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EVALUATION OF PROPYLENE GLYCOL R O S I N  ESTER A S  

MICROENCAPSULATING MATERIAL AND STUDY OF DISSOLUTION KINETICS 
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Co l lege o f  Pharmacy, Manipal  576119 I n d i a  

A.K. D o r l e  
Department o f  Pharmaceut ica l  Sciences 

Nagpur U n i v e r s i t y ,  Nagpur 440010 I n d i a  

Propylene g l y c o l  r o s i n  e s t e r  (PgR E s t e r )  was prepared by 

h e a t i n g  r o s i n  w i t h  propy lene g l y c o l  a t  220°C. The phys ico-  

chemical  p r o p e r t i e s  were s tud ied.  A s p i r i n  g ranu les  were 

encapsulated u s i n g  a s tandard ized c o a t i n g  technique. The micro-  

capsules were eva lua ted  f o r  m o i s t u r e  absorp t ion ,  f l o w  p r o p e r t i e s  

and f r i a b i l i t y  s tud ies .  The d i s s o l u t i o n  s t u d i e s  were c a r r i e d  o u t  

i n  f i v e  d i f f e r e n t  pH media t o  know t h e  e f f e c t  o f  pH on r e l e a s e  

c h a r a c t e r i s t i c s .  The d i s s o l u t i o n  s t u d i e s  revea led  t h a t  PgR E s t e r  

f i l m s  i m p a r t  v a r y i n g  degrees o f  r e s i s t a n c e  t o  d i f f e r e n t  pH media. 

The t50% values were found t o  be 57,47,63,93 and 88 min i n  pH 

1.2,3.0,5.0,7.2 and 8.0 media, e x h i b i t i n g  p o t e n t i a l  use fu lness  o f  

PaR E s t e r  as f i l m  c o a t i n g  m a t e r i a l .  The r e l e a s e  p a t t e r n s  obey 

Hixson Crowel l  cube r o o t  d i s s o l u t i o n  law .  t h e  va lues  o f  cube r o o t  

cons tan t  a r e  given. 

"Present address - Department o f  Pharmacy, School o f  Pharmacy, 

Hebrew U n i v e r s i t y  o f  Jerusalem. P.O. Box 12065, Jerusalem 91120 
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2558 PATHAK AND DORLE 

I FIT RODlJCT I ON 

Ros in  and r o s i n  d e r i v a t i v e s  a r e  w i d e l y  used i n  p a i n t s  and 

va rn i shes ,  chewing gum bases, d e n t a l  v a r n i s h e s  and f o o d  p roduc ts .  

We have r e p o r t e d  t h e  u s e f u l n e s s  o f  r o s i n  and r o s i n  d e r i v a t i v e s  as 

f i l m  c o a t i n g  m a t e r i a l s  f o r  e n t e r i c  c o a t i n g  and f o r  d e l a y e d  r e l e a s e  

o f  drug. 1-5 J u e r z y  e t  a16 have r e p o r t e d  t h e  use o f  g l y c e r o l  r o s i n  

heated  p r o d u c t  as anydrons b i n d i n g  agent ,  Ve have r e p o r t e d  t h e  

a p p l i c a t i o n  o f  d i f f e r e n t  r o s i n  e s t e r s  and m o d i f i e d  r o s i n s  as 

The p r o p y l e n e  g l y c o l  b i n d i n g  agen ts  i n  t a b l e t  f o r m u l a t i o n s .  

r o s i n  e s t e r  (PgR E s t e r )  i s  used i n  p a i n t s  and v a r n i s h e s  ’*’’ The 

l a c q u e r s  p r e p a r e d  f rom PgR E s t e r  a r e  r e p o r t e d  t o  be t o u g h  and 

f l e x i b l e  p roduc ts .  ” * ”  The purpose o f  t h e  p r e s e n t  s t u d y  i s  t o  

p r e p a r e  t h e  PgR E s t e r  and e v a l u a t e  i t  as a m i r o e n c a p s u l a t i n g  

m a t e r i a l  hy pan c o a t i n g  method. An a t t e m p t  i s  a l s o  made t o  f i n d  

o u t  t h e  e f f e c t  o f  pH on i n  v i t r o  r e l e a s e  c h a r a c t e r i s t i c s  f r o m  t h e  

coated  m i c r o c a p s u l e s  and s t u d y  d i s s o l u t i o n  k i n e t i c s .  

7.8 

M A T E R I A L S  AND PETHODS 

Ros in  Grade ( I S I ) ,  Propy lene  G l y c o l  (Lab Grad S.D.H.), 

A s p i r i n  ( I .P.) ,  S t a r c h  ( 1 . P . ) .  
P r e p a r a t i o n  o f  PgR E s t e r  

R o s i n  was powdered and hea ted  w i t h  p r o p y l e n e  g l y c o l  ( 4 : l  
p r o p o r t i o n )  i n  an aluminum v e s s e l  a t  210-220°C. A t  e v e r y  

a l t e r n a t e  hour,  a sample o f  2 t o  5 9 was w i thdrawn.  A c i d  v a l u e  o f  

t h e  sample was de termined.  H e a t i n g  was c o n t i n u e d  t i l l  t h e r e  was 

no f u r t h e r  dec rease  i n  t h e  a c i d  v a l u e  o f  w i t h d r a w n  samples. The 

h o t  mass was poured  i n  a t h i n  s t ream w i t h  v i g o r o u s  s t i r r i n g  i n  

water ,  f i l t e r e d  and d r i e d  i n  an oven a t  55°C o v e r n i g h t .  

S tudy  o f  phys i co -chemica l  p r o p e r t i e s  

P h y s i c a l  p r o p e r t i e s  l i k e  c o l o r ,  s o f t e n i n g  p o i n t ,  a c i d  va lue ,  

s p e c i f i c  g r a v i t y  and e q u i l i b r i u m  s ~ l u b i l i t y ’ ~  i n  d i f f e r e n t  

s o l v e n t s ,  were de termined.  The m o i s t u r e  a b s o r p t i o n  s t u d i e s  were  

c a r r i e d  o u t  u s i n g  d e s s i c a t o r s  m a i n t a i n e d  a t  d i f f e r e n t  r e l a t i v e  
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PROPYLENE GLYCOL ROSIN ESTER 2559 

h u m i d i t i e s ,  Samples were  k e p t  f o r  15  days  t o  a c h i e v e  

PgR E s t e r  was d e t e r m i n e d  b y  A l l a n a  

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

o f  drug, a method d e s c r i b e d  by 

e q u i  1 i brium.' V i s c o s i t y  o f  

method. j 4  To e v a l u a t e  t h e  

used f o r  d e l a y e d  r e l e a s e  

Raghunathan e t  a l l 5  was used 

t ime. 

P r e p a r a t i o n  o f  m i c r o c a p s u l e s  

f o r  d e t e r m i n i n g  w a t e r  u p t a k e  i n  

A s p i r i n  ( I .P. )  was used as a model drug. A s t a n d a r d i z e d  pan 
5 c o a t i n g  method was used t o  e n c a p s u l a t e  t h e  a s p i r i n  g ranu les .  The 

coa ted  g r a n u l e s  r e t a i n i n g  on 30 mesh were used f o r  f u r t h e r  

e v a l u a t i o n .  

E v a l u a t i o n  o f  m i c r o c a p s u l e s  

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

c h a r a c t e r i s t i c s  l6 ( a n g l e  o f  repose) ,  m o i o s t u r e  a b s o r p t i o n  

s t u d i e s  and f r i a b i l i t y  1 0 s s . l ~  F o r  e v a l u a t i n g  e f f i c a c y  o f  PqR 

E s t e r  as o a t i n q  m a t e r i a l  as w e l l  as s t u d y i n g  t h e  e f f e c t  o f  pH 

c o n d i t i o n s  p r e v a i l i n g  i n  g a s t r o i n t e s t i n a l  t r a c t ,  (pK 1.2 t o  pH 

8.0) o n  r e l e a s e  c h a r a c t e r i s t i c s  f r o m  PgR E s t e r  c o a t e d  drug, t h e  

d i s s o l u t i o n  s t u d i e s  were c a r r i e d  o u t  i n  f i v e  d i f f e r e n t  pH media 

e.q. 1.2,3.0,5.0,7.2 and P.0. F o r  t h i s  purpose USP X V I I I  model 

was used a t  150 rpm m a i n t a i n e d  a t  37"+loC. The r e l e a s e  

c h a r a c t e r i s t i c s  were  s t u d i e d  f o r  3 h r  i n  each media. The d r u g  

e s t i m a t i o n  i n  t h e  w i thd rawn  samples was done u s i n g  f e r r i c  n i t r a t e  

r e a g e n t  ( B o r d e l  i n and Pank ra tz  method). 18 

RESULTS AND c1ISCIJSSIOFI 

S tudy  o f  t h e  p h y s i c a l  p r o p e r t i e s  show t h a t  on e s t e r i f i c a t i o n  o f  

r o s i n  w i t h  p r o p y l e n e  g l y c o l  t h e r e  was a change i n  c o l o r  f rom p a l e  

y e l l o w  t o  d a r k  brown ( T a b l e  1). There  was a sha rp  i n c r e a s e  i n  t h e  

s o f t e n i n g  p o i n t  o f  r o s i n  f rom 6So-82"C o f  r o s i n  t o  87"-95"C o f  PgR 

Es te r .  The maximum decrease i n  a c i d  v a l u e  a f t e r  18 h r  h e a t i n g  was 

f rom 145 t o  27.43. 
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2560 PATHAK AND DORLE 

TABLE 1 
Physical Properties of PgR Esters 

130. Properties Values* 
2gP Ester (Rosin)a 

1 Color 
2 Softening range 
3 Acid value 
4 Specific qravi ty 
5 Viscosity in sec. 
6 Water uptake in 24 hr 
7 Equilibrium solubility in mg/ml 

a. Acetone 
h. Alcohol 
c. Ether 
d. I4ater 

Dark Brown (Pale yellow) 
87"-95"C ( 65"-PZ0C) 
27.43 (145.75) 
1.1140 (1.1100) 
44.0 (42.0) 
2.5 ml (1.8 ml) 

465.0 (565.0) 
5.0 (420.0) 

680.0 (630.0) 
Insoluble (Insoluble) 

from ref. 3 and 5. a * mean average of three values 

There was a significant increase in the viscosity of PgP 

Ester than rosin showing better cohesive forces which may lead to 
better film properties, The alarming increase in water uptake in 
74 hr may lead to stability problems if PaR Ester is used as 
coating material. This was further well clarifier! in the moisture 
absorption studies (Table 2) where it is observed that at 1nDy 

Relative Humidity the moisture absorption was around 3; in plain 
PqR Ester while 3.57, in coated druq microcapsules. In the case of 

rosin, it was less than 1X in both cases. This is a disadvantage 
for PgR Ester to be used as coating material. Special care and 
extensive studies must be carried out to overcome this 
disadvantage. Suitable packaging modification to maintain l o w e r  

relative humidity in the container may serve the purpose. 
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PROPYLENE GLYCOL ROSIN ESTER 2561 

TABLE 2 

E va 1 u a t i on o f  V i c r o c  a ps u 1 es 

!lo. Parameter  Value':' 

1 Ang le  o f  repose 29.P5" 
2 F r i a b i  1 i t y  l o s s  n. 489: 

3 Y o i s t u r e  a b s o r p t i o n  s t u d i e s  

R e l a t i v e  h u m i d i t y  ? 

a. 17.5 0.70 ( 0 . 5 n ) ~  

b. 57.0 0.98 (0,F(4)a 

c. 82.5 1.75 (1 ,68)a  

d. 100.0 3.45 

v a l u e s  f o r  p l a i n  PgR E s t e r  a * Mean average o f  t h r e e  t r i a l s  

The f l o w  p r o p e r t i e s  were  improved  a f t e r  PgR E s t e r  c o a t i n g  

wh ich  was e v i d e n t  f r o m  t h e  l o w  v a l u e  o f  a n g l e  o f  r e p o s e  (29.85') 

as compared t o  t h a t  o f  p l a i n  a s p i r i n  g r a n u l e s  ( a n g l e  o f  r e p o s e  

34.3'). The 2 f r i a b i l i t y  loss  was l e s s  t h a n  17 w h i c h  i s  much l e s s  

t h a n  t h e  r o s i n  c o a t e d  g r a n u l e s  (4.122). I t  shows t h a t  t h e  r o s i n  

g e t s  hardened on e s t e r i f i c a t i o n  w i t h  p r o p y l e n e  g l y c o l  and t h e  

f i l m s  formed by  PgR E s t e r  a r e  much s t r o n g e r  t h a n  t h e  r o s i n  f i l m s .  

I n  t h i s  c o n t e x t  PgR E s t e r  i s  a b e t t e r  c o a t i n g  m a t e r i a l  t h a n  

r o s i n .  
The d rug  r e l e a s e  p a t t e r n s  a r e  d e p i c t e d  i n  F i g  1 i n  d i f f e r e n t  

pH media. As r e p o r t e d  b y  us, r o s i n  and r o s i n  d e r i v a t i v e s  a r e  

found  u s e f u l  f o r  d e l a y i n g  t h e  d r u g  r e l e a s e .  These have e x h i b i t e d  

v a r y i n g  degrees o f  r e s i s t a n c e  t o  g a s t r o i n t e s t i n a l  pHs. Hence, i t  

was t h o u g h t  w o r t h w h i l e  t o  c o n d u c t  t h e  d i s s o l u t i o n  s t u d i e s  i n  f i v e  

d i f f e r e n t  pHs. C o n s i d e r i n g  t h e  stomach r e t e n t i o n  t i m e  o f  1 t o  4 
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PATHAK AND WRLE 2562 

TIME I N  MTN. 

FIG. 1 SFFSCI' OF pH ON THE RZLEASE CHARACTERISTICS 
O F  PGii ESTER COATED A S P I R I N  GRANULES. 

e PH 1 . 2  

pH 3.0 

0 pH 5 . 0  

0 p H  7.2 

0 p H  8.0 
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PROPYLENE GLYCOL ROSIN ESTER 2563 

TABLE 3 
Dissolution Parameters in Various pti fledia 

Parameters 5 release of t50Z in min Cube root rate 
Ptl drug* in 3 hr constant in 

1/3 min-l 9 

1.2 93.0 57.0 0.01 70 
3. 0 90.0 47.0 0.01 87  

5.0 84.0 61 .o 0.0142 
7.2 72.0 93.0 0.009P 
8.0 64.0 88.0 Q. 01 09 

* average mean of three trials 

hr, the studies were conducted in each pH for 3 hr to know the 
release patterns at various pH levels for 1 to 3 hr. Various 
dissolution parameters are given in Table 3. 

The dissolution studies in different ptl media have shown 
promising results, reflecting the usefulness of PgR Ester for 
delayed release of the drug. It is observed that there is a 
substantial delay in drug release in acid plq with t50% 57.0 min 
and 47.0 min in pH 1.2 and 3.0. But, subsequently, as the pH 
increases, it is observed that PgR films are more and more 
resistant t o  releasing the drug in a significantly delayed 
fashion with t507 wore than 40 min at pH 7.2 and onwards. If we 
consider that the drug remains in the stomach for 1 to 2 hr, then 
the drug release can be delayed u p  to 3 to 6 hr with Pgf? Ester 
coating as the films are more and more resistant to alkaline RH 
the drug release is further delayed. 

Studying the dissolution kinetics, it is observed that the 
release patterns from the microcapsules obey the Hixson Crowell 
Cube Root dissolution law. The values of cube root constant are 
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2564 PATHAK AND DORLE 

g i v e n  i n  T a b l e  3. The t h r e e  assumpt ions  1 )  d i s s o l u t i o n  a c c u r s  

n o r m a l l y  t o  t h e  s u r f a c e  o f  t h e  s o l u t e  p a r t i c l e s ,  2 )  a g i t a t i o n  i s  

u n i f o r m  o v e r  a l l  exposed s u r f a c e s  and t h e r e  i s  no s t a g n a t i o n  and 

3) t h e  p a r t i c l e  o f  s o l u t e  r e t a i n s  i t s  g e o m e t r i c  shape, on w h i c h  

t h e  cube r o o t  l a w  i s  based h o l d s  t r u e  f o r  t h e  d i s s o l u t i o n  

c h a r a c t e r i s t i c s  f r o m  PgR E s t e r  c o a t e d  m ic rocapsu les .  

From t h e  s t u d i e s  i t  can  he conc luded  t h a t  PgR E s t e r  has 

e x c e l l e n t  f i l m  f o r m i n g  p r o p e r t i e s  and can  he used as f i l m  c o a t i n a  

m a t e r i a l  f o r  d e l a y e d  r e l e a s e  o f  t h e  drug. 
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