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

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  o f  f u r o s e m i d e  t a b l e t  w a s  

s t u d i e d  a t  m o d e r a t e l y  e l e v a t e d  t e m p e r a t u r e s  a n d  d i f f e -  

r e n t  r e l a t i v e  h u m i d i t y  c o n d i t i o n s  o v e r  20 d a y s .  T h e  

r a t e  o f  m o i s t u r e  s o r p t i o n  a n d  d e s o r p t i o n  was f o u n u d  t o  

f o l l o w  f i r s t  o r d e r  k i f i e t i c s  w i t h i n  f i r s t  h o u r s .  E x c e p t  

a m b i e n t  c o n d i t i o n s  (RT/Amb.RH) ,  m o i s t u r e  s o r p t i o n  

c a u s e d  a d e c r e a s e  i n  h a r d n e s s  v a l u e s  o f  f u r o s e m i d e  t a b -  

l e t s .  A l s o  t h e  d i s i n t e g r a t i o n  t imes  o f  h y d r a t e d  t a b l e t s  

s h o w e d  a r e m a r k e a b l e  d e c r e a s e .  C h a n g e s  i n  h a r d n e s s  a n d  

d i s i n t e g r a t i o n  t i m e  were d e p e n d e n t  o n  t h e  amount of water 

s o r b e d  i n t o  t h e  t a b l e t s .  T h e s e  s i g n i f i c a n t  c h a n g e s  

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

b e c a m e  i n v a r i a n t .  T h e  v a r i a t i o n s  i n  h a r d n e s s  a n d  d i s -  

i n t e g r a t i o n  t imes  o f  t a b l e t s  were i r r e v e r s i b l e  a s  

d e m o n s t r a t e d  by d e s o r p t i o n  e x p e r i m e n t s .  

1827 
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1828 AKBUGA AND GURSOY 

Furthermore, except storage at high temperature 
and high relative humidity dissolution parameters of 
tablets were less affected by moisture sorption and 
desorption. 

INTRODUCTION 

Recently, the relationship between moisture con- 
tent and physical properties of tablets have received 
considerable attention(1-8). It is known that decrease 
in therapeutic activity without a change in chemical 
potency may occur as a result of physical changes in 
tablet forms. 

On the otherhand, furosemide is widely used for 
the treatment of edematous states. However, in some 

cases, the treatment has been reported to be ineffec- 
tive and this seems t o  have been due t o  low blood 
levels(9-11). Although various studies have been re- 
ported on formulation factors affecting drug release 
of furosemide tablets(l2-14), the effects of aging and 
relative humidity have not been studied. 

The present study was undertaken to investigate 
the effect of  moisture sorption and desorption, at 
different temperatures and humidities, on the physical 
properties of furosemide tablets such as hardness, dis- 
integration time and dissolution rate. 

Materials 

Furosemide (Hoechst A G . ,  Frankfurt, FRG), anhyd- 
rous lactose (Sheffield Chem. N.J., USA) magnesium 
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MOISTURE SORPTION AND DESORPTION ON FUROSEMIDE TABLETS 1829 

s t e a r a t e  ( E . M e r c k ,  D a r m s t a d t ,  FRG). S t a r c h ,  g e l a t i n  a n d  

t a l c  were p h a r m a c e u t i c a l  g r a d e .  

M e t h o d s  

T a b l e t s  were p r e p a r e d  b y  w e t - g r a n u l a t i o n  t e c h n i q u e  

a s  p r e v i o u s l y  d e s c r i b e d ( l 1 ) .  T h e  f o l l o w i n g  f o r m u l a t i o n  

was u s e d ;  f u r o s e m i d e  4 0  mg,  l a c t o s e  100 mg, c o r n  s t a r c h  

50 m g ,  g e l a t i n  s o l u t i o n  (5% w/w) 30 % v / w ,  t a l c  8 . 1  mg, 

m a g n e s i u m  s t e a r a t e  5 . 4  mg p e r  t a b l e t .  

T h e  t a b l e t s  were p l a c e d  i n  o p e n  p e t r i  d i s h e s ,  

f i r s t  were h y d r a t e d  a n d  t h e n  d e h y d r a t e d .  F o r  m o i s t u r e  

s o r p t i o n ,  t a b l e t s  were s t o r e d  a t  4 0 ° / 7 5 %  r e l a t i v e  humi -  

d i t y  ( R H ) ,  30° /75%RH,  room t e m p e r a t u r e  (RT) /75%RH a n d  

R T / A m b i e n t  (Amb.)RH. F o r  d e s o r p t i o n ,  t h e  same t a b l e t s  

were p l a c e d  a t  50°/Amb.RH, RT/50%RH a n d  RT/30%RH. S a t u -  

r a t e d  s a l t  s o l u t i o n s  were u s e d  f o r  o b t a i n i n g  t h e  humi -  

d i t i e s .  

T h e  s a m p l e s  were r e m o v e d  a t  f o u r  d a y s  i n t e r v a l s  

a n d  e v a l u a t e d  o v e r  2 0  d a y s  f o r  t h e i r  m o i s t u r e  c o n t e n t ,  

h a r d n e s s ,  d i s i n t e g r a t i o n  t ime  a n d  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 .  

M o i s t u r e  c o n t e n t s  d u r i n g  s o r p t i o n  a n d  d e s o r p t i o n  

were d e t e r m i n e d  a s  t h e  w e i g h t  g a i n e d  o r  l o s t  a n d  were 

e x p r e s s e d  a s  p e r  c e n t  water i n  t h e  t a b l e t s .  A M o n s a n t o  

h a r d n e s s  t e s t e r  ( M o n s a n t o  Chem. Co. USA) was u s e d  t o  

e s t i m a t e  t a b l e t  h a r d n e s s .  T h e  mean  of  6 t a b l e t s  was 
g i v e n .  D i s i n t e g r a t i o n  t i m e  o f  t a b l e t s  was m e a s u r e d  b y  

t h e  USP X X I  m e t h o d .  D i s s o l u t i o n  t e s t  was p e r f o r m e d  

a c c o r d i n g  t o  p a d d l e  m e t h o d  o f  USP X X I .  P o r o s i t y  o f  
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1830 AKBUGA AND GURSOY 

f u r o s e m i d e  t a b l e t  was c a l c u l a t e d  f r o m  t h e  w e i g h t ,  

v o l u m e  a n d  d e n s i t y  o f  t h e  m a t e r i a l  w i t h  a n  a i r  p y c n o -  

meter ( G e r h a r d ,  FRG, a i r  p y c n o m e t e r ) .  

No s i g n i f i c a n t  c h e m i c a l  d e c o m p o s i t i o n  was f o u n d  

i n  t a b l e t s  o v e r  20 d a y s  p e r i o d .  

RESULTS AND DISCUSSION 

M o i s t u r e  C o n t e n t  

M o i s t u r e  s o r p t i o n  was f o u n d  t o  b e  v e r y  r a p i d  a t  

h i g h  r e l a t i v e  h u m e d i t i e s  w i t h i n  f o u r  d a y s  a n d  e q u i l i b -  

r i u m  was a l s o  a t t a i n e d  i n  t h i s  p e r i o d .  A t  RT/Amb.RH, 

h o w e v e r  m o i s t u r e  s o r p t i o n  c o n t i n u e d  b e y o n d  4 d a y s  

( T a b l e  I ) .  

I t  was o b s e r v e d  t h a t  s o r p t i o n  f o l l o w e d  f i r s t - o r d e r  

k i n e t i c s .  T h e  water  s o r p t i o n  a s  a f u n c t i o n  o f  t i m e  c a n  

b e  d e s c r i b e d  by  t h e  f o l l o w i n g  e q u a t i o n ( 7 ) .  

t 
m - m  

2.303.1 l o g ( m m  - . 100) = - 
0 W 

m a n d  ma, a r e  t h e  a m o u n t s  o f  water  

s o r b e d  a t  z e r o  t i m e ,  t ime  t a n d  e q u i l i b r i u m  r e s p e c t i -  

v e l y  a n d  'I i s  a c o n s t a n t .  

0' t Where  rn 

A s  i t  i s  s e e n  i n  F i g .  1, t h e  c h a n g e s  i n  water  c o n -  

t e n t  w i t h  s t o r a g e  t i m e  a t  v a r i o u s  s o r p t i o n  c o n d i t i o n s  

were p l o t t e d  a c c o r d i n g  t o  a b o v e  e q u a t i o n  i n  s e m i l o g a -  
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MOISTURE SORPTION AND DESORPTION ON FUROSEMIDE TABLETS 1831 

Conditions 

40°/7 5%RH 

30°/75%RH 

RT/75%RH 

RT/Amb . RH 

Table 1 

4.days 8.days 12.days 16.days 20.days 

1.53 1.06 0.76 0.86 0.78 

1.05 1.46 1.46 1.25 0.89 

1.71 1.61 1.56 1.61 1.96 

0.38 0.61 0.63 0.82 0.60 

Moisture Pick-up Values (2) of Furosemide 
Tablets During Sorption 

rithmic manner andstraight lines were obtained. The 
slopes of these lines were interpreted as  the water 
sorption rate constants. 

With the comparison at these results, it was seen 
that the acceleration of moisture sorption at 40' was 
greater than ambient room temperature within the first 
hours. But, the total changes in moisture content were 
independent of temperature within the period used. 
These findings are in accordance with previous re- 
port(6). Tablets showed an initially rapid moisture 
uptake which leveled off after 4 days and continued 
picking up moisture. 

After the equilibrium period as it was demonstra- 
ted in Table 1, moisture sorption was not related to 
temperature. At constant relative humidity (75%RH) at 
40°, 30' and room temperature moisture pick u p  values 
of tablets changed between 0.78-1.96 per cent. Thus 
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2.c 

1 .a 

0.5 

AKBUGA AND GURSOY 

0 2 4 6 8 

t(h) 

FIGURE 1 
Change in Water Content as a Function of Storage Time 

for Furosemide Tablets 
Key; RT/Amb.RH (I); RT/75%RH (11), 
30°/75%RH (111): 40°/75%RH (IV) 
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MOISTURE SORPTION AND DESORPTION ON FUROSEMIDE TABLETS 1833 

s i g n i f i c a n t  c h a n g e s  i n  m o i s t u r e  p i c k  u p  v a l u e s  o f  t a b -  

l e t s  were n o t  o b s e r v e d  a t  d i f f e r e n t  t e m p e r a t u r e s  a s  

p r e v i o u s l y  r e p o r t e d ( 6 ) .  

D u r i n g  t h e  s o r p t i o n  p e r i o d  w h a t e v e r  t h e  t e m p e r a -  

t u r e  was ,  t h e  m o i s t u r e  p i c k  u p  v a l u e s  were f o u n d  p r o -  

p o r t i o n a l  t o  t h e  r e l a t i v e  h u m i d i t y .  A t  r oom t e m p e r a t u r e  

i n  75%RH a n d  Amb.RH, t h e  m o i s t u r e  p i c k  u p  v a l u e s  were 

1 . 9 6  a n d  0 . 6  per  c e n t  r e s p e c t i v e l y .  

T h e  w a t e r  d e s o r p t i o n  o f  t a b l e t s  w i t h i n  t h e  f i r s t  

h o u r s  was shown  i n  F i g .  2 .  Water d e s o r p t i o n  was a l s o  

f o l l o w e d  f i r s t  o r d e r  k i n e t i c s .  F u r t h e r m o r e ,  i n  a l l  

c a s e s  wa te r  d e s o r p t i o n  was f a s t e r  t h a n  t h e  m o i s t u r e  

s o r p t i o n  p r o c e s s .  

T a b l e  2 s u m m a r i z e d  t h e  c h a n g e  a t  water  c o n t e n t  o f  

t h e  t a b l e t s  d u r i n g  d e s o r p t i o n  p e r i o d .  As s e e n  i n  t h i s  

t a b l e ,  m o i s t u r e  l o s s  o f  t a b l e t s  was i n d e p e n d e n t  o n  t h e  

r e l a t i v e  h u m i d i t y  r e g a r d l e s s  of t e m p e r a t u r e  v a r i a t i o n s .  

So a t  50°/Amb.RH s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  

m o i s t u r e  l o s s  v a l u e s  o f  t h e  t a b l e t s  h y d r a t e d  a t  40°/75% 
R H ,  30° /75%RH a n d  RT/75%RH was n o t  o b s e r v e d .  T h e  v a l u e s  

were i n  b e t w e e n  2 .5  - 3.0 p e r  c e n t .  As e x p e c t e d ,  t h e  

h i g h e s t  m o i s t u r e  l o s s  was o b s e r v e d  w i t h  t h e  t a b l e t s  

s t o r e d  a t  l o w e r  r e l a t i v e  h u m i d i t y  (RT/30°RH).  

H a r d n e s s  

T a b l e  3 o u t l i n e d  t h e  h a r d n e s s  c h a n g e s  o f  f u r o s e -  

m i d e  t a b l e t s  d u r i n g  t h e  m o i s t u r e  s o r p t i o n  p e r i o d .  

W i t h i n  4 d a y s ,  b e f o r e  t h e  e q u i l i b r i u m ,  c h a n g e s  i n  h a r d -  

n e s s  v a l u e s  were d i r e c t l y  r e l a t e d  t o  t h e  a m o u n t  of 
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1834 AKBUGA AND GURSOY 

2.0 

1 .o 

0.5 

VI  

V 

I 

2 4 6 8 
t(h) 

FIGURE 2 
Change in Water Contentoas a Function of Storage Time 
for Tablets Stored at 50 /Amb.RH and 5T/5OXRH, RT/30%RH 
Key: RT/Amb.RH (I), RT/75%RH (II), 30 /RT/Amb.RH (111) 9 

40°/75%RH (IV) , RT/50%RH (V), RT/30%RH (VI) 
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MOISTURE SORPTION AND DESORPTION ON FUROSEMIDE TABLETS 

Conditions 

**40°/75%RH 

1835 

4. days 8. days 12 .days 

2.94 2.96 2.79 

Table 2 

**30°/75%RH 

Moisture Loss Values (%) of Furosemide 
Tablets During Desorption 

( 50°/ Amb . RH RT / 50%RH RT/30%RH) 

2.64 2.57 2.48 

zonditions 0-time 4.days 8.days 12.days 16.days 20.days 

400/75%RH (0.9877) (0.2738) ; (0.2581). (0.3708) (0.3535). (0.4541) 

300/75%RH (0.9877) (0.9002) (0 -4107) (0.1881) (0.2236) (0.1118) 

RT/75%RH 

4.52 3.70 3.66 3.45 2.5 2.40 

4.52 3.70 3.37 3.35 2.60 3.05 

4.52 2.30 2.10 2.20 2.20 2.20 
(0,9877) (0.4472) (0.5477) (0.5700) (0.5701) (0.4472) 

RT/Amb*RH (0.4472). (0.2738) (0.2738) (0.2738) (0.6510) (0.4808) 
3.95 3.70 3.20 3.20 3.65 3.80 

I **RT/75%RH I 2.95 1 2.44 I 3.03 

I **RT/Amb.RHl 1.82 I 1.70 I 1.80 

I *RT/5O%RH 1 0.79 I 0.82 1 0.85 

I *RT/30%RH I 3.44 I 3.58 I 3.70 

16. days 

2.96 

2.54 

3.11 

1.29 

0.93 

3.64 

20. days 

3.02 

2.71 

3.09 

1.96 

0.93 

3.72 
-~ ~~~~~~~ ~ ~ 

* Previously exposed to RT/75%RH 
** Previously exposed to these conditions. 

Table 3 

Effect of Moisture Sorption on the 
Hardness { Mean (kg)  2 SD) of Furosemide 

Tablets 
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1836 AKBUGA AND GURSOY 

s o r b e d  w a t e r .  A f t e r  t h i s  p e r i o d ,  w i t h  t h e  e x c e p t i o n  

o f  t h e  a m b i e n t  c o n d i t i o n  (RT/Amb.RH) a g e n e r a l  d e c r e a s e  

was o b s e r v e d  i n  h a r d n e s s  v a l u e s .  A t  e l e v a t e d  t e m p e r a t u -  

r e s  i n  c o n s t a n t  r e l a t i v e  h u m i d i t y  t a b l e t  h a r d n e s s  

s i g n i f i c a n t l y  d e c r e a s e d  (p<O.OOl ) .  

A s  s e e n  i n  T a b l e  3 ,  a l m o s t  f i f t y  p e r  c e n t  r e d u c -  

t i o n  i n  t a b l e t  h a r d n e s s  v a l u e s  was o b s e r v e d  a t  4 0 ° / 7 5 %  

R H ,  30°/75%RH a n d  RT/75%RH. T h e s e  r e s u l t s  a r e  i n  a c c o r -  

d a n c e  w i t h  p r e v i o u s  p a p e r s ( 5 - 8 ) .  

On t h e  o t h e r  h a n d ,  t h e r e  was no  c h a n g e  i n  h a r d n e s s  

v a l u e s  o f  t h e  t a b l e t s  s t o r e d  a t  RT/Amb.RH. A s  a r e s u l t ,  

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

by water s o r p t i o n .  

F u r t h e r m o r e ,  a s  s e e n  i n  T a b l e  4 ,  d e s o r p t i o n  a t  

50°/Amb.RH a l s o  a f f e c t e d  t h e  h a r d n e s s  o f  t a b l e t s .  T h e  

d e c r e a s e  i n  h a r d n e s s  was b e t w e e n  0.25-0.60 k g  a t  t h e s e  

c o n d i t i o n s .  When t h e  t a b l e t s  were s t o r e d  a t  50°/Amb.RH 

a f t e r  h y d r a t i o n  a t  a m b i e n t  c o n d i t i o n  (RT/Amb.RH),  

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

i n  t h e  t a b l e t  h a r d n e s s .  I t  c a n  b e  s a i d  t h a t  d e c r e a s e  

i n  h a r d n e s s  v a l u e s  o f  t a b l e t s  d u r i n g  water  s o r p t i o n  

were n o t  f o u n d  t o  b e  r e v e r s i b l e  a t  water d e s o r p t i o n .  

On t h e  o t h e r h a n d ,  when  t h e  t a b l e t s  f i r s t  h y d r a t e d  

a t  RT/75%RH a n d  t h e n  s t o r e d  a t  RT/50P%RH, t h e i r  h a r d n e s s  

v a l u e s  e x h i b i t e d  a s i g n i f i c a n t  i n c r e a s e  (p<O.OOl)  b u t  

d e h y d r a t i o n  a t  RT/30%RH s h o w e d  n o  d i f f e r e n c e  c o m p a r e d  

t o  t h e  i n i t i a l  v a l u e s  ( T a b l e  4 ) .  F o r  f u r o s e m i d e  t a b l e t s ,  

d e s o r p t i o n  c o n d i t i o n s  h a d  a n  i m p o r t a n c e  i n  d e s o r p t i o n  

p e r i o d .  
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MOISTURE SORPTION AND DESORPTION ON FUROSEMIDE TABLETS 1837 

0-time 

2.4 
(0.4541) 

3.05 
(0.1118) 

2ondi tionr 

** 

40°/7 5%RH 

** 
30°/75%RH 

# 

RT/7 5%RH 

4.days 8 .days  12.days 

1.4 2 .o 1.5 
(0.4183) (0.3535) (0.4472) 

2.5 2.45 2.85 
(0.6123) (0.3708) (0.2236) 

** 
RT/Amb . RH 

* 
RT/50%RH 

* 
RT/30%RH 

Table 4 

E f f e c t  of Water Desorption (50°/Amb.RH, 
RT/50%RH and RT/30%RH) on t h e  Hardness 
{Mean (kg)  2 SDl of Furosemide T a b l e t s  

1.41 I 0.92 I 0.83 1 0.75 
(0.3077) (0.2041) (0.2041) (0.2236) 

3.95 I 3.75 1 3.45 1 3.31 
(0.4442) (0.2500) (0.2738) (0.2393) 

2.2 1 3.16 I 3.8 I 3.4 
(0.4472) (0.6645) (0.7582) (0.2236) 

2.2 I 2.15 I 2.8 1 2.55 
(0.4472) (0.2236) (0.2738) (0.2738) 

(0.1581) Oo70 1 (0.1581) 0*75 I 
3.90 1 4.20 1 

(0.65L9) (0.7582) 

3.2 I 3.35 1 
(0.4472) (0.2236) 

1 . 6  1 2. 5 1 
(0.4133) (0.3354) 

* Previously exposed t o  RT/75%RH ** Previously exposed t o  t h e s e  condi t ions .  

When t h e  r a t e  o f  h a r d n e s s  c h a n g e s  were c o m p a r e d  

a t  m o i s t u r e  s o r p t i o n  and  d e s o r p t i o n  p e r i o d s ,  i t  c a n  b e  

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

s o r p t i o n  p e r i o d  t h a n  i n  d e s o r p t i o n .  

D i s i n t e g r a t i o n  Time 

As i t  i s  o b s e r v e d  a t  T a b l e  5 ,  m o i s t u r e  s o r p t i o n  

h a s  a n  i m p o r t a n t  e f f e c t  on  t h e  d i s i n t e g r a t i o n  t i m e  o f  
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1838 AKBUGA AND GURSOY 

Tab le  5 

E f f e c t  of  Mois ture  S o r p t i o n  on t h e  D i s i n t e g r a t i o n  
Time (seconds)  of Furosemide T a b l e t s  

f u r o s e m i d e  t a b l e t s .  A t  c o n s t a n t  r e l a t i v e  h u m i d i t y  ( 7 5 %  

R H )  a s  t h e  t e m p e r a t u r e  i n c r e a s e d ,  d i s i n t e g r a t i o n  t ime 

of t a b l e t s  s u b s t a n t i a l l y  d e c r e a s e d .  A t  40° /75%RH d i s i n -  

t e g r a t i o n  t ime o f  f u r o s e m i d e  t a b l e t s  c h a n g e d  f r o m  115 s 
t o  20 s .  D i s i n t e g r a t i o n  t ime o f  t h e  t a b l e t s  a l s o  reduced  

a t  RH/Amb.RH. 

A t  a l l  c o n d i t i o n s ,  water  s o r p t i o n  r e s u l t e d  a 

d e c r e a s e  i n  t h e  d i s i n t e g r a t i o n  t imes  o f  t a b l e t s .  O u r  

d a t a  a r e  i n  a c c o r d a n c e  w i t h  p r e v i o u s  r e p o r t s ( 5 , 8 ) .  

G e n e r a l l y  t h e  dec rease  i n  t h e  d i s i n t e g r a t i o n  t ime  o f  

t a b l e t s  was v e r y  r a p i d  d u r i n g  t h e  f i r s t  4 d a y s .  

T a b l e  6 s h o w s  t h e  e f f e c t  of  m o i s t u r e  d e s o r p t i o n  

on t h e  d i s i n t e g r a t i o n  t ime o f  t a b l e t s .  Almost n o  c h a n g e  

was f o u n d  i n  t h e  d i s i n t e g r a t i o n  t ime of  t h e  t a b l e t s  

w h i c h  were h y d r a t e d  a t  40° /75%RH,  30°/75%RH a n d  R T / 7 5 %  

R H  a n d  a f t e r w a r d s  m a i n t a i n e d  a t  50°/Amb.RH f o r  d e s o r p -  

t i o n .  H o w e v e r ,  a t  t h e  o t h e r  d e s o r p t i o n  c o n d i t i o n s ,  d i s -  

i n t e g r a t i o n  t ime o f  t h e  t a b l e t s  s l i g h t l y  i n c r e a s e d .  
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MOISTURE SORPTION AND DESORPTION ON FUROSEMIDE TABLETS 1839 

T a b l e  6 

E f f e c t  of Water C e s o r p t i o n  (50°/Amb.RH, 
RT/50%RH and RT/30%RH) on t h e  D i s i n t e g r a t i o n  

Time ( s e c o n d )  of  Furosemide  T a b l e t s  

* P r e v i o u s l y  exposed t o  RT/75%RH 
** P r e v i o u s l y  exposed t o  t h e s e  c o n d i t i o n s  

I t  was n o t e d  t h a t  i n  f u r o s e m i d e  t a b l e t s ,  t h e  

d e c r e a s e  i n  d i s i n t e g r a t i o n  t ime  c a u s e d  b y  water  s o r p -  

t i o n  c o u l d  n o t  b e  r e v e r s e d  by d e s o r p t i o n  o f  t h e  

m o i s t u r e .  

D i s s o l u t i o n  S t u d i e s  

T a b l e  7 i n d i c a t e s  t h e  e f f e c t  of  m o i s t u r e  s o r p t i o n  
o n  t h e  d i s s o l u t i o n  p a r a m e t e r s  o f  f u r o s e m i d e  t a b l e t s .  

E x c e p t  4 0 ° / 7 5 % R H  a s i g n i f i c a n t  c h a n g e  i n  t h e  d i s s o l u -  
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MOISTURE SORPTION AND DESORPTION ON FUROSEMIDE TABLETS 1841 

t i o n  p a r a m e t e r  was n o t  o b s e r v e d  d u r i n g  t h e  water  s o r p -  

t i o n .  When t h e  d i f f e r e n t  t h e r m a l  c o n d i t i o n s  were compa-  

r e d ,  e x c e p t  t o  40° /75%RH n o  s i g n i f i c a n t  d i f f e r e n c e  was 

a l s o  f o u n d .  H o w e v e r ,  a f t e r  t h e  t a b l e t s  h a v e  b e e n  h y d r a -  

t e d  a t  40° /75%RH f o r  2 0  d a y s ,  d i s s o l u t i o n  p r o p e r t i e s  

o f  t a b l e t s  c h a n g e d  a n d  t50 v a l u e  a l t e r e d  f r o m  4.72 m i n  

t o  1 2 . 5 0  m i n .  

T a b l e  8 d e m o n s t r a t e s  t h e  e f f e c t  o f  m o i s t u r e  desorp-  

t i o n  o n  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  o f  t a b l e t s .  

D e s o r p t i o n  a t  50°/Amb.RH o f  t h e  t a b l e t s  p r o d u c e d  a n  

a d v e r s e  e f f e c t  o n  t h e i r  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 .  

E x c e p t  d e s o r p t i o n  a t  4 0 ° / 7 5 % R H ,  a s l i g h t  d e c r e a s e  i n  

d r u g  r e l e a s e  was f o u n d  i n  t h e  t a b l e t s  t h e r m a l l y  

d e h y d r a t e d .  H o w e v e r  n o  d i f f e r e n c e  was f o u n d  a f t e r  

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

P o r o s i t y  

T a b l e  9 s h o w s  t h e  e f f e c t  o f  m o i s t u r e  s o r p t i o n  a n d  

d e s o r p t i o n  o n  t a b l e t  p o r o s i t y .  I t  a p p e a r e d  t h a t  a f t e r  

s o r p t i o n ,  t a b l e t  p o r o s i t y  i n c r e a s e d  f r o m  1 5  t o  30-50 
p e r  c e n t .  H o w e v e r ,  a f t e r  d e s o r p t i o n  l o w  p o r o s i t y  

v a l u e s  were o b s e r v e d .  

A f t e r  t h e  water  s o r p t i o n ,  t h e  d i s i n t e g r a t i o n  t ime  

i n c r e a s e d  w i t h  i n c r e a s i n g  p o r o s i t y  a s  e x p e c t e d .  However, 

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

t i o n  were f o u n d  t o  b e  r e v e r s i b l e  a t  m o i s t u r e  d e s o r p -  

t i o n .  On t h e  o t h e r  h a n d  a t  t h i s  p e r i o d  n o  r e l a t i o n  b e t -  

w e e n  t h e  d i s i n t e g r a t i o n  t i m e  a n d  p o r o s i t y  was s e e n .  
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MOISTURE SORPTION AND DESORPTION ON FUROSEMIDE TABLETS 1843 

S o r p t i o n  

TABLE 9 

Desorp t ion  

P o r o s i t y  (%) of T a b l e t s  Af t e r  Mois ture  
S o r p t i o n  and Desorp t ion  

RT/ 7 5%RH 

RT/Amb . RH 

RT/50%RH 

RT/30%RH 

52.90 11.00 

34.94 20.70 

- 26.60 

- 19.96 

I I I n i t i a l  I 15.04 I - 

1 40°/75%RH I 18.53 I 7.17 I 
I 30°/75%RH 1 19.55 1 15.81 I 

A s  a c o n c l u s i o n ,  m o i s t u r e  s o r p t i o n  i n  f u r o s e m i d e  

t a b l e t s  i s  a v e r y  r a p i d  f i r s t - o r d e r  r a t e  p r o c e s s  p r o -  

d u c i n g  s u b s t a n t i a l  c h a n g e s  i n  t h e  p h y s i c a l  p r o p e r t i e s  

o f  t a b l e t s .  A f t e r  e q u i l i b r i u m  a t  c o n s t a n t  t e m p e r a t u r e ,  

t h e  m o i s t u r e  l e v e l s  o f  f u r o s e m i d e  t a b l e t s  a r e  p r o p o r -  

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

t i o n s .  A t  d i f f e r e n t  t e m p e r a t u r e s  m o i s t u r e  s o r p t i o n  

c a u s e d  a r e m a r k a b l e  decrease  i n  h a r d n e s s  v a l u e s  o f  

f u r o s e m i d e  t a b l e t s .  F u r t h e r m o r e ,  a c o m p l e x  c h a n g e  i n  

h a r d n e s s  v a l u e s  was o b s e r v e d  a f t e r  m o i s t u r e  d e s o r p t i o n .  

B y  water  s o r p t i o n  t h e  d i s i n t e g r a t i o n  t ime of t a b l e t s  

i n d i c a t e d  o n  e x t r e m e  d e c r e a s e .  H o w e v e r ,  t h e  c h a n g e s  i n  

t h e  p h y s i c a l  p r o p e r t i e s  o f  f u r o s e m i d e  t a b l e t s  were 
f o u n d  t o  b e  i r r e v e r s i b l e  w h e n  t h e  water  was r e m o v e d  b y  

d e s o r p t i o n .  
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1844 AKBUGA AND GURSOY 

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

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

became a l m o s t  i n v a r i a n t  a f t e r w a r d s .  

E x c e p t  s t o r a g e  a t  h i g h  t e m p e r a t u r e  a n d  h i g h  r e l a -  

t i v e  h u m i d i t y ,  d i s s o l u t i o n  p a r a m e t e r s  o f  t h e  t a b l e t s  

a r e  l e s s  a f f e c t e d  by m o i s t u r e  s o r p t i o n  a n d  d e s o r p t i o n .  
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