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SUMMARY 

A dialysis method that allows the effect of viscosity on the gastrointestinal tr-nsit rate 
to be simulated in vitro is described. The method has been applied to a series of aspirin 
suspensions. Various suspending agents have been used to produce suspension media 
with a range of viscosities. The results correlated with previously obtained bioavailability 
parameters and support the suggestion that the effect of viscosity on gastrointestinal 
transit rale is an important factor in determining the bioavailability of aspirin from such 
formulations when administered to the rabbit. 

INTRODUCTION 

Our previous bioavailability studies on aspirin suspensions in rabbits showed that the 
amount of drug absorbed increased with increase in viscosity of the suspension medium 
whilst the rate of absorption did not alter significantly over the range of viscosities that 
was used (Barzegar-Jalali and Richards, 1979b). This enhancement in the amount of drug 
absorbed was attributed to the reduction in gastric emptying rate that is caused by an 
increase in viscosity of the stomach contents. 

In vitro studies on the release of drugs from suspension formulations have included the 
use of either a flask-stirrer method (Bates et al., 1969, 1973) or dialysis methods 
(Muranyi, 1973: Marty and Hersey, 1975; Shah and Sheth, 1976). The latter type of 
method was shown to be the more sensitive in detecting changes in the rate of release of 
aspirin from the suspensions that were used in the above-mentioned bioavailability study 
and a rank order relationship between kinetic parameters that described the release rate 
of aspirin and the viscosities of the suspension media was established (Barzegar-Jalali and 
Richards, 1979a). 

It is obvious that the results of the above in vivo and in vitro studies on aspirin suspen- 
sions cannot be correlated because an increase in viscosity enhances the amount of drug 
absorbed but reduces its rate of release in vitro. This lack of correlation is likely to occur 



128 

whenever traditional in vitro methods are used because, although they may mimic the 
effects of viscosity on dissolution rates and on the transport rates of solute molecules and 
undissolved particles in a given medium, they do not mimic its effect on gastric and 
intestinal residence times. The present investigation describes a modified dialysis method, 
which allows this latter effect to be taken into account and so provides results that can be 
correlated with bioavailability parameters derived from the previously obtained in vivo 
data. 

MATERIALS AND METHODS 

The materials and methods of preparation of suspensions, each of which contained 
4% w/v of aspirin, were as described previously (Barzegar-Jalali and Richards, 1979a). 

The apparatus that was used in the determination of the release of aspirin from the 
suspension formulations is shown diagrammatically in Fig. 1. Water was circulated from a 
thermostatted bath through the double walls of the glass chamber to tnaintain a working 
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Fig. 1. Apparatus for determination of the release of drugs from suspensions as a function of their 
emptying rate in vitro; Residual dialysis method. (Dimensions: a = 2.14 cm, b = 5.6 cm, c = 29.5 cm 
And d = 9.0 cm.) 
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temperature of 37’C. The lower end of a length of &king dialysis tubing (inflated diam- 
eter 2.14 cm), which had been soaked previously for 12 h in HCI (0.1 mol/dm3) WZIS 

clamped between the cone and socket of a Quickfit ground glass jount at the bottom of 
the apparatus. The tapering end of the tube attached to the cone was attached to a capil- 
lary tube (1.5 mm diameter) via a piece of rubber tubing equipped with a clip, C. The 
upper end of the dialysis tubing WPS attached to a glass tube, which was fixed to a stand 
in order that the dialysis chamber could be held erect in the apparatus. 

Ninety cm’ of 3 suspension, I2 cm’ HC1 (1 .O mol/dm3) and 18 cm3 HCI (0.1 mol/ 
dm”) were mixed gently, after prewarming each component to 37”C, and poured into the 
dialysis tubing with the clip C closed. The pH of the mixture was I .2. Five hundred cm3 
of HCI (0.1 mol/dm”) prewarmed to 3f°C was poured into the glass chamber on the out- 
side of the dialysis tubing. The timing of the experiment commenced at this point. 

Clip C was opened for 10 s and the volume (V cm3) of suspension, which was eluted in 
this period, was measured. This volume is obviously related to the viscosity of the suspen- 
sion. Since small amounts of liquids appear to empty from the stomach at essentially con- 
stant (i.e. zero-order)rates(Wagner, 1971) and this might be the case when a suspension is 
administered to fasting subjects, an attempt to tnimic this effect was made by opening 
clip C at 10 min intervals and allowing the same volume (V cm3) of suspension to flow 
out during each period of opening. The later opening periods will extend beyond 10 s if a 
suspension is allowed to flow from the apparatus only under the influence of the 
diminishing hydrostatic pressure. In order to avoid errors arising from excessively long 
periods of opening the suspension flow was aided, if necessary, during these later periods 
by the use of a band pump attached to the glass tube, which supported the upper end of 
the dialysis tubing. The variation in duration of the opening periods was consequently 
slight in relation to the 10 min interval between consecutive openings. Thus, the average 
rate of flow (f) of suspension from the apparatus could be equated to V/l0 cm3/min. 
The maximum number of opening times for the most viscous suspension was 6. 

The in vitro residence time (t&. i.e. the time required for 100 cm3 of each acidified 
suspension to flow from the apparatus under the conditions of this experiment, was 
calculated from Eqn. t 

t,= loo-Vmin 
f 

(1) 

A volume of 100 cm’ was chosen when applying Eqn. 1 because the capacity of the 
apparatus below the effective length of the dialysis tube approximated to 20 cm3, so that 
the maximum volume of acidified suspension in immediate contact with the dialysing 
metnbrane w3s 100 cm’. 

At the end of the calculated residence time the total amount of drug (Atotal) that had 
dialyzed through the Visking tubing was calculated from the salicylate concentration of a 
sample that ~3s removed from the solution outside the dialysis sac. This concentration 
was determined by the method of Weintraub and Gibaldi (1970). 

The following exponential equations were obeyed under the experimental conditions 
described above zqd are presented 3s indicators of the performance of the apparatus. 

i2) 
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t rm = 138.04 f- ‘.” (3) 

Atotal = 398.11 f-‘*63 (4) 

where qapp is the apparent viscosity of the suspension medium at a shear rate of 100 s-l, 
pH 1.2 and 37’C (see Barzegar-Jalali and Richards, 1979a). The correlation coefficients 
of these relationships were not less than 0.9524 at P < 0.00 1. 

RESULTS AND DISCUSSION 

We refer to the method of following the release of drug from a suspension, as 
described in this paper, as a residual dialysis method in order to distinguish it from the 
more traditional dialysis methods, in which material is not usually removed from the 
dialysis sac other than by the process of dialysis itself. 

As can be readily appreciated, the surface area of undissolved particles inside the 
dialysis sac of this apparatus changes during the residence time, not only because dissolu- 
tion is occurring but also because some particles are removed from the system at partic- 
ular times. The following equations, which are similar to those derived by Wagner (1969), 
can be used to explain the effect of viscosity on the amount of drug released into the 
solution on the outside of the dialysis membrane in this system, i.e. on Atotal. 

Under sink and non-reactive conditions of dissolution the simplified form of the 
Noyes-Whitney equation, as expressed by Eqn. 5, may be applied 

where dW/dt is the rate of appearance of solute in solution at time t, S is the surface area 
of undissolved solid available for dissolution, C, is the solubility of the compound in the 
dissolution medium and K is a constant with the dimensions of length/time. It can be 
shown that K = D/h, where D is the diffusion coefficient of the solute in the dissolution 
medium and h is thickness of the diffusion layer. If it is assumed that the effective sur- 
face area S is proportional to the amount of undissolved drug (M) at time t, then S = k’M, 
where k’ is a constant with the dimensions of length2/mass. Substitution for S in Eqn. 5 
yields 

dW 
X. = I&‘&M 

Integration of Eqn. 6 between the limits oft = 0 and t = t,,, gives 

tres 
w = WC, s Wdt) 

0 

where W is the cumulative amount of drug dissolved during the residence time and the 
integral represents the cumulative mass that has been available for dissolution during the 



T
A

B
L

E
 

1 

IN
 V

IT
R

O
 

R
E

L
E

A
SE

 
R

A
T

E
 

D
A

T
A

 A
N

D
 B

IO
A

V
A

IL
A

B
IL

IT
Y

 
PA

R
A

M
E

T
E

R
S 

FO
R

 4
%

 w
/v

 S
U

SP
E

N
SI

O
N

S 
O

F 
A

SP
IR

IN
 

IN
 M

E
D

IA
 W

IT
H

 D
IF

FE
R

- 
E

N
T

 V
IS

C
O

SI
T

IE
S 

Fo
rm

u-
 

la
tio

ns
 

qa
pp

 
(m

N
 s

 m
-2

) 
f 

tr
es

 
A

to
ta

l 
kl

os
s 

kF
 

PC
 

Ic
m

3/
m

in
) 

jte
sM

(d
t)

 
A

@
 

(m
in

) 
(m

g)
 

(g
 -

 m
iii

)“
 

(g
/m

in
) 

(m
&

l)
 

(m
g 

- h
/1

00
 

cm
3)

 
(m

g/
lO

O
 c

m
31

 

A
 

1 
7.

6 
3.

2 
10

.3
 

1.
14

 
0.

23
0 

0.
01

41
 

11
0.

74
 

15
.9

4 
D

 
9 

5.
0 

10
.0

 
38

.9
 

7.
52

 
0.

15
0 

0.
00

79
 

12
2.

9s
 

18
.4

1 

H
 

23
 

4.
6 

11
.5

 
41

.1
 

9.
23

 
0.

14
0 

0.
00

80
 

14
1.

09
 

21
.5

3 
C

 
55

 
2.

5 
30

.0
 

90
.0

 
33

.7
6 

0.
07

5 
0.

00
70

 
13

6.
16

 
21

.0
3 

E
 

60
 

2.
4 

31
.7

 
10

1.
5 

36
.1

1 
0.

07
2 

0.
00

68
 

13
6.

32
 

21
.7

5 
G

 
89

 
2.

0 
40

.1
 

13
0.

0 
48

.1
4 

0.
06

0 
0.

00
60

 
14

8.
28

 
22

.0
0 

F 
14

2 
1.

6 
52

.6
 

15
6.

3 
66

.2
1 

0.
04

8 
0.

00
39

 
14

9.
42

 
23

.0
0 

T
he

 
va

lu
es

 
ob

ta
in

ed
 

in
 

th
e 

pr
es

en
t 

in
ve

st
ig

at
io

n 
ar

e 
th

e 
m

ea
n 

re
su

lts
 

fr
om

 
tw

o 
ex

pe
ri

m
en

ts
. 

V
ap

p 
an

d 
kF

 v
al

ue
s 

ar
e 

ta
ke

n 
fr

om
 

B
ar

ze
ga

r-
Ja

la
Ii

 
an

d 
R

ic
ha

rd
s 

(1
97

9a
);

 
A

U
C

Z
 a

nd
 P

C
 v

al
ue

s 
ar

e 
ta

ke
n 

fr
om

 B
at

ze
ga

r-
Ja

la
li 

an
d 

R
ic

ha
rd

s 
(1

97
9b

);
 

fo
rm

ul
at

io
ns

: 
in

 o
rd

er
 t

o 
av

oi
d 

zo
nf

us
io

n 
th

e 
ke

y 
le

tte
rs

 
ar

e 
th

e 
sa

m
e 

as
 t

ho
se

 u
se

d 
by

 B
ar

ze
ga

r-
Ja

la
li 

an
d 

R
ic

ha
rd

s 
(1

97
9a

);
 

th
es

e 
re

fe
r 

to
 t

he
 f

ol
lo

w
in

g 
su

sp
en

si
on

 
m

ed
ia

: 
A

, 
di

st
ill

ed
 

w
at

er
; 

C
, 

1.
5%

 m
et

hy
lc

el
lu

lo
se

; 
D

, 
1%

 s
od

iu
m

 
ca

rb
ox

ym
et

hy
lc

el
lu

lo
se

; 
E

, 
7%

 w
/w

 P
V

P:
 F

, 
1%

 x
an

th
an

 
gu

m
; 

G
, 

1%
 T

ra
ga

ca
nt

h 
Po

w
de

r 
B

.P
. 

an
d 

H
, 4

%
 C

om
po

un
d 

T
ra

ga
ca

nt
h 

Po
w

de
r 

B
.P

. 



132 

same period. In the present circumstances A total can be substituted for W so that 

hes 
A total = n’c, s M(dt) (8) 

0 

It is evident from Eqn. 8 that the viscosity of the dissolution medium will have 
opposing effects on the value of Atotal obtained using the present method. Thus, an 
increase in viscosity will 

(a) decrease the value of K and consequently reduce the amount of drug which dis- 
solves in a given time, so that Atotal decreases, and 

(b) decrease the rate of flow of suspension from the apparatus, which reduces the rate 
at which undissolved solid is removed from the dissolution site, so that t,, is extended, 
Ifo’s M(dt) is increased, and Atotal rises. 

The value of t,,, f, Atotal, lo tres M(dt) and the rate of loss of mass from the apparatus 
k loss are given in Table 1. The last two parameters were derived from the areas under the 
linear plots of weight of drug remaining in the apparatus versus time and the slopes of 
these lines, respectively. Such derivations neglect the amount of drug that is in solution. 
Parameters, derived in previous studies (Barzegar-Jalali and Richards, 1979a, b) and 
relating to the viscosity of the Suspension media, to the rate of release of drug from a 
traditional dialysis method and to the bioavailability of the drug are also given in Table 1. 

It can be concluded from the qapp values and the parameters describing the perfor- 
mances of the suspensions in the residual dialysis method, which are given in Table 1, that 
an increase in viscosity of the suspension medium leads to an increase in the value of 
Atotd. Thus, the effect of viscosity described above in (b) appears to predominate over 
the effect outlined in (a). 

The suitability of the residual dialysis method as an in vitro indicator of bioavailability 

o^ 160 
5 
= 140 
< 
& 
320 
I?3 
Z 100 

Fig. 2. Plot of mean area under the b1oo.d concentration--time curves (AUC%) after administration of 
aspirin suspensions to rabbits versus the logarithm of the total amount of drug (Atotal) released during 
residence times of the same suspensions in the residual dialysis apparatus. AUC% = 30.26 log Atotal + 
81.03 (r = 0.8974, P < 0.01). See Table 1 for key to suspension formulations. 
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Fig. 3. Plot of mean peak concentration of drug in blood (PC) after administration of aspirin suspen- 
sions to rabbits versus the logarithm of the total amount of drug (A rotal) released during residence 
times of the same suspensions in the residual dialysis apparatus. PC = 5.64 log Atom1 + 10.50 
(r = 0.9250, P < 0.001). See Table 1 for key to suspension formulations. 

for the suspensions used in this investigation is demonstrated by the correlations between 
the AUC: and PC values and the log Atotal values as shown in Figs. 2 and 3. These correla- 
tions support the suggestion that gastric emptying rate is an important factor in deter- 
mining the bioavailability of aspirin in suspension formulations. 

The unsuitability of traditional dialysis methods as in vitro indicators of bioavailability 
when the effects of gastric and/or intestinal residence times are significant has already 
been mentioned. This point can be illustrated by examining the data in Table 1 for suspen- 
sions A and F which possess the lowest and highest viscosities, respectively. Thus, the first 
order rate constant (kF) for the release of aspirin from suspension A is 3.61 times greater 
than the kF value for suspension F. However, the Atotal values obtained from the residual 
dialysis method for suspensions A and F are in the ratio of 1 : 15 : 24. Only the latter 
ratio is in the correct ranking order with respect to the bioavailability parameters AUC: 
and PC of suspensions A and F. 
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