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ABSTRACT

Background: Schistosomiasis is contracted by exposure to fresh water containing cercariae that develop into adult
worms after penetration of human skin. Interruption of schistosomiasis vital cycle by elimination of cercariae may
enhance methods of transmission control.

Objective: To evaluate the in vitro effect of methanol extracts of Solanum nigrum (S. nigrum) and Callistemon citrinus
(C. citrinus) leaves on Schistosoma mansoni cercarial genetic makeup by random amplification of polymorphic DNA
-polymerase chain reaction (RAPD-PCR).

Material and Methods: The effect of different concentrations of both plants extracts on cercarial morphology and
mortality was observed with different lethal concentrations (LC). Also, assessment of DNA changes in exposed S.
mansoni cercariae to LC50 of both plants in comparison with non-exposed ones by RAPD-PCR assay was investigated.
Cercariae were divided into three groups: group A: control non-exposed cercariae; group B: cercariae exposed to S.
nigrum; and group C: cercariae exposed to C. citrinus.

Results: The cercaricidal potency of tested extracts was concentration-dependent. The cercaricidal toxicity of S.
nigrum extracts was 1.2 times higher than that of C. citrinus (LC90 values were 50 mg/L and 60 mg/L, respectively).
RAPD PCR revealed different band polymorphism patterns for each primer used and cercariae exposed to S. nigrum
revealed a higher number of band polymorphism (20 bands) than that obtained by cercariae exposed to C. citrinus
(16 bands) which were different from those of control group reflecting the genetic variability among the groups
studied.

Conclusion: C. citrinus and S. nigrum are effective cercaricidal agents that can be utilized to minimize water
transmission of schistosomiasis. Also, RAPD-PCR is useful for examining the genetic polymorphism of schistosomal
cercariae induced by plants extracts, and assessment of genetic damage of drug development fields.
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INTRODUCTION
more efforts focused on detecting safe molluscicides

Schistosomiasis, a chronic parasitic disease caused of plant origin[8], especially if they have miracidicidal
by trematodes of genus Schistosoma, is the second and cercaricidal activities”. Plants from Solanaceae
most devastating disease in terms of morbidity and family with several species of Solanum plants are
mortality in the world. It is prevalent in tropical and widely used for medicinal purposes*’l. S. nigrum was
subtropical areas affecting approximately 240 million found to have potentially useful molluscicidal activity
people worldwide and about 700 million people and Egyptian S. nigrum extracts were found to be very
are at risk, especially in poor communities lacking effective for schistosomes and Fasciola intermediate
adequate sanitation™?l. Inhabitants are infected by hosts control™!. Also, Callistemon species are used as
free-swimming cercariae shed from infected snail bio-indicators for environmental management*?l. It has
intermediate hosts into fresh water, where they been proved that methanol extracts of C. viminalis fruit,
penetrate the skin during water contact and mature into barks and leaves have molluscicidal activity against
adult wormsPl. Praziquantel is the main drug used for Biomphalaria alexandrina (B. alexandrina) snails™3. C.
schistosomiasis control. However, there is a possibility citrinus is the most widely cultivated member of the
of re-infection even after repeated chemotherapy!. So, genus Callistemon.
complementing chemotherapy with interruption of the
disease vital cycle by snails or cercariae elimination RAPD technique developed by Williams et al,™
is necessary to prevent re-infection in endemic areas. was successfully used for fast and simple detection of
Attacking schistosome cercariae in water is a new genomic variations among parasites*®, and the genetic
aspect for schistosomiasis transmission control®!. polymorphisms involved in the mechanism of drug

resistance*®7, Also, it provides a screening method

Molluscicidal plants are inexpensive, safe and to identify regions of genomic amplification, deletion,
appropriate for local snail control®”. Consequently, or rearrangement referred to genetic damagel®l.
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RAPD technique utilizes primers of short synthetic
oligonucleotides (10 bases long) of random sequences
to amplify nano-gram amounts of total genomic DNA by
PCR without the need for prior sequence information
about the analyzed genome, and yields information
on a large number of loci throughout the genomel'**],
Studies on genetic polymorphisms in different life cycle
stages of the S. mansoni are few in the fields of drug
development using RAPD-PCR assay!™”. In this research
article, the in vitro S. mansoni cercaricidal activities of
methanol extracts of S. nigrum and C. citrinus leaves
were evaluated; and their potential anti-schistosomal
effects on cercarial genetic polymorphisms were
studied using RAPD technique.

MATERIAL AND METHODS

This case control analytical study was carried out
during the period from February to December 2016 at the
Medical Parasitology Department, Faculty of Medicine,
Menoufia University, while RAPD PCR technique was
processed at the Agricultural Research Institute, Giza.

Preparation of plant extracts: S. nigrum and C.
citrinus leaves were collected from the Faculty of
Agriculture, Menoufia University. Their extracts were
prepared by adding 5 ml of methanol to each 1 gm of
dried leaves ground into fine particles; and incubated
at room temperature for 72 hours with shaking. This
was followed by filtration and concentration by drying
in a rotary evaporator. Finally, the crude total extracts
yield of the plants were preserved at 4°C until usel%l,

Preparation of different concentrations from plants
extracts: Different weights of both plant extracts were
dissolved in one ml dimethylsulfoxide (DMSO) then
diluted by dechlorinated water?’. The concentrations
obtained for S. nigrum were 15 mg/L, 20 mg/L, 25
mg/L and 50 mg/L®Y, and for C. citrinus they were 20
mg/L, 30 mg/L, 40 mg/L and 60 mg/L?2,

Cercarial shedding from infected snails: Infected B.
alexandrina snails were purchased from Schistosome
Biological Supply Program (SBSP) Unit at Theodor
Bilharz Research Institute (TBRI). They were suspended
in 100 ml dechlorinated water and left under white
fluorescent light for 30 min to release cercariae'®l, The
number of cercariae was counted three times and the
average number of cercariae per 1 ml was calculated*.,

Cercaricidal activity of plant extracts: An average of
50 cercariae were placed in 5 cm Petri dishes; then 2
ml of each prepared concentration of the extracts were
added per dish. To the same number of cercariae, 2 ml
aged chlorine-free water was added as control. Three
replicates were used to detect number of dead cercariae
with each concentration to determine the different
lethal concentrations (LC) of both plants (LC, , LC,., LC,,

10’ 25’

and LC, ) after one hour of exposure. Cercariae were
considered dead when they stopped movement, sank
down and when their tails were detached?®. Motility
and morphology of the cercariae through the period of
exposure were examined by a stereomicroscopel..

Assessment of genetic polymorphism in S. mansoni
cercariae: The obtained LC,, of both plants (25
mg/L for S. nigrum, and 40 mg/L for C. citrinus) was
used. The cercariae were divided into three groups:
group A (control non-exposed cercariae), group B
(cercariae exposed to S. nigrum at concentration 25
mg/L); and group C (cercariae exposed to C. citrinus at
concentration 40 mg/L). The exposed cercariae were
then collected for DNA extraction and investigated by
RAPD-PCR.

Extraction of DNA?°l: DNA extraction was performed
using DNeasy Mini Kit (QIAGEN) , according to
manufacturer's instructions. Briefly, cercarial
suspensions were first lysed using proteinase K.
Buffering conditions were adjusted to provide optimal
DNA binding conditions and the lysate was loaded into
the QIA shredder spin column after centrifugation.
The supernatant was mixed with buffer then loaded
into DNeasy Mini spin column. During centrifugation,
DNA was selectively bound to the DNeasy membrane
followed by two efficient wash steps, then, DNA was
eluted in AE buffer ready for use.

RAPD-PCR Procedure®: Different universal random
primers (Operon Technologies, Alameda, CA, USA)
were screened in RAPD analysis for their ability to
match the genome of S. mansoni cercariae and produce
sufficient amplification products. PCR reactions were
conducted using 7 of these primers (Table 1), and
DNA amplifications were performed in an automated
thermal cycler (model Techno 512).

Table 1. Primers and their nucleotide sequences.

No. Name Sequence

1 14A 5" CTCTCT CTC TCT CTCTTG 3°
2 44B 5 CTC TCT CTC TCT CTC TG 3°
3 HB-08 5" GAG AGA GAG AGA GG 3°

4 HB-09 5" GTG TGT GTG TGT GC 3°

5 HB-11 5" GTG TGT GTG TGT TGT CC 3°
6 HB-13 5" GAG GAG GAG GC 3°

7 HB-15 5" GTG GTG GTG GC 3°

The cycler was programmed for 5 min initial
denaturation step at 94°C, followed by 45 cycles of 1
min at 57°C of primer annealing, and 2 min at 722C of
elongation. The reaction was finally stored at 722C for 10
min. The reaction products were resolved by 2% agarose
gel (stained with ethidium bromide) electrophoresis.
RAPD gels were processed using Quantity One software
(Bio-Rad) which identifies DNA fragments using an
optimized set of parameters (as reported in Quantity
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One user guide for version 4.2 Windows Bio-Rad
Laboratories) which was manually adjusted by visual
inspection. Fragments identification was then used
to create a qualitative data matrix of presence (1) or
absence (0) that was processed using SPSS software
program (version 22). The resulting data was used
to construct a dendrogram by means of the UPGMA
(unweight pair-group method with arithmetical
averages) algorithm”l. The amplification products
were fragmented, and the bands produced were
classified into polymorphic (partially common
between species); monomorphic (common in all
speciesatequal molecular weights (MW)); and positive
(unique) marker (species specific). Polymorphism
percentage (%) is used to refer to the percentage of
the total number of polymorphic and positive marker
bands per the total number of bands*®..

Statistical analysis: Data were analyzed using SPSS
version 22 for calculation of the mean number of dead
cercariae in the three replicates for each prepared
concentration of each extract; then, LC,, LC,, LC,, and
LC,, were determined. Polymorphism percentage was
calculated as: polymorphic fragments (PF) + positive
unique bands/Total amplified fragments (TAF).

Fig. 1.

LY

RESULTS

Motility of S. mansoni cercariae and their
morphological changes: Cercariae exposed to both
plant extracts were slower, shorter and darker in color
with loss of brightness than those in non-exposed
(control). They also showed swollen head, abnormal
shape, head separation from tail and disintegration
(Figure 1).

Cercarial mortality of S. mansoni cercariae after
one hour of exposure to different S. nigrum and C.
citrinus extracts concentrations with determination
of LCs: Cercarial decreased motility and increased
mortality occurred with increasing concentration of
extracts (Table 2). Dead cercariae were motionless
at the bottom of Petri dish and with separated tails.
The lethal concentrations for methanol extracts of
S. nigrum and C. citrinus that killed 50% (LC,)), of S.
mansoni cercariae were 25 mg/L. Methanol extract of S.
nigrum leaves showed higher cercaricidal activity with
a toxicity of 1.2 times higher than that of C. citrinus as
LC,, values were 50 mg/L and 60 mg/L for S. nigrum
and C. citrinus, respectively.

A) Non- exposed S. mansoni cercaria (control) shows normal length and shape of
the head and tail with bright appearance and smooth surface wall. (B-D) S. mansoni

= cercariae exposed to S. nigrum at different concentrations. B) At 20 mg/L, it shows

darkness, swollen head, corrugation of the tail and shortness (x100). C) At 25 mg/L,

1 it shows severe deformity, swollen head with partial separation and twitched
= tail (x400). D) At 50 mg/L, it shows complete detachment of head and tail with
disintegration and loss of contents (x400). (E-G) S. mansoni cercariae exposed to C.

G citrinus at different concentrations. E) At 30 mg/L, it shows swollen and deformed
head (x400). F) At 40 mg/L, it shows partial separation of head and tail (x400). G) At
60 mg/L, it shows severe deformity and disintegration (x400).

Table 2. Different lethal concentrations (LC) of S. nigrum and C. citrinus leaves for S. mansoni cercariae.

Time of exposure (one hour)

Plant species

LC,, (mg/L) LC,; (mg/L) LC;, (mg/L) LC,, (mg/L)
S. nigrum 15 20 25 50
C. citrinus 20 30 40 60
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RAPD-PCR analysis: The total number of bands
resolved in agarose gel for both control and exposed
cercariae to plant extracts (LC,) was 38 with
molecular size ranging from 45 to 321 bp (Figure 2).
This shows genetic polymorphism in cercariae exposed
to S. nigrum and C. citrinus. Out of these 38 bands, 12
were monomorphic (shared among all groups) and 26
bands were polymorphic (Table 3). Data in table (4)
revealed that cercariae exposed to S. nigrum (Group B)
revealed a higher number (20) of polymorphic bands,
and C. citrinus (Group C) revealed 16 bands which

The greatest total number of bands was 8 obtained
by primer HB-11 followed by HB-13 and HB-15 (7
bands by each) and 44B primer that generated 6 bands.
The lowest number was obtained by 14A and HB-
08 primers (3 bands by each) (Figure 2). Regarding
the band polymorphism, the highest percentage of
polymorphism was obtained with 44B and HB-13
primers (100% polymorphism) followed by HB-11
primer, reaching 87.5%, and the lowest percentages
were obtained with HB-09 (25%) and 14A and HB-08
primers (33.3%).

were different from those of control group either by
presence or absence.

M A B C

3000
2500

2000
1500
1000

750

500

Fig. 2. RAPD-PCR patterns generated from DNA of control non-exposed cercariae (group
A) and exposed cercariae (groups B and C) using 14A, HB-13, 44B, HB-11, HB-15, HB-08
and HB-09 primers.

250 Lane M: DNA Ladder 100 bp; Lane A: control; Lane B: group B; Lane C: group C.

HB-09

Table 3. DNA fragments generated by 7 primers used in RAPD- PCR
of control and exposed cercariae and polymorphism percentage.

Table 4. Number of bands that either appeared with
exposed cercariae in each group and were absent in
control cercariae or vice versa.

Primers TAF MF PF and positive unique Polymorphism (%)

Primers S. nigrum (Group B) C. citrinus (Group C)

14A 3 2 1 33.33

14A 1 0
44B 6 0 6 100.00

44B 5 5
HB-08 3 2 1 33.33

HB-08 1 0
HB-09 4 3 1 25.00

HB-09 1 1
HB-11 8 1 7 87.50

HB-11 5 2
HB-13 7 0 7 100.00

HB-13 5 6
HB-15 7 4 3 42.85

HB-15 2 2
Total 38 12 26 68.42

Total 20 16

TAF: Total amplified fragments, MF: monomorphic fragments, PF:
polymorphic fragments
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The dendrogram illustrated the genetic relationship
between exposed cercariae groups (B and C) and non-
exposed control cercariae (group A) (Figure 3). It
separated them into two major clusters; I and II. Cluster
I included control cercariae (group A), while cluster

I1 included exposed groups: group B (cercariae pre-
exposed to LC, of S. nigrum) and group C (cercariae
pre-exposed to LC,, of C. citrinus). This separation
revealed genetic difference between control and
exposed cercariae.

Dendrogram using Average Linkage (Between groups)
Rescaled Distance Cluster Combine

CASE 0 5 10 15 20 25
Label Num + + + + + +
A 1 I
B
II
C 3

Fig. 3. Dendrogram illustrating the genetic difference between exposed cercariae (groups B and C) in comparison with non-

exposed cercariae (group A) based on RAPD data.

DISCUSSION

Interruption of schistosomes life cycle by any
tool targeting their larval forms will contribute
significantly = in  controlling  schistosomiasis.
Schistosomes have a complex life cycle involving
freshwater intermediate host snails. In this study we
endeavored to determine the potential of methanol
extracts from S. nigrum and C. citrinus leaves in
controlling schistosomiasis through their cercaricidal
effects. To our knowledge, this is the first study for
the use of C. citrinus as a cercaricidal agent. Exposure
of S. mansoni cercariae for one hour to different
concentrations of methanol extract of S. nigrum
leaves revealed that LC, and LC,  values were 25 and
50 mg/L, respectively. These results parallel those of
Ahmed and Ramzy™Y who recorded the cercaricidal
properties of water extract of S. nigrum leaves against
S. haematobium and S. mansoni cercariae. Hammami
et al,?® attributed its cercaricidal activity to the
presence of flavonoids, terpenoids, and saponosides.
Bagalwa et al,? reported high cercaricidal activity of
mixed Solamargine and -Solamarine solution against
free swimming cercariae and concluded that cercariae
were Kkilled or so attenuated to cause infection or
become mature and cause significant pathology. Also,
Al-Daihan®” recorded that sub-lethal concentration
of S. nigrum (LC,) was potent in inhibiting and
disturbing the biochemical profile of the snail hosts
affecting host-parasite relationship. El-Sherbini et
al,™ reported the molluscicidal properties of extracts
of different Solanum species leaves and confirmed
that environmentally they are safe agents for control
of human schistosomiasis; and hence they are the
most suitable molluscicides for biological application
due to their very low toxicity to fish.

Our recorded lethal concentrations of methanol
extract of C. citrinus, were 40 mg/L (LC,)) and 60
mg/L (LC,,), coinciding with results of Ali et al,?
who recorded the lethal value for methanol extract
of C. citrinus on brine shrimp larvae. C. citrinus
extracts contain saponins, alkaloids and flavonoids

which were proved as molluscicidal agents in
different countries®®. Due to their froth-forming
ability, saponins affect the surface tension and
are thus lethal to snail vectors and cercariae of
schistosomes. Saponins also possess hemolytic
action by forming complexes with cholesterol in
red blood cell membranes causing their collapse
and release of hemoglobin. Formerly, the
methanol plant extract of C. viminalis was tested
to evaluate the anti-schistosomal activity and the
results revealed high effect since the LC_ (< 15 ug/
ml) was very low® which agrees with our results
regarding C. citrinus.

The present data shows that the methanol
extract of S. nigrum leaves was 1.2 times more
toxic to the cercariae of S. mansoni (LC,, values of
50 mg/L) than those of C. citrinus (LC,, values of
60 mg/L), which is the plant extract used for the
first time as a cercaricidal agent in the present
study. Our results showed that the two plants
used were effective cercaricidals, even with
sub-lethal doses. In support of these findings
are the parasitological, histopathological, and
scanning electron microscopical parameters
that we previously studied in mice infected with
cercariae exposed to LC,, of S. nigrum and C
citrinus methanol extractsi®3. Also, Ahmed and
Rifaat?! reported that crude water extract of S.
nigrum leaves attenuated S. mansoni cercariae and
significantly reduced their ability to penetrate mice
skin. In addition El-Ansary et al,B* showed that
the pathogenicity in mice achieved by infection
with attenuated cercariae released from snails
treated by LC,, of S. nigrum dry powdered leaves,
was remarkably lower than in those infected
with normal cercariae. Likewise, El-Refai et al,*!
supported the in vivo activity of aqueous extract
of C. citrinus as alternative chemotherapy against
both prepatent and patent phases of S. mansoni in
infected mice.
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Initially, microscopic examination of cercariae
exposed for 1 h to plant extracts showed progressive
decrease in motility until motionless with increase of
extract concentration used. Morphological changes
notedwereshortenedlength,abnormalshape,abnormal
motility, head separation from tail, and sometimes
disintegration. Similar findings were obtained after
red cedar wood oil exposure to the water surface for
a few minutes as cercariae altered their behavior
by vigorously swimming to the bottom followed by
immobilization or occasional tail twitching®..

Various natural compounds have been shown to be
toxic to cercariae. Also, some of them were reported to
possess components that can inhibit the penetration of
cercariae through human skin® such as crude aqueous
extract of Zingiber officinale™, pure compounds as
artemether® and the latex of Euphorbia conspicua®.
dos Santos et al,” reported a potent cercaricidal
activity of the ethanol extract of the rhizome of Jatropha
elliptica.

RAPD-PCR was used in the present study, to
investigate the genetic changes of cercariae exposed
to LC,, of methanol extract from S. nigrum and C.
citrinus leaves in comparison with control non-exposed
cercariae. The applied seven primers successfully
amplified products from genomic DNA from pooled
cercariae of each group. Also, they presented different
band polymorphism patterns with monomorphic bands
of similar molecular weights. RAPD-PCR was found to
be a rapid and low-cost technique for identification of
polymorphic bands representing DNA amplification
extracted from different stages of the S. mansoni
development cycle exposed to different periods of in
vivo treatments™l,

In our study, cercariae used were genetically from
the same infected B. alexandrina snails. Cercariae
exposed to S. nigrum revealed a higher number of
band polymorphism (20 bands,) than that obtained by
cercariae exposed to C. citrinus (16 bands) which were
also different from those of control group either by
presence or absence. These results showed that each
group gave a different pattern with the same primer,
although some fragments could be detected as common.
The extent to which RAPD-PCR fragments were shared
among different groups reflects the genetic variability
between cercariae exposed groups and control
group. According to Clark and Lanigan™, genetic
polymorphism may be caused by mutation, deletion or
replacement of a single base at specific loci resulting
in change in the nucleotide sequence that could be
detected by appearance of amplified fragments with
different DNA sequence.

The dendrogram reflected genetic difference
between control and exposed cercariae due to DNA
changes of mutation, deletion or damage in exposed
cercariae. This agrees with Williams et al,"™ who

recommended RAPD-PCR as a simple, sensitive
and effective method for detection of genetic
damages that change the primer binding sites
altering the electrophoretic band profile. Also, Riad
et al,™? recorded that RAPD-PCR pattern of DNA of
schistosomes recovered from garlic-treated groups
showed 65% to 68% similarity percentages with those
of control ones.

The RAPD technique has long been asserted for
studying the genetic diversities among molluscan
species®! and the heterogeneity of schistosomal
strains*. That is besides, the use of RAPD-PCR to
genetically differentiate resistant from susceptible
B. glabrata snails to S. mansoni miracidia™>¢l. Also,
Oliveira et al,” recorded data indicating great genetic
variability among susceptible and resistant strains of
B. glabrata and B. tenagophila by RAPD-PCR. However,
this technique has not been explored in the fields of
drug development to assess genetic damage!*®! and no
references could be cited for the effect of any drug on
the genomic DNA profiles of schistosomal cercariae.

In conclusion, S. nigrum and C. citrinus are effective
cercaricidal agents. This study provides alternative
cheap, safe and effective control agent against
schistosomiasis especially in endemic countries.
Moreover, RAPD-PCR is useful for examining the
genetic polymorphism of schistosomal cercariae
that could result from any treatment, and it can be
used in assessment of genetic damage in the fields
of drug development. Finally, cercarial sublethal
concentrations of plant molluscicides applied on
water surface could be of great value to minimize
water transmission of schistosomiasis. In addition,
they could be recommended for clinical application as
topics or skin repellents to prevent skin penetration or
even for attenuation of cercarial infectivity to the final
host. This is a new tool in schistosomiasis control in
endemic areas where restricting people from coming
in close contact with infective water is an impracticable
task.
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