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ABSTRACT 

P r o p e r t i e s  of aged  t a b l e t s  p r e p a r e d  by t h e  w e t  g r a -  
n u l a t i o n  method were found t o  be a f f e c t e d  by t h e  mois- 
t u r e  c o n t e n t  of  t h e  g r a n u l e s .  I n  t h i s  s t u d y ,  t h e  s to -  
r age - induced  changes  i n  h a r d n e s s ,  d i s i n t e g r a t i o n  and  
d r u g  release were e v a l u a t e d  f o r  t a b l e t s  made by d i r e c t  
compress ion  o f  t h r e e  d i f f e r e n t  b a s e s  w i t h  d i f f e r e n t  
i n i t i a l  m o i s t u r e  c o n t e n t .  T a b l e t s  w i t h  h i g h  i n i t i a l  
mois ture  c o n t e n t  were found t o  i n c r e a s e  i n  h a r d n e s s  
upon s t o r a g e .  The m a g n i t i t u d e  of  s u c h  increase is de-  
pendant  upon t h e  p h y s i c a l  p r o p e r t i e s  of t h e  base and  
t h e  a b s o l u t e  m o i s t u r e  c o n t e n t .  The i n c r e a s e  i n  h a r d -  
n e s s  may i n c r e a s e  t h e  d i s i n t e g r a t i o n  t i m e  and  decrease 
d r u g  release. T a b l e t s  w i t h  l o w  i n i t i a l  m o i s t u r e  con- 
t e n t  were min ima l ly  a f f e c t e d  by s t o r a g e .  The g a i n  of 
m o i s t u r e  by some of  t h e s e  t a b l e t s  l e d  t o  enhancement 
i n  d i s i n t e g r a t i o n  and  d r u g  release.  Among t h e  t a b l e t s  
s t u d i e d  l a c t o s e  b a s e d  t a b l e t s  w i t h  d i f f e r e n t  i n i t i a l  
m o i s t u r e  c o n t e n t  were found t o  be t h e  most r e s i s t a n t  
t o  changes  upon s t o r a g e .  
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1934 MOLOKHIA, AL-SHORA, AND HAMMAD 

INTRODUCTION 

P r e v i o u s  s t u d i e s  on t h e  e f f e c t  o f  a g i n g  on t a b l e t  
h a r d n e s s ,  d i s i n t e g r a t i o n  and  d r u g  release ' - ' 
wide  r e s p o n s e  d i f f e r e n c e s  among d i f f e r e n t  f o r m u l a t i o n s  

and t a b l e t t i n g  methods ,  The changes  i n  t a b l e t  b e h a v i o r  

upon a g i n g  i n  c o r r e l a t i o n  t o  g r a n u l e  m o i s t u r e  c o n t e n t  
were a s s e s s e d  7 - 1 0  i n  t a b l e t s  made by w e t  g r a n u l a t i o n  

method. T a b l e t s  made from g r a n u l e s  w i t h  h i g h  i n i t i a l  
m o i s t u r e  c o n t e n t ,  upon s t o r a g e ,  showed i n c r e a s e  i n  ha rd -  

n e s s  induced  by p a r t i a l  moisture loss . While  t a b l e t s  

made from g r a n u l e s  w i t h  l o w  m o i s t u r e  c o n t e n t  g a i n e d  
m o i s t u r e  from h i g h  humid i ty  e x p o s u r e s  and  i n c r e a s e d  i n  

h a r d n e s s  as a consequence  of  t h e  p a r t i a l  l o s s  of  t h e  
g a i n e d  moi s tu re ,  a f t e r  s t o r a g e  . Such i n c r e a s e  i n  ha rd -  

n e s s  which was n o t  r e l a t e d  t o  i n i t i a l  t ab l e t  h a r d n e s s  

showed minimum e f f e c t  on t a b l e t  d i s i n t e g r a t i o n  w i t h  no 
a p p r e c i a b l e  e f f e c t  on t h e  i n - v i t r o  d i s s o l u t i o n  of  t h e  

i n d i c a t e d  

7 

8 

The b i n d e r  t y p e  and  c o n c e n t r a t i o n  a s  w e l l  as 
t h e  p h y s i c a l  p r o p e r t i e s  of  t h e  d r u g  and  t h e  base were 
shown t o  have  an  e f f e c t  on t h e  magni tude  of h a r d n e s s  
i n c r e a s e  9 , l O  

I n  t h i s  s t u d y  t h e  e v a l u a t i o n  o f  t h e  e f f e c t  o f  
m o i s t u r e  c o n t e n t  on a g i n g  o f  t a b l e t s  is e x t e n d e d  f o r  

t a b l e t s  made from powdered bases r a t h e r  t h a n  w e t  g r a -  

n u l e s .  T a b l e t s  made by d i r e c t  compress ion  of t h r e e  
d i f f e r e n t  bases w i t h  d i f f e r e n t  i n i t i a l  m o i s t u r e  c o n t e n t  
were s t o r e d  a t  4OoC/90% r e l a t i v e  h u m i d i t y  ( R . H . ) .  The 

changes  i n  h a r d n e s s ,  d i s i n t e g r a t i o n  and  d r u g  release 
were f o l l o w e d  f o r  u p  t o  t e n  weeks.  

MATERIALS 

P u r e  g r a d e s  of lactose,  t a l c ,  b e n z o i c  a c i d  (E.  

Merck, Darms tad t ,  W .  Germany); c e l l u l o s e ,  magnesium 
s tearate  (BDH Chemica ls  L t d . ,  Poole, E n g l a n d ) ;  m a n n i t o l  
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AGING OF TABLETS PREPARED BY DIRECT COMPRESSION 1935 

(Hopkins and  W i l l i a m s  L t d . ,  Chadwell  H e a l t h ,  E s s e x ,  

Engalnd)  and  s t a r c h  ( F l u k a  AG, Buchs SG, S w i t z e r l a n d )  

were u s e d  as  r e c e i v e d .  A l l  o t h e r  c h e m i c a l s  were of 

a n a l y t i c a l  g r a d e .  

METHODS 

T a b l e  1 shows t h e  t h r e e  d i f f e r e n t  t a b l e t  fo rmula -  

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

w a s  mixed i n  a t u m b l i n g  mixer (Erweka G.m.b.H. ,  U G .  

F r a n k f u r t ,  W.  Germany) f o r  twen ty  m i n u t e s  t h e n  d i v i d e d  

i n t o  t h r e e  p o r t i o n s .  The m o i s t u r e  c o n t e n t  of  e a c h  po r -  

t i o n  was v a r i e d  by p l a c i n g  t h e  powders i n  t h r e e  desic-. 
c a t o r s  w i t h  r e l a t i v e  humid i ty  a d j u s t e d  by s a l t  s o l u t i o n s  

a t  1 2 . 5 ,  68 and 99%. The d e s i c c a t o r s  were k e p t  i n  a 
30OC oven .  A f t e r  t h r e e  d a y s ,  t h e  powders were removed 

and  t h e  m o i s t u r e  c o n t e n t  of e a c h  was d e t e r m i n e d  e i t h e r  

by t h e  Karl F i s c h e r  Reagen t ,  USP or t h e  loss  on d r y i n g  

method, USP. Immedia te ly  b e f o r e  compress ion ,  t h e  mag- 

TABLE 1 

F o r m u l a t i o n s  Used I n  T h i s  S tudy  

L a c t o s e  

Man n i t o  1 

C e l l u l o s e  

S t a r c h  

T a l c  

Magnesium s tearate* 
Benzoic a c i d  

B 

---- 

6 6 . 5  

C 

* Mixed immedia te ly  b e f o r e  compress ion .  
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1936 MOLOKHIA, AL-SHORA, AND HAMMAD 

nesium s tearate  w a s  mixed w i t h  e a c h  f o r m u l a t i o n  i n  t h e  
tumbl ing  mixer  f o r  f i v e  m i n u t e s .  The t a b l e t s  were t h e n  
compressed by means of a s i n g l e  punch machine (Erweka 
G . m . b . H . ,  Type EKD, F r a n k f u r t ,  W .  Germany).  T a b l e t  
we igh t  i n  t h e  r a n g e  of 503-527 mg w a s  o b t a i n e d .  Because  
of t h e  d i f f i c u l t i e s  m e t  i n  compress ing  t a b l e t s  w i t h  h i g h  
m o i s t u r e  c o n t e n t ,  a zero-time common h a r d n e s s  v a l u e  w a s  
i m p o s s i b l e  t o  o b t a i n  f o r  a l l  f o r m u l a t i o n s .  T a b l e t s  were 
t h e n  packed i n  g roups  i n  p a p e r  b a g s  and s t o r e d  i n  a humi- 
d i t y  chamber m a i n t a i n e d  a t  40°C/90% R . H .  

I n  a d d i t i o n  t o  t h e  zero-time sample ,  i n d i v i d u a l  
packs  were t a k e n  a t  d i f f e r e n t  t i m e  i n t e r v a l s  f o r  t e n  
weeks and  examined f o r  h a r d n e s s  (6 t a b l e t s ) ,  d i s i n t e g r a -  
t i o n  ( 4  t a b l e t s )  and  d r u g  release (3  t a b l e t s ) .  Hardness  
was measured i n  Ki lograms i n  a h a r d n e s s  t e s t e r  (Erweka 
G . m . b . H . ,  Type TB 24,  F r a n k f u r t ,  W .  Germany). D i s i n t e g -  
r a t i o n  t i m e  was measured  (Erweka G . m . b . H . ,  Type ZT 4 ,  

W .  Germany) a c c o r d i n g  t o  t h e  USP method i n  a medium made 
of phospha te  b u f f e r  .05M, pH 6 .0 .  Drug release was 
de te rmined  by measu r ing  t h e  amount of  b e n z o i c  a c i d  d i s -  
s o l v e d  as a f u n c t i o n  o f  t i m e  u s i n g  a USP d i s s o l u t i o n  
a p p a r a t u s  (Erweka G.m.b.H., Type DT, F r a n k f u r t ,  W .  

Germany) and t h e  same medium u s e d  i n  t h e  d i s i n t e g r a t i o n  
expe r i emen t s .  Samples were wi thdrawn from t h e  d i s s o l u -  
t i o n  medium every t e n  m i n u t e s  f o r  one  h o u r ,  f i l t e r e d  
th rough  a 0 .45  pm p o r e  s i z e  f i l t e r  and  a s s a y e d  f o r  d i s -  

s o l v e d  b e n z o i c  ac id  by measu r ing  UV a b s o r p t i o n  a t  222 
nm . 

RESULTS AND DISCUSSION 

T a b l e  2 p r e s e n t s  t h e  r e su l t s  o f  t h e  m o i s t u r e  con- 
t e n t  of each  base as de te rmined  immedia t e ly  before com- 
p r e s s i o n .  The Karl F i s c h e r  method w a s  u s e d  f o r  t h e  
c e l l u l o s e  and m a n n i t o l  b a s e d  t a b l e t s .  However, b e c a u s e  
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AGING OF TABLETS PREPARED BY DIRECT COMPRESSION 

Humidi ty  e x p o s u r e  

1 2 . 5  

68  
99 

% R.H. 

1937 

M o i s t u r e  c o n t e n t  
MC % 

0.15 

0 . 9 7  

3 . 2 1  

TABLE 2 

M o i s t u r e  Con ten t  Of D i f f e r e n t  F o r m u l a t i o n s  

'ormu 1 a t  i o n  

1 2 . 5  
68  

99  

1 2 . 5  

68 

99 

0 . 2 3  

1.69 
6.85 

0.99 

2 . 9 1  

13 .14  

of t h e  p r e s e n c e  of  one  m o l e c u l e  of  water of c r y s t a l l i z a -  
t i o n  i n  t h e  lactose molecule,  t h e  loss  on d r y i n g  method 

w a s  u s e d  f o r  t h e  lactose b a s e d  t ab le t s .  P r e v i o u s  

measurements8 have  shown good c o r r e l a t i o n  be tween t h e s e  

two methods .  

F i g u r e  1 g i v e s  t h e  p l o t s  of t h e  lactose t a b l e t  
h a r d n e s s  v e r s u s  t h e  number of weeks of s t o r a g e  i n  t h e  
humid i ty  chamber .  A s  i n d i c a t e d  i n  t h e  e x p e r i m e n t a l  sec- 
t i o n ,  t h e  d i f f e r e n c e s  i n  h a r d n e s s  a t  zero t i m e  are  n o t  
r e l a t e d  t o  m o i s t u r e  g a i n  o r  loss .  We a s s e s s e d  t h e  

e f f e c t  o f  a g i n g  on h a r d n e s s  by f o l l o w i n g  t h e  p a t t e r n  of  
changes  r a t h e r  t h a n  f o l l o w i n g  t h e  a b s o l u t e  h a r d n e s s  

f i g u r e s .  As can  be s e e n ,  a g r a d u a l  i n c r e a s e  i n  h a r d n e s s  

w a s  o b s e r v e d  f o r  t h e  h i g h  m o i s t u r e  c o n t a i n i n g  t a b l e t s  
w i t h  minimum o r  no change  i n  t h e  low m o i s t u r e  c o n t a i n i n g  
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1938 MOLOKHIA, AL-SHORA, AND HAMMAD 

0 - M.C. 0.15% 

A - M.C.0.97% 

I3 - M.C. 3.21% 

2 4 6 a 10 

Weeks of Storage 

FIGURE 1 

E f f e c t  Of Aging On The Hardness  Of Lactose Based T a b l e t s  

o n e s .  A maximum v a l u e  of h a r d n e s s  w a s  r e a c h e d  a f t e r  
abou t  f o u r  weeks.  The i n c r e a s e  i n  t a b l e t  h a r d n e s s  may 
b e  e x p l a i n e d  by t h e  p a r t i a l  m o i s t u r e  l o s s  accompanied 
by d e p o s i t i o n  of  s o l u b l e  e x c i p i e n t s  i n  s p a c e s  between 
p a r t i c l e s  r e s u l t i n g  i n  s t r e n g t h e n i n g  of t h e  i n t e r p a r t i -  
c u l a t e  bonds.  T h i s  e f f e c t  o f  a g i n g  on h a r d n e s s  of lac- 
tose b a s e d  t a b l e t s  d i d  n o t  correlate w i t h  t h e  changes  
obse rved  i n  d i s i n t e g r a t i o n  t i m e  ( F i g .  2 )  or  i n  d r u g  
release ( F i g .  3 - 5 ) .  F i g u r e  2 shows t h a t  w h i l e  t h e  d i s -  

i n t e g r a t i o n  of t h e  l o w  m o i s t u r e  c o n t a i n i n g  t ab le t s  h a s  
enhanced upon s t o r a g e ,  t h e  h i g h  mois ture  c o n t a i n i n g  
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AGING OF TABLETS PREPARED BY DIRECT COMPRESSION 

60 

-0 1 - 
4 0 -  

m 

1939 

Symbol Weeks of Storage 

P - 0 0 a 1 
El 2 
0 3 

4 Q 
m 6 

60 

0 - M.C. 0.15% 40 

A - M.C. 0.97% 

- M.C. 3.21% 
20 

2 4 6 8 10 

Weeks of Storage 

FIGURE 2 

B 

10 20 

Time in Minutes 

30 40 

FIGURE 3 

Drug Release From S t o r e d  L a c t o s e  B a s e d  T a b l e t s - M . C .  0.15%. 
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1940 

Symbol Weeks of Storage I 
0 
1 
2 

MOLOKHIA, AL-SHORA, AND HAMMAD 

10 20 30 
Time in Minutes 

40 

FIGURE 4 

Drug Release From Stored Lactose Based Tablets-M.C. 0.97%. 

Symbol Weeks of Storage 

0 
1 
2 

10 20 

Time in Minutes 

30 40 

FIGURE 5 

Drug Release From Stored Lactose Based Tablets-M.C. 3.21%. 
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AGING OF TABLETS PREPARED BY DIRECT COMPRESSION 1941 

0 - M.C.0.23% 

A - M.C. 1.69% 

- M.C. 6.85% 

2 4 6 8 10 
Weeks of Storage 

FIGURE 6 

E f f e c t  Of Aging On Hardness  Of Mann i to l  Based T a b l e t s .  

o n e s  were n o t  a f f e c t e d .  T h i s  i s  p r o b a b l y  due  t o  mois- 
t u r e  a b s o r p t i o n  e x p e c t e d  t o  t a k e  p l a c e .  Measurement of  
t a b l e t  we igh t  a f t e r  s t o r a g e  i n d i c a t e d  s l i g h t  i n c r e a s e  
i n  we igh t  f o r  t a b l e t s  w i t h  l o w  i n i t i a l  mois ture  c o n t e n t .  

F i g u r e s  3-5 are r e p r e s e n t a t i v e  d i a g r a m s  for t h e  d r u g  
release r e s u l t s  o b t a i n e d  i n  t h i s  s t u d y .  F i g u r e s  3 and  4 

show enhancement i n  d r u g  release upon s t o r a g e  of t ab l e t s  
w i t h  l o w  m o i s t u r e  c o n t e n t .  T h i s  enhancement e f f e c t  t o o k  

p l a c e  w i t h i n  t h e  f i r s t  week of s t o r a g e  and  t h e  d r u g  
release r a t e  remained  almost c o n s t a n t  a f t e r  t h a t .  T h i s  

change  i n  b e h a v i o r  which is  i n  agreement  w i t h  t h a t  ob- 
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a - M.C. 6.85% 

I I I 

MOLOKHIA, AL-SHORA, AND HAMMAD 

0 - M.C.0.23% 

A - M.C. 1.69% 

FIGURE 7 

E f f e c t  Of Aging On D i s i n t e g r a t i o n  Of Mann i to l  Based T a b l e t s .  

s e r v e d  f o r  d i s i n t h g r a t i o n  is a g a i n  p r o b a b l y  due  t o  mois- 
t u r e  a b s o r p t i o n .  F i g u r e  5 shows c l u s t e r i n g  of t h e  
amounts r e l e a s e d  a f t e r  s t o r a g e  f o r  d i f f e r e n t  t i m e  i n t e r -  

v a l s  w i t h  no clear t r e n d  f o r  change  i n  t h e  d i s s o l u t i o n  
p a t  t e r n .  

F i g u r e  6 shows t h e  e f f e c t  o f  a g i n g  on h a r d n e s s  of 

m a n n i t o l  b a s e d  t a b l e t s .  The r e s u l t s  which are compara- 

b l e  t o  t h o s e  o b t a i n e d  w i t h  t h e  lactose b a s e d  t a b l e t s  

i n d i c a t e  an  increase i n  h a r d n e s s  f o r  t h e  h i g h  m o i s t u r e  
c o n t a i n i n g  t a b l e t s .  The d r u g  release r e s u l t s  showed no 

a g i n g  e f f e c t  f o r  t h e  d i f f e r e n t  m o i s t u r e  c o n t a i n i n g  

m a n n i t o l  b a s e d  t a b l e t s .  However, t h e  d i s i n t e g r a t i o n  
t i m e  ( F i g .  7 )  w a s  found t o  s l i g h t l y  i n c r e a s e  upon s t o -  
r a g e  i n  p a r t i c u l a r  f o r  t h e  h i g h  m o i s t u r e  c o n t a i n i n g  t a b -  
l e t s .  T h i s  d i f f e r e n c e  i n  b e h a v i o r  between t h e  lactose 
and t h e  m a n n i t o l  b a s e d  t a b l e t s  seems t o  be related t o  
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AGING OF TABLETS PREPARED BY D I R E C T  COMPRESSION 1943 

2 4 6 8 10 

Weeks of Storage 

FIGURE 8 

0 - M.C. 0.99% 

A - M.C. 2.9% 

- M.C. 13.14% 

2 4 6 8 10 

Weeks of Storage 

FIGURE 8 

E f f e c t  Of Aging On Hardness  Of C e l l u l o s e  Based Tab le t s .  

t h e  h i g h e r  i n i t i a l  m o i s t u r e  c o n t e n t  i n  t h e  m a n n i t o l  t a b -  
lets ( T a b l e  2 ) .  The p a r t i a l  water l o s s  accompsn ied  by  

s t r o n g e r  i n t e r p a r t i c u l a t e  bonds is b e l i e v e d  t o  b e  t h e  
c a u s e  of i n c r e a s e d  h a r d n e s s  and  d e l a y e d  d i s i n t e g r a t i o n .  

F i g u r e  8 p r e s e n t s  t h e  e f f e c t  o f  a g i n g  on h a r d n e s s  
of c e l l u l o s e  based tab le t s  w i t h  d i f f e r e n t  i n i t i a l  m o i s -  
t u r e  c o n t e n t .  A s  e x p e c t e d ,  t h e  h i g h  moisture  c o n t a i n -  
i n g  t ab l e t s  showed a n  i n c r e a s e  i n  h a r d n e s s  which r e a c h e d  
a maximum v a l u e  a f t e r  a b o u t  f o u r  weeks.  No change  i n  
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1944 MOLOKHIA, AL-SHORA, AND HAMMAD 

0 - M.C. 0.99% 

A - M.C. 2.91% 

- M.C. 13.14% 

2 4 6 8 10 

Weeks of Storage 

FIGURE 9 

E f f e c t  O f  Aging On D i s i n t e g r a t i o n  Of  Cel lulose Based T a b l e t s .  

h a r d n e s s  was o b s e r v e d  for t h e  l o w  m o i s t u r e  c o n t a i n i n g  
t ab le t s .  On t h e  other hand,  t h e  d i s i n t e g r a t i o n  and d r u g  
release were enhanced  upon s t o r a g e .  F i g u r e  9 shows t h e  
d i s i n t e g r a t i o n  t i m e  f o r  t h e  c e l l u l o s e  based tab le t s  
a f t e r  a g i n g  f o r  d i f f e r e n t  t i m e  i n t e r v a l s .  A s  c an  be 

s e e n ,  t h e  h i g h  m o i s t u r e  c o n t a i n i n g  t a b l e t s  showed a con- 
t i n u o u s  decrease i n  d i s i n t e g r a t i o n  t i m e  t h r o u g h o u t  t h e  

expe r imen t .  However, t h e  d i s i n t e g r a t i o n  t i m e  of t h e  l o w  
m o i s t u r e  c o n t a i n i n g  tab le t s  showed a decrease o n l y  
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AGING OF TABLETS PREPARED BY DIRECT COMPRESSION 1945 

d u r i n g  t h e  f i rs t  week of s t o r a g e  and remained  almost 

c o n s t a n t  thereaf te r .  A p a r a l l e l  s t o r a g e  e f f e c t  on  d r u g  
release was o b s e r v e d .  The ra te  of d r u g  release c o n t i -  
nuous ly  i n c r e a s e d  by s t o r a g e  of t h e  h i g h  m o i s t u r e  
c o n t a i n i n g  t a b l e t s  b u t  i n c r e a s e d  o n l y  d u r i n g  t h e  f irst  
week f o r  t h e  r ema in ing  t a b l e t s .  The d i s c r e p a n c i e s  bet- 

ween t h e  changes  i n  d r u g  release and d i s i n t e g r a t i o n  on 
one  hand and  changes  i n  h a r d n e s s  on t h e  o t h e r  h a n d ,  
upon a g i n g  c e l l u l o s e  b a s e d  t a b l e t s ,  may be e x p l a i n e d  by 
i n t r i n s i c  changes  i n  t h e  c e l l u l o s e  par t ic les  a t t r i b u t e d  
t o  s t o r a g e  i n  t h e  humid i ty  chamber .  

CONCLUSION 

D e s p i t e  t h e  c o n s i d e r a b l e  l i t e r a t u r e  a v a i l a b l e  on 
t h e  e f f e c t  o f  s t o r a g e  on t a b l e t  h a r d n e s s ,  d i s i n t e g r a t i o n  
and  d i s s o l u t i o n ,  y e t  more s t u d i e s  are e s s e n t i a l  t o  under -  
s t a n d  t h e  role  of t h e  v a r i a b l e s  t h a t  e x i s t  d u r i n g  t a b l e t  
compress ion .  The tab le t  b a s e ( s ) ,  t h e  b i n d e r ( s ) ,  t h e  
m o i s t u r e  c o n t e n t  and t h e  method o f  compress ion  are among 
t h e  i m p o r t a n t  v a r i a b l e s  t o  b e  c o n s i d e r e d .  T o  e l u c i d a t e  
o u r  u n d e r s t a n d i n g  of t h e  ro le  of  m o i s t u r e  c o n t e n t  on 
a g i n g  of d i r e c t l y  c o m p r e s s i b l e  t ab l e t s  t h r e e  commonly 
u s e d  t a b l e t  b a s e s  were s t u d i e d .  The d a t a  s u g g e s t  t h a t :  
( a )  a h i g h  i n i t i a l  m o i s t u r e  c o n t e n t  is l i k e l y  t o  i n d u c e  
i n c r e a s e  i n  h a r d n e s s  upon s t o r a g e ,  t h e  magn i tude  of  s u c h  
i n c r e a s e  is dependant  upon t h e  p h y s i c a l  p r o p e r t i e s  of 
t h e  b a s e  and  t h e  a b s o l u t e  m o i s t u r e  c o n t e n t ;  ( b )  t h e  

i n c r e a s e  i n  h a r d n e s s  may i n c r e a s e  t h e  d i s i n t e g r a t i o n  
t i m e  and  d e c r e a s e  d r u g  release depend ing  upon t h e  p a r t i -  
c u l a r  base u s e d ,  t h e  mechanism(s)  by which s u c h  changes  
are  induced  is ( a re )  n o t  f u l l y  u n d e r s t o o d  and  ( c )  min i -  
mum changes  take p l a c e  upon a g i n g  of t ab le t s  made from 
low m o i s t u r e  c o n t a i n i n g  b l e n d s  u n l e s s  f u r t h e r  g a i n  of  
m o i s t u r e  takes place.  
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1946 MOLOKHIA, AL-SHORA, AND HAMMAD 

Under t h e  c o n d i t i o n s  of t h i s  s t u d y ,  one may a r r a n g e  
t h e  b a s e s  w i t h  r e g a r d  t o  r e s i s t a n c e  t o  s t o r a g e  i n  a 
d e c l i n i n g  o r d e r  as lactose > m a n n i t o l  > c e l l u l o s e .  Fur- 
t h e r  s t u d i e s  are n e c e s s a r y  t o  correlate  b i o a v a i l a b i l i t y  

changes of s t o r e d  t a b l e t s  t o  v a r i a b l e s  t h a t  e x i s t  d u r i n g  

compression.  
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