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Abstract

Seventy albino mice were infected with~ 80 S. mansoni cercariae and were classified into: Gl:
infected non-treated group, GlI: treated with C. procera alcoholic extract after infection (thera-
peutic), GlII: treated with C. procera aqueous extract after infection (therapeutic), GIV: treated
with C. procera alcoholic extract before infection (prophylactic alcoholic), GV: treated with C.
procera aqueous extract before infection (prophylactic aqueous), GVI: treated with praziquantel,
treated group with praziquantel combined with aqueous extract of C. procera and G.VII: infect-
ed and treated with half dose of Praziquantel combined with aqueous plant extract. Seven weeks
post infection, all mice were autopsied, and livers and ilea were parasitological examined (Tissue
egg load) and histological assessments (Number & size of hepatic granulomas). Schistosomes
recovered from all groups were processed to calculate total worm burdens.

The results showed that mice treated with C. procera alcoholic and aqueous extracts showed
more significant reduction in total worm burden (43.7% & 46.4%), total egg tissue load (60% &
50.7%) and number of hepatic granuloma (45.9% & 55.5%) than mice in prophylactic aqueous
or alcoholic groups (38.3% & 36%, 27.2% & 44%, 25.6% & 39%, respectively). Female worms
recovered from mice of aqueous or alcoholic treated groups showed less fecundity than those re-
covered from mice of prophylactic groups (1475+181 & 2821+200, corresponding to 3674+1447
& 3023+709, respectively). Mice treated with praziquantel or treated with praziquantel com-
bined with C. procera aqueous extract showed the highest reduction in total tissue egg load
(86.4% & 97.4%, respectively). Mice treated with praziquantel combined with C. procera aque-
ous extract showed higher reduction in total egg tissue (97.4%), number and size of hepatic
granuloma (72.3% & 31.4%) than those treated with praziquantel (86.4%, 55.5% &10.8%, re-
spectively).
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Introduction the last decades.

The only antibilharzial drug Praziquantel
(PZQ) is used for schistosomes pathogenic to
Egyptian patients (Doenhoff et al, 2008; Far-
rag et al, 2015). The widespread usage of
PZQ, in undiagnosed and non-infected indi-
viduals for prevention, developed resistant
strains of S. mansoni (Melman et al, 2009;
Zhang and Coultas, 2013). Expensive chemo-
therapeutic treatments caused drug resistance,
toxicity and side effects (Omar et al, 2005),
besides, difficulty of reservoir control, all
these, emphasize the requirement for a safe
and active natural compounds derived from
herbal extracts, for treatment of Schistosoma.
The searches for anti-parasitic compounds
from natural sources increased over many of

Till now, the herbs and medicinal plants are
the major phytochemical source of biologi-
cally active compounds for new drugs (Pon-
tin et al, 2008; Magalhae et al, 2010).

Calotropis procera (Oshar or Apple of
Sodom) is a flowering plant of family Apo-
cynaceae widespread to Africa, Western As-
ia, South Asia, and Indochina, with large
amount of latex and various medicinal prop-
erties (Kirtikar, 1935; Jain et al, 1996; Igbal
et al, 2005).

The study aimed to evaluate in vivo the
schistosomacidal activity of Calotropis pro-
cera aqueous and alcoholic extracts with and
without praziquantel.
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Materials and Methods

Animals: Native adult male Swiss Albino
mice of CD1 strain, 7-8 weeks old & weigh
ing ~20g, were purchased from Schistosome
Biological Supply Program (SBAP), Theo-
dore Bilharz Research Institute (TBRI), Gi-
za. Mice were raised under natural light-
dark cycle. Sawdust was used as a bedding
material and changed twice a week to keep
them dry and clean. Mice were given access
to water and standard rodent food pellets,
obtained from Agricultural-Industrial Inte-
grated Company, ad libitum. All experi-
ments were conducted during the winter and
approved by the TBRI Ethical Committee.

Experimental Design: A total of 70 adult
mice were randomly divided into seven
groups of 10 mice each. Each mouse was
infected with 80+10 S. mansoni cercariae:
GI (control): infected and non-treated. Gl
& GIIl (curative alcoholic and aqueous):
infected and treated with alcoholic and
aqueous extract for 5 consecutive days after
5" week of infection. GV & GV (prophylac-
tic alcohol and aqueous): treated with C.
procera alcoholic and aqueous extract be-
fore infection for 5 consecutive days. GVI
(drug control): infected and treated with
Praziquantel (1000mg/kg body weight/two
days) after 5" week of infection. GVII: in-
fected and treated with half dose of Pra-
ziquantel (500mg/kg body weight) combine
with aqueous plant extract after 5 week of
infection, all mice were autopsied after 70
week of infection.

Mice were infected with ~80 S. mansoni
cercariae/mouse (Peters and Warren, 1969).
After autopsying and perfusing the mice.
Livers were removed, examined for gross
pathology, rinsed with phosphate buffered
saline, and then weighed. Each liver was
divided into two portions and put in the fol-
lowing solutions: 10% Formalin (for histo-
logical study) and 5% of NaOH for egg
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count. The intestine of each mouse was re-
moved, weighed and put in 5% sodium hy-
droxide for egg counting (Cheever, 1968).
Recovered worms from each infected mouse
were counted separately, and their sex was
determined. The fecundity of the female
worms was calculated. The granuloma
count was calculated as the number of gran-
ulomas in 10 successive fields using the low
power of the light microscope. Measure-
ments were done only for solitary granulo-
mas having a single egg in their centers; by
an ocular micrometer.

Results

Reduction of S. mansoni total worm bur-
den: Administration of C. procera stem ex-
tracts in infected mice showed a significant
decrease in total worm burden in all groups.
Treated mice (300mg/kg body weight) of C.
procera alcoholic and aqueous extracts for 5
successive days after infection showed more
significant reduction in total worm burden
than those treated before infection, (43.7%
& 46.4%) corresponding to (38.6% & 36%),
respectively. Male worm burden reduction
in curative alcoholic group and female worm
burden reduction in curative aqueous group
were the highest (55.2% & 48%, respective-
ly) among infected mice treated with plant
extracts only. Mice from curative alcoholic
group gave more reduction in male worm
burden than female in same group (55.2%
corresponding to 18.5%), while the reverse
was observed in curative aqueous group,
29.6 % corresponding to 48%.

The oral administration after five weeks of
infection resulted in extremely significant
difference between control group and Pra-
ziquantel treated group (G.VI), as well as,
the group treated with 500mg/kg body
weight of Praziquantel combined with aque-
ous extract. No worms were detected in the-
se two groups (Tab. 1).



Table 1: Effect of C. procera on worm burden in S. mansoni infected mice.

Reduction%
Groups Male Female Total Male Female | Total

Control(G.I) 12.50+3.464 13.5 +3.507 29.50+4.561 - - -
Treated-alcoholic(G.11) 5.600+1.643 11 +0.5477 16.600+1.483% | 55.2% | 18.5% | 43.7%
Treated-aqueous(G.I11) 8.800+0.8367 7 +1.342 15.80+1.673% 29.6% 48% | 46.4%
Pro- alcohol(G.1V) 8.800+3.834 7.600+2.191 16.40+6.025% 29.9% | 28.3% | 38.3%
Pro-aqueous(G.V) 9.400+2.302 7.700+1.817 17.00+3.808% 24.8% | 28.3% 36%
Treated with PZQ(G.VI) - - - 100% 100% | 100%
Treated with PZQ+ aqueous(G.VII) - - - 100% 100 % | 100%

a: versus control

Reduction of tissue egg load: Mice treated
with both C. procera stem extracts (alcohol-
ic or aqueous, before or after infection)
showed decrease in total egg count. Mice
treated with alcoholic or aqueous stem ex-
tracts after infection showed a significant
reduction in total number of tissue eggs
compared with those treated with alcoholic
or aqueous stem extracts before infection
(60% & 50.7% corresponding to 27.2% &
44%). Mice treated with aqueous stem ex-
tract before infection showed a significant
reduction in total number of tissue eggs
(44%) than those treated with alcoholic stem
extract (27.2%). Mice treated with alcoholic
stem extract after infection showed a signifi-
cant reduction in total number of tissue eggs
(60%) than those treated with aqueous stem
extract (50.7%). Mice treated with PZQ
with aqueous extract showed the highest re-
duction in number of eggs in small intestine

p <0.05

and liver tissues (97.4%). Least female fe-
cundity was recorded in mice treated with
alcoholic stem extract (1475+181), as com-
pared with other groups (Tab. 2).

Oogram: showed that the infected mice
treated with alcoholic or aqueous extracts
gave intestine loaded with more immature
eggs (45.5% & 44.5%, respectively) than all
other groups. Mice treated with alcoholic or
aqueous extracts before infection gave more
mature eggs in intestinal tissues (79.5% &
70.5%, respectively) than control one. PZQ
treated group gave (70.6%).

Mice treated with PZQ only or with PZQ
combined with aqueous stem extract gave no
immature eggs in intestinal tissues. Infected
and treated with half dose of PZQ combined
with aqueous plant extract showed the low-
est number of mature eggs (17.3%), and
highest number of dead eggs, 82.7% (Tab.
3).

Table 2: Effect of C. procera on tissue egg load in S. mansoni in infected mice.

Mice egg in liver/g | Reduction egg inint./g Reduction TOt"’.“ egg/ g Reduction Fecundity. No
tissue egg/worm
G.l 20884+2380 - 2148942976 - 4012044031 - 2971 +780
G.I 5021+1534 ° 75.9% 10550+1096 * 51% 16232+1405 2 60% 1475 +181
G.11I 81334851 ° 61% 1161741706 * 46% 1975042556 * 50.7% 2821+200
G.lV 19025+3739 8.9% 101504351 ° 53% 29175+4085 ° 27.2% 36741447
GV 11367+1798 ° 45.5% 11021410412 49% 22387+1770° 44% 3023 £709
G.VI 54504424 ° 75% 1182496 % 94.2% 6623+315 ° 86.4% ND
GVl 7331104 2 81% 400450 * 98% 11334582 97.4% ND
a: versus control p <0.05

Table 3: Mean of ova pattern in S. mansoni infected mice groups.

Groups of mice Immature % Mature % | Dead %

Control (G.I) 26.2 66.5 8.5
Treated- alcohol (G.11) 45.5 32 22.5
Treated- aqueous (G.I11) 44.5 34.2 20.5
Pro- alcohol (G.1V) 17 79.5 3.5
Pro-aqueous (G.V) 23.5 70.5 7.3
PZQ (G.VI) 0 70.6 30.6
PZQ+ aqueous (G.VII) 0 17.3 82.7
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Hepatic granuloma number and diameter:
In plant extract-treated mice showed that the
mice in curative groups exhibited higher re-
ductions in granuloma numbers (45.95 &
55.5%, respectively) than these in prophy-
lactic groups (25.6% & 39%, respectively).
Besides, administration of C. procera aque-
ous extract in mice of both curative and
prophylactic groups showed higher reduc-
tions in granuloma numbers (55.5% & 39%,
respectively) than these treated with alcohol-
ic extract (45.9% & 25.6%, respectively).

The highest percentage of reduction in gran-
uloma number and size were observed in
mice treated with both PZQ combined with
aqueous extract of C. procera (72.3% &
31.4, respectively)

The infected mice treated with stem ex-
tracts showed significant reductions in the
granuloma sizes than the control group dif-
ferences between these reduction values
were nearly minor, except in curative aque-
ous group (22.1%, 20%, 20.4% correspond-
ing to 11.2%,Tab. 4)).

Table 4: Effect of C. procera on number and size of hepatic granulomas in mice infected with S. mansoni.

Groups of mice Granuloma No. Reduction | Granuloma Size (um) | Reduction

Control (G.1) 12.64 +1.128 - 388.2 +11.63 -
Treated-alcoholic (G.I1) 6.840 £0.2191° 45.9% 302.1 +28.86° 22.1%
Treated- aqueous (G.I11) 5.620 +0.4087° 55.5% 3445 +28.76° 11.2%
Prophylactic-alcoholic (G.1V) 9.400 +0.5477° 25.6% 310.6 + 1.972° 20%
Prophylactic-aqueous (G.V) 7.720 + 1.627° 39% 308.7 +32.64° 20.4%
PZQ (G. VI) 5.620 +1.539° 55.5% 346.3 +18.89° 10.8%
PZQ+ aqueous (G. VII) 3.500 +1.643% 72.3% 266.4 +11.62° 31.4%

a: versus control

Ameliorative effect of C. procera on liver
of S. mansoni infected mice: Infected Con-
trol Group: Macroscopically, the results
demonstrated that the mice infected with S.
mansoni had displayed massive hepatomeg-
aly. Most of all livers taken from this group
were firm, dark, congested, and mottled.
Multiple granulomas were visible as grey
speckling covering the entire organ. Pig-
ments and fats were constantly detected. In
the histological sections, the severe disrup-
tions of the ordinary hepatic lobular arran-
gement were the most marked observations.
Neither of the liver cord could be followed,
nor could the limits of the lobules be per-
ceived (Fig. 3). Besides, the liver exhibited
fibrocellular granuloma with irregular out-
lines and excess inflammatory cells (mono-
nuclear cells, eosinophils and polymorphs)
admixture with collagenous fibrous tissue
(Fig. 4).

Most of the hepatocytes have clear signs of
vacuolation. Other cells had pale, shrunken
nuclei, foamy cytoplasm and disrupted plas-
ma membranes. The nuclei were markedly
pyknotic or have clear changes comprising
pleomorphism and karyolysis deformations.

p <0.05
Kupffer cells were increased, not only in
number but also in size and degree of staina-
bility; many phagocytic cells were distended
with schistosomal pigments, which appeared
as yellow brown granules (Fig. 5).
Alcoholic Treated Group: Liver sections
showed improved architecture where the
hepatocytes were seen organized and looked
almost normal. The central veins were nearly
almost normal (Fig. 6). The nuclei were un-
injured and having intact nuclear membrane
with perceptible nucleoli. Some exceptions
appeared as vacuolation within hepatocytes
at peripheries near plasma membrane
(Fig.7). Granuloma decreased in number and
had very small size, 6.8 & 302.1 um, respec-
tively, compared to control group (Tab. 4).
Aqueous treated group: Comparing with
(G.11), the histological sections of liver of
the group (G.11) showed lacking in normal
architecture of the lobular structure despite
of the presence of smaller number of cellular
granulomas, 5.6 ones corresponding to 6.8
granulomas. The diameters of granulomas in
group were larger than diameters of ones in
control group, 344.5um & 302um, respec-
tively (Fig. 8). Hepatocytes were slightly va-
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cuolated at their peripheries near the plasma
membrane. In addition, the cell nuclei were
unharmed, having intact nuclear membrane
and apparent nucleoli. (Fig. 9)

The efficacy of plant extracts (either alco-
holic or aquatic) on prophylactic groups
(G.IV & V) were less evident in relation to
number of granulomas than curative groups
(G.I1 & 1), 9.4 & 7.7 compared with 6.8 &
5.6, respectively. On contrast, reductions in
sizes of granulomas in groups were as simi-
lar as those in group. No major histological
differences in hepatic tissues of mice related
to both groups. Generally, hepatic tissues
were more healthy than control group in-
cluding relatively restored lobular architec-
ture, some central veins were appeared to be
hypertrophied (Fig. 10). Prominent Kupffer
cells and infiltrative cells were noticed in the
associated sinusoids, many hepatocytes were
slightly vacuolated at their peripheries near
to the plasma membrane with pronounced
bilharzial pigments among. Hepatocytic nu-
clei were unharmed having intact nuclear
membrane with apparent nucleoli (Fig. 11).

Mice treated by praziquantel with or with-
out aqueous extract: Livers, which picked up
from mice related to these groups revealed
the best histological recovery along the pre-
sent study. Main histological observations
include normal hepatic lobules, well orga-
nized hepatic strand, normal central veins
and pericentral areas, intact hepatic nuclei
with healthy nuclear membranes and nucleo-
li were plain. Besides, in (G. VI) granulomas
were with marked concentric fibers com-
pared to those in the curative or prophylactic
groups (Fig.12). On contrast, in (G.VII)
granulomas were very infrequent to be ob-
served if compared to those of control group
(3.5 granulomas with mean diameter 266.4
pm corresponding to 12.64 ones with mean
diameter 388.2 um, respectively); also, the
granulomas were composed of inflammatory
cells with almost no fibers (Fig.13).

Discussion

In the present study, effects of C. procera
stem extracts on S. mansoni were dependent

on the extraction method and time used to
apply after or before infection, besides, mu-
tual effect of aqueous stem extract with an-
other drug; Praziquantel. The present data
showed that treating the infected mice with
the stem extracts of C. procera evoked a sig-
nificant reduction in the total worm burden;
post-infection treatment with C. procera al-
coholic stem extract decreased worm burden
by 71%. Treatment with C. procera aqueous
extract showed a 42% reduction in the total
worm count as compared to the infected non-
treated mice. Meanwhile, the pre-infection
groups treated with C. procera alcoholic and
aqueous stem extract, caused a 38% and 36%
reduction in the total worm burden of infect-
ed mice, respectively. Botros et al. (2013)
examined the activity of aqueous stem latex
and flowers of C. procera given orally
(500mg/kg body weight for 3 consecutive
days) and showed significant worm reduc-
tions by 45.31% & 53.7%, respectively. Their
results had indicated that both plant extracts
have some efficacy in the treatment of Schis-
tosoma. There were differences in the appar-
ent susceptibility of the worms to the influ-
ence of the extracts that might be attributed to
different concentrations of active constituents
in the C. procera extracts.

In the present study worms recovered from
mice in the group treated with Praziquantel
were observed to have 100% reduction in
relation to the control. In addition, these re-
covered from mice in the group treated by
PZQ and C. procera aqueous stem extract
also had 100% reduction worm burden. Be-
ing a standard drug, its activity usually rang-
es between 80-100%, which agreed with
Cheever et al. (1992) and Bonesso-Sabadini
and Dias (2002) who reported 99% & 97.5%
reduction of worm by Praziquantel treat-
ment. However, Mahmoud et al. (2007) tes-
ted the action of garlic on S. mansoni mice
infected treated with (50mg/kg/b.w.) evoked
a significant reduction in the total worm
burden. But, Abdul-Ghani et al. (2010) stud-
ied effects of 500mg/kg/day from myrrh for
five days, without significant efficacy in red-
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ucing parasite burdens and tissue egg loads
or in changing oogram patterns.

In relation to egg count, the data obtained
in present work may be comparable with
corresponding results recorded by some au-
thors. Igbal et al. (2005) found that C.
procera flowers crude powder and aqueous
extracts had exhibited 88.4 & 77.8% reduc-
tion in egg count of gastrointestinal nema-
todes infecting sheep. In present study, C.
procera aqueous extracts exhibited 73.1% &
51% reduction in egg count of hepatic tissue
and small intestine, respectively. Botros et
al. (2013) had recorded that the percentage
of eggs of S. mansoni lodged in tissues of
the infected mice and treated with the C.
procera stem latex and flower latex extracts
were ~34% and 38.5% of liver and intestine,
respectively. These results were more or less
lower than those recorded in present study.

In the present study, the prophylactic
groups were not effective on Schistosoma
eggs whether the number of eggs on the per-
centage of dead (non-viable) eggs where
there is no significant difference between
these groups and control infected ones. On
the other hand, the infected group and treat-
ed with aqueous or alcoholic extracts caused
a markedly reduced mature eggs and eleva-
tion in dead eggs which reflect a moderate
improvement of this extract on the resistance
of mice against S. mansoni infection. The
most effective group is PZQ combined with
aqueous extract, which produced no imma-
ture eggs and high elevation in dead eggs.
The present data agreed with Ferrari et al.
(2003) who reported that oxamniquine and
praziquantel reduced the average number of
eggs per gram of tissue. In addition, Moh-
amed et al. (2016) revealed that propolis
caused a reduction in percentage of imma-
ture and mature eggs and increase in per-
centage of dead eggs in intestinal tissue of S.
mansoni infected and treated mice compared
with infected control group. Al-Olayan et al.
(2016) recorded a complete disappearance of
all immature and mature ova in mice infect-
ed and treated with Ceratonia siliqua pod
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extract and administration of PZQ caused
the complete death of ova.

Hepatic fibrosis caused by S. mansoni in-
fection, is of great importance among chron-
ic liver diseases worldwide. In the present
results, kupffer cells were evidenced in the
control group to be suffering from hyper-
plasia and hypertrophy. Sindram et al.
(2001) depicted kupffer cells as resident
macrophages of the liver, which have the
potential to be activated in response to any
toxic effect that result inflammatory cells.
Kupffer cell eminence and pigmentation was
observed in the present study and was re-
ported by several authors (El-Badrawy et al,
1990; Nosseir et al, 2000).

However, the histological examination of
the hepatic tissues of the infected and treated
mice with C. procera stem extract showed
that the all infected and treated mice before
and after infection showed a significant de-
crease in size and in number of granuloma in
hepatic tissue compared with the control
group. Low number of granuloma could be
referred to the drop in the number of worms,
worm fecundity and egg count in tissue. The
reduced size of granulomas may depend on
the fact that C. procera has notable anti-
inflammatory property. Moreover, latex of
C. procera was studied for its inflammatory
reactions using pedal oedema and air pouch
models of inflammation in rats (Igbal et al,
2005). Also, these results agreed with De
Oliveira et al. (2014) who evaluated the ef-
fect of the crude dichloromethane extract of
Baccharis trimera plant and aqueous fraction
(40 & 200mg/kg) caused decreasing in gran-
uloma sizes with minimal degenerative
changes in the liver tissue were observed.

The present work showed disturbed lobu-
lar organization in liver tissues in the mice
treated with C. procera alcoholic stem ex-
tract fewer and smaller size of granuloma
compared with the control group. The fibers
of granuloma were less in the treated group
with pronounced bilharzial pigments. In-
specting liver sections showed that the liver
lobular architecture was relatively restored.


http://www.sciencedirect.com/science/article/pii/S0378874105004125

Central veins and pericentral areas were
normal, without major morphological chan-
ges in the hepatic cells except for mild hepa-
tocyte vacuolation.

Nosseir et al. (2000) and Hogan et al.
(2002) reported that the granuloma response
around the disseminated schistosomal eggs
aggravated by fibrosis was major contributor
to the pathology of the disease and granulo-
ma formation is a protective host response
that insulates host tissue from damaging in-
fluences the pathogen and the inflammatory
response. This result agreed with Waiganjo
and Ochanda (2014) who found that Oci-
mum americanum hexane, Bridelia micran-
tha water and O. americanum water plant
extracts without or few granulomas shownby
worm reduction and less pathogenesis.

Praziquantel combined with C. procera
aqueous extract was more effective against
hepatocytes damage. Also, it reduced the
ova count in liver and intestine as well as the
granuloma size. Livers obtained from mice
from this group showed fewer number and
smaller volume of granulomas. These results
proved that the plant could have an impact
on the granuloma where the plant possesses
anti-inflammatory properties. This agreed
with Soliman et al. (2017) who found that
hostacortin significantly reduced granuloma
size by 22.5% & 31.6% for doses 100 & 200
mg/kg, respectively. Also, hostacortin com-
bined with PZQ improved liver status by
significant reduction in number of worms,
egg count and size of granuloma.

Conclusion

Applying of C. procera aqueous extract during
the treatment of Schistosoma mansoni infected
mice by Praziquantel (half recommended dose)
gave maximum improvement to hepatic profile,
and minimizes its side effects. Moreover the
combined treatment reduced the ova count in
liver and intestine as well as the granuloma size.

References
Abdul-Ghani, R, Loutfy, N, Sheta, M, Hass-
an, A, 2010: Efficacy of low-dose myrrh proto-
cols in the treatment of experimental schistoso-
miasis mansoni: hepatic improvement without

535

parasitologic cure. J. Res. Reports Trop. Med.
1:65-71.

Al-Olayan, EM, EIl-Khadragy, MF, Alajmi,
RA, Othman, MS, Bauomy, AA, et al, 2016:
Ceratonia siliqua extract ameliorates Schistoso-
ma mansoni-induced liver fibrosis and oxidative
stress. BMC Complem. Alter. Med.16:43-4.
Bonesso-Sabadini, PIP, Dias, LCS, 2002: Al-
tered Response of Strain of Schistosoma man-
soni to Oxamniquine and Praziquantel. Mem.
Inst. Oswaldo Cruz 97, 3:381-5.

Botros, S, Seif el-Dinl, S, El-Lakkany, N, Mo-
hamed, M, Hamed, M, et al, 2013: Potential
effect of the medicinal plants Calotropis proce-
ra, Ficus elastica and Zingiber officinale against
Schistosoma mansoni in mice. Pharm. Biol. 52,
2:144-50.

Cheever, AW, 1968: A quantitative post-mor-
tem study of schistosomiasis in man. Am. J. Tr-
op. Med. Hyg. 17:38-64.

Cheever, A, Macedonia, J, Deb, S, Cheever,
E, Mosimann, J, 1992: Persistence of eggs and
hepatic fibrosis after treatment of Schistosoma
mansoni-infected mice. Am. J. Trop. Med. Hyg.
46:752-8.

De Oliveira, RN, Rehder, VL, Oliveira, AS,
Jeraldo, VS, Linhares, AX, et al, 2014: Anthe-
Imintic activity in vitro and in vivo of Baccharis
trimera (Less) DC against immature and adult
worms of Schistosoma mansoni. Exp. Parasitol.
139:63-72.

Doenhoff, M, Cioli, D, Utzinger, J, 2008: Pra-
ziquantel: mechanisms of action, resistance and
new derivatives for schistosomiasis. Curr. Opin.
Infect. Dis. 21:659-67.

El-Badrawy, N, Ghaly, A, Mansy, S, Salem,
R, Shokry, H, et al, 1990: Immunohistopatho-
logial study of renal changes in mice infected
with Schistosoma mansoni with and without
treatment with the antibilharzial drug Praziquan-
tel. Egypt. J. Bilh. 12, 1/2:102-13.

Farrag, E, Mohamed, A, Kadry, S, Mahmo-
ud, A, 2015: Impact of citharexylum quadrang-
ular chloroform extract and micronutrient on
praziquantel in Schistosoma mansoni infected
mice. Am. J. Life Sci. 3, 2:62-70.

Ferrari, ML, Coelho, PM, Antunes, CM, Tav-
ares, CA, da Cunha, AS, 2003: Efficacy of ox-
amniquine and praziquantel in the treatment of
Schistosoma mansoni infection: a controlled tri-
al. Bull. WHO 81, 3:190-6.


https://www.dovepress.com/browse_journals.php
https://www.dovepress.com/research-and-reports-in-tropical-medicine-journal
https://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Olayan%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=27821159
https://www.ncbi.nlm.nih.gov/pubmed/?term=El-Khadragy%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=27821159
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alajmi%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=27821159
https://www.ncbi.nlm.nih.gov/pubmed/?term=Othman%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=27821159
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bauomy%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=27821159
http://www.tandfonline.com/doi/abs/10.3109/13880209.2013.818041
http://www.tandfonline.com/doi/abs/10.3109/13880209.2013.818041
http://www.tandfonline.com/doi/abs/10.3109/13880209.2013.818041
http://www.tandfonline.com/doi/abs/10.3109/13880209.2013.818041
http://www.tandfonline.com/doi/abs/10.3109/13880209.2013.818041
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrari%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=12764515
https://www.ncbi.nlm.nih.gov/pubmed/?term=Coelho%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=12764515
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tavares%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=12764515
https://www.ncbi.nlm.nih.gov/pubmed/?term=da%20Cunha%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=12764515
https://www.ncbi.nlm.nih.gov/pubmed/12764515

Hogan, L, Wang, M, Suresh, M, Co, D, Wein-
stockm, I, Sandor, M, 2002: CD," TCR reper-
toire heterogeneity in Schistosoma mansoni-ind-
uced granulomas. J. Immunol. 169, 11:6386-93.
Igbal, Z, Lateef, M, Jabbar, A, Mohammad,
R, Khan, M, 2005: Anthelmintic activity of Ca-
lotropis procera (Ait) Ait F. flowers in sheep. J.
Ethnopharmacol. 102, 2:256-61.

Jain, SC, Sharma, R, Jain, R, Sharma, RA,
1996: Antimicrobial activity of Calotropis proc-
era. Fitoterapia 67:275-7.

Kirtikar, R. and Basu, B. 1935: Indian Medic-
inal plant. Edited by B. D. Basu.

Mahmoud, Y, Riad, N, Taha, H. 2007: Effects
of garlic on albino mice experimentally infected
with Schistosoma mansoni: A parasitological
and ultrastructural study. Trop. Biomed. 26, 1:
40-50.

Mohamed, A, Khalil, M, Bauomy, M, Diab,
M, Al-Qura, S, 2016: Efficacy of gold nanopar-
ticles against nephrotoxicity induced by Schisto-
soma mansoni infection in mice. Biomed and
Environ. Sci, 29:773-81.

Magalhaes, L, Kapadia, G, Tonuci, L, Caixe-
ta, S, Parreira, N, et al, 2010: In vitro schisto-
somicidal effects of some phloroglucinol deriva-
tives from Dryopteris species against Schistoso-
ma mansoni adult worms. Parasitol. Res. 106:
395-401.

Melman, S, Steinauer, M, Cunningham, C,
Kubatko, L, Mwangi, I, et al, 2009: Reduced
susceptibility to praziquantel among naturally
occurring Kenyan isolates of Schistosoma man-
soni. PLoS Negl. Trop. Dis. 18, 8:e504.

Nosseir, M, Metwally, A, Kamel, G, Guirguis,
F, Nessim, N, 2000: Evaluation of the effect of

Ro0-15-5458 and combined antischistosomal dru-
gs on different strains of Schistosoma mansoni
infected albino mice: Histopathological and par-
asitological study. Egypt. J. Schist. Infect. En-
dem. Dis. 22:115-36.

Omar, A, Elmesallamy, GS, Eassa, S, 2005:
Comparative study of the hepatotoxic, genotoxic
& carcinogenic effects of praziquantel distocide
& natural myrrh extract Mirazid on adult male
albino rats. J. Egypt. Soc. Parasitol. 35:313-29.
Peters, AP, Warren, KS, 1969: A rapid method
of infecting mice and other laboratory animals
with Schistosoma mansoni subcutaneous injec-
tion. J. Parasitol. 55:558-63.

Pontin, K, Da Silva, FA, Santos, F, Silva, M,
Cunha, W, et al, 2008: In vitro and in vivo an-
tileishmanial activities of a Brazilian Green pro-
polis extract. Parasitol. Res. 103:487-92.
Sindram, D, Porte, R, Hoffman, M, Bentley,
R, Clavien, P, 2001: Synergism between plate-
lets and leukocytes in inducing endothelial cell
apoptosis in the cold ischemic rat liver: A Kupf-
fer cell-mediated injury. FASEB J. 15, 7:1230-2.
Soliman, SM, Al-Sharkawi, IM, El-Shaikh, K
A, Salem, FE, 2017: Effect of the anti-inflamm-
atory drugs Hostacortin (steroidal) or Vioxx
(non-steroidal) on the liver of mice infected with
S. mansoni. J. Hosp. Med. 68, 1:1022-34.
Waiganjo, N, Yole, D, Ochanda, H, 2014: An-
ti-schistosomal activity of five plant extracts on
Swiss white mice infected with Schistosoma
mansoni. IOSR J. Pharm. Biol. Sci. 9, 1:49-53.
Zhang, S, Coultas, K, 2013: Identification of
plumbagin and sanguinarine as effective chemo-
therapeutic agents for treatment of schistosomia-
sis. Int. J. Parasitol. 3:28-34.

Explanation of Figures

Fig. 1: Ova pattern in S. mansoni infected mice groups.

Fig. 2: Reduction percentage of number and size of hepatic granulomas in mice infected with S. mansoni.

Fig. 3: Hepatic granulomas of mice liver in non-treated group (G.I) showing multiple large fibrocellular bilharzial granuloma (arrow). Note
irregular outlines and excess inflammatory cells with collagenous fibrous tissue (arrowhead).

Fig. 4: Hepatic granulomas of mice liver in non- treated group (G.I) showing a granuloma is composed of a necrotic center, ovum of Schisto-
soma (OV) surrounded with inflammatory cells (IC) and concentric fibers (F) fibrocellular stage.

Fig. 5: Hepatic tissue of mice liver in non- treated group (G.1) showing different degrees of vacuolation (V). Focal necrosis is noticed (white
arrowhead), Kupffer cells are distinctly hypertrophied (arrow), some Schistosoma pigment (black arrowhead).

Fig. 6: Hepatic granulomas of mice liver in treated curative group (G.II) revealing reduced size of fibrocellular granuloma (arrow), normal

central vein (CV).

Fig. 7: Hepatic tissue of mice liver in treated curative group (G.II) showing mild vacuolation in cytoplasm of hepatic cells (black arrow-
heads), slightly hypertrophied nuclei (white arrowhead), Schistosoma pigments are observed (arrow).

Fig. 8: Hepatic granulomas of mice liver in treated group (G.111) showing reduction in size of granuloma (arrow).

Fig. 9: Hepatic tissue of mice liver in (G.I1l) showing improvement of hepatocytes (arrows).

Fig. 10: Hepatic tissue of mice liver in treated group (G.V) showing a slightly hypertrophied central vein (CV). Great reduction of size of

cellular granulomas (arrows).

Fig. 11: Hepatic tissue of mice liver in treated group (G.V) showing many healthy recovered hepatocytes (arrowhead). Normal Kupffer cells

(arrow).

Fig. 12: Hepatic granuloma of mice liver in treated group (G.VI) showing regular and normal hepatocytes (arrow). Granuloma is composed
of a necrotic center, ova of Schistosoma surrounded with inflammatory exudates and concentric fibers (arrowhead).
Fig. 13: Hepatic tissue of mice liver in treated group (G.V1l) showing smaller size and less number of granulomas (arrows).
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