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SUMMARY

Praziquantel, the commonly used anti-schistosomal
drug, was investigated for hepatic carcinogenesis
promoting potential using Diethylnitrosamine (DEN)-
induced hepatic neoplasia in rats as a model in our
study. Fity rats were given a daily dose of 5 mg/Kg
body weight DEN in drinking water, for 12 weeks,
while twenty rats were used as control groups. On
the sixth week, preneoplastic changes have been
developed. Out of these S0 rats, 20 rats were
received prazigquantel for 6 successive days at a
dose of 30 mg/Kg body weight, in addition to DEN
administration. At the beginning of the experiment
and at week 12 of the experiment, sera and blood
samples were collected from all rats and examined.
The average increase of the total immunoglobulins
(Igs) in rats received DEN (324% + 64.45) is about
3 fold in comparison to the control group (100% #*
32.5) This increase is reversed in rats receiving
praziquantel (115% * 33.35). Praziquantel alone has
no effect in the total Igs (101% + 76.3).
Additionally, the average of the total RBCs counts
and the hematocrite value (PCV) were increased by
DEN administration (14.35 * 1.96, 63.62 + 0.4
respectively), in comparison to the control group
(7.6 + 0.36, 46.6 + 0.72). The effect was reversed
by praziquantel (9.45 + 1.05, 40 + 7). However,
praziquantel alone has no effect (7.36 + 0.20,
NI s 0.0d), On the other hand, DEN
adminsitration increases hemoglobin (HB)
concentration with average (21.33 + 0.47), in
comparison to the control group (16.2 + 1.2).
However, this effect could not be reversed by
praziquantel (21 + 4.49), nor could be produced by
praziquantel (14.28 + 1.18). There is no
significant changes in the average counts of WBCs
or the differential counts in all groups of rats.
The mechanism of action DEN and praziquantal on
both the immunological and hematological changes
was discussed.

INTRODUCTION
Praziquantel is an anti-schistosomal drug that has been

used widely in the last ten years. In hepatosplenic patients
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Praziquantel can result in reversibility of the fibrotic
lesions and the periportal deposion of collagen (MORCOS et al.,
1985; ANDRADE & GRIMAUD (1986) and EL-BADARY et al. (1988).
Additionally, Praziquantel has been shown to affect both the
cellular and humoral immune response in schistosoma-infected
patients (SHAKER et al., 1987). The effect of Praziquantel on
the immune response of other associated diseases in
schistosoma-infected patients is unclear. One of the ma jor
diseases associated with schistosoma infection is wviral
hepatitis. About one third of schistosma-infected patients have
also viral hepatitis (LYRA et al., 1976). Moreover, viral
hepatitis is considered one of the common complications of
hepatic carcinoma (LI et al., 1991). This study investigates
the effect of Praziquantel on the development of chemically-
induced hepatic carcinoma, and the associated humoral immune
response. Diethylnitrosamine (DEN) was used in the this study
to induce hepatic carcinoma in rats as a model (MAGEE and
FARBER, 1962). Preneoplastic and early neoplastic changes of
liver were experimentally induced. Serological, hematological
changes were examined in the presence and absence of
Praziquantel administration.

MATERIAL and METHODS

Animals:

The present study was carried out using 70 native white
male rats of 6 weeks of age (55-70 gm body weight). The animals
were supplied by Experimental Animal Research Center, Faculty
of Medicline, Assiut University. Each animal was kept separately
in a cage with wide-mesh bottom and fed a commercial rat diet.
Before treatment, the animals were acclimatized for 2 weeks and
examined to be free from common pathogens.

Induction of hepatocarcinogensis:

The rats were randomly divided into 2 groups. The first
group included 50 rats and the secod group included 20 rats.
Animals of the first group received a daily dose of 5 mgsKg
body weight of diethylnitrosamine (DEN) (obtained from
Merck-Schuchardt Cat No 111732) in drinking water freshly
prepared as recommended by YOUSSEF (1981). Control animals were
left untreated. All rats were kept under observation for
evidence of abnormal clinical signs. Whole anticoagulated blood
and blood sera were taken from the rats before carcinogenic
administration and at 12 weeks post-DEN treatment.
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Praziquantel Administration:

After 4 weeks of administration of the carcinogen (DEN), a
number of 3 rats were sacrificed weekly. The 1liver was
dissected and processed for paraffin section. After
confirmation of the occurrence of hepatic preneoplasia (TAHA,
1992), the rest of the animals were divided into 2 subgroups; A
and B. Subgroup A (20 rats). continued the administration of
the carcinogen by. the same route and dose. Subgroup B (20 rats)
received Praziquantel (Bayer-LeverKusen- Germany) regimen in
addition to the.carcinogen (DEN). Praziquantel was given orally
in the drinking water in a dose of 30 mg/Kg body weight for 6
successive days (ZWINGENBERGER et al., 1990). Following
Praziquantel intake, 3 rats from each subgroup were sacrificed
every week and subjected to postmortem examination. The control
rats were also subdivied into 2 subgroups, ' the first subgroup,
included 10 rats, and were given Praziquantel at the same route
and dose. Animals of the second subgroup were left untreated.
Sera were taken from the tail veins of all rats before DEN
administration and at 12 weeks (ends of the experiment).

Enzyme-linked immunosorbent assay (ELISA):

ELISA assay was done as described by ENGVALL and PERLMANN
(1971). Briefly, ELISA plates (Flow lab., cat No 76-321-05)
were coated with 10 ug/ml of affinity purified rabbit anti-rat
immunoglobulins (Igs) in coating buffer (0.1 M Bicarbonate
Buffer pH 9.5). The plates were incubated at 4C. After 24
hours, the plates were washed with washing buffer (Phosphate
buffered Saline {PBS}) (0.01 M phosphate and 0.15 NaCl pH 7.2),
3 times, blocked with 200 ul of blocking buffer (0.5% BSA in
washing buffer) and incubated at room temperature. After 1
hour, the plates were washed 3 times with washing buffer, and
the different dilution (1/10, and 1/100) of rat sera (of
different groups) were added and incubated at room temperature.
After 1-2 hours, the plates were washed 3 times, and the anti-
rat polyvalent biotin-conjugates (Sigma Cat No B-2016) were
added at dilution 1:1000 and incubated at room temperature.
After 30 minutes, the plates were washed 4 times in washing
buffer, and the Extra-avidin-peroxidase conjugates (Sigma Cat
No E-2636) were added at dilution 1:500, and incubated at room
temperature. After 30 minutes, the plates were washed 4 times
in washing buffer. The substrate, O-Phenylenediamine (OPD)
(Sigma Cat No P-5412) were added at 0.4 mg/ml in substrate
buffer (0.05 M phosphate citrate buffer pH 5, and 40 ul fresh
H202/100 ml of substrata buffer). ELISA plates were read at 450
nm, and the mean and standard deviation of the duplicate
reading were recorded.
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Percent changes of Igs were calculated as follows:
% changes = 0D of tested sera X 100

Blood Analysis: OD. control sera

Total erythrocytic count (TRBCs), total leucocytic count
(TWBCs), and hemoglobin concentration (HB) were determined by
using electronic cell counter (cell Dyne 300, Sequoir-Turner)
according to COLES (1980). Packed cell volume (PCV%) was
determined by means of microhematocrite method (SCHALM, 1979).

RESULTS

In Fig. 1, the effect of Praziquantel on the total Igs of
rats with diethynitrosamine-induced hepatic changes was
examined. There is at least three fold increase of the total
Igs in the sera of rats after 12 weeks of administration of
diethylnitrosamine alone in comparison to the control rats
(group 4). This change in the total 1Igs disappears if
Praziquantel is administered with diethylnitrosamine (group 2).
Administration of Praziquantel alone (group 3) does not have an
effect on the total Igs in comparison to the control rats.

In Fig. 2, the effect of Praziquantel on the total count
of WBCs in rats with DEN-iqguced hepatic neoplasia was stated.
The total number of WBCs/mm™~ has not significantly changed with
DEN or Praziquantel administration to the control group.

In Fig (3), the effect of Praziquantel on the total count
of RBCs in rats with DEN-induced hepatic neoplasia was stated.
There is at least two-fold increase of the number of RBCs/mm
in the blood of rats 12 weeks after administration of
diethylnitrosamine alon in comparison to the control rats
(group 4). This change in the number of RBCs/mm> disappears if
Praziquantel is administered with diethylnitrosamine (group 2).
Administration of Praziquantel a%one (group 3) does not have an
effect on the 'number of RBCs/mm” in comparison to the control
rats (group 4).

In Table (1), the effect of Praziquantel on the hemoglobin
concentrations, hemaotcrite value, and differential counts have
been stated. A significant increase in the HB level has been
seen in both groups, 1 and 2 (DEN-induced hepatic neoplasia
alone or in combination with Praziquantel) in comparison to the
control group (group 4), or rats administered Praziquantel
alone(group 3). The increase in HB level in group (2) 1is not
assoicated with increase in the number of RBCs in this group.
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At the same time, hematocrite value (PCV) increases in
group (1). Administration of Praziquantel to DEN-administered
rat group decreased the hematocrite value to the normal level
(group 3, and 4). Differential cell counts have not shown any
significant changes in the four groups of rats.

DISCUSSION

DEN is an organic nitros compound in which the
nitrosogroups attach to the Carbon atom. It is a member of
nitrosamines compound family which enters in many industries
such as the manufacture of rubber, dyes, lubricating oils,
explosives, insecticides, and electric industries.
Additionally, nitrosamine compounds could be produced
secondarily from canned food (Ender and Ceh (1968) as well as
by bacterial organisms (Sander and Seif (1969).

In the acute toxicity, nitrosamine produces centrilobular
and midzonal necrosis, depletion of glycogen and fat
deposition, as well as dilation of the sinusoidal spaces in the
liver. Repeated doses result in liver fibrosis and cirrhosis.
The metabolic degradation of the compound by the hepatic
microsomal enzymes is an essential process for the toxic
mutagenic, teratogenic, and carcinogenic effects of the
nitrosamine compounds (HEATH, 1962). Nitrosamine compounds
induce hepatocellular carcinoma and cirrhosis of the liver when
administered orally in relatively high amounts. With gradual
decrease of the dose, fewer hepatocellular carcinomas and more
cancer of the ocesophagus, pancreas and the urinary bladder were
reported (GOODAL et al., 1968). Enhanced expression of Ras
oncogene (p2l1) in these tumors have been reported (fujita et
al., 1988). MAGEE and FARBER (1962) concluded that the acute
hepatotoxic effect was caused by the alkylation of proteins and
enzymes, while the carcinogenic effect is related to the
alkylation of nucleic acids. THOMAS et al. (1985) reported the
effect of nitrosamine on host resistance and immunity. In that
study, Nitrosamines at a dose of 1.5 mg/Kg/day, I.P. for 14
days have no effect on both humoral and cellular response,
however, if the dose increases to 5 mg/Kg/day, I.P. for 14
days, there is a 90% decrease in the T-dependent antibody
response, while the delayed type hypersensitivity (DTH)
response increases by 30%.

On the other hand, Praziquantel is a selective
antihelminthic with trematocidal and cestocidal activity but no
apparent activity against higher organisms such as nematodes.
Praziquantel binds to specific receptors within the parasite
and leads to destruction of the tumgent of the parasite and
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contraction of the musculature (PAX et al., 1978). Currently,
praziquantel is the durg of choice for treating schistosomiasis
in humans (CAMPBELL, 1986).

In this study, the effect of Praziquantel (a routine anti-
Schistosomal drug) on the DEN-induced hepatic neoplasia was
examined. Previous studies by THAMAVIT et al. (1992) indicated
lack of modulation effects of Praziquantel on DMN-induced
lesion development in the Syrian hamster liver. In that study,
Praziquantel was given at (200 mg/Kg body weight) 11 times at 2
week intervals starting at week 4 after initial 20 mg/Kg
dimethylnitrosamine (DMN) I.P injections at weeks 0 and 2.
Sacrification was done at week 28. In another study by SHIRAI
et al. (1991), rats were given single I.P. injection of DEN
(200 mg/Kg), and after 2 weeks, praziqunatel was given in the
diet at concentration 1.5 or 0.5% in the diet, or at 1500 mg/Kg
body weight intragastrically. Positive foci of preneoplasia was
significantly increased in terms of both number and area with
the 1.5% dose, while only area was affected by 0.5% dose.

In our studies, DEN has been used at a daily dose of 5
mg/Kg body weight for 12 weeks. After hepatic preneoplastic
changes (4 weeks post-DEN administration), praziquantel was
given at a dose of 30 mg/Kg body weight for 6 sucessive days.
This dose of praziquantel is comparable to the dose used in the
treatment of Schistosomiasis in human (40 mg/Kg). Data in our
studies indicated that praziquantel has reduced the incidence
of hepatocellular neoplasia (TAHA, 1992), and reverse the
effect of DEN on total Igs and both the total RBCs and PCV
value but not on the HEB concentrations. This controversial
result could be explained by the use of different carcinogens.
Besides, the dose and the regime of praziquantel are different.
Our data also shown that DEN administration increases the level
of total Igs, total RBCs, the total PCV counts, and HB wvalues.
The mechanism of these changes are not known, but direct
stimulatory effect on the bone marrow cells is a possible
explanation and needs further investigations. Praziquantel
selectively reverses the effects of DEN on the total Igs, the
RBCs value, but not on the HB concentration. The mechanism of
this selective action of praziquantel might be due to its
selective effect on prognoitor cells of the bone marrcow.
Additinoally, the selective effect of praziquantel on the
number of RBCs (group 2), but not the HB level, could be
explained by eihter the increased size of RBCs or the increased

HB level inside the RBCs in group (2) in comparisen to group
(1). ;
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Furthermore, the present studies shown that the total Igs
has significantly increased (300%) in DEN-administered group in
comparison to the control group. The increase in the total Igs
might be used as an early sign of pre-neoplastic changes in the
DEN-induced hepatic neoplasia model. Evaluation of such sign
in early detection of DEN-induced neoplasia in underway.

LEGENDS

Fig. 1: The effect of praziquantel on the total
immunoglobulin level gf->rats -with. -or: =without DEN-
administration. Rats were divided into 4 groups:

Group (1) 20 rats received DEN for 12 weeks.

Grouptéz) 20 rats received DEN for 12 weeks and Praziquantel on
the 6 week for 6 successive days at a dose of 30 mg/Kg body
weight.

Group (3) 10 rats received Praziquantel alone on the 6" week
for 6 successive days at a dose of 30 mg/Kg body weight.

Group (4) 10 control rats received nothing.

Sera were collected from the four groups of rats at the
beginning of the experiment and at the 12 week of the
experiment. ELISA were done on the collected sera to estimate
the level of total immunoglobulins as described in the material
and method. Percent changes of Igs was calculated in comporison
to the control group.

Fig. 2: The effect of praziquantel on the total counts of
WBCs/mm~ were done as described in material and method.

Fig. 3: The effect of praziquantel on the total counts of
RBCs/mm~ were done as described in material and method.

Table 1: The effect of praziquantel on the hemoglobin
concentration hematocrite value {PCV], and differential
leucocyte counts in the four groups of rats as described in
Fig. 1. Standard deviation are between brackets.
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