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BBSTRBCT 
Polymers were prepared by using two types of 

methacrylate monomers viz. hydrophobic monomers 
(methymethacrylate, butylmethacrylate) and hydrophilic 
monomers (2-hydroxy ethyl methacrylate, 2-hydroxy 
propyl methacrylate) using solution polymerisation 
method. Characterisation of the physico-chemical 
properties of the polymers was studied. The polymers 
were then evaluated as matrix formers for drugs 
selected on the basis of their aqueous solubility. - 

Polymeric systems have attracted wide attention 
in the controlled release of drugs'. Of the synthetic 
polymers, methacrylate polymers are non toxic and 
biocompatible . Such types of polymers can be easily 
prepared by solution polymerisation, which involves 
polymerisation of monomers in the presence of free 
radical initiators, dissolved in suitable solvent. The 
present work involved synthesis of methacrylate 
polymers. All these polymers were purified and 
analysed prior to use. These were then characterised 
by physical constants like refractive index, per cent 
acidity, intrinsic viscosity and water fraction. The 
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1924 SANGHAVI, SHEIKH, AND FRUITWALA 

po lymers  were t h e n  u t i l i s e d  as  matrix f o r m e r s  f o r  
d r u g s  l i k e  p r o p r a n o l o l  h y d r o c h l o r i d e  (PH) and 
anhydrous  t h e o p h y l l i n e  (TH), s e l e c t e d  on t h e  b a s i s  o f  
t h e i r  aqueous  s o l u b i l i t y .  - 

2 - h y d r o x y e t h y l  m e t h a c r y l a t e  (2HEMA) and 2- 
hydroxypropy l  m e t h a c r y l a t e  (2HPMA) f rom F l u k a ,  m e t h y l  
m e t h a c r y l a t e  ( M M A )  and b u t y l  m e t h a c r y l a t e  (BMA) a c i d  
from BDH L t d . ,  p r o p r a n o l o l  h y d r o c h l o r i d e  (PH) and 
t h e o p h y l l i n e  (TH) ( C i p l a ,  Bombay) and s o l v e n t s .  

nethod: 
100 g of e a c h  of  t h e  p u r i f i e d  monomers and 1 g o f  

t h e  f r ee  r ad ica l  i n i t i a t o r ,  b e n z o y l  p e r o x i d e  were 
s e p a r a t e l y  d i s s o l v e d  i n  d r y  d i s t i l l e d  m e t h a n o l .  The 
r a t i o  o f  t h e  t o t a l  monomer t o  s o l v e n t  u s e d  was k e p t  
c o n s t a n t  a t  1:3. The s o l u t i o n s  were p l a c e d  i n  a t h r e e  
necked  round bo t tom f l a s k  f i t t e d  w i t h  a c o n d e n s o r  and 
an ove rhead  m e c h a n i c a l  s t i r r e r  (300-400 rpm) .  T h e  
a s s e m b l y  was p l a c e d  i n  a water b a t h  m a i n t a i n e d  a t  80°C 
f o r  4 h r s .  Absence o f  t h e  monomer s p o t  on a TLC 
c hromatop l a t e  i n d i c a t e d  c o m p l e t i o n  of  t h e  
p o l y m e r i s a t i o n  r e a c t i o n .  The  c o n t e n t s  o f  t h e  f l a s k  
were t h e n  poured  i n  e x c e s s  of  d i s t i l l e d  water t o  
p r e c i p i t a t e  t h e  p o l y m e r i s e d  p r o d u c t  and  t h e n  s o a k e d  
o v e r n i g h t  t o  l e a c h  o u t  any  unwanted monomers. T h e  
polymer o b t a i n e d  was washed s e v e r a l  t imes w i t h  water 
t o  remove any  s o l u b l e  i m p u r i i t i e s  and t r aces  o f  
r e s i d u a l  s o l v e n t .  P u r i f i c a t i o n  was c a r r i e d  o u t  by  
r e d i s s o l v i n g  t h e  p r o d u c t  and r e p r e c i p i t a t i n g  i n  w a t e r .  
The f i l t e r e d  p r o d u c t  w a s  d r i e d ,  powdered and s t o r e d  i n  
a i r  t i g h t  c o n t a i n e r s .  

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

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



METHACRYLATE POLYMERS 1925 

terisation a m3: 
The parameters e v a l u a t e d  t o  c h a r a c t e r i s e  t h e  

s y n t h e s i s e d  polymers were p e r c e n t  a c i d i t y ,  i n t r i n s i c  
v i s c o s i t y ,  r e f r a c t i v e  i n d e x  ( R I ) ,  water f r a c t i o n  on 
e q u i l i b r i u m  h y d r a t i o n  ( X W f )  (TABLE 1) and  s o l u b i l i t y  
a t  d i f f e r e n t  pH v a l u e s .  R e p r e s e n t a t i v e  samples were 
u s e d  f o r  D i f f e r e n t i a l  T h e r m a l  A n a l y s i s  ( D T A )  s t u d y  
( S t a n t o n  Red C r a f t ) .  Alumina  was u s e d  as t h e  r e f e r e n c e  
and  t h e r m o g r a m s  are shown i n  F IG.  1. 

- -  PilmPermeabllltPStudies: 
The s y n t h e s i s e d  p o l y m e r s  were d i s s o l v e d  i n  

i s o p r o p a n o l :  m e t h y l e n e  d i c h l o r i d e  (50:50) s o l v e n t  
m i x t u r e  and  t r i a c e t i n  (as  p l a s t i c i z e r )  was a d d e d  t o  i t  
i n  r a t i o s  s p e c i f i e d  i n  TABLE-3. P o l y m e r  s o l u t i o n s  o f  
d i f f e r e n t  c o m p o s i t i o n s  were c a s t e d  on m e r c u r y  p o o l .  To 
d e t e r m i n e  t h e  s e m i p e r m e a b i l i t y ,  f r e e  f i l m  (20-25  um 
t h i c k n e s s )  was p l a c e d  b e t w e e n  t h e  f l a n g e s  o f  two 
c o m p a r t m e n t s  A & B (F IG 2 ) .  Compar tment  A was f i l l e d  
w i t h  d i s t i l l e d  water and  compar tmen t  B w i t h  2% w/v 
N a C l  c o n t a i n i n g  d r u g  (40  u g / m l ) .  The w h o l e  sys tem 
was s t i r r e d  f o r  3 h r s  a t  300 rpm. A t  r e g u l a r  
i n t e r v a l s ,  t h e  amount  of t h e  d r u g  p e r m e a t e d  i n  
compar tmen t  A was a n a l y s e d  u s i n g  Beckmann DB 
s p e c t r o - p h o t o m e t e r  a t  290 nm ( f o r  p r o p r a n o l o l  
h y d r o c h l o r i d e ) .  

Formulation nf natrixTablets: 
The d r u g  and  polymer were mixed i n  s p e c i f i e d  

r a t i o s  (TABLE-2) and  w e t  g r a n u l a t e d  w i t h  PVP 4 %  i n  
e t h a n o 1 : i s o p r o p a n o l  (60:40) s o l v e n t  m i x t u r e .  The  wet 
mass was t h e n  s c r e e n e d  t h r o u g h  s i e v e  n o .  1 2  and  t h e  
r e s u l t i n g  g r a n u l e s  were d r i e d  a t  60°C f o r  1 h r .  The  
20/40 mesh f r a c t i o n  was c o l l e c t e d  and  l u b r i c a t e d  w i t h  
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1926 SANGHAVI, SHEIKH, AND FRUITWALA 

I c 
i,=9$c Tg = 103'C 

Fig. 1. Differential Thermograms 
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METHACRYLATE POLYMERS 1927 

PH :LAC : p( HPHA) 
0.8: 1.2: 0.5 0.9950 
0.8: 0.7: 1.0 0.9928 
PH:LAC:p(HEHA) 
0.8: 1.2: 0.5 0.9878 
0.8: 0.7: 1.0 0.9882 

TH:LAC:p(HPHA) 
1.0: 1.25: 0.25 0.9873 
1.0: 1.00: 0.50 0.9967 
1.0: 0.75: 0.75 0.9483 
TH:LAC:p(HBHA) 
1.0: 1.25: 0.25 0.9873 
1.0: 1.00: 0.50 0.9976 
1.0: 0.75: 0.75 0.9881 

PH : LAC : p( HHA ) 
0.8: 1.2: 0.5 0.9646 
0.8: 0.7: 1.0 0.9975 
PH:LAC:p(BHA) 
0.8: 1.2: 0.5 0.9943 
0.8: 0.7: 1.0 0.99922 

TH:LAC:p(HHA) 
1.0: 1.0: 0.5 0.9884 
1.0: 0.5: 1.0 0.9991 
TH :LAC : p(BHA) 
1.0: 1.0: 0.5 0.9964 
1.0: 0.5: 1.0 0.9968 

PH:DCP:p(HPHA) 
0.8: 1.2: 0.5 0.9868 
PH:HCC:p(HPHA) 
0.8: 1.2: 0.5 0.9947 

0.250 
0.190 

7.400 
0.190 

0.278 
0.160 
0.083 

0.230 
0.122 
0.112 

0.166 
0.119 

6.810 
0.144 

0.071 
0.065 

4.010 
3.900 

5.900 

5.300 

1.98 8.30 0.40 
3.14 10.60 0.47 

1.25 6.60 0.39 
2.07 10.41 0.37 

1.49 7.37 0.36 
2.37 12.29 0.34 
5.36 24.70 0.37 

1.69 8.69 0.35 
2.93 16.07 0.38 
5.11 19.40 0.49 

4.08 13.75 0.58 
5.04 19.55 0.54 

3.90 9.80 0.49 
3.60 14.40 0.50 

8.49 31.07 0.54 
10.00 34.62 0.69 

11.40 21.40 0.74 
11.70 21.88 0.72 

4.03 10.80 0.39 

3.80 11.36 0.36 
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1928 SANGHAVI, SHEIKH, AND FRUITWALA 

p(HPl4A):TR 2 : 7 . 5  6 8 . 8  7 8 . 5  8 2 . 0  8 8 . 0  8 7 . 9  9 6 . 8  
2 : l O  6 8 . 3  7 2 . 5  7 8 . 1  7 9 . 9  8 2 . 2  8 4 . 5  

p(HEHA):TR 1 : 7 . 5  7 2 . 5  7 9 . 8  8 5 . 6  88.8 9 2 . 5  98 .9  
1 : l O  6 8 . 5  7 6 . 3  7 9 . 8  8 1 . 5  8 3 . 5  84 .2  

F ig .  2. P e r m e a b i l i t y  C e l l  

1% t a l c  and 1% magnesium s t e a r a t e .  Var ious  d i l u e n t s  
l i k e  l a c t o s e ( L C ) ,  d i c a l c i u m  phospha te  (DCP)  and 
m i c r o c r y s t a l l i n e  c e l l u l o s e  (MCC) were used (TABLE-2). 
Compression was done u s i n g  9 . 5  mm f l a t  f a c e d  d i e  and 
punch, on a Cadmach s i n g l e  s t r o k e  t a b l e t t i n g  machine 
a t  4-6 kg/cm p r e s s u r e .  
In v i t ro  d r u g  d i s s o l u t i o n  was c a r r i e d  o u t  on USP 
r o t a t i n g  b a s k e t  assembly' c o n t a i n i n g  900 m l  of pH 7 . 4  
phosphate  b u f f e r  as t h e  d i s s o l u t i o n  medium. A l i q u o t s  
were withdrawn a t  r e g u l a r  i n t e r v a l s  and a n a l y s e d  on 
Beckmann DB s p e c t r o -  photometer  a t  max = 290 nm and 
272 nm f o r  p r o p r a n o l o l  h y d r o c h l o r i d e  (PHI and 
t h e o p h y l l i n e  (TH) r e s p e c t i v e l y .  

2 
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METHACRYLATE POLYMERS 1929 

The matr ix  t a b l e t s  were k e p t  a t  37'C , 45'C, 60°C 
and 75XRH f o r  a c c e l e r a t e d  s t a b i l i t y  t e s t i n g  and 
e v a l u a t e d  f o r  p h y s i c a l  a p p e a r a n c e ,  d r u g  c o n t e n t  and in 
v i t r o  d i s s o l u t i o n  s t u d i e s .  

liEuLlEddllLDISCUSSIONS 
The s o l u t i o n  p o l y m e r i s a t i o n  method u s e d  f o r  t h e  

s y n t h e s i s  o f  p o l y m e r s  o f f e r s  s e v e r a l  a d v a n t a g e s  v i z .  
s o l v e n t  employed d i s s o l v e s  t h e  monomer, i n i t i a t o r  and 
t h e  f i n a l  polymer and a c c o u n t s  f o r  more e f f i c i e n t  
h e a t  t r a n s f e r .  P u r i f i c a t i o n  o f  p o l y m e r s  is i m p o r t a n t  
t o  e n s u r e  t h a t  t h e r e  a re  no  t races  o f  u n r e a c t e d  
monomer o r  o f  r e s i d u a l  s o l v e n t .  

A l l  s t a t i s t i c a l  a n a l y s i s  were done  u s i n g  s t u d e n t s  
' t '  t e s t .  I n c r e a s e  i n  t h e  i n t r i n s i c  v i s c o s i t y  is d u e  
t o  i n c r e a s e  i n  t h e  m o l e c u l a r  w e i g h t  o f  p o l y m e r s .  The 
p e r c e n t  water f r a c t i o n  i n d i c a t e s  t h e  h y d r o p h i l i c i t y  of  
t h e  p o l y m e r s .  Hence h y d r o p h i l i c  p o l y m e r s  formed f rom 
water s o l u b l e  monomers; 2HEMA and ZHPMA showed a 
h i g h e r  water r e t e n t i o n  c a p a c i t y  as compared t o  t h e  
o t h e r  water i n s o l u b l e  monomers. P e r c e n t  a c i d i t y  was 
d e t e r m i n e d  u s i n g  t i t r i m e t r i c  a n a l y s i s .  The p o l y m e r s  
showed good s o l u b i l i t y  i n  m e t h y l e n e  d i c h l o r i d e ,  
i s o p r o p a n o l ,  a c e t o n e  and c h l o r o f o r m .  Po lymers  were 
however i n s o l u b l e  i n  t h e  r a n g e  of  pH 1 . 2  t o  6.8 
D i f f e r e n t i a l  thermograms of  p(HEMA),  p(HPMA), p(MMA) 

and p(BMA) showed endo the rms  a t  62"C, 79"C, 93°C and 
103°C r e s p e c t i v e l y .  

-Tablets: 
Good f l o w  p r o p e r t i e s  and X c o m p r e s s i b i l t y  were 
e x h i b i t e d  by g r a n u l e s .  F i c k i a n  and  n o n - F i c k i a n  
d i f f u s i o n  was c h a r a c t e r i s e d  by  t h e  f o l l o w i n g  e q u a t i o n  

M t / M a  = k t n  
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1930 SANGHAVI, SHEIKH, AND FRUITWALA 

where,  M t / M o o  is  t h e  f r a c t i o n  r e l e a s e d  a t  t ime 't', 
k = c h a r a c t e r i s t i c  c o n s t a n t ,  n = re lease i n d e x  
n < 0 . 5  = F i c k i a n  d i f f u s i o n ,  n = l  is Case I1 t r a n s p o r t  
0 . 5 < n < l  = Non-Fickian d i f f u s i o n  mechanism 

Hydrophobic po lymers ;  p(MMA) and p ( M A A )  r e t a r d e d  
d r u g  r e l e a s e  t o  a s i g n i f i c a n t  e x t e n t  as compared t o  t h e  
h y d r o p h i l i c  po lymers ;  p(HEMA) and p (  HPMA). TH showed 
F i c k i a n  r e l e a s e  mechanism i n  case of h y d r o p h i l i c  
matrices whereas  a non-F ick ian  d i f f u s i o n  was o b s e r v e d  
w i t h  hydrophob ic  matr ix  s y s t e m .  However, PH was r e l e a s e d  
ma in ly  by F i c k i a n  d i f f u s i o n  mechnism e x c e p t  when b l e n d e d  
w i t h  p(MMA). The e f f e c t  of d i l u e n t s  on t h e  re lease  of PH 
from p(HPMA) m a t r i x  was also s t u d i e d .  The r a t i o  o f  t h e  
d r u g : d i l u e n t : p o l y m e r  was 0 . 8 : 1 . 2 : 0 . 5 .  Tgo o f  8 . 3 0  h r ,  
1 0 . 8 0  h r  and 1 1 . 3 6  h r  was o b s e r v e d  when l a c t o s e ,  DCP and 
MCC were used  as d i l u e n t s  r e s p e c t i v e l y .  No e r o s i o n  of 
t h e  t a b l e t  was o b s e r v e d .  The d r u g  was r e l e a s e d  t h r o u g h  
t h e  ma t r ix  s y s t e m .  The r e l e a s e  was f i r s t  o r d e r  w i t h  
l a c t o s e  whereas  z e r o  o r d e r  w i t h  DCP and MCC. A F i c k i a n  
d i f f u s i o n  was o b s e r v e d  f o r  a l l  t h e s e  ma t r ix  s y s t e m s  
c o n t a i n i n g  d i f f e r e n t  d i l u e n t s .  

. .  TABLGLAc€&m&& StabllltJrStudies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Composi t ion  R e l e a s e  K i n e t i c s  
(Drug :po lymer )  37°C 45'C 60'C 75XRH 
PH: p HPHA)(100%) n = 0 . 3 8  0 . 4 8  0 . 3 3  0 . 3 4  
0 . 8 :  i . 0  T90 ( h r )  1 0 . 8 3  9 . 3 2  9 . 5 6  1 0 . 2 3  
PH: p HHA)(100%) n = 0 . 4 9  0 . 4 5  0 .48  0 . 5 1  
0 . 8 :  f . 0  T90 ( h r )  1 7 . 8 2  1 7 . 3 2  1 6 . 3 9  1 7 . 9 1  
TH:(HHA:HPHA)(50%:30%) n = 0 . 5 2  0 . 5 3  0 . 5 9  0 . 5 3  
1 . 0 :  1 . 0  T50 ( h r )  1 3 . 9 2  1 2 . 8 9  1 1 . 7 2  1 4 . 2 0  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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METHACRY LATE POLYMERS 1931 

F o r m u l a t i o n s  s t o r e d  u n d e r  e x a g g e r a t e d  c o n d i t i o n s  
o f  t e m p e r a t u r e  and h u m i d i t y  showed no  s i g n i f i c a n t  change  
i n  t h e i r  p h y s i c a l  a p p e a r a n c e  and d r u g  c o n t e n t .  

A t  45°C 81 60°C, t a b l e t s  showed i n c r e a s e  i n  
h a r d n e s s .  F a s t e r  re lease was o b s e r v e d  i n  case of 
f o r m u l a t i o n s  a t  60°C and s l o w  release a t  75% R H .  All 
f o r m u l a t i o n s  e x h i b i t e d  good s t a b i l i t y .  

co"s 
M a t r i x  t a b l e t s  c o n t a i n i n g  hydrophob ic  p o l y m e r s  

showed a more s u s t a i n e d  e f f e c t  as  compared t o  t h o s e  
c o n t a i n i n g  h y d r o p h i l i c  p o l y m e r s .  A l l  t h e  f o r m u l a t i o n s  
showed a c c e p t a b l e  s t a b i l i t y  c o u p l e d  w i t h  a good 
c o n t r o l l e d  r e l e a s e  p r o f i l e .  Hence t h e s e  p o l y m e r s  c a n  
b e  u s e d  e f f e c t i v e l y  when a pH d e p e n d e n t  re lease  is 
r e q u i r e d .  - 
1. Y. W. Chien, J .  Pharm. S c i . ,  63:365(1974). 
2. J. D. Andrad, in "Hydrogels for Medical and Related 
Applications", Symposium series, 13.. American Chemical 
Soci e t y, Washington DC, 1976, p .113-116 
3. Encylopedia of Polymer Science and Technology, 
Vol .  I, Interscience Publishers, Wiley, N. Y . ,  1964 
4. United States Pharmacopoeia, Edition XXI, Mack 
Publishing Co., Easton, Pa 180442, p. 1243. 
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