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ARTICLE INFO ABSTRACT
Article History Schistosomiasis is a fatal parasitic disease caused by trematode
Received:2/7/2024 worms of the genus Schistosoma. Bee venom (BV) was used as a potential
Accepted:4/8/2024 drug for many diseases due to its pharmacologically active molecules. The
Available:8/8/2024 major biopeptides of Apis mellifera V are melittin (MEL) and phospholipase
A2 (PLAZ2) which have a wide range of biological activities. The present in
Keywords: vitro study aimed to elucidate the anti-inflammatory effects of MEL and
Schistosoma; PLA2 on murine splenocytes activated with Schistosoma mansoni egg and
Melittin; worm antigens (SEA and SWA). Splenocytes were collected from the spleen
phospholipase A2;  of Balb/c mice, and then cultured in the presence of MEL or PLAZ.
splenocyte; anti- Proliferation was estimated by MTT assay. Levels of tumor necrosis factor-
inflammatory. a (TNF-a), Interleukin-10 (IL-10) and nuclear factor-kB (NF-«kB) were

estimated by enzyme-linked immunosorbent assay (ELISA). MEL and PLA2
induced proliferation of murine primary splenocytes in a concentration and
time-dependent pattern, where the proliferation of 24 h incubated
splenocytes was significantly (p < 0.05) increased at 0.5 pg/ml and 0.05
pg/ml concentrations of MEL and PLA2, respectively compared to non-
stimulated cells. The results indicated that MEL and PLA2 modulate an
inflammatory reaction by decreasing the levels of both TNF-o and NF-«xB
and significantly elevating IL-10 levels. These results may suggest their
potent anti-inflammatory effects that can be applied in the treatment of many
inflammatory diseases including S. mansoni infection. Further, in vivo
studies are required to confirm these results.

INTRODUCTION

Schistosomiasis is ranked as the second-most neglected parasitic disease in terms of
the number of deaths it causes (Alemu et al., 2018; Mohamed et al., 2018; Diaz et al., 2023).
According to the World Health Organization (WHO, 2022), it was reported that
Schistosomiasis causes 11,792 deaths annually. The Middle Eastern and North African regions
are endemic areas for schistosomiasis (El-Kassas et al., 2024). Current schistosomiasis
treatment is based on the administration of praziquantel (PZQ), which is most effective against
all Schistosomial species infecting humans (Niu et al., 2022; Barry et al., 2023). Repeated
treatment is sometimes necessary to get rid of all parasites (Hoekstra et al., 2020). Searching
for novel, safe and effective anti-schistosomal drugs is necessitated due to resistance problems
of Schistosoma to PZQ and side effects (Mnkugwe et al., 2020; Akrasi et al., 2022; Alwan et
al., 2023).
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Venom derived from Apis mellifera
has various biological effects as anti-
inflammatory, anti-bacterial, anti-viral, anti-
cancer, and hepato-protective in addition to
immune modulation activities (Hossen et al.,
2017; Zhang et al., 2018; Kaplan and Orhan,
2022). Bee venom (BV) contains several
biologically active peptides, including
melittin (MEL) and enzymes such as
phospholipase A2 (PLA2) (Jang and Kim,
2020; Yaacoub et al., 2021). MEL is the
major component of BV (Pandey et al., 2023),
where it possesses anti-inflammatory, anti-
protozoan, antibacterial, antiviral, anti-cancer
and radio-protective properties as reported in
several studies (Lee and Bae, 2016; Komi et
al., 2017; Memariani et al., 2019; Memariani
and Memariani, 2021). Additionally, it was
used as an alternative treatment for drug-
resistant infections (Karyne et al., 2020;
Askari et al., 2021). MEL inhibited the
expression of pro-inflammatory cytokines,
such as Tumor necrosis factor-a (TNF-a),
Interleukin-1f, IL-6 and Interferon gamma
through the blockade of the nuclear factor-kB
(NF-xB) signaling pathway (An et al., 2018;
Kim et al., 2021; Jung et al., 2022).
Moreover, MEL increases the release of anti-
inflammatory cytokines such as IL-10 and IL-
12 (Kim et al., 2020).

PLAZ2 is a major enzymatic protein
derived from BV, where it is the second-most
prominent biomolecule of the BV (Wehbe et
al., 2019; Yaacoub et al., 2023). Several
studies have confirmed the anti-parasitic
effects of PLA2 against many protozoans
(Soltan-Alinejad et al., 2022). The therapeutic
efficacy of MEL and PLA2 have been
reported for various diseases including some
protozoal infections but their anti-
schistosomal effects haven't been studied
(Rehman et al., 2017). Therefore, the search
for potential anti-schistosomal drugs based on
natural sources is necessitated (Toth et al.,
2023). The present study aims to investigate
the in vitro anti-inflammatory effects of MEL
and PLA2 on murine primary splenocytes and
identify their related immune modulation
pathways.

MATERIALS AND METHODS
1. Preparation of Murine Splenocytes
Single Cell Suspension:

Male BALB/c mice (20-25¢) aged 6
weeks, was obtained from Theodor Bilharz
Research Institute (TBRI, Giza, Egypt) and
maintained in the Zoology and Entomology
department, Faculty of Science, Helwan
University, Egypt. Mice were maintained in a
12/12 h light/dark cycles. Ethical approval
was granted for this study from the Animal
Ethics Committee of the Zoology and
Entomology Department, Faculty of Science,
Helwan University (no. HU-
IACUC/Z/OR1006-47). After the mice were
acclimatized for 1 week, they were sacrificed
then splenocytes were isolated from mice
under aseptic conditions according to the
procedure described by Vardeu et al., (2022);
and Amon et al., (2023).

Splenocyte  suspensions  were
prepared from aseptically isolated spleens by
gently pressing in RPMI-1640 medium
(Lonza BioWhittaker., Verviers, Belgium)
supplemented with 10% heat-inactivated fetal
bovine serum (FBS, HyClone, UK), 1%
penicillin-streptomycin and 1% L-glutamine.
Cell suspensions were collected and spun at
500 xg for 10 min then erythrocytes were
lysed by incubation with Ammonium-
Chloride—Potassium (ACK) lysis buffer
(Sigma, St. Louis, MO) (150 mM NH4CI, 10
mM KHCOsz and 0.1 mM NaEDTA).
Splenocytes were washed and re-suspended
in RPMI 1640-FBS medium. The viability
was determined by the trypan blue exclusion
test (Biochrom AG, Leonorenstr. Berlin)
according to Lebeau et al. (2019). Cell
viability was greater than 95%. Splenocyte
suspensions were prepared as 2 x 106 cells/ml.

2. MTT Assay:

The cell viability assay was
performed as  described  previously
(Mosmann,  1983).  Murine  primary

splenocytes were isolated from Balb/c mice
spleens and seeded in 96-well plates in
complete  RBMI. After stimulation with
different concentrations of MEL or PLA2 (0-
500 pg/ml, SIGMA-ALDRICH Co., St.
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Louis, MO, USA)) for 24, 72 and 120 h.
Lipopolysaccharides (LPS, 5 pg/ml) from E.
coli (L- 2654, Sigma-Aldrich Co.) were used
as a control. 3-(4, 5-dimethylthiazol-2-yl)-2,
5-diphenyl-tetrazolium bromide assay (MTT,
SERVA Electrophoresis GmbH, Heidelberg,
Germany) was performed. The amount of
viable cells was assessed based on the
formation of formazan dye by mitochondrial
dehydrogenases. Formazan product was
estimated using a microplate reader at 570 nm
absorbance (BioTek, USA).

3. Optimization of Soluble Egg Antigens
(SEA) and Soluble Worm Antigens (SWA)
of Schistosoma mansoni:

SEA and SWA were obtained from
Theodor Bilharz Research Institute (TBRI,
Giza, Egypt) as a lyophilized, endotoxin-free
product. Isolated splenocytes were cultured
with a series of SEA and SWA (0-100 pg/ml)
for 24 hat 37 °C in a 5% CO incubator. Each
experiment runs in triplicates. The
supernatant and pellets were collected and
kept at -80 °C for measuring tumor necrosis
factor-alpha (TNF-a), interleukin 10 (IL-10)
and nuclear factor-kB (NF-kB) levels.
Optimum concentrations for SEA and SWA
were found 6.25 pg/ml and 50 pg/ml,
respectively which are suitable for subsequent
treatment experiments.

4. In vitro Treatment with MEL or PLAZ2:

In a 96-well microculture plate, 100
ul/ well of splenocyte suspension was added.
Splenocytes activated with 6.25 pg/ml SEA
and 50 pg/ml SWA were treated with 0.5
pg/ml MEL and 0.05 pg/ml PLA2.
Experiments were carried out in triplicates.
Cultured splenocytes were incubated at 37 °C
in 5% COz for 24 h. Both culture supernatants
and pellets were collected and stored at -80 °C
to determine TNF-a, IL-10 and NF-kB levels.
5. Measurement of Cytokines and NF-xkB
by ELISA:

Cytokines and NF-xB levels were
measured using the Sandwich ELISA
technique according to the instructions of the
manufacturer (Murine ELISA kit, Sunlong

Biotech, China). TNF-a and IL-10 (Cat. No.
SL0547Mo and SL0310Mo, respectively)
were measured in the supernatant of cultured
splenocytes while NF-kB was detected in
splenocytes  homogenate  (Cat. No.
SL0723Mo).

6. Statistical Analysis:

Analyses were performed using
Graphpad Prism software version 8.4.3. Data
represented as mean = SD or percentage
change. Two-way analysis of variance
(ANOVA) was used to compare splenocyte
proliferation at different concentrations and
incubation times, confirmed by Tukey's
multiple comparisons test. One-way ANOVA
was used to compare between different
treatments. Statistical change is significant at
p < 0.05. Percentage change representing the
percent of variation with respect to control
and calculated as:

Mean of the experiment — Mean of control
% Change = P

X 100

Mean of control

RESULTS
1. Proliferative Effect of MEL and PLA2 on
Murine Primary Splenocytes:

The proliferative effect of both MEL
and PLA2 at different doses and incubation
times on healthy splenocytes was investigated
using an MTT assay. MEL and PLAZ2 tend to
inhibit the proliferation of splenocytes in a
dose and time-dependent pattern where
splenocyte proliferation decreased
significantly (p < 0.05) with increasing
concentrations of MEL and PLAZ in the range
of (0.05 pg/ml — 500 pg/ml) and incubation
time from 24 h to 120 h compared to non-
treated splenocytes. MEL and PLA2
treatment at 0.5 pg/ml and 0.05 pg/ml,
respectively act as proper concentrations at
which proliferation of splenocytes increased
significantly (p < 0.05) at 24 h as shown in
Figures 1 and 2. Also, these concentrations
were suitable for subsequent splenocyte
experiments and confirmed that MEL has
lower cytotoxic and higher cell proliferative
effects than PLA2.
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Fig. 1. Effect of MEL on the viability of splenocytes.

Data displayed in the form of mean £ SD, Number = 3, Two-way ANOVA was used for comparing cell
proliferation at different concentrations and incubation times, confirmed by Tukey's multiple comparisons test.
*Significant at p < 0.05 with respect to control. The original cell density was 2 x 10° cells/ml. LPS:
Lipopolysaccharides. MEL: Melittin.
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Fig. 2. Effect of PLA2 on the viability of splenocytes.

Data shown mean + SD, Number = 3, Two-way ANOVA compared cell proliferation at different concentrations
and incubation times, confirmed by Tukey's multiple comparisons test. *Significant at p < 0.05 with respect to
control. The original cell density was 2 x 108 cells/ml. LPS: Lipopolysaccharides. PLA2: Phospholipase A2.
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2. Effect of SEA on Expressions of Cytokines splenocytes compared to non-stimulated

and NF-kB:

The levels of TNF-a, IL-10 and NF-
kB produced by SEA-stimulated splenocytes
(0 - 100 pg/ml) are shown in Figure 3. We
found that SEA from 6.25 to 50 pg/ml was
capable of significantly (p < 0.05) increasing
TNF-0, NF-xB and IL-10 levels in stimulated

ones. SEA at 6.25 ng/ml was recommended to
induce inflammation in splenocytes as
evidenced by the maximum levels of pro-
inflammatory TNF-o and NF-kB along with
the minimum expression level of anti-
inflammatory IL-10 at this concentration.
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Fig. 3. In vitro effect of concentrations of SEA on cytokines and NF-kB levels of activated

splenocytes.

Data represented by percent change corresponding to their value of non-stimulated splenocytes. Number = 3,
One-way ANOVA was performed to compare between different groups. *Significant at p < 0.05 with respect to

control. SEA: Schistosoma mansoni soluble egg antigen.

3. Effect of SWA on Expressions of Cytokinesincrease

and NF-kB:

Primary splenocytes were
stimulated with different concentrations of
SWA at 24 h to detect their inflammatory
effect and select the suitable concentration for
subsequent splenocyte treatment
experiments. Splenocytes stimulated with a
concentration range of SWA (6.25 pg/ml -
100 pg/ml) displayed a significant (p < 0.05)

in TNF-a and NF-xB levels
compared to control as shown in Figure 4.
While 1L-10 levels were significantly (p <
0.05) increased at 50 and 100 pg/ml of SWA.
The maximum levels of TNF-a and NF-xB
were estimated at 50 pg/ml of SWA which
was selected as the proper dose for inducing
inflammatory  reaction and  following
treatment experiments.
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Fig. 4. In vitro effect of concentrations of SWA on cytokines and NF-kB levels of activated

splenocytes in vitro.

Data represented by percent change corresponding to their value of non-stimulated splenocytes. Number = 3,
One-way ANOVA was performed to compare between different groups. *Significant at p < 0.05 with respect to
control. SWA: Schistosoma mansoni soluble worm antigen.

4. Effects of MEL and PLA2 on the
Production of Cytokines and NF-kB by
SEA-Activated Splenocytes.

MEL and PLA2 at the pre-
determined non-cytotoxic doses were added
to SEA and SWA-activated splenocytes for
24 h to investigate their effect on the
expression of inflammatory parameters (Fig.
5). Compared to non-treated splenocytes (-
SEA), a significant (p < 0.05) increase in

TNF-a, IL-10 and NF-kB levels was recorded
in +SEA, SEA+MEL and SEA+ PLA2
treated splenocytes. MEL and PLA2
treatment resulted in a significant (p < 0.05)
decrease in TNF-a and NF-kB compared to
infected splenocytes. However, IL-10 levels
were significantly (p < 0.05) increased in
SEA+MEL and non- significantly increased
in SEA+PLAZ2.
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Fig. 5. In vitro effects of MEL and PLA2 on the levels of cytokines and NF-«B of SEA-

activated splenocytes in vitro.

Data represented by percent change corresponding to their value of non-stimulated splenocytes. Number = 3,
One-way ANOVA was performed to compare between different groups. *Significant at p < 0.05 with respect to
control. a Significant change at p < 0.05 with respect to SEA-activated splenocytes (Positive control). +SEA:
splenocytes activated with Schistosoma mansoni soluble egg antigen. MEL: Melittin. PLA2: phospholipase A2.

5. Effects of MEL and PLA2 on the
Production of Cytokines and NF-kB by

significant (p < 0.05) decrease in TNF-a and
NF-kB levels was observed after MEL and

SWA-Activated Splenocytes.

The detected levels of TNF-a, IL-10
and NF-xB showed a significant (p < 0.05)
increase in all MEL and PLAZ2-treated
splenocytes compared to non-infected ones. A

PLA2 treatment compared to infected cells.
However, MEL and PLA2 treatment was not
capable of increasing IL-10 levels
significantly compared to non-treated
splenocytes (Fig. 6).
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Fig. 6. In vitro effects of MEL and PLAZ2 on the levels of cytokines and NF-kB of SWA-

activated splenocytes in vitro.

Data represented by percent change corresponding to their value of non-stimulated splenocytes. Number = 3,
One-way ANOVA was performed to compare between different groups. *Significant at p < 0.05 with respect to
control. a Significant change at p < 0.05 with respect to SWA-activated splenocytes (Positive control). +SWA:
splenocytes activated with Schistosoma mansoni soluble worm antigen. MEL: Melittin. PLA2: phospholipase A2.
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DISCUSSION

In traditional medicine, BV has long
been used against various diseases including
skin  diseases, rheumatoid  arthritis,
Alzheimer’s disease, inflammation, and
cancer (Zhang et al., 2018; Badawi et al.,
2020). The effect of BV on S. mansoni-
infected mice showed a reduction in the worm
load and the number of eggs in the liver
tissues (Mohamed et al., 2016). BV consists
of many different components which are
mixtures of peptides, lipids, carbohydrates,
amino acids and enzymes like MEL and
PLA2, which are the most common
derivatives of BV. They exhibited anti-
parasitic, antimicrobial, anti-viral, anti-
inflammatory, antifungal, anti-protozoan and
antischistosomal properties (Mohamed et al.,
2016; Kurek-Gorecka et al., 2020; Saleh et
al., 2020; Memariani and Memariani, 2021,
Akhzari et al., 2022).

In vitro cytotoxicity assessment is
essential to evaluate natural products' safety
profile before being applied in the biomedical
field. Thus, the present study aimed to
investigate the proliferative effects of several
concentrations of MEL and PLAZ2 and their
related inflammatory effects on murine
primary splenocytes. Remarkably, MEL
treatment significantly increased splenocyte
proliferation and viability at 24 h and a
concentration of 0.5 pg/ml. Several studies
ensured that MEL effects on the viability of
many protozoans and different cancer cell
lines are dose and time-dependent (Abhari et
al., 2019; Soliman et al., 2019; Moghaddam
etal., 2021; El-Dirany et al., 2021; Akhzari et
al., 2023).

Yu et al. (2020) reported that the
major in vitro stimulated cell types of murine
splenocytes are B cells and T cells in addition
to other cell types. Thus, MEL may be
responsible for enhancing the proliferation of
B and T cells of splenocytes. The decreased
proliferation of stimulated splenocytes
observed at 0.005, 50 and 500 pg/ml
concentrations of MEL might be due to
cellular apoptosis and autophagy as was
recorded by Moghaddam et al. (2021) who

reported that cytotoxic doses of MEL-induced
cell lysis by disruption of phospholipid
bilayer integrity via forming pores in the
membrane surface leading to leakage of ions
and increased permeability. In addition, MEL
induced apoptosis in ovarian cancer cells by
targeting mitochondrial-related pathways by
stimulating death receptors and inhibiting the
JAK2L/STAT3 pathway (Tu et al., 2008;
Kim et al., 2011; Jo et al., 2012). Similarly,
El-Dirany et al. (2021) also reported that
MEL affected the viability of different
developmental forms of Trypanosoma
cruzi by inducing morphological changes in

nuclei, mitochondria, and membrane
extensions of the parasite.
The increased splenocyte

proliferation after PLA2 treatment may be
due to its capability of stimulating B cells
and/or T cell proliferation (Yu et al., 2020).
Conversely, the decreased splenocyte
proliferation by a high cytotoxic dose of
PLAZ can be explained by its direct lipolytic
action on the membrane phospholipids
producing lyso-phospholipids which are
responsible for cellular death (Yaacoub et al.,
2021). Consequently, the alteration in
membrane organization impairs the proper
function and expression of macromolecules
and membrane receptors disrupting cell
survival and calcium-mediated signal
transduction pathways (Boutrin et al., 2008;
Hossen et al., 2017).

Soltan-Alinejad et al. (2022)
reported that PLA2 has anti-parasitic activity
against Trypanosoma brucei and inhibits
intra- erythrocytic development
of Plasmodium in concentration gradient. It
was also indicated that PLAZ2 isolated from
BV and Daboia russelii venom (Eastern India
Russell’s viper) prevented the proliferation of
tumor cells in dose and time-dependent
patterns (Khunsap et al., 2011; Hossen et al.,
2017). Conversely, PLA2 extracted from BV
showed no significant cytotoxic effects on the
HCT116 cell line as demonstrated by
Yaacoub et al. (2021).

In the present study, the in vitro
inflammatory effects of MEL and PLA2 on
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splenocytes were investigated. The current
expression of pro-inflammatory TNF-a was
increased due to an inflammatory reaction
stimulated with Schistosoma SEA or SWA.
Splenocyte activation by  Schistosoma
antigens observed in the present study may be
due to up-regulation of CD80, CD86 markers,
and MHC-II that increase the production of
TNF-o and IL-10 by dendritic cells activated
with S. mansoni warm glycolipids as was
previously explained by Van Stijn et al.
(2010). A correlation was reported between
elevated TNF-a levels and increased risk of S.
mansoni pathological changes including
periportal fibrosis, granuloma formation and
hepatocyte apoptosis (Lee et al., 2014,
Kamdem et al., 2018; Mutengo et al., 2018).
A current significant reduction in the level of
TNF-a observed in both MEL and PLA2-
treated splenocytes was in agreement with
previous in vitro studies by Pereira et al.
(2016) and Mirzaei et al. (2020) who reported
that MEL-treated macrophages showed
effective  anti-leishmanial activity that
contributed to the decreased levels of TNF-a.
The current significant downregulation in
NF-kB expression and TNF-o detected in
MEL-treated splenocytes was also reported
by Park et al. (2007) who attributed the
inhibited expression of TNF-a and NF-«B to
the anti-inflammatory effects of MEL. In the
same context, Wullaert et al. (2006) and Lee
et al. (2014) indicated that MEL inhibits NF-
kB nuclear translocation and signaling that in
turn reduces TNF-a level.

The current study revealed that
PLA2 downregulated the expression of pro-
inflammatory TNF-a, NF-«B and upraised
IL-10 levels and this can be explained by
splenocyte cellular changes induced by
PLAZ2. Baek et al. (2020) reported that PLA2
binds to mannose receptor (CD206) on
dendritic cells and upregulates COX-2
expression and prostaglandin E2 (PGE2)
secretion by these cells. PGE2 then binds to
EP2 inducing regulatory T-cell differentiation
which contributes to immune suppression in
various inflammatory diseases by several
mechanisms including 1L-10 production. In
contrast to the present results, previous

studies  indicated that = MEL-treated
macrophages showed a notable drop in IL-10
levels that may reduce the disease progression
through  macrophage deactivation and
parasite persistence (Pereira et al., 2016;
Mirzaei et al., 2020). Although MEL and
PLAZ2 reduced schistosoma antigens-induced
inflammation, additional in vitro studies are
needed to support the therapeutic advantage
of MEL and PLA2 wversus traditional
treatment with PZQ. Moreover, it is necessary
to focus on the in vitro molecular mechanistic
action of MEL and PLA2 linking to
proliferation and apoptosis  signaling
pathways.
CONCLUSIONS

The current findings concluded that
MEL and PLAZ2 isolated from A. mellifera
venom might have in vitro cell- proliferative
and anti-inflammatory effects where MEL
was found to be more effective in reducing
inflammation  induced by Schistosoma
antigens than PLA2. MEL and PLA2 may
represent potential therapeutic agents that can
be used in medical applications for the
treatment of inflammatory diseases including
Schistosomiasis.
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