
CHAPTER II

REVIEW OF LITERATURE 

M inocycline Hydrochloride

M in o c y c lin e  h y d ro c h lo r id e  is kn ow n  c h e m ic a lly  as 4, 7 -b is  (d im e th y la m in o ) า , 4 - 

4 a , 5 , 5 a , 6 , 11, 12 a -o c ta h y d ro -3 , 10, 12, -1 2 a - te tra h y d ro x y -1 , 1 1 -d io x o -2 -n a p h th a c e -  

n e c a rb o x a m id e  m o n o h y d ro c h lo r id e  a n d  b y  the  tr iv ia l n a m e  7 -d im e th y la m in o -6 -  

d e m e th y l-6 -d e o x y te tra c y c lin e  h y d ro c h lo r id e  as sh o w n  in F ig u re  1 (F lo re y , 1977).

Cl jH, 7N,0,.HCL MOL. Wt.: 493.94

.HCL

F ig u re  1 S tru c tu re  o f m in o c y c lin e  h y d ro c h lo r id e . (F lo rey , 1977)

A p p e a ra n c e , C o lo r, O d o r

M in o c y c lin e  h y d ro c h lo r id e  o c c u rs  a s  a y e llo w  c ry s ta llin e  p o w d e r . It is e s s e n tia lly  

o d o r le s s  a n d  h a s  a s o m e w h a t b it te r  ta s te  (F lo rey, 1977).

S o lu b ility

T h e re  a re  16 p o s s ib le  io n ic  m ic ro s tru c tu re s  fo r  m in o c y c lin e . T hu s , the  o b s e rv e d  

s o lu b il ity  is  g e n e ra lly  n o t th a t o f a s in g le  e n tity  b u t re p re s e n ts  th e  su m  o f th e  to ta l o f tw o
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o r m o re  s p e c ie s  in ล so lu tion  a t a g ive n  pH  va lue . M in o c y c lin e , u n like  o th e r a n tib io tic s , 

c o n ta in s  tw o  a m in o  g ro u p s  w h ic h  a re  re s p o n s ib le  fo r h u n d re d -fo ld  s o lu b il ity  o f m in o c y c 

line  n e u tra l in w a te r  o ve r th a t o f te tra c y c lin e . The s o lu b ilit ie s  o f m in o c y c lin e  neu tra l, 

h y d ro c h lo r id e , d ih y d ro c h lo r id e  in w a te r  a n d  m in o c y c lin e  h y d ro c h lo r id e  d ih y d ra te  in 

v a r io u s  s o lv e n ts  a re  g ive n  in T a b le  1 a nd  T a b le  2, re sp e c tiv e ly .

T a b le  1 A q u e o u s  s o lu b ility  o f m in o c y c lin e  a t 25°c (F lo rey, 1977)

Form  o f d ru g pH  o f so lu tion S o lu b ility  a t 25° c  (m g /m L )

N eu tra l 6.7 52

H y d ro c h lo r id e 3.9 15

D ih y d ro c h lo r id e 0.8 > 5 0 0

T a b le  2 S o lu b ility  o f m in o c y c lin e  h y d ro c h lo r id e  2H 20  in v a rio u s  so lv e n ts  a t 25°C (F lo re y , 

1977 )

S o lven t S o lu b ility

m g /m L %  w /v

H e xa n e 0 .004 0 .0 0 0 4

B e n ze n e 0 .02 0 .002

C h lo ro fo rm 0 .13 0 .01 3

E thyl A c e ta te 0 .3 0 .03

M e th y l E thyl K e tone 0.4 0 .04

1 -O c ta n o l 0 .5 0 .05

A c e to n e 0.6 0 .06

D io xa n e 0.7 0 .07

1-B u ta n o l 4 .4 0 .44

2 -P ro p a n o l 7 0 .7

M e th a n o l 14 1.4

W a te r 16 1.6

A b s . E thano l 42 4 .2
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S ta b ility , Iso m e riza tio n , D eg ra d a tio n

เก the  d ry -p o w d e r  s ta te  m in o c y c lin e , like o th e r te tra c y c lin e s , is s ta b le  at le a s t 3-4 

y e a rs  w h e n  s to re d  at room  te m p e ra tu re  (25°C). M in o cyc lin e , la c k in g  h yd ro xy l g ro u p  at 

b o th  C 5 a n d  C 6 d o e s  not fo rm  the  anhyd ro , iso, o r ep i c o m p o u n d s , w h ic h  a re  the  

c o m m o n  d e g ra d a tio n  c o m p o u n d s  fo rm e d  from  o th e r ta tra c y c lin e  a n tib io tic s . H o w e ve r, 

it re a d ily  u n d e rg o e s  b o th  4 -e p im e riz a tio n  and  o x id a tive  d e g ra d a tio n . S in ce  the  D r in g  o f 

M in o c y c lin e  is a s u b s titu te d  p -a m in o -p h e n o l, it is m ore  s u s c e p tib le  to  o x id a tio n  than  

o th e r  te tra c y c lin e s .

S ta b ility  d a ta  fo r  s o lu tio n s  o f m in o cyc lin e  a t va rio u s  pH  v a lu e s  m in o c y c lin e  

s o lu tio n s  a t pH  4 .2  a n d  5 .2  re ta in e d  90%  o f th e ir  in itia l p o te n c y  fo r  1 w e e k  a t room  

te m p e ra tu re . T he se  s o lu tio n s  w e re  m ore  s ta b le  th an  a ny  o th e r te tra c y c lin e  a n tib io tic  

s o lu tio n s  s tu d ie d .

H o w e ve r, none  o f the  te tra c y c lin e  a n tib io tic s  is s ta b le  e n o u g h  to  p e rm it the  

p re p a ra tio n  o f a p re c o n s titu te d  a q u e o u s  so lu tion  as a p ra c tic a l d o s a g e  fo rm .

T he  a d d it io n a l a m ino  g ro u p  in m in o cyc lin e , b e s id e  c o n tr ib u t in g  to  in c re a s e d  

s o lu b il ity  o f m in o c y c lin e  n eu tra l in w a te r, is a lso  re s p o n s ib le  fo r  d if fe re n c e s  in p h y s ic o 

c h e m ic a l a n d  p h y s io lo g ic a l p ro p e rtie s . T he  is o e le c tr ic  p o in t o f m in o c y c lin e  is a fu ll pH  

u n it h ig h e r  (p H  6 .4) th a n  th a t o f m o s t o th e r te tra c y c lin e  a n tib io t ic s  (pH  ca . 5 .5 ) a n d  

c o n s e q u e n tly  h as  a p o te n tia l th e ra p e u tic  s ig n ific a n c e . Th is  p ro p e rty  a c c o u n ts  fo r  its 

g re a te r  p a r tit io n in g  c h a ra c te r  in to  lip o id  m a te ria l a t e s s e n tia lly  n e u tra l pH , in c lu d in g  

th y ro id , b ra in  a n d  fa t tis su e  (F lo rey , 1977).

Antimicrobial Activity
T he  s p e c tru m  o f a n tib a c te r ia l a c tiv ity  o f m in o c y c lin e  in vitro is  s im ila r to  th a t o f 

th e  o th e r  te tra c y c lin e s , b u t the  leve l o f a c tiv ity  o f m in o c y c lin e  is g e n e ra lly  s lig h tly  g re a te r  

th a n  th a t o f te tra c y c lin e  a n d  its a n a lo g u e s . A g a in s t te tra c y c lin e -s e n s it iv e  a n d  -re s is ta n t 

S ta p h y lo c o c c u s  aureus, in c lu d in g  m e th ic il l in -s u s c e p t ib le  a n d  - re s is ta n t  s tra in s , 

m in o c y c lin e  is m ore  a c tiv e  in vitro a n d  in vivo (v id e  in fra ) th a n  o th e r te tra c y c lin e s . Th is 

a c t iv ity  has b e e n  c o n firm e d  in c lin ic a l s tu d ie s  in p a tie n ts  w ith  p u lm o n a ry  o r sk in  a n d  so ft 

tis s u e  in fe c tio n s  c a u s e d  b y  te tra c y c lin e -re s is ta n t S ta p h y lo co ccu s aureus, a n d  is 

a p p a re n t ly  d u e  to  th e  a b ility  o f m in o c y c lin e  to p e n e tra te  th e  ce ll w a ll o f s ta p h y lo c o c c i
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w h ic h  h ave  b e c o m e  im p e rm e a b le  to  te tra c y c lin e  as a m e c h a n is m  o f a c q u ire d  

re s is ta n c e  (B ro g d e ri, S p e ig h t, a n d  A ve ry , 1975).

Pharmacokinetic Properties
M in o c y c lin e  is a lm o s t c o m p le te ly  a b s o rb e d  a fte r  o ra l a d m in is tra tio n . A fte r  a 

s in g le  2 0 0  m g  d o s e , p e a k  se ru m  leve ls  o f a b o u t 2 to  3 |H g /m L  a re  a tta in e d  in 2 h o u rs  in 

h e a lth y  s u b je c ts  a n d  a b s o rp tio n  is n o t a p p re c ia b le  in f lu e n c e d  b y  th e  p re s e n c e  o f fo o d  

o r m ilk . T he  a b s o rp tio n  o f m in o c y c lin e  m a y  be  a d v e rs e ly  a ffe c te d  b y  th e  s im u lta n e o u s  

a d m in is tra tio n  o f iro n -c o n ta in in g  h a e m a tin ic s  a n d  b y  a n ta c id s  c o n ta in in g  a lu m in iu m  

h y d ro x id e , c a lc iu m  a n d  m a g n e s iu m  ions , a ll o f w h ic h  in te rfe re  w ith  th e  a b s o rp tio n  o f 

te tra c y c lin e s  a n d  c o n s e q u e n tly , lo w e r th e ir  in vivo  a n tim ic ro b ia l a c tiv ity . เท p a tie n ts  o r 

s u b je c ts  g iv e n  an  in itia l d o s e  o f 2 0 0 m g  fo llo w e d  b y  1 00 m g  e v e ry  12 h ou rs , p e a k  se ru m  

leve ls  o n  th e  th ird  o r  fo u rth  d a y  a re  s o m e w h a t h ig h e r th a n  a fte r  a s in g le  2 0 0 m g  d o s e , 

a n d  re m a in  a b o u t 1 to  1.5 JJ.g/mL ju s t p r io r  to  th e  n ex t d o s e  (B ro g d e n , S p e ig h t, a n d  

A ve ry , 1975).

S id e -e ffe c ts

S id e  e ffe c ts  w ith  m in o c y c lin e  a re  g e n e ra lly  th o se  c o m m o n  to  o th e r  te tra c y c lin e s . 

T ho se  re p o rte d  m o s t fre q u e n tly  in c lu d e  g a s tro - in te s tin a l u p s e t a n d  d iz z in e s s , a n d  in te r- 

q u e n tly : s k in  rash es , b la c k  h a iry  to n g u e , g lo s s itis  a nd  o ra l a n d  v a g in a l m o n ilia s is . A  

h ig h  h e a rin g  loss  has bee n  re p o rte d  in so m e  s tu d ie s . The s y m p to m s  w e re  re v e rs ib le  

on  d is c o n t in u in g  trea tm en t. M in o c y c lin e  has no p ro ve n  p h o to to x ic  p o te n tia l 

(B ro g d e n , S p e ig h t, a nd  A ve ry , 1975).

Dosage
T he  usua l d o s e  fo r a d u lts  is 200  m g  in tia lly  fo llo w e d  b y  100 m g  e v e ry  12 h ou rs , 

ta ke n  w ith  fo o d  o r  m ilk. T h e ra p y  s h o u ld  be  c o n tin u e d  fo r  1 to  3 d a y s  a fte r  the  

c h a ra c te r is t ic  s y m p to m s  a n d  fe ve r have  s u b s id e d . เท u n c o m p lic a te d  g o n o rrh o e a  in 

m a les , a s in g le  3 00  m g d o se  has g ive n  th e  m os t s a tis fa c to ry  resu lts  w ith  m in im a l s id e -  

e ffe c ts  (B ro g d e n , S pe igh t, and  A ve ry , 1975).



8

M ic ro e n c a p s u la tio n  is a p ro c e s s  o f a p p ly in g  re la tiv e ly  th in  c o a tin g  to sm a ll 

p a r t ic le s  o f so lid , liq u id , o r g a s  a nd  th e  re su ltin g  p ro d u c t is kn o w n  as m ic ro c a p s u le s  

(B a ka n , 1986; M a d a n , 1978). M ic ro c a p s u le s  d e v e lo p e d  fo r use  in m e d ic in e  c o n s is t o f a 

s o lid  o r  l iq u id  c o re  m a te ria l co n ta in in g  one  o r m ore  d ru g s  e n c lo s e d  in c o a tin g  as sh o w n  

in F ig u re  2. T he  c o re  m ay  a lso  be  re fe rre d  to  as th e  n u c le u s  o r  fil le r  a n d  th e  c o a tin g  as 

the  w a ll o r  she ll. M ic ro c a p s u le s  u su a lly  have  a p a rtic le  s ize  ra n g e  b e tw e e n  1 to  5 0 0 0  

เแกา (B a ka n , 1986; D easy , 1984).

M ic ro e n c a p s u la tio n  m ay  b e  u sed  fo r a n u m b e r o f re a s o n s  (B a kan , 1986, 1994; 

Li e t a l., 1988; M a d a n , 1978). These  in c lu d e :

1. s ta b iliz a tio n  o f d ru g  se ns itive  to  o xyg e n , lig h t, m o is tu re , e tc .

2. p ro v id in g  c o n tro lle d  a n d /o r  s u s ta in e d  re le a s e  o f m a te r ia ls  fo llo w in g  

a p p lic a tio n .

3. p re v e n tio n  o f va p o riz a tio n  o f vo la tile  d ru g s .

4. ta s te  m a sk in g  o f b itte r d ru g s .

5. m a s k in g  o f u n p le a s a n t o do rs .

6. p re p a ra tio n  o f fre e -flo w in g  p o w d e r.

7. m o d if ic a tio n  o f p h y s ic a l p ro p e rt ie s  o f d ru g s .

8. e lim in a tio n  o f in c o m p a tib ilit ie s .

9. re d u c in g  to x ic ity .

10. re d u c in g  g a s tr ic  irrita tion .

Microencapsulation
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Figure 2 Some typical structures of microcapsules. (Deasy, 1984)
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T he  firs t re se a rch  le a d in g  to  the  d e v e lo p m e n t o f m ic ro e n c a p s u la t io n  p ro c e d u re s  

fo r p h a rm a c e u t ic a ls  w a s  p u b lis h e d  b y  B u n g e n b u rg  d e  J o n g  a n d  K a as  in 1931 and  

d e a lt w ith  th e  p re p a ra tio n  o f g e la t in  s p h e re s  a nd  the  use  o f a g e la tin  c o a c e rv a tio n  

p ro c e s s  fo r  c o a tin g . เท the  late 1930s a n d  1940s, G ree n  a n d  c o -w o rk e rs  o f The  N a tiona l 

C a sh  R e g is te r  C o., D ayton , O h io , d e v e lo p e d  the  g e la tin  c o a c e rv a tio n  p ro c e s s , w h ich  

e v e n tu a lly  le a d  to  se ve ra l p a te n ts  fo r  c a rb o n le s s  c a rb o n  p a p e r. T h is  p ro d u c t u se d  a 

g e la t in  m ic ro e n c a p s u la te d  oil p h a s e  u s u a lly  c o n ta in in g  a c o lo r le s s  d y e  p re c u rs o r. The 

m ic ro c a p s u le s  w e re  a fix e d  to  the  u n d e r-s u rfa c e  o f the  to p  p a g e  a n d  re le a s e d  th e  d ye  

p re c u rs o r  u p o n  rup tu re  b y  p re ssu re  from  th e  t ip  o f the  w rit in g  in s tru m e n t. T he  lib e ra te d  

d y e  p re c u rs o r  then  re a c te d  w ith  an  a c id  c la y  c o a tin g  on  th e  to p  s u rfa c e  o f the  

u n d e r ly in g  p a g e  to  fo rm  the  c o p y  im a g e  (D e asy , 1984).

History o f Microencapsulation Technique

Microencapsulation Procedures

M a n y  m ic ro e n c a p s u la tio n  p ro c e d u re s  have  b e e n  d e v e lo p e d  fo r  th e  c o a tin g  o f 

p h a rm a c e u t ic a ls . T he re  a re  d if f ic u lt ie s  to  c la s s ify  s im p ly  u n d e r  a n y  o ne  h e a d in g ; 

h o w e v e r , th e y  c a n  b e  c la s s if ie d  ro u g h ly  in to  3 m a jo r  c a te g o r ie s  w h ic h  a re  

p h y s ic o c h e m ic a l,  c h e m ic a l, a n d  p h y s ic a l m e th o d s  (K o n d o , 1978). T he se  m a jo r 

m ic ro e n c a p s u la t io n  p ro c e d u re s  w e re  s u m m a riz e d  b r ie f ly  in T a b le  3  (B a kan , 1986, 1994; 

D e a sy , 1984 ; K o nd o , 1978; M a d a n , 1978; W a tts , D e v ie s , a n d  M e lia , 1990). The 

e m u ls if ic a tio n /s o lv e n t e v a p o ra tio n  p ro c e d u re  u s e d  in th is  re s e a rc h  w ill b e  p re s e n te d  in 

m o re  d e ta ils  in  the  n ex t to p ic .
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Table 3 Summary of major microencapsulation procedures

P ro ce ss P rin c ip le T yp e  o f co re T ype  o f 

co a tin g

1. P h y s ic o c h e m ic a l 

M e th o d s

1.1 C o a c e rv a tio n / R e d u c tio n  in the  so lva tio n  o f V e h ic le - V e h ic le -

P h ase  - p o ly m e r ic  s o lu t e ( s )  in  a in s o lu b le s o lu b le  -

S e p a ra tio n m e d iu m  to  fo rm  c o a c e rv a te  

d ro p le ts  to  d e p o s it  a nd  c o a t 

the  d is p e rs e d  p la se .

d ru g  (ร) p o ly m e r (ร)

1.2 S o lve n t The  e m u ls ific a tio n  o f a p o ly m e r S o l v e n t - S o l v e n t -

E v a p o ra tio n so lu tion  c o n ta in in g  d ru g  in to s o lu b le  a n d so lu b le -

an  im m is c ib le  l iq u id  p h a s e so lv e n t- p o l y m e r ( s ) ,

c o n ta in in g  an e m u ls if ie r  a n d in s o lu b le  - b u t in so lu b le

the  s o lv e n t is re m o v e d  from d r u g ( s ) ,  b u t in  m a n u fa c -

the  d is p e rs e d  d ro p le ts  to lea ve  

a s u s p e n s i o n  o f  d r u g  

c o n t a i n i n g  p o l y m e r  

m ic ro c a p s u le s .

in s o lu b le  in  

m a n u fa c tu r in g  

v e h ic le .

tu rin g  ve h ic le .

2. Chemical 
Methods
In te rfa c ia l R ea c tio n  o f v a rio u s  m o n o m e rs H i g h - W a te r s o lu b le

P o lym e riza tio n a t  th e  i n t e r f a c e  o f  tw o m o l e c u l a r - a n d  w a t e r -

im m is c ib le  l iq u id  p h a s e s  to w e i g h t in so lu b le

fo rm  a film  o f p o ly m e r th a t 

e n c a p s u la te s  th e  d is p e rs e d  

p h a se

m a t e r i a l s  

s u c h  a s  

e n z y m e s  a nd  

h e m o lysa te s .

m on om ers
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T a b le  3 ( c o n tin u e d  )

P ro ce ss P rinc ip le T y p e  o f c o re T yp e  o f 

c o a tin g

3. P h ys ica l 

M e th o d s

3.1 A ir  S u s p e n s io n P o ly m e r  s o lu t io n  is s p ra y - N o n - v o la t i l e W a te r-s o lu b le

a p p lie d  to  the  s u s p e n d in g  a n d a n d  s o l i d o r  o r g a n i c

m o v in g  p a rtic le s  in  th e  c o a tin g  

zo n e  p o rtio n  o f th e  c o a tin g  

c h a m b e r  o f a ir  s u s p e n s io n  

a p p a ra tu s .

d ru g (s ). s o l v e n t -

s o l u b l e

p o lym e r(s ).

3 .2  Pan C o a tin g P o ly m e r  s o lu t io n  is s p ra y - N o n - v o la t i l e W a te r-s o lu b le

a p p lie d  to  the d e s ire d  so lid a n d  s o l i d o r  o r g a n i c

c o r e  m a t e r ia l ,  w h ic h  is  

d e p o s i t e d  o n to  s p h e r ic a l  

s u b s t r a te s ,  e .g .  n o n p a r ie l 

s e e d s  in the  c o a tin g  pan  w h iie  

ro ta tin g .

d ru g  (ร). s o l v e n t -

s o l u b l e

p o lym e r(s ).

3 .3  S p ra y  D ry in g D is p e rs in g  the  c o re  m a te ria l S o l v e n t - S o l v e n t -

in to  a c o a tin g  so lu tio n  a n d in s o lu b le s o l u b l e

th e n  th e  m ix tu re  is a to m ize d  

in to  a h o t a ir  s tre a m  to  rem ove  

the  s o lv e n t from  the  c o a tin g  

m a te ria l.

d ru g (s ) . p o lym e r(s ).
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V a rio u s  m ic ro e n c a p s u la tio n  p ro c e d u re s  w ill g iv e  the  d if fe re n t p a rtic le  s ize  

ra n g e s  o f m ic ro c a p s u le s  as sh ow n  in T ab le  4 (B akan , 1986, 1994).

Table 4 M ic ro c a p s u le  s ize  (a n g e s  p ro d u c e d  by va rio u s  m ic ro e n c a p s u la tio n  p ro c e s s e s  

(B a ka n , 1986, 1994)

Microencapsulation process Size range (JTm)
Coacervation / Phase separation 2 -  5000
Solvent evaporation 5 -  5000
Interfacial polymerization 2 -  2000
Air suspension 35 -  5000
Pan coating 600 -  5000
Spray drying 5 -  600

Solvent Evaporation Procedures

Microencapsulation by emulsification/solvent evaporation is conceptually a 
simple procedure. It involves, first, the emulsification of a polymer solution-containing 
drug (either dissolved or in suspension) into a second, immiscible liquid phase 
containing an emulsifier to form a dispersion of drug-polymer-solvent droplets. เท the 
second step, the solvent is removed from the dispersed droplets by application of heat, 
vacuum, or by allowing evaporation at room temperature to leave a suspension of drug- 
containing polymer microspheres that can then be separated by filtration or 
centrifugation, washed, and dried (Figure 3). This technique can be tailored to produce 
microspheres over a wide size range, from less than 200 nm to several hundred 
microns, and by choice of suitable solvent systems drugs have high or low aqueous 
solubilities can be encapsulated into a wide range of polymers (Watts, Devies, and 
Melia, 1990).



Polym er d isso lved  เก organic 
so lve n t. Drug added to form  
a s o lu tio n  or suspension.

E m u ls ifie r d isso lved 
เก second liq u id  Im m isc ib le  
w ith  d rug-po lym er so lu tion .

©
G o®

« ร ๐

Polym er-drug so lu tion  mixed 
Into e m u ls if ie r  so lu tion  to 
form a d ispers ion  of drug- 
po lym er-so 'lvent drople ts.

A.
เ  \ t  t

©

©

© « ร »

©

©

S o lven t removed by:
a) 5 t l r r ln g  a t room temp.
b ) A p p llc a tlo n  of neat. 
c lA p p llc a t lo n  of vacuum

Completed m icrospheres recovered 
by f i l t r a t io n  or c e n tr ifu g a tio n  then 
wasned and dried

Figure 3 Schematic diagram of microsphere formation by solvent evaporation 
procedure. (Watts, Devies, and Melia, 1990)
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T he re  w e re  tw o typ e s  o f s o lv e n t e va p o ra tio n , e a c h  h a v in g  the  c o n c e p t o f 

e m u ls io n  a n d  a re  as fo llow s : (W atts , D e v ie s , a nd  M elia , 1990; H in ca l a n d  C a iis , 2000)
1. S in g le -e m u ls io n  s o lve n t e v a p o ra tio n

2. M u ltip le -e m u ls ion  te c h n iq u e

1. S in g le -E m u ls io n  S o lven t E va po ra tio n

For s in g le -e m u ls io n  s o lv e n t e v a p o ra tio n , th e re  a re  tw o  sy s te m s  to  ch o o s e : o il- in - 

w a te r  (o /w ) o r  w a te r-in -o il (w /o)

1.1 Oil in W ater Emulsion Solven t Evaporation Technique

O il in w a te r  e m u ls io n  is m ore  w id e ly  u s e d  than  w /o  e m u ls io n s  d u e  to  the  

s im p lic ity  o f the  p ro c e s s  a nd  e a s y  c le a n -u p  re q u ire m e n t fo r th e  fina l p ro d u c t. เท th is  

p ro c e s s , b o th  th e  d ru g  a n d  th e  p o ly m e r sh o u ld  b e  in s o lu b le  in  w a te r, w h ile  a w a te r- 

im m is c ib le  s o lv e n t is re q u ire d  fo r  p o ly m e r (H in ca l a nd  C a iis , 2000). The  d ia g ra m  

re p re s e n ta tio n  o f o /w  e m u ls if ic a tio n -s o lv e n t e va p o ra tio n  te c h n iq u e  is sh o w n  in F igu re  4.

P ro b le m s  to  the  e ffic ie n t in c o rp o ra tio n  o f w a te r-s o lu b le  a c tiv e  s u b s ta n c e s  in to  

b io d e g ra d a b le  p o ly m e r m ic ro s p h e re s  u s in g  o /w  e m u ls ific a tio n  w ith  s o lv e n t e va p o ra tio n  

a re  o r ig in a t in g  to  a g re a t e x te n t from  th e  s e p a ra tio n  a n d /o r  re m o va l o f w a te r-s o lu b le  

m a te r ia l in to  th e  a q u e o u s  c o n tin u o u s  p h a s e .

เท g e n e ra l, th is  m e th o d  is p a r t ic u la r ly  s u ita b le  fo r  m ic ro e n c a p s u la to n  o f l ip o p h ilic  

d ru g s  th a t c a n  b e  e ith e r d is p e rs e d  o r  d is s o lv e d  in th e  d is p e rs e d  p h a s e  o f a so lve n t. 

C lo n a z e p a m , te s to s te ro n e , c is p la t in  a n d  d ic lo fe n a c  s o d iu m  a re  so m e  e x a m p le s  o f d ru g s  

th a t h a ve  b e e n  e n c a p s u la te d  b y  th is  te c h n iq u e  (H in c a l a n d  C a iis , 2000).
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P o lym e r: P LG A , PLA  

S o lve n ts : M e th y le n e  c h lo r id e  

C h lo ro fo rm

7

D is p e rs e d  p h a se

P L G A  a n d  d ru g  m ix e d  o rg a n ic

P hase

D ru g  in c o s o lv e n t

F o rm a tio n  o f o /w  e m u ls io n

1

E v a p o ra tio n  o f o rg a n ic  s o lv e n t

•  A t  a tm o s p h e r ic  

p re s s u re

•  V a c u u m

I
C o lle c t io n  o f  m ic ro s p h e re s  

lo a d e d  w ith  a c tiv e  s u b s ta n c e

•  F iltra tion

•  C e n tr ifu g a tio n

•  D e c a n ta tio n

C o n tin u o u s  p h a s e  

A q u e o u s  p h a s e  

H 20  a n d  e m u ls if ie r  (PVA, 

H P M C , M eC , g e la ltin , 

T w een)

► W a s h in g  a n d  d ry in g

F ig u re  4  T h e  d ia g ra m  o f o /w  e m u ls if ic a tio n -s o lv e n t e va p o ra tio n  te c h n iq u e  . 

(H in c a l a n d  C a lis , 2 00 0 )
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1.2 Oil in Oil Emulsification-Solvent Evaporation Technique

Oil in o il, so m e tim e s  re fe rre d  as w a te r in o il e m u ls ific a tio n  p ro ce ss , w as  

d e v e lo p e d  fo r the  e n c a p s u la tio n  o f h ig h ly  w a te r s o lu b le  d ru g s . W a te r s o lu b le  d ru g s  

su ch  as ih e o p h y llin e , c a ffe in e  a n d  s a lic y lic  a c id  c o u ld  no t be  lo a d e d  e ffic ie n tly  u s in g  

o /w  e m u ls io n  m e th od , w h e re a s  d ru g s  w ith  low  w a te r  s o lu b ility  s u c h  as d ia ze p a m , 

h y d ro c o rtis o n e , a n d  p ro g e s te ro n e  w e re  s u c c e s s fu lly  e n tra p p e d  in m ic ro sp h e re s .

เท th is  te c h n iq u e , p o ly m e r a n d  d ru g s , c o n ta in e d  in p o la r  s o lv e n t s u c h  as 

a ce to n itr ile , a re  e m u ls ifie d  in to  an  im m is c ib le  lip o p h ilic  p h a se , s u c h  as lig h t m in e ra l oil 

c o m m o n ly  b e in g  u sed , a n d  s u rfa c ta n t s u c h  as S pan . H ow e ve r, an  im p o rta n t d ra w b a c k  

o f u s in g  an  o il e x te rna l p h a se  is c le a n in g  up  the  fina l p ro d u c t. T he  o il has to  be  

re m o ve d  u s in g  o rg a n ic  so lve n t s u c h  as n -h exa ne , w h ic h  th e m se lve s  m ay p re s e n t 

p ro b le m s  in te rm s  o f c o m p le te n e s s  o f rem ova l (W atts , Devies, and Melia, 1990). 

D ip h e n h y d ra m in e  h y d ro c h lo r id e , m ito m y c in  c, c e p h ra d in e  a n d  p h e n o b a rb ito n e  a re  

so m e  e x a m p le s  o f d ru g s  th a t have  b e e n  e n c a p s u la te d  b y  th is  te c h n iq u e  (H in ca l a nd  

C a lis , 2000).

2. M u ltip le -E m u ls io n  T e ch n iq u e

M u ltip le -e m u ls io n  o r  d o u b le  e m u ls io n  te c h n iq u e  is u s e d  fo r  the  e ff ic ie n t 

in c o rp o ra tio n  o f w a te r-s o lu b le  p e p tid e , p ro te in , a n d  o th e r m a c ro m o le c u le s . เท th is  

te c h n iq u e , th e  p o ly m e rs  a re  d is s o lv e d  in a n  o rg a n ic  s o lv e n t a n d  e m u ls ifie d  in to  an 

a q u e o u s  d ru g  s o lu tio n  to  fo rm  a w a te r  in  o il e m u ls io n  th e n  re e m u ls if ie d  in to  an a q u e o u s  

s o lu tio n  c o n ta in in g  an  e m u ls ifie r  to  p ro d u c e  a  m u ltip le  w /o /w  d is p e rs io n . The o rg a n ic  

p h a se  a c ts  as  a b a rr ie r  b e tw e e n  th e  tw o  a q u e o u s  c o m p a rtm e n ts , p re v e n tin g  the  

d if fu s io n  o f th e  a c tiv e  m a te ria l to w a rd  th e  e x te rn a l p h a s e . T he  s c h e m a tic  d ia g ra m  o f 

w /o /w  e m u ls if ic a tio n -s o lv e n t e v a p o ra tio n  te c h n iq u e  as s h o w n  in F igu re  5.



Aqueous drug d ro p le ts  
d ispersed เก po lym er 
so lu tion .

Aqueous sohJtlon  o f 
o /w  e m u ls if ie r .

5

-<------ o G
©G ©3 ^ 5 »

Solvent removed to leave a 
suspension o f m icrospheres 
conta in ing  aqueous drug 
so lu tion .

w /o /w  emulsion: d ro p le ts  of 
po lym er so lu tion  con ta in ing  
d rop le ts  o f drug so lu tion .

M icrosphere suspension 
f i l te re d  or c e n tr ifu g e d , 
washed and d ried .

F ig u re  5 S c h e m a tic  d ia g ra m  o f  m ic ro s p h e re  fo rm a tio n  b y  a w /o /w  te c h n iq u e  . 

(W a tts . D ev ie s . a n d  M e lia . 1990 )
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H erm ann  and  B o d m e ie r (1995 ), fo r  e xa m p le , c o u ld  n o t o b ta in  a c c e p ta b le  

e n c a p s u la tio n  e ffc ie n c ie s  to e n c a p s u la te  the  w a te r s o lu b le  p e p tid e  so m a to s ta tin  a ce ta te  

b y  o /w  so lve n t e vap o ra tio n  m e th o d . B e c a u s e  o f its  h ig h  w a te r  s o lu b ility  so m a to s ta tin  

a c e ta te  d iffu s e d  in to  the  e x te rna l p h a s e  d u r in g  m ic ro sh e re s  p re p a ra tio n  th e re fo re  th e y  

u tiliz e d  w /o /w  te ch n iq u e . เท w /o /w  te c h n iq u e , d ru g s  o r a q u e o u s  so lu tio n  w a s  d is p e rs e d  

in th e  o rg a n ic  p o lym e r so lu tio n  fo llo w e d  b y  e m u ls ifica tio n  in to  the  e x te rn a l pha se . 

P a rtitio n in g  o f the  d ru g  in to  the  e x te rn a l p h a s e  w as  re p o rte d  to  b e  p re ve n te d .

Factors Affecting on Microencapsulation Using Solvent Evaporation

1. S o lven t T ype

C e n tra l to  the  p ro c e s s  o f m ic ro e n c a p s u la t io n  b y  e m u ls if ic a t io n /s o lv e n t 

e v a p o ra tio n  is the  s e le c tio n  o f the  tw o  liq u id  p h a se s , one  to c o n ta in  d ru g  a n d  p o ly m e r 

(d is p e rs e d  p h a se ) a nd  one  to c o n ta in  the  e m u ls ifie r  (c o n tin u o u s  p ha se ) (W atts , D ev ies, 

a n d  M e lia , 1990).

Im p o rta n t c r ite r ia  fo r d is p e rs e d  p h a s e  so lve n t:

1. A b ility  to  d is so lve  c h o s e n  p o ly m e r

2. Id ea lly , th e  s o lv e n t s h o u ld  b e  a b le  to  d is s o lv e  the  d ru g

3. Im m is c ib ility  w ith  th e  c o n tin u o u s  p h a s e  s o lv e n t

4. L o w e r b o ilin g  p o in t th a n  c o n tin u o u s  p h a se  s o lv e n t

5. L ow  to x ic ity

Im p o rta n t c r ite r ia  fo r  c o n tin u o u s  p h a s e  so lve n t:

1. Im m is c ib ility  w ith  d is p e rs e d  p h a s e  s o lve n t

2. In a b ility  to  d is s o lv e  p o ly m e r

3. Low  s o lu b ility  to w a rd  d ru g

4. H ig h e r  b o ilin g  p o in t th a n  d is p e rs e d  p h a se  s o lv e n t

5. Low  to x ic ity

6. A llo w s  e a s y  re c o v e ry  a n d  c le a n -u p  o f m ic ro s p h e re s
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T he  fina l s tru c tu re  a n d  c o m p o s itio n  o f a m ic ro sp h e re  w ill resu lt from  a c o m p le x  

in te rp la y  b e tw e e n  p o lym e r, d ru g , so lve n t, co n tin u o u s  phase , a n d  e m u ls ifie r. S in ce  the  

d ru g  a n d  p o ly m e r to b e  u sed  a re  u su a lly  m ixed , so lve n t c h o ic e  c a n  be  o f c ru c ia l 

im p o rta n c e . For e xa m p ie , in a d e ta ile d  s tu d y  o f the  e ffe c ts  o f so lve n t p ro p e rtie s  on  the  

p re p a ra tio n  o f p o ly  ( la c tic  a c id ) (PLA) m ic ro sp h e re s  a h igh  e ff ic ie n c y  o f q u in id in e  su lfa te  

e n tra p m e n t w a s  fa vo re d  b y  d is s o lv in g  the  d ru g  a nd  p o ly m e r in w a te r- im m is c ib le  

s o lv e n ts  w ith  s ig n if ic a n t w a te r  s o lu b ility . It w as  c o n s id e re d  th a t su ch  so lve n ts  c a u se  

ra p id  p re c ip ita t io n  o f p o ly m e r a t th e  d ro p le t in te rface , th e re b y  c re a tin g  a b a rr ie r  to  d ru g  

d if fu s io n  o u t o f the  fo rm in g  m ic ro s p h e re . T he  so lve n t a b le  to  a c h ie ve  th e  h ig h e s t d ru g  

lo a d in g , 23%  พ /พ  (th e o re tica l 30% ), w a s  m e th y len e  c h lo r id e  (d ich lo ro m e th a n e ), w h ic h  

h a d  th e  h ig h e s t w a te r  s o lu b ility  (2%  พ /พ ), w he re a s  in s ig n if ic a n t lo a d in g  (0 .4% ) w as 

a c h ie v e d  u s in g  ch lo ro fo rm , w h ic h  has a s o lu b ility  o f o n ly  0 .8 %  พ /พ . If w a te r-m is c ib le  

s o lv e n ts  w e re  u se d  to  d is s o lv e  the  d ru g  a n d  p o lym e r, la rge  p o ly m e r a g g lo m e ra te s  w ere  

fo rm e d  on m ix in g , a lth o u g h  it w as  p o s s ib le  to p ro d u c e  d is c re te  m ic ro s p h e ie s  u s in g  a 

d is p e rs e d  p h a se  c o n ta in in g  30%  o f a w a te r-m is c ib le  so lve n t s u c h  as a c e to n e  (B o d m e ie r 

a n d  M c G in ity , 1988).

M e th y le n e  c h lo r id e  is the  m o s t w id e ly  used  so lve n t fo r  p ro d u c in g  m ic ro sp h e re s  

b y  th e  e m u ls if ic a tio n /s o lv e n t e v a p o ra tio n  m e th od . Th is s o lve n t has h ig h  v o la tility  th a t 

fa c ilita te s  e a s y  re m o va l b y  e v a p o ra tio n , a n d  a lso  sh ow s  g o o d  s o lu b ility  to w a rd  a ra n g e  

o f e n c a p s u la tio n  p o ly m e rs  (W atts , D ev ie s , a n d  M elia, 1990).

2. Emulsifier

T he  e m u ls if ie r  (s ta b ilis e r)  is a n  im p o rta n t p a ra m e te r th a t p ro v id e s  a th in  

p ro te c t iv e  la y e r s u rro u n d in g  th e  o il d ro p le ts  a n d  re d u c e s  the  c o a le s c e n c e  a nd  

c o a g u la t io n  o f m ic ro p a rt ic le s  d u r in g  th e  s o lv e n t e v a p o ra tio n  p ro c e s s . D ue  to a g ra d u a l 

d e c re a s e  in vo lu m e  a n d  s u b s e q u e n t in c re a s e  in  v is c o s ity  o f d is p e rs e d  o il d ro p le ts , 

th e s e  a ffe c t th e  d ro p le t s ize  e q u ilib r iu m  a n d  d ro p le ts  te n d  to  c o a le s c e n c e  a n d  p ro d u c e  

a g g lo m e ra te s  d u r in g  the  e a r ly  s ta g e s  o f s o lv e n t rem ova l. A s  th e  s o lv e n t is rem o ve d , the 

e m u ls if ie r  c o n tin u e s  to m a in ta in  th e  s p h e r ic a l sh a p e  o f th e  o il d ro p le ts  a n d  p re ve n ts  the
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The e m u ls ifie rs  used  in th is  p ro c e s s  are the  h y d ro p h ilic  p o ly m e r ic  c o llo id s  a nd  

a n io n ic  o r n o n io n ic  su rfa c ta n ts . The m o s t co m m o n ly  e m u ls ifie r as PVA is u sed  in o /w  

e m u ls io n , o th e rs  in c lu d e  p o ly  (v in y lp y ro lid o n e ), a lg in a te , g e la tin , ทาe th y lce llu lo se , 

h y d ro x y a lk y l ce llu lo se , h yd ro x y p ro p y lm e th y c e llu lo s e , p o ly o x y e th y le n e  d e r iv a tiv e  o f 

s o rb ita n  fa tty  e s te rs  (Tw eens), c e ty ltr im e th y l am m on ium  b ro m id e , a n d  fa tty  a c id  sa lts  

s u c h  as  s o d iu m  o le a te . For o /o  e m u ls io n , o il s o lu b le  e m u ls ifie rs  su ch  as 

p o ly o x y e th y le n e  fa tty  a c id  e the rs  (B rijs ), S pans, a nd  le c ith in s  h a ve  b e e n  u se d  (Ja in  e t 

a l., 1998 ).

P h y s ic o c h e m ic a l p ro p e rt ie s  a n d  c o n c e n tra tio n  o f e m u ls ifie r  o r s ta b ilis e r  

in f lu e n c e  m o rp h o lo g y  and  e n c a p s u la tio n  e ffic ie n c y . E sp os ito  e t al. (19 97 ) fo u n d  th a t 

te tra c y c lin e  m ic ro c a p s u le s  p re p a re d  b y  the  w /o /w  so lve n t e v a p o ra tio n  te c h n iq u e  u s in g  

g e la t in  as  s ta b ilis e r  o f the  p rim a ry  e m u ls io n  g a ve  b e tte r resu lt th a n  p e c tin  a n d  p e m u le n , 

b o th  in te rm s  o f m ic ro p a rtic le  m o rp h o lo g y  a n d  e n c a p s u la tio n  e ff ic ie n c y . F u rthe rm ore , 

S c h u g e n s  e t al. (1994 ) fo u n d  th a t d ru g  e n tra p m e n t o f in d ig o c a rm in e  m ic ro c a p s u le s  

p re p a re d  b y  u s in g  b o v in e  se ru m  a lb u m in  as s ta b ilis e r in c re a s e d  w ith  in c re a s in g  

c o n c e n tra t io n  o f b o v in e  se rum  a lb u m in .

3. C o re  to  W a ll R atio

A s  th e  c o re  to  w a ll ra tio  d e c re a s e d , th e  m ic ro c a p s u le  s iz e  d is tr ib u tio n  sh ifte d  to 

the  s m a lle r  s ize  (R u iz, S a kr a n d  S p ro c k e l, 1990). The  s im ila r  re s u lt w a s  o b ta in e d  w ith  

p re p a ra tio n  o f a s c o rb ic  a c id  m ic ro c a p s u le s  th a t a h ig h  co re  to  w a ll ra tio  re su lte d  in an 

in c re a s e  o f  b o th  m ic ro c a p s u le  s iz e  a n d  d ru g  re le a s e  ra te  (V a n ic h ta n u n k u l, 

V a y u m h a s u w a n  a n d  N im m an n it, 1998). เท a d d it io n , H e rrm a n n  a n d  B o d m e ie r  (1995 ) 

fo u n d  th a t in c re a s in g  th e  a m o u n t o f p o ly m e r in c re a s e d  th e  e n c a p s u la tio n  e ffic ie n c y .

aggregation, until the microspheres are hardened and isolated as discrete particles
(Jain et al., 1998).
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4. S tirr in g  R ate

S tirr in g  ra te  is a p a ra m e te r o f p r im a ry  im p o rta n ce  in e m u ls if ic a tio n  s te p s . เท the  

fo rm in g  d ro p le ts , th e  e n e rg y  a n d  the  s u rfa c e  a c tiv e  a g e n t d e c re a s e  the  in te r fa c ia l 

te n s io n  b e tw e e n  the  o rg a n ic  d ro p le ts  a n d  the  a q u e o u s  p ha se . T he  s tir r in g  ra te  

p ro v id in g  the  e n e rg y  w h ic h  is a p p ro p r ia te  fo r  the  d iv is io n  o f the  o rg a n ic  p h a s e , so  if h ig h  

e n e rg y , sm a ll p a r tic le  a n d  n a rro w  p a rtic le  s ize  d is tr ib u tio n  a re  o b ta in e d  (S a n s d ra p  a n d  

M oes , 1993).

5. P o ly m e r T ype

T he  ty p e  o f p o ly m e rs  u s e d  in s o lv e n t e va p o ra tio n  te c h n iq u e  w a s  d e s ig n e d  on  

th e  p u rp o s e  o f s tu d y , p h y s ic o c h e m ic a l p ro p e rtie s  o f p o lym e rs  s u c h  as m o le c u la r  

w e ig h t, h y d ro p h ilic  p ro p e rt ie s  in f lu e n c e d  th e  m ic ro c a p s u le s . P o la rd  e t al. (1 9 9 6 ) 

re p o rte d  th e  e ffe c t o f m o le c u la r  w e ig h t (M W ) on the  c h a ra c te r is t ic s  o f m ic ro p a rtic le s  th a t 

d ru g  c o n te n t o f  p o ly la c tid e  (M W  2 00 0 ) m ic ro p a rtic le s  w a s  h ig h e r than  o f p o ly  la c t id e -c o -  

g ly c o ld e  (M W  9 0 0 0  a n d  12000) a n d  p o ly la c t id e  (M W  9000) m ic ro p a rtic le s  d u e  to  ra p id  

ra te  o f p o ly m e r p re c ip ita tio n  a t the  d ro p le ts  su rfa ce . เท a d d it io n , p o ly m e r ty p e  a lso  

e ffe c te d  on th e  d ru g  re lease . E sp o s ito  e t al. (1997 ) fo u n d  th a t te tra c y c lin e  re le a s e d  

from  p o ly  (L - la c tid e )  (M W  171 00 0 ) s lo w e r th an  p o ly  (D L - la c tid e )  (M W  8 6 4 0 0 ) 

m ic ro c a p s u le s  d u e  to  its h ig h  m o le c u la r  w e ig h t a n d  p o ly m e r na tu re . T h is  re s u lt is 

c o n s is te n t w ith  a s tu d y  b y  L a ç a s s e  e t al. (1997 ) in w h ic h  the  re le a se  o f a n g io te n s in  

re c e p to r  a n ta g o n is t in c re a s e d  w ith  in c re a s in g  p e rc e n ta g e  o f lo w  m o le c u la r  w e ig h t p o ly  

(L - la c tid e ).

Polylactic acid

Polylactic acid, a biodegradable polymer of lactic acid, has been extensively
investigated for its use as an absorbable suture, as a material for (i) implants, (ii) in
sustained and controlled drug delivery systems, and (iii) microcapsules. Polylactic acid
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w a s  re p o r te d  th a t n o n -to x ic ity  a n d  n on -tissue  re a c tiv ity  o f p o ly la c tic  a c id  (La lla  a n d  

C h u g h , 1990). Further, it w a s  re p o rte d  th a t none o f its m e ta b o lite s  v /e re  re ta in e d  in a ny  

o f the  v ita l o rg a n s  o f th e  b o d y , th e y  w e re  e lim in a te d  from  the  b o d y  as c a rb o n  d io x id e  

a n d  w a te r  th u s  m a k in g  it b io d e g ra d a b le  (Ja in  e t a l., 1998).

P o ly  (L -la c tid e ) and  P o ly  (D L -la c tide )

Po ly (L - la c tid e )  a n d  p o ly  (D L -la c tid e ) a re  inso lu b le  in w a te r  (A rs h a d y , 1991). 

P o ly m e r s tru c tu re s  a re  sh o w n  in F igu re  6 (B ra n n o n -P e p p a s , 200 0  ).

Po ly (L - la c tid e )  is fo u n d  to  b e  s e m ic ry s ta llin e  b e c a u s e  o f the  h ig h  re g u la r ity  o f its 

p o ly m e r ch a in , a n d  p o ly  (D L - la c tid e )  is an  a m o rp h o u s  p o ly m e r b e c a u s e  o f irre g u la r it ie s  

in its p o ly m e r c h a in  s tru c tu re  (Ja in  e t a l., 1998).

r H
I \

Po ly  (L - la c tic  a c id ) 0 c  CO
c h 3 ก

H CH

P o ly  (D L - la c tic  a c id )  — - 0  — —  c ------- CO- - 0  — —  c -

c h 3 m H

F ig u re  6 S tru c tu re  o f P o ly  (L - la c tid e )  a n d  P o ly  (D L -la c tid e ). (B ra n n o n -P e p p a s , 2 00 0  )

W h e n  s to re d  a t 0 .1 2 %  RH a n d  8 0%  RH a t 4°, 40°, 50° a n d  6 0 °c  the  p o ly m e r 

s h o w e d  b o th  te m p e ra tu re  a n d  h u m id ity  d e p e n d e n t h yd ro lys is . A t 0 .12 %  RH a n d  at 

te m p e ra tu re s  ra n g in g  fro m  4 -6 0°C , P LA  d id  n o t sh o w  a n y  h y d ro ly s is . The  re su lts  on  

s a m p le s  s to re d  a t 8 0 %  RH s h o w  s ig n if ic a n t in flu e n ce  o f h u m id ity  on  the  s ta b ility  o f the  

p o ly m e r. T he  re su lts  in d ic a te  th e  s u s c e p tib il ity  o f the  p o ly m e r to  d e g ra d e  u n d e r 

a c c le ra te d  c o n d it io n s  o f te m p e ra tu re s  a n d  h u m id ity . A s  re g a rd s  th e  in flu e n ce  o f pH , the
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results indicate that the material is relatively stable in acidic and neutral medium, but 
almost all the polymer got hydrolysed in 0.1N MaOH in 15 days.

When immersed in enzyme compositions simulating the gastrointestinal milieu, 
the polymer remained practically unaffected (Lalla and Chugn, 1990).

Poly (DL-lactide-co-glycolide) 75:25 and 50:50

Poly (DL-lactide-co-glycolide) 75:25 and 50:50 are insoluble in water (Arshady, 
1991). Lactic acid is more hydrophobic than glycolic acid and hence lactide rich poly 
(lactide-co-glycolide) (PLGA) copolymers are less hydrophilic, absorb less water, and 
subsequently degrade more slowly and they are amorphous (Jain et al., 1998). 
Structure of poly (lactide-co-glycolide) is shown in Figure 7.

(OCHCO)n-

CH,

lactide

(OCH2CO)m— OH

glycolide

Figure 7 Structure of Poly (lactide-co-glycolide). (Hutchinson and Furr, 1990)

The degradation of PLGA polymers in contact with aqueous i n  v i v o  fluids or 
media has been the subject of many discussions aimed at deciding whether the 
mechanism is purely chemical or enzyme-dependent. Currently, the degradation of 
aliphatic polyesters in contact with living tissues or with enzyme-containing body fluids 
is regarded by most people as resulting from abiotic hydrolysis of ester bonds only. 
However, enzymatic degradation of aliphatic polyesters should not be claimed unless 
mass loss and dimensional change without molar mass decrease are conclusively 
shown to exist since enzymes can hardly penetrate deep in a dense polymer matrix.
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For any reason, surface degradation occurs because the rate of degradation is greater 
than the rate of diffusion of water into the polymeric mass, surface erosion is observed 
and thus confusion is possible between enzymatic surface degradation and abiotic, 
hydrolytic surface degradation (Brannon-Peppas, 2000).

The Release of Drug from Microcapsules

Model of delivery achieves by a controlled release system can vary over a wide 
range, but most release profiles are categorized into three types (Baker, 1987; 
Washington, 1990):

1. Zero-order release model
2. First-order release model
3. Square root of time release model or Higuchi model 

1. Zero-Order Release Model
An ideal drug release of controlled release dosage form device is one which can 

deliver the drug at a constant rate until the device is exhausted of active agent.

M athem atica lly , the release rate from this dev ice  is g iven as:

dM, = k (1)
dt

where k is a constant, t is time, and Mt is the mass of active agent released. This model 
of release is called zero-order release model.

Zero-order model can be predicted by plotting the percentage of drug released 
against time. The release of drug is the zero order model if the linear relationship is 
obtained.
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2. First-Order Release Model
The release rate is proportional to the mass of active agent contained within the 

device. The rate declines exponentially with time approaching a release rate of zero as 
the device approaches exhaustion.

On the assumption that the exposed surface area of matrix decreases 
exponentially with time, It is suggested that the drug release from most sustained 
release matrices can be described by first order kinetics as follows:

A, -  Age k,t (2)

where k, = first order release constant 
Ag = initial amount of drug
A, = amount of drug remaining in the matrix at time t.

Taking the logarithm of the above equation yields

เท A, = InAg - k,t. (3)

First-order model can be predicted by plotting logarithm of the percentage of 
drug remaining against time. The release of drug is the first order model if the linear 
relationship is obtained. The initial curvature of the plot may be obtained because of the 
presence of surface drugs and they suggested to ignore it.

3. Square Root of Time Release Model or Higuchi Model
The release model of this type can be described by Higuchi equation (Higuchi,

1 9 6 3 ) .
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Q = [ (อร/ T ) (2A - 8CS) Cst ]1/2 (4)

where Q = weight in grams of drug released per unit surface area 
อ -  diffusion coefficient of drug in the release medium 
8 = porosity of the matrix 
T = tortuosity of the matrix 
Cs = solubility of drug in release medium
A = concentration of drug in the microcapsules, expressed as g/mL.

The assumptionร made for equation (4) are as follows:
1. A pseudo-steady state is maintained during the release.
2. A »  Cs, i.e., excess solute is present
3. The system is in a perfectly sink condition in which concentration of solution 

is approximately equal to zero at all time.
4. Drug particles are much smaller than those in the matrix.
5. The diffusion coefficient remains constant.
6. No interaction between the drug and the matrix occurs.

For purpose of data treatment, the equation (4) is usually reduced to

Q = kh t1/2 (5)

where kh is Higuchi constant. Therefore, the plot of amount of drug released from matrix 
versus the square root of time should be increased linearly if drug released from the 
matrix is diffusion controlled. Although the above equation was based on the release 
from a single face, it may be used to describe diffusion-controlled release from all 
surface matrix.
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