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While hepatic schistosomiasis results in morbidity from infection and complications of liver fibrosis,
there are few medicines/means available to prevent, control, or treat this fibrosis. The aim of this study
was to assess the potential beneficial effects of immunomodulating agents against hepatic
schistosomal fibrosis. Swiss mice were infected with Schistosoma mansoni live cercariae and then left
untreated or administered praziquantel (500 mg/kg/d), rosiglitazone (4 mg/kg/d), propolis (250 mg/kg/d),
bisphenol A diglycidyl ether (BADGE) (30 mg/kg/d), or a combination of praziquantel + propolis,
praziquantel + rosiglitazone, praziquantel + BADGE, or rosiglitazone + BADGE. Blood samples were
collected at various time points post-infection to determine serum interleukin (IL)-2 and IL-10, and IgE
and IgG levels, as well as those of alanine and aspartate aminotransferases (ALT and AST). Liver and
intestine were recovered at 8 and 12 weeks post-infection, the liver was assessed for hepatic
hydroxyproline content and, as with the colon samples, underwent immunohistochemical examination
to assess tissue egg count. The results indicate that serum IL-2 levels were significantly increased in
infected mice treated with praziquantel and praziquantel + propolis, praziquantel + rosiglitazone, or
praziquantel + BADGE (each compared to infected-only hosts), but decreased in infected mice that
received rosiglita-zone alone. Serum IL-10 levels were significantly decreased in all drug-treated
infected mice except those that received rosiglitazone, treatment with BADGE alone caused no change.
Serum IgE, IgG, ALT, AST and hepatic hydroxyproline levels were significantly decreased in all drug-
treated infected mice except for those that received BADGE alone (no change). From these results, we
conclude that combination of chemotherapy plus immunomodulating agents modulate cellular and
humoral immune responses and that this leads to significant reductions in hepatic hydroxyproline
build-up/liver pathologies associated with schistosomiasis.
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INTRODUCTION

Schistosomiasis is one of the most important public
health problems affecting Egyptians, especially its rural
inhabitants of the Nile Delta (Kloos and David, 2002).
During an ongoing infection, eggs of Schistosoma
mansoni embolize to the liver, where a granulomatous
inflammatory response induces pre-sinusoidal
lymphocytes have been implicated as playing a
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regulatory role in schistosome granuloma formation
(King, 2001). Hepatic fibrosis, a precursor of liver
cirrhosis, is a major consequence of the severe liver
damage that occurs in many patients with the chronic
form of this disease. This pathology involves the
abnormal accumulation of both extracellular matrix (ECM)
components and hepatic stellate cells (HSC) (Yang et al.,
2007).

HSC, key to the development of hepatic fibrogenesis,
can undergo a process of activation wherein they trans-
differentiate to a myofibroblast-like phenotype. The latter



form is characterized by an increase in cell proliferation,
loss of Vitamin A storing capability, expression of a-
smooth muscle actin (aSMA), and over-production of
ECM components, especially Type | collagen (Friedman,
2004).

Praziquantel has become the drug of choice against
schistosomiasis. Indeed, it has effectively become the
only anti-schistosomal drug that is commercially
available. Praziquantel has activity against all schisto-
some species with minimal adverse effects (albeit that
there have been reports of transient urticaria, rash,
pruritus, and eosinophilia), it is also effective against
other trematode and cestode infections (Hagan et al.,
2004). This drug is effective mainly against mature
schistosomes, although the precise mode of action is not
clear, there is evidence that praziquantel increases the
permeability of schistosome membranes to calcium
(thereby inducing paralysis in a contracted state). The
dying parasites are then dislodged in the host and
destroyed by local/circulating immune cells (Mufioz et al.,
2010).

Though, as noted previously, praziquantel induces
short-lived inflammation-related effects in a host, it is not
characterized as an inflammatory or an anti-inflammatory
agent. In contrast, propolis exhibits anti-inflammatory
effects against acute and chronic models of inflammation
(for example, formaldehyde- and adjuvant-induced
arthritis, carrageenan- and prostaglandin (PGE)-induced
paw edema, cotton pallet granuloma). The exact
mechanisms of these anti-inflammatory actions are still
unclear (Castaldo and Capasso, 2002). Among other
compounds tested, only caffeic acid phenethyl ester
(CAPE) and galangin modified the anti-inflammatory
activity of propolis (albeit with the CAPE contribution
being greater). Propolis also exhibits immunostimulatory
and immunomodulatory effects in vitro on macrophages;
in vivo it increases the ratio of CD4:CD8 cells in mice
(Claus et al., 2000).

Peroxisome proliferator activated receptor-y (PPAR-y)

activation has been found to affect diverse physiological
and pathophysiological events, including regulation of
inflammation and induction of apoptosis (Brasier, 2006).
Liver fibrosis is a process in which synthesis of ECM
exceeds their decomposition, it is also associated with
excessive bouts of inflammation (Zhao et al., 2004). As
such, the potential benefit from use of a drug like
rosiglitazone, a PPAR-y modulating agent, in the fight
against schistosomiasis and its subsequently induced
hepatic fibrosis remains and associated inflammatory
responses remains to be determined.
The aim of this study was to assess the possible distur-
bance in the immune system and mechanism through
which immunomodulating agents like praziquantel and
propolis, along with two other potentially beneficial drugs
- rosiglitazone and bisphenol A diglycidyl ether (BADGE)
- can produce beneficial effects against the
onset/progression of schistosomiasis-induced hepatic
inflammation and fibrosis.
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MATERIALS AND METHODS
Experimental animals

Male Swiss albino mice (CD strain, 8 weeks of age, 18 to 20 gm)
obtained from the Schistosome Biological Supply Center at the
Theador Bilharz Research Institute (TBRI, Imbaba, Giza, Egypt)
were used in this study. All mice were housed under specific
pathogen-free conditions with a 12 h light/12 h dark cycle, constant
temperature (25 = 2°C) and relative humidity of 55 + 5%, and had
access to food and water ad libitum. All animal studies were
approved by the Institutional Animal Care and Use Committee and
were conducted in accordance with guidelines established by the
National Institutes of Health Guide for the Care and Use of
Laboratory Animals.

Host infection

For these studies, mice were infected with Schistosoma mansoni
live cercariae (John Bruce Egyptian strain) obtained from
Biomphalaria alexandrina snails (TBRI) or were left uninfected. All
infections were via insertion of the animal tail into a vial containing
80 cercariae in 2 ml de-chlorinated tap water. Mice were left in
contact with the infective cercariae for 1 h, after this period, their
tails were allowed to air-dry.

The studies here required the use of eight separate exposure
groups: Group | (Control group, n=8) mice were not infected or
immunomodulated and served as a control, Group Il (control:
infected untreated group, n=8) mice were infected with the S.
mansoni cercariae only; Group Il (Praziquantel group, n=8) mice
were infected and then treated with praziquantel in water (500
mg/kg/d for 2 d beginning 4 weeks post-infection) (Botros et al.,
2007); Group IV (Rosiglitazone group, n=8) mice were infected and
then treated with the PPAR-y-modulating agent rosiglitazone (4
mg/kg/d during 5" to 12" weeks post-infection) (Chen et al., 2008);
Group V (Propolis group, n=8) mice were infected and then treated
with propolis (250 mg/kg/day during 5™ to 12" week post-infection)
(Issa, 2007); Group VI (Praziquantel + Propolis group, n=8) mice
were infected and then treated with a combination of praziquantel
(500 mg/kg/d for 2 d begin-ning 4 weeks post-infection) and
propolis (250 mg/kg/d during 5™ to 12" weeks post-infection); and,
Group VIl (Praziquantel + Rosiglitazone group, n=8) mice were
infected and then treated with praziquantel (500 mg/kg/d for 2 d
beginning 4 weeks post-infection) and rosiglitazone (4 mg/kg/d
during 5" to 12" weeks post-infection). All drug treatments were via
intragastric administration without the use of anesthesia.

At 8, 9, 10, 11, and 12 weeks post-infection, samples of blood
were collected from the tail vein of mice in each group. The blood
was then allowed to clot at room temperature and the serum
isolated and stored at -80°C for later analyses of the various
endpoints outlined subsequently.

At 8 and 12 weeks post-infection, 4 mice per group were
euthanized by cervical dislocation. The liver and intestine (that is,
colon) of each host was then removed, blot dried, and weighed.
Thereafter, sub-samples of the liver were isolated for use in
hydroxyproline content determination; the remaining tissue and the
colon samples were used in analyses of total egg burden.

Determination of total serum Interleukins (IL)-2 and -10, IgE,
and IgG

Commercially available ELISA kits were used to measure serum IL-
2 levels (Biosource International, Camarillo CA), IgE levels (BD
OptEIA™ Set, San Diego, CA), and IgG levels (Life Diagnostics,
Inc., Westchester, PA) in the isolated samples.
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Determination of serum alanine
aminotransferase (AST)

(ALT) and aspartate

Serum alanine aminotransferase and aspartate aminotransferase
levels were determined colorimetrically based on the method of
Reitman and Frankel (1957), using a Diamond Diagnos-tics kit
(Cairo, Egypt). In this kit, AST and ALT levels were estimated via
measures of formation of oxaloacetate and pyruvate, respectively,
using Kit-provided enzyme precursors. After completion of the
reaction, according to manufacturer’s instructions, each sample was
then analyzed in a double beam UV-VIS spectrophotometer (Model
UV-1601 PC, Shimadzu, Kyoto, Japan) at 520 nm.

Determination of hepatic hydroxyproline content

The total collagen present in the liver samples recovered from each
host was determined by estimating hydroxyproline content. The
latter value was obtained using base hydrolysis for the dissolution
of tissues as described previously by Reddy and Enwemeka
(1996). Briefly, =100 mg of liver tissue was incubated overnight at
37°C in 5% KOH (6 ml/100 mg tissue weight) in a test tube. The
mixture was occasionally inverted to re-suspend the dissolved
tissue. Duplicate sets (each contained 600 pl of tissue sample
suspension) were then removed/ sampled. To each sample, 160 pl
of 10 N NaOH and 40 pl distilled water were added, and all proteins
present subjected to hydrolysis by placing the screw-capped tubes
in an autoclave for 20 min. Normal tissues were used as the
background for the standards. Duplicate 250 pl aliquots of each
sub-sample/liver were then removed and supplemented with 250 pl
chloramine-T solution (saturated in 50% n-propanol [in water]);
Sigma, St. Louis, MO). All samples were then incubated at room
temperature for 3 h. Thereafter, 500 pl of freshly prepared Ehrlich’s
reagent (0.15 g/ml of n-propanol/ perchloric acid [2:1, v/v]) was
added to each tube and the materials incubated at 65°C for 20 min.
Each sample was then analyzed in a UV-VIS spectrophotometer at
550 nm.

Immunohistochemical examination

The procedure for immunostaining was conducted according to the
method described by Taylor et al. (2002). Monoclonal antibodies
directed against Type IV collagen [CD54/ICAM-1, Ab-4 (ClonePHM-
12) MS375R7 (NeoMarkers, Lab Vision, Newmarket, UK) and
polyclonal rabbit antibody against nm23/NDP Kinase Ab-1, RB-116-
R1 (Lot. 116R606B, NeoMarkers) were utilized.

Briefly, at sacrifice, liver and colon tissues from each mouse were
fixed in formalin and then processed to prepare sections (3 to 5 pm
thick) on glass slides. The slides were then deparaf-finized in
xylene, re-hydrated in decreasing strengths of ethyl alcohol
(followed by distilled water), and then rinsed in a 0.01 M phosphate-
buffered saline (PBS; pH 7.3). Slides were then treated with
0.0025% protease solution (Sigma) and incubated at 37°C in a
closed humidity chamber for 20 min.

The slides were then rinsed three times in PBS and incubated in
normal goat serum for 30 min at room temperature to block non-
specific binding events. Thereafter, the slides were placed in a
container with the monoclonal/polyclonal  antibodies  (in
permeabilization buffer solution) and left overnight at room
temperature. Non-adherent primary antibodies were rinsed away by
three washes in PBS; biotinylated secondary antibody was then
added to the container and the slides incubated 1 h at room
temperature. Following a wash with PBS, streptavidin-biotin
horseradish peroxidase (Standard ABC Kit; Vector Laboratories,
Burlingame, CA) was applied to each slide for 30 min at room
temperature. After a wash in PBS, slides were coated with 3,3'-
Diaminobenzidine (DAB) chromogen solution and was incubated 10

min at room temperature. After gentle rinsing, each slide was
counterstained with Mayer's hematoxylin (Bancroft and Gamble,
2002) for 1 min. The slides were then dehydrated in alcohol and
cover-slipped using DPX mountant (Merck-BDH, Lutterworth,
England). Ultimately, each stained tissue section was examined
using a light microscope (Olympus BX 51, Olympus America,
Melville, NY) and photographed with a digital camera (Olympus
DP11) connected to the microscope.

Tissue egg count (in liver and colon)

The number of S. mansoni eggs in the liver and intestine (from
duodenum to rectum) samples isolated from each mouse was
estimated after alkali digestion (Cheever, 1968). Briefly, 0.5 g of
each liver and colon sample was placed in dedicated glass bottles
each containing 2 ml of 4% KOH and incubated at 37°C overnight.
The following day, each sample was placed in a 60°C incubator for
1 h. The bottles were then vigorously shaken and 0.1 ml aliquots
were removed and placed on glass slides. The slides were then
cover-slipped and examined under a microscope for S. mansoni
ova. The average number of ova/0.1 ml aliquot was determined and
the number of ova/gram tissue then calculated.

Statistical analysis

Results were expressed as the mean + SD. Regression analysis
and correlation coefficient were done for standard curves.
Comparison between different groups was carried out by one way
analysis of variance (ANOVA). The level of significance was set at p
< 0.05. The statistical package for social sciences (SPSS) computer
software was used to carry out the statistical analysis.

RESULTS

Effects on serum IL-2

Mice infected with Schistosoma mansoni showed a
significant time-dependent decrease in serum IL-2 levels
(Table 1). The greatest decrease in IL-2 was noted at 12
weeks post-infection. The results in Table 1 also illustrate
that treatment of infected mice with propolis alone,
BADGE alone, or rosiglitazone + BADGE displayed no
significant difference in serum IL-2 at any of the time
points analyzed (up to 12 weeks post-infection) as
compared to the levels noted in their untreated infected
counterparts, that is, serum IL-2 levels still declined over
time. In contrast, treatment of infected mice with
praziquantel alone or in combination with propolis, or with
rosiglitazone + BADGE showed a significant time-
dependant increase in serum IL-2 relative to the values in
the untreated infected mice. Of all the regimens, only
treatment with rosiglitazone alone resulted in a significant
time-dependent decrease in the serum IL-2 that was
greater than that in the untreated infected mice.

Effects on serum IL-10

Mice infected with S. mansoni displayed a significant
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Table 1. Effect of immunomodulating agents and chemotherapy on serum IL-2 (pg/ml) in mice infected with S. mansoni.

Groups 8" week” 9" week” 10" week” 11" week” 12" week”

Control 28.43 +0.36 28.50 +0.36 28.45+0.35 28.06 £ 0.25 28.28 £ 0.40

DMSO 26.25 +2.96* 26.38 £ 3.25* 26.00 + 3.96* 27.00 £ 2.83* 27.13 £2.90*
Infected 2225 +1.67* 19.25 + 1.39* 17.88 + 1.46* 16.75 + 3.92* 15.25 + 2.49*
Praziquantel 22.50 £ 2.88* 2450 +2.88*% 25,63 +2.13**  26.00+3.21**  27.50 +2.78*
Propolis 19.88 + 2.80" 18.83 + 2.26* 16.38 + 3.02* 15.38 + 2.45* 13.75 £+ 2.33*
Rosiglitazone 18.50 + 2.56* 17.75 £ 2.49* 14.50 +2.39** 14.00 + 1.85* 11.75 £ 1.67**
BADGE 21.50 £ 2.83* 19.63 + 1.69* 17.88 +1.73* 17.25 +2.38* 15.25 +2.31*
Rosiglitazone plus BADGE 21.00 £ 3.12* 18.38 + 2.62* 16.25 + 3.24* 15.88 + 3.04* 13.75+3.11*
Praziquantel plus Propolis 21.13 £ 3.44* 2438 +4.17*%  23.88+3.00*® 25.38+3.38*®  25.38 +4.69**
Praziquantel plus Rosiglitazone 22.88 + 4.45* 22.75+4.33** 23.88+3.88*° 22.75+255*  2525+3.37*
Praziquantel plus BADGE 22.25+4.13" 22.88 +4.52* 23.63 £2.97*% 26.38+4.27*° 2588 +3.04**

*Time post-infection. At p < 0.05. *value is significantly different compared to control and/or asignificant compared to infected-only group.
All values shown are Mean + SD; n=8 for each group.

Table 2. Effect of immunomodulating agents and chemotherapy on serum IL-10 (pg/ml) in mice infected with S. mansoni.

Groups 8™ week” 9™ week” 10" week” 11" week” 12" week”
Control 23.13 +2.64 22.50 + 2.51 23.63 +2.33 23.38 +2.39 23.00 +1.93
DMSO 22.88 +2.03 23.75+2.71 22.75 +1.98 22.88 +2.17 22.88 +2.23
Infected 154.13 £ 16.44* 165.00 + 15.56* 193.38 + 11.02* 212.88 + 19.56* 234.13 +36.53*
Praziquantel 98.50 + 11.21*2 89.63 + 16.00*2 74.38 + 15.31*2 73.75 +9.97* 73.13+12.11*2
Propolis 88.88 + 9.52*° 85.50 + 6.46*° 82.38 +5.01*® 76.63 +2.83** 69.25 + 5.90**
Rosiglitazone 149.63 + 10.82* 173.63 + 4.93* 190.50+ 8.16* 206.30 + 7.90* 230.25 +6.88*
BADGE 151.25+11.49* 168.88 + 13.02* 198.38 + 9.29* 212.75 +11.68* 237.38 + 28.78*

Rosiglitazone plus BADGE
Praziquantel plus Propolis
Praziquantel plus Rosiglitazone
Praziquantel plus BADGE

148.63 + 10.57*
86.63 + 6.57**
72.88 £2.47*
99.13 +7.57**

174.80 + 11.80*
85.38 +6.91**
64.25 + 3.77*°
91.25 +12.93**

191.63 + 14.90*
7713 £4.61*°
56.75 + 4.03*°
75.00 + 13.98*°

213.63 £12.70*
7713 £4.61*°
56.75 + 4.03*°
75.00 + 13.98*°

242.38 +23.42*
50.13 + 14.72*°
27.88 + 5.44**
71.88 + 15.20*°

*Time post-infection. At p < 0.05. *value is significantly different compared to control and/or significant compared to infected-only group.

All values shown are Mean + SD; n=8 for each group.

time-dependent increase in serum IL-10 levels (Table 2),
with the greatest increase being seen at 12 weeks post-
infection. Treatment of infected mice with praziquantel or
propolis alone, or with praziquantel + propolis,
praziquantel + rosiglitazone, and praziquantel + BADGE
resulted in significant decreases in serum IL-10 at all time
points (up to 12 weeks post-infection) as compared to
levels in untreated infected counterparts. Again, the
maximum effects were at 12 weeks post-infection. In
contrast, treatment of infected mice with rosiglitazone or
BADGE alone or a combination of rosiglitazone + BADGE
caused no significant change (with respect to the infected
untreated control group) in IL-10 at any of the time points
examined.

Effects on serum IgE

Mice infected with S. mansoni evinced a significant time-

dependent increase in serum IgE levels (Table 3), with
the greatest increase being seen at 12 weeks post-
infection. Treatment of infected mice with praziquantel,
propolis, or rosiglitazone alone, or with praziquantel +
propolis, praziquantel + rosiglitazone, or praziquantel +
BADGE gave rise to significant decreases in the IgE at all
time points as compared to levels in untreated infected
counterparts, maximum effects were again found at 12
weeks post-infection. However, treatment of infected
mice with BADGE alone or rosiglitazone + BADGE
resulted in no significant change (with respect to the
infected untreated control group) in serum IgE at any of
the chosen timepoints.

Effects on serum IgG

Infection with S. mansoni caused a significant time-
dependent increase in serum IgG levels (Table 4), with
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Table 3. Effect of immunomodulating agents and chemotherapy on serum IgE (ng/ml) in mice infected with S. mansoni.

Groups 8" week” 9™ week” 10" week” 11" week” 12" week”
Control 4.95+0.24 4.81 £0.39 5.04 £0.39 4,95 +0.42 4.83 +0.41
DMSO 4.80 +1.01 5.45 +0.58 4.88 +1.07 5.10+£0.85 4,93 +0.68
Infected 62.63 + 1.92* 61.63 +4.66* 63.00 £ 2.51* 63.75 +3.01* 65.13 £ 3.27*
Praziquantel 37.00 + 1.51*® 34.38 + 1.69** 32.25+ 1.67* 30.50 + 2.45*® 30.50 + 4.22*®
Propolis 32.88 + 2.36*° 32.38 +3.11*® 30.00 + 2.00*® 24.50 + 2.45*® 20.13 £ 2.03*®
Rosiglitazone 32.50 + 1.49*® 29.88 + 1.73*® 25.38 + 1.41*® 20.63 +2.67*° 14.38 +2.39*2
BADGE 61.88 +3.44* 62.75 + 3.49* 62.13 £ 3.14* 62.38 +4.24* 62.13 £ 4.22*
Rosiglitazone plus BADGE 58.75 + 5.26* 58.38 + 6.99* 59.38 +4.87* 61.88 +4.19* 62.13+7.12*

Praziquantel plus Propolis
Praziquantel plus Rosiglitazone
Praziquantel plus BADGE

28.38 + 1.69**
30.50 + 1.60*°
33.38 + 3.50*°

26.75 + 1.49**
26.38 + 1.69**
31.38 +6.93**

20.63 + 2.62**
23.25 + 1.28**
31.50 +6.14**

17.25+2.12*°
18.00 + 2.07**
29.13 +5.33**

13.25 + 2.60**
13.13 £2.47*
26.13 +7.10**

*Time post-infection. At p < 0.05. *value is significantly different compared to control and/or ®significant compared to infected-only group.
All values shown are Mean + SD; n=8 for each group.

Table 4. Effect of immunomodulating agents and chemotherapy on serum IgG (ng/ml) in mice infected with S. mansoni.

Groups 8" week” 9™ week” 10" week” 11" week” 12" week”
Control 367.63 +8.53 367.00 +7.82 366.00 +8.50 366.38 + 8.28 372.25+4.77
DMSO 365.38 + 12.36 363.50 + 10.27 365.75 +9.61 363.38 + 10.86 365.38 +11.15
Infected 608.75 + 7.83* 614.88 +4.94* 615. 00 + 4.69* 615.63 £ 8.37* 616.00 = 7.03*
Praziquantel 502.00 + 3.30*2 485.13 £3.44*%  474.25 + 3.62*® 464.13 £ 4.09*2 452.25 +1.67*
Propolis 449.50 +2.07*2 438.00 £ 3.12*2 430.50 + 2.88*2 422.88 +2.90*2 414.25 +3.73*
Rosiglitazone 502.00 + 2.00*2 480.38 + 2.26*2 474.38 +2.83* 463.75 + 3.45*2 454.63 + 3.29*2
BADGE 612.50 £5.13* 612.75 £ 6.39* 612.63 £ 6.16* 612.25 + 3.85* 614.50 + 4.50*

Rosiglitazone plus BADGE
Praziquantel plus Propolis
Praziquantel plus Rosiglitazone
Praziquantel plus BADGE

598.75 £ 14.67*
502.13 +5.82*°
501.88 + 3.04*°
491.13 + 7.40**

612.25 £ 21.52*
461.50 + 4.44**
486.25 + 2.82**
486.00 + 4.63**

607.75 £ 11.80"
442.00 + 4.84**
477.13 +2.36**
462.38 +4.14**

606.88 + 12.25*
419.13 +2.90**
466.63 + 2.26**
445.13 + 4.52**

609.75 £ 7.75*
404.75 + 3.85**
455.13 +2.47**
434.88 + 3.36**

*Time post-infection. At p < 0.05. *value is significantly different compared to control and/or significant compared to infected-only group.

All values shown are Mean + SD; n=8 for each group.

the greatest increase being found at 12 weeks post-
infection. Treatment of infected mice with praziquantel,
propolis, or rosiglitazone alone, or with either a
combination of praziquantel + propolis, praziquantel +
rosiglitazone, or praziquantel + BADGE causing a
significant decrease in serum IgG (as compared to levels
in untreated infected counterparts) at all time points up to
12 weeks post-infection; maximum effects were again
noted at 12 weeks post-infection. Notably, treatment of
infected mice with BADGE alone and rosiglitazone +
BADGE caused no significant changes in (with respect to
the infected untreated control group) in serum IgG at any
of the time points examined.

Effect on serum ALT and AST

Infection with S. mansoni caused a significant increase in
serum ALT levels at all time points beginning at 8 weeks

post-infection (Table 5), the greatest increase was seen
at 12 weeks post-infection. Treatment of the infected
mice with praziquantel, propolis, or rosiglitazone alone, or
a combination of praziquantel + propolis, praziquantel +
rosiglitazone, or praziquantel + BADGE resulted in a
significant decrease in serum ALT at all time points up to
12 weeks post-infection as compared to levels in their
respective untreated infected counterparts.

As with the other endpoints noted previously, the
maximum effects (that is, decreases) were noted at 12
weeks post-infection. In contrast, treatment of infected
mice with BADGE alone or rosiglitazone + BADGE
caused no significant change in ALT levels at any of the
timepoints. The S. mansoni infection also caused a
significant increase in serum AST levels at each of the
time points analyzed; the greatest increase was seen at
12 weeks post-infection (Table 6). Treatment of the
infected mice with praziquantel, propolis, rosiglitazone
alone, or a praziquantel + propolis, praziquantel +
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Table 5. Effect of immunomodulating agents and chemotherapy on serum ALT (U/ml) in mice infected with S. mansoni.
Groups 8" week” 9™ week” 10" week” 11" week” 12" week”
Control 69.00 +£5.73 69.88 +9.20 68.00 £ 11.15 69.50 + 9.65 68.75 £10.33
DMSO 67.1318.57 66.50+9.65 71.25+9.30 67.87+10.28 67.75+11.89
Infected 108.12 £9.83* 106.12+15.46* 104.25 £9.15* 101.13+£11.96* 103.88 £9.86"
Praziquantel 83.88+5.08 ** 82.00+5.18 *@ 77.25+4.50% 75.1315.46a 74.88+4.67°
Propolis 88.00+11.35**  87.75+12.73**  86.87 +10.37** 85.00+11.03** 80.63+12.06%
Rosiglitazone 87.38+10.74 **  87.00+11.51 ** 84.00+7.56*2 83.75+15.66** 77.38+12.27%
BADGE 101.50+£11.65* 105.12+12.29* 101.75£9.07* 102.88+9.89" 105.88+10.29*
Rosiglitazone plus BADGE 100.75+£13.95* 98.50+7.27* 94.50+£10.46* 97.50 £10.77* 96.88 + 11.96*
Praziquantel plus Propolis 79.38+9.10° 73.75+10.26% 73.63+10.43% 72.25 +9.60% 69.25+8.81%
Praziquantel plus Rosiglitazone 77.25+8.63% 72.01+8.03% 72.25+5.31% 69.13+11.06% 67.75 +7.94°
Praziquantel plus BADGE 69.00 +5.73 84.38+7.05*2 68.00 + 11.15 69.50 + 9.65 74.63+11.94%

*Time post-infection. At p < 0.05. *value is significantly different compared to control and/or significant compared to infected-only group.

All values shown are Mean + SD; n=8 for each group.

Table 6. Effect of immunomodulating agents and chemotherapy on serum AST (U/ml) in mice infected with S. mansoni.
Groups 8" week” 9™ week” 10" week” 11" week” 12" week”
Control 137.88+ 9.45 139.25+ 9.05 136.38+£ 9.13 137.75+ 9.50 134.13 £5.22
DMSO 133.87+£13.05 135.37+£12.28 136.50+£10.20 134.50+£10.93 135.50+£11.19
Infected 397.25+ 12.81* 399.25+13.17* 398.62 £ 13.28* 398.50+13.17*  400.00 £ 10.38*
Praziquantel 255.55+15.41*® 233.38+4.75*%  235.88 +31.48*%  210.88 +9.48** 212.25 +6.20**
Propolis 311.00+13.16 **  295.38+ 10.07** 284.75+7.72*2 278.25 +8.50*®  266.00 + 7.73**
Rosiglitazone 253.88+12.68 ** 236.38+4.06 *? 223.38+9.04 **  215.50 +9.29** 206.75+6.61 *2
BADGE 398.62+8.63 * 397.38+12.66 *  402.62 +12.02*  400.50+12.34* 398.25+13.34*

Rosiglitazone plus BADGE
Praziquantel plus Propolis
Praziquantel plus Rosiglitazone
Praziquantel plus BADGE

394.12+ 9.51*
259.75+13.53 **
233.545.21 %
265.00+12.80**

399.75+10.14*
237.75+6.84**
217.75 +7.19*
237.75+9.98**

392.88 £14.08*
226.38 +9.77*°
201.13+8.29*?
228.38+7.73**

402.13+13.79*
210.13+7.90**
180.00+8.43**
210.13+9.55**

402.13+9.37 *
208.75 + 8.60**
134.13 £5.22
135.50+11.19

*Time post-infection. At p < 0.05. *value is significantly different compared to control and/or significant compared to infected-only group.
All values shown are Mean + SD; n=8 for each group.

rosiglitazone, or praziquantel + BADGE resulted in
significant decreases (as compared to levels in untreated
infected mice) in serum AST levels at all of the
timepoints. As with ALT, treatment of infected mice with
BADGE alone or rosiglitazone + BADGE caused no
significant change in AST levels at any of the timepoints.

Effect on hepatic hydroxyproline content

Infection with S. mansoni caused a significant increase in
the hepatic hydroxyproline at each of the time points
analyzed, the greatest increase was seen at 12 weeks
post-infection (Table 7). Treatment of infected mice with
praziquantel, propolis, rosiglitazone alone, or a
praziquantel + propolis, praziquantel + Rosiglitazone or
praziquantel + BADGE resulted in significant decreases

(as compared to levels in untreated infected mice) in the
hepatic hydroxyproline content at all of the time points,
the greatest decreases were seen at 12 weeks post-
infection. On the contrary treatment of infected mice with
BADGE and Rosiglitazone plus BADGE caused no
significant change in the hepatic hydroxyproline content
at any of the time points.

Effects on hepatic and intestinal egg count

Treatment of infected mice with BADGE, Rosiglitazone
and Rosiglitazone + BADGE caused no significant
change in the hepatic egg count at 12 weeks post-
infection as compared with their respective infected
groups (Table 8). However in Praziquantel, Propolis
alone or a Praziquantel + Propolis, Praziquantel +
Rosiglitazone and Praziquantel + BADGE groups, the
mean number of Schistosoma mansoni ova per gram
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Table 7. Effect of immunomodulating agents and chemotherapy on hepatic hydroxyproline (ug/g tissue) in mice

infected with S. mansoni

Groups 8" week” 12" week”
Control 163.75+ 6.50 163.50 £ 7.43
DMSO 162.25 £+ 6.45 166.00 + 12.75
Infected 464. 50 + 6.95* 1141. 38 + 8.40*
Praziquantel 367.25 +7.74*2 862.13 + 5.96*°
Propolis 319.75 + 14.45** 697.75 + 8.08**
Rosiglitazone 353.50 + 6.46** 798.75 + 7.76*a
BADGE 470.00 + 7.93* 1139.50 + 6.52*

Rosiglitazone plus BADGE
Praziquantel plus Propolis
Praziquantel plus Rosiglitazone
Praziquantel plus BADGE

465.00 + 7.87*
211.00 + 7.58**
345.88 + 5.62**
366.75 +4.77**

1141.63 £ 20.30*
579.00 + 16.78**
776.00 + 5.32*°
859.75 + 3.41**

*Time post-infection. At p < 0.05. *value is significantly different compared to control and/or “significant compared to

infected-only group.
All values shown are Mean + SD; n=8 for each group.

Table 8. Effect of immunomodulating agents and chemotherapy on number of ova in

intestine/liver of mice infected with S. mansoni.

Number of ova in intestine Number of ova in liver

Groups (ova/gm intestine) (ova/gm liver)
Control Nil Nil

DMSO Nil Nil
Infected 4841.00 + 311.06 4447.38 + 376.24
Praziquantel 487.5 + 84.72* 380.63 + 13.44*
Propolis 2420.75 + 155.89* 2285.88 + 79.43*
Rosiglitazone 4735.50 + 417.81 4243.38 + 444.04
BADGE 4655.88 + 554.84 4567.88 + 160.43
Rosiglitazone plus BADGE 4695.25 + 454.47 4142.00 + 299.53
Praziquantel plus Propolis 440.63 £ 45.31* 220.75 £ 15.14*
Praziquantel plus Rosiglitazone 518.38 + 33.34" 355.50 + 57.24*

Praziquantel plus BADGE

556.00 + 67.80*

298.88 + 90.75"

At p < 0.05. *value is significantly different compared to control.
All values shown are Mean + SD; n=8 for each group.

liver was significantly decreased as compared with their
respective infected groups.

The mean number of Schistosoma mansoni ova per
gram of intestine in the infected group was 4841.00 +
311.06. Treatment of infected mice with BADGE,
Rosiglitazone alone or Rosiglitazone + BADGE caused
no significant change in the intestinal egg count at 12
weeks post-infection as compared with their respective
infected groups. While treatment of infected mice with
Praziquantel, Propolis alone or a Praziquantel + Propolis,
Praziquantel + Rosiglitazone, and Praziquantel + BADGE
caused significant decreases in the mean number of
Schistosoma mansoni ova per gram of intestine as
compared with their respective infected groups (Table 8).

Effects on hepatic histology

Under the light microscope, the liver from animals
infected with S. mansoni scarified after 12 weeks caused
strong in deposition of positive collagen fibre (Figure 1)
and minimal or absent collagen type IV reaction (Figure
2). Treatment of infected mice with Praziquantel caused
significant increase in deposition of positive collagen cells
in the mouse liver section in comparison with normal
control group (Figure 3). Similarly, treatment of infected
mice with Rosiglitazone caused dense deposition of
positive collagen type IV in the mouse liver sections in
comparison with infected control group (Figure 4).
However, animals treated with the combination of
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Figure 1. Liver section from fibrotic mice (infected group) showing

dense positive collagen Type IV bundles around granuloma (PAP,
250X).

Figure 5. Liver section from infected group treated with
praziquantel + rosiglitazone showing minimal fibrous collagen
deposits around bilharizial ova (PAP, 250X).

Figure 2. Liver section from fibrotic mice (infected group)
showing bilharizial worm inside the venules with minimal collagen
Type IV reaction (PAP, 400X).

Figure 3. Liver section from infected group treated with
praziquantel alone showing large number of positive collagen
deposits in the slice of mouse liver (PAP, 250X).

Figure 4. Liver section from infected group treated with
rosiglitazone alone showing positive fibrous collagen deposits in
the slice of mouse liver (PAP, 250X).

Figure 6. Liver section from infected group treated with BADGE
showing large number of positive collagen deposits in the slice
of mouse liver (PAP, 250X).

Figure 7. Liver section from infected group treated with
BADGE + rosiglitazone showing dense positive collagen Type
IV bundles (PAP, 250X).

Praziquantel plus Rosiglitazone caused dramatic
decrease in deposition of positive type IV collagen in
comparison with infected liver sections (Figure 5). On the
other hand, treatment of infected mice with BADGE alone
or in combination with Rosiglitazone or Praziquantel
caused dense deposition of positive collagen bundles
(Figures 6, 7, and 8). In contrast, treatment of infected
mice with Propolis caused very thin collagen within the
granuloma (Figure 9). The combination of Praziquantel
plus Propolis caused that most of granulomas in
Praziquantel plus Propolis treated mice contained very
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Figure 8. Liver section from infected group treated with BADGE +
praziquantel showing positive fibrous collagen deposits in the
slice of mouse liver (PAP, 250X).

Figure 9. Liver section from infected group treated with
propolis showing very thin collagen within the granuloma in the
slice of mouse liver (PAP, 250X).

fine collagen fibres with a minimal interstitial and
perivascular collagen deposition (Figure 10).

DISCUSSION

Schistosomiasis is the major public health problem in
rural Egypt. The main agent of human schistosomiasis is
Schistosoma mansoni (dos Santos et al., 2007). Previous
study reported that the severity of the disease has been
shown to be a consequence of immunopathological
processes that lead to the development of fibrosis caused
by delayed-type inflammatory granulomatous reaction
around the schistosome eggs that are trapped in the
small vessels of the liver. However, granulomas exert
protective effects, since mice which fail to develop
granulomas experience extensive hepatotoxic effects
around the parasite eggs (Amiri et al., 1992).

The present study was designed to assess the possible
disturbances in the immune system that is associated
with Schistosomiasis-induced hepatic fibrosis and the
possible mechanism through which the different
immunomodulating agents can produce their beneficial
effects in Schistosomiasis induced hepatic fibrosis. This
was achieved by determination of cellular immunity
(Serum IL-2 and IL-10) and humoral immunity (IgG and

Figure 10. Liver section from infected group treated with propolis +
praziquantel showing minimal or absent collagen Type IV inside or
around granuloma in the slice of mouse liver (PAP, 250X).

IgE), ALT, AST, hepatic hydroxyproline content as a
fibrotic markers and egg count in tissues (liver and
intestine) as well as the histopathological and
immunohistochemical examination of the liver.

The granulomatous reaction around schistosome eggs
in the liver and the hepatic fibrosis critically dependent on
IL-2 levels (Cheever et al., 1993). Infection of mice with
S. mansoni caused significant decreases in all time
points analyzed, the greatest increase having been seen
at 12 weeks post-infection. Yamashita et al., 1987
observed an 80 to 90% reduction in the production of IL-2
produced by infected mice, which was not accounted for
by a reduction in the number of IL-2 producing T-
lymphocytes and suppressive macrophages. On the
contrary, Khalil et al. (1995) revealed that IL-2 level was
higher in all patients infected with schistosomiasis and
the level was higher in lightly infected group than heavily
infected ones with no respect to age. Praziquantel is an
effective but safe non hepatotoxic schistosomicide drug
(Khalil et al., 1995) that may reverse schistosomal-
induced liver pathology and eliminate the parasitic worms
from infected host. Also, it was able to reduce the number
of ova in both the liver and intestine with complete
absence of immature stages and increase of the number
of dead ova (Mahmoud et al., 2002). After antischisto-
somal therapy with praziquantel, IL-2 became up to
normal within 3 months (Khalil et al., 1995). These results
are in accordance with the finding reported in this study
since, treatment with praziquantel caused significant
increase in serum IL-2 when compared to levels in
untreated infected hosts, the greatest increase was found
at 12 weeks post-infection. In this study, treatment of
infected mice with Propolis alone caused no significant
change in the serum IL-2 at all time points determined up
to 12 weeks compared with their respective infected
groups.

On the other hand, treatment of infected mice with
praziquantel + propolis caused a time dependant
increase in the serum IL-2. These results could be
explained by the findings of Popova et al. (2004) who
reported that several types of flavonols (contents of
propolis) stimulate human peripheral blood leukocyte



proliferation. They significantly increase the activity of
helper T-lymphocytes, cause increases in the levels of
cytokines IL-2 and interferon [IFN]-y, and help to activate
macrophages and are thus useful in the treatment of
several diseases caused by immune dysfunction
(Kawakita et al., 2005). It is thus apparent that the
immunostimulatory effect produced by the Propolis may
be due to cell mediated and humoral antibody mediated
immune response. So that, administration of propolis and
its extract increase IL-2 (Havsteen, 2002).

In the present study, it was found that, treatment of
infected mice with rosiglitazone alone revealed a time
dependent decrease in the serum IL-2. Treatment of
infected mice with praziquantel in combination with
rosiglitazone caused a time-dependant increase in the
serum IL-2 when compared with their respective infected
groups (maximum increases were found at 12 weeks
post-infection). These results in agreement with Clark et
al. (2000) who suggested an immunoregulatory role of
PPAR in macrophages and monocytes, but recently also
on lymphocyte function. It has been shown that PPAR
ligands inhibit T-helper cell responses in terms of
inhibition of IL-2 production by T-cell clones, while not
inhibiting proliferation of such clones. Similarly, data from
murine splenocytes showed that PPARy and PPARy
ligands decreased IL-2 and IFNa production in mitogen-
activated cells, but had modest effects on proliferation
(Cunard et al., 2002).

On the other hand in mice infected with Schistosoma
mansoni live cercariae showed a time dependent
increase in serum IL-10 level compared with the control
group. The highest increase was found after 12 weeks.
Treatment of infected mice with praziquantel revealed
significant decrease in the serum IL-10 when compared
with their respective infected group. The maximum
decrease was found after 12 weeks. IL-10 involved in the
regulation of T- lymphocyte responses in cases of human
schistosomiasis, IL-10 undoubtedly plays a key role in
controlling infection (Coutinho et al., 2010). Although,
several publications reported the anti-inflammatory role of
this cytokine (Cameron et al., 1997; Nicoletti et al., 1997;
Amirshahrokhi et al., 2008), the present study may
support the pre-described suggestion since serum IL-10
level was increased in the present infected mice in such
condition. This controversy may be due to the evidence
that IL-10 is a multifunctional cytokine with adverse
effects on different immune cells (Moore et al., 2001).
Martins-Leite et al. (2008) observed a significant
reduction in the level of IL-10 following treatment with
praziquantel in individuals with and without hepatic
fibrosis. Previous research involving subjects with chronic
schistosomiasis had suggested that the levels of IL-10
secretion are dependent on the intensity of infection, as
determined by the number of eggs in the stool (Silveira et
al., 2004).

In our study, treatment of infected mice with propolis
and a combination of praziquantel + propolis resulted in a
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significant decrease in serum IL-10 level (compared with
values in the infected-only hosts) at all time points
determined up to 12 weeks post-infection. The maximum
decreases were found at 12 weeks. These results are in
agreement with those of Sy et al. (2006) who found that
administration of propolis and its extract strongly inhibit
IL-10 secretion and exhibited anti-inflammatory effects.

On the other hand, treatment of infected mice with
rosiglitazone alone showed no significant change in the
serum IL-10 at all time points determined up to 12 weeks
compared with their respective infected groups.
Treatment of infected mice with praziquantel +
rosiglitazone showed significant decrease in the serum
IL-10 at all time points determined up to 12 weeks
compared with their respective infected groups. The
maximum decreases were found after 12 weeks. These
results are in agreement with Clark et al. (2000) who
suggested an immunoregulatory role of PPAR in
macrophages and monocytes, but recently also on
lymphocyte function. It has been shown that PPAR
ligands inhibit T helper cell responses in terms of
inhibition of interleukin (IL)-2 production by T cell clones,
while not inhibiting proliferation of such clones. Similarly,
data from murine splenocytes showed that PPAR-a and
PPAR-y ligands decreased IL-2 and interferon (IFN)-y
production in mitogen-activated cells, but had modest
ejects on proliferation (Cunard et al., 2002), while IL-10
production and leukocyte infiltration remained unchanged
(Efrati et al., 2008).

Mice infected with Schistosoma mansoni live cercariae
showed a time-dependent increase in serum IgE, IgG
levels compared with the control group. The highest
increase was found after 12 weeks. The present study
showed that administration of praziquantel induced
significant decrease in the serum IgE and IgG at all time
points determined up to 12 weeks compared with their
respective infected group, the maximum decreases were
found at 12 weeks post-infection. Stevens et al. (1983)
found that the concentration of total serum IgE and IgG
were lowest in patients mono-infected with Schistosoma
haematobium and highest in those with a mixed infection.
Schistosoma mansoni may be considered to release
more soluble antigenic material into circulation than S.
haematobium, stimulating more intensively IgE- and IgG-
producing B-lymphocytes. This should consequently lead
to higher concentrations of IgE and IgG. The rapid
reduction of serum IgE after specific chemotherapy has
already been noted by lto et al. (1972) and Kojima et al.
(1972) who found that with S. japonicum, IgE concen-
trations reduced approximately by 50% 2 to 4 months
after chemotherapy. The noted similar tendency of 1gG to
fall after efficient chemotherapy has been confirmed in a
study of more heavily infected patients (Stevens et al.,
1983).

In our study, treatment of infected mice with propolis
and a combination of praziquantel + propolis resulted in a
significant decrease in serum IgE, and IgG levels
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(compared with values in the infected-only hosts) at all
time points determined up to 12 weeks post-infection.
The maximum decreases were found at 12 weeks. These
results are in agreement with those of Sy et al. (2006)
who found that administration of propolis and its extract
strongly reduce serum levels of IgG and IgE, and
exhibited anti-inflammatory effects.

Rahl et al. (2003) demonstrated that the PPARYy ligand
and, to a greater extent, the PPARYy ligand inhibit IgE
production and also the production of other isotypes (IgG
and IgM) in vitro and in vivo. Co-culture experiments of B-
lymphocytes and monocytes showed that the PPAR
ligand-associated inhibition of IgE production is not
directly mediated through activated B-lymphocytes, but
rather primarily indirectly mediated via regulatory signal
pathways of monocytes. The analysis of supernatants
from peripheral blood monocyte (PBMC) in the presence
of PPAR ligands revealed that inhibition of IgE synthesis
is most likely related to the reduced secretion of several
cytokines. In this study treatment of infected mice with
rosiglitazone alone or praziquantel + rosiglitazone
showed significant decrease in the serum IgE and IgG at
all time points determined up to 12 weeks post-infection
compared with levels in the respective untreated infected
hosts (maximum decreases were found at 12 weeks
post-infection).

In the present study, mice infected with S. mansoni
showed a time-dependent increase in serum ALT and
AST levels compared with their control group. The
highest increase in the serum ALT and AST were found
after 12 weeks. The elevation of serum ALT and AST of
infected mice seems to be a consequence of the damage
of hepatic cells and/or impaired permeability of cell
membranes, or may be due to heavy schistosome egg
deposition (Giboda et al., 1994).

Treatment of infected mice with praziquantel revealed
significant decrease in the serum ALT and AST when
compared with their respective infected group. The
maximum decreases were found after 12 weeks. These
results are in accordance with the findings of Mahmoud
et al. (2002) who found that mice infected with S.
mansoni live cercariae showed elevation of serum ALT
and AST levels compared with the normal control group
and treatment of infected mice with Praziquantel revealed
reduction in the serum ALT and AST nearly to the normal
values at 16 weeks post infection.

In the present study treatment with propolis produced
an effective action against the hepatosplenic damaging
effect, caused by Schistosoma mansoni infection, as
shown by reducing the number of ova count in the liver
and in the intestine and reduced the granuloma size.
Eventually, the liver functions were improved as
evidenced by a decrease of the elevated serum levels of
ALT and AST when compared with their respective
infected group. Similarly combination of praziquantel +
propolis showed significant decrease in the serum ALT
and AST at all time points determined up to 12 weeks

compared with their respective infected groups. The
effect of propolis could, at least partly, be attributed to
drug-induced modulation of the immune response to
schistosome eggs trapped in the liver. In murine
schistosomiasis, a variety of cytokines and lymphokines
are implicated as mediators of the granulomatous inflam-
matory response (lssa, 2007). Accordingly, manipulation
of cytokine levels can modify the intensity of the
inflammatory response. Several studies point to the effect
of propolis on the immune system. It was found to
produce an increase in the ratio of helper to suppressor T
cells and to enhance natural killer cell activity in normal
volunteers (Sforcin, 2007).

Our experiments showed that treatment of infected
mice with rosiglitazone, ameliorated hepatocyte degene-
ration, necrosis and infiltration of inflammatory cells and
reduced the scores of necroinflammation significantly
compared with model group. Liver functions (ALT, AST)
were also improved apparently, treatment of infected
mice with rosiglitazone alone or a combination of
praziquantel + rosiglitazone revealed significant decrease
in the serum ALT and AST when compared with their
respective untreated infected hosts (maximum decreases
were found at 12 weeks post-infection). These results
demonstrated that PPARy agonists also had anti-
inflammatory effects, and subsequently retarded the
progression of hepatic fibrosis in mice. Currently, the U.S.
Food and Drug Administration (FDA) have approved two
thiazolidinediones (TZD) (that is, rosiglitazone and
pioglitazone) for the treatment of Type 2 diabetes. A
wealth of clinical studies indicated that rosiglitazone and
pioglitazone have no hepatotoxicity (Yuan et al., 2004).
Our experiments also showed that after administration
with rosiglitazone for 5 weeks, no mice were observed to
have hepatotoxicity; moreover, their liver functions (ALT,
AST) were improved greatly compared with model mice.
In conclusion, rosiglitazone, a PPARy ligand, greatly
retards the progression of experimental hepatic fibrosis
through inhibition of HSC activation and amelioration of
hepatocyte necroinflammation in mice. Therefore, it is a
potential new antifibrotic drug for clinical application.

Mice infected with Schistosoma mansoni live cercariae
showed a time dependent increase in serum hepatic
hydroxyproline levels compared with the control group.
The highest increase was found after 12 weeks. Also, our
results revealed that the mean number of Schistosoma
mansoni ova per gram liver and intestine in the infected
group were 4447.38 + 376.24 and 4841.00 = 311.06,
respectively. These results, supported by immunohistoch
emical examination of liver section, showed large number
of positive collagen cells distributed not only in the central
venule pericytes and the linkage region of lobules but
also in fibrous proliferation and Disec cavities.

These results are in agreement with Cheever et al.
(1994) who found that the magnitude of the granulo-
matous fibrosis and the severity of the fibrotic response
appear to be dependent on the strain of host involved.



However, other investigators found that cytokines
regulate the fibrotic process in both human (Henri et al.,
2002) and murine infections (Fallon et al., 2000). Finally,
the outcome of fibrosis is also influenced by the degra-
dative matrix metalloproteinases (Nagase and Woessner,
1999) that break down the collagens produced, and by
tissue inhibitors of these metalloproteinases which
enhance fibrosis. Metalloproteinases have been reported
to be located within the infected liver (Gomez et al.,
1999).

The present study was designed to assay the total
collagen contents of granulomatous liver, measured in
terms of hydroxyproline content. Infected mice treated
with praziquantel showed significant decrease in the
hepatic hydroxyproline content. The maximum decrease
was found after 12 weeks. It was interesting to find that,
praziquantel affected the level of hepatic hydroxyproline
content but did not affect histopathological changes in the
liver section.

Also, treatment of infected mice with propolis alone or
in combination with praziquantel in this study showed
significant decrease in the hepatic hydroxyproline content
after 12 weeks compared with their respective infected
groups. The maximum decreases were found after 12
weeks. The combination of praziquantel + propolis was
the best combination to decrease the value of hepatic
hydroxyproline content. In agreement with these results,
Chen et al. (2008) found that administration of propolis
inhibited tTG activation and prevented the development
of thioacetamide (TAA)-induced liver cirrhosis. Since
propolis is safe for consumption by humans, it may have
a beneficial role in chronic liver diseases caused by
ongoing hepatic damage.

Treatment of infected mice with rosiglitazone and
praziquantel + rosiglitazone showed significant decrease
in the hepatic hydroxyproline content after 12 weeks,
compared with their respective infected groups. Galli et
al., (2002) found that rosiglitazone administration
decreases the hepatic hydroxyproline content to the
normal levels as controls. Intriguingly, rosiglitazone
induces PPAR-y activation to inhibit collagen and
fibronectin synthesis in human HSCs initiated by
transforming growth factor (TGF)-B in vitro. These
findings implicate PPAR-y activation in HSC retarded
fibrosis, suggesting the use of PPAR-y ligands for the
treatment of fibrosis following liver injury.

Also, praziquantel treatment led to highly significant
decrease in eggs per gram tissue (liver and intestine).
This reduction is manifested in egg deposition in the liver
and large intestine, which results are in basic agreement
with the finding of Isaa (2007). The main possible
explanations for these results are that praziquantel was
able to reduce the S. mansoni worm and/or regulates the
adhesion molecules playing a key role in egg trapping
and increase the mobilization of eggs from liver and
intestine to the exterior of the body in the feces. These
data may suggest an anti-fibrotic effect of praziquantel in
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the early stage of liver fibrosis. Praziquantel might be
able to block liver fibrosis through killing parasites to
alleviate liver inflammation (Mahmoud et al., 2002; Issa,
2007).

The effect of propolis could, at least partly, be attributed
to drug-induced modulation of the immune response to
schistosome eggs trapped in the liver since, in murine
schistosomiasis, a variety of cytokines and lymphokines
have been implicated as mediators of the granulomatous
inflammatory response (Issa, 2007).

The present study demonstrated that propolis
administration alone or in combination with praziquantel
significantly decreased tissue load compared with
infected untreated mice, a decrease that was also mani-
fested in egg deposition in the liver and large intestine.
This reduction was significantly different from that in
infected untreated mice. These results could be
explained by Ibrahim et al. (2000) who found that, the
reduction in the number of eggs in the intestine and liver
of mice infected with Schistosoma mansoni, after
administration of propolis, is most probably secondary to
that occurring in the worm load and its direct effects on
the eggs, due to the enhancement of the immunological
reactions. It has been recorded that when treatment was
done with a daily dose of 250 mg/kg, starting from the
first day of infection and with sacrifice at 16 weeks post-
infection, there was a reduction in worm load compared
to control, but the worms were not completely eradicated.
Also, Issa (2007) found that administration of propolis to
infected mice with Schistosoma mansoni produced direct
effect on the eggs due to the enhancement of the
immunological reactions. These findings are explained by
reduction in worm load compared to the control group
although the worms were not completely eradicated.

Combination of praziquantel + rosiglitazone led to a
highly significant reduction in eggs per gram tissue (in
liver and intestine). This reduction is manifested in egg
deposition in liver (92%) and in the large intestine
(89.2%) compared with their respective infected groups.
On the other hand, treatment by rosiglitazone alone did
not show any significant change in hepatic or intestinal
egg count when compared with untreated infected group.

Immunohistochemical examination of liver section from
praziquantel-treated mice preserved non-significant
changes in the fibroplasias, hepatocellular necrosis and
inflammatory cell infiltration in the liver sections when
compared with infected fibrotic group. In agreement with
this result, Chen et al. (2008) found that treatment of
mice with praziquantel alone did not show any significant
changes in the liver sections compared with infected non-
treated mice.

Immunohistochemical examination of liver section from
mice treated with propolis alone or in combination with
praziquantel, showed little expression of Type IV collagen
which was found only in the central venule pericytes and
the linkage region of lobules from the mouse liver, and
these results could be explained by Fitzpatrick et al.
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(2001) who found that caffeic acid phenylethyl ester
(CAPE) is an active component of propolis from
honeybee hives that is widely known for its antiviral, anti-
inflammatory, and immunomodulatory properties. Also,
CAPE can suppress NF-B activation and thereby inhibits
inflammatory responses and significantly reduces the
level of pro-inflammatory cytokines (tumor necrosis factor
[TNF] and IL-1) (Bose et al., 2009).

Immunohistochemical examination of liver sections
from mice treated with rosiglitazone alone or in combi-
nation with praziquantel showed few collagens in the
central venule pericytes and the linkage region of lobules
from mouse liver. These results also suggest that PPARy
ligand, rosiglitazone can impede liver fibrosis after
Schistosoma infection. In agreement with these results,
Chen et al. (2008) found that treatment of mice with
rosiglitazone showed a significant reduction of liver
fibrosis induced by Schistosoma japonicum. The effect of
this compound on preventing liver fibrosis may be
through down regulation of liver TGF-a, and collagens.

In order to elucidate whether the anti-inflammatory
effect of rosiglitazone observed here is related to
activation of the PPARYy receptor, we also investigated
the effect of a PPARYy antagonist, bisphenol diglycidyl
ether (BADGE), on the anti-inflammatory effects of
rosiglitazone. The present study demonstrated that pre-
treatment of hosts with BADGE attenuates the protective
effects of rosiglitazone. Thus, we conclude that activation
of PPARYy (i) reduces development of inflammation, and
(i) contributes to the anti-inflammatory effects of
rosiglitazone.

Treatment of infected mice with BADGE and
rosiglitazone + BADGE showed no significant change in
serum IL-2, IL-10, IgE, 1gG, ALT, and AST levels, hepatic
hydroxyproline content, and egg count (in liver and
intestine) at all time points determined up to 12 weeks
post-infection as compared with values associated with
the infected-only hosts. Immunohistochemical examina-
tion also revealed no significant changes compared with
fibrotic untreated mice.

Treatment of monocytes and macrophages with high
concentrations of PPAR-y agonists reduced secretion of
inflammatory cytokines and inhibited macrophage
activation. In particular, treatment of monocytes with TZD
reduced release of inflammatory cytokines, such as
tumor necrosis factor (TNF), interleukin (IL)-1, and IL-6
(Cuzzocrea et al., 2004). In the present study, we found
that the co-administration of BADGE and Rosiglitazone
blocked these effects of the PPAR-y agonist. These
findings, therefore, confirm (i) that inflammation results in
the activation and the subsequent expression of pro-
inflammatory inflammatory cytokines, and suggest (ii) that
rosiglitazone activates the PPAR-y receptor resulting in
the reduction of the release of these of inflammatory
cytokines.

In conclusion, rosiglitazone and Praziquantel produce
best beneficial immunomodulating effects against the
onset/progression of schistosomiasis-induced hepatic

fibrosis. Additionally, the association of Propolis and
Praziquantel increased the potency of the humoral and
cellular responses. The use of Propolis extract as an
adjuvant might contribute to the efficacy of Praziquantel.

ACKNOWLEDGEMENT

My deepest thanks go to my dear Prof. Dr. Karema El-
Desoky professor of Pathology, Faculty of Medicine,
Tanta University, for her helpful assistance and the
valuable time she dedicated to this work. The authors
acknowledge the support of Faculty of pharmacy, Tanta
University, Egypt for the grants used to do this research.

REFERENCES

Amiri P, Locksley RM, Parslow TG, Sadick M, Rector E, Ritter D,
McKerrow J H (1992). Tumor necrosis factor-a restores granulomas
and induces parasite egg-laying in schistosome-infected SCID mice.
Nat., 356: 604-607.

Amirshahrokhi K, Dehpour AR, Hadjati J, Sotoudeh M, Ghazi-Khansari
M (2008). Methadone ameliorates multiple-low-dose streptozotocin-
induced diabetes in mice. Toxicol. Appl. Pharmacol., 232: 119-124.

Bancroft JD, Gamble M (2002). Theory and Practice of Histological
Techniques. 5" Edition. London: Harcourt Publisher Ltd., 153: 175-
258.

Bose JS, Gangan V, Jain SK, Manna SK (2009). Down-regulation of
inflammatory responses by novel caffeic acid ester derivative by
inhibiting NF-x-B. J. Clin. Immunol., 29: 90-98.

Botros SS, Mahmoud MR, Moussa MM, Nosseir MM (2007).
Immunohistopathological and biochemical changes in Schistosoma
mansonkinfected mice treated with artemether. J. Infect. 55: 470-477.

Brasier AR (2006). The NF-x-B regulatory network. Cardiovasc.
Toxicol., 6: 111-130.

Brew K, Dinakarpandian D, Nagase H (2000). Tissue inhibitors of
metalloproteinases: Evolution, structure and function. Biochim.
Biophys. Acta, 1477: 267-283.

Cameron MJ, Arreaza GA, Zucker P, Chensue SW, Strieter RM,
Chakrabarti S, Delovitch TL (1997). IL-4 prevents insulitis and insulin-
dependent diabetes mellitus in non-obese diabetic mice by
potentiation of regulatory T-helper-2 cell function. J. Immunol., 159:
4686-4692.

Castaldo S, Capasso F (2002). Propolis, an old remedy used in modern
medicine. Fitoterapia, 73: S1-S6.

Cheever AW (1968). Condition affecting the accuracy of potassium
hydroxide digestion techniques for counting Schistosoma mansoni
eggs in tissues. Bull. World Health Org., 39: 328-331.

Cheever AW, Williams ME, Wynn TA, Finkelman FD, Seder RA, Cox
TM, Hieny S, Caspar P, Sher A (1994). Anti IL-4 treatment of
Schistosoma mansoniinfected mice inhibits development of T-cells
and non-B-, non-T-cells expressing Tu2 cytokines while decreasing
egg-induced hepatic fibrosis. J. Immunol., 153: 753-779.

Cheever AW, Xu Y, Sher A, Finkelman FD, Cox TM, Macedonia JG
(1993). Schistosoma japonicum-infected mice show reduced hepatic
fibrosis and eosinophilia and selective inhibition of IL-5 Secretion by
CD4" cells after treatment with anti-IL-2 antibodies. Infect. Immun.,
61: 1288-1292.

Chen H, He YW, Liu WQ, Zhang JH (2008). Rosiglitazone prevents
murine hepatic fibrosis induced by Schistosoma japonicum. World J.
Gastroenterol., 14: 2905-2911.

Clark RB, Bishop-Bailey D, Estrada-Hernandez T, Hla T, Puddington L,
Padula SJ (2000). The nuclear receptor PPARLC and
immunoregulation: PPARy mediates inhibition of helper T-cell
responses. J. Immunol., 164: 1364-1371.

Claus R, Kinscherf R, Gehrke C, Bonaterra G, Basnet P, Metz J,
Deigner H (2000). Anti-apoptotic effects of propolis extract and



propol on human macrophages exposed to minimally modified low-
density lipoprotein. Arzneimittel-Forsch. 50: 373-379.

Coutinho EM, de Oliveira SA, de Barros AF, Silva FL, Ramos RP
(2010). Manson’s schistosomiasis in the undernourished mouse:
Some recent findings. Mem. Inst. Oswaldo Cruz, Rio de Janeiro 105:
359-366.

Cunard R, Ricote M, DiCampli D, Archer DC, Kahn DA, Glass CK, Kelly
CJ (2002). Regulation of cytokine expression by ligands of
peroxisome proliferator-activated receptors. J. Immunol., 168: 2795-
2802.

Cuzzocrea S, Pisano B, Dugo L, lanaro A, Maffia P, Patel NS, Di Paola
R, lalenti A, Genovese T, Chatterjee PK, Di Rosa M, Caputi AP,
Thiemermann C (2004). Rosiglitazone, a ligand of the peroxisome
proliferator-activated receptor-y, reduces acute inflammation. Eur. J.
Pharmacol., 483: 79-93.

dos Santos AF, de Azevedo DP, dos Santos Mata RC, de Mendonca D,
Sant’Ana AE (2007). The lethality of Euphorbia conspicua to adults of
Biomphalaria glabrata, cercaria of Schistosoma mansoni and larvae
of Artemia salina. Bioresource Technol., 98: 135-1399.

Efrati S, Berman S, Chachashvili A, Cohen N, Averbukh Z,
Weissgarten J (2008). Rosiglitazone treatment attenuates expression
of inflammatory hallmarks in the remaining kidney following
contralateral nephrectomy. Am. J. Nephrol., 28: 238-245.

Fallon PG, Richardson E, McKenzie GJ, McKenzie AN (2000).
Schistosome infection of transgenic mice defines distinct and
contrasting pathogenic roles for IL-4 and IL-13: IL-13 is a pro-fibrotic
agent. J. Immunol., 164: 2585-2591.

Fitzpatrick LR, Wang J, Le T (2001). Caffeic acid phenethyl ester, an
inhibitor of nuclear factor-[1B, attenuates bacterial peptidoglycan
polysaccharide-induced colitis in rats. J. Pharmacol. Exp. Ther., 299:
915-920.

Friedman SL (2004). Mechanisms of disease: Mechanisms of hepatic
fibrosis and therapeutic implications. Nat. Clin. Pract. Gastroenterol.
Hepatol., 1: 98-105.

Giboda M, Smith JM, Prichard RK (1994). Reduction in tissue egg load
and maintenance of resistance to challenge in mice infected with S.
mansoni following combined treatment with praziquantel and an anti-
fibrotic agent. Ann. Trop. Med. Parasitol., 88: 385-395.

Gomez DE, de Lorenzo MS, Alonso DF, Andrade ZA (1999).
Expression of metalloproteinases (MMP-1, MMP-2, and MMP-9) and
their inhibitors (TIMP-1 and TIMP-2) in schistosomal portal fibrosis.
Am. J. Trop. Med. Hyg., 61: 9-13.

Hagan P, Appleton CC, Coles GC, Kusel JR, Tchuem-Tchuente LA
(2004). Schistosomiasis control: Keep taking the tablets. Trends
Parasitol., 20: 92-97.

Havsteen BH (2002). The biochemistry and medical significance of the
flavonoids. Pharmacol. Ther., 96: 167-202.

Henri S, Chevillard C, Mergani A, Paris P, Gaudart J, Camilla C,
Dessein H, Montero F, Elwali NE, Saeed OK, Magzoub M, Dessein
AJ (2002). Cytokine regulation of periportal fibrosis in humans
infected with Schistosoma mansoni: IFN-y is associated with
protection against fibrosis and TNF-a with aggravation of disease. J.
Immunol., 169: 929-036.

Ibrahim SA, Abdel Hamid SE, Hahem NI, Abdel Samei HA, Adarousm
HM (2000). Parasitological, immunological and histopathological
study on the effect of propolis on Schistosoma haematobium infection
in the Syrian golden Hamster. Egypt. J. Med. Sci., 21: 7-22.

Issa RM (2007). Schistosoma mansoni: The prophylactic and curative
effects of propolis in experimentally-infected mice. Rawal. Med. J.,
32: 94-98.
lto K, Sawada T, Sato S (1972). Increased serum IgE level in
individuals infected with Schistosoma japonicum, Wuchereria
hancrofti, or hookworm, and the changes by treatment in
schistosomiasis. Japan. J. Exp. Med., 41: 115-123.

Kawakita SW, Giedlin H, Nomoto K (2005). Immunomodulators from
higher plants. J. Nat. Med., 46: 34-38.

Khalil HM, Bebars MA, el Badawy NM, Abdallah HM, Khalil NM, el
Zayyat T and el-Din MS (1995). Effect of praziquantel treatment on
hepatic pathology of S. mansoni experimentally-infected mice. J.
Egypt. Soc. Parasitol., 25: 269-277.

King CL (2001). Initiation and regulation of disease in schistosomiasis.
In: Schistosomiasis (Mahmoud, A. A. F., Ed.), London: Imperial

El-Sisi et al 45

College Press, pp: 213-264.

Kloos H, David R (2002). The paleo-epidemiology of schistosomiasis in
ancient Egypt. Res. Human Ecol., 9: 14-25.

Kojima S, Yokogawa M, Tada T (1972). Raised levels of serum IgE in
human helminthiases. Am. J. Trop. Med. Hyg., 21: 913-918.

Mahmoud MR, El-Abbar HS, Saleh S (2002). The effect of Nigella
sativa oil against the liver damage induced by S. mansoni infection in
mice. J. Ethnopharmacol., 79: 1-11.

Martins-Leite P, Gazzinelli G, Alves-Oliveira LF, Gazzinelli A, Malaquias
LC, Correa-Oliveira R, Teixeira-Carvalho A, Silveiral AM (2008).
Effect of chemotherapy with praziquantel on the production of
cytokines and morbidity associated with S. mansoni. Antimicrob.
Agents Chemother., 52: 2780-2786.

Moore KW, Malefyt RD, Coffman RL, O’Garra A (2001). Interleukin-10
and the IL-10 receptor. Annu. Rev. Immunol., 19: 683-765.

Mufioz P, Valerio M, Puga D, Bouza E (2010). Parasitic infections in
solid organ transplant recipients. Infect. Dis. Clin. North Amer., 24:
461-495.

Nagase H, Woessner Jr JF (1999). Matrix metalloproteinases. J. Biol.
Chem., 274: 491-494.

Nicoletti FG, Mancuso FA. Ciliberti C, Beninatti M, Franco S (1997).
Endotoxin-induced lethality in neonatal mice is counteracted by
interleukin-10 (IL-10) and exacerbated by anti-IL-10. Clin. Diagn. Lab.
Immunol., 4: 607-610.

Popova M, Bankova V, Butovska D, Petkov V, Nikolova-Damyanova B,
Sabatini AG, Marcazzan, GL, Bogdanov S (2004). Validated methods
for quantification of biologically-active constituents of poplar type
propolis. Phytochem. Anal., 15: 235-240.

Reddy GK, Enwemeka CS (1996). A simplified method for the analysis
of hydroxyproline in biological tissues. Clin. Biochem., 29: 225-229.
Reitman S, Frankel S (1957). A colorimetric method for the
determination of serum glutamic oxaloacetic and glutamic pyruvic

transaminases. Am. J. Clin. Pathol., 28: 56-63.

Rahl R, Dahten A, Schweigert FJ, Herz U, Worm M (2003). Inhibition of
IgE-production by peroxisome proliferator-activated receptor ligands.
J. Invest. Dermatol., 121: 757-764.

Sforcin JM (2007). Propolis and the immune system: a review. J.
Ethnopharmacol., 113: 1-14.

Silveira AM, Gazzinelli G, Alves-Oliveira LF, Bethony J, Gazzinelli A,
Carvalho-Queiroz C, Alvarez MC, Lima-Silva FC, Prata A, LoVerde
PT, Correa-Oliveira R (2004). Human Schistosomiasis mansoni:
Intensity of infection differentially affects the production of IL-10, IFN-
v, and IL-13 by soluble egg antigen or adult worm antigen stimulated
cultures. Trans. Royal Soc. Trop. Med. Hyg., 98: 514-519.

Stevens WJ, Feldmeir H, Bridts CH, Daffallat AA (1983). IgG and IgE
circulating immune complexes, total serum IgE and parasite related
IgE in patients with mono- or mixed infection with S. mansoni and/or
S. haematobium. Influence of therapy. Clin. Exp. Immunol., 52: 142-
152.

Sy LB, Wu YL, Chiang BL, Wang YH, Wu WM (2006). Propolis extracts
exhibit an immunoregulatory activity in an OVA-sensitized airway
inflammatory animal model. Int. Immunopharmacol., 6: 1053-1060.

Taylor CR, Shi SR, Barr NJ, Wu N (2002). Chapter 1.
Immunohistochemistry Techniques in Surgical Pathology and
Cytopathology. In: Diagnostic Immunohistochemistry (Dabbs, D.,
Ed.), Philadelphia: Churchill Livingstone. pp. 3-29.

Yamashita T, Watanabe T, Sendo F (1987). Studies on the
immunological disturbance in murine Schistosomiasis japonica from
the viewpoint of the interleukin cascade reaction. Immunol., 62: 215-
221.

Yang C, Jian P, Lie-ming XU (2007). Effects of curcumin on peroxisome
proliferator-activated receptor-y expression and nuclear
translocation/redistribution in culture-activated rat hepatic stellate
cells. Chinese Med. J., 120: 794-801.

Yuan GJ, Zhang ML, Gong ZJ (2004). Effects of PPAR-y agonist
pioglitazone on rat hepatic fibrosis. World J. Gastroenterol. 10: 1047-
1051.

Zhao CY, Jiang LL, Li L, Deng ZJ, Liang BL, Li JM (2004). Peroxisome
proliferator activated receptor-y in pathogenesis of experimental fatty
liver disease. World J. Gastroenterol., 10: 1329-1332.



