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ABSTRACT 

Pindo lo l ,  a pH dependent so lub le  beta adrenoceptor 

b locke r  has been formulated i n to  a con t ro l l ed  d r u g  d e l i v e r y  

system. Drug pe l l e t s  were p repared  b y  ex t rus ion  - 
spheronizat ion technique. These were c m t e d  w i t h  d i f f e ren t  

re ta rdant  polymers,  namely e thy lce l lu lose  and Eudragi t  RS 100. 

The e f fec t  of d i f f e r e n t  va r iab les  such as coat ing l e v e l  and pH 

of d isso lu t ion  medium have been studied. Drug release from 

p e l l e t s  were found to b e  inf luenced b y  t h e  pH of t h e  d isso lu t ion  

medium. A f l u x  release o f  t h e  drug in t h e  a c i d i c  bu f fe r  was 

observed from pe l l e t s  coated w i t h  these polymers.  To a v o i d  

this f l u x ,  a t o p  coat us ing  d i f fe ren t  pH sens i t i ve  polymers,  

namely H y d r o x y p r o p y l m e t h y l  cel lu lose ph tha la te  (HPMCP 55) and 

Eudrag i t  S 1 0 0  was successful ly at tempted and the  d rug  release 

f rom the  pe l l e t s  was mod i f ied .  
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I N T R O W C  TION 

VENKATESH AND SANGHAVI 

There a r e  var ious  problems associated w i t h  the  

formulat ion of pH dependent soluble d rugs  because o f  t h e i r  

inherent p roper t y  wh ich  a f fec t  t h e  release f rom t h e  pe l l e t s  . 
P i n d o l 0 1 ~ ’ ~  a beta adrenoceptor b lock ing  drug, e x h i b i t s  a v e r y  

h i g h  s o l u b i l i t y  i n  t h e  gas t r i c  pH but t h e  abso rp t i on  would be 
minimal because of d r u g  ionizat ion.  I t  i s  impera t i ve  tha t  a 

con t ro l l ed  release fo rmula t ion  should have a un i fo rm release 

pa t te rn  at  the d i f f e ren t  s i t e s  of t h e  gas t ro in tes t ina l  t rac t  ove r  

The present s tudy  revea ls  the the  pe r iod  of dosing . 
systematic development of mod i f i ed  m u l t i  unit dosage fo rms of 

P indo lo l  and t h e  op t im iza t ion  of the  in v i t r o  drug release to 

the  therapeut ic need. 

1 

4 

MATERIALS 

Pindo lo l  (Sandoz L t d . ,  I n d i a ) ,  P o l y v i n y l p y r r o l i d o n e -  

Ko l l i don  K 30 (BASF, I n d i a ) ,  Eudragi t  RS 100 and Eudragi t  S 
100 (Rohm Pharma, Germany) E thy l ce l l u lose  - 14 cps  (BDH, 

I n d i a )  , H y d r o x y p r o p y l m e t h y l  ce l lu lose  ph tha la te  55 NF (Shin- 

Es tu  Chemicals Japan), A v i c e l  PH 101 (FMC Corpn., P h i l a d e l p h i a ) ,  

D i e t h y l  ph tha la te  (Loba chemie I n d i a ) ,  T r i ace t i n  ( A l d r i c h -  

chemie, Steinheim) . 
A l l  ingredients were used as supp l i ed  and reagents were 

o f  ana ly t i ca l  grade. 

METHODS 

Development of Drug Cores b y  Extrusion-Sphermizat ion : 

Pindo lo l  and A v i c e l  PH 101 (10:90) were d r y  b lended and 

granulated using 2% w/v solut ion of PVP (K-30) and then 

ex t ruded  C spheronized (€1-230 F u j i  Paudal spheron izer ) .  The 

processing condi t ions were as  fo l lows:  

Ex t rus ion  speed - 23 rpm, Screen s ize  - 0.8 to 1.2 mm, 

Spheronizer speed - 950 rpm,  Spheronization t ime - 5 min, 

Temperature and dura t ion  o f  d r y i n g  - 50°C f o r  4 hours.  
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PINDOLOL 113 

Po lymer  Coating of Drug Cores : 

The drug cores were coated w i t h  po l ymer  at var ious 

l e v e l s  b y  pan coating technique. The composi t ions of t he  

po lymer  so lut ions a r e  desc r ibed  below. 

Retardant Polymer Solutions 

E thy  l ce l l u lose  - 3.5 g Eudragi t  RS 100 - 59 

D i e t h y l  ph tha la te  - 0 .3% D i e t h y l  ph tha la te  - 0.59 

Sol vent system - 1 0 0  m l  Solvent system - 1 0 0  m l  

pH Sens i t i ve  Polymer Solut ions 

HPMCP 55 - 59 Eudragi t  S 100 - 5 9  
T r i  scet in - 0.59 D i e t h y l  ph tha la te  - 0.59 

Solvent system - 100 m l  Solvent system - 100 ml 

The Solvent system i n  a l l  t h e  cases were same and consis ted 

of i s o p r o p y l  a lcohol  : d ich loromethane ( 1 : 1 ) , 

Drug Release Studies f rom Pel le ts :  

The i n  v i t r o  drug re lease s tud ies  were c a r r i e d  out us ing 

USP X X I I  d isso lu t ion  apparatus,  t y p e  I ,  at  37? 0.5OC and speed 

of 1 0 0  r p m  in bu f fe rs  o f  pH 1.2, pH 4.5 and pH 7.2 us ing 

p e l l e t s  equ iva len t  t o  15 mg p indo lo l  w i t h  w i t h d r a w a l  o f  samples 

a t  d e f i n i t e  i n t e r v a l s  o f  t ime. The drug content was determined 

spect rophotomet r ica l  I y a t  264 nm. 

RESULTS AND DISCUSSION 

Drug Release Pat te rn  of Pe l le ts :  

F igures 1 C 2 revea l  t he  d i sso lu t i on  prof i les  of spheronized 

p e l l e t s  w i t h  and wi thout  re ta rdant  po lymer  coat ing in  pH 7.2. 

The p la in  spheronized p e l l e t s  showed a sustained drug re lease i n  

pH 7 . 2 ,  p r o b a b l y  because o f  inso lub le  m a t r i x  format ion b y  the  

d i luent  Av i ce l  PH 101 and t h e  d r u g  re lease f rom t h i s  m a t r i x  

cou ld  be descr ibed us ing  t h e  p o r e  con t ro l l ed  re lease 

mechanism , In t h e  case of p e l l e t s  coated w i t h  re ta rdant  

po l ymers  (e thyce l l u lose  (0.5%) and Eudrag i t  RS 100 (1.5%)), t he  

re lease was found to  be  con t ro l l ed  f o r  12 hours in pH 7.2. 

However, i t  was ev ident  t ha t  b y  bu f fe r  change method (F ig .  3 G 

4 )  a t  po lymer  l e v e l s  where successful drug re ta rda t i on  cou ld  be  

5 
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VENKATESH A N D  SANGHAVI 

loor P 

Time (hours)  - 
F i g u r e  1: E f f e c t  of  e t h y l c e l l u l o s e  c o a t i n g  o n  P i n d o l o l  
r e l ease  f r o m  s p h e r o n i z e d  p e l l e t s  i n  pH 7 . 2 .  

Time ( h o u r s )  - 
F i g u r e  2 :  E f f e c t  of E u d r a g i t  R S  100  c o a t i n g  o n  P i n d o l o l  
r e l ease  f r o m  s p h e r o n i z e d  p e l l e t s  i n  p H  7 . 2 .  
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PINDOLOL 115 

1 0 0 1  P 

4 0  

Y I 1 I I I J 
8 10 12 2 1 6 

o--o 0 '1' EC - 0.5 '1.  E C  

H 1.0 ' I r  E C  
n 1 . 5  ' I .  E C  

-pH-+ ' p H  7 . 2  d 

1 2  Time ( h o u r s )  

F i g u r e  3 :  Pindolol r e l ease  from s p h e r o n i z e d ,  e t h y l -  
c e l l u l o s e  c o a t e d  p e l l e t s  s u b j e c t e d  t o  b u f f e r  c h a n g e .  

Y 

- 
0, 

a w 0 '1. R S  I00 
o-o 1.5'1. R S  100 

2 . S ' I . R S  100 

U 3.5'1. R S  100 

2 c 6 0 I0 12 
p H  7 . 2  -- - PH- 

1 2  Time ( h o u r s ) -  

F i g u r e  4 :  P i n d o l o l  r e l ease  from s p h e r o n i z e d ,  E u d r a g i t  
R S  1 0 0  coated p e l l e t s  s u b - ~ e c t e d  t o  b u f f e r  c h a n g e .  
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116 VENKATESH AND SANGHAVI 
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F i g u r e  5 :  P i n d o l o l  r e l e a s e  f r o m  mod i f i ed  ( t o p  c o a t e d )  
sphe ron ized  p e l l e t s  b y  b u f f e r  change method. 

obta ined in pH 7.2, a b u r s t  re leese of t h e  drug w a s  observed 

i n  pH 1.2. The bu rs t  re lease o f  t he  drug in  t h e  a c i d i c  pH 

could be a t t r i b u t e d  to  t h e  phys ic81 p r o p e r t y  and t h e  i n t r i n s i c  

d i sso lu t i on  of t h e  drug in t h e  a c i d i c  pH617. The s o l u b i l i t y  and 

the  d i f f u s i v i t y  of t h e  drug i n  t h e  permeat ing  f lu id  p robab ly  

determine t h e  re lease r a t e  o f  t h e  drug th rough t h e  r e t a r d i n g  

po lymer i c  membrane , 

Release Pat te rn  o f  Pe l l e t s  Top Coated b y  pH Sens i t i ve  Polymers:  

8 

Since p l a i n  spheronized pe l l e t s  showed a r e t a r d e d  drug 

d isso lu t i on  in pH 7.2 ( F i g .  1 G 2 ) ,  i t  was at tempted to  

cont ro l  the  drug  f l u x  i n  t h e  ac id i c  pH b y  a coat o f  HPMCP 55/ 

t u d r a g i t  S 1 0 0  on t he  p l a i n  p e l l e t s  (F ig .  5). I t  was observed 

tha t  a l t h o u 9  the  drug f l u x  i n  t h e  a c i d  medium was con t ro l l ed ,  a 

burs t  re lease i n  pH 7.2 was observed a f t e r  t h e  d i sso lu t i on  of 

these polymers.  Th is  cou ld  b e  a t t r i b u t e d  t o  t h e  entrapment of 
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PINDOLOL 117 

drug so lu t ion  w i t h i n  t h e  po lymer  membrane and d i sso lu t i on  of 

these po lymers  in pH 7.2 would resu l t  in b u r s t  re lease of t h e  

drug. As i s  ev ident  f rom t h e  re lease p r o f i l e s ,  a topcoat of pH  

sens i t i ve  po l ymers  namely HPMCP 55 o r  Eudragi t  S 100 o v e r  t h e  

re ta rdant  po lymer  coat successfu l ly  con t ro l l ed  t h e  drug re lease 

i n  pH 1.2 and pH 4 . 5 ;  f u r t h e r  con t ro l  of t h e  drug re lease was 

brought  b y  e thy l ce l l u lose  (0.5%) o r  Eudrag i t  RS 100 (1.5%) on 

t h e  spheronized pe l l e t s .  

The resu l t s  obta ined w i t h  t h e  top  coat o f  HPMCP 55 were 

found to  be super io r  o v e r  tha t  o f  Eudragi t  S 100. Eudrag i t  S 

100 has a th resho ld  pH above 6.8 and hence t h i s  po lymer  coat 

would mainta in  i t s  i n t e g r i t y  in pH 4.5 . However, owing to  t h e  

inherent  decrease i n  drug s o l u b i l i t y  at pH 4.5 compared t o  pH 

1.2,  t h e  d i f f u s i o n  of t h e  drug through Eudrag i t  S 100 f i l m  

wou ld  decrease, whereas, w i t h  HPMCP 55 ( t h r e s h o l d  pH 5.4), 

t h e  t h e  drug re lease was un i fo rm in pH 1.2 and pH 4.5; this 

cou ld  be poss ib l y  because of a softening and s w e l l i n g  of t h e  

HPMCP 55 f i l m  in pH 4.5, resu l t i ng  in  t h e  fo rmat ion  o f  media 

f i l l e d  pores  f a c i l i t a t i n g  the  drug d i f fus ion .  1~ accordance w i t h  

s i m i l a r  s tud ies,  the  th ickness of the  coating of pH sens i t i ve  

po lymer  h a s  founa to p lay  an important r o l e  i n  t h e  d rug  release 

in the  ac id i c  pH.  

9 

10 

CONCLUSIONS 

P indo lo l  p e l l e t s  produced b y  ex t rus ion  - spheronizat lon 

behaved as an i ne r t  m a t r i x  system when subjected to d i sso lu t i on  

i n  pH 7 . 2 .  Coating of  P indo lo l  p e l l e t s  us ing  re ta rdan t  

po l ymers  namely e thy l ce l l u lose  and Eudragi t  R S  100 cou ld  

con t ro l  t h e  drug re lease in pH 7 . 2 ,  but d id not con t ro l  in pH 

1 . 2 .  Top coating o f  these p e l l e t s  w i t h  f u r t h e r  coat o f  HPMCP 

55 o r  Eudrag i t  S 100 resu l ted  in cont ro l  of drug f l u x  In pH 1.2. 

The resu l t s  w i t h  HPMCP-55 were found t o  be be t te r  than 

Eudragi t  S 1 0 0  hhen  used as pH sens i t i ve  po l ymer  to cont ro l  

P indo lo l  re lease in a c i d i c  condi t ions.  
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