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Abstract

Praziquantel can develop resistance and cannot counteract schistosomiasis pathology. f-glucan
was used as an immunomodulator for innate and acquired immunity. This study evaluated the
effects of B-glucan either alone or with PZQ on chronic Schistosoma mansoni infection. Mice
were divided into five groups: uninfected control, infected untreated, PZQ treated, pB-glucan
treated and combined treatment groups. Treatment started at the end of 8" week P.I. Parasitolog-
ical, histopathological, immunohistochemical (a-SMA) studies and biochemical assays (Mye-
loperoxidase activity, NO, TNF-a, INF-y, IL-13 & hydroxyproline) in liver tissues were done.
Combination of -glucan and PZQ therapy resulted in significant decrease in adults count, he-
patic egg loads, granuloma number and diameter as well as significant improvement of hepatic

pathology and reduction of hepatic fibrosis.
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Introduction

Schistosomiasis is a water-borne parasitic
disease caused by the Schistosoma species.
About 230 million individuals surviving in
54 countries were subjected to the major he-
alth consequences of schistosomiasis (Col-
ley et al, 2014). The pathological changes in
this infection were mainly attributed to the
toxic egg materials which induce a characte-
ristic immune response and granuloma form-
ation that heals with fibrosis (Elhenawy et
al, 2017). Hepatic fibrosis occurring during
the course of schistosomiasis mansoni was
mainly due to stimulation of hepatic stellate
cells transformation into myofibroblasts led
to considerable up-regulation of type I & III
collagen genes and to increase in alpha smo-
oth muscle actin expression (a-SMA),a po-
tent cytoskeletal protein (EI-Sisi ef al, 2011).

Praziquantel (PZQ) remains the basic, safe
and broad-spectrum chemotherapy for all the
Schistosoma species, but it has numerous
limitations such as its ineffectiveness against
juvenile stages and its inability to counteract
the related pathology. Moreover, emergence
of PZQ resistant strains necessitates the se-
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arch for other or additional antischistosomal
therapy with different mechanisms of action
that could potentiate its efficiency (McMa-
nus et al, 2018). Also, combined therapies of
PZQ and immune-stimulatory drugs had the
potential of controlling complications of the
infection (WHO, 2016).

B-glucans are polysaccharides consisting
of polymerized D-glucose units via the B-1,3
glycosidic bonds, plus B-1,4 and/or B-1,6 bo-
nds. They are found mainly in mushrooms,
cereals and seaweeds (Volman et al, 2008).
B-glucans are powerful stimulants of innate
and acquired immunity, with chief target ce-
lls of B-1,3-glucan (B-glucan) are macroph-
ages and dendritic cells, even though they
had the ability to activate other immune cells
such as neutrophils, T cells, B cells, and nat-
ural killer cells (Vetvicka, 2011), and consi-
dered one of the most useful biological resp-
onse modifiers (Novak and Vetvicka, 2008).
The action depends on binding to specific
receptors (lactosylceramide, scavenger rec-
eptors, complement receptor (CR3) and dec-
tinl), triggering different activities of mac-
rophages including chemokinesis, chemota-



xis, migration & phagocytosis (Vetvicka,
2011). Along with the direct influence of 3-
glucan on different innate and adaptive im-
mune cells, immunomodulating effect was
mediated by production of an array of cyto-
kines including TNF-a, IFN-y, IL-1 & IL-2
(Falch et al, 2000). The benefit of B-glucan
was experimentally documented with Toxo-
plasma gondii, Leishmania donovani, L. ma-
jor, Trypansoma cruzi, Plasmodium berghei
and Toxocara canis (Hrckova et al, 2007,
Vaclav and Frenandez-Botran, 2018).

This study aimed to evaluate the effects of
B-glucan either alone or in combination with
PZQ on experimental chronic schistosomia-
sis mansoni.

Materials and Methods

Parasite and experimental animals: Fifty
parasite-free lab. bred 6-weeks-old male Sw-
iss Albino mice weighed 20-25gm were pur-
chased from the Schistosome Biological Su-
pply Center of Theodore Bilharz Research
Institute, Egypt. Mice were kept according
to the national and institutional rules for the
care and use of laboratory animals. They
were acclimatized for a week before the exp-
eriment, and infected subcutaneously with
Egyptian strain of Schistosoma mansoni as
60£10 cercariae/mouse suspended in 0.2ml
dechlorinated water (Holanda et al, 1974).

Drug regimen: -1,3-glucan (4garicus mu-
shroom) purchased from (Paradise Herbs
and essentials, Inc. USA) was given orally in
a dose of 50mg/kg body weight/ day for four
weeks (Turmina ef al, 2012).

Praziquantel powder was purchased from
EIPICO, Egypt dispersed in water and given
orally in a single dose of 250-mg/kg body
weight (Ismail ef al, 1996).

Experimental design: Mice were divided
into five groups of 10 mice each: G1: unin-
fected control, G2: infected untreated con-
trol, G3: treated only with PZQ, G4: treated
only with B-glucan and GS5: treated with bo-
th PZQ and B-glucan. Treatment regimens
started at the end of the 8" week P.I. All mi-
ce were sacrificed at the end of the12™ week
P.I. Livers were subjected to parasitological,
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histopathological, immunohistochemical and
biochemical studies.

Parasitological studies: Hepatic and porto-
mesenteric vessels were perfused to recover
adult schistosomes for subsequent counting
(Duvall and Dewitt, 1967). Liver egg counts
were estimated in all infected groups as foll-
ows, lgm from each liver was immersed in
2ml of 5% KOH in a test tube and kept over-
night at room temperature. All the test tubes
were incubated for 6hrs at 37°C. For count-
ing S. mansoni eggs, each tube was shaken,
0.1ml of the digest was inspected microsco-
pically and total egg count was calculated
(Cheever, 1968).

Histopathological study & granuloma mea-
surements: Livers were fixed in 10% neutral
buffered formalin, processed, and embedded
in paraffin blocks. Liver sections (4um thi-
ck) were prepared and stained with hemato-
xylin and eosin (H&E). Only discrete granu-
lomas with single central egg were measur-
ed. For each section, granulomas were coun-
ted in five successive low power fields and
the diameters of largest ten granulomas were
determined using Image J software (Java im-
age processing program inspired by the NIH,
USA) by measuring two perpendicular dia-
meters for each granuloma at (x20) & mean
granuloma number and diameter were calcu-
lated (El-Kott et al, 2011).

Masson trichrome stain assessed the depo-
sition of collagen fibers. Images of 10 gran-
ulomas per mouse were captured by using a
Leica ICC50 Digital camera attached to a
Leica DM500 microscope. Collagen fiber
content in each granuloma was determined
by using image analysis software Fiji (Image
J bundled with plugins; http://fiji.sc). The fi-
brosis quantity in granuloma was expressed
as the stained area percentage to total granu-
loma size and mean was calculated (Juanj-
uan et al, 2014).

Immunohistochemical study: Sections of
4um thick were deparaffinized in xylene, re-
hydrated in descending ethanol and washed
in phosphate buffer saline (PBS). Antigen
retrieval was done by subjecting the sections



in citrate buffer (pH 6.0) to 10min of micro-
waves, and then immersed in 3% hydrogen
peroxide in order to block endogenous pe-
roxidase. Background staining was blocked
by placing slides in Ultra V Block (Labvi-
sion, TA-015-UB, USA) for S5Smin. Sections
were incubated with anti-a-smooth muscle
actin mouse monoclonal antibody (clone 1A
4; Dako, Carpinteria, CA) in 1/400 dilution
for 10min. at room temperature. Ultravision
detection kits (TA-015-HD) was used, after
incubating the slides with biotinylated goat
anti-polyvalent, then streptavidin peroxidase
for 10min. each, diaminobenzidine tetrachl-
oride (DAB) was used as a chromogen and
slides were counterstained with Meyer’s he-
matoxylin. The percentage of a-SMA stain-
ed area in five random images per mouse
was determined, analyzed by Image J soft-
ware, and then the mean was calculated for
each group (Hou et al, 2012).

Biochemical study: A 0.5gm of liver from
each mouse was homogenized in five volu-
mes of 50mM phosphate buffer (pH 7.4) and
then centrifuged at 11,000 RPM for 15min
at 4°C. Supernatants were frozen at -80°C
for subsequent analysis. Myeloperoxidase
(MPO) activity was assayed (Xia and Zwei-
er, 1997), Nitric oxide (NO) level was assa-
yed by commercial supplied kit (Biodiagos-
tic Co., Giza, Egypt) and hydroxyproline co-
ntent was assayed (Medugorac, 1980). Tum-
or necrosis factor alpha (TNF-a), interferon
gamma (INF-y), & interleukin 13 (IL-13) le-
vels were measured by ELISA (Quantikine®
R&D Systems Co., Ltd. China, Boster Biol-
ogical Technology Co., Ltd., USA & Koma
Biotech INC, respectively). ELISA was do-
ne according to the manufacturer’s protocol
and read on microplate reader (Stat Fax®
2100, Fisher Bio-block Scientific, France) at
450nm with correction wave length set at
570nm. Tissue protein content was determi-
ned (Lowery et al, 1951).

Ethical consideration: The study was app-
roved and conducted according to the guide-
lines of the Laboratory Animal Centre for
Research Ethics Committee of Faculty of

567

Medicine, Tanta University (Approval code
33554/12/19)

Statistical analysis: Data were analyzed
using SPSS (Statistical Package for Social
Studies, version 23, SPSS Inc., Chicago, IL,
USA). Numerical variables were expressed
in term of mean + SD. Kruskal-Wallis test
compared all groups followed by post-hoc
test to detect significance between them. Di-
fferences were considered non-significant if
P > 0.05, significant if P < 0.05, and highly
significant if P <0.001.

Results

Adult worm counts: A significant reducti-
on in the adult worm burden was detected in
either PZQ treated or B-glucan treated gro-
ups compared to the infected untreated mice.
The reduction effect was enhanced with the
combination therapy as adult worm count
was significantly lower than after administ-
ration of each drug exclusively (Tab. 1).

Hepatic egg counts: In comparison with
the infected untreated mice, PZQ treatment
exerted a significant reduction in the number
of entrapped eggs. Likewise, administration
of B-glucan resulted in significant reduction
in hepatic egg counts. Again, combined ther-
apy was more efficient as there was a signif-
icant reduction in hepatic egg loads as com-
pared to other treated groups (Tab. 1).

Histopathological findings: Treatment of
infected mice with PZQ alone (Fig. 1B, &
2B) caused significant reduction in granu-
loma number, size and fibrosis percentage in
H&E and Masson trichrome stained liver se-
ctions. This effect was highly significant in
combined PZQ and B-glucan treated group
(Fig. 1D, & 2D). But, a slight decrease in the
mean diameter and number of granulomas
together with the percentage of fibrosis was
detected in B-glucan treated group (Fig. 1C,
& 2C) in comparison with the infected un-
treated control group (Fig. 1A, & 2A).

Immunohistochemical study: Infected un-
treated mice showed positive expression of
a-SMA in the wall of hepatic sinusoids toge-
ther with the positive stained cells within the
granulomas (Fig. 3A). Treatment with PZQ



alone resulted in significant reduction in the
expression of a-SMA when compared with
the infected untreated group (Fig. 3B). This
effect was more evident in combined PZQ
and B-glucan treated group with marked de-
crease in the percentage of a-SMA stained
area (nearly negative) as compared to other
treated groups (Fig. 3D). On the other hand,
B-glucan alone revealed mild decrease in the
expression of a-SMA in comparison with
infected control group (Fig. 3C) (Tab. 2).
Biochemical assays in liver tissues homo-
genates: The infected untreated mice showed
pronounced elevations in all studied bioche-
mical parameters (P < 0.001) except INF-y
levels which were decreased when compared
to the corresponding uninfected control one.
MPO activity and NO levels, treatment with
either PZQ or B-glucan exclusively caused
significant reduction in levels when com-
pared with the infected untreated one, and a

significant reduction in levels of combined
treated group compared to PZQ treated one.
The TNF-a levels were significantly reduced
in mice treated with either PZQ or B-glucan
alone. Reduction was significantly increased
with combined treatment. INF-y levels sho-
wed significant increase in all treated groups
compared with infected untreated one with
significant difference between combined tre-
ated group and the PZQ treated one. IL-13
levels were significantly elevated in infected
untreated group compared with uninfected
control group. Treatment with PZQ alone or
in combination led to significant decrease in
its levels to be same as the uninfected con-
trol group. Besides, when comparing levels
of hydroxyproline in the infected untreated
group with that of other groups, there was si-
gnificant decrease in all treated groups. The
lowest levels were in the combined treat-
ment group (Tab. 3).

Table 1: Comparison of total adult worm loads and hepatic egg counts recovered from different infected groups (n=10)
Group Mean = SD Reduction % | F. test Post Hock test
G2 12.5+1.27 -
Total adult G3 4.3+0.84 65.6 23580 P1<0.001%*, P2=0.007*, P3<0.001%,
worm loads G4 10.3 +1.01 17.6 ’ P4<0.001%*, P5<0.001%*, P6<0.001*
G5 1.2+0.24 90.4
G2 21523.7 +389.26 -
Hepatic egg G3 8071.5£105.19 62.4 21.942 P1<0.001%*, P2=0.029%*, P3<0.001%,
counts G4 17463.2 + 443.58 18.8 : P4<0.001*, P5<0.001*, P6<0.001*
G5 906.4 +129.37 95.7

Percentage reduction between each group & G2., F: F value for ANOVA test, P1: comparison between G2 & G3., P2: com-
parison between G2 &G4., P3: comparison between G2 & GS5., P4: comparison between G3 &G4., P5: comparison between
G3 &GS5., P6: comparison between G4 & G5, *Significant at P < 0.05.

Table 2: Mean diameter & number of granulomas, fibrosis % and a-SMA% stained area in all groups. (n=10)

Items Groups Mean + SD Reduction % | P. value Post Hock test
G2 512.92 £27.44 -
Granuloma G3 361.46+37.91 29.53 <0.001* P1<0.001*, P2=0.022%*, P3<0.001%,
diameter (um) | G 4 471.44+ 29.69 8.09 : P4<0.001%*, P5<0.001*, P6<0.001%*
G5 262.46+25.94 48.83
G2 87+13 -
Number of G3 45+1.1 4828 <0001 | P1<0:001%, P2=0.089, P3<0.001%,
granulomas G4 74415 14.94 : P4<0.001*, P5=0.006*, P6<0.001*
G5 2607 70.11
. [G2 4952 £ 6.14 -
é’gﬁg:ﬁtﬁh‘;n G3 29.99 £ 6.32 39.44 <0.001# | P1<0001% P2=0.110, P3<0.001%,
eranuloma G4 42.04+9.55 15.11 : P4=0.017*, P5=0.046*, P6<0.001*
G5 20.38 £8.92 58.84
G2 18.94 £ 225 -
Perzegﬁgj of ™53 9.84+2.73 48.05 <0001 | P1<0:001%, P2<0.001% P3<0.001%,
stained area G4 14.71 +2.49 22.33 : P4<0.001*, P5<0.001*, P6<0.001*
G5 3.96+1.22 79.09
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Table 3: Levels of biochemical parameters in liver tissues homogenates (n=10)

Items Groups Mean = SD F. test Post Hock test
Gl 1.93 £0.47
G2 6602087 P1<0.001%*, P2<0.001%*, P3<0.001%,
MPO G3 4.78 i0'73 20627 P4=0.307, P5<0.001*  P6=0.005%,
(pmol/min per mg protein) - - ’ P7<0.001*  P8<0.001*,  P9<0.001%,
G4 3.54 +£0.67 P10=0.012*
G5 2.08 +£0.70 )
1 198.25 +24.58
gz 324 7512778 P1<0.001*,  P2<0.001%*,  P3<0.390,
NO G3 288.25 T 33'17 50.850 P4<0.245,  P5<0.001,  P6<0.001%,
(umol/ gm tissue) - - ' P7<0.001%, P8<0.001*,  P9<0.001%,
G4 214.38 +£26.54 P10<0.757
G5 210.13 £23.22 e
Gl 142.38 £19.84
G2 373 38 £ 20.92 P1<0.001%, P2<0.001%*, P3<0.001%,
TNF-a G3 334’00 n 23'89 161.641 P4=0.169, P5=0.005*  P6=0.002%,
(pg/mg protein) - - ’ P7<0.001*%, P8<0.001%, P9<0.001%,
G4 299.38 +£27.93 P10<0.001*
G5 158.75 +£23.17 )
.63 +23.
Gl 199.63 % 23.19 P1<0.001%,  P2<0.001*, P3=0.947,
INF-y G2 78.25 +14.00
. P4<0.001*, P5<0.001%*, P6<0.001%,
(pg/mg protein) G3 143.13 +£12.88 98.131
P7<0.001*, P8<0.001*,  P9<0.001*,
G4 207.00 +22.06 P10<0.001%
G5 250.00 = 19.09 )
1 204.25 + 12.
gz 297632 18 Zg PI1<0.001%  P2<0.102, P3<0.001%
IL-13 G3 218.13 m 14.88 46237 P4=0.559, P5<0.001% P6<0.001%
(pg/mg protein) - - ’ P7<0.001%  P8<0.001%  P9=0.284,
G4 258.13 = 18.89 P10< 0.001*
G5 209.13 = 16.69 )
1 109.88 +22.92
gz 20938 = 26.59 P1<0.001*, P2<0.001*, P3<0.001%,
Hydroxyproline content G3 347'75 i 17.69 257 449 P4<0.001*, P5=0.007*, P6=0.007%,
(pg/gm tissue) - - ’ P7<0.001*%,  P8=0.392, P9<0.001%,
G4 356.63 =25.31 P10<0.001*
G5 215.75 +18.51 )

Discussion

Granuloma formation and hepatic fibrosis
are the foremost elements in Schistosoma-
induced morbidity and mortality. But, PZQ
failed to prevent these complications. Many
cytokines have regulatory effects on the in-
flammatory responses and fibrosis occurring
in the course of this infection (Brown and
Gordon, 2003).

In the present work, treatment of S. mans-
oni-infected mice with PZQ resulted in a si-
gnificant reduction in adult burden (65.6%)
and hepatic egg counts (62.4%) compared to
infected untreated mice. This agreed with
Doenhoff et al. (2008) who found similar
cure rates under the effect of PZQ mono-
therapy. But, B-glucan alone resulted in sig-
nificant reduction in adult burden (17.6%)
and hepatic egg counts (18.8%) compared to
the infected control mice whereas combined
therapy was more efficient compared to the
monotherapy groups with higher percent-
ages of reduction in either adult burden
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(90.4%) or hepatic egg counts (95.7%). This
agreed with Byram et al. (1979) who report-
ed that lentinan (a form of B-glucan) admin-
istration resulted in (39 to 49%) reduction in
the fecundity of adult female S. mansoni.
Lin et al. (2019) reported that Agaricus
blazei Murill polysaccharides (a form of B-
glucan) administration significantly dimin-
ished the adult worm and hepatic egg burden
in S. mansoni infected BALB/c & C57BL/6
mice. Hrckova et al. (2007) reported that -
glucan potentiated the effect of benzimidaz-
ole carbamate in eliminating dormant 7oxo-
cara canis larvae in mice. Ellens et al.
(1982) and Roerdink et al. (1984) reported
that B-glucan impr- oved bioavailability of
anti-parasitic drugs by increasing the macro-
phages number in the inflammatory cellular
infiltrates surrounding the parasites, which
have the capability of non-specific uptake of
drugs and releasing them gradually back to
the tissues.
In the present study, all parameters were



significantly down-regulated PZQ treatment.
Metwaly et al. (2020) reported similar ef-
fects of PZQ therapy on hepatic pathology.
These influences of PZQ could be due to its
ability to kill the adult worms leading to ces-
sation of further egg deposition and declin-
ing the amount of antigens released from the
eggs; the main triggering agent for various
inflammatory and fibrogenic signaling path-
ways (Li et al, 2011; Graham et al, 2013).
PZQ has a regulatory effect on cell mediated
immune responses which reduced CD4 T
cells and increased CD8 T cells causing in
reduction of hepatic schistosomal granuloma
size and exerted dual effects on the infect-
ion (Elhenawy et al, 2017). In the present
work, the combined treatment significantly
magnified the effects of PZQ on hepatic pa-
thology. This could be attributed to the B-
glucan effect on the egg output of adult fe-
male that reduced the number of eggs reach-
ing the liver. Aratjo et al. (2011) reported
that counts of hepatic granulomas were red-
uced significantly with a 63% reduction rate
under the effect of sulfated liposomes en-
capsulated a-D-glucan treatment. Lin ef al.
(2019) reported a potent effect of Agaricus
mushroom polysaccharides in reducing the
hepatic granuloma size in S. mansoni infect-
ed mice.

One of the cationic enzymes in neutrophils
and monocytes is myeloperoxidase (Kleban-
off, 2005) which acts with H,O; to form the
most effective antimicrobial agent produced
by activated neutrophils (Hampton et al,
1998). Tissue MPO activity was considered
a good indicator of the degree of inflamma-
tion as it is directly proportional to the count
and activity of myeloid cell infiltrates within
the affected tissue (Bradley et a/, 1982; Has-
by et al, 2015). The NO is considered as a
mediator of inflammation during parasitic
infection as excessive expression of NO par-
ticipates in the induction of oxidative stress
via the production of reactive nitrogen spe-
cies that oxidizes cellular components, trig-
gers lipid peroxidation, and interfered with
some important enzymes action resulting in
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subsequent tissue damage (Dkhil et al, 2014;
Al-Olayan et al, 2016). Elevation of NO
levels was related to tissue fibrosis by stimu-
lated release of fibrogenic cytokines and in-
duced collagen synthesis (Parola and Rob-
ino, 2001).

In the present study, levels of both MPO
&NO were significantly elevated in respon-
se to S. mansoni infection. This agreed with
Moreels et al. (2001) and Othman et al.
(2008). Under the effect of treatment with
either PZQ or B-glucan alone with signifi-
cant reduction in the levels of both markers
compared to the infected untreated control
group, denoting amelioration of the oxida-
tive stress status. The combined treatment
induced a significant reduction as compared
with the monotherapy groups. This agreed
with Shi et al. (2016) who reported that the
activities of MPO & NO were significantly
reduced in the tissues by administration of
B-glucan as compared to untreated control
mice in experimental colitis model.

The present study showed that B-glucan
significantly diminished the levels of TNF-a
after distinctly elevated in S. mansoni infect-
ed mice. The reduction was significantly up-
regulated in the combined treatment group.
These results agreed with Kim et al. (2003)
who reported significant decrease in TNF-a
level in tissues following administration of
high doses of B-glucan in septic shock mod-
el induced by high dose lipopolysaccharide
injection in mice. TNF-a is expressed on the
cell membrane of macrophages, T-lympho-
cytes, natural killer cells, smooth muscle ce-
lIs, and fibroblasts (Van Dev-enter, 1997). It
is an important mediator of granulomatous
reactions and the subsequent fibrosis in the
liver. The pro-inflammatory and profibroge-
nic effects may ex-acerbate the condition
(Henri ef al, 2002), and decrease in expres-
sion reduced pathological effects of S. man-
soni in the liver.

IFN-y is the chief Th1 cytokine implicated
in the down-regulation of Th2 immune re-
sponse (Henri et al/, 2002). In the this work,
there was significant reduction in levels of



infected untreated control group compared
to uninfected control one. This agreed with
Jatsa et al. (2016) who found decrease in
levels of IFN-y in S. mansoni infected mice.
But, there was significant up-regulation in
IFN-y levels in all the treated groups when
compared with the infected untreated control
group. Also, there was significant difference
between either B-glucan or combined treat-
ment groups and PZQ treated group. This
agreed with Chae et al. (2019) who found
that IFN-y up-regulated under the effect of
B-glucan treatment. IFN-y has strong anti-
fibrotic activities including inhibition of ex-
tracellular matrix proteins production and
enhancing the activity of collagenase in liver
tissue (Dessein et al, 2004). This could have
a role in reduction of hepatic fibrosis associ-
ated with schistosomiasis mansoni.

In the present work, hydroxyproline was
measured for estimation of hepatic collagen
content because it is a sensitive marker that
increases significantly during liver fibrosis
(Nelson and Cox, 2005). Also, IL13 is a po-
tent fibrosis related cytokine. Schistosomia-
sis mansoni induced the production of both
IL13 and hydroxyproline in the chronic ph-
ase of infection (Li et al/, 2010; Mata-Santos
et al, 2014). Treatment with -glucan alone
or combined with PZQ resulted in significa-
nt decrease in levels of both markers indic-
ated a potential anti-fibrotic effect of p-glu-
can that agreed with Georgiev et al. (2018).
The reduction in MPO activity, NO, & TNF-
a level under the effect of B-glucan explain-
ed the reduction in granulomas diameter.
The increased expression of IFN-y together
with the reduction in both IL13 and hydrox-
yproline levels explained the decrease in fi-
brosis percentage and increased in granulo-
mas cellularity.

Conclusion

The study confirmed the restorative impact
of PB-1,3-glucan (Agaricus mushroom) on
hepatic pathological alterations during chro-
nic Schistosoma mansoni infection. Also, -
1,3-glucan enhanced PZQ efficacy in reduc-
tion of parasite burden, hepatic inflamma-
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tion, oxidative stress, and fibrosis. Thus, it
proved as a valuable adjuvant treatment in
hepatic schistosomiasis mansoni.

Conflict of interest: The authors declared
that they neither have conflict of interest nor
received fund.

References
Al-Olayan, EM, El-Khadragy, MF, Alajmi, R
A, Othman, MS, Bauomy, AA, et al, 2016: Ce-
ratonia siliqua pod extract ameliorates Schisto-
soma mansoni-induced liver fibrosis and oxidati-
ve stress. BMC. Complem. Altern. M.16, 1:434.
Araujo, RVS, Melo-Junior, MR, Beltrio, EI
C, Mello, LA, Iacomini, M, et al, 2011: Evalu-
ation of the antischistosomal activity of sulfated
a-D-glucan from the lichen Ramalina celastri
free and encapsulated into liposomes. Braz. J.
Med. Biol. Res. 44, 4:311-8.
Bradley, PP, Priebat, DA, Christensen, RD,
Rothstein, G, 1982: Measurement of cutaneous
inflammation: estimation of neutrophil content
with an enzyme marker. J. Invest. Dermatol. 78:
206-9.
Brown, GD, Gordon, S, 2003: Fungal -gluca-
ns and mammalian immunity. Immunity 19:311-
5.
Byram, JE, Sher, A, DiPietro, J, Von Lichten-
berg, F, 1979: Potentiation of Schistosoma gran-
uloma formation: By lentinan-a T-cell adjuva-
nt. Am. J. Pathol. 94, 2:201-6.
Chae, JS, Shin, H, Song, Y, Kang, H, Yeom,
CH, et al, 2019: Yeast (1— 3)-(1— 6)-p-d-glu-
can alleviates immunosuppression in gemcitab-
ine-treated mice. Int. J. Biol. Macromol. 136:
1169-75.
Cheever, AW, 1968: Conditions affecting the
accuracy of potassium hydroxide digestion in te-
chniques for counting Schistosoma mansoni eg-
gs in tissues. Bull. WHO 39:328-31.
Colley, DG, Bustinduy, AL, Secor, WE, King,
CH, 2014: Human schistosomiasis. Lancet 383,
9936:2253-64.
Dessein, A, Kouriba, B, Eboumbou, C, Desse-
in, H, Argiro, L, et al, 2004: Interleukin-13 in
the skin and interferon-gamma in the liver are
key players in immune protection in human
schistosomiasis. Immunol. Rev. 201:180-90.
Dkhil, MA, Adel Moneim, AE, Al-Quraishy,
S, 2014: Berberine protects against Schistosoma
mansoni-induced oxidative damage in renal and
testicular tissues of mice. Pak. J. Zool. 46:763-
71.



Doenhoff, MJ, Cioli, D, Utzinger, J, 2008: Pr-
aziquantel: Mechanisms of action, resistance and
new derivatives for schistosomiasis. Curr. Opin.
Infect. Dis. 21, 6:659-67.

Duvall, RH, De Witt, WB, 1967: An improved
perfusion technique for recovering adult schisto-
somes from laboratory animals. Am. J. Trop.
Med. Hyg. 16:483-6.

Elhenawy, AA, Ashour, RH, Nabih, N, Shala-
by, NM, Megahed, N, 2017: Possible anti-fibro-
tic effect of GDC-0449 (Vismodegib), a hedgeh-
og-pathway inhibitor, in mice model of Schisto-
soma—induced liver fibrosis. Parasitol. Inter. 66:
545-54.

El-Kott, AF, Mohammed, RT, Ismail, NR,
2011: Efficacy of garlic and mirazid in treatment
of the liver granuloma in mice infected with
Schistosoma mansoni. J. Parasitol. 6: 151-9.
Ellens, H, Mayhew, E, Rustum, YM, 1982:
Reversible depression of the reticuloendothelial
system by liposomes. Biochim. Biophys. Acta.
714:479-85.

El-Sisi, A, Awara, W, El-Masry, T, 2011: Eff-
ects and mechanism of action of immunomodul-
ating agents against schistosomiasis-induced he-
patic inflammation and fibrosis in mice. Res. Ph-
arm. Biotechnol. 3:32-45.

Falch, BH, Espevik, T, Ryan, L, Stokke, BT,
2000: The cytokine stimulating activity of (1-3)
D-glucans is dependent on the triple helix confo-
rmation. Carbohydr. Res. 329:587-96.

Georgiev, YN, Ognyanov, MH, Denev, PN,
Kratchanova, MG, 2018: Perspective Therap-
eutic effects of Immunomodulating Acidic Herb-
al Heteropolysaccharides and their Complexes in
Functional and Dietary Nutrition. Therapeutic
Foods Academic Press.

Graham, BB, Chabon, J, Gebreab, L, Poole,
J, Debella, E, et al, 2013: Transformin growth
factor-f3 signaling promotes pulmonary hyperte-
nsion caused by Schistosoma mansoni. Circul.
128: 1354-64.

Hampton, MB, Kettle, AJ, Winterbourn, CC,
1998: Inside the neutrophil phagosome: Oxid-
ants, myeloperoxidase, & bacterial killing blood.
Am. J. Hematol. 92, 9:3007-17.

Hasby, EA, Saad, MAH, Shohieb, Z, El Noby,
K, 2015: FoxP3+ T regulatory cells and immun-
omodulation after Schistosoma mansoni egg anti
gen immunization in experimental model of inf-
lammatory bowel disease. Cell. Immunol. 295,
1:67-76.

Henri, S, Chevillard, C, Mergani, A, Paris, P,

572

Gaudart, J, et al, 2002: Cytokine regulation of
periportal fibrosis in humans infected with Sch-
istosoma mansoni: IFN-gamma is associated
with protection against fibrosis and TNF-alpha
with aggravation of disease. J. Immunol. 169:
929-36.

Holanda, JC, Pellegrino, J, Gazzinelli, G,
1974: Infection of mice with cercariae and schi-
stosomula of Schistosoma mansoni by intraven-
ous and subcutaneous routes. Rev. Inst. Med.
Trop. 16:132-4.

Hou, X, Yu, F, Man, S, Huang, D, Zhang, Y,
et al, 2012: Negative regulation of Schistosoma
Japonicum egg-induced liver fibrosis by natural
killer cells. PLoS. Negl. Trop. Dis. 61:e1456.
Hrckova, G, Velebny, S, Obwaller, A, Auer,
H, Kogan, G, 2007: Evaluation of follow-up of
therapy with fenbendazole incorporated into sta-
bilized liposomes and immunomodulator glucan
in mice infected with Toxocara canis larvae.
Acta. Trop. 104, 2:122-32.

Ismail, M, Metwally, A, Farghaly, A, Bruce,
J, Tao, L, ef al, 1996: Characterization of Isola-
tes of Schistosoma mansoni from Egyptian vil-
lagers that tolerate high doses of praziquantel.
Am. J. Trop. Med. Hyg. 55:211-8.

Jatsa, HB, Russo, RC, de Jesus, CA, Aguilar,
EC, Garcia, CC, et al, 2016: Improvement of
the liver pathology by the aqueous extract and
the n-butanol fraction of Sida pilosa Retz in Sch-
istosoma mansoni-infected mice. J. Ethnophar-
macol. 180:114-23.

Juanjuan, T, Huang, H, Xiaofang, J, Xunmin,
Z, Yinyan, L, et al, 2014: Involvement of IL-
13 and tissue transglutaminase in liver granulo-
ma and fibrosis after Schistosoma japonicum
infection. Media. Inflamm. 2014: €753483.

Kim, GY, Roh, SI, Park, SK, Ahn, SC, Oh, Y
H, et al, 2003: Alleviation of experimental sep-
tic shock in mice by acidic polysaccharide iso-
lated from the medicinal mushroom Phellinus
linteus. Biol. Pharm. Bull. 26, 10:1418-23.
Klebanoff, SJ, 2005: Myeloperoxidase: Friend
and foe. J. Leukoc. Biol.77, 5:598-625.

Li, HJ, Wang, W, Li, YZ, Qu, GL, Xing, Y T,
et al, 2011: Effects of artemether, artesunate and
dihydroartemisinin administered orally at multi-
ple doses or combination in treatment of mice
infected with Schistosoma japonicum. J. Parasi-
tol. Res. 109:515-9.

Li, X, Shen, J, Zhong, Z, Peng, J, Wen, H, et
al, 2010: Paeoniflorin ameliorates schistosomia-
sis liver fibrosis through regulating IL-13 and its



signalling molecules in mice. Parasitology 137, pects and mechanisms of action. J. Immunotoxi-
8:1213-6. col. 5:47-57.

Lin, MH, Lee, KM, Hsu, CY, Peng, SY, Lin, Othman, AA, Shoheib, ZS, Abdel-Aleem, G
CN, et al, 2019: Immunopathological effects of A, Shareef, MM, 2008: Experimental schistoso-
Agaricus blazei Murill polysaccharides against mal hepatitis: Protective effect of coenzyme-Q

Schistosoma mansoni infection by Thl and NK1 10 against the state of oxidative stress. Exp. Par-
cells differentiation. Int. Immunopharmacol. 73: asitol. 120, 2:147-55.
502-14. Parola, M, Robino, G, 2001: Oxidative stress-

Lowery, OH, Rosebrough, NJ, Farr, AL, Ra- related molecules and liver fibrosis. J. Hepatol.
ndall, RJ, 1951: Protein measurement with the 35, 2:297-306.
Folin phenol reagent. J. Biol. Chem. 193, 1:265- Roerdink, FH, Regts, J, Van Leeuwen, B, Sc-

75. herphof, G, 1984: Intrahepatic uptake and proc-
Mata-Santos, HA, Dutra, FF, Rocha, CC, Li- essing of intravenously injected small unilamell-
no, FG, Xavier, F, et al, 2014: Silymarin reduc- ar phospholipid vesicles in rats. Biochim. Bio-
es profibrogenic cytokines and reverses hepatic phys. Acta 770: 195-202.

fibrosis in chronic murine schistosomiasis. An- Shi, L, Lin, Q, Yang, T, Nie, Y, Li, X, ef al,
timicrob. Agents Chemother. 58, 4: 2076-83. 2016: Oral administration of Lentinus edodes [3-
McManus, DP, Dunne, DW, Sacko, M, Utzin- glucans ameliorates DSS-induced ulcerative co-
ger, J, Vennervald, BJ, ef al, 2018: Schistoso- litis in mice via MAPK-Elk-1 & MAPK-PPARYy
miasis. Nat. Rev. Dis. Prim. 4, 1:13-6. pathways. Food Funct. 7, 11:4614-27.
Medugorac, I, 1980: Collagen content in differ- Van Deventer, SJ, 1997: Tumor necrosis fact-
ent areas of normal and hypertrophied rat myo- or and Crohn's disease. Gut 40, 4:443-6.
cardium. Cardiovasc. Res. 14, 9:551-4. Vetvicka, V, 2011: Glucan-immunostimulant,

Metwaly, EE, Sayedel-Ahl, SA, Mahmoud, S adjuvant, potential drug. World J. Clin. Oncol. 2:
S, Ahmed, DA, 2020: Evaluation of plumbagin 115-9.

as a potential therapeutic agent for murine schis- Vetvicka, V, Fernandez-Botran, R, 2018: p-gl-
tosomiasis mansoni. J. Egypt. Soc. Parasitol. 50, ucan and parasites. Helminthologia 55, 3:177-
1:1-9. 84

Moreels, TG, De Man, JG, Bogers, JJ, De Wi- Volman, JJ, Mensink, RP, Ramakers, JD, De
nter, BY, Vrolix, G, ef al, 2001: Effect of Schi- Winther, MP, Carlsen, H, et al, 2009: Dictary

stosoma mansoni-induced granulomatous infla- (1-3), (1-4)-beta-D-glucans from oat activate
mmation on murine gastrointestinal motility. nuclear factor-kappaB in intestinal leukocytes
Am. J. Physiol. Gastrointest. Liver Physiol. 280, and enterocytes from mice. Nutr. Res. 30, 1: 40-
5:1030-42. 8.

Nelson, DL, Cox MM, 2005: Lehninger's Prin- WHO, 2016: Summary of global update on pre-
ciples of Biochemistry, 4" Edition, WH. Free- ventive chemotherapy implementation in 2015.
man and Company, New Y ork. Wkly. Epidemiol. Rec. 91, 39:456-9.

Novak, M, Vetvicka, V, 2008: Beta-glucans, hi- Xia, Y, Zweier, JL, 1997: Measurement of
story, and the present: immunomodulatory as- myeloperoxidase in leukocyte containing tissues.

Anal. Biochem. 245, 1:93-6.

Explanation of figures
Fig. 1: H&E stained sections from liver tissue of Schistosoma mansoni infected mice (H&E x200). A) Infected untreated group showed
fibrocellular granuloma with central calcified ova. B) PZQ treated group showed decreased size of granuloma with decreased fibrosis. C) B-
glucan treated group showed increased cellularity and decreased fibrosis within granuloma. D) Combined B-glucan and PZQ treatment
showed marked decrease in granuloma size with marked decrease in fibrous content.
Fig. 2: Masson trichrome stained sections from liver tissue of S. mansoni infected mice (Masson trichrome x200). A) Infected untreated
group showed fibrocellular granuloma with central calcified ova with marked increase in fibrous content. B) PZQ treated group showed
decreased fibrosis. C) B-glucan treated group showed decreased fibrous tissue deposition. D) Combined B-glucan and PZQ treatment showing
marked decrease in fibrous content.
Fig. 3: a-SMA stained sections from liver tissue of S. mansoni infected mice (IHC x400) A) Infected untreated group showed positivity of a-
SMA in wall of hepatic sinusoids and within granuloma with high percentage of a-SMA stained area. B) PZQ treated group showed mild
decrease in percentage of a-SMA stained area. C) B-glucan treated group showed mild decrease in percentage of a-SMA stained area. D)
Combined B-glucan and PZQ treatment showed marked decrease in the percentage of 0-SMA stained area (nearly negative).
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