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THE DISTRIBUTION AND KINETICS
OF SULPHACETAMIDE IN LEUKAEMIC MICE
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Departement de pharmacologie, Faculte de medecine, Universit6 de Montr6al,
Montreal, Qu6bec, Canada H3C 3J7

I During the first 90 min following oral administration of sulphacetamide, there was a rapid decline
in plasma drug concentration in control mice whereas a progressive increase in sulphacetamide con-

centration was observed in leukaemic mice.

2 Similar changes in the kinetics of sulphacetamide distribution were observed in the liver, spleen and
muscle.
3 While the concentration of sulphacetamide remained quite constant in the brain and fat tissue of
control mice, a progressive increase in drug concentration was observed in the brain and fat tissue of
leukaemic mice.
4 Some of these changes in the kinetics of sulphacetamide tissue distribution are compatible with
delay in gastrointestinal absorption of the drug and its accumulation in the ascitic fluid.

Introduction

It is well established that there is a decrease in drug
metabolizing enzyme activity in the liver of tumour-
bearing rats (Adamson & Fouts, 1961; Kato,
Frontino & Vassanelli, 1963). This is associated with
prolongation of drug action when it is administered by
the intravenous or intraperitoneal route (Kato,
Takanaka & Oshima, 1968; Rosso, Donelli, Franchi
& Garattini, 1971).

In recent studies, it was shown that not only drug
biotransformation was affected by the disease but
tissue distribution kinetics of sulphacetamide were
modified in Walker tumour-bearing rats (Nadeau &
Marchand, 1975). These changes could be partially
explained by delay in gastrointestinal absorption of the
drug. Decrease in the rate of drug elimination was also
believed to play a role in these changes of distribution
kinetics. Since these observations were made with a
solid type of tumour, it was of interest to study the
effect of leukaemia L-1210 on the distribution of sul-
phacetamide in another species, the mouse.

Methods

BDF' male mice weighing between 18 and 20 g were
obtained from Sprague-Dawley, Madison, Wisconsin.
The leukaemia strain was obtained through the
courtesy of Microbiological Ass., Bethesda,
Maryland. The ascitic fluid was aspirated with sterile

instruments from the abdominal cavity of acutely ill
mice and 0.1 ml of this fluid, containing 106 to 107
leukocytes was injected into the peritoneal cavity of
healthy mice. The survival time of these animals was 6
to 7 days.

Five days after injection of ascitic fluid, animals
were starved overnight but allowed water ad libitum.
Their weights were 18.9± 0.3 g and 23.1+0.5 g for
control and leukaemic mice respectively. These mice
were then given sulphacetamide sodium 200 mg/kg,
by the oral route in a volume of 20 ml/kg. At different
times after drug administration, the mice were killed
by decapitation and the blood collected in heparin-
treated tubes. The abdominal cavity was then opened
and the ascitic fluid aspirated with a syringe. After
ligature of the cardia and the pylorus, the stomach and
the intestine were taken out as well as the liver, spleen,
kidney, brain, fat tissue (50-400 mg) from the
epididymal region, and 250 to 450 mg of striated
muscle from the hind legs.
The tissue was then homogenized (Polytron 10) in a

5% solution of trichloroacetic acid. Determination of
sulphacetamide was made on clear supernatants after
centrifugation at 2,500 rev/min for 10 minutes.
Whenever the supematant was not clear, fat was
extracted with chloroform. Determination of sul-
phacetamide was made by the method of Bratton &
Marshall (1939), as modified by Way, Smith, Howie,
Weiss & Swanson (1948). Since tissue blanks gave a
slight but detectable colouration at 545 nm, readings
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were corrected with blanks prepared ft
control and leukaemic mice.

Plasma half-life (T½l ) of sulphac
approximated from the regression line
the log of drug plasma concentration
regression line was calculated from ir
and the correlation coefficient (r) estima
variance, the 95% confidence limits for
line and the 95% confidence intervals o
were calculated as described by Golds
The areas under the curves

approximated as sums of trapezoids. Le
the mean sulphacetamide concentration
at time ti of a group of control mice and
leukaemic animals respectively. Let A
area under the curve for control and
mice respectively. Then, for the contro

A = (t2 -t1)(Cl + C2)/2 +(t3-t

(C2 + C3)/2 + (N -t3)4 3

+ (t5 -t4)(C4 + CS)/2

which may be written in the form

5

A = Z kiC
i=1

where k1 = (t2- t1)/2

kf=(ti+2-ti,3)/2
for i = 2, 3, 4; and

k5 = (tS - t4)/2

Replacing Ci by C yields A'.

The difference between the two areas

5

D=A-A ki,k(Ci-Cd)
i=l

To test the null hypothesis between the
may use the statistic

t =iD/SD

where
5

S2D= E k?(S; +S2), Sj
i=l

being the estimates of the variances of
each group at time ti. On the assuml
mean concentrations follow normal dist
different variances, Welch (1947) she
distribution of t may be approximated t
distribution with f degrees of freedom,

rom tissues of

:etamide was
obtained from
vs time. This
idividual data
ted. The error
the regression
f the slope (a)
tein (1964).
(AUC) were
t C; and C, be
in the plasma

I of a group of
and A' be the
for leukaemic
I group,

()E k2 (S2 +S,2) 2

*~ pi~ +1 n1+1
E (k)2 (S2 2 E (k)2 (S'2)2
i=l ni+ I i=l ni+ I

-2

ni and ni being the number of mice in each group at
time t; in the control and cancerous group
respectively.

Significance of the difference between control and
leukaemic mice was assessed by the t-test and a P
value of 0.05 or less was considered significant.

Results

2J As illustrated in Figure 1, peak sulphacetamide con-
+ C4)/2 centrations were reached within 10 min after drug

administration in control mice. The drug was rapidly
cleared from the blood as indicated by the relatively
short half-life of the drug (Figure 2). In leukaemic
mice, a very different pattern was found (Figure 1);
peak drug concentration was reached 90 min after
drug administration.

In the liver as well as in the spleen (Figure 1), the
kinetics of sulphacetamide distribution was similar to
that observed in the plasma for both control and
leukaemic animals. The concentration of muscle sul-
phacetamide as a function of time was not markedly
different from that of the above tissues except that
peak drug concentration was not reached until 20 min
after its administration (Figure 3). In leukaemic mice,
there was a gradual increase in drug concentration as
observed in other tissues. Sulphacetamide con-
centrations in the brain of control animals remained

thus becomes quite low and relatively constant throughout the
observation periods (Figure 3). This is in contrast with
leukaemic mice where, in the early periods of
observation, lower brain concentrations of sul-
phacetamide were followed by constantly higher con-
centrations than in control animals; concentrations of

two areas one the drug as a function of time are not unlike those
observed in the other tissues of leukaemic mice.
Except at the 20 min period, drug concentration in the
fat tissue remained fairly constant in control animals
(Figure 3). However, in leukaemic mice, there was
progressive increase in the concentration of sul-

and S'2 phacetamide in the tissue to reach a plateau 90 min
after its administration.

Since up to 3.0 ml of ascitic fluid was recovered
the means for from leukaemic mice, it was important to measure the
ption that the drug in that 'compartment'. Sulphacetamide con-
tributions with centrations in ascitic fluid were compared to those
)wed that the found in the plasma (Figure 4). Except for the 120 min
by Student's t- period, sulphacetamide concentrations were found to
where be higher in the plasma than in the ascitic fluid.
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Figure 1 Sulphacetamide concentration in (a)
plasma, (b) liver and (c) spleen at different times after
oral administration of sulphacetamide sodium,
200 mg/kg in control (@) and leukaemic mice (L-
1210) (0), 5 days after inoculation. Each point
represents the mean results from 5 to 6 mice. Vertical
lines show standard error. P<0.05.
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Figure 2 Relationship between the time of sul-
phacetamide sodium administration, 200 mg/kg and
the log of sulphacetamide concentration in the
plasma. The solid line is the estimated regression line:
y=y+/(x-x). The dotted lines are the 95%
confidence limits. The correlation coefficient (r) is
significant. Each point represents the mean of 5 to 6
mice.

In order to assess the effect of cancer on drug
absorption, sulphacetamide remaining in the stomach
and the intestine was measured (Figure 6). Within the
first 20 min following drug administration, more sul-
phacetamide was recovered from the stomach and the
intestine of leukaemic mice.
The area under the curve of sulphacetamide

plasma/concentration time curve (Figure 1) of control
and leukaemic mice were compared. The AUC was
found to be significantly larger in leukaemic mice than
in controls: D=12778.04; S- =1372.16; t=9.31;
f=35; P<0.05.

Discussion

Expressed in terms of percentage of the administered
dose, sulphacetamide accumulation became important
40 min after its administration and reached a plateau
at the 60 min period, with close to 5% of the
administered dose recovered in the ascitic fluid.
As shown in Figure 5, sulphacetamide equilibrium

between tissue and plasma was slow to be reached in
control as well as in leukaemic mice. In all tissues of
leukaemic animals, the tissue/plasma concentration
ratios were found to be lower than those of control
mice in the last periods of observation.

Taking into consideration the higher metabolic rate
and the faster circulation time in mice, the kinetics of
sulphacetamide tissue distribution in this species is not
unlike that observed in rats (Nadeau & Marchand,
1975). Concentrations of sulphacetamide as a
function of time in the liver and muscle reflect those
observed in the plasma. In the brain and fat tissue, the
kinetics of sulphacetamide had a more specific pattern.
However, contrary to what has been found in the rat,
equilibrium between plasma sulphacetamide and other
tissues was reached very slowly. Furthermore, a

lV' .
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Figure 3 Sulphacetamide concentration in (a)
muscle, (b) brain and (c) fat tissue at different times
after oral administration of sulphacetamide sodium,
200 mg/kg, in control (@) and leukaemic mice (L-
1210) (0), 5 days after inoculation. Each point
represents the mean of results from 5 to 6 mice.
Vertical lines show standard error. *P<0.05.

tissue/plasma ratio of one was reached in the muscle,
liver and spleen of the mice whereas, in the rat, a ratio
higher than 0.7 could never be found during the same
period of observation.
The marked difference in plasma sulphacetamide

kinetics in control and leukaemic mice may be
partially explained by delay in gastrointestinal
absorption in the leukaemic mice. The elimination
phase of the drug was reached within the first 10 min
in controls but not until the 90 min period in
leukaemic animals. The hypothesis of delayed gas-
trointestinal absorption is reinforced by the greater
amount of sulphacetamide recovered from the

fr-
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Figure 4 (a) Sulphacetamide concentration in the
plasma (0) and ascitic fluid (A) and (b) accumulation
in the ascitic fluid (A) at different times after oral
administration of sulphacetamide sodium, 200 mg/kg
in leukaemic mice (L-1 210), 5 days after inoculation.
Each point represents the mean results from 5 to 6
mice. Vertical lines show standard error. *P<0.05.

stomach and the intestine of leukaemic mice during
the early periods following drug administration. There
are many factors that could be responsible for the
delay in the intestinal absorption of sulphacetamide in
leukaemic animals (Wagner, 1961; Levine, 1970). One
of these is the decrease in effective mucosal blood flow
to the intestine (Ther & Winne, 1971) that could be
associated with the emaciated state of these animals
(Diamond, Doluisio & Crouthamel, 1970). However,
there is also evidence that the large blood supply to the
intestine makes it unlikely that diminution of blood
flow may be responsible for decrease in the rate of
drug absorption by passive diffusion (Varr6, Blako,
Csernay, Jung & Szarvas, 1965; Lundgren, 1967).
Another factor known to delay drug absorption in the
intestinal tract is the slowing in gastric emptying
(Bates & Gibaldi, 1970). This factor may play an

important role in the delay of intestinal absorption of
sulphacetamide since the stomach of leukaemic mice
contained more than twice as much sulphacetamide as
control animals during the first 20 min following drug
administration. Biliary salts are known to increase the
intestinal absorption of drugs in the dissociated form
(Feldman & Gibaldi, 1969; Nightingale, Axelson &
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Figure 5 Tissue/plasma ratio of sulphacetamide
concentration at different times after oral administra-
tion of sulphacetamide sodium, 200 mg/kg in control
(0) and leukaemic mice (L-1210) (0), 5 days after
inoculation: (a) muscle, (b) liver, (c) spleen, (d) brain
and (e) fat tissue. Each point represents the mean
from results from 5 to 6 mice. Vertical lines show
standard error. *P<0.05.

Gibaldi, 1971). Although we are unaware of published
data dealing with the possible decrease of biliary
excretion in leukaemic animals, hepatic dysfunction
has been extensively reported in tumour-bearing
animals (Greenstein, 1954; Homburger, 1957). It is
also well known that factors that reduce the rate of cell

renewal in the small intestine of animals, like
starvation and protein depletion (Hooper & Blair,
1958; Takano, 1964; Deo & Ramalingaswami, 1965),
cause a shortening of villi and absorptive surface is
significantly reduced (Clark & Harland, 1963; Trier &
Browning, 1966). Finally, any modification in the state
of the epithelial membranes could modify the rate of
drug absorption in the gut; given the extensive changes
in the biochemistry of cancerous animals (Greenstein,
1954), it would not be surprising that the dynamics of
the membranes of columnar epithelical cell be altered
and drug absorption impaired.
30
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Figure 6 Percentage of the dose of sulphacetamide
recovered from (a) the stomach and (b) the intestine
at different times after oral administration of sul-
phacetamide sodium, 200 mg/kg in control (0) and
leukaemic mice (L-1210) (0), 5 days after
inoculation. Each point represents the mean results
from 5 to 6 mice. Vertical lines show standard error.
*P < 0.05.

The role of ascitic fluid in these changes of the
kinetics of sulphacetamide observed in leukaemic mice
is difficult to assess. Since there is little sulphacetamide
recovered from the ascitic fluid within the first 20 min,
it cannot explain the marked difference in tissue sul-
phacetamide concentrations observed during that
period. However, ascitic fluid could act as an
important reservoir for plasma sulphacetamide. This
could explain the high drug concentrations observed
during the last 60 min of the study.

Although sulphacetamide is apparently not
metabolized to a great extent in the rat (Millburn,
Smith & Williams, 1967; Marchand & Nadeau,
1973), there is no evidence that the mouse is similar to
the rat in that respect. Inhibition of drug metabolizing
enzymes in leukaemic mice could possibly explain the
high plasma concentration of the drug in the late
periods of observation (Kato et al., 1963; Wilson,
1968, 1971; Rosso et al., 1971). Impairment of renal
function cannot be ruled out as a factor responsible
for the high concentration of sulphacetamide in the
plasma of leukaemic mice, one to two hours after drug

427
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administration. Also, since these animals are likely to
be in a catabolic state (Begg, 1958), a lowering in
urine pH would also favour tubular reabsorption of
sulphacetamide, pK 5.4 (Dettli & Spring, 1973). An
increase in plasma protein, or affinity could possibly
decrease sulphacetamide kidney filtration but opposite
observations were made in rats: a decrease in plasma
protein, as well as an increase in plasma free sul-
phacetamide were observed (Nadeau & Marchand,
1975).
The small concentrations of sulphacetamide in the

brain of normal mice are consistent with previous
findings in the rat (Goldsworthy, Aird & Becker,
1954; Nadeau & Marchand, 1975). However,
contrary to these last observations, sulphacetamide
concentration in the brain of control mice remained
constant throughout the experimental periods whereas
there was progressive accumulation of the drug in the
brain of leukaemic mice. This could be interpreted as a
change in the permeability of the blood brain barrier in
leukaemic mice.
The lower tissue/plasma ratios observed in

leukaemic mice are striking. It affects all tissues to
varying degrees, and the differences are accentuated in
the late periods of observation. It is difficult to explain
these differences without invoking decrease in drug
binding to tissue proteins in leukaemic mice (Gillette,
1973) or change in plasma and tissue pH favouring
the ionization of sulphacetamide which would
decrease diffusion of the drug from the plasma to
tissues in leukaemic mice.

From the greater AUC in leukaemic mice, one
would be tempted to conclude that drug bioavailability
is increased in leukaemic mice. Although this
conclusion cannot be ruled out, the greater AUC in
leukaemic mice may simply be due to larger amounts
of drug given to these mice because of their weights.
This greater AUC could also-be explained, in part, by
the ascitic fluid that may be looked upon as a trap for
sulphacetamide, preventing the drug from going to the
cardiovascular compartment and preventing its
excretion by the kidney; indeed, there seems to be a
rapid equilibrium reached between drug in the plasma
and the ascitic fluid.
From these and previous reports, one may conclude

that the presence of cancer changes the distribution
kinetics of sulphacetamide which could be due to
delay in gastrointestinal absorption as well as trapping
of the drug by ascitic fluid. These changes in the
distribution kinetics coupled with decreased
tissue/plasma ratios may have a bearing on the
durati6n and intensity of drug action. It remains to be
established that they are relevant to man.
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