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Abstract

Egypt is considered one of the countries with large liver disease burden in the
world being endemic with bilharziasis and hepatitis C for decades. This study
was designed to evaluate the effect of Ficus carica (leaves ethanolic extract)
alone and combined with PZQ against S. mansoni in the experimentally in-
fected mice. The biochemical parameters, oxidative stress markers, immuno-
logical parameters in liver and in worms of S. mansoni (Poly ADP-ribose po-
lymerase (PARP) were also assayed. After administration of Ficus extract, an
increased level of MDA and decreased activities of SOD, GSH and CAT were
restored and inhibited the elevation of ALT, AST and ALP activities in addi-
tion to improve TP and globulin levels in serum or liver tissue in comparison
with infected untreated animals. Moreover, the plant extract showed decrease
in the hepatic propotions of CD,, CD,s and FOXP; in addition to PARP pro-
potion in worms as compared with infected untreated animals. In the present
study, the best results were obtained in the group of mice treated with Ficus
extract plus PZQ together in comparison to Ficus extract or PZQ treated
group alone. These observations may be attributed to a synergetic action be-
tween PZQ and the active gradient compounds of the used extract, with anti-
parasitic, antioxidant and antifibrotic properties. These findings support the
medicinal value of Ficus extract against S. mansoni and hepatic damage in-
duced in the experimentally infected mice.
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1. Introduction

Schistosomiasis distribution in Egypt was ranged from 3% to 10% [1]. It induces
liver disorders as a result of acute and chronic infections. Schistosomal eggs
caused fibrosis of the liver, which is a common pathological process that leads to
permanent cirrhosis [2] and inability of the liver to perform its biochemical
functions [3]. Parasite eggs toxins in circulation caused a large damage to hepa-
tocytes or membranes and necrosis resulted in enzymes rise in the serum [4] [5].
Also, high oxidative stress and lipid peroxidation resulted in damage of mem-
branes (lipids) of liver cells [6].

Schistosomiasis is the most prevalent fibrotic disease that develops as a result
of inflammation and scar tissue formation around parasite eggs trapped in the
liver [7]. CD4 T lymphocytes sensitized to egg antigens are responsible for the
development of granulomas surrounding schistosome eggs [8]. CD.s, glucocor-
ticoid-induced tumor necrosis factor receptor family-related gene (GITR), and
the transcription factor fork head box transcription factor P3 are some of the cell
markers used to identify Treg cells (Foxps) [9].

Owing to the unavailability of a schistosomiasis vaccine, the disease is mostly
treated with chemotherapy. Because of its cheap cost and efficacy against the
adult form of all schistosome species, praziquantel (PZQ), which is active against
all schistosome species and is the WHO’s recommended medicine for schisto-
somiasis therapy at both the community and individual levels, has become the
unique medicine [10]. Moreover, many lines of evidence suggest increasing the
emergence of the resistant strains of S. mansonito PZQ [11]. Generally, therapy
of schistosomiasis could result in little fibrosis reduction in liver cells after worm
reduction [12]. Moreover, PZQ was also shown to cause bleeding in the host’s
lung tissue, according to [13]. As a result, developing medications to manage
schistosomiasis without causing adverse effects is critical [14].

Ficus carica (Figs), a member of the Moraceae family, is one of the earliest
cultivated fruit trees. It is generally referred to as the fig tree [15]. Fig leaves are
commonly used to treat various ailments. Other pharmacological properties of
Fig leaves include antioxidant, anti-inflammatory, hepatoprotective, cytotoxic,
hypoglycemic, and anthelmintic properties [16] [17]. Figs are plentiful in phe-
nols and flavonoids which display numerous biological activities [18] [19].

The goal of this study was to see how Ficus carica leaves ethanolic extract
alone and in combination with PZQ worked against S. mansoni in experimen-
tally infected mice, with the goal of lowering the PZQ dose, improving its schis-

tosomicidal activity, and reducing side effects in experimental hosts.
2. Materials & Methods

2.1. Drug

Egyptian International Pharmaceutical Industries Company (EIPICO), provided
praziquantel (PZQ) tablets (Epiquantel). Orally post six weeks of infection, for
two consecutive days it was administered to mice (dose of 200 mg/kg b. w.).
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2.2. Plant Materials

During August 2018, leaves of Ficus carica were taken (Delta area in Egypt). The
plant was verified by a Taxonomy instructor, Botany Department, Faculty of

Science, Mansoura University, and Mansoura, Egypt.

2.3. Preparation of Fig Ethanolic Extract (Ficus carica Leaves)

The extract prepared according to the method of [20]. Ethanolic fraction of Fi-
cus carica (leaves) extract analysis, was rich with flavonoids, alkaloids, phenols,
cardiac glycosides, tannins, saponins and terpenoids, according to qualitative

phytochemical examination.

2.4. Experimental Mice and Parasites

Theodor Bilharz Research Institute (TBRI) found an Egyptian strain of S. man-
soni cercariae from infected Biomphalaria alexandrina snails. The snails were
maintained in de-chlorinated tap water for four weeks after infection and then
subjected to artificial light at 28°C for two hours to stimulate cercariae shedding
[21].

The experiment employed 6 - 8-week-old black female C57BL/6 mice with an
average weight of 22 - 27 g. Mice were bought from Misr University for Science
and Technology (MUST), Giza, Egypt, and maintained in the animal house of
Mansoura University’s Department of Zoology. Mice were housed in cages with
wood-chip bedding that had to be changed every two days. They were housed in
a temperature-controlled, 12-hour light/dark cycle environment.

2.5. Animal Grouping and Mode of Treatment

In the present study, thirty-five black female C57BL/6 mice were used and classi-
fied into five groups (seven mice per each group) as the following: Control
group: Mice of this group were healthy without infection and treatment. Infected
untreated group: In this group, each mouse of was infected subcutaneously with
(60 = 10) freshly shed cercariae according to [22]. Infected & PZQ-treated
group: Mice of this group were orally administered PZQ drug (200 mg/kg b. wt.)
full dose for two consecutive days after six weeks post infection. Infected & Fi-
cus-treated group: After six weeks post infection, mice of this group were orally
administered Ficus carica leaves extract (400 mg/kg b. wt.) day after day (three
times) for one week. Infected & Ficus + PZQ treated group: Mice were orally
administered PZQ drug at a dose (200 mg/kg b. wt.) in the first day alone then in
accompany with F. carica extract (400 mg/kg b. wt.) in the next day.

3. Methods

3.1. Blood Sampling and Liver Tissue Preparation

Mice were euthanized after 7 weeks post infection, and blood samples were col-
lected in clean centrifuge glass tubes, permitted to clot, and centrifuged at 3000

rpm for 15 minutes. The clear supernatant, which had not been hemolyzed, was
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rapidly removed. The sera were frozen at —20°C in labelled Eppendorf’s tubes
for various biochemical analyses. Mouse liver was removed, weighed for each
mouse then frozen for biochemical analysis and flow cytometry. Other samples
of the liver tissue were stored in neutral formalin (10%) for histopathological

studies.

3.2. Preparation of Liver Homogenate

In dist.H,O, liver tissues were homogenized (10% w/v). The samples were stored
at —20°C until they were placed in labelled Eppendorf tubes for biochemical

analysis.

3.3. Biochemical Estimated Parameters

The colorimetric kit technique of [23] and [24] were used to quantify ALT, AST,
and ALP activity in serum and liver homogenate, respectively. The contents of
TP and Alb in serum and liver were determined according to [25] [26], respec-
tively. The content of MDA in liver homogenate was determined using colori-
metric technique [27]. The total antioxidant capacity (TAC) of liver homogenate
was evaluated using colorimetric method according to [28]. The content of GSH
in liver homogenate was calculated using colorimetric technique of [29]. The tech-

nique of [30] [31] was used to measure the activities of SOD and CAT in the liver.

3.4. Antibodies and Flow Cytometry

The Accuri Cs flow cytometer (Becton Dickinson, Sunnyvale, CA, USA) was
used to perform the flow cytometric analysis which equipped with a compact
air-cooled low power 15 mW and Argon Ion Laser beam (488 nm). The average
number of nuclei assessed each specimen was 10.000, with 120 nuclei scanned
every second. A computer programme called Flowjo software was used to create
a histogram using flow cytometry data. The antibodies (CD,, CD,s and FOXP;)
were used. Fresh liver tissue specimens were transported in isotonic saline and
tissue suspension was prepared according to [32]. The staining method that was
performed on the entire antibody was the direct technique in one stain step and
after incubation the samples were washed twice with 5% PBS and spin down at
1800 rpm for 5 minutes. The supernatant was discarded and then fixed the
stained cells with 4% paraformaldehyde until acquire the sample on flow cyto-

meter.

3.5. Measurement of Poly (ADP-Ribose) Polymerase (PARP) by
Flow Cytometry

PARP was measured in homogenates of S. mansoni worms using the BD Phar-
mingen™ PARP protocol as illustrated by [33]. Finally, the data was acquired by
flow cytometer.

3.6. Ethical Approval

All deals with animals in this study were carried out according to international
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valid guidelines of experimental animal studies and research protocol was ap-
proved by the local ethical committee of the faculty of Science, Mansoura Uni-
versity with code number Sci-Z-M-2021-33.

3.7. Statistical Analysis

All statistical studies were behaved using GraphPad Prism 5.0 software (Graph-
Pad Software Inc., San Diego, California, USA). Outcomes are offered as mean +
the standard error of the mean (SEM) (n = 6). Statistical contrasts were made by

1-way analysis of variance (ANOVA) succeeded by Neuman-Keuls post-hoc test.

4, Results

Data on liver function were observed in Table 1, Table 2 & Figure 1, Figure 2:
Serum and hepatic levels of ALT, AST and ALP, were significantly increased in
infected animal group compared to the control group. The pre-treatment with
the Ficus extract at dose 400 mg/kg (F) in combination with PZQ showed the
highest hepatoprotective effect among the other treatments by significant pro-
tection against the elevation in the levels of the liver function index enzymes
(ALT, AST and ALP) when compared with the infected non-treated mice group.

The present records in Table 3 & Figure 3 illustrated that, schistosomiasis
causes an impairment of hepatic TAC, SOD, CAT and GST contents of mice, in

comparing to the normal (control) one, also, it was observed that the infection

Table 1. Effect of Ficus carica leaves extract after (6 weeks) post Schistosoma mansoni infection on serum ALT, AST and ALP
activities as well as TP and Alb contents in mice sacrificed (7 weeks) post infection.

Animal groups

Parameters
Control Infected Infected + PZQ Infected + F Infected + F + PZQ
S. ALT (U/L) 28.31+ 1.6 112.1a + 8.6 34.65b £ 1.3 31.67b £ 1.8 31.27b £ 1.9
S. AST (U/L) 172.7 £ 3.7 325.5a £ 23.5 220a,b + 5.2 230.3a,b + 3.1 180b +5.8
S. ALP (U/L) 1151+ 1.3 182.2a+ 7.0 117b £ 2.19 117b £ 2.16 118.4b + 1.19
S. TP (mg/dl) 7.817 £.02 2.997a £ 0.12 7.580b + 0.16 6.925b +0.18 7.318b + 0.35
S. Alb (mg/dl) 4.017 £0.34 1.915a £ 0.17 3.783b + 0.29 3.950b + 0.22 3.950b + 0.16

Values are presented as means + SE. Significance differences versus infected untreated control mice at p < 0.05. a = significance as
compared with control. b = significance as compared with infected group.

Table 2. Effect of Ficus carica leaves extract after (6 weeks) post Schistosoma mansoni infection on hepatic ALT, AST and ALP
activities as well as TP and Alb contents in mice sacrificed (7 weeks) post infection.

Animal groups

Parameters
Control Infected Infected + PZQ Infected + F Infected + F + PZQ
H. ALT (U/g) 11.51 £ 04 31.36a £ 1.38 14.20b + 0.73 15.42a,b + 0.28 12.42b + 0.28
H. AST (U/g) 14.14 £ 0.67 32.35a+1.91 18.38b £ 1.11 19.25a,b + 0.58 15.48b + 0.59
H. ALP (U/g) 285.7 £ 12.7 812.8a £ 31.76 354.3b + 7.62 338.7b £ 11.02 299.2b + 12.14
H. TP (mg/g) 0.83 £0.05 0.38a £ 0.057 0.61a,b + 0.04 0.646b + 0.03 0.693b + 0.07
H. Alb (mg/g) 0.41 £0.03 0.23a + 0.02 0.39b + 0.01 0.39b + 0.01 0.40b + 0.03

Values are presented as means + SE. Significance differences versus infected untreated control mice at p < 0.05. a = significance as
compared with control. b = significance as compared with infected group.
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Table 3. Effect of Ficus caricaleaves extract after (6 weeks) post Schistosoma mansoni infection with or without PZQ on hepatic
MDA and antioxidant parameters in mice sacrificed (7 weeks) post infection.

Parameters

H. MDA (nmol/g)
H. TAC (Mm/g)
H. GSH (mg/g)
H. SOD (U/g)
H. CAT (U/g)

Control
453.0 £ 9.31
1.477 £ 0.07
123.2 £5.34
337.8+£6.9
158.0+£ 7.6

Animal groups

Infected Infected + PZQ Infected + F
896.8a + 29.03 505.1b £ 17.6 519.1b £ 10.57
1.0a £ 0.035 1.365b + 0.063 1.327b £ 0.06
61.84a + 3.35 108.5a,b + 3.76 106.7b + 4.93

175.5a £ 4.8 322.6b £ 6.35 326.9b +7.2
53.07a £ 5.0 132.3a,b + 5.85 131.7a,b + 4.8

Infected + F + PZQ
468.3 £ 9.45
1.438b + 0.10
107.8b + 6.47
335.3b + 6.35
157.4b + 5.58

Values are presented as means + SE. Significance differences versus infected untreated control mice at p < 0.05. a = significance as
compared with control. b = significance as compared with infected group.
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Figure 1. Effect of Ficus carica leaves extract after (6 weeks) post Schistosoma mansoni
infection on serum ALT, AST and ALP activities as well as TP and Alb contents in mice
sacrificed (7 weeks) post infection.
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Figure 2. Effect of Ficus carica leaves extract after (6 weeks) post Schistosoma mansoni
infection on hepatic ALT, AST and ALP activities as well as TP and Alb contents in mice
sacrified (7 weeks) post infection.

caused significant increase in the hepatic Thiobarbituric acid reactive substances
(TBARS), levels. Ficus (fig) extract treatment preserved the increase of TBARS,
as well as improves total antioxidants capacity levels. The alcoholic extracts of fig
leaves at dose 400 mg/kg (F) in combination with PZQ were more effective than
the extract or PZQ alone.

In the present study, the Accuri Cs flow cytometer was used to estimate the
CD,, CDj5 and FOXP; in liver of mice. In addition to the PARP was estimated in
worms. Table 4 & Figure 4 showed that, the proportion of CD4, CD,s, FOXP;
Treg, increase significantly (p < 0.05) in the infected animals when compared

with the healthy control group.
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Figure 3. Effect of Ficus caricaleaves extract after (6 weeks) post Schistosoma mansoni
infection with or without PZQ on hepatic MDA and antioxidant parameters in mice sa-

crified (7 weeks) post infection.

Table 4. Effect of Ficus caricaleaves extract and/or PZQ treatment on immune cell markers.

Animal groups

Parameters Control Infected Infected + PZQ Infected + F Infected + F + PZQ
CDs 16.55 £ 0.44 64.43a £ 2.77 21b + 1.52 23.72a,b + 1.22 16.82b + 0.51
CD3s 7.70 £ 0.27 19.85a £ 0.70 10.47a,b + 0.68 10.77a,b + 0.69 8.217b £ 0.46

FOXPs3 10.30 £ 0.38 27.98a £ 0.77 13.32a,b £ 0.25 14.17a,b + 0.32 11.43b + 0.33

Values are presented as means + SE. Significance differences versus infected untreated control mice at p < 0.05. a = significance as

compared with control. b = significance as compared with infected group.

This search found that there was a significant decrease in levels of CDy, CD;s
and FOXP; Treg in liver of mice after treatment with Ficus extract when com-
pared with infected untreated group. Combination of fig extract with PZQ illu-
strated the most decrease in the percentage of CD4, CD,s and FOXP; Treg in the

liver of mice. As shown in Table 5 & Figure 5: measurement in the worms of
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Figure 5. Effect of Ficus caricaleaves extract treatment
on the level of PARP in S. mansoniworms.

Table 5. Effect of Ficus caricaleaves extract treatment on the level of PARP in worms.

Animal groups
Infected Infected + F
PARP 494 + 2.67 17.72b + 3.36

Parameter

Values are presented as means + SE. Significance differences versus infected untreated
control mice at p < 0.05. b = significance as compared with infected group.

mice indicated an increase of apoptosis in the worms of (infected with fig admi-

nistered) group. The increase of apoptosis of worms in (infected with Ficus ad-
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ministered) group was coincident with a marked decrease in the percent of cells
stained with PARP, the enzyme responsible for DNA repairs and reversing

apoptosis.

5. Discussion

The current study found that the inflammatory responses caused in the livers of
S. mansoni infected mice are assured by a significant increase in serum and liver
AST, ALP and ALT levels and a decrease in TP and ALB values, which is consis-
tent with previous research [34] [35]. The current observation is also supporting
with biochemical finding which showed that Parasite eggs from adult worms
pierce the mucosa of the gut, pass through the mucosa into the lumen, and may
be discharged into the environment with the host’s faeces in S. mansoni infec-
tion. However, more than half of the eggs getrestricted in the liver’s pe-
ri-sinusoidal regions, creating periportal granulomatous inflammation [36].

Moreover, Damage of hepatocytes may be related to increase of liver enzymes
level in serum as a result of eggs’ toxins [37]. The reduction in serum TP and
ALB levels in the present study, these observations have been found in line with
the study of [35]. They stated that, the reduction attributed to its glycation by
glucose, which produces fructosamine, as well as a decrease in its production by
injured liver. Also, several studies explore the effects in the same field, [38] [39].
Moreover, according to [40] who stated that, enzymes ordinarily found in the
cytosol are released into the bloodstream (in infected mice) when the hepatocel-
lular membrane is disrupted. This may result in increase of ALT and AST activ-
ity. They added also, six weeks post infection; concentrations of protein in in-
fected mice start to minimize due to a protein anabolism (decrease) and protein
catabolism (increase). ALP activity was also reduced in . mansoni-infected mice
(Table 1, Table 2) which may be due to anaemia resulted from schistosomiasis
as reported by [41].

The results of the present study approved those eggs in liver trigger liver se-
cretory activity (granuloma response). As infected mice were given either prazi-
quantel or extract of Ficus (400 mg/kg), their hepatic enzymes activity was sig-
nificantly reduced and their plasma total proteins content was significantly ele-
vated when compared to infected-untreated animals. PZQ and extract of Ficus
treatments similarly improved ALP activity (Table 1, Table 2).

This positive response might be attributable to their ability to preserve and
stabilize the permeability and integrity of cellular membranes. [42] [43] both
support the protective effect of the applied micronutrients. Biomarkers of liver
function in the group that treated with praziquantel or the extract of Ficus (400
mg/kg) after infection were significantly lower than those of infected untreated
animals (Figure 1, Figure 2). These results show that praziquantel and/or the
extract of Ficus can help to relieve the hepatic impairment caused by S. mansoni
infection.

As shown in Table 3 & Figure 3, in the present study, malondialdehyde con-

centration was significantly increased in infected untreated mice comparatively
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to non-infected mice. At 8 weeks after infection by S. mansoni, substantial sup-
pression of antioxidant enzyme activities was detected when compared to the
controls, as shown in Table 3 & Figure 3. Increased malondialdehyde levels may
be the result of macrophages of hepatic granulomas releasing large amounts of
superoxide radicals during S. mansoniinfection, according to [44].

Ficus extract alone or in combination with PZQ treatment significantly alle-
viated this inhibition. The level of malondialdehyde (hepatic) is decreased sig-
nificantly in pretreated infected groups with PZQ or Ficus extract at 400 mg/kg
while Catalase, SOD and reduced glutathione activities are recorded significant
increase. Moreover, infection with S. mansoni decreased glutathione, SOD, and
catalase levels.

These findings are consistent with earlier research on schistosomal hepatic fi-
brosis in humans and schistosomiasis in mouse models [40] [45]. Catalase, SOD
and reduced glutathione are endogenous antioxidants that help the body protect
itself from free radicals. Their depletion suggests a rise in free radicals, and
hence an increase in cellular damage [44] [45] [46]. Also, the phenolic hydroxyl
groups of phenolic substances may explain their great ability to scavenge radicals
[47].

The phytochemical compounds of Ficus carica leaves as flavonoids, phenols,
and tannins which may be the main source of antioxidant activity of extract in
this study,have been reported to offer promising hepatoprotection. By standar-
dizing and evaluating the plant derived active phytochemicals can offer promis-
ing remedies in the healthcare system to treat many diseases in the future.

Schistosomiasis, the most common fibrotic disease, develops because of
inflammation and deposition of flawed tissue around eggs of schistosomes that
captured in the liver [7]. Although granuloma development is advantageous to
the host because it inhibits the hepatotoxic effects of antigen produced by para-
site eggs, it can also promote fibrosis due to an excess of collagen and other
extracellular matrix proteins in the periportal region [47]. Cluster of differentia-
tion 4 (CD,) T lymphocytes sensitized to egg antigens are responsible for the
development of granulomas surrounding schistosome eggs [8].

Roles for immune responses with regard to both morbidity and resistance to
reinfection have been defined by several researches in human schistosomiasis
[48] [49] [50]. Several investigations of the phenotype and function of Treg cells
in mice models of helminth infections have been conducted [9] [51] [52] [53] as
well as schistosomiasis [54] [55] [56] [57].

CD, cell-mediated immunity against soluble schistosomal egg antigen is a
marker of granuloma development, according to a previous study reported by
[58]. CDs cells play a role in the gradual down-regulation of granulomas [59]
[60]. In the current study, it is observed that the proportion of Treg CDs, CD,s
and FOXP; in S. mansoni infected nontreated mice were higher than those re-
ported in control mice. This observation agreed with many reports [50] [61].

Data obtained in this work showed a significant reduction in Treg percentage in

group infected and treated with PZQ as compared to infected group. This result
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agreed with [62] [63]. They hypothesized that the removal of chronic, systemic ex-
posure to schistosome antigens through PZQ treatment led to the observed de-
crease. This result agreed also with [64] who reported that the treatment of S. man-
soni infected mice with Carica papaya MeOH, EtOH and BuOH leaves extracts ob-
served the same effect. In the combination therapy treated group, F. carica leaves
extract support the effect of PZQ, as there was the lowest percentage of Treg cells.

PARP (poly (ADP-ribose) polymerase) enzyme plays main role in a variety of
biological activities, primarily DNA repair and apoptosis. The primary function
is identification and signaling (SSB) in DNA to the enzymatic mechanism in-
volved in SSB repair. Stimulation of PARP is a cellular reply to DNA sin-
gle-strand breaks (SSB) destruction caused by metabolic, chemical, or radiation
causes [65] [66]. In the present study, F. carica leaves extract treated group
showed a significant reduction in PARP cells of recovered worms as compared
with that of infected untreated group. The reduction in the percentage of PARP
cells was an evidence of high apoptosis and inability of cells to repair damaged
DNA. This result matched with [33].

6. Conclusion

In conclusion, it is approved that using PZQ (subcurative dose) in combination
with other anti-schistosomicides such as F. carica leaves extract is an important
step to reduce the PZQ dose as reported by [67], and avoid side effects. The ob-
tained findings support the medicinal value of Ficus leaves ethanolic extract
against S. mansoni and hepatic damage induced in the experimentally infected

mice.
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