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I N D I A  

ABSTRACT 

I n v e s t i g a t i o n  of t h e  d i s s o l u t i o n  r a t e  p r o f i l e s  of 
na l  i d i x i c  a c i d  t a b l  e t s  of t h r e e  commercial brands  was 
c a r r i e d  o u t .  Using t h e  U.S .P .  paddle  method, s i g n i f i -  
c a n t  i n t e r - b r a n d  v a r i a t i o n s  i n  d i s s o l u t i o n  r a t e s  were 
found and t h e  t a b l e t s  d i d  not  pas s  t h e  U.S.P. d i s s o l u -  
t i o n  t e s t .  The d i s s o l u t i o n  of t h e  t a b l e t s  was a l s o  
found t o  be a d v e r s e l y  a f f e c t e d  on ag ing .  The observed 
d i f f e r e n c e s  i n  d i s s o l u t i o n  r a t e s  of t h e  t a b l e t s  
examined were u n r e l a t e d  t o  t h e i r  d i s i n t e g r a t i o n  times. 
An a t t empt  was made t o  improve t h e  d i s s o l u t i o n  r a t e  of 
nal i d i x i c  a c i d  t a b l  e t s  through hydrophi l  i z a t i o n  of 
n a l i d i x i c  a c i d  powder and u s e  of t a b l e t  e x c i p i e n t s  
wi th  h i g h  aqueous s o l u b i l i t y  were found t o  y i e l d  
t a b l e t s  of good phys ica l  q u a l i t i e s  which were 
u n a f f e c t e d  on ag ing .  
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890 PANDIT ET AL. 

INTRODUCTION 

A t  p r e s e n t  t h e r e  a r e  no en fo rced  s t a n d a r d s  i n  
I n d i a  t o  e n s u r e  t h e r a p e u t i c  equ iva lence  of m u l t i s o u r c e  
drug  p roduc t s  g i v i n g  r i s e  t o  chances of t h e r a p e u t i c  
f a i l u r e .  

N a l i d i x i c  a c i d  ( N A ) ,  a d rug  used i n  i n t r a c t a b l e  
c a s e s  of u r i n a r y  t r a c t  i n f e c t i o n ,  b a c i l l a r y  and 
amoebic d y s e n t e r y ,  h a s  an ex t r eme ly  1 ow aqueous 
s o l u b i l i t y  and i s  s t r o n g l y  hydrophobic  (1 ) .  NA t a b l e t s  
of v a r i o u s  I n d i a n  manufac turers  were fo rmer ly  1 abel l e d  
a s  of U.S.P.,  B . P .  o r  B . P . C .  q u a l i t y ,  but s i n c e  1987  
a l l  manufac turers  a r e  l a b e l l i n g  t h i s  product  a s  
" N a l i d i x i c  Acid T a b l e t s  I . P . "  Only t h e  U.S.P. 
s p e c i f i e s  a d i s s o l u t i o n  minimum of 80% i n  30 minutes  
f o r  compressed NA t a b l e t s ,  no such requi rement  being 
s p e c i f i e d  i n  other compendia. 

None of t h e  t h r e e  brands  of NA t a b l e t s  s t u d i e d ,  
which were l a b e l l e d  a s  U . S . P . ,  B . P .  and B . P . C . ,  
complied wi th  t h e  U . S . P .  d i s s o l u t i o n  t e s t .  Probably t o  
avoid t h e  d i s s o l u t i o n  r a t e  t e s t i n g  a l l  Ind ian  
manufac turers  a r e  c u r r e n t l y  market ing t h e i r  p roduct  
under  I . P .  l a b e l .  While conduc t ing  t h e  d . t .  t e s t  on 
t h e s e  t a b l e t s  i t  was observed  t h a t  t h e  t a b l e t s  tended 
t o  f l o a t  i n  t h e  t u b e s  of t h e  U.S.P. d . t .  a p p a r a t u s ,  
i n d i c a t i n g  a w e t t i n g  problem, though t h e  d . t s .  of t h e  
t a b l e t s  were w i t h i n  15 minu tes ,  i . e . ,  t h e  B . P .  l i m i t .  

Ana lys i s  of t h e  t a b l e t s  r e v e a l e d  t h a t  t hey  were 
prepared  wi th  e i t h e r  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  o r  
d i c a l  cium phosphate  a s  d i l u e n t  and s t a r c h  p a s t e /  
powder a s  granulating/disintegrating a g e n t s .  T a b l e t s  
c o n t a i n i n g  t h e  l a t t e r  d i l u e n t  showed problems i n  t h e  
d i s p e r s i o n  of t h e  g r a n u l e s  i n t o  d i s c r e t e  drug 
p a r t i c l e s  w i t h  r e s u l t a n t  1 ow d i s s o l u t i o n  r a t e s .  
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EFFECT OF AGING ON NA TABLETS 89 1 

Moreover, a1 1 t h e  t a b l e t s  showed p r o g r e s s i v e l y  
d e c r e a s i n g  d i s s o l u t i o n  r a t e s .  

K h a l a f a l l a h  e t  a1 ( 2 )  have s t r e s s e d  t h e  need f o r  
prompt d i s s o l u t i o n  of n a l i d i x i c  a c i d  t a b l e t s  t o  ensu re  
b e t t e r  b i o a v a i l  a b i l  i t y .  The p r e s e n t  work i n v o l v e s  
f a b r i c a t i o n  of NA t a b l e t s  which would comply w i t h  t h e  
U.S.P. d i s s o l u t i o n  s t a n d a r d s  and wi thout  t h e  aging 
e f f e c t  t h a t  was found i n  t h e  commercial t a b l e t s  
s t u d i e d .  

EXPERIMENTAL 

M a t e r i a l s  : N a l i d i x i c  a c i d  U . S . P . ,  sodium t a u r o -  
c h o l a t e ,  l a c t o s e  anhydrous ( U . S . P .  1 ,  polyvinyl  
p y r r o l i d o n e  ( m . w .  44 ,000)  and o t h e r  chemica ls  were 
purchased and were of t h e  b e s t  q u a l i t y .  Elcema-P100 
and l ac tose  anhydrous were o b t a i n e d  a s  g i f t  samples .  

N a l i d i x i c  a c i d  t a b l e t s  of t h r e e  brands  were 
purchased ,  w i t h i n  two months of t h e i r  d a t e  of 
manufacture .  
H y d r o p h i l i z a t i o n  of NA Powder : 50 g of NA powder, 
passed through B.S.S. 36 ,  was s t e e p e d  i n  500 m l  of 
10 mM s o l u t i o n  of sodium t a u r o c h o l a t e  i n  a 1 l i t e r  
beake r .  The suspens ion  was s t i r r e d  a t  a low speed on 
a magnetic s t i r r e r  f o r  10 minutes .  The t r e a t e d  powder 
was t h e n  f i l t e r e d  o f f  on a Buchner funnel  under 
s u c t i o n  and washed w i t h  2 x 100 ml p o r t i o n s  of 
d i s t i l l e d  wa te r .  The wet mass was p r e s s e d  between 
s h e e t s  of f i l t e r  paper  and f i n a l l y  d r i e d  a t  105°C f o r  
2 hour s .  The d r y  powder was a g a i n  passed  t o B . S . S . 3 6 .  
F a b r i c a t i o n  of NA T a b l e t s  : NA t a b l e t s  were p repa red  
from t r e a t e d  ( S )  o r  u n t r e a t e d  ( U )  NA powder accord ing  
t o  t h e  f o l l o w i n g  scheme. 
1. Batches SM1 t o  SM4 and UM1 t o  U M 4  c o n t a i n e d ,  i n  
each  t a b l e t ,  500 mg of t h e  a p p r o p r i a t e  NA powder, 
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892 PANDIT ET AL. 

micro f ine  c e l l u l o s e  (Elcema-P100) 200 mg, p o t a t o  
s t a r c h  70 mg, magnesium s t e a r a t e  7 mg and t a l c  14  mg. 
T a b l e t s  were made by t h e  wet g r a n u l a t i o n  method u s i n g  
5 ,  7 .5  and 10% w/v s t a r c h  p a s t e  ( b a t c h e s  1 t o  3 1 ,  o r  
5% w/v e thanol  i c  PVP s o l u t i o n  ( b a t c h  4 ) .  
2.  Batches SD1 t o  SD4 and UD1 t o  U D 4 ,  c o n t a i n e d  200 
mg/ t ab le t  of d i c a l  cium phosphate  d i h y d r a t e  a s  t h e  
d i l u e n t ,  and o t h e r  i n g r e d i e n t s  i n  s i m i l a r  q u a n t i t i e s  
were i n c o r p o r a t e d  a s  i n  1 above. The same g r a n u l a t i n g  
a g e n t s  were a l s o  used .  
3 .  Batches U L A l  and ULA2 were made w i t h  l a c t o s e  
anhydrous a s  d i l u e n t  and b i n d e r s  were e i t h e r  5% s t a r c h  
p a s t e  f o r  U L A l  o r  5% w/v aqueous PVP s o l u t i o n  f o r  
ULA2. Other  i n g r e d i e n t s  were a s  i n  1 above. 

Batch s i z e  of t a b l e t s  was 500. T a b l e t s  were 
compressed on a Manesty E 2  t a b l e t t i n g  machine u s i n g  
7/16" s t a n d a r d  concave punches.  The machine was 
a d j u s t e d  t o  y i e l d  t a b l e t s  of 5 ha rdness  u n i t s  
(lvlonsanto ha rdness  t e s t e r ) .  The t a b l e t s  were s t o r e d  
i n  s e c u r e l y  capped,  wide mouth amber co l  oured b o t t l e s .  

A1 1 tab1  e t s  , bo th  commercial and f a b r i c a t e d ,  were 
s u b j e c t e d  t o  h a r d n e s s ,  f r i a b i l i t y ,  d . t . ,  weight 
v a r i a t i o n ,  con ten t  and d i s s o l u t i o n  t e s t  accord ing  t o  
USP XX monograph. . The commercial t a b l e t s  were 
e v a l u a t e d  w i t h i n  2 months of manufac ture ,  and one and 
f o u r  y e a r s  t h e r e a f t e r .  The f a b r i c a t e d  t a b l e t s  were 
e v a l u a t e d  w i t h i n  24 hour s  of compression and a f t e r  one 
and f o u r  y e a r s .  A t  l e a s t  f i v e  r e p l i c a t e s  were run f o r  
a l l  t e s t s .  I n s t e a d  of t h e  one p o i n t  sampling a t  30 
mts of d i s s o l u t i o n  t e s t  s p e c i f i e d  i n  t h e  USP a l i q u o t s  
were withdrawn a t  5 minute i n t e r v a l s  up t o  30 minutes .  
A l l  d i s s o l u t i o n  samples were ana lyzed  on a Beckman 24 
spec t rophotometer  a t  259 nm. A c a l  i b r a t i o n  curve 
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EFFECT OF AGING ON NA TABLETS 893 

prepared  from U.S.P. N a l i d i x i c  Acid RS i n  0.01N sodium 
hydroxide s o l u t i o n  was used t o  c a l c u l a t e  t h e  a c t u a l  
c o n c e n t r a t i o n  of NA i n  t h e  samples .  

RESULTS AND DISCUSSION 

The ha rdness  of t h e  f r e s h  f a b r i c a t e d  t a b l e t s  was 
between 4 .5  and 5 . 5  u n i t s .  A f t e r  s t o r a g e  t h e  ha rdness  
of a l l  f a b r i c a t e d  t a b l e t s  v a r i e d  wi th in  - +0.5 u n i t s  of 
t h e  i n i t i a l  v a l u e ,  and t h u s  no c o g n i z a b l e  change i n  
t h i s  parameter  was observed .  Of t h e  t h r e e  brands  of 
commercial t a b l e t s  two had s i m i l a r  ha rdness  v a l u e s  a t  
1 and 4 y e a r s  of 5 .1  and 5.0 u n i t s ,  r e s p e c t i v e l y ,  bu t  
a s t e e p  i n c r e a s e  i n  t h e  ha rdness  of brand  3 t a b l e t  was 
observed a f t e r  s t o r a g e ,  t h e  i n i t i a l ,  1 and 4-year  
v a l u e s  be ing  4 . 5 ,  8 . 5  and 10.8 u n i t s ,  r e s p e c t i v e l y .  
I n c i d e n t a l l y ,  t h i s  t a b l e t  showed t h e  maximum e f f e c t  of 
ag ing  on d i s s o l u t i o n  r a t e .  

I n  comparison t o  ha rdness  more changes i n  t h e  
f r i a b i l i t y  was observed a f t e r  s t o r a g e .  While ba t ches  
SM1 t o  SM4 showed t h e  lowes t  f r i b a i l i t y  ( <  0 . 1 % ) ,  
ba t ches  made with u n t r e a t e d  NA and /o r  d ica lc ium 
phosphate  showed h i g h e r  f r i a b i l  i t y  v a l u e s ,  and b a t c h e s  
UD1 t o  UD3 d i d  no t  pass  t h e  t e s t .  All  o t h e r  b a t c h e s ,  
i n c l u d i n g  t h e  commercial t a b l e t s ,  passed  t h i s  t e s t  and 
no ag ing  e f fec t  was s een .  The f r i a b i l i t y  of t a b l e t s  
made wi th  PVP s o l u t i o n  a s  b i n d e r  showed lower v a l u e s  
t h a n  t a b l e t s  made w i t h  s t a r c h  p a s t e .  

I n  t h e  p r e s e n t  i n v e s t i g a t i o n  a c l e a r  e f f e c t  of 
e x c i p i e n t  on d i s i n t e g r a t i o n  time ( d . t . 1  i s  observed  i n  
some b a t c h e s ,  wh i l e  i n  some no c l e a r  e f f e c t  i s  seen 
(Tab le  1). A l l  t a b l e t s  d i s i n t e g r a t e d  w i t h i n  15 
minutes ( o f f i c i a l  l i m i t ) ,  bu t  t h o s e  made w i t h  10% 
s t a r c h  p a s t e  show h i g h e r  d . t .  v a l u e s  t h a n  t h o s e  made 
w i t h  5 o r  7.5% s t a r c h  p a s t e .  Batches p repa red  w i t h  PVP 
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894 PANDIT ET AL. 

TABLE 1 
D i s i n t e g r a t i o n  Time of F r e s h ,  One And Four  Year  O l d  

F a b r i c a t e d  And Commercial NA T a b l e t s  

S M 1  
s142 
SM3 
SM4 
SD1 
SD2 
SD3 
SD4 
U M 1  
UM2 
UM3 
UM4 
UD 1 
UD2 
UD 3 
UD4 
U L A l  

ULA2 
Brand 1 
Brand 2 
Brand 3 

3 .5  
7 .5  

13.0 
1 . 4  
3 .3  
4 . 5  
7 . 3  
1 . 4  
4 .4  
5 . 5  

15  .O 

2.5 
4 . 5  
7 .3  
8 . 5  
3 .6  
8 . 5  
6 . 5  
2.6 
2 .5  
2 .o 

3 . 6  
9 . 1  
9 . 0  
1 . 3  
3 . 5  
5 .0  
9 .0  
2 . 1  
4 .4  
5 . 4  

15 .0  
2.5 
4 . 5  
8 . 0  
8 . 6  
3 .4  
7 .9  
6 . 4  
4 .7  
9 . 5  
2 . 7  

3 . 3  
8 . 3  
9 .O 

1 . 3  
3 .6  
5 . 1  
9 . 1  
1 .9  
4 . 5  
6 . 3  

15  .O 

2.3  
4 . 4  
8 . O  
8 . 5  
3 . 5  
6 . 3  
6 . 2  
4 . 5  
9 . 5  
8 . 5  
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EFFECT OF AGING ON NA TABLETS 895 

s o l u t i o n  showed ve ry  low d . t .  v a l u e s ,  excep t  ba t ch  
ULA2, which d i d  no t  d i f f e r  a p p r e c i a b l y  from U L A 1 ,  

prepared  wi th  5% s t a r c h  p a s t e .  S u r f a c e  t r ea tmen t  of NA 

was b e n e f i c i a l  i n  reducing  t h e  d . t . ,  a s  i s  seen  i n  
b a t c h e s  SM4 and SD4 v e r s u s  UM4 and UD4. The drug 
c o n t e n t  observed i n  a l l  t h e  t a b l e t s ,  i n i t i a l l y  and 1 
and 4 y e a r s  a f t e r  s t o r a g e ,  was w i t h i n  t h e  o f f i c i a l  
1 i m i t .  

The d i s s o l u t i o n  r a t e s  of t h e  t a b l e t s  a r e  recorded 
i n  t a b l e  2 a s  times f o r  d i f f e r e n t  p e r c e n t a g e s  of NA 
d i s s o l v e d  i n  USP d i s s o l u t i o n  medium. T a b l e t  SM4 
complied wi th  t h e  U.S .P .  d i s s o l u t i o n  t e s t  a t  a l l  
s t a g e s  of t e s t i n g ,  whereas SMl, SM2 and SM3 f a i l e d  t h e  
t e s t .  None of t h e  t a b l e t s  made wi th  d i ca l c ium 
phosphate  passed  the t e s t .  I t  i s  obv ious ly  because of 
t h e  d i l u e n t ,  i n  t h a t  d i ca l c ium phosphate  forms very  
s t r o n g  i n t r a g r a n u l  a r  b r i d g e s ,  t h e r e b y  impeding 
d i s s o l u t i o n  by p r e v e n t i n g  t h e  fo rma t ion  of pr imary 
d rug  p a r t i c l e s .  Even an ex t remely  hydrophi l  i c  b i n d e r  
l i k e  PVP i s  unab le  t o  e x e r t  much osmotic  p r e s s u r e  on 
t h e s e  t a b l e t s  when put  i n  the  d i s s o l u t i o n  medium, so  
t h a t  d i s c r e t e  drug p a r t i c l e s  cou ld  n o t  form. 

The e f f e c t  of ag ing  i s  more pronounced i n  t a b l e t s  
made with u n t r e a t e d  NA powder. Only f r e s h  UM4 t a b l e t s  
met t h e  U . S . P .  d i s s o l u t i o n  r equ i r emen t ,  d e c r e a s i n g  t o  
77.4% and 73.4% a f t e r  one and f o u r  y e a r s ,  whi le  t h e  
d i s s o l u t i o n  from f r e s h  UM1 and UM2 and UM3 t a b l e t s  
v a r i e d  between 9 and 29% a t  30 minutes .  The aging 
e f f e c t  i s  more pronounced i n  t h e  l a t t e r  b a t c h e s .  

The ve ry  poor d i s s o l u t i o n  of t a b l e t s  UD1 t o  UD4 
i s  noteworthy.  None of t h e  t a b l e t s  could  even 
marg ina l ly  r each  t h e  U . S . P .  minimum. Of t h e  t h r e e  
b a t c h e s  made w i t h  s t a r c h  p a s t e  on ly  f r e s h  t a b l e t  UD3 
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r eached  25% d i s s o l u t i o n ,  and t h e  d i s s o l u t i o n  r a t e  
reduced  d r a s t i c a l l y  w i t h  a g i n g .  The p o s s i b i l i t y  of  an  
i n t e r a c t i o n  be tween NA and d i c a l  cium phospha te  
r e s u l t i n g  i n  t h e  f o r m a t i o n  of a h i g h l y  i n s o l u b l e  l a y e r  
of t h e  ca l c ium s a l t  of NA seems t o  be  one  of  t h e  main 
r e a s o n s  f o r  t h e  u n i f o r m l y  poor  d i s s o l u t i o n  r a t e  of  NA 

t a b l e t s  made w i t h  t h i s  d i l u e n t .  
The d i s s o l u t i o n  r a t e  of t a b l e t  U L A l  i s  v e r y  poor  

a t  a l l  s t a g e s ,  b u t  t h e  d i s s o l u t i o n  r a t e  of t a b l e t  ULA2 
i s  t r u e l y  n o t e w o r t h y ,  i n  t h a t  a t  l e a s t  90% of t h e  d r u g  
i s  d i s s o l v e d  i n  30 minu tes  a t  a l l  t h e  s t a g e  of a g i n g .  

U s u a l l y  a f o r m u l a t o r  aims a t  making h i s  f i n i s h e d  
t a b l e t  t o  d i s i n t e g r a t e  a s  r a p i d l y  a s  p o s s i b l e  f o r  
r a p i d  o n s e t  of  a c t i o n  and f u l l  p h y s i o l o g i c a l  
a v a i l  a b i l  i t y .  S u r f a c t a n t s  c a n  be  v e r y  e f f e c t i v e  i n  
improving  t a b 1  e t  d i s i n t e g r a t i o n  when s p r e a d  o n t o  
g r a n u l e s  ( 3 ) .  The s u r f a c t a n t  h e r e  a c t s  a s  a w e t t i n g  
a g e n t ,  which l o w e r s  t h e  advancing  c o n t a c t  a n g l e  and 
a i d s  i n  d i s p l a c i n g  an a i r  phase  a t  t h e  s u r f a c e  and 
r e p l a c i n g  i t  w i t h  a l i q u i d  p h a s e  and a l s o  l o w e r i n g  t h e  
s u r f a c e  t e n s i o n ,  which t e n d s  t o  d e c r e a s e  t h e  
c o e f f i c i e n t  of p e n e t r a t i o n  ( 4 ) .  According  t o  Nogami 
e t  a l .  ( 5 )  t h e  r a t e  d e t e r m i n i n g  s t e p  i n  t a b l e t  
d i s i n t e g r a t i o n  i s  t h e  p r o c e s s  of w a t e r  p e n e t r a t i o n  
i n t o  t h e  t a b l e t s  v i a  t h e  p o r e s .  The p r o c e s s  of 
s e p a r a t i o n  of p a r t i c l e s  i s  a much f a s t e r  p r o c e s s  t h a n  
t h e  p r o c e s s  of w a t e r  p e n e t r a t i o n .  Any m a t e r i a l  o r  any 
p r o c e s s  t h a t  s h o r t e n s  t h e  p r o c e s s  of  w a t e r  p e n e t r a t i o n  
would d e c r e a s e  t h e  d . t .  and i n c r e a s e  d i s s o l u t i o n  r a t e .  

Heng e t  a l .  ( 6 )  have  s u g g e s t e d  t h a t  t h e  s i z e  of 
t h e  d i s i n t e g r a t e d  p a r t i c l e s  have  a dominant i n f l u e n c e  
on  d r u g  r e l e a s e  from t a b l e t s .  Thus ,  an e x c i p i e n t  
c a p a b l e  of  p roduc ing  f i n e r  d i s p e r s i o n  of d i s i n t e g r a t e d  
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p a r t i c l e s  would enhance drug  r e l ease  through t h e  
i n c r e a s e d  s u r f a c e  a r e a  of d i s s o l u t i o n .  I n  t h e  p r e s e n t  
s t u d y  t h e  t r e a t m e n t  of NA powder w i t h  sodium 
t a u r o c h o l a t e  l e a v e s  o n l y  t r a c e s  of t h e  s u r f a c t a n t  on 
t h e  drug c r y s t a l s ,  hence t h i s  t r e a t m e n t  can  on ly  be 
expec ted  t o  induce  more w e t t i n g .  Moreover, t h e  
p o s s i b l e  fo rma t ion  of an a1 kal  i n e  micro-environment 
d u r i n g  w e t t i n g  of t h e  sodium t a u r o c h o l a t e - t r e a t e d  NA 
powder, th rough which NA may have r e p l a c e d  
t a u r o c h o l a t e  i n  t h e  sodium s a l t  t o  form t h e  sodium 
s a l t  of N A ,  which i s  of much h i g h e r  s o l u b i l i t y  t h a n  
N A ,  w i l l  f u r t h e r  a c t  a s  d i s s o l u t i o n  enhancer  by 
promoting w a t e r  p e n e t r a t i o n  i n t o  t h e  t a b l e t s  and 
caus ing  qu icke r  fo rma t ion  of pr imary drug  p a r t i c l e s .  
Shah e t  a l .  ( 7 )  have shown t h a t  s o l u b l e  e x c i p i e n t s  
g i v e  t h e  f a s t e s t  d rug  r e l e a s e .  Thus,  PVP and l a c t o s e  
anhydrous a s  high1 y sol ubl e e x c i p i e n t  s e n s u r e  qu ick  
r e l e a s e  of t h e  drug  s u b s t a n c e .  These e x c i p i e n t s  a r e  
q u i c k l y  d i s s o l v e d  o u t  from t h e  t a b l e t  ma t r ix  r e s u l t i n g  
i n  t h e  qu ick  format ion  of pr imary drug  p a r t i c l e s  with 
consequent  h i g h  d i s s o l u t i o n  r a t e s .  However, PVP a lone  
i s  not  a s  e f f i c i e n t  a l o n e ,  a s  i t  i s  i n  combinat ion 
w i t h  l a c t o s e  anhydrous when u n t r e a t e d  NA i s  used .  For 
t h e  t r e a t e d  d r u g ,  g r a n u l a t i o n  w i t h  PVP i s  s u f f i c i e n t  
t o  ensu re  q u i c k e r  d i s s o l u t i o n  r a t e  which p a s s e s  t h e  
U . S . P .  t e s t  up t o  f o u r  y e a r s  of ag ing .  

I n  conc lus ion  it may be s a i d  t h a t  t h e r e  i s  a 
genuine need t o  examine t h e  e f f e c t  of ag ing  on NA 
t a b l e t s ,  and i t s  e f f e c t  on t h e  p h y s i o l o g i c a l  
a v a i l a b i l i t y  of N A .  This  p a r t  of t h e  s tudy  w i l l  be 
communicated i n  a l a t e r  r e p o r t .  

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 
X

av
ie

r 
U

ni
ve

rs
ity

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



EFFECT OF AGING ON NA TABLETS 899 

ACKNOWLEDGEMENTS 

The generous gift of Lactose Anhydrous by DMV, 
Hol1 and and of Elcema-P100 by Degussa, Frankfurt, is 
gratefully acknowledged. The authors a1 so thank 
Prof. Mounir S. Mesiha, Alfred & Mary Scwartz College 
of Pharmacy, New York, for some very stimulating 
discussions. 

1. 

2 .  

3.  

4 .  

5 .  

6 .  

7 .  

REFERENCES 

N.A. El-Gindy, A.A. Shalaby and M.M.A. El Khalek, 
Drug Dev. Ind. Pharm., - 8 9 ,  683 ( 1 9 8 2 ) .  
N. Khalafallah, M. Darwish and S.A. Khalil, Drug 
Dev. Ind. Pharm., 8, 579 ( 1 9 8 2 ) .  
B.F. Cooper and E.A. Brecht, J. Am. Pharm.Assoc., 
Sci. Ed., - 4 6 ,  520 ( 1 9 5 7 ) .  
H. Nogami, H. Fukuzawa and Y. Nakai, Chem. Pharm. 
Bull. - 11, 1389 ( 1 9 6 3 ) .  
H. Nogami, J .  Hasegawa and M. Muramoto, Chem. 
Pharm. Bull., - 1 5 ,  2 7 9  ( 1 9 6 7 ) .  
P.W.S. Heng, L . S . C .  Wan and T.S.H. Ang, Drug Dev. 
Ind. Pharm., - 1 6 ,  951 ( 1 9 9 0 ) .  
N. Shah, R .  Pytelewski, H. Eisen and C.I. 
Jarowski, J. Pharm. Sci., - 63 ,  339 ( 1 9 7 4 ) .  

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 
X

av
ie

r 
U

ni
ve

rs
ity

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


