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Abstract

Background: The adulticidal and cercaricidal activities of five Ghanaian medicinal plants, namely, Phyllanthus
amarus, Vernonia amygdalina, Azadirachta indica, Morinda lucida and Nauclea latifolia against S. mansoni were
evaluated in this study. Six weeks old ICR mice (n = 25) were percutaneously infected with S. mansoni cercariae.
Nine weeks later, infected mice (n = 5) were anaesthetised and perfused for adult S. mansoni. Cercariae were
treated with different concentrations (1000, 500, 250, 125, 62.5, 31.25 μg/mL) of methanolic extracts of the
experimenting plants in triplicates. Adult S. mansoni incopula were also treated with same concentrations of each
extract or 20 μg/mL praziquantel. The cercariae and adult worms were observed at time intervals for 180 min and
120 h to assess mortality and viability respectively. Additionally, 9-week cercariae-infected mice (4 groups of 5 mice)
were treated with either 500 mg/kg po A. indica or V. amygdalina, 400 mg/kg po praziquantel or distilled water for
14 days. The mice were euthanized after adult worms were recovered from them. The liver was processed and
histologically examined for granuloma formations.

Results: All the plants exhibited varying cercaricidal and adulticidal activities against S. mansoni in a time and
concentration-dependent manner. A. indica (3 h IC50 = 27.62 μg/mL) and V. amygdalina (3 h IC50 = 35.84 μg/mL)
exerted the highest cercaricidal activity. Worm recovery after treatment with V. amygdalina, A. indica and
praziquantel in vivo was 48.8%, 85.1 % and 59.9 % respectively (p < 0.05). A. indica and V. amydalina-treated mice
recorded lesser mean liver and spleen weights compared to untreated groups (p < 0.05).

Conclusion: A. indica demonstrated the highest cercaricidal and alduticidal activities in vitro, whereas V. amygdalina
exhibited the most potent aldulticidal activity in vivo. This study could provide baseline information which can be
used to develop plant-based alternative commercial drugs against S. mansoni.
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Background
Schistosomiasis is a parasitic disease caused by the blood
fluke Schistosoma and remains one of the important
neglected tropical diseases globally. The average treat-
ment cost per person per day is estimated to be $ 0.2–
1.0 [1, 2]. The disease affects over 250 million people
worldwide and causes, at least, 200,000 deaths annually
[3]. Clinical manifestation includes, but not limited to,
abdominal pain, hematuria, hematochezia and diarrhoea.
In extreme cases, chronic schistosomiasis results in
stunted growth and neurological disorders leading to
learning difficulties, multi-organ damage, immuno-
compromised system and, ultimately, death [4]. In Schis-
tosoma-endemic countries, poverty is further deepened
because the condition drastically reduces productivity.
Currently, praziquantel (PZQ) is the drug of choice for
treating human schistosomiasis [5]. Nevertheless, prazi-
quantel has failed in many cases of juvenile worm (schis-
tosomulae) infections because of drug insensitivity [6]. It
is, therefore, imperative to find alternative therapies
which are relatively affordable and readily available in
the community.
A fundamental problem associated with the treatment

of schistosomiasis and other infectious diseases is that,
the pathogens mutate following selective pressure from
the therapeutic agents. Additionally, in endemic coun-
tries, the disease is predominant in villages; treatment
programmes, which are free, are mostly run in schools.
Unfortunately, most of the children are seldomly in
school, and some infected individuals are beyond
school-going age. The infected individuals who are not
covered by the treatment programme have to self-get
the treatment regimen which, in most cases, is unafford-
able to them [7, 8]. The aforementioned reasons necessi-
tates the search for alternative therapies which are
affordable and easily accessible to these category of
people.
In Ghana, Schistosoma haematobium and Schistosoma

mansoni are the main flukes that cause schistosomiasis
[9]. The respective intermediate hosts, Bulinus tranca-
tus/globossus and Biomphalaria pfeifferi, have been iden-
tified in several water bodies in Ghana [10]. Two stages
in the life cycle of the parasitic helminth, miracidium
and cercariae, are involved in the invasion of their hosts.
Miracidium and cercariae respectively infect the inter-
mediate host, snail, and definitive host, man [11]. Poten-
tial therapy targeted at any of the stages of the parasite’s
life cycle could lead to treatment success.
Plants have played crucial roles in drug discovery and

development by providing lead compounds for drug de-
velopment [12]. Pathogens hardly develop resistance to
their metabolites in most cases [13]. In view of these,
plants and other natural products are mostly screened
for metabolites with prophylactic and/or therapeutic

potential against various conditions, including parasitic
infections. For diseases of tropical origin, plant-based
drugs come in handy partly; most tribes, due to have cul-
tural connotations (folklore), perceive herbal medicine to
be less toxic [14]. A large number of plant families with
potential schistosomicidal activity have been identified
through plant screening, which represents a continuous
effort to find new bioactive molecules [15]. In Ghana, sev-
eral plants (Combretum mucronatum, Paullinia pinnata
and Phyllanthus urinaria) are used for treatment of hel-
minth infections [16]; however, their cercaricidal and
schistosomicidal properties have not been empirically
assessed. This study, therefore, evaluated the cercaricidal
and adulticidal activities of Azadirachta indica, Morinda
lucida, Nauclea latifolia, Phyllanthus amarus and Verno-
nia amygdalina on S. mansoni.

Results
Cercaricidal activity of extracts
Apart from Balanites aegyptiaca (positive control), the
line graph of most of the extract concentrations
remained steady at 0% mortality for 60 min or 120 min
before they recorded a steady rise in percent mortality.
The time-course graph for 1000 μg/mL Nauclea latifolia
and Azadirachta indica rather followed an unusual pat-
tern. The 1000 μg/mL extracts of N. latifolia and A.
indica recorded a decline in mortality from 15 to 30 min
before a steady rise. The test extracts achieved 100%
mortality later than 30min, in contrast to, B. aegyptiaca
(125–1000 μg/mL), which produced 100% mortality
from 15 to 30min (Fig. 1a). Among the test extracts,
only 250 μg/mL A. indica exhibited 100% mortality at
60 min; all other extract regimen achieved 100% mortal-
ity at 120 min. In Fig. 1, B. aegyptiaca, produced 100%
mortality at 15 and 30 min at 125 μg/mL while V. amyg-
dalina produced 98% mortality at 30 min with 250 μg/
mL. Also, A. indica produced 100% mortality at concen-
trations from 250 μg/mL from 30min and above while
N. latifolia also produced 100% mortality at concentra-
tions 250 μg/mL whereas M. lucida and P. amarus treat-
ment had the highest onset of action with activity at
120th minute.
Additionally, B. aegyptiaca recorded the least IC50

values at all-time points. A. indica was next to record an
IC50 value at 30 min and second smallest IC50 value for
the remaining time points. Vernonia amygdalina was
next with its first IC50 recorded at 60 min and third
smallest IC50 value after A. indica and B. aegyptica for
the remaining time points. Morinda lucida and N. latifo-
lia were next to record their first IC50 values but at 120
min. However, N. latifolia recorded a smaller IC50 value
than M. lucida and also for the remaining time points.
P. amarus was the last to record an IC50 value at 180
min (Table 1). At the end of 180 min, the IC50 values
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from least to highest were 5.959 μg/mL (Balanites aegyp-
tiaca), 27.62 μg/mL (Azadirachta indica), 35.84 μg/mL
(Vernonia amygdalina), 117.7 μg/mL (Nauclea latifolia),
131.9 μg/mL (Morinda lucida) and 250.4 μg/mL (Phyl-
lanthus amarus) (Table 1).

Adulticidal effect of plant extracts
Viability of adult schistosome worms in vitro
At the end of 120 h, most of the test extracts and prazi-
quantel (positive control) were lethal to the adult incopula.
The extract concentrations which reduced the viability scale
from 3 to 0 include 62.5–1000 μg/mL A. indica, 125–
1000 μg/mLM. lucida and P. amarus, 250–1000 μg/mLV.

amygdalina and 500–1000 μg/mLN. latifolia. The negative
control did not reduce the viability of the adult incopula
throughout the experimental period (Fig. 2). It was noted
that N. latifolia produced no worm viability after 48 h for
any of the concentrations while V. amygdalina produced
activity after 24 h, 48 h and 72 h for 1000 μg/mL, 500 μg/
mL and 250 μg/mL respectively. Also M. lucida and A.
indica produced no activity after 24 h for 24 h. Also P.
amarus produced no mortality after 24 h for all the concen-
trations. There was however no statistical difference be-
tween A. indica and PZQ.

Percentage worm recovery and worm burden
Further, A. indica and V. amygdalina plant extracts were
selected for the in vivo studies based on their high
in vitro schistosomicidal and cercaricidal activities. One-
way analysis of variance (ANOVA) test showed that at
least one of the mean numbers of adult worms recov-
ered for a treatment group differed from another (F =
7.327, p = 0.0026). Post hoc analysis showed that the
mean number of worms recovered from V. amygdalina
(12.00 ± 1.549), A. indica (19.80 ± 8.194) and praziquan-
tel (13.60 ± 3.600) -treated S. mansoni infected mice was
significantly lesser than that of the untreated group
(40.20 ± 3.072) (Table 2, Fig. 3).

Fig. 1 Time course mortality rate of the cercariae after treatment with the plant extracts. The percent mortality rate of cercariae after 180 min. a B.
aegyptica. b V. amygdalina. c A. indica. d N. latifolia. e M. lucida. f P. amarus

Table 1 IC50 values of various extracts in μg/mL of the different
time intervals

IC50 Values of extracts (μg/mL)

15 min 30min 60 min 120min 180min

Balanites aegyptiaca 127.5 18 5.959 5.959 5.959

Azadirachta indica ~ >1000 127.8 ~ 31.22 27.62

Morinda lucida ~ ~ ~ 262.3 131.9

Nauclea latifolia ~ ~ ~ 195.9 117.7

Phyllanthus amarus ~ ~ ~ ~ 250.4

Vernonia amygdalina ~ ~ >1000 48.1 35.84
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The mean percentage worm recovery values for the
groups of mice treated with V. amygdalina, A. indica
and praziquantel were 48.9%, 85.1% and 59.9 % respect-
ively; they were significantly lesser than that of the un-
treated group (Fig. 4). However, there was no significant
difference among the worm recovery values (p value =
0.669) of the treatment groups. The mean worm burden
in the mice treated with V. amygdalina and praziquantel
was 2, whereas, that of A. indica-treated and untreated
mice scored a mean worm burden of 3. However, there
was no significant difference in worm burden among the
treatment options (p = 0.727). The average percentage
worm recovery for the groups of mice treated with V.
amygdalina, A. indica and praziquantel (positive con-
trol) was 48.9%, 85.1% and 59.9% respectively, relative to
100% recorded for the untreated mice (Fig. 4). However,
there was no significant difference between the worm re-
covery following the treatment with V. amygdalina, A.
indica and PZQ (p value = 0.669).

Effect of extracts on the spleen and liver size and weight
The relative organ weights of the liver and spleen
from V. amygdalina, A. indica and praziquantel
(PZQ)-treated S. mansoni infected mice were all sig-
nificantly lesser than that of the untreated group (p <
0.05) (Fig. 5a and b). The infected group recorded the
least relative organ weight (3.8 g) and the untreated
recording the highest (8.54 g). Treatment groups (V.
amygdalina and A. indica) compared with the un-
treated group at p = 0.001 and PZQ compared with
the untreated at p = 0.01 with a slim biological vari-
ation (indicated with error bars) in each case.

Effect of extracts on granuloma formations in the liver
The liver sections of the infected mice (both treated
and non-treated groups) showed granulomas, which
appeared as connective tissue fibres formed around
an egg. The granuloma formations were severe (> 10)
among all the untreated group. However, few to mod-
erate granulomas (4 to 10) were observed in the
treatment groups (Fig. 6). Granulomas were signifi-
cantly smaller in diameter in V. amydalina and A.
indica treatment groups than those in the untreated
group (p < 0.05) (Table 3). Treated cercariae-infected
mice group (P, VA and AI) had relatively less severe
inflammatory cell infiltration compared with untreated
NT group (Fig. 6).

Fig. 2 Anti-schistosomal activity of extracts. The percent mortality rate of the adult worm after N. latifolia (a), V. amygdalina (b), M. lucida (c), P.
amarus (d) and A. indica (e) treatment. There was however no statistical difference between A. indica and PZQ

Table 2 Worms recovered from S. mansoni-infected mice

Extract Mean F-ratio (p-value)

V. amygdalina 12.00 ± 1.549

A. indica 19.80 ± 8.194

Praziquantel 13.60 ± 3.600 7.327 (0.0026)

Untreated 40.20 ± 3.072
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Discussion
In both tropical and sub-tropical regions, schistosomiasis
is still a major public health concern. Schistosomiasis is
prevalent in poor communities, where sanitation is poor
and access to potable water is a challenge. Praziquantel
is the drug of choice for treating all cases of schistosom-
iasis; however, cases of treatment failure have been re-
ported in several studies due partly to resistance
developed by the parasite towards praziquantel [17–21].
Considering the functional limitations associated with
praziquantel, it has become imperative to investigate and

discover alternative therapeutic agents with schistosomi-
cidal activity, that are readily available, less expensive,
biodegradable and less toxic [22].
This study, therefore, investigated and reports on both

in vitro and in vivo effects of the methanolic extract of
selected Ghanaian medicinal plants on different life
stages of S. mansoni, the cercariae and adult worm. The
methanolic extracts of the selected plants A. indica, V.
amygdalina, N. latifolia, P. amarus, and M. lucida dem-
onstrated cercaricidal and schistosomicidal potential in a
dose- and time-dependent manner. A. indica exhibited

Fig. 3 Mean worms recovered from treatment groups. The number of worms after treatment with the different extracts and PZQ. All treatment
group compared with the untreated at p = 0.05 statistical significance

Fig. 4 Percentage worm recovery
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the highest anti-cercarial activity among the plant extracts.
Additionally, A. indica exhibited the highest in vitro activ-
ity against the adult incopula, comparable to that of stand-
ard drug praziquantel. Thus, A. indica, upon further
investigation, could be developed into an alternative agent
for the treatment of schistosomiasis. These results corrob-
orate other studies elsewhere [23, 24] and thus, demon-
strate that A. indica could play an important role in any
biological control program aimed at irradicating schisto-
somiasis. However, at low dose (< 500 μg/mL), dose re-
sponse was not observed for N. latifolia, M. lucida and P.
amarus. This observation could be as a result of tolerance
of these plants at low doses. This could be possible as cer-
caria may have been exposed to low doses of these plants
in their natural environment.
Statistically, V. amydalina has comparable adulticidal

activity as A. indica in vitro. In contrast, the former regis-
tered a relatively higher anti-schistosomal index in vivo.
Interestingly, V. amygdalina exerted a better adulticidal

activity than the standard drug praziquantel in vivo, simi-
lar to results reported by Adediran and Uwalaka [25].
Their study proves that V. amygdalina is relatively more
potent against helminths than conventional drugs iver-
mectin, levamisole and albendazole, attesting to its effi-
cacy. Additionally, a study by Ogboli et al. [26] also
reports that the leaf extracts of V. amygdalina have cura-
tive effects on mice infected with Schistosoma mansoni
[25–28]. Undoubtedly, V. amygdalina demonstrates that
it possesses anti-schistosomal activity and should, there-
fore, be investigated further to derive the full benefit. In
this study, the efficacy of A. indica and V. amygdalina was
studied in the same experiment unlike the previous stud-
ies. Moreover, these plants were collected from different
geographical locations. Again, the efficacy of these plants
were compared to others plants whose anti-schistosomal
efficacy was not known.
The pairing of the male and female worms in the human

host brings about sexual maturation and production of

Fig. 5 Relative organ weight (%) of the various treatment groups
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eggs. Moreover, most of the pathologies in schistosomiasis
are as a result of the schistosome eggs [28]. The host im-
mune responses towards the eggs and its antigens result
into granuloma formation in the liver and hepatospleno-
megaly in schistosomiasis patients [29]. In this study, the
spleen and liver of the praziquantel-treated cercariae-
infected mice was relatively larger compared to those
treated with V. amygdalina, suggesting an attenuated hep-
atomegaly and splenomegaly in the latter group. Further-
more, more granulomas were observed in the hepatic
parenchyma of praziquantel-treated mice as opposed to
the V. amygdalina treated group, further suggesting V.
amygdalina as better alternative to praziquantel. The
acute and sub-acute toxicities of A. indica and V. amygda-
lina have been previously reported and were found to be

safe [30, 31]. These plants ability to reduce the size of
granulomas is a testament to its efficacy.
Additionally, we are of the view that the activity of V.

amygdalina is possibly exerted through disruption of
adult worm pairing and/or inhibition of egg production
in the female worm; hence, few granulomas formed.
This could, possibly, be the mechanism of action of V.
amygdalina; however, more robust molecular techniques
have to be employed to establish its mechanism of
action.

Conclusion
All of the five plant extracts, P. amarus, M. lucida, N.
latifolia, V. amygdalina, and A. indica exerted varying
levels of cercaricidal and adulticidal activities against S.

Fig. 6 Photomicrographs (H&E × 200) of liver granuloma in S. mansoni-cercariae infected mice from various experimental groups. Single headed

arrows ( ) points to granulomas. NF—mice with no cercariae infection; NT—untreated cercariae infected mice; P—praziquantel-treated

cercariae-infected mice; VA—Vernonia amygdalina-treated cercariae-infected mice; AI—A. indica treated cercariae-infected mice

Table 3 Mean diameter of granulomas from liver extract-treated cercariae-infected mice

Treatment Mean diameter (μm) 95% CI diameter range of granulomas (μm) p value Post hoc analysis

Untreated 361.1 ± 25.02 279.5–392.7 < 0.0001 A–B 0.0907

A–C 0.0001*

A–D 0.0005*

PZQ 293.0 ± 10.90 268.4–317.7 B–C 0.0342*

B–D 0.0828

A. indica 236.3 ± 7.36 219.9–252.8 C–D 0.6647

V. amygdalina 245.9 ± 9.45 223.9–266.6

C.I. confidence interval
*indicates p < 0.05
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S. mansoni cercariae-infected mice were randomly se-
lected, euthanized with intraperitoneal injections of
pentobarbital/heparin solution. Perfusate citrate saline
(0.85% sodium chloride; 1.5% sodium citrate) was
pumped into the descending thoracic aorta using a 20
gauge needle. A slit was made in the hepatic portal vein
and the perfusate was collected into a container for adult
worms’ recovery. The recovered worms were washed
thrice with phosphate-buffered saline (PBS) (pH = 7.4)
and finally in RPMI 1640 medium. Subsequently, inco-
pula adult worms were picked into each well of a 24-
well culture plate containing RPMI 1640 medium sup-
plemented with 1% HEPES, 10% fetal bovine serum
(FBS) and 100 μg/mL penicillin. A 2mL of 1000 μg/mL,
500 μg/mL, 250 μg/mL, 125 μg/mL, 62.5 μg/mL and
31.25 μg/mL of the plant extracts were added to the well
in triplicates, each containing a pair of the worms.
Some of the paired worm-wells were treated with ei-
ther 20 μg/mL praziquantel or RPMI 1640 medium
with supplements +1% DMSO to serve as positive
and negative controls, respectively. The plates were
then incubated at 37 °C with 5% CO2 for 120 h and
observed under an inverted microscope at 24-h inter-
val. The medium was also changed every 48 h to en-
sure that there was sufficient nutrient for the worms.
Viability of the worms per well was scored as follows:
0—worm dead; 1—severe reduction in motility and
morphological changes; 2—reduced motility and first
morphological changes; and 3—vital, normally active
and no morphological changes.

In vivo treatment with plant extracts and granuloma size
determination
Nine-week S. mansoni cercariae-infected mice were
randomly put into four groups of five: infected mice
+ A. indica (500 mg/kg po), infected mice + V. amyg-
dalina (500 mg/kg po), infected mice + praziquantel
(400 mg/kg po) and infected mice + distilled water
(infected control). The two plant extracts, A. indica
and V. amygdalina were selected based on their bet-
ter activity against the adult worms in vitro. Two
weeks after treatment, the mice were anaesthetised
with sodium citrate and perfused with normal saline
for adult worm recovery and counting with the aid of
an inverted microscope (Olympus CK 300). The per-
centage worm recovery was calculated as follows: %
worm recovery = mean of total worms in experimen-
tal group/mean of total worms in infected control ×
100%. Also, total number of paired adult worms per
mouse was recorded as the worm burden. The liver
and spleen were isolated after which, the weight and
organ to body weight of the various treatment groups
were determined.

Histopathological examination of the liver tissues
The right lobe of the liver from each mouse was fixed in
10% buffered formalin and taken through routine histo-
logical processes previously described by Gyasi et al.
[37]. After trimming of tissue block, random sections
(5.0-μm thickness) were stained with haematoxylin-eosin
(HE). With the aid of the light microscope (Olympus
CX41RF) coupled to a digital camera (Olympus soft im-
aging solutions GMBH), granulomas, which presented as
fibrous connective tissue surrounding an ovum were
identified and counted. The cross-sectional areas of the
granulomas were determined using an integrated meas-
urement tool of the LMscope software (Micro-Tech Lab,
Austria). The granulomas in the livers were grouped as
none (0), few (1 to 3), moderate (4 to 10) and severe (>
10) granulomas per liver with reference to their mean di-
ameters [38].

Statistical analysis
All data were expressed as mean ± standard deviation
(SD). A time-course percent mortality and time-course
viability scale line graphs were created for in vitro anticer-
carial and antischistosomal activities respectively. Graph-
Pad Prism for Windows version 4.03 (GraphPad Software,
San Diego, CA, USA) was used for all statistical analyses.
p<0.05 was considered statistically significant.
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