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Abstract
This study evaluated the possible antifibrotic effect of pentoxifylline on experimentally in-

duced schistosomal hepatic fibrosis and its effect on serum leptin and transforming growth fac-
tor-β1 levels as possible antifibrotic mechanisms in correlation with the hepatic fibrosis indices.

A total of ninety clean laboratories bred, males Swiss, albino mice were included, of which
ten mice served as a control non-infected, non-treated group and sacrificed at one time. Eighty
mice, each was subcutaneously infected with 50 Schistosoma mansoni cercariae and classified
into groups: GI (infected & non-treated), GII (infected & treated with Mirazid®), GIII (infected
& treated with Pentoxifylline®) and GIV (infected & treated with a combination of Mirazid and
Pentoxifylline). Each group was further subdivided into 2 subgroups; subgroup ‘a’ which start-
ed treatment at 6th week post-infection (P.I.) and sacrificed at the end of 9th week P.I and  sub-
group ‘b’ which started treatment at 14th week P.I and sacrificed at the end of 17th week P.I. The
efficacy of the treatment was assessed by histopathological examination of the liver with meas-
urement of granuloma sizes, estimation of hydroxyproline content in the liver, and assessment
of serum levels of leptin and transforming growth factor- ß1 (TGF- ß1)

Mirazid (MZD) caused significant reductions in granuloma sizes and hepatic hydroxyproline
content and caused non-significant reductions in serum levels of leptin and transforming growth
factor- ß1 at 9th & 17th weeks P.I (GII). Pentoxifylline (PTX) caused significant reductions in
granuloma sizes, hepatic hydroxyproline, and serum levels of leptin and transforming growth
factor- ß1 at the 9th & 17th weeks P.I (GIII). While combined therapy of both MZD & PTX in
GIV caused more reductions in granuloma sizes, hepatic hydroxyproline, and serum levels of
leptin and TGF- ß1 at the 9th & 17th weeks P.I when compared to the other groups.
Key words: Mice, Schistosomal hepatic fibrosis, Mirazid, Pentoxifylline, Histo-pathology.

Introduction
Schistosomal eggs trapped in the portal pre-
sinusoidal venules induce a granulomatous
inflammatory reaction with subsequent fi-
brosis, with a dynamic potentially reversible
process mediated through the immunologi-
cal responses to parasite eggs trapped in the
liver (Cheng et al, 2013). The basic patho-
logical changes of liver fibrosis are the ex-
cessive accumulation of extra-cellular matrix
proteins (ECM). The major components of
ECM, types I & II collagen constitute more
than 95% of the total content of increased
collagen in liver fibrosis. Activated hepatic
stellate cells (HSCs) and portal fibroblasts
have been identified as major collagen-
producing cells in the injured liver. These
cells are activated by fibrogenic cytokines
such as leptin, transforming growth factor ß1

(TGF-ß1), and angiotensin II (Benyon and
Iredale, 2000). Activated HSCs migrate and
accumulate at the sites of tissue repair, se-
creting large amounts of ECM and regulat-
ing ECM degradation (Gabele et al, 2003).

Both CD4+ lymphocytes and Kuppfer
cells produce transforming growth factor β1
(TGF-β1) and fibrogenic mediators after
contact with soluble egg antigen, TGF-ß1 is
a multipotent cytokine recognized as playing
an important role in regulating cell growth
and development and implicated as a major
stimulator of tissue fibrosis by stimulating
fibroblast proliferation, activation and extra-
cellular matrix production, particularly col-
lagen and fibronectin, and reduces their deg-
radation and the most critical cytokine in
determining the process of fibrogenesis in
schistosomiasis (Miao et al, 2014).
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The adipocytokines, a group of cytokines
produce exclusively from adipose tissue
[i.e., leptin, adiponectin, resistin, plasmino-
gen activator inhibitor (PAI)-1], play a piv-
otal role in the pathogenesis of liver fibrosis,
leptin is one of the adipokines expressed in
adipocytes and secreted into the bloodstream
in proportion to adipose tissue mass, which
lines indicate that leptin is a profibrogenic
cytokine in the liver (García-Compeán et al,
2014). Leptin is produced by hepatic stellate
cells (HSCs) but only following their activa-
tion where activation of HSCs is a central
event in the fibrotic response to liver injury
(Kamada, 2003).
Treatment with antifibrotic drugs was pro-
posed as a way for preventing reversibility
of advanced liver fibrosis and reducing its
morbidity in schistosomiasis patients (Gian-
nitrapani et al, 2014).
Emerging antifibrotic therapies are aimed at
inhibiting the accumulation of fibrogenic
cells and/or preventing the deposition of ex-
tracellular matrix proteins or inhibition of
the accumulation of activated HSCs by
modulating either their activation and/or
proliferation or promoting their apoptosis
(Bataller et al, 2003). Antagonists to hepatic
fibrogenesis cytokine profile may be another
strategy in the treatment of hepatic fibrosis.
Since hepatic fibrogenesis depends largely
on fibroblast growth factors, mainly TGF-
β1, so prevention of fibrosis by anti-TGF- 1
intervention could be therapeutically useful
in treating hepatic fibrosis (Choi et al, 2014).

El-Lakkany et al. (2011) stated that S.
mansoni infection produced remarkable ele-
vations in the serum levels of TGF-β1, TNF-
α, MMP-2 and the hepatic contents of Hyp,
glutathione reductase (GR), MDA with sig-
nificant reduction in reduced glutathione
(GSH), glutathione peroxidase (GPx), gluta-
thione-S-transferase (GST) and superoxide
dismutase (SOD) when compared with their
corresponding normal controls They con-
cluded that PTX experimentally attenuated
liver fibrosis in early stages of S. mansoni
infection through downregulation of profi-

brogenic cytokines, oxidative stress and col-
lagen deposition..

Pentoxifylline (PTX) is a trimethylated
xanthine derivative which is widely used in
disorders of vascular perfusion due to its fa-
vourable effects on erythrocyte deformabil-
ity, erythrocyte oxygen delivery, and its
properties as a peripheral vasodilator. Grzela
et al. (2003) reported that PTX was com-
monly used in the treatment of peripheral
vascular diseases. It improves microcircula-
tory flow and tissue perfusion, with some
immunomodulatory properties that presum-
ably might affect the anticancer response
and significantly promoted C-26-derived
metastatic tumor growth in liver. They con-
cluded that such effects could be relevant,
since the stimulatory influence of pentoxi-
fylline on proliferation does not appear to be
a species- or tissue-specific.

On the other hand, Yakoot (2010) reported
that Mirazid® is a patented preparation from
a plant that had been used in folk medicine
since ancient Egyptians (Myrrh). It was reg-
istered in Egypt for the treatment of schisto-
somiasis and fascioliasis, and that over 32
independent studies were reviewed and their
results analyzed for its efficacy. The majori-
ty of these studies reported higher than 90%
cure rates, that even higher in mixed than
single trematodal infections in humans and
in farm animals.
This study aimed to evaluate the possible

antifibrotic effect of pentoxifylline on exper-
imentally induced schistosomal hepatic fi-
brosis and also to investigate its effect on
serum leptin and TGF-β1 levels as possible
antifibrotic mechanisms in correlation with
the hepatic fibrosis indices.

Materials and Methods
Schistosoma mansoni cercariae shed from

laboratory inbred infected Biomphalaria al-
exandrina purchased from Theodore Bilharz
Research Institute, Giza, Egypt. Also, ninety
Swiss albino mice of both sexes were in-
cluded. Mice were clean laboratory bred,
four weeks old and with average weight of
20-25 gm. Mice were maintained with free
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access to commercial diet and water. Ten
mice were served as control non-infected,
non-treated group and sacrificed at one time
for comparison. A total of 80 mice, each one
was experimentally infected with 50 Schis-
tosoma mansoni cercariae (Peters and War-
ren, 1969).

Mirazid® is a natural drug formed of the
myrrh extract that derived from Commipho-
ra molmol (C. molmol) tree, family: Burser-
aceae (Wallis, 1967). Much extract was ob-
tained by spontaneously exudation from the
cracks and fissures that commonly form in
the bark. Myrrh consists of 7-17% volatile
oil, 25-40% resin, 57-61% gum and 3-4%
impurities (Hall and Oser, 1965; Marshall,
2004). Mirazid was given as two capsules
for six successive days on an empty stomach
an hour before breakfast (Tonkal and Morsy,
2008).

Pentoxifillyne (PTX) is available as
Trental® tablets (Hoechst Co.). It was given
orally in a dose of 50 mg/kg/day and contin-
ued for 4 weeks.

Working protocol: The infected 80 mice
were classified into the following five
groups: GI comprised 20 infected mice, not
receiving any drugs and served as an infect-
ed non-treated control group (G0) and divid-
ed into two subgroups: Subgroup Ia sacri-
ficed at 9th week post-infection and sub-
group Ib sacrificed at 17th week P.I. for
comparison. GII comprised 20 mice which
received MZD only. This group was divided
into two subgroups: Subgroup IIa (10 mice)
which received MZD at the 6th week P.I.,
subgroup IIb (10 mice) that received MZD
at the 14th week P.I. These doses were fol-
lowed by another dose after 9 days to assure
killing of all eggs in the tissues (Giboda and
Zdarska, 1994). GIII comprised 20 mice
which received PTX only. This group was
divided into two subgroups: subgroup IIIa
(10 mice) which received PTX at the 6th

week P.I. daily and continued for four weeks
(from 6th to 9th week P.I.) and subgroup IIIb
(10 mice) which received PTX at the 14th

week P.I. for four weeks (from 14th to 17th

week P.I). GIV comprised 20 mice which
received a combination of both MZD and
PTX. This group was subdivided into two
subgroups: Subgroup IVa (10 mice) which
received MZD and PTX at the 6th week P.I.
(PTX continued for 4 weeks) and subgroup
IVb (10 mice) received MZD and PTX at
the 14th week P.I. (PTX continued for 4
weeks).

To assess the efficacy of PZQ and/or PTX
on schistosomal hepatic fibrosis, animals of
GsIa, IIa, IIIa and IVa were sacrificed at the
end of the 9th week P.I. and animals of GsIb,
Iib, IIIb and IVb at the end of the 17th week
P.I. After sacrifacation of mice, sera of all
mice were collected and kept at -20°C for
measurement of serum leptin and TGF-β1
levels. Livers were removed for histopatho-
logical examination, measurement of granu-
loma sizes and assessment of liver hydroxy-
proline content.

Histopathologic assay and measurement of
granuloma sizes: One portion of the liver
was fixed in 10% formalin and routinely de-
hydrated, embedded in paraffin and cut into
sections 5u in thickness. Some sections were
stained with haematoxylin and Eosin (H&E)
for histopathological examination and others
stained with Masson's trichrome stain for
collagen fibers staining. Measurement of the
size of granulomas was done in H&E stained
sections by the use of computer assisted
morphometric analyzer (MacScope, Mitani
Corporation, Fukui, Japan). The mean diam-
eter of each granuloma was obtained by
measuring two perpendicular diameters, for
each section, ten granulomas were measured
and the mean diameter of all lesions was
then calculated using the method described
by Jacobs et al. (1997).

Hydroxyproline assay: The other portion
of the liver was frozen at -20°C and later
processed for measurement of tissue hydro-
xyproline (Qiu et al, 2014). Briefly, the pro-
tein was hydrolysed of in 2 ml of 6 N HCl
for 18 hours at 110oC. Then the reaction
mixture was neutralized with sodium hy-
droxide titration to pH 7, and centrifuged at
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1500rpm. Hydroxyproline in the samples
was reacted with oxidant (1ml of 0.6 mol/L
chloramines-T in acetate-citric acid buffer;
Sigma) for 30 minutes and Ehrlich’s reagent
(7.5% p-dimethylaminobenzaldehyde; Sig-
ma) in 60% perchloric acid (Fisher Chemi-
cal, Fair Lawn, NJ) at 65°C for 15 min, and
hydroxyproline content was determined by
spectrophotometer at 560 nm. Liver hydrox-
yproline was quantitated against a standard
curve set up with purified hydroxyproline
(Sigma).

Assessment of serum TGF-β1: TGF β1
was assayed by the Biosource Multispecies
TGF-β1 kit (BioSource Immunoassay kit,
Catalog # KAC 1688/KAC 1689). It is a sol-
id phase sandwich ELISA). TGF β1 was as-
sayed according to manufacturer's instruc-
tions (Xiong et al, 2003).

Leptin was estimated for measuring fibro-
genesis (Han et al, 2001). Leptin was as-
sayed by mouse using sandwich ELISA (Bio
Vendor, Cat. No: RD291001200) for the
non-radioactive quantification of sera leptin
after manufacturer's instructions.

Statistical analysis: Present data was con-
ducted by mean, standard deviation, inde-
pendent sample Student’s t-test; analysis of
variance (ANOVA) followed by Tukey’s
test, rank and spearman correlation (r) coef-
ficient tests using SPSS V.12

Results
Four mice from GI, two from GII, three

from GIII and two from GIV died normally.
The efficacy of treatment on granuloma

diameters (Tab. 1) as compared to the
healthy liver (control non-infected non-
treated G0 (Fig. 1), H & E stained sections
of the livers of the infected non-treated mice
killed at the 9th week P.I. (GIa) showed nu-
merous viable eggs surrounded by large
periovular cellular granulomas composed
mainly of polymorphonuclear leucocytes,
eosinophils, lymphocytes, plasma cells,
small number of macrophages and fibro-
blasts with schistosome pigment in portal
areas (mean diameter of granulomas was
600.50±69.28) (Fig. 2). While in infected

non-treated mice, killed at the 17th week P.I.
(GIb) granulomas decreased in size (mean
diameter 515.05±92.47) and become less
cellular in comparison to mice killed at 9th

week P.I. with marked increase in connec-
tive tissue around eggs, diminished eosino-
phils with relative increase in lymphocytes
and development of periportal fibrosis (Fig.
3), without significant difference in granu-
loma size between GIa & GIb.

In Masson's trichrome stained sections of
GIb, collagen fibers appeared as abundant
fibers oriented in various directions in some
granulomas, while in others showed pro-
gressive accumulation and concentric orien-
tation (Fig. 4). In the treated groups, signifi-
cant reductions in granuloma sizes were de-
tected in GIIa (infected and treated with
MZD only; 497.93±51.45, p<0.05) (Fig. 5),
GIIIa (infected and treated with PTX alone;
429.44±47.45, p<0.01) (Fig. 6) and GIVa
(infected and treated with both MZD &
PTX; 188.66±36.82, p<0.001) at 9th week
P.I. as compared toGIa (infected and non-
treated, 600.50±69.28). Significant reduc-
tions in granuloma size was detected at 17th

week P.I. in GIIb (375.33±54.11, p<0.05)
(Fig. 7), GIIIb (266.42±39.06, p<0.01) (Fig.
8) and GIVb (141.97±39.72, p<0.001) (Fig.
9 & 10) as compared toGIb (515.05±92.47).

The eggs in G II (a&b) and GIV (a&b)
died, while eggs in GI (a&b), GIII (a&b)
were viable. Reduction in granuloma size
was more significant in GIII (PTX treated)
than GII (MZD treated) as compared to GI,
with most significant reduction in granuloma
size in GIV as compared to GI, GII & GIII.

In Masson's trichrome stained sections, the
collagen fragmented and dispersed into a
loose amorphous matrix in GII and GIII at
the 17th week P.I. (Fig. 11), in GIV, there
was a marked resolution of collagen fibers
and the granulomas were presented as small
scars (Fig. 12).

The hepatic hydroxyproline assay (Tab.
2) and control infected non-treated GIb
showed a significant increase in total hepatic
hydroxyproline levels at the 17th week P.I.
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(0.67±0.06) as compared to GIa at the 9th

week P.I. (0.46±0.08, p<0.001). Treated Gs,
showed significant decrease in HPO in GIIa
(0.27±0.05, p<0.05), GIIIa (0.26±0.06,
p<0.01), and IVa (0.18±0.04, p<0.001) as
compared to GIa (0.46±0.08) at 9th week P.I.
Also, there were significant decrease in HPO
in GIIb (0.42±0.07, p<0.05), GIIIb (0.36±
0.05, p<0.01), & GIVb (0.27±0.15, p<0.001)
as compared to GIb (0.67±0.06) at 17th week
P.I. The reduction in HPO was more signifi-
cant in GIII (PTX) than GII (MZD) as com-
pared to GI. The most significant decrease in
HPO was in GIVa&b, which received a
combination of PTX & MZD as compared to
GIa&b, GIIa&b and GIIIa&b. The decrease
in HPO content, when treatment started ear-
ly (6th to 9th week P.I.) was more significant
than that started late (14th to 17th week P.I.)
in all treated groups.

The serum TGF-β1 levels (Tab. 3) showed
marked increased in infected, non-treated G
Ia (197.28±11.41) & GIb (330.03±35.15) as
compared to control non infected, non-
treated group (121.99±5.74) with a signifi-
cant difference (p<0.01 and p<0.001 respec-
tively). In treated ones, serum TGF-β1 levels
decreased in GIIa (184.28±16.81), GIIIa
(157.65±13.62) & GIVa (138.02±11.22) in
comparison to infected non-treated group
(GIa) at 9th week P.I. with significant differ-
ences in GIIIa and GIVa (p<0.001).  Serum
TGF-β1 levels decreased in GIIb
(282.40±32.94), GIIIb (199.72±11.20) &
and IVb (164.85±22.98) in comparison to G
Ib; infected non-treated (330.03±35.15) at

the 17th week P.I. with significant differ-
ences only in group IIIb (p<0.001) and IVb
(p<0.001). The decrease of TGF-β1 in MZD
treated group was  non-significant at the 9th

and 17th weeks P.I as compared to GI (a&b).
The most significant decrease in serum
TGF-β1 level was detected in GIVa & GIVb
(treated with PTX & MZD) as compared to
other groups.

Serum leptin (Tab. 4) showed marked in-
creased in GIa (17.30±2.55) & GIb
(26.02±2.41) as compared G0 (1.87±0.41)
with a significant difference (p<0.001) at 9th

and 17th weeks P.I. In treated ones, serum
leptin levels decreased in GIIa (14.66±2.20)
GIIIa (10.84±1.94) and GIVa (4.50±0.90) in
comparison to the infected non-treated group
(GIa) but with significant differences at
GIIIa (p<0.001)  and GIVa (p<0.001). Also,
serum leptin levels were decreased in GIIb
(23.85±3.06), GIIIb (14.91±2.20) and GIVb
(5.31±1.7) in comparison to infected non-
treated group (GIb) but with significant dif-
ferences only at GIIIb & GIVb (p<0.001).
The decrease of serum leptin level in MZD
treated G was non-significant as compared
to GI at the 9th and 17th weeks P.I. The most
significant decrease in serum leptin level
was detected in GIVa and GIVb (treated
with PTX & MZD) as compared to other Gs.

There was a significant (Tab. 5, Figs, 13,
14, 15) correlation between granuloma sizes
in liver and hepatic HPO (collagen content)
(p<0.001), granuloma size and serum TGF-
B1 levels (p<0.05) and granuloma size and
serum leptin levels (p< 0.05).

Table 1: Mean diameters of ganulomas (µm) of groups at 9th & 17th weeks P.I.
Gs 9th week P.I. (Ia) 17th week P.I. (Ib) ANOVA                     tukey's test

GI 600.50+69.28a*** 515.05±92.47a*** GIa>GIIa,GIa>GIIIa, GIa>GIVa, GIb>GIIb, GIb>
GIIIb, GIb>GIV

GII 497.93+51.45≠* a*** 375.33±54.11≠* a*** GIIa<GIa, GIIb<GIb, GIIa>GIVa, GIIb>GIVb
GIII 429.44+47.45≠** a** 266.42±39.06≠ ** a* GIIIa<GIa, GIIIb<\GIb

GIV 188.66+36.82≠* ** 141.97±39.72≠ *** GIVa<GIa, GIVa<GIIa, GIVa<GIIIa, GIVb< GIb,
GIVb< GIIb, GIVb<GIIb

Tukey’s test P<0.05 significant,*significant at (0.05), **significant at (0.01),***significant at (0.001),≠ : signifi-
cant with GI. , a: significant with GIV. GIV most significant compared to all Gs.
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Table 2: Estimated hydroxyproline levels (µ/gm liver tissue) among groups at 9th & 17th weeks P.I.
Gs 9th week P.I. 17th week P.I. ANOVA                     tukey's test
GI 0.46+0.08a*** 0.67±0.06a*** GIa<Ib, GIa>IIIa, GIa>Iva, GIb>GIIb, GIb>IIIb, GIb>GIVb
GII 0.27+0.05≠* a* 0.42±0.07≠* a** GIIa<GIa, GIIa>GIVa, GIIb<GIb, GIIb>GIVb
GIII 0.26+0.06≠** a* 0.36±0.05≠** a* GIIIa<GIa, GIIIa>IVa,GIIIb<GIb, GIIIb>GIVb

GIV 0.18+0.04≠*** 0.27±0.15≠*** GIVa<GIa, GIVa<GIIa, GIVa<GIIIa, GIVb<GIb, GIVb<
GIIb, GIVb<GIIb

Table 3: Serum TGF- β1 levels (pg/ml) among groups at 9th & 17th weeks P.I.
Gs 9th week P.I. 17th week P.I. ANOVA                     tukey's test

GI 197.28+11.41a*** 330.03+35.15a*** GIa>G0, GIa>GIIIa, GIa>GIVa, GIb>G0, GIb>
GIIIb, GIb>GIVb

GII 184.28+16.81a*** 282.40±32.94a*** GIIa>GIVa, GIIa>GIIIa, GIIa>GIIIb, GIIb>GIVb
GIII 157.65+13.62≠*** a*** 199.72±11.20≠*** a** GIIIa<GIa, GIIIa>GIVa, GIIIb<GIb, GIIIb>GIVb

GIV 138.02+11.22≠*** 164.85±22.98≠*** GIVa<GIa, GIVa<GIIa, GIVa<GIIIa, GIVb>GIb,
GIVb< GIIIb-

G0 121.99+ 5.74
Table 4: Serum leptin levels  (ng/ml) among groups at 9th & 17th weeks P.I.

Gs 9th week P.I. 17th week P.I. ANOVA                     tukey's test

GI 17.30+2.55a*** 26.02±2.41a*** GIa>G0, GIa>GIIIa, GIa>GIVa, GIb>G0, GIb> GIIIb,
GIb>GIVb

GII 14.66+2.20a*** 23.85±3.06a*** GIIa>GIVa, GIIb>GIVb
GIII 10.84+1.94≠*** a* 14.91±2.20≠*** a** GIIIa<GIa, GIIIa>GIVa, GIIIb<GIb, GIIIb>GIVb

GIV 4.50+0.90≠*** 5.31±1.7≠*** GIVa<GIa, GIVa<GIIa, GIVa<GIIIa, GIVb> GIb,
GIVb<GIIIb.

G0 1.87+0.41
.

Table 5: Simple linear correlation (r) between granuloma size and other parameters.
Items r P. value

granuloma size & hydroxyprloline 0.654*** < 0.001
granuloma size & TGF-B1 level 0.411* < 0.05
granuloma size & leptin levels 0.397* < 0.05
* Significant at P < (0.05), ***   Significant at P< (0.001)

Fig. 13: Correlation between granuloma size and hepatic hydroxyproline levels
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Fig 14: Correlation between granuloma size and serum levels of TGF--ß1

Fig. 15: Correlation between granuloma size and serum levels of leptin

Discussion
Regarding Mirazid, Omar et al. (2005) in

Egypt compared mirazid and praziquantel.
They concluded that praziquantel induced a
significant hepatotoxic, genotoxic and car-
cinogenic effects, and was considered to be
a hepatotoxic, genotoxic and carcinogenic
drug. On the other hand, Mirazid seemed to
be a safe and promising antiparasitic drug,
free from hepatotoxic, genotoxic and car-
cinogenic effects.

Nomicos (2007) in USA reported that
since antiquity, the genus Commiphora is
composed of more than 200 species, and ex-
ploited as a natural drug to treat pain, skin
infections, inflammatory conditions, diar-
rhea, and periodontal diseases. He added

that in more recent history, products derived
from C. myrrha and various other species of
Commiphora are becoming recognized to
possess significant antiseptic, anesthetic, and
antitumor properties. Auffray (2007) in
France studied two types of antioxidant im-
pact on sebum squalene peroxidation by UV
irradiation. The first type was free radical
scavenger (Butyl hydroxyl toluene and an
olive extract rich in hydroxytyrosol). The
second type was essential oil of C. myrrha, a
singlet oxygen quencher. He found that es-
sential oil of C. myrrha gave the best protec-
tion against squalene peroxidation, and that
squalene peroxidation during solar exposure
was mainly because of singlet oxygen and
not due to free radical attack, and that sun
care cosmetics should make use not only of
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free radical scavengers but also of singlet
oxygen quenchers. Al-Mathal and Fouad
(2005) in Saudi Arabia successfully treated
fascioliasis patients were with Mirazid as
two capsules (600mg) on an empty stomach
an hour before breakfast for six consecutive
days. Follow-up clinically and parasitologi-
cally was available in only seven fascioliasis
patients who were completely cured. Bagh-
dadi and Al-Mathal (2010) experimentally
used Commiphora molmol successfully as
an anti-coccidial drug for domestic rabbit
Al-Mathal et al. (2010) reported that
bertiellosis studeri patient was resistant to
Niclosamide but successfully treated with C.
molmol extract.

On the other hand, the liver fibrosis is the
body's wound healing response to injury
where a typical cascade of events occurs
(Bataller and Brenner, 2005). This cascade
includes injury; often with a component of
oxidative stress which itself can amplify the
fibrogenic cascade, followed by mobiliza-
tion of the inflammatory cells and release
cytokines that amplify the overall response
and contribute to the activation of the effec-
tor cells. Typical effector cells are matrix
producing cells such as hepatic stellate cells
(HSCs). Besides, liver disease is an inde-
pendent risk factor for mortality in CF
(Rowland et al, 2014).
Understanding of the basis of hepatic fibro-
genesis has advanced significantly in the
past two decades, and with it, a field dedi-
cated to therapeutic antifibrotics has
emerged. A number of specific antifibrotic
therapies have been tried, but have been met
with poor or success. However, elucidation
of the mechanisms responsible for fibrogen-
esis, with particular emphasis on stellate cell
biology and the mechanisms underlying fi-
brogenesis has highlighted many putative
novel therapies (Don, 2005). Graeser et al.
(2009) stated that an overproduction of reac-
tive oxygen species and impaired antioxi-
dant defence accompanied by chronic in-
flammatory processes may impair joint
health. Pro-inflammatory cytokines such as

interleukin-1beta (IL-1beta) and tumor ne-
crosis factor alpha (TNF-alpha) stimulate the
expression of metalloproteinases which de-
grade the extracellular matrix. They added
that targeting of antifibrotic drugs to HSCs
and fibrogenic cytokines is new strategy to
block the fibrotic process.

In the prersent study, the pentoxifylline
was tested alone and in combination with
mirazid for treatment of schistosomal hepat-
ic fibrosis. Histopathological examination of
liver sections of GI (infected and non-
treated) showed a non significant reduction
in granuloma size with decreased cellularity
in GsIb (infected non-treated, examined at
17th week P.I.) as compared to GIa (infected
non-treated, examined at 9th week P.I.). The
decrease in granuloma size in GIb can be
explained by the natural immunomodulation
of granuloma (Wyler, 1992). The present
study also showed significant reductions in
both granuloma size and hepatic hydroxy-
proline levels in MZD treated Gs (IIa & IIb),
when compared to control ones in GIa &
GIb. The decrease in both granuloma size
and hepatic hydroxyproline levels in GII can
be explained by results of Li et al. (2010)
reported that once a mouse is cured from
Schistosoma, granulomatous lesions in the
liver shrink progressively afterwards, disap-
pearing in 4 to 6 weeks after treatment, leav-
ing scars. On the other hand, MZD caused a
decrease in the levels of serum TGF- B1 and
leptin but without significant as compared to
GI.
On the other hands, pentoxifylline resulted
in significant improvement in the estimated
parameters of hepatic fibrosis (decreased in
granuloma size, liver HPO, serum TGF-β1
and leptin levels) in GIII as compared to GI.
The reduction in granuloma size in PTX G
was more significant than MZD group when
compared to GI. Reis et al. (2001) demon-
strated that PTX decreased granuloma sizes
and numbers in murine hepatic Schistosoma.
They explained that the anti-fibrotic action
of PTX on hepatic stellate cells was in re-
sponse to transforming growth factor beta 1
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(TGF B1) which mediated by extracellular
collagen degradation rather than by a reduc-
tion of collagen synthesis. They added that
the lack of PTX effect on collagen synthesis
may be due to the fact that the drug was ad-
ministrated after granulomas elicitation,
when immune component cells were already
stimulated. Mati et al. (2010) stated that the
liver histological analysis showed a decrease
in the inflammatory reaction and fibrous
content of the granulomas studied, and a
significant reduction (P < 0.001) in their
mean diameter was observed in the groups
of rodents treated with PTX in acute and
chronic infection, when compared to their
respective control groups.

The present histopathological examination
of livers and biochemical assays the GIV
that received both MZD and PTX showed
the most significant reduction in fibrotic pa-
rameters (diminished ganulomas sizes, he-
patic hydroxyproline levels, decreased se-
rum TGF β1 and serum leptin levels) in
comparison to GI (infected and non-treated),
GII (given MZD only) and GIII (given PTX
only). In Masson's trichrome stained sec-
tions for collagen staining, there was marked
resolution of collagen in mice of GIV that
treated with combined therapy (MZD &
PTX), while there was scanty collagen in
GII  (treated with MZD) and GIII (treated
with PTX only).
Collagen is secreted as a propeptide that
contains high proportion of proline; the hy-
droxyproline arise from hydroxylation of
proline residues by proline hydroxylase.
This collagen accumulation could be inhibit-
ed by blocking proline hydroxylase activity.
A common sense dictates that the earlier a
fibrotic lesion is detected, the more likely it
is to be amenable to therapy (Ramadori and
Saile, 2004). The present results showed that
a more significant decrease was observed in
HPO content when treatment started early at
the 6th week P.I. than at 14th week P.I. in the
treated groups.

Tarcin et al. (2003) concluded that PTX,
IFN-alpha and their combination have no

beneficial effect on experimental fibrosis
induced by biliary obstruction. Miao et al.
(2009) explained the capability of PTX to
reduce the hepatic schistosomal fibrosis in a
mouse model by its ability to decrease TGF-
B1, type I and type III collagens in hepatic
tissue of mice with fibrosis. They stated that
the ability of PTX to reduce the hepatic con-
tent of collagen III is similar to MZD and its
effects on TGF-B1 and type I collagen are
weaker than MZD.
Concerning serum leptin and TGF-ß1 levels,
in this study, they showed marked increase
in the infected non-treated G as compared to
non-infected, non-treated G indicating that
leptin is a profibrogenic cytokine. Signifi-
cant decreases in serum leptin levels were
observed in GIII (PTX treated) and GIV
(MZD and PTX treated) while the decreases
in serum leptin levels in GII (MZD treated)
were non-significant. The most significant
decreases in serum leptin and TGF-ß1 were
observed in GIV which treated with a com-
bination of MZD and PTX. Several reports
have implicated leptin as critical hormone in
the development of liver fibrogenesis. In a
number of studies, administration of recom-
binant leptin augments hepatic fibrogenesis
induced by hepatotoxic chemicals (Ikejima
et al, 2001). Further, leptin-deficient ob/ob
mice and leptin receptor (ObR)-deficient
Zucker rats exhibit extremely poor profibro-
genic responses in the liver caused by car-
bon tetrachloride (Leclercq et al, 2000), thi-
oacetamide) and Schistosoma infection
(Xiaokun et al, 2005). Ikejima et al. (2005)
stated that in theses animal studies, leptin
was shown to have only a permissive role in
liver fibrosis, acting primarily by enhancing
transforming growth factor ß1 mRNA in iso-
lated sinusoidal endothelial cells and Kup-
ffer cells, suggesting that leptin promotes
hepatic fibrogenesis through upregulation of
TGF ß1 in the liver .
Ding et al. (2006) confirmed the presence of
leptin in activated but not quiescent HSCs,
whereas only quiescent HSCs synthesized
adiponectin mRNA and protein. Adiponectin
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receptors were detected in both activated
and quiescent HSCs, but only activated
HSCs produced significant apoptosis after
treatment with adiponectin. Cao et al. (2007)
reported that leptin enhances alpha I colla-
gen gene expression in HSCs stimulating
collagen production through H2O2-
dependent mechanism. Accordingly, they
postulated that interference with leptin-
induced oxidative stress by antioxidant may
provide an opportunity for prevention of liv-
er fibrosis. Yang et al. (2012) assessed the
association between leptin gene promoter
methylation and serum leptin concentrations
in patients with impaired glucose regulation
(IGR) and type 2 diabetes mellitus (T2DM).
Lower levels of leptin gene promoter DNA
methylation and serum leptin concentrations
are associated with the development of dia-
betes. Measurement of the methylation sta-
tus of leptin gene promoter and expression
can facilitate early intervention of the dis-
ease. Zhai et al. (2013) reported that leptin
increased β-catenin protein but not mRNA
levels in cultured HSCs. Leptin induced
phosphorylation of glycogen synthase ki-
nase-3β at Se r(9) and subsequent stabiliza-
tion of β-catenin protein was mediated, at
least in part, by ERK and p38 MAPK path-
ways. The leptin-induced β-catenin pathway
reduced SREBP-1c expression and activity
but did not affect protein levels of key regu-
lators controlling SREBP-1c activity, and
was not involved in leptin inhibition of liver
X receptor α. In a mouse model of liver inju-
ry, the β-catenin pathway was shown to be
involved in leptin-induced liver fibrosis. The
β-catenin pathway contributes to leptin regu-
lation of SREBP-1c expression in HSCs and
leptin-induced liver fibrosis in mice, which
had potential implications for clarifying the
mechanisms of liver fibrogenesis associated
with elevated leptin levels.

No doubt, the molecular mechanisms that
cause fibrosis in different types of human
liver diseases in order to identify new targets
for therapy are a must. Treatment of schisto-
somiasis and malnutrition are very important

factors in Egyptians to lead a balanced life
and raise the immunity against viral infec-
tions. This is true with Hepatitis C when
compared with the associated conditions and
their complications (Mangoud et al, 2004).
.

Conclusion
Pentoxifylline (PTX) is a promising antifi-
brotic drug, acting by reducing serum TGF-
ß1 and leptin levels in the experimental
schistosomal hepatic fibrosis. Also the use
of this antifibrotic drug in combination with
antischistosomal drug, Mirazid (MZD) was
very effective in the control of fibrotic pro-
cesses in schistosomal hepatic fibrosis.
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Explanation of figures
Fig. 1: A liver section of a control non-infected non-treated mouse showing normal liver arcitecture (H & E, X 200)
Fig. 2: A liver section of control infected non-treated mouse at 9th week P.I. (GIa) showing cellular bilharzial granulo-
mas with collections of eosinophils, mononuclear cells and macrophages around viable eggs (H&E, X 400)
Fig. 3: A liver section of control infected non-treated mouse at 17th week P.I. (GIb) showing bilharzial granulomas
with increased connective tissues around eggs and reduced cellularity giving whorly appearance (H&E, X 250)
Fig. 4: A liver section of control infected non-treated mouse at 17th week P.I. (GIb) showing multiple bilharzial granu-
lomas with concentric collagen fibers oriented in various directions (Masson’s trichrome, X250)
Fig. 5: A liver section of a mouse of GIIa (infected and treated with MZD) at 9th week P.I showing decrease in granu-
loma size with dead egg centrally (H&E, X400)
Fig. 6: A liver section of a mouse of GIIIa (infected and treated with PTX) at 9th week P.I showing decrease in granu-
loma size with healthy egg in centrally (H&E, X400)
Fig. 7: A liver section of a mouse of GIIb (infected and treated with PZQ) at 17th week P.I showing mild decrease in
granuloma size (H&E, X250)
Fig. 8: A liver section of a mouse of GIIIb (infected and treated with PTX) at 17th week P.I showing moderate decrease
in granuloma size (H&E, X250)
Figs. 9,10: A liver section of a mouse of GVIb (infected and treated with MZD & PTX) at 17th week P.I showing
marked decrease in granuloma size with increased cellularity (H&E, X250)
Fig. 11: A liver section of a mouse of GIIIb (infected and treated with PTX) at 17th week P.I showing collagen fibers
fragmented and scanty (Masson’s trichrome, X250)
Fig. 12: A liver section of a mouse of GVIb (infected and treated with MZD & PTX)  at 17th week P.I showing scarring
(Masson’s trichrome, X250)
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