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STUDIES ON FUROSEMIDE TABLETS I 
DISSOLUTIONS OF COMMERCIAL PRODUCTS 

AND DIFFERENT FORMULATIONS 

Julide Akbuga and Ayla Gursoy' 
University of Marmara. Faculty of Pharmacy. Department of 
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ABSTRACT 

Tablet properties of 3 different commercial brands of furo- 
semide tablets from different manufacturers have been investiga- 
ted. Their dissolution characteristics were determined by using 
USP rotating basket method and two different pH degrees as the 
test medium. At pH 4.6 a large variation in the dissolution rate 
of these brands was observed. The release rate differed from one 
lot to another. 

The effect of methods of tablet processing on furosemide 
release was also studied. A poor dissolution profile was obser- 
ved with the tablet prepared by direct compression. The best 
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2200 AKBUGA AND G U R S O Y  

r e s u l t  was obtained wi th  t h e  wet-granulat ion and t.he further 
s tudy i s  extended on t h i s  process .  

I NT RO D UCT I 0 N 
___I-.- 

Furosemide i s  a widely used d i u r e t i c  d r u g  with a rap id  ac t ion  
f o r  the t rea tment  of edematous s t a t e s  o f  h e p a t i c ,  ca rd iac  and 
renal  o r i g i n .  I t  can be used i n  c l i n i c a l  c i rcumstances where a 
p r u m p t  d i u r e s i s  i s  need. B u t ,  r ecen t ly  d i u r e t i c  i n e f f e c t i v e n e s s  
of some of t h e  furosemide t a b l e t  products  have been reported ( 1 - 6 ) .  
I n  t h e  U.S.A. a gener ic  furosemide t a b l e t  was r e c a l l e d  by the FDA 

because of i t s  t h e r a p e u t i c  f a i l u r e  ( 7 ) .  However t h e r e  i s  no i n f o r -  
mation about conimerc-ial furosemide t a t l l e t s  in  our  market.  

On t he  o t h e r  hand, very l i t t l e  works have been published on 

the  pharmaceutical  f a c t o r s  which a f f ec : t  the furosernide t a b l e t  d i s -  
s o l u t i o n  (8-12),. 

S ince  furosemide i s  a poorly water -so luble  d r u g ,  d i s s o l u t i o n  
may be a r a t e - l i m i t i n g  s t e p  in  d r u g  abso rp t ion .  I t  was noted t h a t  
d i f f e r e n t  formulat ion ,var iab les  such as t h e  type  o f  d i s i n t e g r a n t  , 
b inde r ,  l u b r i c a n t  were e f f e c t i v e  a t  t h e  d i s s o l u t i o n  of furosemide 
from t a b l e t s .  Recent ly ,  c o r r e l a t i o n  between in v i t r o  d i s s o l u t i o n  
r a t e  and d r u g  b i o a v a i l d b i l i t y  of furosemide was reported (13-14) .  

The present. s tudy was undertaken t o  i n v e s t i g a t e  in  v i t r o  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  of furosemide commercial t a b l e t s  ava i l  - 
ab le  on t h e  market arld the  secondly ,  t o  research  the e f f e c t  of 
formulat ion f a c t o r s  a n d  process  v a r i a b l e s  on t h e  d i s s o l u t i o n  of 
f u rosemide  t a b l e t s .  

EXPERIMENTAL - 

Mater ia l s  
Furosemide (hoechs t  A.G.  Frankfu r t )  , anhydrou:; l a c t o s e  (Shef-  

f i e l d  Chem. New Je r sey  07  0 7 1 ) ,  Avicel PH 1 0 1 .  (FMC Corp. Marcus 
Hook.Phi ladelphia) ,  mlagnesium s t e a r a t e  (E.Meck, Darmstadt) .  S t a r c h ,  
g e l a t i n  and t a l c  were pharmaceutical  g rade .  

The fol lowing buff'ers were used: pH 4.6 ( a c e t a t e )  ( 1 5 ) ,  pH 

7.4 (phosphate)  (USP X X ) .  
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STUDIES ON FUROSEMIDE TABLETS I 2201 

Three l o t s  of furosemide-4G mg tab le t s  manufactured by 3 
d i f fe ren t  manufacturers were investigated and  the preparations 
were labeled according t o  the date of manuf(3cture; L l ,  L2, L 3 ,  

D 1 ,  D2, D 3 ,  K1, K 2 ,  K 3 ,  respectively.  
Apparatus 
Tablet machine (Korsch E K - 0  B e r l i n ) ,  h(3rdness t e s t e r  (Mon- 

san to) ,  disintegration t e s t e r  (Denel F i z i k ) ,  f r i a b i l a t o r  (Roche), 
dissolution t e s t e r  USP, spectrophotometer (Varian, Techtron Series 
6 3 4 ) .  
Met hods 

Studies on the commercial Furosemide Tab1 e t s  

Different l o t s  of furosemide t a b  e t s  were tested as follows; 
Disintegration, weight variation and content uniformity t e s t s  

were carried o u t  according t o  USP X X .  and coeff ic ient  of variation 
(cv)  was calculated for  weight var ia t  o n ,  

value was obtained. 

__- 

Hardness of a t  l e a s t  s i x  t a b l e t s  was determined a n d  a mean 

Dissolution t e s t ;  the r o t a t i n g  basket method of USP XX was 
used. A t  37 
Dissolution t e s t  was carried o u t  w i t h  two d i f fe ren t  buffer systems; 
pH 4.6.  acetate  and pH 7 . 4  phosphate buffers.  The rotat ing ra te  
was 75 rpm. The amount  of substance dissolved in u n i t  time was 
determined 
mean of s ix  determinations. By TLC under the experimental condi- 
t ions no degradation was found. 

0.5', 1 0 0 0  m l  o f  buffer was used as a medium. 

spectrophotometrical ly  a t  272  nm. The resu l t s  are  the 

Formulation Studies - 

Different furosemide t a b l e t s  were prepared with the formula- 
t i o n s ;  shown i n  Table I ,  by u s i n g  the manufacturing processes given 
below: 

Formulat ion prepared by slugging ( F - I )  
All the ingredients were dried a t  6G0/2 hrs a n d  sieved. Furo- 

semid i n  100-mesh s i z e  was used. Powders were mixed i n  a p las t ic  
bag f o r  5 m i n  and then compressed. The briquettes so formed were 
broken u p  gradually in a mortar before passing t h r o u g h  a 25 mesh 
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2202 

TABLE: 1 

T a b l e t  F o r m u l a t i o n s  

AKBUGA AND GUIISOY 

I I n g r e d i e n t s  
I 

(mg) , F - I  
___________-I.---- 

F u ro s em i d e 1 40 
. ___ ~ -- 

I 

L a c t o s e  

___ 

Co r n s t a r c t-i 

A v i c e l  PH 1C1 
- 

Gel a t i n e  

T a l c  j 5.7 

Magnes i um 1 3.8 
s t e a  r a  t e  

___-____ 

I 40 
4 c  1 41) 

--+ +---- 

- I - 1 150 

F-V 

40 
___ -- 

100 

50 

2.8 

8.1 

5.4 

___- 

screen.  L u b r i c a n t  was added and compressed on a s i n g l e - p u n c h  t a b -  

l e t  machine u s i n g  8.1 mm f l a t - f a c e d  punches. 

F o r m u l a t i o n  p repared  by  d i r e c t  compress ion  (F-11 ,  F-111) .  
D r i e d  i n g r e d i e n t s  were s i e v e d  and m ixed  i n  ?I p l a s t i c  bag 

F o r m u l a t i o n  priepared by wet  g r a n u l a t i o n  (F - IV ,  F-V).  

The powders were m ixed  and b i n d e r  s o l u t i o n  was added. The 

t o t a l  w e t - m i x i n g  t i m e  was 10 m i n u t e s ,  The mass was d i s c h a r g e d  

t h r o u g h  an o s s i l l a t i n g  g r a n u l a t o r .  f - i t t e d  w i t h  16 mesh sc reen .  

The g r a n u l e s  were d v i e d  f o r  20  m i n  a t  60' and t h e  l u b r i c a n t  i n -  

c o r p o r a t e d  by  m i x i n g  i n  a p l a s t i c  bag f o r  5 m i n  a f t e r  s i e v i n g  

f o r  5 m i n  t h e n  t a b l e t s  were compressed as ment ionned above. 
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STUDIES O N  FUROSEMIDE TABLETS I 2203 

t h r o u g h  a 25-mesh sc reen .  The t a b l e t s  were compressed as men t ion -  

ned above, 

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  were de te rm ined  as d e s c r i b e d  above. 

RESULTS and D I S C U S S I O N  __ ___-- 
S t u d i e s  on Commercial T a b l e t s  

T a b l e t  p r o p e r t i e s  o f  3 b rands  o f  comniercial  f u rosemide  t a b  

________~___ 

produced by d i f f e r e n t  m a n u f a c t u r e r s  a r e  shown i n  T a b l e  2. 

As i t  i s  seen i n  T a b l e  2 ,  t h e s e  commercial  t a b l e t s  met t h e  

X X .  r equ i remen ts  f o r  w e i g h t  v a r i a t i o n s  and d i s i n t e g r a t i o n  t i m e s  

Except  L o t s  D, and D 3 ,  f u rosemide  c o n t e n t  o f  t h e s e  t a b l e t s  were 

e t s  

USP 

w i t h i n  t h e  l i m i t s  o f  USP X X .  T h e r e f o r e  i t  can be s a i d  t h a t  t h e s e  

t a b l e t s  a r e  c h e m i c a l l y  e q u i v a l e n t ,  On t h e  o t h e r  hai id, e x c e p t  l o t s  

D 2 ,  D3, K 2 ,  and K3 f u rosemide  t a b l e t s  had a s a t i s f a c t o r y  mechani-  

c a l  s t r e n g t h .  On ly  i n  Brand D handness v a l u e s  changed between 1.6- 

S i n c e  t h e r e  i s  no d i s s o l i t o n  s p e c i f i c a t i o n  f o r  f u rosemide  

3.0 kg .  

t a b l e t  i n  t h e  pharmacopeia and pH o f  t h e  medium i s  v e r y  i m p o r t a n t  

f o r  fu rosemide,  d i s s o l u t i o n  mediums h a v i n g  2 d i f f e r e n t  pH degrees 

(4 .6  and 7 . 4 )  were t e s t e d .  As observed i n  T a b l e  2 ,  excep t  l o t  D 3  

a l l  t h e  t a b l e t s  showed a r a p i d  and s i m i l a r  d r u g  r e l e a s e .  The t50 

va lues  changed between 5-8.30 m i n  i n  Brand L and 5 - 1 0  m i n  i n  Brand 

K w h i l e  i n  Brand D v a r i e d  between 4-24 m i n .  I t  can be s a i d  t h a t  

a t  pH 7.4 - excep t  l o t  D3  - a l l  t h e  commercial  f u rosemide  t a b l e t s  

had a r a p i d  d i s s o l u t i o n  p r o f i l e s .  

Prasad e t  a1 ( 7 )  n o t e d  t h a t  d i f f e r e n c e s  i n  d i s s o l u t i o n  p r o f i l e s  

o f  f u rosemide  t a b l e t s  were d i sappeared  a t  pH 7.4, based on t h i s  
i n f o r m a t i o n ,  d i s s o l u t i o n  s t u d i e s  were r e p e a t e d  a t  pH 4.6. Indeed,  

a t  pH 4.6 s i g n i f i c a n t  v a r i a t i o n s  i n  v i t r o  d i s s o l u t i o n  r a t e s  o f  

commercial  t a b l e t s  were found  ( T a b l e  2 ) .  Our f i n d i n g s  a r e  i n  ac- 

cordance w i t h  R u b i n s t e i n  e t  a1 ( 8 )  and Prasad e t  a1 ( 7 )  t h a t  t h e  

d i s s o l u t i o n  medium w i t h  pH between 4.0-5.0 i s  v e r y  c o n v e n i e n t  t o  

d i f f e r e n t i a t e  good and p o o r  fu rosemide  f o r m u l a t i o n .  

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 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



2204 AKBUGA A N D  GURSOY 
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STUDIES ON FUROSEMIDE TABLETS I 2205  

Furosemide t a b l e t s  h a v i n g  a good 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  i n  

pH 7.4, l o t s  L 1 ,  L2 ,  D 2 ,  K1 , and K3,  i n d i c a t e d  a v e r y  l o n g  d i s -  

s o l u t i o n  h a l f - l i f e  a t  pH 4.6. However a r a p i d  d i s s o l u t i o n  was 

o b t a i n e d  w i t h  t h e  l o t s  L 3 ,  D,, D3, and K 2 ,  .Slow d i s s o l u t i o n  r a t e s  

observed i n  t a b l e t  l o t s  L, , L2, D2, and K 1  , can be a t t r i b u t e d  t o  

t h e  aggrega tes  remained i n  t h e  b a s k e t  d u r i n g  t h e  t e s t .  As t h e  f u r o -  

semide c o n t e n t s  o f  t h e s e  t a b l e t s  met t h e  compedia'l l i m i t s ,  t h i s ,  

s low d r u g  r e l e a s e  p o i n t e d  o u t  i n t e r - b a t c h  v a r i a t i o n s  o f  commercial  

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

Fu r the rmore ,  K i n g s f o r d  e t  a1 ( 1 4 )  have demonst ra ted  t h a t  p e r -  

cen tage o f  d rug  d i s s o l u t i o n  i n  3 0  m in  ( A 3 0 )  a t  pH 5 i s  a c o n v e n i e n t  

parameter  f o r  p r e d i c t i o n  o f  f u rosemide  b i o a v a i l a b i l i t y .  When A 3 0  

v a l u e s  were compared w i t h  each o t h e r  a s i m i l a r i t y  w i t h  t50 v a l u e s  

were observed.  S i n c e  t h e r e  i s  a p rob lem o f  b i o i n e q u i v a l a n c e  of  
commercial  f u rosemide  t a b l e t s ,  o u r  d a t a  may be b e n e f i c i a l  t o  exp- 

l a i n  t h e  v a r i a t i o n s  i n  t h e r a p e u t i c  e f f e c t i v e n e s s  o f  t h i s  d rug .  

F o r m u l a t i o n  S t u d i e s  

E f f e c t  o f  M a n u f a c t u r i n g  Process  

By u s i n g  d i f f e r e n t  m a n u f a c t u r i n g  processes  such as d i r e c t  
compression, s l u g g i n g  and we t  g r a n u l a t i o n ,  t a b l e t s  were p repared  

and t h e  r e s u l t s  were compared. 

As i t  i s  g i v e n  i n  T a b l e  3 t a b l e t s  comp l ied  w i t h  t h e  USP X X  

S i n c e  A v i c e l  PH 1 0 1  c o n c e n t r a t i o n  i n  F-I11 i s  l o w e r  t h a n  F- 
requ i remen ts  f o r  d i s i n t e g r a t i o n  t i m e  and w e i g h t  v a r i a t i o n .  

11, t h i s  f o r m u l a t i o n  (F-111) c o u l d  n o t  be t a b l e t t e d  and t h e r e f o r e  

i t  was n o t  shown i n  T a b l e  3.  T h i s  r e s u l t  i n d i c a t e d  t h a t  l a c t o s e -  
a v i c e l  r a t i o  i s  i m p o r t a n t  f o r  t h e  p r e p a r a t i o n  o f  f u rosemide  t a b -  

l e t s  by  d i r e c t  compression. On t h e  o the rhand ,  as i t  i s  seen i n  

T a b l e  3 a v i c e l  a d v e r s e l y  a f f e c t e d  fu rosemide  r e l e a s e  when a v i c e l  

l a c t o s e  was used i n  a r a t i o  o f  ( 1 : l ) .  

l a r  d r u g  r e l e a s e  p a t t e r n s  ( tso 9.30 m i n ) ,  however a v e r y  s low  d i s -  

s o l u t i o n  r a t e  was found  w i t h  t a b l e t s  p repared  by d i r e c t  compres- 

s i o n  ( t S 0  47.30 m i n ) .  The b e s t  d r u g  r e l e a s e  was o b t a i n e d  w i t h  t h e  

f o r m u l a t i o n  F-IV prepared  by wet g r a n u l a t i o n .  

T a b l e t s  made by s l u g g i n g  and wet  g r a n u l a t i o n  e x h i b i t e d  s i m i -  
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2206 AKBUGA AND G U R S O Y  
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STUDIES ON FUROSEMIDE TABLETS I 2207’ 

When t h e  d i s i n t e g r a t i o n  t i m e s  o f  t h e s e  t a b l e t s  a r e  compared 

a l o n g e r  d i s i n t e g r a t i o n  t i m e  was o b t a i n e d  w i t h  t h e  t a b l e t s  p r o -  

duced by wet  g r a n u l a t i o n ,  b u t  t h e  g r a n u l a t i o n  process  o n l y  a f -  

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

a p o o r  c o r r e l a t i o n  between t h e  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  ( t s a )  ( r=0 .592)  o f  fu rosemide  t a b l e t s  as c o n t r a r y  t o  p r e v i o u s  

r e p o r t  ( 8 ) .  

compared, i t  i s  seen t h a t  d i f f e r e n c e s  between them a r e  d i r e c t l y  

due t o  v a r i a t i o n s  i n  t h e i r  f o r m u l a t i o n s .  

As t h e  d i s i n t e g r a t i o n  t i m e s  o f  f o r m u l a t i o n s  F- IV  and F-V a r e  

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

v i t r o  d r u g  r e l e a s e  f r o m  commercial  f u rosemide  t a b l e t s  and t h e  impor -  

t a n c e  of  medium pH t o  show t h i s  r e l e a s e .  And when fu rosemide  t a b -  

l e t s  m a n u f a c t u r i n g  processes  were compared b e s t  t a b l e t  p r o p e r t i e s  

were o b t a i n e d  w i t h  we t  g r a n u l a t i o n  t e c h n i q u e .  
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