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ABSTRACT 

Permeable a c r y l i c  r . e s ins  were used  a s  e f f i c i e n t  r e t a r -  
d i n g  m a t e r i a l s  t o  p r e p a r e  c o n t r o l l e d  r e l e a s e  sa lbu tamol  
s u l p h a t e  molded t a b l e t s .  The f o r m u l a t i o n  i s  s i m p l e ,  e f f i -  
c i e n t ,  economic and i s  e a s i l y  shaped i n t o  molded t a b l e t s .  
The e f f e c t s  of two t y p e s  of  a c r y l i c  r e s i n s ,  namely: 
Eudrag i t  RL100 and Eudrag i t  RS100 i n  c o n c e n t r a t i o n s  1 , 2  and 
5% w / w  on t h e  p h y s i c a l  c h a r a c t e r i s t i c s  a s  we l l  as on t h e  
i n  v i t r o  r e l e a s e  p a t t e r n s  of sa lbutamol  s u l p h a t e  from molded 
t a b l e t s  p repa red  wi th  e i t h e r  p o l y e t h y l e n e  g l y c o l  (PEG)  4 0 0 0  
o r  6 0 0 0  were s t u d i e d .  I t  was r e v e a l e d  t h a t ,  a s  t h e  molec- 
u l a r  weight  of  t h e  PEG i n c r e a s e d ,  t h e  h a r d n e s s  o f  t h e  
t a b l e t s  i n c r e a s e d .  Cons ide rab le  r e t a r d a t i o n  i n  t h e  d rug  
r e l e a s e  was observed  by u s i n g  Eudrag i t  RS100 a s  compared 
t o  Eudrag i t  RL100. The f o r m u l a t i o n  p r e p a r e d  w i t h  PEG 6000  
and 5 %  Eudrag i t  RS100 produced much more r e l e a s e  time p ro -  
l o n g a t i o n  t h a n  t h e  o t h e r  t e s t e d  f o r m u l a t i o n s .  On t h e  o t h e r  
hand, t a b l e t s  p repa red  by t h e  d i r e c t  compression t e c h n i q u e  
produced a f a s t e r  r e l e a s e  of  s a lbu tamol  s u l p h a t e  than  t h o s e  
p repa red  by molding. 

INTRODUCTION 

The u s e  of molded t a b l e t s  t echn ique  f o r  t h e  p r o d u c t i o n  

of co: . l t rol led r e l e a s e  t a b 1 2 t s  h a s  n o t  beei: r e p o r t e d  i n  tlle 

l i t e r a t u r e s .  Thus, i t  was worthy t o  f o r m u l a t e  p o t e n t  d rugs  

i n  a pro longed  r e l e a s e  form u s i n g  t h i s  t echn ique .  
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542 HASHEM AND Z E I N  E L - D I E N  

Salbutamol  s u l p h a t e  was chosen  f o r  t h a t  s t u d y  due t o  

i t s  e f f e c t i v e n e s s  a s  b r o n c h o d i l a t o r  i n  sma l l  doses  r ang ing  

from 2 - 4  mg a s  w e l l  a s  i t s  h igh  s t a b i l i t y  and e a s e  of a s s a y .  

E u d r a g i t  r e t a r d  i s  a permeable  a c r y l i c  r e s i n  which h a s  

been r e p o r t e d  t o  be a p o t e n t i a l  s u s t a i n e d  r e l e a s e  c o a t i n g  

f o r  o r a l  p h a r m a c e u t i c a l s " ) .  

i s  independent  on t h e  pH i n  t h e  d i f f e r e n t  s e c t i o n s  of t h e  

g a s t r o i n t e s t i n a l  t r a c t .  Two t y p e s  of E u d r a g i t  a r e  a v a i l a b l e ,  

Eudrag i t  R L l O O  which h a s  a h i g h  p e r m e a b i l i t y  c h a r a c t e r i s t i c s  

and c a u s e s  o n l y  l i t t l e  d e l a y  o f  d rug  r e l e a s e ,  w h i l e  E u d r a g i t  

RS100 forms f i l m s  of low p e r m e a b i l i t y  c h a r a c t e r i s t i c s .  

Chr i s t enson  and Dale") d e s c r i b e d  t h e  a p p l i c a t i o n  of hydro-  

p h i l i c  polymers  as  a d d i t i v e s  f o r  s u s t a i n e d  a c t i o n .  E u d r a g i t  

r e t a r d  was u t i l i z e d  by Lehmann and DreherC3)  f o r  c o n t r o l l i n g  

t h e  r e l e a s e  of t r i f l u o p e r a z i n e  h y d r o c h l o r i d e  from i t s  p e l -  

l e t s .  The r e l e a s e  mechanism i n  t h i s  t y p e  of  r e s i n  was a t -  

t r i b u t e d  t o  t h e  p re sence  of  p o r e s  i n  t h e  membrane a l l o w i n g  

t h e  d i f f u s i o n  o f  t h e  i n c o r p o r a t e d  d r u g ( 4 ) .  The o b j e c t i v e  

o f  t h i s  s t u d y  was t o  o b t a i n  c o n t r o l l e d  r e l e a s e  sa lbu tamol  

s u l p h a t e  t a b l e t s  by changing  t h e  d i s s o l u t i o n  behav iour  of  

t h e  medicament th rough molded t a b l e t  f o r m u l a t i o n s .  I n  t h e  

meantime d i r e c t l y  compressed sa lbu tamol  s u l p h a t e  t a b l e t s  

were p repa red  and compared w i t h  t h e  proposed  f o r m u l a t i o n s .  

The p e r m e a b i l i t y  of  t h i s  r e s i n  

EXPE R I  MENTAL 

M a t e r i a l s  and Methods: 

Salbutamol  s u l p h a t e  (Al l en  & Hanburys,  U K ) ,  p o l y e t h y -  

l e n e  g l y c o l  4 0 0 0  and 6 0 0 0  (P ro labo-France ) ,  E u d r a g i t  R L l O O  

and R S l O O  (Rohm Pharma G . H B H ,  Darmstadt ,  W .  Germany). 
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SALBUTAMOL SULPHATE TABLETS 543 

TABLE 1 
* 

Table 1 : In vitro data for salbutamol sulphate moldedtablets. 

Eud rag i t PEG Hardness Thickness Dissolution 
*f  % mol .wt mm time tgO,  min Kg 

0 

RLlOO 

1 

2 

5 

RSlOO 

1 

2 

5 

4000 0.5+0.. - 14 
1.0+0.27 6000 - 

1.0+0.42 
1.5+0.21 
1.0+0.23 4000 

6000 1.5+0.13 - 
4000 1.7+0.32 - 
6000 2.320.49 

4000 - 
6000 - 

- 

4000 1.6+0.39 - 
2 .O+O .51 

4000 1.6+0.28 - 
6000 2.0+0.13 - 
4000 2.520.2 1 
6000 3.0+0.25 - 

6000 - 

3.61+0.6 - 
3.3520.6 

3.6720.7 
3.42+0.6 - 
3.7020.5 
3.42+0.6 - 
3.7220.8 
3.4320.5 

3.5720.8 
3.42+0.5 - 
3.60~0.6 
3.42+0.4 - 
3.5520.7 
3.4020.6 

( 5  
< 5  

< 5  
5 
5 
8 
10 
43 

5 
10 
10 
15 
5 2  
90 

* Mean of five determinations 2 S.D. ,  Tablets weighing 

* Dissolution time for 90% of medicament release from 
approximately 5022 mg . 
five tablets, mean of three determinations. 

P r e p a r a t i o n  of t a b l e t s  by, molding: 

The drug and Eudrag i t  r e t a r d  were p h y s i c a l l y  d i s p e r s e d  

i n t o  t h e  mel ted  mass of PEG. Then, t h e  mel ted  mass was 

molded just b e f o r e  congea l ing  t o  a s s u r e  a uni form d i s t r i -  

b u t i o n .  The t a b l e t s  were e j e c t e d  from t h e  mold w i t h  mi ld  

p r e s s u r e .  I t  was d i f f i c u l t  t o  i n c o r p o r a t e  more than  5 %  

Eudragi t  r e t a r d  i n  molten PEG. The f o r m u l a t i o n s  a r e  l i s t e d  
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544 HASHEM AND Z E I N  E L - D I E N  

i n  t a b l e  1 .  The t a b l e t s  were p h y s i c a l l y  e v a l u a t e d  r e g a r d i n g  

weight  v a r i a t i o n ,  ha rdness ,  t h i c k n e s s  and f r i a b i l i t y .  A l s o ,  

a l l  fo rmula t ions  were t e s t e d  f o r  drug  c o n t e n t .  

Determina t ion  of  t h e  drug  c o n t e n t :  

F ive  t a b l e t s  from each b a t c h  were c rushed  i n  a mor ta r  

and shaken f o r  1 5  min w i t h  1 0 0  m l  o f  0.1M H C 1 .  The c l e a r  

f i l t r a t e  was assayed  s p e c t r o p h o t o m e t r i c a l l y  a t  278 nm 

(Spec t rophotometer ,  Model 550 S ,  PERKIN ELMER, D-Uberl ingen) .  

The mean of t h r e e  d e t e r m i n a t i o n s  was c a l c u l a t e d .  

Weight v a r i a t i o n :  

Twenty t a b l e t s  from each b a t c h  were weighed, and t h e  

average  weight and p e r c e n t  d e v i a t i o n  from each  t a b l e t  was 

c a l c u l a t e d .  

Hardness Test :  

The ha rdness  of f i v e  t a b l e t s  from each b a t c h  was d e t e r -  

mined us ing  an ERWEKA ha rdness  t e s t e r  (Model TBT, ERWEKA, 

D-Heusenstamm) . 
F r i a b i l i t y  Test :  

F r i a b i l i t y  was de te rmined  by means of  a Roche-type 

f r i a b i l a t o r  ( 1 0 0  r e v o l u t i o n s  w i t h i n  4 min).  

P r e p a r a t i o n  of t a b l e t s  by d i r e c t  compression:  

Two fo rmula t ions  were chosen f o r  d i r e c t  compression 

based  on t h e  r e s u l t s  o b t a i n e d  from molded t a b l e t s .  The 

molten mass c o n t a i n i n g  t h e  drug and e i t h e r  Eudrag i t  R L 1 0 0  

o r  Eudragi t  R S 1 0 0  i n  c o n c e n t r a t i o n  of 5 %  w / w  was pas sed  

through a n e s t  of s t a n d a r d  s i e v e s .  The f r a c t i o n  which has  

t h e  p a r t i c l e  s i z e  of 2 5 0 - 3 1 5  pm was d i r e c t l y  compressed a t  
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SALBUTAMOL SULPHATE TABLETS 54 5 

9 . 0  I b s  gauge p r e s s u r e  (Erweka p r e s s ,  Type EKO No 11144, 

W. Germany). T a b l e t s  of approx ima te ly  50 mg which c o n t a i n  

2.5 mg sa lbu tamol  s u l p h a t e  were o b t a i n e d .  

D i s s o l u t i o n  r a t e  d e t e r m i n a t i o n :  

The d i s s o l u t i o n  r a t e s  of e i t h e r  molded o r  compressed 

t a b l e t s  were measured u s i n g  Levy ' s  beake r  method ( 5 ) .  

F ive  t a b l e t s  were p l a c e d  i n  a beake r  c o n t a i n i n g  200 m l  o f  

0 . 1 M  H C 1  (pH 1 . 1 2 ) .  The d i s s o l u t i o n  medium was ma in ta ined  

a t  37-+0.5"C, and a g i t a t e d  a t  100 rpm by means of a t h r e e  

b l a d e  g l a s s  s t i . r r e r .  Samples of 1 m l  were t a k e n  a t  5 , lO  

15,  30, 4 5 ,  6 0  and 9(! min, and immedia te ly  r e p l a c e d  w i t h  

an  e q u i v a l e n t  volume o f  d i s s o l u t i o n  medium. The withdrawn 

samples  were a s sayed  s p e c t r o p h o t o m e t r i c a l l y  €o r  sa lbu tamol  

s u l p h a t e  c o n t e n t  by d i l u t i n g  each  sample t o  5 m l  w i t h  

0.1M H C 1 ,  and measur ing  t h e  abso rbance  a t  278 nm a g a i n s t  

a b l ank .  The p r e s e n c e  of t h e  a c r y l i c  r e s i n  d i d  n o t  i n t e r -  

f e r e  w i t h  t h e  drug  a s s a y .  A l l  d i s s o l u t i o n  t e s t s  were r epea -  

t e d  t h r e e  t i m e s  and t h e  ave rage  was t a k e n .  

- RESULTS AN.D DISCUSSION 

The a c t u a l  amounts of sa lbu tamol  s u l p h a t e  p r e s e n t  i n  

e i t h e r  molded o r  compressed t a b l e t s  ranged  from 95.2 t o  

102.6% w/w.  Weight v a r i a t i o n  f o r  a l l  f o r m u l a t i o n s  was 

w i t h i n  ? 5 % ,  w h i l e  f r i a b i l i t y  f e l l  w i t h i n  a r a n g e  of 0 .01-  

0 .08%. 

Table  1 shows t h e  h a r d n e s s  as  w e l l  as  t h i c k n e s s  v a l u e s  

of  a l l  p r e p a r e d  f o r m u l a t i o n s .  I n  g e n e r a l ,  t h e  h a r d n e s s  

observed  by u s i n g  PEG 6 0 0 0  was h i g h e r  t h a n  t h a t  showed by 

PEG 4000. The h i g h e r  t h e  molecu la r  weight  o f  PEG, t h e  
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546 HASHEM AND Z E I N  EL-DIEN 

g r e a t e r  was t h e  h a r d n e s s  of t h e  o b t a i n e d  t a b l e t s .  These 

r e s u l t s  a r e  i n  agreement  w i t h  t h o s e  p r e v i o u s l y  r e p o r t e d  by 

Lachman(6).  I n c r e a s e d  Eudrag i t  c o n c e n t r a t i o n  from 1 t o  2 %  

w l w  was found t o  have no  e f f e c t  on t h e  h a r d n e s s .  However, 

a marked i n c r e a s e  i n  h a r d n e s s  was obse rved  i n  f o r m u l a t i o n s  

c o n t a i n i n g  5% o f  b o t h  t y p e s  of  E u d r a g i t .  I t  was a l s o  shown 

t h a t  t a b l e t  t h i c k n e s s  was changed v e r y  s l i g h t l y  w i t h  i n c -  

r e a s i n g  h a r d n e s s .  

The r e s u l t s  of t h e  d i s s o l u t i o n  t e s t s  of  t h e  molded 

t a b l e t s  a r e  p r e s e n t e d  i n  t a b l e  1 and F i g s .  1 and 2 .  

The t a b l e  and F i g s .  demons t r a t ed ,  t h e  e f f e c t s  of b o t h  PEG 

and e i t h e r  E u d r a g i t  r e t a r d  on t h e  r e l e a s e  of  t h e  drug .  

T a b l e t s  w i thou t  E u d r a g i t  and t h o s e  p r e p a r e d  w i t h  1 %  E u d r a g i t  

RLlOO i n  p r e s e n c e  of PEG 4 0 0 0  o r  6000 were found t o  d i s s o l v e  

i n  l e s s  t h a n  5 min. 

T a b l e t  f o r m u l a t i o n s  c o n t a i n i n g  E u d r a g i t  RL100 and PEG 

6000  showed an i n c r e a s e  i n  t h e  t ime  f o r  9 0 %  drug  r e l e a s e  

from less  t h a n  5 min f o r  t h e  c o n t r o l  t o  8 min and 4 3  min 

f o r  2 %  and 5% E u d r a g i t  c o n t e n t  r e s p e c t i v e l y .  I n  f o r m u l a t i o n s  

c o n t a i n i n g  Eudrag i t  RS100 and PEG 6000, t h i s  e f f e c t  was 

s t i l l  more pronounced a s  t h e  r e s p e c t i v e  t i m e s  f o r  9 0 %  drug  

r e l e a s e  were 10 min.,  15 min. and 90 rnin f o r  1 % ,  2 %  and 5% 

of  Eudrag i t  c o n t e n t  r e s p e c t i v e l y .  

was found f o r  t a b l e t  f o r m u l a t i o n s  of  PEG 4000  w i t h  b o t h  

E u d r a g i t  RLlOO and RS100. However, i n  t h i s  s t u d y  t h e  c o r -  

responding  f o r m u l a t i o n s  y i e l d e d  much lower v a l u e s  € o r  d rug  

r e l e a s e  t i m e s .  I n  g e n e r a l ,  t a b l e t s  of  e i t h e r  E u d r a g i t  

r e t a r d  p r e p a r e d  w i t h  PEG 6000 r e l e a s e d  drug  a t  lower  r a t e s  

than  t h o s e  p repa red  w i t h  PEG 4 0 0 0 .  

A s imilar  r e l a t i o n s h i p  

T h i s  behav iour  was more 
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SALBUTAMOL SULPHATE TABLETS 547 

Time( minutes) 

FIGURE 1. 

Dissolution Profile of Salbutamol sulphate from 
Molded Tablets Containing 5 %  w / w  Eudragit 
RL 100 

Key: 0 Tablets containing PEG 4000 
Tablets containing PEG 6000 

Time ( minutes 1 

FIGURE 2 .  

Dissolution Profile of Salbutamol sulphate from 
Molded Tablets Containing 5 %  w l w  Eudragit RS100. 
Key: o Tablets containing PEG Loo0 

o Tablets containing PEG 6000 
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HASHEM AND Z E I N  EL-DIEN 

TABLE 2 

Table 2: In vjtro data for Salbutamol sulphate compressed 
tablets . 

Thickness Dissolution ** Eudragi t PEG Ha rdnes s 
% mol .wt mm time t min Kg 

0 4 0 0 0  3 . 2 0 + 0 . 2 5  - 1 . 8 5 + 0 . 6  - 5 
6000 3 . 5 0 2 0 . 3 9  1.90+0.7 - 5 

5 4000 4 .OO+O - .59 1 . 8 5 + 0 . 5  - 5 
6000 4 . 2 5 + 0 . 1 3  - 1 .90+0 .6  - 5 

R L l O O  

R S l O O  

5 4 0 0 0  4 . 0 0 + 0 . 1 3  - 1.9520.8 30 

6000 4 . 2 5 + 0 . 4 9  - 2 .O+O. - 6 45 

2: Mean of five determinations 5 S.D. 
""Dissolution time for 90% of medicament release from 

five tablets, mean of three determinations. 

pronounced i n  us ing  5 %  of e i t h e r  Eudrag i t  r e t a r d  ( F i g s .  1 

and 2 ) .  This  cou ld  b e  due t o  t h e  ha rdness  which s i g n i f i c -  

a n t l y  a f f e c t e d  t h e  d i s s o l u t i o n  r a t e  of  t h e  t a b l e t s .  

Wiseman and F e d e r i ~ i ' ~ )  fotlnd t h a t  drug r e l e a s e  f r o m  p r o l o n -  

ged r e l e a s e  t a b l e t s  was c o n t r o l l e d  by t h e  ha rdness  t o  which 

t h e  t a b l e t s  were compressed and t h e  r a t i o  o f  t h e  r e t a r d i n g  

agent  t o  t h e  drug.  

The d i f f e r e n c e  observed i n  drug r e l e a s e  f rom t a b l e t s  

of  e i t h e r  Eudrag i t  r e t a r d  i n  p re sence  of PEG 4000  o r  6000 

may be r e l a t e d  t o  t h e  d i f f e r e n c e  i n  p e r m e a b i l i t y  of Eudrag i t  

used .  A c a s e  which was i n  accordance  wi th  t h a t  r e p o r t e d  

b e f o r e  ( 1 , 3 )  
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Table  2 r e v e a l e d  t h a t ,  d i r e c t  compression t e c h n i q u e  

gave t a b l e t s  w i t h  t h e  h i g h e r  ha rdness  and a f a s t e r  d i s s o l -  

u t i o n  of  sa lbutamol  s u l p h a t e  t h a n  t h o s e  p repa red  by molding 

t echn ique  (Table  1 ) .  Th i s  r e s u l t  i n d i c a t e s  t h a t ,  t h e  t e c h -  

n ique  of  t h e  manufacture  of  t a b l e t s  g r e a t l y  a f f e c t e d  t h e  

ha rdness  and drug d i s s o l u t i o n  from t a b l e t s .  S i m i l a r l y ,  a s  

n o t i c e d  i n  t h e  molding t echn ique ,  d i r e c t l y  compressed 

t a b l e t s  c o n t a i n i n g  Eudrag i t  RS produced t h e  lower drug  

d i s s o l u t i o n  a s  compared wi th  t h e  t a b l e t s  c o n t a i n i n g  E u d r a g i t  

RL100  (Table  2 ) .  I n  conc lus ion ,  t h e  s tudy  r e v e a l e d  t h a t ,  

molded t a b l e t s  t echn ique  was s u p e r i o r  t o  d i r e c t  compression 

method i n  fo rmula t ion  of c o n t r o l l e d  r e l e a s e  sa lbu tamol  s u l -  

p h a t e  t a b l e t s .  Both Eudrag i t  RL100 and RS100 r e t a r d e d  

t h e  r e l e a s e  of  t h e  drug  i n  p re sence  of  PEG 4000 o r  6000, 

y e t  t h e  maximum r e t a r d a t i o n  was achieved  o n l y  i n  t a b l e t  f o r -  

mula t ion  c o n t a i n i n g  5 %  of  Eudrag i t  RS100 and PEG 6000 .  
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