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Introduction

Schistosomiasis is considered by the World Health Organization
(WHO) as the second discase worldwide that has a

ABSTRACT

Objective: Schistosoma mansoni (S. mansoni) is endemic in Africa, the Middle East,
South America, and the Caribbean. This study investigated the modulation of immune
response against S. mansoni through estimation of interleukin-4 (IL-4) (Th2 cytokine)
and interferon-gamma (INF-y) (Th1 cytokine) under the effect of anti-schistosomal
drugs.

Methods: Laboratory bred female albino mice (n = 120) were divided into the following
groups: untreated mice, S. mansoni infected mice, S. mansoni infected mice treated
with artemisinin (ART), arachidonic acid (ARA), nifedipine or praziquantel (PZQ).
Levels of IL-4 and INF-y cytokines in the serum samples of treated and untreated
mice were determined by enzyme-linked immunosorbent assay and the results were
further validated by measuring the mRNA levels IL-4 and INF-y using quantitative
real-time polymerase chain reaction.

Results: Anti-schistosomiasis drugs ART and ARA increased the levels of Th2 cytokine
IL-4 (P<0.05), whereas PZQ drug decreased the response of IL-4 (P < 0.05). However,
nifedipine was found to be ineffective in modulating the response of IL-4 (P > 0.05).
As far as Th-1 cytokine IFN y was concerned, only PZQ increased its levels (P <0.05),
whereas other tested anti-schistosomiasis drugs; ART, ARA, and nifedipine were found
to be infective (P > 0.05).

Conclusions: These findings indicated that anti-schistosomiasis drugs ART, ARA,
and PZQ play a role in the modulation of expression of Th2 cytokines. Whereas, only
PZQ may play a role in the modulation of Thl cytokines. These findings provide a
scope for the formulation of novel anti-schistosomal drugs as well as in the therapeutic
management of patients infected with S. mansoni.

Keywords: Arachidonic acid, artemisinin, interleukin-4,

nifedipine, praziquantel, Schistosoma mansoni

interferon-gamma,

socioeconomic importance and the third parasitic disease in
terms of public health impact. Human schistosomiasis
is considered a neglected tropical disease whose burden
is mainly concentrated in sub-Saharan Africa. The main
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schistosome species that infect humans are Schistosoma
mansoni, Schistosoma haematobium, and Schistosoma
japonicum." S. mansoni is endemic in 54 countries
including Africa, the Middle East, South America, and the
Caribbean. The intermediate hosts are aquatic snails of the
genus Biomphalaria (Mollusca: Gastropoda: Pulmonata:
Planorbidae). Biomphalaria glabrata is recognized as the best
adapted intermediate host for transmitting S. mansoni due to
its wide geographical distribution, high rates of infection, and
transmission efficiency.!?!

In 2010, the WHO report revealed that the total number of
people needing preventive chemotherapy globally was over
237 million, of these more than 108 million were school-
age children, and of which only 13% received treatment.?!
Previous reports confirmed the impairment of dendritic cell
activity,® regulatory T-cells (Tregs)" and regulatory B cells!®!
post schistosomiasis infection. Discovering or developing
a novel treatment for potent immune responsiveness is
an expensive and long process, hence, synthesizing and
developing derivatives from current drugs that have already
given therapeutic efficiency, is an interesting possibility.!”
Thus, new modified therapies against schistosomiasis may
lead to an increase of cytokine’s expression and production
of an antigen-specific proliferation.’'% Thus, this study was
designed to determine the expression of interleukin-4 (IL-
4) and interferon-gamma, (INF-y) under treatments by four
common derivatives drugs as modulation of immunoassays
(artemisinin [ART], praziquantel [PZQ], arachidonic acid
[ARA] and nifedipine). ART is a sesquiterpene lactone with
an endoperoxide group, essential to its activity.l'!l Initially is
used widely as an excellent antimalarial drug, recently has an
excellent property against most species of human Schistosoma
including juvenile stages with low toxicity.l'>'¥] Details
extracted from in vivo studies revealed that schistosomula
are especially over sensitive to ART, whereas mild worm
burden reductions are still evident for adult worms.[' PZQ
is an isoquinoline derivative and considered an effective anti-
helminthic drug for all species of Schistosoma.'>'®! It acts to
diminish the size of granuloma!'”? may be due to reduction
of cellular infiltrates. Although therapeutic with this drug is
effective, recurrent schistosome reinfection takes place after
treatment because of the relative resistance to schistosomicidal
therapies.['® Indeed, this drug was developed by Bayer in the
1970s and is effective against parasitic flatworms, particularly
schistosomes. Remarkably, schistosomiasis therapy has
depended on this drug and its derivatives for over 40 years.!'*2]
Since, PZQ and its derivative exhibited less toxicity™!! without
genotoxic risks?? during detection of mutagenicity!?*! among
animal testes. The little notice that reported accumulation of
prospect mutagenic metabolites may be due to abnormalities
among overwhelming evidence indicating that PZQ derivative
is a safe drug.”* On the other hand, Keiser et al., 2012; Xiao
et al., 2012 have supported other drugs based on ARA and
its derivatives as alternative or complementary drugs against
schistosomes.?*?) In addition, nifedipine showed significant
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antischistosomal activity against schistosomula when used
either alone or in combination with PZQ. In contrast, PZQ
showed less significant efficacy when used alone.?”

Heavy reliance on a single drug for schistosomiasis control may
promote the selection and spread of drug-resistant parasites.
Indeed, S. mansoni isolates with reduced susceptibilities to
PZQ have already been identified. Obviously, there is a need
to develop new antischistosomal drugs with a broad spectrum
of activity against all stages of the parasite.* Schistosomal
granulomogenesis is mediated by MHC II binding CD4+
T helper cells and MHC I binding CD8+ T cells play a
little role and results in a shift of the immunologic balance
from a Thl to a Th2 cell type response. A type 2 cytokine
response is characterized by increased production of IL 4
and IL 5 and concurrent reduction in type 1 cytokines (IFN
v, IL 2) responses. Th2 immunity functions like a two-edged
sword, on one hand protecting the host against excessive
granulomatous inflammation, and on the other, causing host
immune-dependent liver damage. A balance between Thl and
Th2 responses may therefore be necessary to prevent severe
pathology.””! In this study, we investigated the modulation
of immune response against S. mansoni infection through
estimation of IL-4 (Th2 cytokine) and INF-y (Th1 cytokine)
under the effect of anti-schistosomal drugs in experimentally
infected mice with S. mansoni.

Materials and Methods

Experimental animals

This study was carried out on 120 laboratory bred female
albino mice, 6—8 weeks old and weighing 24 + 2 g. These mice
were divided into two main groups; Group A: mice treated
21 days after infection with S. mansoni and Group B: mice
treated after 42 days. Group A was subdivided into subgroups:
normal control, untreated infected control, Al (treated with
ART, Sigma—Aldrich, ChemieGmbh, Germany), A2 (treated
with ARA, Efamol Ltd., Leatherhead, Surrey, UK), A3
(treated with nifedipine, EPICO Pharmaceutical Industrial Co.,
Cairo, Egypt) and A4 (treated with PZQ, Alexandria Co. for
Pharmaceuticals and chemical industries, Alexandria, Egypt).
Similarly, group B was subdivided into four subgroups in
addition to normal control and untreated infected control (B1,
B2, B3, and B4), in the same way. Each group consists of 10
mice. The treated and non-treated mice were sacrificed 2 days
after treatment and blood samples were collected. Samples
were transferred to a 1.5 ml tube and centrifuged for serum
separation. Serum samples were stored at —20°C until used.

Administration of drugs

ART was administered intraperitoneally with a single dose
of 100 mg/kg of body weight diluted in 100 pl of dimethyl
sulfoxide as described previously.’Y PZQ tablets were
grounded and used as freshly prepared suspension in 2%
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Cremophore-EL by vortexing and administered by oral gavage
as a single dose of 300 mg/kg corresponding to a dose volume
of 0.5 ml.B" Nifedipine was suspended in a 1% aqueous
solution of Tween 80 and administered intraperitoneally as a
dose of 20 mg/kg of body weight at a volume of 10 ml/kg.?
ARA was administered as a single oral dose of 300 mg/kg
corresponding to a dose volume of 0.5 ml.B¥

Enzyme linked immunosorbent assay

DuoSet kits for detection specific for IL-4 or INF- y cytokines
were purchased from R and D Systems Europe Ltd, Abingdon,
UK, and specific sandwich enzyme-linked immunosorbent
assays were performed as described by the supplier (R and
D Systems). The plates were coated with 100 pl of capture
antibodies at room temperature overnight. They were washed
three times with a wash buffer (0.05% Tween 20 in phosphate
buffered saline [PBS], pH 7.2). They were blocked with 200 ul
of block buffer (1% bovine serum albumin, 5% sucrose in
PBS with 0.05% NaN3) sealed at room temperature for 2 h
and washed as before. 100 ul of each sample and standard
dilution were loaded per well. Samples were run in duplicate.
They were sealed and incubated for 2 h at room temperature.
The plates were washed and 100 pl of detection antibodies
were loaded and incubated for 2 h at room temperature. Excess
antibodies were washed away with a wash buffer and a 100 pl
of streptavidin-horseradish peroxidase was loaded per well.
Plates were then incubated for 20 min at room temperature,
away from direct light. The plates were washed as before and
a 100 pl of substrate solution was added to each well and were
further incubated another 20 min at room temperature, away
from direct light. The reactions were then stopped with 50 pl
of 2N H2S0O4. Optical densities were determined immediately
using a microplate reader (DYNEX MRX Revelation) set to
450 nm with wavelength correction set to 540 nm.

Gene expression assays

Extraction of RNA

Peripheral blood samples were collected in EDTA tubes from
all subgroups and controls participants. RNA was isolated from
these samples using a commercial RNA extraction sample in
QIAzollysis solution (QIAGEN, Valencia, CA, USA) for 40 s
at 33,000 rpm. The QuickGene automated system (QuickGene,
USA) was implemented in keeping with the manufacturer’s
guidelines to extract the total RNA. RNase-free water

was subsequently used for elution of RNA of high quality.
Moreover, a Thermo Scientific NanoDrop spectrophotometer
(Waltham, MA, USA) was employed to monitor the quality
of RNA at 260 and 280 nm. Processing was conducted solely
on the RNA samples with an absorbance ratio 260/280 nm of
~2.0>. The samples of total RNA were stored at —70°C.

Reverse transcription (cDNA synthesis)

The synthesis of single-stranded cDNA was performed with
1.0 pg total RNA and the High-Capacity cDNA Reverse
Transcription Kit (NEB, USA). To synthesize first-strand
cDNA, a first strand cDNA synthesis kit was employed with
a 24T primer (0.4 nmol/reaction) in a 25 pl reaction mix, in
line with the manufacturer’s guidelines. Furthermore, before
running in real-time polymerase chain reaction (RT-PCR),
tenfold dilution of the cDNA products was undertaken.

Quantitative RT-PCR (RT-qPCR)

The qPCR core kit for SYBR Green (QIAGEN, USA) and
StepOne RT-PCR System (Applied Biosystems, Foster City,
CA) were employed to run the reaction of amplification with a
2.5 x RT-PCR master mix. The 25 pl mix used for every reaction
consisted of 400 nmol of every primer and 1 pl 1:10 diluted
cDNA. Table 1 provides the sequences of primers. Standard
profile times were applied, namely, 15 min at 95°C in the first
step, 15 s at 94°C in the second step, half minute at 60°C, and
Y% min at 72°C for 40 cycles with melting curve analysis. After
normalization to the equivalent glyceraldehyde3-phosphate
dehydrogenase (GAPDH) (ThermovFisher, USA), the target
mRNA was contrasted against untreated sample representing
the control in the same plate. The 2-22°T technique was adopted
to determine the values, with the discrepancy in threshold
cycles for target and the housekeeping gene (GAPDH) being
denoted by ACT and the discrepancy in ACT and the threshold
cycles for the control being denoted by AACT.

Statistical analysis

The data collected were tabulated and analyzed by statistical
package for the social science software statistical package
version 20 on International Business Machines compatible
computer.? Two types of statistics were done: Descriptive
statistics; Percentage, mean and standard deviation. Analytic
statistics; One-way analysis of variance (ANOVA) (F ratio),
Kruskal-Wallis test and post-hoc test. The Tukey’s honestly
significant difference (HSD) procedure facilitates pairwise

Table 1: Primer and probe sequences used for the murine IL-4 and IFN-y expression in immune responses. The expression of GAPDH

was used endogenous control

Genes Primers Probes Accession No."
GAPDH F-TTCACCACCATGGAGAAGGC TGCATCCTGCACCACCAACTGCTTAG M32599
R-GGCATGGACTGTGGTCATGA U09964
1L-4 F-ACAGGAGAAGGGACGCCAT TCCTCACAGCAACGAAGAACACCACA M25892
R-GAAGCCCTACAGACGAGCTCA X05253
IFN-y F-TCAAGTGGCATAGATGTGGAAGAA TCACCATCCTTTTGCCAGTTCCTCCAG K0083
R-TGGCTCTGCAGGATTTTCATG M74466

IL-4: Interleukin-4, IFN-y: Interferon-gamma, GAPDH: Glyceraldehyde3-phosphate dehydrogenase
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comparisons within ANOVA data. Probability value: P <0.05*
means significant.

Results

Estimation of IL-4 levels in Sera collected from treated mice
after 21 days post-infection showed a highly significant
increase in IL-4 levels under exposure to ART (A1) and ARA
(A2) compared to untreated infective control, 0.59 + 0.04,
0.56 £ 0.06, versus 0.38 + 0.03, respectively, (P < 0.0001).
Whereas, treatment with nifedipine (A3) did not show any
significant increase in IL-4 level, 0.39+0.01 versus 0.38 + 0.03
compared to untreated infective control. Thus, treatment with
PZQ (A4) showed a significantly lower IL-4 levels compared
with infected untreated control group 0.36 £0.01 versus 0.38 +
0.03, (P <0.05) Table 2. On the other hand, during treatment of
the infected mice after 42 days post-infection, the concentration
of IL-4 in treated groups: ART (B1), ARA (B2), and nifedipine
(B3) showed highly significant increase in comparison with
untreated infected control (0.55+0.01,0.56 +0.02 and 0.39 +
0.01), (P <0.05), respectively. While treatment with PZQ (B4)
did not show any significant change in IL 4 levels compared
with untreated infected control 0.39+0.01 versus 0.39+0.01.
These data are summarized in Table 3.

Estimation of IFN- y levels in sera collected from treated
mice after 21 days post infection didn’t show any significant
increase under effect of ART (A1), ARA (A2) and nifedipine
(A3) in comparison with untreated infected control, 0.34 +0.01,
0.35 £ 0.02, and 0.32 £ 0.01 versus 0.33+0.02, respectively,
Table 4. Whereas, treatment with PZQ (A4) showed a
significantly higher increase in IFN- v levels compared with
untreated infected control 0.53 £+ 0.01 versus 0.33 + 0.02
(P <0.05; [Tables 4 and 5]). Subsequently, IFN- y levels from
sera of treated mice 42 days post-infection showed a significant
increase under effect of ART (B1) ARA (B2) and PZQ (B4)
in comparison with untreated infected control, (0.47 + 0.01,
0.46 + 0.01 and 0.54 = 0.02 vs. 0.35 + 0.02) (P < 0.05),
respectively. Whereas, it did not show any significant change
with nifedipine (B3) in comparison with untreated infected
control, 0.34 £ 0.02 vs. 0.35 + 0.02 [Tables 6 and 7].

The Tukey’s HSD of IL-4 levels among the various subgroups
of treatments and infection status were determined post-hoc
test. It showed highly significant difference between infective
control with A1, A2, and A3 as well as with B1, B2, and B3
subgroups in comparison with untreated infective control
(P < 0.05) and highly significance difference between Al
subgroup with A4 subgroup, between A3 with A4 as well as
between B1 with B4, between B2 and B4 and between B3
and B4 (P <0.05). As well as a significant difference between
A3 subgroups and A4 subgroups (P < 0.05). These data are
summarized in Tables 8 and 9. Whereas The Tukey’s HSD of
INF-y levels showed a significant difference between untreated
infective group with A2 subgroup as well as with B1, B2, and
B4 (P < 0.05), also there are significant difference between
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Table 2: 1L-4 levels in sera of different A subgroups among
Schistosoma mansoni infected mice (21 days post-infection)

Subgroups no (Mean+SD) ng/ml  Fratio  P-value
Normal control 10 0.33+0.05 75.82 <0.0001
Infective control 10 0.38+0.03
Al 10 0.59+0.04
A2 10 0.56+0.06
A3 10 0.39+0.01
A4 10 0.36 £0.01

*Significant (P<0.05), IL-4: Interleukin-4

Table 3: 1L-4 levels in sera of different B subgroups among
Schistosoma mansoni infected mice (42 days post-infection)

Subgroups no (Mean+SD) ng/ml  F Test P-value
Normal control 10 0.34+0.12 68.1 <0.00001
Infective control 10 0.39+0.01
Bl 10 0.55+0.01
B2 10 0.56+0.02
B3 10 0.53+0.05
B4 10 0.39+0.05

*Significant (P<0.05), IL-4: Interleukin-4

Table 4: INF-y levels in sera of different A subgroups among
Schistosoma mansoni infected mice (21 days post-infection)

Subgroups no  (Mean+SD) ng/ml  F Test P-value
Normal control 10 0.21+0.02 243.8  <0.00001*
Infective control 10 0.33+0.02

Al 10 0.34+0.01

A2 10 0.35+0.02

A3 10 0.32+0.01

A4 10 0.53 +0.01

*Significant (P<0.05), IFN-y: Interferon-gamma

Table 5: The Tukey’s HSD (honestly significant difference) of
INF-y levels in sera of A subgroups among Schistosoma mansoni
infected mice (21 days post-infection)

Subgroups Infective control Al A2 A3 A4
0.2

Infective control - 0.01 0.02  0.01

Al - - 0.01  0.02 0.19
A2 - - - 0.03 0.18
A3 - - - - 0.21
A4 - - - -

*Significant (P<0.05), IFN-y: Interferon-gamma, A4 should be significant while A1, A2, and A3
are non significant

Al with A3 and A4 as well as between B1 with B3 and B4 in
addition between B2 with B3 and B4 and between B3 and B4
(P <0.05) [Tables 5 and 7].

IL4 and IFN-y Gene Expression: PCR conditions were
optimized in order to validate the effectiveness and specificity
of amplification of every gene expression of RT-qPCR array.
The 2-AACt technique was applied to contrast Ct values
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Table 6: INF-y levels in sera of different B subgroups among
Schistosoma mansoni infected mice (42 days post-infection)

Subgroups no (MeantSD) ng/ml  F Test P-value
Normal control 10 0.27+0.01 206.2  <0.00001*
Infective control 10 0.35+0.02

Bl 10 0.47+0.01

B2 10 0.46+0.01

B3 10 0.34+0.02

B4 10 0.54 +0.02

*Significant (P<0.05), IFN-y: Interferon-gamma

Table 7: The Tukey’s HSD (honestly significant difference) of
INF-y levels in sera of B subgroups among Schistosoma mansoni
infected mice (42 days post-infection)

Subgroups Infective control B1 B2 B3 B4

Infective control - 0.13  0.11 0.01  0.19
Bl - - 0.01 0.13 0.07
B2 - - - 0.12  0.08
B3 - - - - 0.2

B4 - - - - -

IFN-y: Interferon-gamma, B1, B2 and B4 should be significant while B3 non significant

Table 8: The Tukey’s HSD (honestly significant difference) of
IL-4 levels in sera of A subgroups among Schistosoma mansoni
infected mice (21 days post-infection)

Subgroups Infective control Al A2 A3 A4
Infective control - 0.18 0.01 0.02 0.03
Al - - 0.03 0.2 0.19
A2 - - - 0.17 0.16
A3 - - - - 0.01
A4 - - - - -

*Significant (P<0.05), IL-4: Interleukin-4, A1 and A2 should be significant while A3 non
significant

Table 9: The Tukey’s HSD (honestly significant difference) of
IL-4 level in sera of B subgroups among Schistosoma mansoni
infected mice (42 days post-infection)

Subgroups Infective control

Infective - 0.16 0.17 0.00 0.01
control

Bl - - 0.01 0.16 0.15
B2 - - - 0.17 0.16
B3 - - - - 0.01
B4 - - - - -

IL-4: Interleukin-4, B1, B2 and B3 should be significant while B4 non significant

among treated, untreated control and infective control to
enable assessment of gene expression (in relation to GAPDH)
profile modulations in the normal control, infective control,
Al, A2, A3, and A4. The relative quantity of RT-qPCR was
analyzed after treatments from 21 days post-infection and
revealed that the expression of the IL-4 gene increased to
1.6-fold in the infective control group before treatments, but
it increased to 1.9-fold after treated with ART subgroup (A1),

as well as with ARA subgroup (A2), whereas it decreased
to 0.7-fold with nifedipine subgroup (A3) while slightly
increased to 1.1- fold (non-significant) after treatment with
PZQ subgroup (A4), in comparison with normal untreated
control (1-fold) [Figure 1a]. The quantitative RT-PCR was
analyzed after treatments from 42 days post-infection,
revealed that the expression of the IL-4 gene increased to
2.94-fold in the infective control group, and to 3.6-fold
after treated with ART subgroup (B1), also increased to
2-fold in ARA subgroup (B2), whereas it slightly increased
to 1.1-fold (non-significant) after treatment with nifedipine
subgroup (B3) and it decreased to 0.9- fold with PZQ
subgroup (B4), in comparison with normal untreated control
(1-fold) [Figure 1b].

The expression of IFN-y gene after treatments 21 days post-
infection increased to 2.05-fold in the infective control group
without any treatments, but it was decreased to 0.86-fold
after treated with ART subgroup (A1), to 0.91-fold with ARA
subgroup (A2), and to 0.94-fold with nifedipine subgroup (A3).
On the other hand, it increased to 2.58- fold after treatment
with PZQ subgroup (A4), in comparison with normal untreated
control (1-fold) [Figure 2a].

The quantitative RT-PCR analyzed after treatments 42 days
post-infection revealed that the expression of the IFN-y gene
increased to 2.36-fold in the infective control group, whereas
decreased to 0.9-fold after treated with ART subgroup (B1),
to 0.72-fold with ARA subgroup (B2), and to 0.89-fold after
treatment with nifedipine subgroup (B3). The expression of
the IFN-y gene was increased to 3.18- fold with PZQ subgroup
(B4), in comparison with normal untreated control (1-fold)
[Figure 2b].

Discussion

S. mansoni is a fluke-shaped parasite that belongs to the class of
Trematoda. It is the most prevalent species among the human-
infecting schistosomes that cause gastrointestinal infection in
humans as humans serve.*” The main pathology related to
schistosomiasis is due to cellular immune responses that are
generated against this parasite by B and T cells. Specifically, the
immune response is mounted against the ova laid by the female
Schistosoma in the endothelial lining of the capillary walls
of small inferior mesenteric blood vessels that surround the
colon and caecum. The type of immune reaction implemented
against the ova results in granulomatous inflammation in the
tissue around the ova.* Hoffmann et al., (2002) confirmed the
modulations in T helper cytokine profiles during prompting of
granulomatous reaction with cytokines playing a main role in
the regulation of fibrosis deposition and degradation.*” In this
study, the levels of IL-4 and IFN-y cytokines were determined
among the studied subgroups under treatment by ART, ARA,
Nifedipine, and PZQ as anti-schistosomiasis drugs as well as
among the control. This vital issue highlights the importance
of an alternative drug that can be used in the treatment of
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Figure 1: Gene expression of interleukin-4 of treatment groups compared to nontreated control group (relative to equivalent glyceraldehyde3-
phosphate dehydrogenase), using the 2-AACT method. (a) 21 days post-infection, (b) 42 days post-infection
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Figure 2: Gene expression of interferon-gamma of treatment groups compared to nontreated control group (relative to equivalent
glyceraldehyde3-phosphate dehydrogenase), using the 2-AACT method. (a) 21 days post-infection, (b) 42 days post-infection

schistosomiasis. Initially, IL-4 and IFN-y levels were found to
be significantly increased in untreated infected mice compared
to normal control. This may be due to the deficiency of hepatic
clearance function that results in increased serum cytokine
levels. Thus, we found out that, pertaining to the levels of IL-
4, in early treated mice (21 days post-infection), there was a
significant boost in the level of IL-4 in mice that was treated
by ART and ARA as compared with infected untreated mice (P
< 0.05). Whereas, treatment with nifedipine did not show any
significant increase in IL-4 level compared to untreated infective
control. Thus, treatment with PZQ showed significantly lower
IL-4 levels compared with infected untreated control groups
(P <0.05). The relative quantity of RT-qPCR revealed that the
expression of the IL-4 gene increased to 1.6-fold in the infective
control group and 1.9-fold under treatment with ART, and
ARA while decreased to 0.7-fold with nifedipine and slightly
increased to 1.1- fold (non-significant) under treatment with
PZQ (inrelation to GAPDH). Similar results were obtained for
IL-4 levels in mice treated 42 days post-infection. Regarding the
relative quantity of RT-qPCR, it revealed that the expression of
IL-4 gene increased to 2.94-fold in the infective control whereas
increased to 3.6-fold under treatment with ART, and ARA while
slightly increased to 1.1- fold (non-significant) under treatment
with nifedipine and slightly decreased to 0.9- fold (non-
significant) under treatment with PZQ (in relation to GAPDH).
These results were in accordance with El Sayed et al., (2016)
who measured the levels of IL-4 in mice treated with silymarin
and/or PZQ. Treated groups showed significant decrease in
IL-4 levels compared to infected control.®® In contrast, a
study conducted by Zhongguo et al., (2014) concluded that

International Journal of Health Sciences

IL-4 levels in sera were considerably elevated under the effect
of PZQ treatment, as compared to control group (P < 0.05).5"
Whereas, Bardley et al., (2008) stimulated splenocytes of mice
infected with S. japonicum, and reported that artemether showed
a non-significant increase in IL-4 levels.[*”

Concerning IFN-y levels among early treated mice (21 days
post-infection), our results did not demonstrate any significantly
increasing under the effect of ART, ARA, and nifedipine in
comparison with untreated infected control. Whereas treatment
with PZQ showed a significantly higher increase in IFN-y levels
compared with untreated infected control (P <0.05). According
to our results of IFN-y expression, it was increased to 2.05-fold
in the infective control group. IFN-y expression was decreased
to 0.86-fold with ART, 0.91-fold with ARA and to 0.94-fold with
nifedipine while it was increased to 2.58- fold after treatment
with PZQ (in relation to GAPDH), in comparison with normal
untreated control (1-fold). In those mice that were treated
after 42 days post-infection, IFN-y levels showed a significant
increase under the effect of ART, ARA and PZQ in comparison
with untreated infected control (P < 0.05). Whereas, it did not
show any significant change with nifedipine. Thus, according to
our results of IFN-y expression, were found it increased to 2.36-
fold in the infective control group, but it decreased to 0.9-fold
with ART, as well as to 0.89-fold with ARA and to 0.72-fold
with nifedipine while it increased to 3.18- fold with PZQ (in
relation to GAPDH. These results are in agreement with previous
studies which reported that treatment with silymarin and/or
PZQ in murine models caused a significant increase in IFN-y
levelsP and a very highly significant increase in serum level
of IFN-y under the effect of PZQ.B**!! Furthermore, Labuda
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et al., (2020) reported that in S. haematobium infected school
children, levels of IFN-y were significantly increased after
PZQ treatment compared with the infected group.*? Studies
using radiation-attenuated cercariae revealed that the protection
observed in mice exposed to attenuated cercariae was primarily
associated with IFN-y production and antibody production
after multiple rounds of vaccination.?! Schistosomiasis in the
experimental animals such murine model, found that IFN-y
which belong to Thl cytokines and activation macrophages
have been associated with immunity. On the other hand, Th2-
correlated cytokines such as IL-4, inhibit classical macrophage
activation and have been implicated in granuloma formation and
fibrogenesis around tissue-deposited eggs.[*! Therefore, 1L-4
exhibited a highly significant increase under the effect of some
anti-schistosomiasis drugs, indicating that immune responses to
schistosomes may modulate and polarize toward Th2 cytokines.
In the current study, there was a significant difference in the
IFN-y under the effect of some anti-schistosomiasis drugs,
correlated to the inception of the immunity response. Whereas
Silva et al., (2004) suggested that there is noteworthy general
downregulation of Thl responses in infected mice.*! Caldas
et al. (2008) reported that in the acute stage there is a mixed
expression of Thl and Th2 cytokines with the prevalence of
Th1 in the early infection.* The higher increase of IFN-y, in
acute as compared to chronic schistosomiasis, partially explains
the deficiency of modulation of the immune response in acute
patients. Hence, the high production of IFN-y under exposure
to different drugs may be an excellent module for immune
response. Furthermore, our results of the Tukey’s HSD of
cytokines levels indicated the difference effect in between the
different drugs against schistosomiasis, thus this study suggested
that patients infected with schistosomiasis might be treated with
a combination of drugs.

Conclusions

Anti-schistosomiasis drugs ART, ARA, and PZQ play arole in the
modulation of expression of Th2 cytokines. Whereas, only PZQ
may play arole in the modulation of Th1. Schistosomes adapt the
immune response in the chronic phase of infection particularly
at the stage of egg deposition in human tissues. However, there
is escalating evidence that modulation of the immune response
takes place at a much earlier stage even at the time infective
cercariae penetrate the host skin, hence studying the impact
of immune response modulation of anti-schistosomal drugs
against S. mansoni is a crucial area, as it will provide a scope
for the formulation of novel anti-schistosomal drugs as well as
in therapeutic management of patients infected with S. mansoni.
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