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Schistosomiasis is the third most devastating tropical disease worldwide caused by blood flukes of the genus
Schistosoma. Praziquantel (PZQ) is the drug of choice for treating all species of schistosomes. However, PZQ kills only
adult Schistosoma worms, not immature stages. The inability of PZQ to abort early infection or prevent re-infection, and
the lack of prophylactic effect prompt the need for novel drugs and strategies for the prevention of schistosomiasis.
Tumor burden can be developed in Schistosoma-infected patients. The present study aimed to determine the host
responses to mutual interaction between cancer, represented by Ehrlich ascites, and infection, represented
by Schistosomiasis. Mice infected with Schistosoma and challenged with tumor 4-5 weeks later showed the same
anti-schistosomal (worm and egg burden) and antitumor (total tumor cell count and mouse survival) parameters
when compared to mice infected with Schistosoma alone or challenged with tumor cells alone. As expected,
combinatorial treatment with PZQ and cisplatin of Schistosoma-infected mice that were challenged with tumor cell
line decreased the tumor burden as well as the worm and egg burden after treatment as compared to the non-treated
controls; while the worm burden and egg counts were significantly decreased (P <0.001) in treated group (V1) treated
with cisplatin (0.5 mg/kg), group (VII) treated with cisplatin (2 mg/kg), group (VIII) treated with PZQ/ cisplatin
(0.5 mg/kg) and group (I1X) treated with PZQ / cisplatin (2 mg/kg) by 44.55% , 74%, 100% and 97.8% in worm burden,
and by 47%, 78.7%, 96% and 97% in liver egg count , respectively than that of group (Il) non treated S. mansoni
infected alone and (IV) non treated S. mansoni/EAC alone. Also, Group IX caused a significant reduction
(P <0.05) in worm burden than that of group VI. Also, total ascetic volume and the tumor cell counts in Ehrlich's
ascites carcinoma (EAC)-cells were significantly decreased (P <0.001) in groups VIII and 1X than that of the group (l1)
non-treated (EAC) inoculated alone. There was no mutual interaction between schistosomiasis infection and
tumor burden. Also, whereas, PZQ did not affect on the antitumor parameters, cisplatin even at low doses had
anti-schistosomal effects.
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drug. Even so,

drug discovery for

caused by infection with parasitic blood flukes.
Schistosoma mansoni, Schistosoma haematobium,
and Schistosoma japonicum are the most widely
distributed species and cause the highest burden of the
disease, particularly in  sub-Saharan  Africa’.
Praziquantel (PZQ) is the only drug available for
treatment of this disease, and it is active against adult
schistosomes, but has little activity against the
juvenile schistosomula, the young developmental
stages of the parasite’. Should serious praziquantel
drug resistance arise, there are no viable alternatives
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schistosomiasis has languished. Cancers and parasites
have many properties in common, particularly those
that relate to their respective capacities to evade host
defense mechanisms. Hence, Tumor can be developed
in  Schistosoma-infected patients.  Alternatively,
patients with tumor can be subjected to Schistosoma
infection. It is not clear, however, whether there is a
mutual effect of these diseases with or without
treatment with the choice drugs. This clarified by the
previous study of Edington who found that a possible
association between lymphoreticular tumors and
Schistosoma mansoni®. Besides, other study showed
that S. mansoni soluble egg antigen-induced
angiogenesis-related processes by up-regulating
vascular endothelial growth factor in human
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endothelial cells*. Also, José exhibited that the brain
tumor as a clinical presentation of schistosomiasis,
mansoni infection® and another study resulted from
that lymph node involvement by S. mansoni in a
patient with a malignant neoplasm of the colon.
Despite the topography of the lymph node in the
territory of organ drainage, the lesion in the lymph
node was represented only by the granulomatous
component, without neoplastic involvement, these
previous studies observed the association of the
ectopic form of schistosomiasis with a benign
neoplasia in two cases (uterine leiomyoma and
ovarian cystic teratoma). The association with
malignant neoplasia was observed in several cases.
Some of these cases as (squamous cell carcinoma of
the penis, carcinoma of the uterine cervix and
renal cell carcinoma) there was a tightly intimate
association between neoplastic cells and S. mansoni
eggs. It is possible that local hyper vascularization
related to tumor growth facilitates the migration of the
eggs resulting in the simultaneous association®

On the otherwise, the ectopic sites and forms of
S. mansoni affecting the peritoneum are usually
associated with the hyperplastic manifestations of the
disease (pseudo-tumoral form) that seems to be
directly related to the egg of the parasite. Other
possible manifestations of immunity under these
certain circumstances, the egg acts as an antigenic
complex, which would provoke an exaggerated
granulomatous inflammatory  response in the
organism’.

Schistosomal pathology is a direct consequence of
the immunological response to oviposition in host
tissue especially the liver. Liver injury is typically
associated with infiltration of inflammatory cells
leading to fibrosis. It is reported that the primary
cause of mortality and morbidity in schistosomiasis is
hepatic fibrosis at chronic and advanced stages, which
develops because of inflammatory granulomas around
deposited parasite eggs®®. Furthermore, inflammatory
cells, through the formation and release of hydroxyl
radicals, are responsible for various mutations®, sister
chromatid exchanges, and breaks of the DNA
strands®®.

The previously studies estimate more developed
and extensive microvascular pre-ovulatory follicles as
compared to that of the other follicles, that producing
some substrates, nutrients, and trophic hormones that
permit follicular development and growth. Therefore,
vascularization in the female pelvis was distinctive,

also the changes that occur in angiogenesis during
reproductive life and pregnancy may facilitate the
implantation of ectopic  schistosomiasis®™®. In
addition, the neoplasms supposedly serve as a
migratory route for the adult parasites and the
embolization of eggs. Implying, the presence of
S. mansoni eggs caused inflammation and oxidative
stress, which may lead to a poorer prognosis in the
case of ovarian tumors. Nevertheless, there was
insufficient evidence to confirm the malignization of a
benign lesion due to the presence of S. mansoni**.

Praziquantel (PZQ) is the drug of choice for all
species of Schistosoma as an effective anti-schistosomal
drug'®. Although treatment with this drug is
effective, frequent schistosome reinfection occurs
later. Moreover, PZQ alone failed to improve hepatic
pathological alterations induced by schistosomiasis®.
As the most severely affected organ during Schistosoma
mansoni infection is the liver, treatment targeting
schistosomiasis-associated hepatotoxicity remains a
promising approach which worth investigation'*

Cis-diamminedichloroplatinum  (1I), commonly
known as cisplatin (CP), is a highly effective
antineoplastic drug used for the treatment of a diverse
spectrum of malignancies™. Interestingly, the pathogenesis
of cisplatin toxicity is attributed to the formation of
ROS, caspase activation, DNA damage and
mitochondrial damage'. In this report, we
examined the host responses to the mutual interaction
between cancer, represented by Ehrlich ascites, and
infection, represented by Schistosomiasis. In addition,
the anti-schistosomal effect of cisplatin  was
investigated.

We examine how the toxicity of anticancer
agents is just a matter of dose or ‘only dose
makes the poison’. Thus, the opportunity exists to
discover new anti-schistosomal using the anticancer
pharmacopeia. If these drugs were active in vivo at
low and tolerable doses, they could potentially become
anti-schistosomal. This is more possible in view of the
fact that many anticancer drugs have already been
used in the treatment of non-neoplastic diseases at a
low dose.

Materials and Methods

Mice

One hundred and eight adult female Swiss albino
mice (CD1 strain) weighing 20+2 g used in this study
were obtained from National Research Center (NRC,
Cairo, Egypt). Animals were housed (12 animals per
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cage) at the animal facility at Zoology Department,
Faculty of Science, Tanta University, in 12 h/12 h
dark/light cycle under laboratory condition of
temperature and humidity. The mice were fed with
rodent pellets and tap water ad libitum. The study was
performed in accordance with the guidelines issued by
the faculty of Science, Tanta University, Egypt. The
animals were euthanized according to the method approved
by the Canadian Council on Animal Care (CCAC).

Infection with S. mansoni

Schistosoma mansoni cercariae used for the
infection were obtained from the Biomphlaria
alexandrina snails supplied by the Schistosome
Biological Supply Program, Theodore Bilharz
Research Institute at Warrak El-Hadar, Imbaba, Cairo,
Egypt within one hour after shedding. The mice were
first transferred to suitable size container contained
warm freshwater to bath the animals to half-way up
the tail. The animals were then exposed to a
known number of fresh water suspended cercariae
(40-50 cercariae), through partial immersion of their
tails into the cercarial suspension. The animals were
let in this suspension for 2 h'’. Briefly, the cercariae
of S. mansoni were shed from the infected snails.
Three representative samples each of 0.5 mL were
drawn out using serological pipette into clean glass
watch. Two drops of Lugol’s iodine solution were
added to each sample to kill and stain the cercariae.
The number of cercariae was counted under a
dissecting microscope, and the average number of
cercariae/mL of cercarial suspension was counted.

All the animals were trapped in plastic falcon tube.
After that, the animals have been transferred
individually into a glass tube containing fresh dechlorinated
water. Known numbers of fresh-suspended cercariae
(40-50 cercariae) have been added to each tube using
a serological pipette. The animals have left in the
falcon tubes for 60 min then transferred into special
cages, finally, the cercariae in the glass tubes have
been counted after the infection.

Inoculation of the tumor cells

Ehrlich ascites carcinoma (EAC) cells were
originally obtained from the National Cancer Institute
(Cairo University, Egypt). EAC cells were collected
from donor mouse on the eight days of tumor growth
and were suspended in sterile isotonic saline, the
viable EAC cells were counted by using trypan blue
method and were adjusted for intraperitoneal (i.p.)
inoculation of about 1 x 10° cells/mouse.

Preparation of drug solutions

Cisplatin was obtained from Sigma-Aldrich
(St. Louis, MO) and kept at 4°C until used. Biltricide
tablets  (Alexandria Co., [Egypt) containing
praziquantel were prepared freshly before the
treatment. Mice were treated with either 2 mg/kg
of cisplatin (i.p.) or 0.5 mg/kg of cisplatin (i.p.) for
six consecutive days. PZQ was injected orally
(600 mg/kg) for three consecutive days alone or in
combination with cisplatin. While PZQ drug was
suspended in DMSO and was given orally using
stomach gavages’ and cisplatin drug doses were
prepared in sterile saline

Experimental design

Swiss albino mice were infected with (40-50)
cercaria at day “0” and injected (i.p.) with 300 pL of
1x10° EAC cells/mouse at day “31” post infection,
then divided into 9 groups of 12 animals each, as
follows: Group | (naive mice; Control); Group Il: non
treated S. mansoni-infected mice (Inf. alone); Group
I11: non treated EAC-bearing mice (EAC); Group IV:
non treated S.mansoni and EAC infected mice
(Inf.EAC); Group V: S. mansoni and EAC infected
mice treated with PZQ (PZQ); Group VI: S. mansoni
and EAC infected mice treated with cisplatin
(0.5 mg/kg) i.p.; Group VII: S. mansoni and EAC
infected mice treated with cisplatin (2 mg/kg, i.p.);
Group VIII: S. mansoni and EAC infected mice
treated with cisplatin (0.5 mg/kg) i.p. and PZQ orally
administered; Group [IX: S. mansoni and EAC
infected mice treated with cisplatin (2 mg/kg) i.p. and
PZQ orally administered. After 24 h of inoculation,
the mice were divided equally into these groups as
shown in (Fig. 1).

At the end of the experiment, 1 mL of blood
samples were collected by eye bleeding with EDTA
filled tubes from all groups and the blood was
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centrifuged at 2000-3000 x g for 15 min at
15-24°C, the plasma quickly separated and frozen
at —20°C until used. After collection of the blood
samples, mice were euthanized, and their liver tissues
were excised, immediately removed and washed using
chilled saline solution then weighed. The tissues were
minced and homogenized separately (10% W/V) in
ice-cold sodium phosphate buffer (0.01 M, pH 7.4)
containing 1.15% KCI in a potter El Vehjem type
homogenizer. The homogenate was centrifuged at
10.000 xg for 15 min at 4°C and the resultant
supernatant was used for determination of the
biochemical parameters.

The anti-tumor activity was measured in EAC is
bearing mice with respect to the following
parameters: the changes in the total body weight,
tumor volume, and total tumor cell counts. Also,
parasitologically parameters were measured in
S. mansoni infected mice after liver perfusion. The
percentage of worm reduction after treatment was
calculated and the anti-schistosomal effect of the
drugs was parasitological assessed by determining the
S. mansoni worm load and the tissue egg loads.

Worm burden recovery

Perfusion of adult worms from the liver and
Porto-mesenteric  system was performed after
infection'. The percent of change (% reduction of
worm) was calculated as follows:

(% Change) =C - T /C x 100

Where C is the mean number of worms recovered from
infected-untreated mice and T is the mean number of
worms recovered from infected-treated mice.

Tissue egg load

The liver and the intestine which was previously
cleaned up and weighed were digested separately in
4% KOH solution at 37°C for 6 h. After digestion,
tissue suspensions were centrifuged at 1500 rpm for
5 min and supernatants removed. After three cycles of
washing and centrifugation, the number of eggs was
determined in two aliquots of 100 L each using light
microscope. Results were expressed regarding the
mean number of eggs per gram of tissue for intestine
and liver™.

Measurement of granuloma volume

Lesions containing eggs in their centers were
selected for measurement, and the diameter of each
liver granuloma was obtained by measuring two

diameters of the lesion at right angles to each other
using an ocular micrometre. The mean diameter of all
slide lesions from each mouse of each group was
determined and the volume of each lesion was
calculated, assuming a spherical shape, from its mean
diameter using the following formula:

Volume = R® x 22/7 x 4/3

Liver function tests

Plasma Aminotransferase (AST and ALT) was
assayed by using available commercial kits (Randox,
Egypt)®, Alkaline phosphatase activity was assayed
calorimetrically by using commercial kit (Bio diagnostic,
Egypt)®, Total protein concentration was assayed
calorimetrically by using commercial kit (Bio diagnostic,
Egypt)* and Total bilirubin was assayed calorimetrically
by using commercial kit (Diamond Diagnostic, Egypt)?.

Tissue homogenate

The right lobe of the liver was homogenized in
Tris—HCI 50 mm buffer. Homogenates were centrifuged
at 3500 rpm for 25 min at 4°C and supernatants were
stored at —70°C for the determination of some oxidative
stress biomarkers.

Biochemical analysis

Liver homogenate (10%) was prepared and used to
estimate reduced glutathione (GSH) was estimated®,
The method is based on the oxidation of GSH by
5,5'-dithiobis-2-nitrobenzoic acid, [DTNB], and the
resultant yellow coloured ion, is measured at
412 nm. Total malondialdehyde (MDA), the extent of
lipid peroxidation was measured in the term of
thiobarbituric acid reactive substance (TBARS)
formation was measured. CAT activity was measured
spectrophotometrically at 240 nm by calculating the
rate of regarding to H,O, the substrate of the enzyme.
The glutathione peroxidase activity (GSH-Px), Tissue
total antioxidants capacity, Total thiol content and
non-protein thiol (GSH), The protein content of
tissues was measured®. Thioredoxin reductase was
assayed®”. ASA activity and ASB activity were
assayed®. The reaction was followed up by measuring
the absorption due to enzyme activity at 515 nm.

Statistical analysis

In the present study, all results were expressed
as Mean + S.E of the mean. Data were analyzed
by one-way analysis of variance (ANOVA) and
POSTHOCTUKEY ALPHA test using the Statistical
Package for the Social Science (SPSS® Inc., USA)
program, version 20 followed by least significant
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difference (LSD) to compare significance between
groups®’. The criterion for statistical significance was
net at P < 0.05.

Results

Treatment with cisplatin and PZQ reduced the gain of body
weight due to tumor

As shown in (Fig. 2), the treatment with cisplatin
alone showed a significant decrease in the total body
weight as compared to the Inf. EAC group. The
combinatorial treatment with cisplatin (0.5 mg/kg)
and PZQ showed a marginal increase in the total body
weight when compared to the group treated with
cisplatin (0.5 mg/kg) alone (Fig. 2A). In addition, the
treatment with PZQ showed no changes in the body
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Fig. 2 — Evaluation of body weight in the different groups under
study. (A) The body weight of adult female mice at the start of
treatment and the end of experiment in the different groups;
(B) The kinetic changes in the total body weight of mice after
inoculation with EAC-tumor cells and treatment with praziquantel
or with cisplatin at different doses alternatively. Different groups
of mice (8 per group) were inoculated with 1 x 10° EAC-cells,
24 h later, mice were treated according to the experimental plan.
Mice were weighted on day 0, 2, 4, 6, 8 and 14 after inoculation
with tumor. The inoculated tumor groups were sacrificed on day
14 and the changes in the total body weight were calculated

weight as compared to the Inf. EAC group. Both of
untreated and PZQ treated groups showed an increase
in the total body weight at the day 14 after tumor
inoculation due to the increase of the total ascetic
volume.

Primary evaluation of the tolerance of cisplatin and PZQ by
S. mansoni/EAC infected mice

To test the tolerable doses of cisplatin by group 1V
(S. mansoni/EAC non-treated mice). Female albino
mice were infected with (40-50) S. mansoni cercareia
at day zero of experiment then at day 31 from
infection (day zero for inoculating with EAC cell)
by 1 x 10° EAC cells after 7 weeks post-infection
(first day of EAC inoculation); the cisplatin was
given intraperitoneal with a dose 2 mg/kg in
comparison with the curative dose of the reference
anti-schistosomal drug PZQ. To this end, the number
of death in animal groups was recorded as compared
with that of control treated with vehicle over a period
of 24 h. After 24 h if these compounds didn't show
any objective toxicity as monitored by the observation
of the death rate at that dose level, another dose of
0.5 mg/kg body weight was given to mice (Table 1).

Preliminary investigation of the tolerance of
cisplatin doses under investigation to S. mansoni/
EAC -infected mice at a dose level of 2 mg/kg body
weight showed apparent toxicity in praziguantel
(600 mg/kg), group IX (Cisplatin (2 mg/kg) with
PZQ) the toxicity reaches to 12.5 % as monitored by
the observation of the death rate at that dose level.
Based on these results, all groups were inoculated at
PZQ 600 mg/kg body weight for three times daily, but
groups were inoculated at cisplatin given for six times
daily at a dose level of 2 mg/kg and 0.5 mg/kg body
weight, respectively.

Combinatorial effect of PZQ and cisplatin on worm burden
and egg count
The total number of the worms and the percent

reduction of the worm burden did not exhibit

Table 1 — Shows the rate of death of mice given PZQ orally
at three dose of 12 mg/kg of body weight and/or cisplatin
0.5 mg/kg and 2 mg/kg of body weight i.p. at six consecutive days

Groups Dead/Total % of Death
Inf. alone 1/8 125
EAC 2/8 25

Inf. EAC 2/8 25
PZQ 1/8 12.5
Cisplatin (0.5 mg/kg) 0/8 0
Cisplatin (2 mg/kg) 2/8 25
Cisplatin (0.5 mg/kg) PZQ 0/8 0
Cisplatin (2 mg/kg) PZQ 0/8 0
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significant difference between Inf. alone and Inf. EAC
groups. The groups treated with PZQ alone or
combined with cisplatin (2 mg/kg) exhibited high
significant decrease (P <0.05) in the worm burden as
compared to infected controls (Fig. 3).The mean egg
count in the intestine and liver exhibited significant
reduction (P <0.05) in the groups treated with PZQ
alone or PZQ combined with cisplatin (0.5 mg/kg) or
(2 mg/kg) as compared to Inf. alone and Inf. EAC
groups (Fig. 4). There was no significant change
between the infected controls and Inf. EAC groups in
the egg count. On the other hand, highly significant
decrease was exhibited only in the groups treated with
PZQ alone or combined with cisplatin (0.5 mg/kg) or
(2 mg/kg).

Granuloma diameter exhibited slight decrease in
PZQ treated group as compared to Inf. alone group
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Fig. 3 — Worm burden in all treated groups under study in the
different groups (*P value is <0.05, **P value is <0.01)

18000 - QEgg count of | g intestine

16000 BEgg count of | g liver
14000 | |1
12000 - :
*%
10000
8000 -
6000 -
4000 -

2000 -

o Lk

Egg count of 1 g liver and 1 g intestine / 5 ml KOH £ SE

Groups

Fig. 4 — Egg count in 1 g liver and 1 gram intestine in the different
groups under study (*P value is <0.05, **P value is <0.01)

(P <0.05), while in all treated groups, it exhibited a
significant decrease (P <0.05) except the group
treated with PZQ alone which showed no significant
change as compared to immunized infected control
(Fig. 5).
Treatment with PZQ had no antitumor effect against EAC
IN VIVO

Figure 6 exhibited that while both of the Inf. EAC
and PZQ groups had tumor after 14 days of
inoculation, the cisplatin and cisplatin. PZQ groups
had no tumor. Interestingly, the co-treatment of PZQ
and cisplatin exhibited a toxic effect on the tumor
bearing mice, whereas 2 mice of 12 were dead
starting from day 4 until day 12 (data not shown). The
results exhibited that although the total ascetic volume
in the group treated with PZQ was slightly higher than
the volume of the untreated group, the total number of
live cells was less than it in the Inf. EAC group.

Differential white blood cells count in swiss albino mice

As shown in (Tables 2 & 3) lymphocyte count was
significantly decreased in EAC, Inf. EAC and
cisplatin (2 mg/kg) with or without PZQ groups as
compared with that in normal mice. On the other
hand, lymphocyte count was slightly decreased in
cisplatin (0.5 mg/kg). PZQ group as compared with

that in Inf. group. In contrast, PZQ and cisplatin
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(0.5 mg/kg) groups exhibited a significant increase
in lymphocyte count as compared with that in Inf.
EAC group. Also, cisplatin (2 mg/kg). PZQ group
exhibited a significant decrease in lymphocyte count
as compared with that in PZQ group. The count was
significantly decreased in cisplatin (2 mg/kg) with or
without PZQ groups as compared with that in
cisplatin (0.5 mg/kg) group. Additionally, cisplatin
(0.5 mg/kg). PZQ group exhibited a significant
increase in lymphocyte count as compared with that
in cisplatin (2 mg/kg) group. In contrast,
it was slightly decreased in cisplatin (2 mg/kg).
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Fig. 6 — The effect of cisplatin on tumor cell number and ascetic
fuid volume. (A) Antitumor effect of cisplatin at doses of
0.5 mg/kg and 2 mg/kg and/or PZQ at the dose of 600 mg/kg body
weight combined with each other; (B) Effect of the treatment with
cisplatin at doses of 0.5 mg/kg and 2 mg/kg and/or PZQ at the
dose of 600 mg/kg body weight on Ascetic volume (*P value is
<0.05, **P value is <0.01)

PZQ group as compared with that in cisplatin
(0.5 mg/kg) PZQ group.

Effect of PZQ and/or cisplatin on some biochemical
parameters of S. mansoni /EAC-bearing mice

As shown in (Table 4) ALT and AST enzyme
activities in serum were significantly increased in all
untreated mice groups as compared to naive mice.
Nevertheless, ALT and AST enzyme activities in
serum were significantly decreased in PZQ treated
mice as compared to Inf. EAC group. Meanwhile,
ALT activity had a significant increase in cisplatin
10 pg and cisplatin 40 g groups as compared to Inf.
EAC group. On the other hand, AST activity was
significantly increased in cisplatin (0.5 mg/kg) or
cisplatin (2 mg/kg) groups and in cisplatin (2 mg/kg).
PZQ group as compared to Inf. EAC group. Also,
PZQ group exhibited a significant increase in ALP
activity as compared to Inf. EAC group. However,
cisplatin (0.5 mg/kg) or (2 mg/kg) with or without
PZQ groups exhibited a significant decrease in GGT
activity as compared to Inf. EAC group. Interestingly,
treated group with cisplatin (2 mg/kg) with PZQ

%f: showed a significant decrease in GGT activity as
E.o either compared with that in cisplatin (0.5 mg/kg) or
S s b (2 mg/kg) groups.

d o The total protein (TP) concentration was

significantly increased in all treated groups as
compared with any of the untreated groups. Whereas
TP was significantly increased in cisplatin (2 mg/kg)
group, it was significantly decreased in cisplatin
(0.5mg/kg). PZQ group as compared to cisplatin
(2 mg/kg) alone group. On the other hand, PZQ with
or without cisplatin (0.5 mg/kg) treated groups
showed a significant decrease in total bilirubin
concentration as compared to Inf. EAC group.
However, total bilirubin  concentration was

Table 2 — Assessment of the changes in the differential leucocytes’ counts in different groups under study

Collection results of CBC

platelet x10%cmm WBCsx10%/cmm segmented % lymphocyte % Monocyte %
Control 772158 10+1 3+1 84+1 13+1
Inf. alone 542+48 6+0.4° 6+2 87+4 514
EAC 481460 6+1° 7£0.4 748" 942
Inf. EAC 536+43 6+1" 7+1 85+2 7+2
PZQ 439+91° 7+1 7+2 86+5° 7+1°
Cisplatin (0.5 mg/kg) 706+86 8+1¢ 5+1 82+2 9+2
Cisplatin (2 mg/kg) 456+110 4417 F 6+1 7742 6+1”
Cisplatin (0.5 mg/kg) PZQ 513+49 7+1%9 742 865 7+1°
Cisplatin (2 mg/kg) PZQ 508+123 3+1AbceRh 6+1 84+2 8+1°
P -value 0.028* 0.000** 0.252 0.008* 0.000**
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Table 3 — Assessment the changes Absolute count of differential leucocytes counts in different groups under study

Collection results of absolute counts

Absolute segmented

Absolute Lymphocyte Absolute Monocyte

Control 0.2+0.04 8+0.4 1+0.09

Inf. alone 0.4+0.1 5+0.12 0.3+0.034

EAC 0.4+0.05 4+0.0% 1£0.14

Inf. EAC 0.4+0.09 5+0.2% 0.40.07#

PZQ 0.5+0.09 6+0.6¢ 0.4+0.04 A

Cisplatin (0.5 mg/kg) 0.5+0.07 7+0.4%¢ 1+0.2°

Cisplatin (2 mg/kg) 0.220.04 3+04 P EF 0.240.04~F

Cisplatin (0.5 mg/kg) PZQ 0.5+0.1 6+0.5%9 0.4+0.04

Cisplatin (2 mg/kg) PZQ 0.2+0.04 3+0.3AEFN 0.3+0.04

P -value 0.120 0.000** 0.000**

Table 4 — Effect the administration of cisplatin and praziquantel on plasma parameters in the mice model.

Groups ALT (U/L) AST (U/L) ALP (U/L) y-GT (U/L) Protein (g/dL) Total Bilirubin
Mean +SE (mg/dL)
Control 22+0.3 34.42+0.4 126.4+0.8 9.44+0.1 7.28+0.04 0.543+0.08
Inf. alone 62424 73.91+0.84 157.0+6 4 20.60+0.1% 4.85+0.03 0.721+0.02
EAC 25+1° 64.340.97B 193+2 A8 28.78+0.3~B 4.97+0.03% 8.890+0.2"8
Inf. EAC 43+0.57BC 69.12+0.9ABC 1741170 C 25.3+0.9 ABC 4.91+0.074 8.143+0.02 ABC
PZQ 3042 ABD 62.8+0.6 BP 227+1AB.CD 24.24+0.1 7B C 5.65+0.03A8¢D 57224007 ABCD
82"';;/”'(9) 49+0.9~BCIE 81 6540 9ABCDE 71741 ABCDE 20 07402AC0  §79+0.05ABCPE g 926+0.03ABPE
by S2OSAECDE G085H07ARCOER  Goe ABCOE  15430.3A8C0F 510301 ABCOSF 1042550044 8C0EF
Cisplatin
(0.5 mg/kg). 39+054BCEFC 69640 5APCERE 764064 PPE  16.0340.3MBCPF  6,32+0.047BCPERC 7250400448 CPEFRG
PZQ
Cisplatin
(2mg/kg).  41+0.87BCERC 74340 4ACPERGH 70341 ABCDE 4140 8ABCERC 264400054 PE TN 70,341 4B COF
PZQ
P-Value 0.000** 0.000** 0.000** 0.000** 0.000%* 0.000**

significantly increased in cisplatin (0.5 mg/kg) or
cisplatin (2 mg/kg) groups as compared to Inf. EAC
group (Table 5).

Hepatic Catalase activity was significantly
decreased in Inf. alone, cisplatin (2 mg/kg) and
cisplatin (2 mg/kg). PZQ groups as compared to
control naive mice (Table 5). The levels of MDA
were significantly increased in Inf. alone, Inf. EAC
groups and in all treated groups as compared with that
in naive mice. MDA level was significantly increased
in cisplatin (2 mg/kg) and cisplatin (2 mg/kg). PZQ
groups as compared to Inf. EAC group. PZQ group
showed a significant increase in hepatic MDA level as
compared to cisplatin (0.5 mg/kg) alone group
(Table 5). Hepatic GSH level was significantly
decreased in cisplatin (0.5 mg/kg) or (2 mg/kg) with
or without PZQ treated mice as compared either with

that in EAC or PZQ groups. As compared with GSH
level in Inf. EAC group, cisplatin (0.5 mg/kg)
and cisplatin (2 mg/kg) with or without PZQ groups
showed a significant decrease. However, GSH
level was significantly increased in cisplatin
(0.5 mg/kg). PZQ group as compared with that in
cisplatin (0.5 mg/kg) alone group. Additionally,
cisplatin (0.5 mg/kg) or (2 mg/kg) with PZQ groups
induced a significant increase in GSH level as
compared to cisplatin (2 mg/kg) group (Table 5).

Hepatic GPx activity was significantly decreased in
all untreated groups and all treated groups as
compared with that in normal mice. In addition,
cisplatin (2 mg/kg) group induced a significant
decrease in GPx activity as either compared with that
in inoculated EAC alone group or in Inf. EAC group
(Table 5). As compared to the normal mice, Hepatic



SALEM et al.: ANTI-SCHISTOSOMAL EFFECT OF CISPLATIN

65

Table 5 — Effect the administration of cisplatin and praziquantelliver homogenate parameters in the mice model.

Groups Catalase MDA  Thioredoxinreductase GPx (UM of GSH (uM/g liver) ASA (nM/h/mg ASB (nM/h/mg

(M/min/g content ~ (TNB pM/min/mL NADDPH protein) protein)

liver) (nM/qg liver) oxidized /min/g
liver)

Control 226435 169+10 0.749+0.01 2.6320.1 19+1 0.562+0 734
Inf.alone 14746°  310+16% 0.0913+0.03 " 1.1340.14 18+0.2 0.665+0.015°  80.4+0.2°
EAC 159+4 191+48 0.864+0.01%F 1.60+0.054 " 22.7+1%  0.353+0.019%® 48.9+0.1%°
Inf.EAC 158+4 250£9 4 0.893+0.02 "B 1.50+0.03 4 21541 0365408  49.9+0.8%8
PZQ 186+16  311+7”C  0.482+0.02"%“P  1.45+0.047 21.85+0.7  0.309+0.02"° 37.4+1%B <P
Cisplatin (0.5 mg/kg) 150418  283+314C  0.549+0.037BCD  1.14+0.08*°¢ 12.4+1~BCPE (.384+0.01*® 40.1+0.44 B D
Cisplatin 105+17# 317+107%" 0.462+0.03*%P 0.96+0.07"%°9.52+0.74%“>F 0634 44.9+0.37 5
(2 mg/kg) +0.03CDEF
Cisplatin 162414  289+6°C 0.583+0.012BCPeC 1324014  17£1C4EFRC 0.400 38.1
(0.5 mg/kg).PZQ 0.0148¢  +09ABCDY
Cisplatin 127492 347+7ACPf (0.489+0.024BCPh  116+0.07”  16+05%PE€  (0.508+0.035 434
(2 mg/kg).PZQ D.EfGh +0.678 ¢
P -Value 0.001* 0.000** 0.000** 0.000** 0.000** 0.000** 0.000**
thioredoxin reductase activity was significantly  burden and egg counts in the intestine and liver as

decreased in Inf. alone group and all treated groups.
In contrast, the activity was significantly increased in
inoculated EAC alone and Inf. alone groups as
compared with that in normal mice. Additionally,
thioredoxin reductase activity was significantly
decreased in all treated groups as either compared
with that in inoculated EAC alone or Inf. Alone
groups (Table 5).

Hepatic Aryl sulphatase A (ASA) activity was
significantly increased in cisplatin (2 mg/kg) with or
without PZQ groups as either compared with Inf.
alone group or Inf. EAC groups. Additionally,
cisplatin (0.5 mg/kg) or (2 mg/kg) with PZQ groups
exhibited a significant decrease in ASA activity as
compared with that in cisplatin (2 mg/kg) group. In
contrast, cisplatin (2 mg/kg) with PZQ group
exhibited a significant increase in ASA activity as
compared with that in cisplatin (0.5 mg/kg). PZQ
group. Hepatic Aryl sulphatase B (ASB) activity was
significantly increased in all untreated groups and all
treated groups as compared with that in normal mice.
In contrast, PZQ with or without cisplatin (0.5 mg/kg)
or (2 mg/kg) groups exhibited a significant decrease
as compared with that in Inf. EAC group (Table 5).

Discussion

We showed in the current study that inoculation of
EAC cells in Inf. EAC group did not affect the total
worm burden and egg counts in the intestine and liver.
Nevertheless, cisplatin with or without PZQ treatment
showed a significant toxic effect on the total worm

compared with either Inf. or Inf. EAC mice. Also, it is
revealed that the treatment of PZQ combined with
cisplatin (0.5 mg/kg) or (2 mg/kg) in infected animals
caused almost similar high percentage of eradication
of worms and tissue egg load. The death of the worms
due to the treatment with anti-schistosomal drugs was
attributed to metabolic disorders, mechanical destruction
and muscular contraction of the treated worms,
suggested the direct effects on the eggs, due to the
enhancement of the immunological reactions®.

In addition, the administration of cisplatin induced
a significant reduction in the size of this granulomatous
inflammation compared to the livers of infected
non-treated animals. While the diameter of the
granulomas reached approximately 1.2 mm® in
infected liver of Inf. alone mice and 1.4 mm?® in
infected liver of Inf/EAC bearing mice, treatment
with cisplatin (2 mg/kg) significantly reduced their
diameter to 0.4 mm?® as compared to Inf. alone mice,
0.7 mm® as compared to Inf. EAC bearing mice. This
reduction in granuloma size was approximately
similar to that in the PZQ treated group. In the view
of this study, it can be concluded that the decrease in
the number of the eggs in cisplatin treated mice and
the stability of number of worms in the same mice
may be explained on the basis that cisplatin
(0.5 mg/kg) or (2 mg/kg) may act on the reproductive
organs of the worm and the interruption of oviposition
in the intestinal wall and by the maturation of viable
eggs already there. Moreover, mice treated with PZQ
and cisplatin (2 mg/kg) displayed a highly significant
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increase in the percentage of egg reduction in the
liver, that in agreement with Tavares who reported
that cisplatin may affect the female reproductive
organs of the parasites leading to a significant
decrease in egg counts and worm burden®.

Parasitologically, the addition of cisplatin, increased
the potency of PZQ in reducing the worm burden and
ova count/gram liver, which correlate with Pitta who
found that drugs that were and are being used in
human chemotherapy looking to the past to improve
rational design drugs in the future®. Not only clinical
used compounds will be shown but also synthesized
and tested compounds in vitro and in vivo in
animal models. Also, the provided patents filed
of compounds presenting schistosomicidal activity
between 1988 and 2012 that included synthetic platinum
complexes.

Several studies have revealed that there is an
association between Schistosomiasis infection and
developing of cancer disease®. Infections with
Schistosoma in general can initiate the chronic
carcinogenesis through the inflammation due to the
persistence of infectious agents. The long persistence
of the worms in the body causes the activation of the
macrophages which located at the sites of
inflammation. Due to this activation, the macrophages
release the reactive oxygen radicals and reactive
nitrogen radicals®>. The potential power of these
radicals can lead into DNA damage and subsequently
to further events such as mutations, DNA strand
breaks, and sister chromatid exchanges®. The use of
metal containing drugs as anti-parasitic agents has
been very little explored.

As mean, some metal complexes as gold
complexes that previously developed exhibited anti-
parasitic agents using the metal-drug synergism
approach as a powerful tool which could provide
effective treatment for parasitic diseases®. This
activity enhancement is possibly related to the
stabilization of the drug by coordination to the
metal ion, which leads to a longer residence time
of the drug in the organism and more efficient
biological targeting®. Intriguingly, Metal containing
drugs act as novel insights into fighting the infection
of parasite.

Consistently, Song reported that cisplatin has
cytotoxic and anti-schistosomal effects on Schistosoma
japonicum adult worms in vitro and their inhibition
on thioredoxin glutathione reductase (TGR)®. Indeed,
Mammals have two distinct detoxification enzymes,

thioredoxin reductase and glutathione reductase,
while in schistosomes these catalytic activities are
performed by one molecule, thioredoxin-glutathione
reductase. Our results confirm earlier observations
that praziquantel and cisplatin, two currently available
anti-schistosomal drugs®’. A promising recent success
in the identification of new anti-schistosomal drug
candidates as inhibitors of the schistosome enzymes.

On the other hand, the activities of plasma ALP and
GGT were an extremely significant decreased in PZQ
either co treated with cisplatin (0.5 mg/kg) or cisplatin
(2 mg/kg) groups, but AST activity was extremely
significant increased, also total lipid and total protein
contents were extremely significant increased as
compared with that in non-treated Inf. EAC mice.
Whereas, PZQ with cisplatin (0.5 mg/kg) or cisplatin
(2 mg/kg) treated groups showed extremely significant
increase hepatic ALT and AST levels.

Reduction in total protein level in serum and
tissues of animals during EAC/infection have been
reported on numerous occasions. The current study,
showed a significant decrease in serum total protein
of Inf. EAC bearing non-treated mice as compared to
control mice. These data are in consistent with the
previous study that obtained decrease in total proteins
may be attributed to that Inf. EAC bearing has the
usual nutritional requirement for essential amino
acids, suggesting that amino acids may provide an
alternative energy source to carbohydrate for host
metabolism or contribute to glucose synthesis and
carbohydrate repletion through gluconeogenesis in
infected animals®. This, in turn, indicates a high level
of deamination or transamination. In addition, such
decrease may also occur because of tissue damage
and the action of hydrolytic enzymes released by
developing parasites or host lysosomes. The present
results recorded amelioration of liver function
enzymes and variably improvement of other parameters
after treatment of Inf. EAC bearing with either PZQ
with or without cisplatin. In the present study,
hepatotoxicity by cisplatin treatment is characterized
by a significant increase in total bilirubin. In agreement
with Cavelli, who found that liver toxicity of cisplatin
was characterized by mild to moderate elevation of
serum bilirubin®.

On an contrary, treated group of PZQ with cisplatin
(2 mg/kg) showed extremely significant decrease in
TrxR activity, GSH content. But, the same treated
group showed a slightly significant decrease in
hepatic total protein content and ASB level but
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showed an extremely significant increase in MDA,
ASA levels. Meanwhile, PZQ with cisplatin
(0.5 mg/kg) treated group showed extremely significant
decrease in TrxR activity and ASB level, also a
slightly significant decrease in GSH content.

In addition, TrxR decreased in the Infected alone
group due to Schistosomes eggs possess significant
amounts of TrRx that utilize H,O,require reduced Trx
via TrxR and NADPH. While, Schistosomes have a
unique redox pathway controlling the multifunctional
enzyme TrGR maintains high levels of reduced
glutathione either by direct reduction of glutathione
disulphide by thioredoxin system plays a significant
role in redox balance and in the antioxidant defense of
S. mansoni. On the other hand, TrxR increased in
EAC alone group due to tumor proliferation is
dependent on a constant deoxyribose nucleotide
supply which in turn depends on an active Trx/TrxR
system, enhanced DNA synthesis and defense against
the host's immune system. Whereas, Cisplatin with
PZQ treated groups act as potential inhibitors of the
parasite enzyme TrGR which is a sole enzyme of TxR
and GR in adult S. mansoni, also the glutathione-
cisplatin adduct (GS-Pt) was able to inhibit both
TrxR1 and GRX. Furthermore, results may suggest
that the inhibition of hepatic TrxR by cisplatin,
greatly reduced the GSH level and resulted in rapid
worm death. This in agreement with the previous
study that obtained that TrxR was considered a
potential target for the development of novel drugs
against tumours and infectious pathogens; we report
that cisplatin can inhibit parasite load.

On the other hand, the inhibition or stripping of the
enzyme by cisplatin would lead to indirect inhibition
of DNA synthesis through non-availability of
various nucleosides, thus interfering with cell metabolism
and replication. Alterations of membrane-associated
enzymes are also involved in various multidrug-resistance
mechanisms™.

Arylsulphatases A and B are lysosomal and
hydrolytic enzymes that occur in various tissues and
fluids and important parameters of drug toxicity and
hepatotoxicity, While Arylsulfatases increases in
inflammation, intoxication, and malignancy. Present
study showed the specific activity of hepatic ASB was
progressively increased with the progression of the
infection®, but PZQ treated group with or without
cisplatin doses showed decreased in ASB, so that
toxification decreased than that in cisplatin alone
treated groups which showed increase hepatic

arylsulphatases in accordance with the previous study
that exhibited that the increase in the number of large
lysosomes after platinum drug use, and platinum has
been shown to accumulate in the lysosomes and
peroxisomes in the liver*2. Besides, overproduction of
the reactive oxygen species which affects the integrity
of the lysosomal membrane affecting lysosomal
enzymes due to the increased ROS, increased
amounts of H,0O, can penetrate into lysosome. It
suggested that the elevation in the hepatic ASA and
ASB activities may be related to lysosomal membrane
permeabilization mediated by oxidative stress, which
is one of the predominating features in S. mansoni
infection, cisplatin toxicity.

The strategy of combination therapy has the
additional advantage that it might significantly delay
the possible development of drug-resistant parasites.
This is of pivotal importance and has been reviewed
in great detail in the case of malaria, where a
combination therapy has been proposed as an
approach to delay or reverse resistance in the
Plasmodia parasites. The pathogenesis of cisplatin
toxicity is attributed to the formation of ROS*, DNA
damage and mitochondrial damage. Hence, The DNA
is thought to be the critical target for this type of
compounds has clearly demonstrated that cisplatin
can induce nucleus independent apoptotic signalling.
The formation of platinum adducts has been shown to
block DNA replication®.

The main cause of mortality and morbidity in
human schistosomiasis is hepatic fibrosis which is
essentially dependent on granulomas. While
Granulomatous inflammation in schistosomiasis is a
cell-mediated hypersensitivity to parasitic egg
antigens that are lodged in hepatic tissue**.
Administration of PZQ and/or cisplatin in the present
study resulted in a reduction in egg deposition, hence
improved liver architecture and prevented or
attenuated the decrease in tissue antioxidant enzymes.
Hence, these combinatorial therapies may provide
cellular protection against reactive oxygen species
arising due to infection. It is still puzzling whether the
mutual action of antiparasitic and anticancer drugs
may be enormously related to similar target molecules
for these drugs in cancers and parasites.

Conclusion

The oxidative processes that occur upon infection
with Schistosoma seem to go uncontrolled; such
events may be, at least, in part, responsible for the
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pathology associated with schistosomiasis. At the
same time, treatment with both cisplatin and PZQ
may be beneficial due to their immuno-modulating
and anti-oxidative actions. We recommend increasing
the treatment time of both drugs as a novel insight to
complete eradication of worm and ova. Intriguingly,
further analysis of the mutual interaction between
PZQ and cisplatin is still required.

References

1

10

11

12

13

Das P, Alam MN, Paik D, Karmakar K, De T &
Chakraborti T, Protease inhibitors in potential drug
development for leishmaniasis. Indian J Biochem Biophys,
50 (2013) 363.

Nuno V, Maria JG, Gabriel R, Paul J, Gartner F &
Correia da Costa José M, Praziquantel for schistosomiasis:
Single- drug metabolism revisited, mode of action,
and resistance. Antimicrob Agents Chemother, 61 (2017)
€02582.

Jourdan PM, Roald B, Poggensee G, Gundersen SG
& Kjetland EF, Increased vascularity in cervicovaginal
mucosa with Schistosoma haematobium infection. PLos Negl
Trop Dis, 5 (2011) e1170.

Sun Q, Mao R, Wang D, Hu C, Zheng Y & Sun D, The
cytotoxicity study of praziquantel enantiomers. Drug Des
Devel Ther. 10 (2016) 2061.

de Carvalho TPV, Ferrari TCA, de Santana JM, Viana VAS,
Santos JAC, do Nascimento WC, da Cruz KML &
de Araljo KCGM, Development of an experimental
model of schistosomal myeloradiculopathy. Acta Trop, 167
(2017) 142.

Lima CW, Oliveira NM & da Silva SV, Ectopic forms of
schistosomiasis mansoni in the second macroregion of
Alagoas: case series report and review of the literature.
Rev Soc Bras Med Trop, 50 (2017) 812.

Kalil M, Neto OB, Vieira L da CA & Cintra LC, Forma
pseudotumoral intra-abdominal da  esquistossomose
mansdnica. Rev Col Bras Cir, 33 (2018) 203.

Bustinduy AL, Friedman JF, Kjetland EF, Ezeamama AE,
Kabatereine NB, Stothard JR & King CH, Expanding
praziquantel (PZQ) access beyond mass drug administration
programs: paving a way forward for a pediatric PZQ
formulation for schistosomiasis. PLos Negl Trop Dis, 10
(2016) e0004946.

Machicado C & Marcos L A, Carcinogenesis associated with
parasites other than Schistosoma, Opisthorchis and
Clonorchis: A systematic review. Int J Cancer, 138 (2016),
2915.

Hussein K. Schistosomiasis and Cancer in Egypt: Review.
J Adv Res, 4 (2013) 461.

Loc Le & Michael HH, Diagnosing Urogenital
Schistosomiasis: Dealing with Diminishing Returns. Trends
Parasitol, 33 (2017) 379.

Filho A, Neves R, Gusm™ao C, Saade F, Dalvi I & Leo T,
Genital schistosomiasis: mucinous cystadenocarcinoma of
the ovary containing Schistosoma mansoni eggs. J Trop Med,
33(2010) 36.

Vale N, Gouveia MJ, Rinaldi G, Brindley P, Gartner F &
Correia da Costa JM, Praziquantel for Schistosomiasis:

14

15

16

17

18

19

20

21

22

23

24

25

26

27

Single-Drug Metabolism Revisited, Mode of Action, and
Resistance. Antimicrob Agents Chemother, 61 (2017) e02582.
Wen WX, Lee SY, Siang R & Koh RY, Repurposing
Pentoxifylline for the Treatment of Fibrosis: An Overview.
Adv Ther, 34 (2017) 1245.

Kong D, Zhou C, Guo H, Wang W & Qiu J, Praziquantel
targets M1 macrophages and ameliorates splenomegaly in
chronic schistosomiasis. Antimicrob Agents Chemother, 62
(2017) 1e00005.

Karmakar S & Ghosh R, Synergistic action of Cisplatin and
9-Phenyl acridine in A375 cells. Indian J Biochem Biophys,
55 (2018) 173.

Nematbakhsh M, Pezeshki Z, Jazi FE, Mazaheri B, Moeini M,
Safari T, Azarkish F, Moslemi F, Maleki M, Rezaei A,
Saberi Sh, Dehghani A, Malek M, Mansouri A, Ghasemi M,
Zeinali F, Zamani Z, Navidi M, Jilanchi S, Shirdavani S &
Ashrafi F, Cisplatin-Induced Nephrotoxicity; Protective
Supplements and Gender Differences. Asian Pac J Cancer
Prev, 18 (2017) 295.

Dakul DA, Pam KM, Damashi MT & Adeiyongo CM, The
efficacy of aqueous leaf extract of Solanum tuberosum on
Schistosoma mansoni-infected albino mice. Niger J Parasitol,
38 (2017) 169.

El Azzouni MZ, Mady RF, Gaafar MR, Arafa FM &
Elhadidi A, Protective capacity of cercarial transformation
fluid alone or in combination with crude cercarial antigen
against challenge infections of Schistosoma mansoni in mice.
J Helminthol, 91 (2017) 35.

Sobhy MMK, Mahmoud SS & El-Sayed SH, Impact of
treatment with a Protein Tyrosine Kinase Inhibitor
(Genistein) on acute and chronic experimental Schistosoma
mansoni infection. Exp Parasitol, 14 (2017) 30520.

Kamel IS, El-Sherbini ES, Hassan HA & EIl-Ghareeb MS,
Biochemical studies on hepatocellular carcinoma in male
rats: the protective role of purslane seeds extract. World
J Pharm Pharm Sci, 6 (2017) 42.

Rekuviene E, lvanoviene L, Borutaite V & Morkuniene R,
Data on effects of rotenone on calcium retention capacity,
respiration and activities of respiratory chain complexes |
and Il in isolated rat brain mitochondria. Data Brief, 13
(2017) 707.

Shagirtha K, Bashir N & Prabu SM, Neuroprotective efficacy
of hesperetin against cadmium induced oxidative stress in the
brain of rats. Toxicol Ind Health, 5 (2016) 1.

Mesbah L, Soraya B, Narimane S & Jean PF, Protective
effect of flavonoides against the toxicity of vinblastine
cyclophosphamide and paracetamol by inhibition of lipid-
peroxydation and increase of liver glutathione. Haematol, 7
(2004) 59.

Abdel-Hamid NM, Salama AF, EI-Sheekh M, Sarhan N &
Gabr AM, Oxidative stress predominates apoptosis during
experimental hepatocellular carcinoma. J Contemp Med Sci,
3(2017) 295.

Metere A, Frezzotti F, Graves CE, Vergine M, De Luca A,
Pietraforte D & Giacomelli L, A possible role for
selenoprotein glutathione peroxidase (GPx1) and thioredoxin
reductases (TrxR1) in thyroid cancer: our experience in
thyroid surgery. Cancer Cell Int, 7 (2018) 1.

Armitage P & Berry G, Comparison of several groups.
Statistical methods in medical research (2™ Ed. Oxford:
Blackwell scientific publications,) 1987, 186.


https://scholar.google.com/citations?user=qyEmYc0AAAAJ&hl=en&oi=sra

28

29

30

31

32

33

34

35

36

37

38

SALEM et al.: ANTI-SCHISTOSOMAL EFFECT OF CISPLATIN 69

Tavares J, Quaissi M, Quaissi A & Cordeiro-da-silva A,
Characterization of antileishmanial effect induced by cisplatin,
an anticancerous drug. Acta Trop, 103 (2007) 133.

Pitta MG, Régo MJ & Galdino SL, The Evolution of Drugs
on Schistosoma Treatment: Looking to the Past to Improve
the Future. Mini Rev Med Chem, 13 (2013) 1.

Palumbo E, Association between Schistosomiasis and Cancer.

Infect Dis Clin Pract, 15 (2007) 145.

Tewari VK, Bhosale V, Shukla R, Gupta HKD & Sheeba,
Intracarotid Sodium Nitroprusside on Fifth Post Ischemic
Stroke Day in Middle Cerebral Artery Occlusion Rat Model.
J Clin Diagn Res, 11 (2017) AF01.

Weitzman SA & Stossel TP ,Mutation caused by human
phagocytes. Science, 212 (1981) 546.

Navarro M, Gold complexes as potential anti-parasitic agents.

Coord Chem Rev, 253 (2009) 1619.

Hess J, Patra M, Pierroz V, Spingler B, Jabbar A, Ferrari S,
Gasser RB & Gasser G, Synthesis, characterization, and
biological activity of ferrocenyl analogues of the anthelmintic
drug monepantel. Organometallics, 35 (2016) 3369.

Zulfigar B, Jones AJ, Sykes ML, Shelper TB, Davis RA,
Avery VM. Screening a natural product-based library against
kinetoplastid parasites. Molecules, 22 (2017) 1715.

Kuntz AN, Davioud-Charvet E, Sayed AA, Califf LL,
Dessolin J, Arnér ES & Williams DL, Thioredoxin
glutathione reductase from Schistosoma mansoni: an
essential parasite enzyme and a key drug target. PLos Med, 4
(2007) e206.

El-Gowily AH. P203 Anti-schistosomal and anti-tumor
responses to mutual interaction between cancer and infection.
Int J Antimicrob Agents, 42 (2013) S106.

Mahmoud MR, El-Abhar HS & Saleh S, The effect of
Nigella sativa oil against the liver damage induced by
Schistosoma mansoni infection in mice. J Ethnopharmacol,
79 (2002) 1.

39

40

41

42

43

44

45

46

Akdemir FN, Albayrak M, Calik M, Bayir Y & Gilgin I,
The Protective Effects of p-Coumaric Acid on Acute Liver
and Kidney Damages Induced by Cisplatin. J Biomed, 5
(2017) 18.

Pennington JD, Jacobs K, Sun L, Bar-Sela G, Mishra M &
Gius D, Thioredoxin and thioredoxin reductase as
redox-sensitive molecular targets for cancer therapy. Curr
Pharm Des, 13 (2007) 3368.

Hamada H & Tsuruo T, Characterization of the ATPase
activity of the Mr 170000 to 180000 membrane
glycoprotein ~ (P-glycoprotein) a  associated  with
multidrug resistance in K562/ADM cells. Cancer Res, 48
(1988) 4926.

Balbaa M, El-Kersh M, Mansour H, Yacout G, Ismail M,
Malky A, Bassiouny K, Abdel-Monem N & Kandeel K,
Activity of some hepatic enzymes in schistosomiasis and
concomitant alteration of arylsulfatase B. J Biochem Mol
Biol, 37 (2004) 223.

Eggadi V, Korupozu SC, Korupoju BK & Sheshagiri SB,
Evaluation of Protective Effect of Different Doses of
Terminalia arjuna Bark Ethanolic Extract on Cisplatin
Induced Oxidative Nephrotoxicity in Rats. Iraqi J Pharm Sci,
23 (2014) 89.

Kaushal GP, Kaushal V, Hong X & Shah SV,
Role and regulation of caspases in cisplatin induced
injury to renal tubular epithelial cells. Kidney Int, 60 (2001)
1726.

Mandic A, Hansson J, Linder S & Shoshan MC, Cisplatin
induces endoplasmic reticulum stress and nucleus-independent
apoptotic signalling. J Biol Chem, 278 (2003) 9100.

Jenkins TP, Peachey LE, Ajami NJ, MacDonald AS,
Hsieh MH, Brindley PJ, Cantacessi C & Rinaldi G,
Schistosoma mansoni infection is associated  with
quantitative and qualitative modifications of the mammalian
intestinal microbiota. Sci Rep, 8 (2018) 12072.



