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Objective:To determine whether the BALBICmouse is a suitablemodel for the studyof drugpharmacokinetics
in S.rnansoni infection.
Design: Male and female BALBIC mice were exposed to cercariae of Smansoni. At the acute (eight weeks
post infection) and chronic (14 weeks post infection) stages of infection the animals were treated (i.p.) with
a single injection of paracetamol. The pharmacokineticsof paracetamol were then determined for each group
and compared to their respective controls.
Su bjectslMode1: BALBIC mice.
Setting: Laboratory study.
Main Outcome Measures: The altered pharamacokinetics observed in Smansoni infected mice are similar
to those observed for humans.
Results: Our data indicate that in both sexes of mice at both stages of infection with S.mansoni the Cmar was
not dramatically reduced while the Tmax was delayed. The alterations are more pronounced at the chronic
stage of infection. These results are similar to those obtained by other workers studying humans.
Conclusion: The BALBIC mouse is likely to be a suitable model for the study of pharmacokineticsof selected
drugs in schistosome infection.
Introduction
Schistosomiasis is a parasitic infection that affects over 200
million persons in the world.' Schistosoma mansoni worms
reside in the mesenteric veins and eggs laid by these parasites
are carried to the liver. In the liver, entrapped eggs elicit a
granulomatousresponse during the acute stage of infe~tion.~
The granulomas slowly subside giving way to fibrous scar
tissue during the chronic stage of infecti~n.~
A number of parasitic diseases have been shown to affect
the enzymes involved in the metabolism of drugs.4Infection
with schistosomeshas also been shown to affect the liver drug
metabolizing enzyrne~~-~
and clearance of model compounds
in animal^^.^ as well as the pharmaco-kineticsof several drugs
in h~mans.'~J'
Since a large number of individuals in tropical
countries are exposed to the threat of infection with
schistosomes, it is important to study the fate of therapeutics
in these individuals. However, as it is not always feasible to
perform pharmacokineticstudiesin humans, it is necessary to
identify a suitable animal model for this disease. Indeed, the
laboratory mouse h q k e n shown to be an extremely useful
model to study varioid pathological features of this disease.32
Paracetamol is used commonly for the treatment of pain as
it is easily available as an over the counter analgesic. Persons
in schistosomeendemic areas are likely to be consuming this
drug for the treatment of ailments that may or may not be
symptomatic of S.mansoni infection. It is therefore important
to study the effect.of this disease on the pharmacokinteics of
paracetamol. Here we report on the effect of schistosome
infection on the pharmacokinetics of paracetamol in mice.
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Materials and ~ e t h o d s
Chemicals: Paracetamol (CAPS Zimbabwe) and phenol
(BDH,UK) were chemically pure. Hydriodic acid (ACS
Reagent grade) was from Caledon Laboratories Ltd. Liquid
ammonia was from the Associated Chemical Enterprises

WW.

Animal care and treatment: BALBIC mice weighing an
average of 31 g (30.9 + 3.29) were obtained from the Animal
House, University of Zimbabwe. Male or female mice were
each divided into two groups. One group of each sex was
infected with cercaria of a Zimbabwean strain of S.mansoni
by the percutaneous route according to the method of
Stire~alt.'~
Detailsof the maintenanceof the life cycle etc. are
'reported else~here.'~
Animals were exposed to either 50 or 20 cercaria for the
acute (eight weeks) or chronic stage of infection (14 weeks).
On the day of experiment, animals were treated with
paracetamol (100 mg/kg body weight) as a single intra
peritoneal injection.
After ether anaesthesia, blood was collected by intraorbital puncture in heparhized tubes for each of the following
time points 5, 10,15,20,30,50,120 and 180 minutes, on
which three mice of the control and three mice of the infected
were used. After standing for 10 minutes, the blood was
centrifuged at 2 000 rpm (250C) to obtain serum. Proteins
were precipitated from 100 pl serum by the addition of
trichloroacetic acid followed by centrifugation at 2 000 rpm.
Paracetamol was assayed in 200 pl of the supernatant. Three
mice were used to obtain data for each time point.
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Determination of plasma paracetamol levels: Paracetarnol
was measured in serum according to the method of Morton
and Patel.14Briefly, a serum sample was mixed with HC1 and
boiled in a water bath. Samples were cooled and 600 p1 of
phenol reagent and ammonia were added. The absorbance of
the resultant complex was measured at 620 nm in a
spectrophotometer.
Pharmacokinetics: Data was analyzed by plotting on semilog paper. The area under the serum concentrationtime curve
from zero to time infinity was calculated by the trapezoidal
rule.I5 The area from the last data point to infinity was
estimated by dividing the last concentration by the terminal
rate constant. The maximum serum concentration (Cmax)
was the observed experimental value. The total clearance
(Clt) was calculated using the formula

Figure I: Typical profile of the pharmacokinetics of
paracetamol in control (-0-) and Schistosoma mansoni
infected (-0-)mice.
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Infection withS.mansonidid not cause any significantchange
in the body weight of male or female animals at either the
acute or chronic stage of infection (Table I).

Table II: Effect of infection with S.mansoni on the
pharmacokinetic parameters of paracetamol in BALBIC
mice at eight weekspost infection (n=3).
MALES
control
infected
Cmax
Tmax

t1/2

Table I: Effect of infection with S.mansoni on the body
weights and egg loads in BALBIC mice at eight and 14
weeks post idection (n=24, Meap -+ SD or Median (QI , Q3).
MALES
control
infected
8 weeks post infection
body weight 30.78

9.92

-

14 weeks post infection
body we~ght 30.61

f7.25

-

31.08
f2.75
1 828
(1 01 8,2 300)

FEMALES
control
infected

25.50
32.76

-

33.23
29.95
f1.75
9.61
16 714
(15968,17 591)

25.60
f2.69 .
2 135
(1 800,2401)
27.65
9.88
1 1 072
(8160,13652)

While there was a large number of eggs deposited in the
liver in the acute stage, there was a marked increase (five to
eight-fold) in the deposited eggs at 14 weeks post infection
(due to the longer duration of infection) (Table I). Figure I
shows a typical pharmacokinetic profile generated from
analyses of serum samples.
Pharmacokinetic parameters were calculated from such
profiles and are shown in Tables I1 and 111.

1

Infected animals of both sexes, showed an increase in the
Tmax and t 112, and a decrease in the clearance time (Table 11).
Most of these effects were exacerbated at 14 weeks post
infection during the chronic phase of the disease (Table 111).

Results

eggsfliver

20

Time (minutes)

for an open one compartment model, where Cpo is the
hypothetical drug concentration at time zero and is obtained
by back extrapolation of the monoexponential declining
state.
Egg counts: Eggs in the liver were counted according to the
method of Cheever.I6 The mean of quadruplicate
determinations were used to calculate the mean number of
eggs per liver.
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AUC
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0.25
10
1.6
0.043
5.92
8.00
0.0072

0.24
15
2.31
0.039
7.77
9.20
0.0°5

FEMALES
control
infected

S,

0.26
10
1.9
0.047
7.87
8.60
, . 0.006

.:

0.26
15
2.3
0.043
8.5 '
9.30
0.005

Table III: Effect of infection with S.mansoni on the
pharmacokinetic parameters of paracetamol in BALBIC
mice at 14 weeks post infection ( n=3).
MALES
control
infected
Cmax
Tmax

tin
C't

Vd
AUC
K-elim

0.22
10
4.4
0.020
7.75
1 1.87
0.0026

0.20
15
32.1
0.010
20.40
15.23
0.0005

FEMALES
control
infected

0.21
5

7.2
0.021
12.86
9.62
0.001 6

0.19
30
12.8
0.014
15.76
10.9
0.0009

Discussion
Infection with parasites has been shown to affect the
pharmacokinetics of several drugs including antimalarial^'^
and schistosomicides in humans. The pharmacokinetics of
paracetam01~~
and the schistosomicide,oxamniquine," have
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been shown to be altered as a result of schistosomeinfection
in humans. The authors of the former study concluded that the
clearanceof paracetamol wasdiminishedasaresultof infection
as judged by the longer half life and greater AUC.
In the present study we observed a similartrend of decreased
clearance in both sexes of mice at both stages of infection. In
infected humans the Tmax was delayed and the Cmax were
increasedl8(though not in a statistically significant manner)
indicating a trend towards reduction in the maximal plasma
concentrations,as well as a delay in achieving these levels. In
both sexes of mice at both stages of infection, the Cmax was
not altered while the Tmax was delayed. Except for Cmax, the
trends we have observed using mice, therefore, are in
agreement with those of Turabi et all8for humans, suggesting
that the mouse could be a suitable model for the study of drug
pharmacokinetics in schistosome infection.
The pathological observations in infected mice are very
similar to those seen in humans2" and it appears from the
present study that the metabolism of paracetamol is likely to
be similar as well. It is of interest that alterations were seen in
both the acute and chronic stages of infection, but the effects
were much greater as infection progressed to the chronic
stage. This could be explained by the fact that portal systemic
shunting develops with disease progression,Ig leading to a
delayed clearance of drugs. Such a postulation has already
been advanced to explain altered antipyrinepharmacokinetics
in humans.20 Thus, for most drugs, altered drug
pharmacokinetics might not be observed in the acute stage of
infection but they are very likely to beobserved in thechronic
stages of the disease*Tpe alterations would also depend on
the parasite burdei t\s has been shown previously for
zoxazolamine metabolism in S.mansoni infecti~n.~'
We conclude that the mouse is a suitable model for the
study of paracetamol pharmacokinetics in schistosome
infection. It is also possible that this model could be used to
study the fate of other drugs in schistosome infection.
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