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THE EFFECT OF EXCIPIEMT SOLUBILITY ON 

THE IN-VITRO AND IN-VIVO PROPERTIES 

OF BENDROFLUAZIDE TABLETS 5 MG. 

Michael H. Rubinstein and Margaret Birch, 

School of Pharmacy, Liverpool Polytechnic, 

Byrom S t r e e t ,  Liverpool L3 3AF., U.K.  

SUMMARY 

T a b l e t s  containing bendrofluazide 5 mg have been prepared 

a t  190, 220 and 290 MMn-’ using four  d i f f e r e n t  excipients;  

so rb i to l ,  lactose,  calcium orthophosphate and calcium hydrogen 

orthophosphate. 

respectively 70, 17.8, 0.03 and 0.01% W/W. Granules prepared 

under iden t i ca l  conditions were found t o  have moisture contents 

of about 3% W/W. 

equally e f f ec t ive  i n  producing minimal t a b l e t  t o  t a b l e t  weight 

var ia t ion.  T a b l e t  hardness w a s  governed by the i n t r i n s i c  nature 

of t he  excipient  and f o r  a l l  d i luents  an increase i n  compressional 

force produced an increase i n  t a b l e t  hardness. However, the s i z e  

of t h i s  hardness increase varied markedly dependent on the 

excipient.  

d i s in t eg ra t ing  process var ied g rea t ly  with the  excipient.  

Generally, decreasing the s o l u b i l i t y  of t h e  di luent  decreased 

the d i s in t eg ra t ion  t i m e ,  bu t  the pa t t e rn  w a s  complicated by the 

e f f e c t  of compaction pressure which produced marked dis integrat ion 

time differences with some excipients b u t  not with others.  

correlat ion was found between dis integrat ion t i m e  and dissolut ion 

The s o l u b i l i t i e s  i n  water of the excipients were 

A l l  the four excipients were found t o  be 

Disintegration t i m e  and the nature of t h e  
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440 RUBINSTEIN AND BIRCH 

r a t e .  However changing the  exc ip i en t  g r e a t l y  a f f e c t e d  the 

d i s so lu t ion  r a t e s  of the tablets i n  some cases  by as much as 

6009. Dis in tegra t ion  t i m e  w a s  found t o  be no i n d i c a t o r  of 

d i s so lu t ion  performance. In-vivo assessment of t h e  t a b l e t s  

demonstrated t h a t  t he re  w a s  a d i r e c t  c o r r e l a t i o n  between in-vivo 

a c t i v i t y ,  measured as i n i t i a l  mic tura t ion  r a t e ,  with bendro- 

f luaz ide  d i s so lu t ion .  In  genera l  the  s tudy  showed t h a t  by 

changing the d i l u e n t ,  marked d i f f e rences  i n  the  in-vivo and 

in -v i t ro  p rope r t i e s  of the  bendrofluazide tablets could be 

demonstrated and that these d i f f e rences  were more marked using 

very so lub le  exc ip i en t s .  The b e s t  exc ip i en t s  were found t o  be 

calcium orthophosphate and calcium hydrogen orthophosphate. 

So rb i to l  was found to be t he  l e a s t  u se fu l  a s  a tablet d i l u e n t .  

INFRODUCTION 

In  many tablet formulations the  exc ip i en t  c o n s t i t u t e  t he  

bulk of the  tablet and hence its p rope r t i e s  may markedly a f f e c t  

t he  b i o a v a i l i a b i l i t y  of the a c t i v e  ing red ien t .  Work done on 

inves t iga t ing  the  e f f e c t s  of changing the  tablet exc ip i en t  has ,  

however, been m i n i m a l .  Tyrer e t  a 1  (1) i nves t iga t ed  an outbreak 

of an t iconvulsant  i n tox ica t ion  i n  Brisbane and found that it was 

due t o  an exc ip i en t  change i n  phenytoin capsules d i r e c t l y  

a f f e c t i n g  blood l e v e l s  of phenytoin. Alkers ( 2 )  found var ious  

exc ip i en t  materials markedly a l t e r e d  the  absorption o f  dicoumarol, 

the e f f e c t s  no t  always being abolished by lowering t h e  drug - 
exc ip ien t  ratio. Since pharmaceutical manufacturers select an 

exc ip i en t  o f t e n  on the b a s i s  of a v a i l a b i l i t y ,  p r i c e  and ba tch  

consistency, t h e  p re sen t  work w a s  conducted i n  o rde r  to 

a s c e r t a i n  whether t he  exc ip i en t  plays an important role i n  

governing the phys ica l  and b iophamaceut ica l  p rope r t i e s  of 

bendrofluazide 5 mg tablets. 

MATERIALS AND METHODS 

Materials. Bendrofluazide B.P. (The Boots Company Ltd. ,  

Nottingham) . Dis in tegrant :  Cross-linked polyvinylpyrrolidone 
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PROPERTIES OF BENDROFLUAZIDE TABLETS 

(Polyclar A.T., G.A.F. C o r p . )  . Excipients: Sorbitol ,  lactose,  

calcium orthophosphate and calcium hydrogen orthophosphate 

(Brit ish Drug Houses). The so lubi l i t i es  i n  d i s t i l l ed  water a t  

25O of the excipients were respectively 70, 17.8, 0.03 and 

0.0 1% w/w . 
Methods. The formulation for  the tablets  prepared by moist 

granulation was as follows:- Bendrofluazide 5 mg/takdet, 

excipient 95 mg/tablet, cross-linked polyvinylpyrrolidone 

15 mg/tablet and polyvinylpyrrolidone 10% solution qs. 

Four batches of granules were prepared from the above 

formulation using each of the excipients. 

solution required to granulate the sorbi tol  formulation was 
found and the same amount of binder w a s  used t o  granulate the 

other three batches; 

produce the r ight  consistency. In  a l l  cases the moist mass 

was screened through a 16 mesh sieve and the result ing granules 

dried a t  55O for  12 h. and dry sieved through a 30 mesh screen. 

Granules tha t  were retained on a 44 mesh sieve were used for 

tab le t  preparation. After the addition of 1% W/W magnesium 

stearate  the angles of repose by the poured method, Train ( 3 1 ,  

and moisture contents of each batch were determined. Each 

granule batch was compressed on an instrumented single punch 

tablet t ing machine f i t t e d  with 1/4 inch f l a t  faced punches a t  

three d i f fe ren t  compaction pressures, 190, 220 and 290 MNm-2. 

The amount of binder 

d i s t i l l ed  water being used as  necessary t o  

Uniformity of weight of each of the tab le t  batches was 

determined by weighing ten tab le t s  and evaluating the coefficient 

of variation. Tablet crushing strength was measured using a 

Strong-Cobb tes te r .  

Standard Bri t ish Pharmacopoeia apparatus. 

was evaluated i n  the apparatus described by Rubinstein e t  a1 ( 4 ) .  

The dissolution r a t e  i n  the apparatus was found by withdrawing 

5 m l  samples of dissolution f lu id  (simulated in tes t ina l  f luid 

a t  pH 6.5) a t  specified time intervals ,  f i l t e r ing  through 0.8 pm 

membrane acd assaying a t  273 nm. 

Disintegration time was assessed using the 

Dissolution rate  
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4 4 2  RUBINSTEIN AND BIRCH 

I n  o r d e r  t o  assess the in-v ivo  a b s o r p t i o n  o f  b e n d r o f l u a z i d e  

v o l u n t e e r s  between t h e  ages  o f  18 and 2 4  agreed  t o  consume t h e  

t a b l e t s .  The fo l lowing  p r o t o c o l  was adopted:  07.30 s t a n d a r d  

b r e a k f a s t ,  10.00 m i c t u r a t i o n ,  11-00 d r i n k  500 m l s  organge j u i c e  

and t a k e  t h e  t a b l e t .  The s u b j e c t  w a s  t h e n  asked to  t i m e  t h e  

o n s e t  of m i c t u r a t i o n  and to  measure t h e  volume of u r i n e  produced. 

Placehos c o n s i s t i n g  of 50 mg a s c o r b i c  a c i d  were used i n  a double 

b l i n d  method. 

R e s u l t s  and Discuss ion .  The moisture c o n t e n t s  o f  each b a t c h  of 

g r a n u l e s  d r i e d  under i d e n t i c a l  c o n d i t i o n s  is shown i n  Table  I .  

A l l  the g r a n u l a t i o n s  were found t o  have v a l u e s  o f  about  3% W/W 

i n d i c a t i n g  t h a t  t h e r e  w a s  no m r r e l a t i o n  between e x c i p i e n t  

s o l u b i l i t y  and g r a n u l e  moisture c o n t e n t .  The a n g l e s  o f  repose 

f o r  each g r a n u l a t i o n  and t h e  corresponding c o e f f i c i e n t s  o f  t ab le t  

weight  v a r i a t i o n  are also shown i n  Table  I .  Granules  produced 

us ing  s o r b i t o l  and calcium hydrogen or thophosphate  e x h i b i t e d  t h e  

h i g h e s t  mois ture  v a l u e s  and a lso t h e  h i g h e s t  a n g l e s  o f  repose. 

T h i s  i s  i n  l i n e  w i t h  t h e  f i n d i n g s  o f  Wolf 8 Hohenle i ten  (5) who 

showed that a n g l e  o f  repose i n c r e a s e s  w i t h  i n c r e a s i n g  m o i s t u r e  

c o n t e n t .  However, this decreased  f l o w a b i l i t y  w a s  n o t  r e f l e c t e d  

i n  the corresponding v a l u e s  o b t a i n e d  f o r  c o e f f i c i e n t  of  tablet  

weight  v a r i a t i o n .  Thus i t  would appear  t h a t  a l l  o f  t h e  e x c i p i e n t s  

are e q u a l l y  e f f e c t i v e  i n  producing minimal tablet  t o  t a b l e t  weight  

TABLE I 
Moisture  Contents ,  Anqles o f  R e p o s e  and C o e f f i c i e n t s  o f  T a b l e t  

Weight V a r i a t i o n  for Bendrof luaz ide  T a b l e t s  5 mg. 

Excip ien t  Moisture Content  Angle o f  C o e f f i c i e n t  o f  
% w/w R e p o s e  0 T a b l e t  Weight 

V a r i a t i o n  % 

S o r b i  to1 3.63 37O 36' 0.148 

Lac tose  3.12 31° 30' 0.100 

Ca3(P04)2 2.91 30° 33' 0.898 

CaHP04 3.33 34O 16' 0.500 

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

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



PROPERTIES OF BENDROFLUAZIDE TABLETS 4 4 3  

v a r i a t i o n  and t h a t  the flow p rope r t i e s  of s o r b i t o l  and calcium 

hydrogen orthophosphate containing granules  are improved under 

the  v ib ra t ing  condi t ions  experienced during t a b l e t t i n g  . 
A graph of mean t a b l e t  hardness aga ins t  d i l u e n t  s o l u b i l i t y  

i s  shown i n  Fig.1. There w a s  no r e l a t ionsh ip ,  as expected, between 

exc ip i en t  s o l u b i l i t y  and t a b l e t  hardness ind ica t ing  that t a b l e t  

hardness was a func t ion  of the i n t r i n s i c  na ture  of t h e  d i luen t  

and t h e  compaction pressure  appl ied .  

i n  compressional force  produced an increase  i n  t a b l e t  hardness, 

b u t  the s i z e  of this increase  var ied  markedly depending on t h e  

exc ip ien t .  For calcium hydrogen orthophosphate containing tablets 

a s m a l l  increase  i n  compaction r e s u l t e d  i n  a l a rge  increase  i n  

tablet hardness,  whereas a l a r g e  increase  i n  pressure  produced 

only a r e l a t i v e l y  small  increase  i n  t a b l e t  hardness f o r  s o r b i t o l  

containing tablets. 

For each batch an increase  

The d i s in t eg ra t ion  t i m e s  f o r  each batch are shown i n  Fig.2. 

A s  w e l l  as d isp lay ing  widely varying d i s i n t e g r a t i o n  t i m e s ,  the 

appearance o f  t h e  t a b l e t s  as they d i s in t eg ra t ed  a l s o  d i f f e red .  

S o r b i t o l  containing tablets d id  not  deaggregate; t h e  tablet  

gradual ly  decreased i n  s i z e  u n t i l  it passed through t h e  10 mesh 

screen. This w a s  probably due to the  high s o l u b i l i t y  of t h e  

d i l u e n t  which dissolved so rap id ly  from t h e  t a b l e t  su r f ace  that 

the d i s i n t e g r a n t  could no t  force  the tablet  a p a r t  by swelling. 

Thus i n  t h i s  case  t h e  d i s in t eg ra t ing  t i m e  w a s  mainly dependent on 

t h e  d i l u e n t  s o l u b i l i t y .  

exc ip ien ts  the tablet d i d  deaggregate suggesting that due to t h e  

i n s o l u b i l i t y  of the  d i l u e n t  t he  d i s i n t e g r a n t  w a s  able to absorb 

However with the  low s o l u b i l i t y  

water,  swe l l  and so push t h e  t a b l e t  a p a r t .  From Fig.2 it can be  

seen t h a t  genera l ly  decreasing the s o l u b i l i t y  of t h e  d i l u e n t  

decreased the d i s i n t e g r a t i o n  t i m e .  The e f f e c t  of compaction 

pressure  on d i s i n t e g r a t i o n  t i m e  d i f f e r e d  f o r  each exc ip ien t .  

Bendrofluazide tablets containing l a c t o s e  and tricalcium 

phosphate exhib i ted  an inc rease  i n  d i s i n t e g r a t i o n  time with 

increased compaction pressure ,  whereas t a b l e t s  containing s o r b i t o l  
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446 RUBINSTEIN AlLD BIRCH 

and calcium hydrogen orthophosphate d id  not .  O t h e r  workers 

have a l s o  found var ious  r e s u l t s .  Higuchi e t  a 1  (6) showed t h a t  

the  logorithm of  t h e  d i s i n t e g r a t i o n  time va r i ed  w i t h  compressional 

force ,  whereas Sakr e t  a1 ( 7 )  found t h a t  f o r  l a c t o s e  tablets, 

d i s in t eg ra t ion  time w a s  no t  appreciably a f f e c t e d  by an increase  

i n  the  compaction pressure .  From the  r e s u l t s  found he re  it seems 

t h a t  t h e  r e l a t i o n s h i p  v a r i e s  with t h e  choice of t h e  exc ip i en t .  

Soluble drugs and exc ip ien ts  seem t o  r e t a r d  tablet d i s i n t e g r a t i o n  

by forming v iscous  so lu t ions  which i n h i b i t  r ap id  l i q u i d  

pene t ra t ion  e s s e n t i a l  f o r  quick t a b l e t  d i s i n t e g r a t i o n .  The best 

pxc ip ien t  was found t o  be calcium orthophosphate. This substance 

exhibited t h e  lowest d i s i n t e g r a t i o n  times adequate hardness and the  

minimum increase  i n  d i s i n t e g r a t i o n  time w i t h  compaction pressure .  

N o  c o r r e l a t i o n  was found between tablet hardness and d i s i n t e g r a t i o n  

time. Table t s  conta in ing  calcium hydrogen orthophosphate had 

very f a s t  d i s i n t e g r a t i o n  times (less than 2 minutes),  b u t  t a b l e t  

hardness ranged from 3 t o  25  S . C . U .  

N o  r e l a t i o n s h i p  w a s  found between d i s s o l u t i o n  rate measured 

as t40 and exc ip ien t  s o l u b i l i t y  (Fig.31, nor between d i s i n t e g r a t i o n  

time and d i s s o l u t i o n  rate (Figs.2 and 3 ) .  It  was ev ident  however 

t h a t  changing the exc ip i en t  g r e a t l y  a f f ec t ed  the  d i s so lu t ion  

r a t e s  of the  tablets. A change o f  exc ip i en t  from lactose t o  

s o r b i t o l  could produce a s i x  f o l d  decrease i n  d i s so lu t ion  r a t e  

f o r  t a b l e t s  compacted a t  t h e  same pressure .  

d i s so lu t ion  r a t e  could not  always be  de tec ted  by d i s i n t e g r a t i o n  

t i m e  measurements s i n c e  calcium orthophosphate t a b l e t s  w i t h  a 

d i s i n t e g r a t i o n  t i m e  of only 1 . 2  mins possessed a t40  of 66 mins, 

whereas l ac tose  tablets w i t h  a d i s i n t e g r a t i o n  time of 2.16 mins 

had a t40 of 15.5 mins. 

r a t e  w a s  concerned w a s  calcium hydrogen orthophosphate, provided 

the  t a b l e t s  were compressed t o  a t  l e a s t  8 S .C .U.  Disso lu t ion  

rates of l e s s  than 10 mins could then b e  produced. The worst 

exc ip ien t  was s o r b i t o l  which g i . , e  r i s e  t o  t40 values of up t o  

55 minutes. 

This change i n  

The best exc ip i en t  as f a r  a s  d i s s o l u 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
/1

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



70
 

60
 

v
) E
 5
 

50
 

0
 

T
t 

+
 
40
 

c
3
0
 

0
 

4
 

n
 

10
 0 

P
 

\\
 \\
 

I 

0.1
 

0.3 
\\
 

18
 

70
 

A 
8 

C 
D 

Ex
ci

pi
en

t 
So

lu
bi

lit
y 

% 
w/w

 
Fi

gu
re

 3
 

Th
e 

ef
fe

ct
 o

f 
ta

bl
et

 e
xc

ip
ie

nt
 o

n 
di

ss
ol

ut
io

n 
ra

te
. 

A 
ca

lci
um

 h
yd

ro
ge

n 
or

th
op

ho
sp

ha
te

, 
B 

ca
l 

ium
 o

rth
op

ho
sp

ha
te

, 
C 

la
ct

os
e,

 
D 

so
rb

ito
l. 

29
0 

MW
 3 

= 
22
0 

M
W

2 
19

0 
~~

m
-2

 

E r m :+ m
 

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

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



?;
 

.
r
(
 

e
 

7.0
 

6.0 5.0
 

4.0
 3.0 2.0
 

1.0
 #

b
 

.-
.I
 

e
 

r
 - - . - - 

0 
\\ 

\I
 

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

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



PROPERTIES OF BENDROFLUAZIDE TABLETS 4 4 9  

The micturation r a t e  measured as the volume of urine collected 

a f t e r  t ab l e t  administration divided by the t h e  of onset of 

micturation was estimated for  each volunteer. Repeat determinations 

fo r  the same tablets  administered t o  two different  volunteers 

( a l l  i n  the age group 18 - 26) indicated tha t  the range of 

measured micturation ra tes  was not more than 22% of the mean. 

Mean ra tes  over the range 1.34 to  6.66 ml/min were recorded. It 

was considered tha t  the micturation r a t e  was a reasonable 

indicator of in-vivo ac t iv i ty  for bendrofluazide tablets ,  and 

tha t  the greater the rate  of absorption of the tablets  the higher 

was this i n i t i a l  micturation ra te .  Because of inconvenience to  

the volunteers, only eight batches of tab le t s  were used and plots  

of micturation r a t e  of these tablets  are  shown i n  Fig.4. As 

found from the dissolution r a t e  measurements, the micturation r a t e  

values varied widely for  each excipient. 

values and the micturation r a t e  ( M )  values showed tha t  a 

reasonable correlation existed between the two parameters ignoring 

one spurious resul t ,  the equation being: 

A comparison of the t40 

t40  = 80.05 - 7.561 

r = 0.6014 (r > 0.5822 for  p < 0.1) 

Thus, a t  the 90% probability level there appeared to be a direct  

relationship between in-vitro dissolution ra te  and in-vivo 

performance. 
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