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Schistosomiasis is a neglected disease, as the World Health Organization classified it in the second category after malaria. World
Health Organization approved praziquantel (PZQ) as the only chemotherapy to treat schistosomiasis. Over the years, some
problems have arisen with PZQ, as it showed poor efficacy in the early stages of infection as well as the emergence of some
resistance to it. In searching for new alternative drugs to treat schistosomiasis, the researchers intensified their efforts to find a
new drug. The present study focuses on evaluating the effect of three plant extracts Artemisia annua, Nigella sativa, and Allium
sativum at different doses of 31.25, 62.5, 125, 250, and, 500 ug/ml; in vitro study was accomplished on the Schistosoma
mansoni adult worms. The results declared that the concentration of 500, 250, and 125 of Artemisia annua was more effective
on adult worms, and the same concentrations of Nigella sativa and Allium sativum gave less effect on the adult worms than
the previous plant. In vivo study was accomplished on the hamster’s tissue after exposing it to doses of the plants’ extracts with
different concentrations; it showed the presence of calcifications and damage to the worm eggs in the liver and spleen, as well
as reducing the size of granulomas. After conducting many confirmatory studies Artemisia annua extract can be used as an

effective and safe treatment for Schistosoma disease.

1. Introduction

The infectious diseases are caused by these five organisms:
viruses, bacteria, fungi, protozoa, and helminths, infecting
any other organism. There are many species of Schisto-
soma, including Schistosoma mansoni, that causes schisto-
somiasis, which is considered one of the main important
infectious parasitic diseases in the tropical world. Schisto-
somiasis imposes a global economic and social burden
compared to HIV, AIDS, tuberculosis, and malaria, due
to infecting of more than 250 million people and 800 mil-
lion others exposed to infection all over the world. Never-
theless, it is a neglected disease and is ranked as a second
category in worldwide spreading after malaria [1]. The
report issued by the World Health Organization [2] stated
that the transmission of Schistosorma infection occurs in 78
countries, 52 of which require preventive treatment, but

there is a shortage of treatment for Schistosoma due to
the presence of only one drug treatment approved by the
World Health Organization, which is praziquantel; this
drug received to only 97.2 million of 290.8 million people
that needed the treatment at the end of 2018 [2]. More-
over, the World Health Organization estimates that schis-
tosomiasis is responsible for more than 200,000 deaths
annually around the world [2].

Schistosomiasis is a parasitic disease of a bloodworm
belonging to the genus Schistosoma. The genus Schistosoma
includes six great pathogenic significances to some domestic,
wild animals, and humans; intestinal schistosomiasis is
caused by (S. mekongi, S. japonicum, S. intercalatum, S. gui-
neensis, and S. mansoni) [3]; the latter is considered one of
the most widespread endemic species in 55 countries includ-
ing Egypt, the Arabian Peninsula, Sudan, Libya, sub-Saharan
Africa, some Caribbean islands, and Venezuela [4], and the
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FIGURE 1: Statistical analysis of the effect of Artemisia annua leaf aqueous extract with different concentrations and different times on the
adult worms of S. Mansoni: (a) Conc. 500, (b) Conc. 250, (c) Conc. 125, (d) Conc. 62.5, and (e) Conc. 31.25 ug/ml.

urogenital schistosomiasis is caused by (S. haematobium)
which is the most predominant species being a chronic dis-
ease in fifty-three nations of the Middle East and in Africa
(including Egypt) [2]. The Schistosoma differ in their types
of snails (intermediate host), which they use them in their
life cycle, the sites of infections in the human (definitive
host), the number, and the egg shapes and sizes they
produced..

Praziquantel was discovered and developed by Bayer in
the 1970s and introduced to the market in 1988, a derivative
compound called pyrazino-isoquinoline showed a strong
efficacy on schistosomiasis. Praziquantel remains the only

drug against schistosomiasis, despite more than 32 years
having passed since its development; the mass drug admin-
istration (MDA) program used praziquantel as a treatment
in epidemic areas in Latin America, Africa, and the Middle
East [5, 6]. Further, The PZQ has a good impact against
adult Schistosoma worms, but against the smaller stages of
schistosomes, for example schistosomula; for preadult or
juvenile adults, it is ineffective; in addition, it causes allergic
and hypersensitivity responses and does not prevent reinfec-
tion [7]. Subsequently, duplication of treatment is in some
cases vital to murder those schistosomes that have devel-
oped. Otherwise, having a sole drug to treat an illness that
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FIGURE 2: Statistical analysis of the effect of Nigella sativa leaves aqueous extract with different concentrations and different times on the
adult worms of S. Mansoni: (a) Conc. 500, (b) Conc. 250, (c) Conc. 125, (d) Conc. 62.5, and (e) Conc. 31.25 pg/ml.

the effectiveness at millions of people in several geological
zones is an actual worry. Hence, a new effective and safe
antischistosomal drug must be developed.

Plants have long been an important source of natural
products for human health. All over the world, over the past
years, the antiparasite and microbial properties of plants
have been verified through numerous studies, and many
plants have been used as treatment alternatives due to their
antiparasitic properties. Many of the compounds in medici-
nal plants and edible herbs have inhibited or delayed the
growth of parasites, viruses, yeast/mold, and bacteria [8].

The aim of the study was to evaluate the efficacy of aque-
ous extract of Artemisia annua, Nigella sativa, and Allium
sativum against Schistosoma mansoni (Egyptian strain) in
in vitro as well as in golden hamsters.

2. Materials and Methods

2.1. Plant Materials. The leaves Artemisia annua, Nigella
sativa, and Allium sativum were obtained and identified by
specialists of plant taxonomy; the collected leaves of the
plant were cleaned, washed well, and in the shade was dried,
to prevent the loss of active ingredients, exposure to sunlight
was avoided.

2.2. Preparation of Aqueous Extract. According to Ekpo and
Etim [9] an aqueous extract was prepared from Artemisia
annua (leaves), Nigella sativa (seed), and Allium sativum
(bulbs). The dried plant parts were ground into a fine pow-
der by an electric grinder. In two liters of distilled water, the
fine powder of 200gm (1:10w/v) was dissolved by cold
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FIGURE 3: Statistical analysis of the effect of Allium sativum leaf aqueous extract with different concentrations and different times on the
adult worms of S. Mansoni: (a) Conc. 500, (b) Conc. 250, (c) Conc. 125, (d) Conc. 62.5, and (e) Conc. 31.25 pg/ml.

extraction and the extract was evaporated in vacuo. Using a
rotary evaporator, the extract was concentrated in vacuo at a
temperature of 40 °C. In a temperature-controlled oven, the
extract was placed in ceramic plates inside the oven to
remove residual water to give a residue weighing approxi-
mately 8.5g at 4°C.

2.3. Toxicological Study. The maximum nontoxic concentra-
tion (MNTC) was measured by applying serial dilutions of
10-300 ul/m on Vero cells to test the toxicity of aqueous
extracts; this was accomplished according to the Mosmann
technique [10]. When the diluted extract preserves the nor-
mal Vero cell morphology and density it considered as the

MNTC value when compared to untreated control cells with
at least 95% of the OD.

2.4. Experimental Design

2.4.1. Infection of the Hamster with Schistosoma cercariae.
General anesthesia was given to the hamster at the beginning
of the vital test (week 0) to lose consciousness and suppress
muscle relaxation and reflex activity. Ketamine and Rompun
were mixed in a 3:1 ratio. Intraperitoneally, 0.02 ml/30 g of
hamster weight was injected. The animals were arranged
on a wooden shelf and hung from the stomach area of the
hamster. Cotton wool was dipped in water to allow easy pen-
etration of the infectious phase into the skin. A lcm
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FIGURE 4: (a) S. mansoni normal tegument from the hamster tissue. (b, ¢) Effect PZQ on adult worms of Schistosoma.

diameter metal ring was placed on each hamster. Approxi-
mately 250 cercariae were placed using the micropipette
inside the metal ring to allow the cercariae to penetrate the
skin [11].

2.4.2. Parasite. By perfusion of the mesenteric veins and the
hepatic portal system, adult Schistosoma mansoni worms
were obtained by sacrificing eight week old infected ham-
sters using saline solution according to Stirewalt and Dorsey
[12] technique.

2.4.3. In Vitro Study. The in vitro study was accomplished
according to Fadladdin [3] methods, where the worm perfu-
sion was done by washing them three times with (BioWhit-
taker®) RPMI 1640 culture medium (Lonza, B-4800
Verviers, Belgium); this medium was used for culturing the
parasite. a supplement for the medium was used; it consisted
of L-glutamine (300 IU penicillin, 160?g gentamycin per ml),
and 20% fetal calf serum (300 ?g streptomycin), and antibi-
otics [13]. After completing the washing, 7 couples of worms
were transferred to a culture plate (TPP, St. Louis, MO) in
each well of the 24-well having one (ml) of the RPMI 1640
medium and one (ml) of the examined concentration (500,
250, 125, 62.5, and 31.25 ug/ml) from each aqueous plant
extract. So the final volume in each well was 2 (ml). The
plate was incubated at 37°C in a humid atmosphere contain-
ing 5% CO, (Thermo Fisher Scientific, Marietta, OH, USA)
[14]. For 48h, the parasite was kept. PZQ with a dose of
102g/ml was used as a positive control, while the negative
controls with pure medium and sterile distilled water were
used. All of the previous steps were performed under a ster-

ilized laminar flow chamber. In a repeated and triplicate 3
times, the trial was carried out. The monitoring of the
treated worms mating (pairing), motility rate (activity
changes of worm’s motor), and mortality were accomplished
by using an inverted optical microscope (Olympus CK2).
The worms that did not show any motility for two minutes
were considered dead. Assessing the changes in the worm’s
motor activity (motility) of schistosomes was qualitative,
and the decreased motor activity was defined as “significant”
or “slight” [15]. Throughout the 48h of the experimental
incubation period, the adult schistosomes were observed,
and the results were recorded at 2, 4, 6, 12, 24, and 48 h (trial
endpoint for the negative control groups).

2.4.4. Electron Microscope. Scanning electron microscope
were used to study the morphological changes occurred on
the tegument of adult male and female worms that were
exposed to plant extracts at different concentrations using
the Glauert technique [16].

2.4.5. In Vivo Study

(1) Animals. Total of 30 experimental animals infected with
Schistosoma mansoni were divided to 6 groups, each group
consists of 5 hamsters, each hamster weighed from 105 to
130g, and all hamsters were placed in a cages prepared for
fecal material examination as follows:

(G1) Uninfected (healthy control) golden hamster
(G2) Golden hamsters infected with adult S. mansoni
(negative control) given distill water
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Ficure 5: Effect of different concentrations of Artemisia annua on the tegument of S. mansoni by SEM. (a) Sucker destroyed (red arrows).
(b-e) Male dorsal surface revealing tegumental peeling with damage and peeling of spines and tubercles (blue arrows).

(G3) Golden hamsters infected with adult S. mansoni
(positive control) oral treatment with 200 mg/kg PZQ

(G4) Adult S. mansoni-infected hamsters’ oral treatment
with 300 mg/kg Artemisia annua

(G5) Hamsters infected with the adult S. mansoni oral
treatment with 500 mg/kg Nigella sativa

(G6) Hamsters infected with the adult S. mansoni oral
treatment with 500 mg/kg Allium sativum

(2) Histopathological Assessment. Hamsters were slaughtered
after completing the doses to obtain the liver, spleen, and
kidneys, for a period of at least two weeks these organs were
stored in 10% formalin. To remove excess formalin, small
parts were washed overnight under running water. Slides

were prepared according to Becker et al. [17] and were
examined microscopically for granulomas.

(3) Statistical analysis. Data was analyzed by SPSS for win-
dows version 25.0. Groups were compared using one-way
ANOVA to compare quantitative data. A p value < 0.05
was considered statistically significant [18].

3. Results

3.1. Cytotoxicity. At the maximum nontoxic dose (MNTD)
for the cytotoxicity test of the tested plant extracts (Artemi-
sia annua, Nigella sativa, and Allium sativum), Vero cells
showed no morphological differences compared to the
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FiGurek 6: Effect of different concentrations of Nigella sativa on the tegument of S. mansoni by SEM. (a) Sucker destroyed (red arrow). (b-e)
Male dorsal surface revealing tegumental peeling with damage and peeling of spines and tubercles (blue arrows).

control group, with values of 250, 350, and 300 ul/ml,
respectively.

3.2. In Vitro Study. On S. mansoni adult worms, the efficacy
of in vitro treatment of aqueous extracts of Artemisia annua,
Nigella sativa, and Allium sativum at different concentra-
tions was studied. Movement of adult worms was decreased
significantly in most concentrations. The incubation time
and the concentration of the extracts were directly related
to proportion in the reduction in the locomotion of the adult
worms. The locomotor activity of all adult worms was mon-
itored two hours after exposure to concentrations of 500,
250, and 125 pug/ml of both Nigella sativa and Allium sati-
vum, which showed that the motility decreased slightly.
The effect of laboratory treatment of aqueous extracts of
Artemisia annua, Nigella sativa, and Allium sativum on S.
mansoni adult worms (Egyptian strain) at different concen-
trations was investigated. Regarding motility, after exposure
of adult worms to concentrations of 500, 250, and 125 ug/ml
of Artemisia annua, the movement decreased slightly, but
concentrations of 62.5 and 31.25 ug/ml showed a reduced
movement of worms after 8 hours without complete loss of
movement. While the effectiveness of Nigella sativa and
Allium sativum were less than that of Artemisia annua, both
showed a decrease in movement after 8 hours at the highest
concentration. Plant extracts showed a significant decrease
in worm motility at most concentrations, and this decrease
was directly related to the concentration and incubation
period. In the negative control group, the worms remained
without change in movement for 24 hours, and their move-
ment decreased in a period of 48 hours but did not lose the
ability to move. The worms™ motility decreased after being
exposed to 10 ug/ml of PZQ after two hours of incubation

in the positive control group, while the motility was
completely lost after 4 hours.

Concerning natural mating, depending mainly on the
dose used and the time of exposure, the effect of all aqueous
extracts on the natural mating process was effective, and the
aqueous extracts caused a mating separation between the
adult worm couples. Artemisia annua extract separated
about 89% of worms in the first two hours at concentrations
of 500 and 250 pg/ml, 77% of schistosomes were separated
after 4 hours at a concentration of 125 and 62.5 ug/ml, and
at the lowest concentration of 31.25 yg/ml, the worms were
separated by 55% after 12 hours. However, Nigella sativa
and Allium sativum showed less effect than Artemisia annua
as they showed adult worm detachment after 6 hours (62%)
at high concentration (Nigella sativa extract was more active
in separating adult worms from Allium sativum, but it was
slightly active). The results showed that the concentrations
that were not lethal to the worms were effective inhibitors
of the process of natural mating. In the negative control
group, the worms separated after about 12 hours of incuba-
tion. On the other hand, complete separation between
worms was observed after exposure to PQZ (10 ug/ml) after
the first two hours of incubation in the positive control
group.

The effect of aqueous extracts of Artemisia annua,
Nigella sativa, and Allium sativum on S. mansoni was
directly dependent on the concentration and incubation
time. The extracts with the strongest effect were of Artemisia
annua, where the concentration of 500 yg/ml killed 100%
(p <0.001) of the adult worms after 6 hours of incubation,
while concentrations of 250 and 125ug/ml of the same
extract had a mortality rate of 100% on the adult worms
after 12 and 24 hours of incubation, respectively (Figure 1).
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FiGurek 7: Effect of different concentrations of Allium sativum on the tegument of S. mansoni by SEM. (a) Sucker destroyed (red arrow). (b-
e) Male dorsal surface revealing tegumental peeling with damage and peeling of spines and tubercles (blue arrows).

Although the aqueous extracts of Nigella sativa and Allium
sativum at concentrations of 500, 250, and 125 pug/ml, led
to 100% mortality of S. mansoni after 12 to 24 incubation
(Figures 2 and 3). The aqueous extracts showed a clear var-
iation in the effect on adult worms, the males were more
affected than females.

While the group treated with PZQ (the positive group)
killed 100% of the worms after 4 hours of incubation, on
the contrary, the worms remained alive for 48 hours after
incubation in the untreated group, but it was less active.

3.3. Scanning Electron Microscope (SEM). After incubating
the adult worms with aqueous extracts of Artemisia annua,

Nigella sativa, and Allium sativum, significant changes
appeared on the tegument of S. mansoni. Concentrations
of 500%, 250%, 125%, 62.5%, and 31.25% of the extracts
showed ultramorphological variations in adult male and
female worms. The extract Artemisia annua showed a strong
effect on the morphology of the tegument of S. mansoni
compared to the untreated groups, whereas PQZ made a
complete change in the morphology of the adult worms
(Figures 4(b) and 4(c)).

3.4. Adult Worms of Schistosoma. Clear morphological
changes were observed in the S. mansoni male, since it
showed some tubercles abnormalities as well as spine harms
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Ficure 8: Histological section of the healthy control (negative control) and infected (untreated control) (hematoxylin and eosin staining).
(a) Normal cortical structure of kidney control (x200). (b) Normal hepatic lobular structure of liver control (x200). (c) Normal structure of
spleen control (x100). (d) Ova of Schistosoma surrounded by lymphoepithelioid tissue reaction, aggregate of deposited in the spleen (x400).
(e) Multiple egg granulomas in the liver; a worm affects inside a portal vein (x400).

(tegument sloughing or peeling, peeling of tubercles, devas-
tation, and spines), on its dorsal surface particularly. Also,
morphological modified tubercles surrounded by bubbles
were appeared, in addition of some changes or devastations
in the sucker. Warping in the oral sucker was noticed in a
few worms, whereas scaling, tegument wrinkling, (peeling
and contraction of the dorsal area), corrosion, and sucker
demolition or modifications were noticed in the females
(Figures 5 and 6).

Concerning Nigella sativa and Allium sativum extracts,
the worms showed similar morphological tegumental
changes but of a lower degree to Artemisia annua stimulate
morphological changes (Figure 7).

3.5. Histopathological Assessment. The parasite did not show
a clear effect on the kidney tissues; all tissues appeared nor-
mally. While there was a clear effect on the hepatic paren-
chyma due to chronic granulomatosis, as well as on the
spleen tissue, the granulomas consisted of many chronic
inflammatory cells in the form of epithelial cells, lympho-
cytes, macrophages, eosinophils, and plasma cells due to
numerous schistosome eggs containing miracidium in the
fibrosis area (Figure 8(d)). In the spleen, the boundary
between the red and white pulp was hidden and the eggs
of Schistosoma appeared surrounded by an inflammatory
cellular response. Most of the cells were dark stained, and
the sinusoidal spaces were large.
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FiGURrk 9: Histological section of treated group with 400 mg/kg Artemisia annua. H&E staining. (a) Inside the hepatic portal vein showing
worm, radical with moderate inflammatory changes within the hepatic lobule. (b) Focal necrosis and dense inflammatory cellular reaction in
liver showing enclosed intralobular ova. (c) In the spleen showing some ova surrounded by an inflammatory cellular reaction (x200).

When the hamsters were treated with aqueous extracts
of Artemisia annua, Nigella sativa, and Allium sativum, the
liver parenchyma cells showed moderate infiltration by
chronic inflammatory cells without the presence of fibrosis
area or worms’ eggs (Figures 9-11). The absence of the
worm eggs and fibrosis in the liver parenchyma with a sig-
nificant decrease in the infiltration of chronic inflammatory
cells was demonstrated. Whereas the spleen cells appeared
surrounded by infiltrating lymphoepithelioid and inflamma-
tory cells, the spleen sections displayed more or less degener-
ation of worm eggs.

4. Discussion

In the present study, aqueous plant extracts of Artemisia
annua, Nigella sativa, and Allium sativum gave antischisto-
somal activity against S. mansoni exposed to different con-
centrations of 31.25, 62.5, 125, 250, and, 500 yg/ml with
differences in sensitivity in the in vitro study with respect
to mating, survival time, and motility and tegumental
change in adult worms; this agrees with several previous
studies examined the effectiveness of plant extracts on male
and female Schistosoma worms, where de Almeida et al.
[19] did a study the on the effect of 200 pg/ml of flavonoids
and sesquiterpene lactones derived from Artemisia
absinthium and Tanacetum parthenium, respectively on
Schistosoma mansoni; it showed a death rate of 100% among
the adult worms. de Almeida isolated parthenolide from

Tanacetum parthenium and suggested an explanation for
the mechanism of action of parthenolide on the tegument
of S. Mansoni; he added that the a-methylene-y-lactone
material, which is found in parthenolide, interacts with the
skeletal group in the nucleophiles, especially with the sulthy-
dryl group present in cysteine, with an addition of the
Michael type. There are also cysteine residues on the tuber-
cles and tegument surface of Schistosoma, in which exposed
sulthydryl interacts with parthenolide, causing morphologi-
cal changes as well as disturbance or inhibition of various
groups of enzymes present on the tegument of schistosomes,
a similar morphological change in somewhat were obtained
from the present study by using the crude extracts of A.
annua, N. sativa, and A. sativum.

The present study has shown that the effect of aqueous
extracts of Artemisia annua, Nigella sativa, and Allium sati-
vum on S. mansoni was directly dependent on the concen-
tration and incubation time. The strongest extracts had the
effect of A. annua, where the concentration of 500 yg/ml
killed 100% (p < 0.001) of the adult worms after 6 hours of
incubation, while concentrations of 250 and 125 ug/ml of
the same extract had a mortality rate of 100% on the adult
worms after 12 and 24 hours of incubation, respectively.
This results agree with Ferreira et al. [20] who showed the
variation in the effect according to many factors such as
time, dose, and type of extract when they compared alco-
holic extract and aqueous extract of Artemisia annua from
Brazil and China on S. mansoni. Chinese Artemisia annua
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Ficure 10: Histological section of treated group with 600 mg/kg Nigella sativa. H&E staining. (a) In the liver several lymphoepithelioid
granulomas. (b) In the liver merged ova granulomas (x400). (c) In the spleen several degenerated egg and fresh deposited (x200).

extract at a concentration of 2 yg/ml was shown to kill all
worms within an hour while the same concentration in the
Brazilian extract killed all worms after 17 hours of incuba-
tion, while the aqueous extract killed all worms after 17
hours of incubation.

The present study also showed that the Nigella sativa
and Allium sativum at concentrations of 500, 250, and
125 ug/ml, led to 100% mortality of S. mansoni after 12 to
24 incubation; these results are supported by Mahmoud
et al. [21] who mentioned that Nigella sativa oil showed high
activity when infected mice with S. mansoni worms were
dosed with it. Mohamed et al. [22] reported that crushed
black Nigella seeds had an effective effect on all stages of
Schistosoma mansoni (Miracidia, cercariae, and the adult
worms) and on egg-laying of females. The present study
results showed that the garlic, or Allium sativum had anti-
schistosomal activity; this agrees with Riad et al. [23] who
reported that the treatment of mice with garlic reduced egg
production and led to body wall damage. Nevertheless, Sut-
ton and Haik [24] mentioned that the effect of garlic is not
only the elimination of the parasite but also that garlic
strengthens its host immunity to attack the parasite, and
El-Shenaway et al. [25] verified this hypothesis regarding
the antioxidant properties of aqueous garlic extract in the
mice infected with Schistosoma mansoni by biochemical
results. The same author mentioned that the black seed

and garlic have a strong effect on schistosomiasis; it had
been mentioned that garlic and onions are used to treat
infections and digestive disorders.

The present study showed a significant change in the
tegument of the S. mansoni treated with the three-plant
crude extract; the changes in the tegument topography of
schistosomes parasites have been used by many researchers
to evaluate the activities of antischistosomal drugs, because
the outer surface of schistosoma is a significant target for
antischistosomal drugs [22, 26-30].

The present study showed that the aqueous extracts have
a clear variation in the effect on adult worms, the males were
more affected than females, and this result contributes to
many studies which addressed that the effect on male worms
was more pronounced than in females when exposed to anti-
schistosomal drugs [30-32]. The most common explanation
was that the female body is not directly connected to the
host’s microenvironment because most of the female body
is surrounded by the gynaecophoric canal [28]. On the con-
trary to the present study, de Moraes et al. [33] examined the
piplartine extracts against males and females of S. mansoni
and found that there was an effect of the extract on the
worms, but there is no difference in the effect between the
male and female.

Severe infection with schistosomiasis leads to a change in
the structure of the liver, which enhances the loss of liver
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Ficure 11: Histological section of treated group with 600 mg/kg Allium satvium. H&E staining. (a) (x200) and (b) in the liver, mononuclear
inflammatory cells contained degenerated ova with mild infiltration of the hepatic lobule (x100). (c) In spleen, lymphoepithelioid cellular
inflammatory cellular infiltration contained some degenerated ova (x100).

function. The disease leads to liver infections in varying
degrees and immune reactions until it reaches fibrosis. The
chemotherapy treatment of schistosomiasis reduces egg pro-
duction and prevents schistosomes from accumulating eggs
in the liver, and some treatments aim to reduce, slow down,
or eliminate liver fibrosis, especially in the chronic stages of
schistosomiasis.

The present study showed that the parasite has a clear
effect on the hepatic parenchyma due to chronic granuloma-
tosis, as well as on the spleen tissue. The granulomas con-
sisted of many chronic inflammatory cells in the form of
epithelial cells, lymphocytes, macrophages, eosinophils, and
plasma cells due to numerous schistosomes eggs containing
miracidium in the fibrosis area (Figure 8(d)). In the spleen,
the boundary between the red and white pulp was hidden
and the eggs of Schistosoma appeared surrounded by an
inflammatory cellular response, this is consistent with Lenzi
et al. [34] who mentioned that granulomas formed by lym-
phocytes, mast cells, fibroblasts, reticulocytes, epithelial cells,
macrophages, giant cells, eosinophils, and neutrophils in the
form of a hybrid, the muscular and dynamic structure sur-
rounding the schistosome eggs surrounded by different
organs. In general, granulomas form in the intestine, lung,
spleen, and liver of hamsters infected with S. mansoni.

The present study demonstrated that the treated ham-
sters with aqueous extracts Artemisia annua, Nigella sativa,
and Allium sativum, had a positive effect on their livers as
the parenchyma cells showed moderate infiltration by
chronic inflammatory cells without the presence of fibrosis

of the area or eggs of worms (Figures 9-11). The absence of
worm eggs and fibrosis in the liver parenchyma with a signif-
icant decrease in the infiltration of chronic inflammatory
cells was demonstrated; these results are constant with Man-
tawy et al. [35] who stated that both Allium sativum and
Allium cepa had a significant decrease in egg production
from the intestine and liver. The observed results also sup-
ported by Riad et al. [23] who stated that the effect of Allium
sativum on albino mice infected with S. mansoni was strong
and reduced egg production and granuloma size; another
strong effect was obtained by treating the hamsters with these
three extracts in this study that granulomas were less in num-
ber and smaller in size after histopathological examination of
the liver and spleen compared to the untreated group; the
observed results agreed with Riad et al. [23] and Mantawy
et al. [35]. These results can be referred to reasons include
that the treating extracts containing anti-inflammatory regu-
late nitric oxide production in macrophages and blood plate-
lets, which destroy the parasite. For example, garlic contains
mannose-bound lectin, which helps the receptors on the sur-
face of macrophages to catch the parasite, which leads to
engulf of the parasite. Garlic contains an immunomodulatory
fraction, which reduces the production of Th2, which is
responsible for the formation of the granuloma, and
increases the production of Thl, which is responsible for
resistance to the formation of the granuloma. This explana-
tion is supported by the results obtained by previous authors,
as Riad et al. [23] stated that the effect of Allium sativum on
albino mice infected with S. mansoni reduced egg production
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and granuloma size and also increased the level of enzymes in
the liver. Also, Metwally et al. [36] mentioned that the effec-
tiveness of garlic and allicin on mice infected with S. mansoni
has reduced worm burden cytokines and the serum concen-
tration of liver and granuloma size.

In conclusion, the extracts of the Allium sativum, Nigella
sativa, and especially Artemisia annua leaves can be used as
an alternative and effective antischistosomal treatment
against Schistosoma mansoni.
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