;sule  S u s p e n s i o n s  

?'!is :Plov! c m v e  o f  tine R i c r o c a G s u l e s  i n  ; j h y s i o l o g i -  
c a l  h,?Lj.ne .<!as rwasiced.  w i t b  a H h e c t e s t  v i s c m e t e r  (ViJ3 
i zuff;e.r.iote-~!;cr:i: : i ' .eci . in; ,en/~~esdon) The r e l a t i o n  b e t i m e n  

-- ;n Vitro-gelezse S t u d i e s  
'phn dissn;uti .cn riied.icm ( l o o r  m l  of 0-3 1;1 h y c r o c l o r - c  8- 

cbd)  was i n t r o d u c e d  i n t o  a b e a k e r  3nd t h e  s t i r r i n g  r a t e  
w 3 s  Go rpm,Ths tetn;:?erature of t h e  w a t e r  b a t h  wasnni i i tn i -  
n3d  a t  57G22 0-1 .An a d c u r a t e l y  weiGhed amnuntof powder,  
r n i c r o s p h o r e s  o r  m i c r o c a p s u l e s , c o r r e s ~ o ~ ( ~ i ~ i ~  t o  o,oj g m e -  
t r o n i d a z o l e  was g e n t l y  s p r e a d  o v e r  t h e  s u r f a c e  of disso- 
l u t i o n  niediun! . ; t t  :q:pxo;:.ihte i n t e r v a l s  5 ml. s a u p l e s  were 
z9.thdia-m ty u s i ~ g  a need le  and  syrir?ge.?'r:e s m p l e s  were 
f i l t e r e d  , c ! i ? . ~ i L e ?  ,jn& t t c  s t sorbsnce  YZS asasnred a t  277 

c 81: T a t s ,  ! i ,  3rie shsar B%FZ'c?SS, , was n;eas;ur.ed, 

* "  0 

;:iii, 

&I$.UMlS >Lk , ~ L n ' S ~ i ' ~ ~  - 
it i s  known that ;  m n g u e t i c a l l y  r e s p o s s i v e  n i c r o s p h e r e s  
bt??:ring d rugs  ana m a g n e t i t e  , c o ~ l d  be s e l e c t i v e l y  l o c a l i -  
zed i n  v i v o , r e s a l t i n g  i n  r e l s a s o  of s i g p i f i c z n t  i o c s l  
c o n c e n t r a t i o n s  o f  3mg i3 D defineCi area.By usin& C ~ ~ T O -  

px iz t t ?  n a t y m t i c  p3xan;eters ,mcro t h a n  5oz of t n e i D  j e c t e d  
caFz)iers c o u l d  be tapgeked. evclua te i i  t i i t :  m a g a -  

Lic r e skons ivoness  o f  t h 6  mici cjspheres and m i c r o c n y c u l e s  
a t  known I ieynolds  number i n  i n t r o v a s c u l a r  flow (fig.1). 

pheres  DT m i c 2 o c a p u l e s  susg :ens ion  ic v i t r o  was ac i i ieved  
i n  t h e  a p p l i e d  m e q n e t i c  f i e l d ,  f o r :  t h e  Rejmolds  numbers 
of  b l o o d  flow i n  humans f o r  c a p i l l a r i e s  and small sr te-  
r i e s .  The r h o o l o g i c a l  b e h a v i o r  of t h e  s u s p e n s i o n s  of mi- 
c r o b s a d s  c o n t a i n i n g  m o t r o n i d a z o l e  acd msg;.netite i s  s h o m  
L I I  f ig .2 .  

i t  i s  seao t h a t  f u l l  retention of t h e  flov;liDG micros- 
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MAGNETIC MICROSPHERES AND MICROCAPSULES 2285 
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10 ,, /,* x MICROSPHE! HE 
5 ,’ .’,? /, S~USPENSIOhI . .  * /  
11. ’< - 

1 5 I0 50100 500 r(dyn-crn’*) 

~ ‘ i z . 2  Sheer ??ate w r s u s  Lhear  Stress  C u r v e s  of i i c r o s -  
:)here zznd 1,ircrocapsulo E u s p d n s i o n s  in E’haEiolO@.- 

c a l  S a A n e  x i t h  G,, i )c>xtran 70,  
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2286 LEUCUTA 
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METRONIDAZOLE POWDER 

A MICROSPHERES WITH 
2 0 O h  M ET R 0 N I D A ZO L E 

?.'he !n: c r o s p h s r e  and micr ocapsule  s u . s p r : z i o n s  posse- 
sses H s t x u c t u r n l  v i s c c s i t g  a t  a lower s h e a r  r a t e ,  which 
is q u i t 8  s imi l a r  t o  t h a t  of red b l o o d  c e l l  suspeasion/s/ .  
'The P l o w  ciirve of t h e  s u s p e n s i o r s  tit t h e  s h e s r  r s t e  gron -  

to r .  t h a n  :>O@/S is I.iewtnninn. 'i'his bt?hnvior  i s  f svori ible  
i?jhen 3 nlcroCaL>SUlC SU ns . ion  i s  i n t r a v G s c u f a r l y  in- 
L;ec%ec: D 

'!k? h s v e  attemp"ia t o  preIIar8 microbeads \r;ith a rels- 
t i v e l y  slow re1eaz.e of m e t r o n i d a z o l e  
?'he reLe of i.3 v i t r o  d rug  re lease  was very different- 
according t o  t h e  nicrobead t y p e  (fiso3, fiz.4). 

i;'oz t h e  microsphe res ,  e x p e r i m e n t a l  r e l e a s e  d e t a  were 
tes tec !  a c c o r d i n g  t o  a f i rs t  o r d e r  release o f  the ombeded 

ln(Ao-A)=lnA -k. t d r u g -  A d  .e 
of  t h e  r e l e a s e d  drug  ; A o =  i n i t i a l  drug c o n c e n t r a t i o n  ; 
;<= first o r d e r  r a t e  e m s t a n t ,  
The e x p e r i m e n t a l  dat:: f i t t e d  t h e  f i rs t  o r d e r  re lease  pn- 
t t e r n ,  'The c a l c u l a t e d  r a t e  c o n s t a n t ,  k ,  T o r  me t roc idazo le  
n i c r o s y h e r s s  was C ,547 ( m i n - l )  comparat ively - d i t h  1,713 
n i n - l  f o r  the  Met ron i<nzo l s  2owcier ( c c r r e l s t i o n  c o o f f i -  

where A =  t h e  mass -k.t 
0 0 

c i c n t s  i.yera, re;il;<:c$;ivr.lx, .n C ' , ,  <?[.<.A i /  an6 Q * - / / J )  L I I - . ~ .  * 
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MAGNETIC MICROSPHERES AND MICROCAPSULES 2287 

1 2 3 4 5 6 TIME (hours) 

i'in t i lo  other p a r t ,  t h e  releese h i a e t i c s  of n;o~bxcnidazole  
4ron; rsicrocojiscles cc!?~.@.ed , to t h e  d i s s o l u t i o c  9odi:l for 
3 aphorical  matrlx pii.'pcsed by i?sker and Lonsdzle /llio 
2 / l - < ~ - , ! ! ) ~ ~  i-ii = k t  
7, 

wi:3ro ir= the f r a c t i o n  of drug 
re leased  lij: t ; ~  %Lire t. 
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