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STUDIES OF FUROSEMIDE TABLETS I €  
-INFLUENCE OF WET-MIXING TIME, BINDER VOLUME AND 

BATCH VARIATION ON DISSOLUTION RATE 

Julide Akbuga and Ayl; Gursoy 

University of Marmara.Facu1 ty of Pharmacy.Department of 
Pharmaceutical Technology. Ni$antaSi/Istanbul/TURKEY. 

ABSTRACT 

The effect of wet-mixing time and the volume of granulating 
solution on furosemide tablet quality and in vitro dissolution 
rate were studied. The wet-mixing time has shown an effect on the 
in vitro dissolution of furosemide tablet formulation. Small varia- 
tions in wet-mixing time can be important and effective on the 
tablet dissolution. A decrease in the dissolution rate was observed 
when the time of wet-mixing increased. 

of gelatin was constant, did not alter the tablet dissolution. 
Changes in the volume of granulating solution, when the amount 

Moreover, the effect of batch variation on tablet formulation 
was also investigated. There was no significant differences in the 
dissolution of the different batch o f  furosemide bulk powder. 

INTRODUCTION 

It is known that some of the generic furosemide tablets might 
not be therapeutically interchangable ( 1  ) .  Recent reports have 
suggested that drug availability and dissolution of these commer - 
cia1 preparations are variable, especially when the products of 
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2542  AKBUGA AND GURSOY 

di f fe ren t  manufacturers a re  compared ( 2 , 3 , 4 )  and a good correla- 
t i o n  between i n  v i t r o  dissolut ion and in vivo parameters f o r  furo- 
semide t a b l e t s  has been established ( 4 ) .  

Our previous work indicated tha t  some of t h e  commercial furo- 
semide t a b l e t s  dissolved slowly and t a b l e t  manufacturing methods 
affected furosemide dissolut ion.  The best resul t c  were obtained 
w i t h  tbie wet-granulation process ( 5 ) .  Therefore a s t u d y  of the wet- 
mixing time, volume of granulating solution a n d  batch variation on 
furoseniide t a b l e t  properties were undertaken i n  !,his p a r t  of study. 

EXPERIMENTAL 

Ma t e r i ti 1 s ___- 

Furosemide (Hoechst AG,  Frankfurt) ,  anhydrous lactose (Shef- 
f i e l d  Chem. New Jersey 070711,  magnesium s t e a r a t e  (E.Merck, Ilarm- 
s t a d t ) .  Starch, gelat in  and t a l c  were pharmaceutical grade. lpH 4.6 
acetate  buffer ( 6 )  was used. 

Apparatus 
Tablet machine (Korsch E K - 0 ,  Ber l in) ,  hardriess t e s t e r  (Mon- 

santo) , spectrophotometer (Varian, Techtron Series 634) .  
Methods -- 

The standard tab le t  formulation was: Furosemide 40  mg, lactose 
1 C O  m q ,  corn starch 50 mg, ge la t in  solution ( 5  % w / v )  30 % v / w ,  
t a l c  8.1 mg, magnesium s t e a r a t e  5.4 mg per t a b l e t .  

- Effect of Wet- Mixing Time 

All the ingredients were dried a t  60° /2  hrs and sieved. Furo -  
semide in 1 0 0  - mesh s ize  was used. Powders were mixed in a plas- 
t i c  bag f o r  5 min and granulated under standard conditions Lising 

5,  1 0  and 30 min wet-mixing time. The mass was discharged t h r o u g h  
an osc i l la t ing  granulator f i t t e d  w i t h  a 20 mesh. The granules were 

dried f o r  1 hr a t  60' and the lubricant was incorporated by mixing 
i n  a p las t ic  bag before using a 25 mesh screen. The t a b l e t s  were 
compressed on a single-punch t a b l e t  machine using 8.1 mm f l a t -  
faced punches. 
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STUDIES OF FUROSEMIDE TABLETS. I1 2543 

E f f e c t  o f  V a r i a t i o n s  i n  B i n d e r  Volume 

T a b l e t s  were p repared  b y  t h e  a d d i t i o n  o f  2 0  %, 25 % and 30 % 

v/w o f  h o t  g e l a t i n  s o l u t i o n  ( 5  %) .  Powders were g r a n u l a t e d  under  

s t a n d a r d  c o n d i t i o n s  u s i n g  5, 1 0  and 30 m in  w e t - m i x i n g  t i m e .  

E f f e c t  o f  Ba tch  V a r i a t i o n  

40  mg o f  f u r o s e m i d  o b t a i n e d  f r o m  2 d i f f e r e n t  m a n u f a c t u r e r s  was 

d i r e c t l y  f i l l e d  i n t o  s i z e  0 g e l a t i n  capsu les .  Furosemide t a b l e t s  

were a l s o  p repared  f r o m  2 d i f f e r e n t  ba tches  des igned  as I and 11. 

T a b l e t  p r o p e r t i e s ;  

F o r  each f o r m u l a t i o n  t a b l e t  p r o p e r t i e s  such as w e i g h t  v a r i a -  

t i o n  , hardness, f r i a b i l i t y ,  d i s i n t e g r a t i o n  t i m e ,  c o n t e n t  u n i f o r m i t y  

and d i s s o l u t i o n  r a t e  were de te rm ined  as p r e v i o u s l y  d e s c r i b e d  i n  

o u r  r e p o r t  ( 5 ) .  

RESULTS and DISCUSSION 

I n f l u e n c e  o f  Wet -Mix ing  Time 

As i n d i c a t e d  i n  T a b l e  I t a b l e t  f o r m u l a t i o n s  p repared  i n  

v a r i o u s  we t -  m i x i n g  t i m e s  showed good t a b l e t  p r o p e r t i e s  such as 

hardness ,  f r i a b i l i t y ,  d i s i n t e g r a t i o n  t i m e ,  w e i g h t  v a r i a t i o n  and 

c o n t e n t  u n i f o r m i t y .  B u t  an optimum t i m e  i s  needed f o r  m i x i n g  t h e  

mo is tened  mass, and p r o l o n g a t i o n  o f  t h i s  p e r i o d  changes t h e  con- 

s i s t e n c y  o f  t h e  mass wh ich  l o o k s  l i k e  q u i t e  a t h i c k  suspens ion .  

W h i l e  t h e  amount o f  g r a n u l a t i n g  s o l u t i o n  i s  c o n s t a n t ,  t h e  d i f -  

f e r e n c e  i n  mo is tened  mass c o n s i s t e n c y  i s  d i r e c t l y  p r o p o t i a n a l  t o  
t h e  w e t - m i x i n g  t i m e .  The p r o l o n g a t i o n  o f  w e t - m i x i n g  t i m e ,  d u r i n g  

t h e  g r a n u l a t i o n  process ,  had a c o n s o l i d a t i o n  e f f e c t  on b u l k  powder 

When a c o n s t a n t  compress ion  f o r c e  (A) was a p p l i e d  t o  t h e  

g r a n u l e s ,  p repared  as ment ionned above, an i n c r e a s e  i n  t a b l e t  h a r d -  

ness r e l a t e d  t o  t h e  w e t - m i x i n g  t i m e  was obse rved  ( T a b l e  I ,  F i g . 1 )  

T h e ~ e  was apoor c o r r e l a t i o n  between we t -m ix ing  t i m e  and t a b l e t  

hardness  ( r=0 .488)  b u t  no c o r r e l a t i o n  was obse rved  between d i s -  
i n t e g r a t i o n  t i m e  and d i s s o l u t i o n  r a t e  ( r=0 .715) .  When t a b l e t s  
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F i g u r e  1. Wet -m ix ing  t i m e  and hardness  

c o r r e l  a t  i on o f  f u rosemi  de t a b l  e t  s 

were compressed w i t h  g r a n u l e s  p repared  w i t h  d i f f e r e n t  w e t - m i x i n g  

t i m e s  b u t  of a lmos t  equa l  hardness  ( B )  p r o l o n g a t i o n  o f  d i s i n t e g -  

r a t i o n  t i m e s  were observed ( T a b l e  2 ) .  We t -m ix ing  t i m e  a f f e c t s  t h e  

d i s s o l u t i o n  r a t e .  t 5 0  v a l u e s  were 5.30 and 11.00 min for  5 min 

and 1 0  m in  m ixed  t a b l e t  f o r m u l a t i o n s  r e s p e c t i v e l y .  D i s s o l u t i o n  

r a t e  o f  t a b l e t  was r e l a t e d  w i t h  t h e  t i m e  t h a t  a change began t o  

appear  i n  t h e  c o s i s t e n c e  o f  t h e  mo is tened  mass. A f t e r  t h i s  s t a g e  

t h e  p r o l o n g a t i o n  o f  m i x i n g  t i m e  had no e f f e c t  on t h e  d i s s o l u t i o n  

parameters .  5 m in  w e t - m i x i n g  t i m e  was found as an optimum p e r i o d .  
Our d a t a  on t h e  impor tance  o f  w e t - m i x i n g  t i m e  i s  i n  accordance w i t h  

t h e  p r e v i o u s  r e p o r t s  (8,9). 

I n f l u e n c e  of  B ind inc l  S o l u t i o n  Volume 

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  p repared  by u s i n g  

d i f f e r e n t  volumes o f  g r a n u l a t i n g  s o l u t i o n  a t  a f i x e d  g e l a t i n  concen- 
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15 30 45 60 
t(min) 

Figure 2. Comparison o f  d i sso lu t i on  p r o f i l e s  o f  furosemide 
capsules and t a b l e t s  prepared w i t h  batch ( I )  and 
batch (11). 
Key: Furosemide bulk powders (- - -)  

Furosemide t a b l e t  ( 1 
Batch I ( x  x), Batch I1 (-) 

t r a t i o n ,  were given i n  Table 3 and 4. Mixing the mass a t  d i f f e r e n t  
periods w i t h  30 % b inding so lu t i on  caused d i sso lu t i on  dif ferences. 
To examine the  importance o f  b inding so lu t i on  volume 20 %, 25 % and 
30 % r a t i o s  were investigated. However there was no t  any s i g n i f i c a n t  
e f f e c t  o f  these volumes on d i sso lu t i on  times. As shown i n  Table 5 
when 20 % b inding so lu t i on  was appl ied t50 were 5.00 min and 11.30 
min f o r  t he  mixing times o f  5 min and 30 min respect ively.  
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Difference  Related t o  Batch Var ia t ions  

Disso lu t ion  p r o f i l e s  of capsules  prepared from two d i f f e r e n t  
batches of furosemide a r e  shown in  Fig.2. Disso lu t ion  p r o f i l e s  of 
t hese  batches were found q u i t e  d i f f e r e n t  from each o t h e r  ( t50 was 
more than 60 min f o r  Batch I ,  a n d  t50 was 48 min f o r  Batch 11 )  and 
the con ten t s  of t h e  capsules  remained a s  aggrega tes  a t  t h e  end of 
d i s s o l u t i o n  t e s t .  Whereas t a b l e t s  prepared from d i f f e r e n t  batches 
were unaf fec ted  a n d  exh ib i t ed  almost s i m i l a r  p r o f i l e s .  A 3 0  values  

were found 71 % and 79.41 % f o r  batches I and I 1  r e s p e c t i v e l y .  
The r e s u l t s  a r e  summarized i n  Fig.2.  Slow d i s s o l u t i o n  of capsule  
conten t  was not  t r aced  t o  t h e  t a b l e t s ,  a s  i t  was repor ted  pre- 
v ious ly  ( 1 , 2 )  , e s p e c i a l l y  granul t a ion  process  and compression a f -  
f ec t ed  furosemide d i s s o l u t i o n .  

Resul t s  confirm t h e  opinion t h a t  during wet granula t ion  pro- 
ces s  of furosemide t a b l e t  formula t ion ,  wet-mixing time of moistened 
mass has a prime importance from t h e  poin t  of t a b l e t  d i s s o l u t i o n .  
An optimum period in  wet-mixing process  i s  needed and these  f ind ings  

can be important in  con t ro l1  ing i n d u s t r i a l  g ranu la t ions .  B u t  d i s -  
so lu t ion  was unaf fec ted  by t h e  volume d i f f e r e n c e s  of binding so lu -  
t i o n .  The da ta  sugges ts  the need f o r  s t anda rd iza t ion  of process  
f a c t o r s  f o r  production of furosemide t a b l e t s  in  o rde r  t o  be a b l e  
t o  c o r r e l a t e  d i s s o l u t i o n  w i t h  b i o a v a i l a b i l i t y .  The c o n t r a r y ,  these 
brand-to-brand and batch-to-batch d i f f e r e n c e s  wi l l  cause therapeu-  
t i c  f a i l u r e s .  
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