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Abstract

Tumour Necrosis Factor-alpha (TNF-a) plays a complex role in pathophysiological
changes caused by schistosomiasis in the liver cells as induced apoptosis. So, The
highlighted experimentally the role of TNF-a in hepatocytes apoptosis, using that as an
assessment of the efficacy of antischistosomal vaccination by mixed crude antigens
preparations [Cercarial antigen preparation (CAP) + soluble worm antigen preparation
(SWAP) + soluble egg antigen(SEA)] by parasitological, histo-pathological and
histochemical studies using Feulgen stain of hepatoytes DNA, a serological study also
of serum TNF- a level by ELISA. Fifty two laboratory bred Albino male mice, were
used in this study. They were classified into four groups (13 mice in each group), G1:
normal control, G2 as infected control while G3 supported by Freund's Adjuvant (F.
Adj) then infected and G4 vaccinated with combined antigens (CAP, SWAP and SEA)
+ F. Adj, then infected. Mice were sacrificed by cervical dislocation 9 weeks post
infection, parasitological (Kato-Katz thick smear for egg count), histopathologial
{haematoxylin and eosin (H&E) staining of hepatic sections}, histochemical (feulgen
staining of hepatocytes DNA) and ELISA to estimate serum TNF-a level were
performed.

The data showed that vaccination with combined antigens showed protective effect
on vaccinated then Schistosoma challenged mice, hepatocytes induced apoptosis was
directly proportional with the TNF-o serum level, and the protection degree of
potential combined vaccine was inversely proportional with serum TNF-a level and

induced apoptosis.
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Introduction

Schistosomiasis being a major source
of morbidity and mortality for developing
countries in Africa, South America, the
Caribbean, the Middle East, and Asia
(WHO, 2010). S. mansoni infections are
associated with the chronic local
inflammatory response to schistosome
eggs trapped in host tissues (Fairfax et al,
2012) which may lead to intestinal
disease, hepatosplenic inflammation, and
liver fibrosis (Gryseels et al, 2006)
During the first 4-5 weeks following
exposure to cercariae, immune response
is primarily Thl against the cercariae,
schistosomula and the worm antigens.
However, as the eggs are produced by the
parasites the immune response changes to
Th2-polarized (Pearce, 2005). This Th2
response induced circumoval granulomas,
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which are more or less rich in the
eosinophils and collagen fibers (Reiman
et al, 2006). The deposition of eggs in
liver induces a severe inflammatory
reaction, which participates in disintegra-
tion of eggs but may cause damage of
DNA and liver cell apoptosis (Sayed et
al, 2000).

Apoptosis is defined morphologically
by the presence of cytoplasmic shrinkage
(pyknosis), chromatin condensation, the
nuclear fragmentation (karyorhexis), the
presence of plasma membrane blebbing
and the maintenance of an intact plasma
membrane which retains its integrity as
the cell fragments into apoptotic bodies
(Kroemer et al, 2005), which are then re-
moved by the phagocytosis (Thornberry,
1998). Apoptosis is a highly regulated
form of cell death, with multiple check



points and molecular mediators. The
apoptosis occurring during development
and ageing is the genetically regulated
and therefore the term programmed cell
death is used to describe apoptosis.
Unlike developmental apoptosis which is
carefully regulated in a spacio-temporal
pattern and does not involve secondary
events, the pathologic apoptosis is un-
regulated and can be massive (Rutherford
et al, 2007). Nevertheless, the hepato-
cytes pathological apoptosis is the initial
cellular response to injury and may thus
initiate several, intertwined cellular and
cytokine cascades that culminate in tissue
injury, inflammation, fibrosis and finally,
in hepatic cirrhosis (Killcarslan et al,
2009).

In schistosomiasis, apoptosis may be
used as a survival strategy to establish
infection in their host, and may influence
the development or maintenance of
different clinical manifestations (Lundy
et al, 2001). In schistosomiasis regulation
of apoptosis in hepatocytes is complex
and is commonly triggered through
activation of death receptors (DRs)
(Gores and Kaufmann, 2001).

Tumor necrosis factor-a (TNF-a) is an
inflammatory cytokine that is released by
injured hepatocytes. It activates stellate
cells and Kupffer cells and recruits
activated T cells. These cells secrete
numerous cytokines and stimulate each
other in a persistent inflammatory cycle
that leads to liver fibrosis (Rimkunas et
al, 2009). Hepatocytes express both
tumor necrosis factor receptorl (TNFR1),
and tumor necrosis factor receptor 2
(TNFR2), though their functional signi-
ficance differs (Yamada et al, 1998).
TNFRI1 is thought to mediate most of the
biologic effects of TNF-q; it expresses a
cytoplasmic death domain and executes
the apoptotic program by interacting with
adaptor proteins (Hsu et al/, 1995).

TNF-a may participate in the granu-
loma formation and evolution of fibrotic
tissue process Hoffmann and colleagues
(1998), they have also demonstrated in
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the experimental models that TNF-a
exerts the protective effect. Whereas the
other authors attribute to the TNF-a pro-
inflammatory and profibrogenic effects
(Ramadan et al/, 2013). It is one of the
cytokines that plays also an important
role in regulation of the inflammatory
granulomatous response in the schistoso-
miasis (Singh et al, 2004).

TNF-a appears to play an important
role in the generation and maintenance of
egg induced granuloma (Wille et al
2004). The diminished focal and systemic
production of TNF-a may be implicated
in the down modulation of the granulo-
matous response (Hawrylowicz and O’
Garra, 2005).

In the last two decades, several efforts
have been made to develop an effective
vaccine against the Schistosoma spp.
especially after the appearance of
resistance against the commonly used
drug praziquantel (Kuntz et al, 2007).
The immunization of mice stimulates
specific immunity which causes reduction
in worm burden, tissue egg load and liver
pathology (Romeih et al, 2008). The
vaccination of mice with mixed different
antigens (SEA+ CAP), (SEA + SWAP)
and (CAP + SWAP) has an immuno-
prophylactic effect and may protect liver
against infection through reduction in
worm burden leading to the improvement
of many liver enzymes (Ashour et al,
2004). Schistosoma vaccine could cause
proliferation of splenocytes, induce
immune protection to the host by up-
regulating CD4 (+) and CDS8 (+) T cells
and inhibit the apoptosis of splenocytes
from mice (Xiang et al, 2013).

The aim of the current study was to
highlight the relationship between serum
TNF-a level and the hepatocytes induced
apoptosis in vaccinated, Schistosoma
mansoni challenged murine models,
using this as a trial to assess the efficacy
of combined crude antigens (CAP,
SWAP and SEA) used as an anti schisto-
somal potential vaccine, so four studies
like parasitological (Kato-Katz thick



smear for egg count), histopa-thologial
{haematoxylin and eosin (H&E) staining
of hepatic sections}, histochemical (Feul-
gen staining of the hepatocytes DNA) and
serological (ELISA to estimate serum
TNF-a level) were per-formed.
Materials and Methods

Type of study: Experimental case
control study conducted from 11/2013 to
5/2014 at the laboratories of Medical
Parasitology Department, Faculty of
Medicine, Zagazig University and the
Theodor Bilharz Research Institute, Giza,
Egypt.

Animals: Fifty-two clean laboratory
bred Albino male mice (aged 6 to 8
weeks and weighing 18 to 20gm each),
were used. Mice were fed on standard
diet with free accessibility to water and in
standard cages all over the study time at
the Schistosome Biological Supply Pro-
gram (SBSP), Theodor Bilharz Research
Institute (TBRI), Giza, Egypt.

Infective cercariae: Laboratory bred
Biomphalaria alexandrina were purchas-
ed from the Shistosome Biological
Supply Unit, Theodore Bilharz Research
Institute. After exposure to light for at
least 4 h, S. mansoni cercariae (Egyptian
strain) shed from the snails were used to
infect the experiment's mice through the
subcutaneous route injection (Peters and
Warren, 1969).

The crude schistosomal antigens pre-
paration: The cercarial antigen prepara-
tion (CAP) soluble worm antigen prepa-
ration (SWAP) and soluble egg antigen
(SEA) were prepared at the SBSP of
(TBRI). CAP was prepared according to
the method of Carter and Collely (1979),
SWAP was prepared according to the
method of Salih et al. (1978) and SEA
was prepared according to Boros and
Warren (1970), a combined preparation
of these three antigens (CAP, SWAP and
SEA) was tested as a potential vaccine.
The total protein content of the combined
antigens preparation was determined by
the method of Bradford (1976).
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Freund’s adjuvant (Adj) {Freund's
complete adjuvant (FCA) and Freund's
incomplete adjuvant (FIA)} was obtained
from Sigma Chemical Co., St Louis, Mo,
USA and emulsified in the phosphate-
buffered saline (PBS) at a ratio of 2:1
(v/v). The vaccination schedule was per-
formed according to Nabih and Soliman
(1986). Each mouse was sensitized with
an initial subcutaneous injection of 200l
of the combined antigens with total pro-
tein concentration 30ug protein. After
two weeks, a second S.C. injection of 200
pl of same antigens was given containing
20ug protein; hence each mouse received
a total antigen dose of 50 pg protein. The
antigens were combined with Freund’s
adjuvant (Complete for the first injection,
Incomplete for the boost) subcutaneously
at a 1:1 ratio (v/v), i.e. boosted twice at 2-
weeks interval (Smithers et al, 1989).

The adjuvant control group was
injected by the adjuvant only without any
antigens following the same schedule.
The infection was done by subcutaneous
injection into each mouse with + 60 S.
mansoni cercariae suspended in 0.2 ml
solution, after 3 weeks from the first S.C
injection (Peters and Warren, 1969).

Experimental design: Four groups of
Albino male mice (13 mice in each
group) were used in this study. Group
1(G1) as normal control, G2 as infected
control while G3 supported by Freund's
Adjuvant (F. Adj) then infected and G4
vaccinated with combined antigens
(CAP, SWAP and SEA) + F. Adj then
infected. Animals were sacrificed by cer-
vical dislocation 9 weeks post infection
and parasitological, histopathologial, his-
tochemical, and serological studies.

Egg counts: starting from 5™ week post
infection (to confirm infection), stools
samples from all groups were collected
for Kato-Katz thick smear for egg count
weekly till the end of the study (Katz et
al, 1972), and the mean egg count was
calculated. The vaccine protection degree
was highlighted by %Reduction (%R)
after (Tendler et al., 1986):



Mean egg count/g stools of control's (G2) —
Mean egg count/g stools of test's

% reduction=

x 100

Mean egg count/g stools of control

Histopathological study: Formalin-
fixed paraffin (10%) embedded liver
tissues (4um cut) were prepared and
stained with (haematoxylin and eosin,
H&E) according to Von Lichtenberg
(1962). Number and diameter of Schisto-
soma granulomas were calculated. The

(G2)

counting was carried out in 5 successive
microscopic fields/10 low power field
(LPF) in serial tissue sections of more
than 250um apart (Farah ez a/, 2000). The
vaccine protection degree was high-
lighted by %Reduction (%R) after
Tendler et al. (1986):

Mean diameter or (no.) of control's (G2)—
Mean diameter (no.) of test's

% reduction=

x 100

Mean diameter (no.) of control group (G2)

Histochemical study: Formalin-fixed
paraffin (10%) embedded liver tissues
(4pm cut) were prepared and stained with
Feulgen stain which is used to identify
chromosomal material or DNA changes
in hepatocytes. It depends on DNA acid
hydrolysis (Chieco and Derenzini, 1999);
DNA stained bright red in normal hepato-
cytes. Faint red staining of liver cell DNA
denotes (marked apoptosis); while pale
red staining of liver cell DNA means
(moderate apoptosis) and less than bright
red staining of liver cell DNA denotes
(mild apoptosis) (Etewa et al, 2013).

Serological study: For estimation of
Serum TNF-a, blood was drawn from the

corner of mouse’s eyes of all the groups.
Sera were separated and stored at -20°C
until the determination of serum TNF-a
level by enzyme linked immunosorbent
assay (ELISA). Serum TNF-a was deter-
mined by ELISA according to the manu-
facturer’s instructions. For quantitative
detection of mouse TNF-oa, assay used
immunoassay technique by mouse TNF-a
Platinum ELISA (eBioscience BMS607/
2/BMS607/2TWO/BMS607/2TENEurop

e/international). Optical density (OD) va-
lues were measured at 450 nm, Cytokine
level was calculated by using the standard
curve constructed with serial dilution of
the standard of cytokine in (pg/ml).
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Fig. 1: Standard curve of mouse TNF-a ELISA.
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Ethical aspects: All procedures related to
animal experimentation in the present
study met the International Guiding
Principles for Biomedical Research
Involving Animals as issued by the
International Organizations of Medical
Sciences and this study was approved by
the ethics committee of the Faculty of
Medicine, Zagazig University.

Statistical analysis: All data were sub-
jected to statistical analysis using SPSS
win statistical package version 20. T test
was used for comparison between means
of two groups. P value was set at < 0.05
for significant results and < 0.001 for
high significant results.

Results

Parasitologically reduction was recor-
ded in mean egg counts/g stools by Kato
Katz technique in vaccinated group with
combined antigens (G4) compared to
control infected group (G2) with signi-
ficant difference (p<0.05), and statisti-
cally insignificant reduction in mean egg
counts/g stools recorded in (G3) com-
pared to G2 (P>0.05).

Histopathologically G4 showed marked
reduction in the mean granuloma number
and diameter compared to G2 with high

significant difference (p>0.001), statisti-
cally insignificant reduction in mean
granuloma number and diameter recorded
in G3compared to G2 (P>0.05).

Fuelgen histochemical study: for assess-
ment of induced apoptosis in hepatocytes
of the tested and control groups of mice,
it was found that in the infected control
group (G2), S. mansoni induced marked
hepatocytes apoptosis with faint red
staining of hepatocytes in comparison
with normal mice hepatocytes whose
normal DNA showed bright red staining.
Moderate apoptosis occurred in (G3),
showed pale red staining. While mild
apoptosis occurred in combined vaccine-
ted group (G4) marked by less bright red
staining.

Serum TNF- a level showed significant

reduction in G4 compared to G2 (P<0.05)
and statistically insignificant reduction in
G3compared to G2 (P>0.05).
In the current study, we detected that
(G4) combined antigens (CAP, SWAP
and SEA) are inversely proportional to
mean egg counts/g stools, granuloma
number & size and the serum level of
TNF-a. The details are given in tables (1
to 4) and figures (1 to 12).

Table 1: Mean egg count for eggs per gram stools (EPG) by Kato Katz as detected till week 9

post-infection in control and tested groups.

eter egg count/g stools %Reduction P
M+SD
Groups
Gl - - -
G2 435.23+53.22 - -
G3 412.26+34.19 5.28% >(.05
G4 126.78+12.37* 70.87% <0.05

Insignificant difference from infected control at p >0.05, *Significant difference from infected control at p <0.05.

Table 2: Granulomas number and diameter (um) & % reduction at week 9 post-infection in

control and tested groups.

eter granulomas number % granulomas diameter %
Groups (/10LPF) M+SD Reduction (um) M+SD Reduction

Gl - - - -

G2 52.66+8.15 - 334.47+£32.31 -

G3 49.98+8.09 5.09% 323.24428.16 3.36%

G4 14.34+£3.79%** 72.77% 135.26£15.44%** 59.56%

*#* High significant difference from infected control at p <0.001.
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Table 3: Serum TNF — a level at week 9 post-infection in control and tested groups.

parameter Gl G2 G3 G4
Range 90-93 400-470 400-470 100-160
TNF-a (pg/ml) M + SD 1.188+2.45 | 5.610+3.66 5.550+3.23 1.5704+2.67*
P - - >0.05 <0.05

Insignificant difference from infected control (>0.05), *Significant difference from infected control ( <0.05.
Table 4: Comparison among different methods used for evaluation of used combined antigens.

p eter egg count/g granulomas number | granulomas diameter TNF-a

Groups stools (/10LPF) (um) (pg/ml)
Gl -- -- - 1.188+2.45
G2 435.23+53.22 52.66+8.15 334.47+32.31 5.610+3.66
G3 412.26+34.19 49.98+8.09 323.24428.16 5.550+3.23
G4 126.78£12.37* 14.3443.79%** 135.26+15.44%** 1.570+2.67*

Results of (G4) combined antigens (CAP, SWAP and SEA) compared to G2 showed,
high significant difference regarding granuloma number & size and significant difference with
results of egg count, and serum TNF-a level.
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Fig 2: Mean egg count for eggs per gram stools (EPG) by Kato Katz detected till week 9 post-infection in control and
tested groups.
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Fig. 3: Granulomas number (/10LPF), diameter (um) and % reduction at week 9 post-infection in control
and tested groups.
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Fig. 4: Serum TNF — o level at week 9 post-infection in control and tested groups.

Discussion

In the parasitological study, a signi-
ficant reduction in the fecal egg count
and the highest had been in (G4)
combined antigens (CAP, SWAP and
SEA), an insignificant reduction was
found in (G3) supported by Freund's
adjuvant only then infected, compared to
G2; this indicated that Freund's adjuvant
had no protective effect alone, while the
combined vaccine + Adj was effective
leading to decrease stools egg count, so a
reduction of schistosomiasis morbidity
was achieved. This may attributed to
induced immune responses leading to
decrease in parasite load and reduced egg
production. Obviously, further research is
required on the development of novel
adjuvant vehicles as well as cocktail
vaccine  formulations to  enhance
protection levels with eventual aim of
100% worm reduction (Siddiqui et al,
2011).

Kato-Katz technique is sensitive and
accurate method for worm burden and the
intensity of infection (Doenhoff et al,
2004). Also, Teixeira et al. (2007) stated
that Kato-Katz method is the cornerstone
for diagnosis of S. mansoni infection,
with a simple inexpensive procedure, and
widespread use in endemic areas of
intestinal schistosomiasis.

53

In the present study, high significant
decrease in granuloma number and size
were detected in G4 (combined antigens
group) (72.77% & 59.56% respectively)
and lower insignificant reductions were
found in G3, compared to G2. While, El-
Marhoumy et al. (2009) detected signi-
ficant reduction in mean number & size
of granulomas in the liver (92.92% &
43.53% respectively) when used auto-
claved cercarial vaccine. This diffe-rence
in results is attributed to the differ-ences
in the used antigens. Besides, Martins et
al. (2012) detected that immunization of
mice with glycosylphosphatidylinositol
(GPI) anchored proteins (from the outer
surface of live adult S. mansoni worms)
induced a mixed Thl/Th2 type of
immune response with production of
IFN-y and TNF-a, and low levels of IL-5
into the supernatant of the splenocyte
cultures. The protection engendered by
this vaccination protocol was confirmed
by 29% reduction in the number of the
granulomas per area.

In the current work, the use of Fuelgen
histochemical technique was for high-
lighting the induced apoptosis in heap-
tocytes of the tested and control groups of
mice, the results showed that in infected
control group (G2), there was marked
induced hepatic cell apoptosis (Fig. 10) in
comparison with normal mice hepato-



cytes whose normal DNA showed bright
red staining (Fig. 9). Moderate apoptosis
occurred in G3 (Fig. 11) while mild
apoptosis occurred in G4 (Fig. 12). These
changes may be attributed to grades of
functional damage of hepatocytes DNA
and its metabolism induced by hepatic
schistosomaisis. These findings were
supported by the explanation of Kumar
et al. (2009) that apoptosis is a pathway
of cell death induced by a suicidal
program in which cells destined to die
activate enzymes that degrade the cell
nuclear DNA. It is also a pathologic event
when diseased cells become damaged
beyond repair and are eliminated without
eliciting a host reaction, thus limiting
collateral tissue damage (Fadeel and
Orrenius, 2005).

The ability of helminths, such as
schistosomes, to manipulate the host's
immune system is an essential part of
their survival and is done to avoid
excessive immune responses (Ritter ez al,
2010).In schistosomiasis, deposition of
eggs in liver induces a severe inflame-
matory reaction, which participates in
elimination of egg but may at the same
time cause damage of DNA and liver cell
apoptosis (Sayed et al, 2006). It was
suggested that schistosome worms may
use apoptosis as a survival strategy to
establish infection in their host, and can
influence the development or mainten-
ance of different clinical manifestations
(Lundy et al, 2001).

Conversely, Haseeb et al. (1996)
showed that in S. mansoni females the
egg-laying process is decreased and the
tyrosine uptake is increased in the
presence of TNF-a. There is controversial
evidence of TNF-a influence on the
parasite's metabolism, and the molecular
mechanisms of its action have never been
explored (Oliveira et al, 2009).

An important point to be considered in S.
mansoni TNF-a signaling pathway is the
presence of Caspases 3 and 8 and C-IAP
protein. Classically, caspases 3 and 8 are
involved in the apoptosis process induced
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by TNF-a signaling and are inhibited by
c-IAP. No direct evidence exists so far in
the literature for the apoptosis process in
schistosomes (Oliveira et al, 2009).

However, the current results showed
that G4 (combined antigens group) there
was significant decrease in TNF-a serum
level compared to (G2) control infected,
and insignificant decrease in G3 com-
pared to G2. These results are understood
if we consider the findings of Amiri et al.
(1992) who reported that TNF-a induces
liver granulomas and egg-laying of
parasites in vivo; additionally, Cheever et
al. (1999) observed that egg laying and
fecundity were delayed when SCID
immuno deficient schistosome-infected
mice were studied, suggesting the possi-
bility that the delay in fecundity is due to
a delay in tissue produced TNF-a in
SCID mice, nevertheless, their data
provided little evidence that TNF-a alone
can reconstitute early fecundity in this
infected-mouse model.

Moreover, TNF-a is also one of the
most important host cytokines involved
in the inflammatory response. When cer-
cariae, the infective stage, penetrates the
human skin the release of TNF-a is
started (Oliveira et al, 2009). During the
penetration process, cercariae will be
exposed to host TNF-a in the skin and
this could act to promote parasite survival
and development, in a similar manner as
described in adult worms by Davies et al.
(2004).

The current results showed that combi-
ned antigens (G4) was associated with
significant decrease egg count/ g stools
and serum TNF-a levels, with high signi-
ficant decrease in granuloma numbers &
diameters, in addition to, the induced
apoptosis in hepatocytes. So, the results
agreed with Hsu et al. (1995) who
detected that the TNF-receptor protein
stimulation was associated with cell
death. Also, Haseeb et al. (1996)
recorded that recombinant TNF-o was
associated with decrease Schistosoma
female fecundity, and this affect egg



count/ g stool. Ramadan et al (2013)
reported that TNF-a had a role in S.
mansoni infection that could progress to
cirrhotic liver. Whereas, Lundy er al
(2001) found that SEA stimulate T helper
lymphocytes apoptosis and this will
decrease the cytokines production
included TNF-a. In addition, Rimkunas et
al. (2009) emphasized that TNF-a plays
an important role in hepatocytes apo-
ptosis. In contrast, Hoffman ez al. (1998)
concluded that TNF-a was required to
maintain reduced liver pathology in mice
vaccinated with S. mansoni eggs. Yama-
da et al. (1998) decided that liver regene-
ration in mice requires type 1 TNF-a
receptors. Davis ef al. (2004) reported the
involvement of TNF-o in limiting liver
pathology and promoting parasite sur-
vival in schistosome infection.

The present results showed that vacci-
nation with combined crude antigens
(CAP, SWAP & SEA+AJj)) gave protect-
ive effects on hepatocytes of S. mansoni
infected mice by decreasing serum level
of TNF-a and hepatocytes induced apop-
totic changes, as TNF-a plays a complex
role in the pathophysiological changes
caused by schistosomiasis. These data
agreed with Hoffmann ez al. (1998) who
found that immunization using soluble
egg antigen (SEA) only from S. mansoni
gave immunity in mice, thus protecting
the mice from challenge by S. mansoni
cercariae, this protective effect manifest-
ed by the reduction in parasitological
parameters, increased levels of specific
immunoglobulins. While their findings
that raised hepatic mRNA expression of
TNF-a and TGF-B, TNF-o play an
important role in the generation and
maintenance of egg induced granuloma is
against the present data that might be due
to difference in the used antigen. This
protective immunity was characterized as
the SEA-specific T-cell proliferation
accompanied by IFN-y and IL-2 pro-
duction and cytotoxic CD8" T-cell active-
tion that contributed to the marked reduc-
tion in the number of granulomas and the
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fibrosis amount led to mice survival (El-
Ahwany et al, 2012). SEA can suppress
TNF-a and IL-6 secretion (Ritter et al,
2010) that agreed with the present results.

Silveira-Lemos et al. (2013) found that
after in Vitro SEA stimulation in T-
lymphocytes culture, increased synthesis
of TNF-a by CD4+ T lymphocytes in
acute schistosomiasis mansoni infected
patients. TNF-a does appear to mediate
protection from excessive hepatocellular
damage and cachexia, and is not the
cause of hepatocyte apoptosis (Davies et
al, 2004).

Xu et al. (2009) added also that SEA,
rather than other antigens, may be
responsible for the apoptotic changes
observed after eggs deposition. Xu et al.
(2010) reported that Schistosoma non-egg
antigens (SWAP) trigger Th2 cell
apoptosis, contributed to Thl polariza-
tion, which was associated with worm
clearance and severe schistosomiasis.
Meanwhile, after adults lay eggs, the egg
antigens trigger Th1 cell apoptosis via the
caspase pathway, contributing to Th2
polarization, which is associated with
mild pathology and enhanced survival of
both worms and their hosts. So, apoptosis
is preferentially induced by different
schistosome antigens CAP, SWA & SEA
during different stages of infection. So,
the apoptosis may contribute an addition-
al mechanism that modulates immune
interaction between hosts and parasites.

Conclusion

Generally speaking, schistosomiasis is

more or less a worldwide problem.
The detection of the combined antigens
(CAP, SWAP and SEA + F. Adj) is a
promising a good anti-schistosomal po-
tential vaccine regarding its protective
role of the hepatocytes by decreasing the
induced apoptosis and serum TNF-a. Be-
sides, the serum level of TNF-a is
directly proportional to the degree of
apoptosis. The combined antigens (CAP,
SWAP & SEA) presented protection to
hepatocytes DNA is inversely propor-



tional to the TNF-o serum level and the and protect hepatic tissue. However, the

apoptosis degree. use of combined crude antigens (CAP,
The outcome results divert the attention =~ SWAP and SEA+ Adj) as a potential anti
to a new line of protection by the anti- Schistosoma vaccine may be a good step

TNF-a to prevent its hazards as a trial to in this field with more research efforts.
decrease hepatocytes induced apoptosis

Explanation of figures
Fig. 5: Normal control (G1) a cut section of liver-showing normal hepatic architecture
(H&E x100).
Fig. 6: Control infected (G2) a cut section of liver-showing large number of schistosome’
granulomas (cellular, fibrocellular and fibrous) (H&E, X200).
Fig. 7: Control Adj +infected (G3) a cut section of liver-showing many schistosome’
granulomas (cellular, fibrocellular and fibrous) (H&E, X200).
Fig. 8: Combined (G4) a cut section of liver showing decrease in bilharzial granulomas
number and diameter (H&E, X200).
Fig. 9: Normal control (G1) a cut section of liver with normal Feulgen reaction denoting normal
DNA content in nuclei of hepatocytes, DNA stained bright red (Feulgen stain, x 200).
Fig. 10: Control infected (G2) a cut section of liver with Feulgen reaction showing reduced
DNA content in numerous nuclei of hepatocytes with numerous pyknotic nuclei of hepatocytes
and faint red staining of liver cell DNA due to marked apoptosis (arrows) (Feulgen stain, x 200).
Fig. 11: F. Adj + infected control (G3) a cut section of liver with Feulgen reaction showing
reduced DNA content in some nuclei of hepatocytes, pale red staining of liver cell DNA due to
moderate apoptosis (arrows) (Feulgen stain, x 200).
Fig. 12: Combined+Adj (G4) a cut section of liver with Feulgen reaction showing reduced DNA
content in few nuclei of hepatocytes, less than bright red staining of hepatocytes DNA due to
mild apoptosis (arrows) (Feulgen stain, x 200).
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