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ABSTRACT

Background: Schistosomiasis is a public health problem of social and economic importance in the
developing world. Schistosomiasis haematobium is still endemic in many foci along the Nile valley,
especially in El Fayoum and Beni-Suef governorates. Chemotherapy and snail eradication are the most
important control measures with few studies that dealt with its snail intermediate host, Bulinus truncatus.
Because of drug resistance and recurrence of exposure to infection, snail control becomes a better method
for control, keeping in mind that chemical molluscicides may have toxic effects on non-target organisms.
Objectives: The aim of the study is to search for biologically derived molluscicides such as plant extracts,
that are less expensive, available, biodegradable, non-toxic and easily applicable than synthetic ones.
Material and Methods: The effect of oil extracts of three natural plants; Nigella sativa, Pelargonium
graveolens and Azadirachta indica were investigated as molluscicidal agents against B. truncatus snail.
Histopathological examination of the soft tissue of the snail was performed after its removal from the shell
and its staining with hematoxylin and eosin (HE). Effect of the three plants on miracidia and cercariae of
S. haematobium was also evaluated.

Results: The potent molluscicidal effect was demonstrated by disturbance of normal histology and
presence of vacuolated tissues evident by microscopical examination of the dead snails after HE staining.
A schistosomicidal effect was also recorded against aquatic stages of the parasite, demonstrated by
reduction in the movement of the miracidia, followed by their sinking down together with the cercariae.
N. sativa showed the most potent molluscicidal, miracidicidal, as well as cercaricidal activities, followed by
P. graveolens, while A. indica had the least effect.

Conclusion: These findings recommend the use of the studied plant extracts as safe and effective agents
in the control of S. haematobium in Egypt.
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INTRODUCTION
Chemotherapy, good hygiene, and snail eradication

Schistosomiasis has been recognized for centuries are the most important control measures. However,
as a public health burden in many countries across chemotherapy does not eliminate the disease entirely.
the world™. It is considered one of the major The risk of recurrence of infection and drug resistance
communicable diseases and is second to malaria are still major problems. An essential method to
with socio-economic and health importance in many control schistosomiasis haematobium is to combat
developing countries®?. In Egypt, the disease is a B. truncatus, the snail intermediate host® in Egypt.
major health problem because it affects millions of The use of molluscicides to control this snail is still
young farmers and their families, negatively affecting one of the most promising means in the battle against
their productivity®. Haggag et al™™ determined the schistosomiasis®l.
prevalence of schistosomiasis haematobium among
schoolchildren in five governorates in Upper Egypt. Several methods have been used to eradicate snail
The overall prevalence was 1.3% (varying from 0% to hosts. One of these methods is by using chemical
13.4%). The national schistosomiasis control program molluscicides, that may have toxic side effects on
(NSCP) followed a new elimination strategy using the non-target organisms. Therefore, a top priority
praziquantel (PZQ)andtargetingalltransmissionareas is to search for biologically derived molluscicides to
in order to eradicate schistosomiasis haematobium in replace the synthetic ones”. Some plants’ extracts
Egypt. Moreover, to complete the strategy of effective were reported as molluscicides against Biomphalaria
control, the program recommended that interruption alexandrina. The use of dry powders of Solanum
of disease transmission is mandatory™. nigrum and Dizygotheca kerchoveana continuously for
Personal non-commercial use only. PUJ copyright © 2020. All rights reserved DOI: 10.21608/puj.2020.39631.1085
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4 w suppressed the egg laying capacity of B. alexandirna
snails due to degeneration of their hermaphrodite
gland cells and evacuation in gametogenic stages'®. This
report also recorded that exposure to LC,. of Panicum
repens dry powder resulted in significant reduction of
B. alexandrina infection rates with S. mansoni miracidia.
Such molluscicides were reportedly cheap, available,
safe, and successfully used with simple techniques.

Nigella sativa (Family: Ranunculacea), commonly
known as black seeds, is an annual herbaceous plant
growing in Mediterranean countries and it is one of the
native plants that are widely distributed in Egypt®. It
has been traditionally used in Arabian countries, Indian
subcontinent and Europe for medicinal purposes
as a natural remedy for a number of illnesses and
conditions, including asthma, hypertension, diabetes,
bronchitis, headache, eczema and influenza?.

The genus Pelargonium (Geraniaceae), consisting of
approximately 280 plant species, originate mostly from
South Africa, but also Australia, New Zealand, and the
Far East™l, Extracts from Pelargonium species are used
as a traditional medicine for treating dysentery, fever,
respiratory infections, liver ailments, and wounds.
From many medicinal plants indigenous to South
Africa, Pelargonium sidoides was reported as the most
traditionally used plant for primary health carel'?.
Pelargonium species possess chemically based defenses
effective against insects and pathogens*3l. Geranium oil
is also an effective insect repellent*4,

Azadirachta indica, commonly known as neem, is
an evergreen tree of the tropics and sub-tropics native
to the Indian subcontinent with great importance in
agriculture as well as in the pharmaceutical industry.
This ancient medicinal tree, often called the "wonder
tree", is regarded as a chemical factory of diverse
and complex compounds that are extremely difficult
to imitate by chemical synthesis™. In addition to
its insecticidal property, the plant is also known
for its antimicrobial, antimalarial, antiviral, anti-
inflammatory, antioxidant, molluscicidal and anti-
filarial properties*®l.

In the present work, we investigated the effect of oil
extracts of three natural plants; N. sativa, P. graveolens
and A. indica as molluscicidal agents against B. truncatus
snail, the intermediate host of S. haematobium.
Moreover, evaluation of their effect on miracidia and
cercariae of S. haematobium was performed.

MATERIAL AND METHODS

This observational analytical study was performed
in Schistosome Biological Supply Centre, Theodor
Bilharz Research Institute (TBRI), Giza, Egypt, during
the period from May till July 2019.

Plants: Oil extracts of N. sativa, P. graveolens and
A. indica were purchased from the Agricultural and
Biological Research division, National Research Centre,
Gizah, Egypt. They were coded NsO, PgO and AiO,
respectively. Oil was dissolved in dimethylsulfoxide
(DMSO) and then diluted in incubation medium
(fresh dechlorinated water). One liter of solution was
prepared with a concentration of 50 ppm of each oil
extract in each solution.

Effects on the snails: B. truncatus snails, were obtained
from a laboratory bred colony in SBSC, in TBRI. Adult
B. truncatus snails, 2-3 mm shell height were used
in the study. The snails were fed on boiled lettuce
leaves, blue green algae, and fish food™”. The efficacy
of plant extracts against the adult snails was primarily
determined according to the standard method of WHO
recommendations™®. To a sample of 100 ml from each
of the previously prepared solutions, 10 snails were
added. For negative control, two groups of snails were
maintained in fresh dechlorinated water under the same
experimental conditions. The currently conventional
molluscicide, niclosamide, was used similarly as
positive control starting with a concentration of 10
ppm. The snails were maintained in the solution for
24 h at 25°C * 2°C. After exposure, the snails were
thoroughly washed and transferred to fresh water
for another 24 h for recovery. At the end of recovery
period, the snails were examined for viability, and the
dead snails were counted and recorded to calculate the
mortality rate™. Oil extracts were then retested by the
same method using descending concentrations for LC,,
and LC,, determination.

Snails histopathological examination: Snail samples
were randomly selected from the experimental groups.
The soft parts of snails were dissected out of the
shells after gentle crushing between two glass slides
and the shell fragments were removed using pointed
forceps under the dissecting microscope. The tissue
was fixed in 10% neutral buffered formalin solution,
washed, dehydrated, cleared and paraffin embedded.
Serial sections cut at 5 p thickness, were hydrated,
HE stained®, then microscopically examined and
photographed.

Larvicidal (miracidicidal and cercaricidal) activity:
Miracidia and cercariae of S. haematobium were also
obtained from SBSC. Miracidia were obtained from
hatching eggs in small amounts of dechlorinated
tap water. While the cercariae were produced from
experimentally infected B. truncatus snails at 25°C+2°C.
Miracidia and cercariae were exposed for one hour
to the LC,, of oil extracts of the three tested plants as
determined on the exposed snails, according to Eissa et
al.'”). Indication of miracidial and cercarial death was
determined by ceased motion for one minute, followed
by sinking down, and the detachment of the cercarial
taill7l,

152



Herbal extracts and control of schistosomiasis

Aminou et al,

Statistical analysis: The statistical program SPSS
package version 20 was used for calculation. Linear
regression analysis was applied to determine the
relationship between mortality (of snail or parasites)
and concentrations of plant extracts. Probit regression
graphing was used to determine LC, and LC, .

RESULTS

Molluscicidal activity: The molluscicidal activity of
oil extracts of N. sativa, P. graveolens and A. indica
on B. truncatus snails after 24h of exposure indicated
that N. sativa was the most effective plant on the
snails (LC,, 5.8 ppm, LC,, 10 ppm), followed by P.
graveolens (LC, 15 ppm, LC,, 28 ppm) and the least
activity was for A. indica (LC,, 28 ppm, LC, ;47 ppm)
(Table 1).

Table 1. Molluscicidal activity of oil extracts of N.
sativa, P. graveolens and A. indica on B. truncatus
snails after 24 h of exposure under laboratory
conditions.

LC,, (ppm) LC,,, (ppm)
N. sativa 5.8 10.0
P. graveolens 15.0 28.0
A. indica 28.0 47.0
Niclosamide 0.2 0.6

LC: Lethal concentration, ppm: Part per million.

Concerning histopathological findings,
control snails showed normal female and male
hermaphrodite glands. Primary gametogenesis was
registeredwith 1% gametocyteand 2" gametocyte,and
spermatogonia stages (Figure 1a). Figure 1b showed
digestive gland with normal complete connective
tissues (CT) and regular cell membrane. Head foot
tissues were normal with thick and cutaneous layers
of connective tissue (Figure 1c). After 24 h exposure
to N. sativa oil extract, hermaphrodite glands of
B. truncatus showed absence of developmental

stages of gametogenesis and spermatogenesis with
vacuolated tissues (VT) (Figure 2a); cell layers of
digestive glands were disturbed with vacuolated
connective tissues (Figure 2b); while head foot
region showed laceration of cutaneous layers and
vacuolated tissues (Figure 2c). With exposure to P.
graveolens, hermaphrodite glands showed partial
disturbance in development (Figure 3a), digestive
glands showed slight vacuolated tissues (Figure
3b), and gradual distortion in shape of cell layer in
the head foot region (Figure 3c). After exposure to
A. indica, the hermaphrodite glands showed regular
contents (Figure 4a); digestive glands showed slight
degree of vacuolation of cytoplasm (Figure 4b); head
foot region showed slight disturbance in shape of
layers (Figure 4c).

Miracidicidal and cercaricidal activities: N. sativa,
P. graveolens and A. indica showed variable degrees
of biocidal effect on aquatic stages of S. haematobium.
N. sativa was the most effective (lethal dose; LC,,,
that lead to complete death of miracidia was 5 ppm,
while that of cercariae was 7 ppm), while A. indica
had the weakest killing power on both miracidia
and cercariae (LC,,, that caused complete death of
miracidia was 18 ppm, while that of cercariae was 26
ppm) (Table 2). This is demonstrated by reduction
in the movement of the miracidia, followed by their
sinking down together with the cercariae to the
bottom of the container with detachment of the
cercarial tail, indicating death of both organisms.

Table 2. Effect of oil extracts of N. sativa, P. graveolens
and A. indica on S. haematobium miracidia and
cercariae after 1h exposure.

Miracidicidal effect Cercaricidal effect

(LC,,, PPM) (LC,,, PPM)
N. sativa 5.0 7.0
P. graveolens 10.0 15.0
A. indica 18.0 26.0

LC: Lethal concentration, ppm: Part per million.

Fig. 1. Histological section of normal B. truncatus snail. Primary
gametogenesis was registered with 1% gametocyte and 2™
gametocyte, and spermatogonia stages (1a). Figure 1b showed
digestive gland with normal complete connective tissues (CT) and
regular cell membrane. Head foot tissues were normal with thick
and cutaneous layers of connective tissue (1c) (X400).

Fig. 2. Histological section of B. truncatus snail after 24h exposure
to N. sativa oil extract; hermaphrodite glands showed absence
of developmental stages of gametogenesis and spermatogenesis
with vacuolation of tissues (VT) (a); cell layers of digestive
glands were disturbed with vacuolated connective tissues (b);
while head foot region showed laceration of cutaneous layers
and vacuolated tissues (c) (X400).
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DISCUSSION

Bulinus truncatus snails, the intermediate host of
Schistosoma haematobium in Egypt, had colonized
the River Nile from the Nile Delta throughout the
country resulting in an increase in schistosomiasis
transmission. Use of molluscicides in snail control
showed a significant effect in reducing both incidence
and prevalence of schistosomiasis®. However, the
negative impact of synthetic molluscicides on the
environment and their high cost necessitated search
for an alternative approach of using plant extracts for
the control of schistosomiasis?l.

In the present work, the molluscicidal effect of oil
extracts of three natural plants; N. sativa, P. graveolens
and A. indica was studied against B. truncatus snail.
Essential oil of N. sativa was proved to have many
therapeutic effects. It was found to exert an anti-T.
gondii and anti-malarial effect as it decreased the
parasitaemia and increased the survival rate of mice
infected with Plasmodium berghei'®. It was also found
to preventliver damage induced by S. mansoni infection
in mice by reducing inflammation and modulating the
immune responsel?*. Moreover, alcoholic extract of N.
sativa was found to be as effective as metronidazole in
the cure of giardiasis®®®.

It is noteworthy that no study could be traced on the
molluscicidal activity of N. sativa extracts on the snail
intermediate hosts of S. haematobium. In our present
work, oil extract of N. sativa showed a lethal effect on
B. truncatus snail. LC., was 5.8 ppm, while LC, was
10 ppm. The histopathological findings showed severe
distortion in the structure of the snail with absence of
developmental stages, disturbance of digestive glands

with excessively vacuolated tissues (Figure 2).

Similar histopathological findings were obtained
by Yousef and El-Kassas?®! who observed numerous
vacuoles in the digestive and excretory cells of B.
alexandrina and B. truncatus snails when exposed to
three Egyptian wild plant-extracts; Euphorbia splendens

Fig. 3. Histological section of B. truncatus snail after 24h exposure
to P. graveolens oil extract; hermaphrodite glands showed partial
disturbance in development (a), digestive glands showed slightly
vacuolated tissues (b), and gradual distortion in shape of cell
layer in the head foot region (c) (X400).

Fig. 4. Histological section of B. truncatus snail after 24h exposure
to P. graveolens oil extract; hermaphrodite glands showed partial
disturbance in development (a), digestive glands showed slightly
vacuolated tissues (b), and gradual distortion in shape of cell
layer in the head foot region (c) (X400).

(Euphorbiaceae), Ziziphus spina-Christi (Rhamnaceae)
and Ambrosia maritima (Asteraceae).

Our present study is the first report, to the best of our
knowledge, to show evidence that N. sativa has a potent
molluscicidal activity. Its powerful effect on B. truncatus
snail makes it a new candidate in molluscicides family.
Since miracidia, after infecting snails, form sporocysts,
with the production of thousands of cercariae, that
are the infective stage to human, therefore, killing the
miracidium represents an effective way to control
schistosomiasis. We showed that the N. sativa oil had
a good biocidal effect against both miracidia (with
LC,, of 5 ppm) and cercariae (with LC,, of 7 ppm) of
S. haematobium. Miracidia proved to be more sensitive
than cercariae to N. sativa lethal effect. This is supported
by other studies in which miracidia of Schistosoma were
more liable than cercariae to the biocidal effect of other
plant extracts as berries of Phytolacca decandra™”! and
latex of Euphorbia milli?®.,

In 2005, Mohamed et al.?*”! tested N. sativa seeds in
vitro against S. mansoni miracidia, cercariae, and adult
worms. Results showed its strong effects against all
stages of the parasite and also indicated an inhibitory
effect on egg-laying of adult female worms. The effect
of crushed seeds was also studied on some antioxidant
enzymes that protect adult worms against host oxidant
killing. Disturbance of such enzymes, using N. sativa
seeds, could in turn render the parasite exposed to
damage by the host, thus suggesting its role in the anti-
schistosomal potency of the used drug.

In another study, conducted by Abo-Zeid and
Shohayebl, it was found that oil extract of N. sativa
exerted a lethal effect on both miracidia and cercariae
of S. mansoni. Miracidia were more sensitive than
cercariae. At 0.39 ppm and 50 ppm, N. sativa oil
killed 100% of the miracidia after 25 and 0.5 min and
cercariae after 90 and 5 min respectively. Therefore, the
lethal effect of N. sativa oil extract shown in this study
on aquatic stages of S. haematobium, recommends its
future use, as potent cercaricidal and miracicidal agent.
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In the present work, the molluscicidal activity of P.
graveolens was also investigated, where it showed a
toxic effect against B. truncatus snail. LC,, was 28 ppm,
while LC,,, was 15 ppm. Histopathological alterations
included partial disturbance of hermaphrodite glands,
with general distortion and vacuolation of snail tissues
(Figure 3). In 2012, El-Tantawy et al.** demonstrated
high toxic effect of P. graveolens on Lymnaea caillaudi
and B. alexandrina snails. Also in another study, it was
found to have potent molluscicidal activity against B.
alexandrina snail, confirmed by the decreased protein
content and the modulation in the activities of vital
enzymes in the snail hemolymph and tissues, which
indicated damage to the snail tissue and disturbance
of the physiological activities required for parasite
development and cercarial production2.

Al-Sayed et al.®® explained the molluscicidal effect
of Pelargonium species. They stated that these species
are a rich source of tannins, flavonoid derivatives®*¥,
coumarins®! and phenolic acids®®. Phenolic
compounds with their strong killing action against
B. glabrata and B. alexandrina snails, are suitable
for snail control especially as their plants are widely
distributed. Moreover, phenolic compounds are less
toxic than saponins for other non-target organisms3.
All these findings show that Pelargonium can be
used as an effective molluscicidal agent against snail
intermediate host of Schistosoma in Egypt and hence,
control schistosomiasis. Our study confirmed the
potency of the oil extract of P. graveolens by recording
a schistosomicidal effect against miracidia (LC,, at 10
ppm) and cercariae (LC, at 15 ppm) of S. haematobium.
Similar results were obtained by Al-Sayed et al.®*, who
demonstrated a strong miracidicidal activity of LC, at
15.9 ppm and cercaricidal activity of LC,, at 55.9 ppm
of the phenolic-rich plant, P. graveolens.

Concerning A. indica, the oil extract of this plant
showed the least molluscicidal activity against B.
truncatuswhere LC, was 47 ppm,and LC, ,was 28 ppm.
Histopathological findings showed slight distortion of
snail tissue with few vacuolations (Figure 4). However,
this effect is still in the range of the WHO standard for
toxicity, which requires an LC,; of less than 100 ppm
for plant molluscicides®”. Moreover, its miracidicidal
(LC,,, at 18 ppm) and cercaricidal (LC,,, at 26 ppm)
activities were the lowestamong the three plantextracts
evaluated in this study. In 1986, Ayoub and Yankov!*®
observed that water extract (100 ppm) of neem bark
is active and toxic against B. pefifferi and B. truncatus.
Singh and Agarwal® showed that molluscicidal
activity of the standard molluscicide, niclosamide (24
h; LC,, 11.8 mg/l) is only 1.4 times higher than neem
oil (24 h; LC,,, 17.35 mg/1). Moreover, among the neem-
based pesticides, nimbecidine is more toxic against
Indoplanorbis exustus and Lymnea acuminata snails,
possibly due to the presence of more limonoids in neem
oil (used in the preparation of nimbecidine). However,
the toxic effect of azadirachtin neem oil is short-lived.

Its maximum effect is observed only within 24 h, due
either to the fact that pure azadirachtin is not stable
in water after 24 h or it is metabolised by the snail
within 24 h. However, this time-dependent effect can
be stable up to 96 h if used along with other chemical
components of the neem!*l,

In a study conducted by Singh and Singh™Y, they
found that a combination of A. indica oil with L. inermis
seed powder and Cedrus deodara oil was more toxic for
L. acuminata snail than their individual components.
Following this declaration, Singh and Singh™? reported
the effect of sublethal treatment (20% and 60% of LC,,
/24 h) of some plant-derived molluscicides, including
A. indica oil, on the reproduction of snail L. acuminata.
They observed that the combination of plant derived
molluscicide and their active molluscicidal components
caused a significant reduction in fecundity, hatchability,
and survival of young snails. Withdrawal of snails
to fresh water after the above treatment caused a
significant recovery in the fecundity of L. acuminata.
All these findings, in addition to ours, suggest that
neem oil can be used as a good molluscicide that is less
expensive and less hazardous to the environment than
synthetic products.

Conclusion: Aiming to develop new and safe candidates
with molluscidal and schistosomicidal activities, and
hence promotion of schistosomiasis control in Egypt,
the present work showed that oil extracts of N. sativa,
P. graveolens and A. indica can be considered as potent
mollusccidal agents against B. truncatus snail as well
as effective agents against miracidia and cercariae of S.
haematobium. Further studies are recommended.
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