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THE EFFECT OF FOUR TABLET BINDERS ON THE 

BIOAVAILABILITY OF FRUSEMIDE FROM 

bMG TABLETS 

Michael H. Rubinstein and Jayshree M. Rughani, 

School of Pharmacy, Liverpool Polytechnic, 

Byrom Street, Liverpool L3 3AF., U.K. 

SUMMARY 

Tablets containing frusemide bmg have been prepared using 

four different binders; polyvinylpyrrolidone, starch mucilage, 

stearic acid and methylhydroxyethyl cellulose. With the 

exception of the tablets prepared using stearic acid, all the 

tablets disintegrated in under 2 minutes and exhibited hard- 

nesses ranging from 12 to 17 S.C.U. The dissolution rate, 

measured in the B.P. apparatus as the time to achieve 50% 

solution in distilled water, discriminated more effectively 

between the tablet batches. 

pyrrolidone and methylhydroxyethyl cellulose had dissolution 

half lives of 3.65 and 3.30 minutes respectively, whilst 

tablets incorporating stearic acid and starch mucilage exhib- 

ited respective values of greater than 200 minutes and 117 

minutes. The bioavailabilities of the four tablet formulations 

were assessed on a double blind basis in four healthy males 

Tablets made using polyvinyl- 
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542 RUBINSTEIN AND RUGHANI 

aged 18-30 with reference to an oral frusemide solution, The 

bioavailability of each formulation was determined by two 

different methods and it was found that polyvinylpyrrolidone 

and methylhydroxyethyl cellulose rendered frusemide equally 

bioavailable (71.7% and 71.6% respectively) whilst the starch 

mucilage formulation rendered frusemide 25% less bioavailable 
(54.10%). The poorest binding agent was stearic acid which 

decreased the bioavailability of frusemide by 50% (35.04%). 
The results indicate that the choice of binding agent can sig- 

nificantly affect the bioavailability of frusemide from tab- 

lets and that these bioavailability differences can best be 

detected in vitro by dissolution rate measurements. 

MATERIALS AND METHODS 

Materials. Frusemide B.P. (Hoechst U.K. Ltd, Milton Keynes). 

Diluent: Calcium hydrogen orthophosphate (British Drug 

Houses, Poole) . Disintegrant: Maize starch B.P. (British 

Drug Houses, Poole) . Binding agents: Polyvinylpyrrolidone 

(Povidone, G.A.F .  Corp., Manchester), stearic acid (British 

Drug Houses, Poole) , methylhydroxyethyl cellulose ("Tylosetl, 
Hoechst U.K.  Ltd., London) and maize starch B.P. 

I 

Methods. Batches of tablets were prepared according to the 

following formula: frusemide bmg/tablet, calcium hydrogen 

orthophosphate 100mg/tablet, maize starch lhng/tablet, bind- 

ing agent 20% w/dr solution or mucilage a.hg/tablet and mag- 

nesium stearate 1.48 mg/tat!let. 

wet granulated through a b mesh sieve and dried overnight 
at 55OC. 

retained on a 60 mesh sieve was collected, lubricated with 

magnesium stearate and compacted between 5/1611 punches to a 
tablet weight of 165 mg, 

The drug and excipients were 

The fraction that passed through a 44 mesh but was 
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BIOAVAILABILITY OF FRUSEMIDE 5 4 3  

Uniformity of weight of e a c h d  t h e  t a b l e t  batches w a s  

determined by weighing t e n  t a b l e t s  and evaluat ing t h e  co- 

e f f i c i e n t  of va r i a t ion ,  Table t  crushing s t r eng th  w a s  

measured using a Schleuniger tester. D i s in t eg ra t ion  t i m e  

was assessed  using t h e  s tandard B r i t i s h  Pharmacopoeia 

apparatus .  Disso lu t ion  r a t e  of s i n g l e  t a b l e t s  w a s  evaluat-  

ed i n  the  B.P. apparatus.  The basket w a s  revolved a t  100 

WM and t h e  d i s s o l u t i o n  medium used w a s  d i s t i l l e d  w a t e r .  

5 m l  a l i q u o t s  of d i s so lu t ion  f l u i d  w e r e  withdrawn at spec- 

i f i e d  t i m e  i n t e r v a l s ,  f i l t e r e d  through a 0.8~m membrane and 

assayed a t  229nm. 

B i o a v a i l a b i l i t y  s t u d i e s  were c a r r i e d  out  on a double 

b l ind  b a s i s  i n  fou r  hea l thy  male sub jec t s ,  aged 18-30 years. 

On each day of t h e  experiment each person under observat ion 

took t h e  same bmg frusemide t a b l e t  a t  10.00 a.m. a f t e r  

hasing previous ly  emptied h i s  bladder ,  toge ther  with 5 O O m l s  

of orange ju i ce ,  The orange j u i c e  helped t o  a c t  as a 

potassium supplement. The volunteers  subsequently continu- 

e d  with t h e i r  normal work. Urine w a s  co l l ec t ed  as near  as 

poss ib l e  t o  t h e  following t i m e  i n t e rva l s :  30 minutes, 

1 hour, 1.5 hours,  2.5 hours,  4 hours,  9 hours,  12 hours 

and 24 hours. The t o t a l  volume of each u r i n e  sample w a s  

recorded toge ther  with t h e  exact t i m e  of c o l l e c t i o n  and 

about l O O m l s  w a s  p laced i n  an amber b o t t l e .  

samples w e r e  s to red  at 4 C i n  a r e f r i g e r a t o r  u n t i l  analysed. 

The u r i n e  
0 

A s i m i l a r  procedure w a s  adopted f o r  the subsequent 

t a b l e t  formula t iomwith  at least two days between successive 

adminis t ra t ions  of t h e  drug. 

formulat ion t w i c e .  An o r a l  frusemide s o l u t i o n  was a l s o  

administered i n  dup l i ca t e  as p a r t  of t h e  protocol .  This  

so lu t ion  contained h g  of frusemide i n  l O O m l s  of bu f fe r  

Each sub jec t  took each t a b l e t  D
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544 RUBINSTEIN AND RUGHANI 

a t  pH 6.5. Each u r i n e  sample w a s  analysed f o r  t o t a l  f ruse -  

m i d e  conten t  by t h e  method of Rubins te in  and P r i c e  (1). 

R e s u l t s  and Discussion. The d i s i n t e g r a t i o n  t imes ,  hardness-  

es, d i s s o l u t i o n  rates and uni formi ty  of weight r e s u l t s  are 

shown i n  Table  I. With t h e  except ion  of t a b l e t s  made us ing  

s tear ic  acid t h e  d i s i n t e g r a t i o n  t i m e s  w e r e  a l l  less t h a n  2 

minutes ,  i n d i c a t i n g  t h a t  t h e  tablets  d i s i n t e g r a t e d  very  w e l l  

indeed. A l l  t h e  t a b l e t s  w e r e  hard,  showing l i t t l e  s i g n i f i -  

can t  d i f f e r e n c e s  s o  t h a t  it can be concluded t h a t  vary ing  

t h e  t a b l e t  binding agent  does no t  s i g n i f i c a n t l y  a f f e c t  tab-  

l e t  hardness.  A l l  t h e  ba t ches  were found t o  be  w e l l  w i th in  

t h e  B.P. weight l i m i t s  and a g a i n  no s i g n i f i c a n t  v a r i a t i o n  

i n  weight due t o  t h e  change of b inde r  w a s  ev ident .  

Table  3 shows t h e  mean cumulat ive amount of f ruse -  

m i d e  excre ted  unchanged i n  t h e  u r i n e  a f te r  twenty f o u r  

hours  f o r  each t a b l e t  formula t ion  and t h e  o r a l  s o l u t i o n ,  

i n  each sub jec t .  A two way a n a l y s i s  of v a r i a n c e  of t h e  

cumulative amount of f rusemide exc re t ed  unchanged a f te r  

24 hours  w a s  conducted t o  a s c e r t a i n  whether t h e r e  w a s  any 

s i g n i f i c a n t  va r i ance  between sub jec t s .  From F d i s t r i b u -  

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

t a b l e t  formula t ions  w a s  h i g h l y  s i g n i f i c a n t  b u t ,  t h a t  t h e r e  

w a s  no s i g n i f i c a n t  v a r i a b i l i t y  between sub jec t s .  Fig.1 

summarises t h e  r e s u l t s  from t h e  u r i n a r y  e x c r e t i o n  s tudy  of 

t h e  f o u r  fo rmula t ions  f o r  one of t h e  sub jec t s .  

From t h e  u r i n a r y  e x c r e t i o n  d a t a  t h e  b i o l o g i c a l  h a l f  

l i f e  f o r  each fo rmula t ion  and t h e  o r a l  f rusemide s o l u t i o n  

w a s  found by p l o t t i n g  t h e  f r a c t i o n  of drug no t  exc re t ed  

a g a i n s t  t i m e  on semi log  paper.  T h i s  produced a "sigma- 

minus" p l o t .  By l i n e a r  r e g r e s s i o n  t h e  b e s t  f i t  s t r a i g h t  
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Fig .  1. C u r d a t i v e  aRount o f  frusemide excreted w i th  time 
f o r  each formulation (subject 1). 
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548 RUBINSTEIN AND RUGHANI 

l i n e  was eva lua ted  and hence t h e  b i o l o g i c a l  ha l f  l i f e  

determined. Table  3 shows t h e  va lues  of t h e  b i o l o g i c a l  

ha l f  l i v e s  obtained. These va lues  i n d i c a t e  t h a t  t h e  bio- 

l o g i c a l  h a l f  l i f e  is independent of formula t ion  and is  a 

proper ty  of t h e  drug i tself  and does vary from sub jec t  t o  

subjec t .  The b i o l o g i c a l  ha l f  l i f e  of f rusemide from t a b l e t s  

was found t o  be 4 - 6 hours. Lower va lues  w e r e  however 

obtained from an o r a l  f rusemide s o l u t i o n  (about 2 hours) .  

Es t imat ion  of B i o a v a i l a b i l i t y .  The b i o a v a i l a b i l i t y  of t h e  

o r a l  dose of h g  f rusemide i n  t h e  va r ious  t a b l e t  form- 

u l a*  ions  w a s  e s t i m a t e d  by two d i f f e r e n t  methods: 

(a )  By comparing t h e  t o t a l  amount of f rusemide excreted 

i n  t h e  u r i n e  fol lowing admin i s t r a t ion  of t h e  t a b l e t  

formula t ion  with t h e  t o t a l  amount of f rusemide 

excre ted  i n  t h e  u r i n e  fol lowing admin i s t r a t ion  of 

an o r a l  aqueous s o l u t i o n ,  t o  g i v e  t h e  pe r  cen t  

a v a i l a b i l i t y  of t h e  dose i n  t h e  t a b l e t  form. 

(b )  Using t h e  method of Nieberga l l ,  Sug i t a  and 

Schnaare (2) .  

Based on 24 hour u r ina ry  exc re t ion  da ta  method (a) 

w a s  used t o  eva lua te  b i o a v a i l a b i l i t y  from t h e  fol lowing 

equation:-  

( X u k  t a b l e t  form 
(XU), aqueous form 

% A v a i l a b i l i t y  = 

where (Xu)& t a b l e t  form, is t h e  t o t a l  amount of f ruse -  

mide excre ted  i n  t h e  u r i n e  a f t e r  admin i s t r a t ion  of t h e  

tablet  formulat ion,  and (Xukaqueous s o l u t i o n  i s  t h e  

t o t a l  amount of fruserni.de excre ted  a f t e r  admin i s t r a t ion  

of an o r a l  aqueous s o l u t i o n  of frusemide. Table  4 

summarises t h e  r e s u l t s  obtained. 
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BIOAVAILABILITY OF FRUSEMIDE 553 

The results obtained from the two different methods of 

estimating bioavailability show reasonable correlation. From 

method 

creases 

2 and 3 
b i oavai 

a) it appears that physiological availability in- 

significantly in the order B, C, D and A in subjects 

whereas in subjects 1 and 4 the order of increase in 

ability is B, C, D and A. However, generally tablets 

made using polyvinylpyrrolidone and methylhydroxyethyl cell- 

ulose exhibited equivalent bioavailability whilst there was 

a very significant decrease in frusemide bioavailability 

from tablets made with starch mucilage and stearic acid. 

Thus in the manufacture of frusemide tablets starch mucilage 

and stearic acid should not be selected as being suitable 

binding agents. The water soluble binders appear to be 

better. From the dissolution rate results the bioavail- 

ability trend can be predicted, since tablets made with 

polyvinylpyrrolidone and methylhydroxyethyl cellulose had 

fast dissolution rates whilst the dissolution rates of the 

other two formulations were very much poorer. Disintegra- 

tion times were of no use in this respect and could even be 

misleading since tablets made using starch mucilage had a 

good disintegration time of 1.83 minutes but exhibited 

very poor availab 

1. H.H. Rubinst 

lity. 

REFERENCES 

in and E.J. Price, J. Pharm. Pharmacol., 

-' 29 Suppl. P5 (1977). 

2 .  P.J. Niebergall, E.T. Sugita and R.L. Schnaare, 

J. Pharm. Sci., 64, 1721 (1975). 

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
/1

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.




