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ABSTRACT. Leishmaniosis is a tropical neglected parasitic disease that is endemic in many countries, including
Middle East, with no existing effective vaccines. The bite of female sand-fly transmits the causative agent, Leishmania
spp., to humans. High toxicity, resistance and treatment failure of the available chemotherapy against visceral
leishmaniosis demands the investigation of new anti-leishmanial compounds. Lupeol is a form of triterpene isolated
from several medicinal plants and possesses an antimicrobial property. In this study, cytotoxic effect of lupeol was
screened against the mammalian amastigotes form and insect promastigote form of Leishmania donovani, following
three cycles of incubation at different concentrations by MTT assay. Results revealed the in vitro anti-leishmanial effect
of lupeol on both forms of the parasite where significant decline in promastigotes and amastigotes growth was observed.
This was conducted along three times of follow up (24, 48, 72) hours, in comparison to the classical sodium
stibogluconate treatment. Cell viability was calculated and the minimum ICs, was detected after 48 hours for
amastigotes and 24 hours for promastigotes, 12.125 uM, 102.78 uM, respectively. Given the severity of visceral
leishmaniosis and the toxicity of conventional chemotherapies, the anti-leishmanial activity of lupeol suggested a
promising compound for additional clinical trials.
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reported annually [6]. Symptoms of visceral
leishmaniosis is critical if untreated, where

Introduction

Leishmaniosis is one of neglected parasitic
diseases around the world, caused by flagellated
protozoan Leishmania which is predominantly
prevalent as cutaneous or more serious visceral
form [1]. More than 70 tropical and sub-tropical
countries are generally affected by leishmaniosis
where Phlebotomus vector is mostly thriving [2].
Moreover, children account for about 50% of
reported cases of cutaneous and visceral
leishmaniosis (VL) [3]. Clinically, the cutaneous
form is most common, whether old or new world,
and is rarely becoming life-threatening, however,
permanent scars or disfiguring skin ulcers can be
developed [4,5]. In Asia and Africa, visceral
leishmaniosis or kala-azar is caused by old-world
species of Leishmania donovani and/or L. infantum
with an estimation of 500,000 new cases are

enlargement of viscera, pancytopenia, high liver
enzymes and hypoalbuminemia are progressed
before death [7].

Despite the fact that there have been some
promising leishmanial-vaccination trials in mouse
models, there 1is currently no approved
immunization against human visceral leishmaniosis
[8]. In 2021, the World Health Organization called
for a new road map of neglected tropical diseases,
which involved new therapeutic insights for various
parasitic infections, including leishmaniosis [3].
Giving conventional systemic chemotherapies for
VL, such as antimony and amphotericin B, may
have toxic or cardiovascular side effects and posing
potential resistance [9,10]. In recent years, many
studies have been conducted to examine novel
treatments and diverse compounds that are less
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harmful and more readily available than currently
utilized chemotherapies [11-13]. Lupeol and its
derivatives are kinds of triterpenoids, derived from
several edible plants, proved to have anti-
inflammatory and antimicrobial activity, including
protozoa [14,15]. Previous studies examined the in
vitro and in vivo lupeol effect on Leishmania and
demonstrated its anti-leishmanial and immune-
modulatory properties [16,10,14]. Additionally,
lupeol was reported to upregulate T helper-1
cytokines in mouse models, while membrane
damage was detected post promastigote treatment.
Using lupeol in combination with amphotericin B
verified low parasite load in the viscera of infected
BALB/c mice [16]. Both cutaneous and visceral
leishmaniosis are endemic in Iraq, in which old-
world L. donovani and L. infantum are responsible
of reported cases [1,12]. The available chemo-
therapy of pentavalent antimony is the only drug
available in Iraqi hospitals, where about 50% of VL
cases are of children below 10 years old [17].

In the current study, the cytotoxic effect and
viability were investigated against in vitro
promastigote and axenic culture of amastigote after
three times follow up of lupeol treatment on of the
old-world Iraqi strain of Leishmania donovani.

Materials and Methods

Parasite culture

Previously identified Leishmania donovani
isolate (MHOM/1Q/2005/MRU15) was used at the
parasitology laboratory of postgraduates, College of
Science, University of Baghdad [12]. Promastigotes
culture was grown in RPMI 1640 media
(Gibco/UK) supplemented with 10% heated
inactivated fetal bovine serum (Sigma/USA), 1%
pen/strep (Gibco/UK), at 26°C. Procyclic
promastigote was differentiated to axenic
amastigotes according to [12] where pH was
adjusted to 5.5 and incubated at 35°C.

Chemicals

Lupeol preparation: lupeol (purity > 94%) was
purchased from Sigma Aldrich and dissolved in
DMSO (2mg/ml) according to the manufacturer’s,
stock of 5000 uM was prepared for later
experiment. MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl-2H-tetrazolium bromide was purchased
from (Sigma/USA). Sodium stiboglocunate
(pentostam) 100mg/ml (RMPL Pharma/India).

Anti-promastigote and axenic amastigote
cytotoxicity

Cytotoxicity screening of lupeol was conducted
against the two forms of the parasite. Log phase of
promastigote and amastigote cultures were counted
under high power of light microscope in a
haemocytometer chamber (Nunc®) then pipetted in
96-well plate (SPL/Koria) in a concentration of
1x100 cell in 100 ul/well. Lupeol stock of 2000 uM
was prepared in an Eppendorf tube and a serial
dilution was followed in the well-plate starting
from 1000 pM to end with 15.6 uM. Triplicate wells
for each concentration was made for both
promastigote and amastigote plates. Promastigote
plate was incubated at 26°C while amastigote plate
at 35.5°C for 24, 48 and 72 hours before MTT assay
examination, DMSO was used as a negative control
[12,18]. In parallel plates of promastigotes and
amastigote as described above, sodium stibo-
gluconate (SBB) was used as a positive control at
the same concentrations and serial dilutions as
lupeol’s.

Diphenyl tetrazolium bromide colorimetric (MTT)
method

According to the manufacturer’s and previously
published [19], 10 ul of MTT solution was added to
each well and incubated for further four hours
before 20 ul of DMSO was added as a stop solution
to dissolve formazan crystals that were created
during the experiment. Results of all plates were
read by ELISA reader (Biotek®) at 570 nm. Cell
viability was analyzed by dividing absorbency of
treated cells on average of untreated cells, for each
concentration. IC5, were calculated by plotting cell
viability against log lupeol concentration [12,20].

Statistical analysis

Prism graph unpaired t test was used for
comparison between treated and untreated parasites
for both lupeol and sodium stibogluconate,
significant at P-value < 0.05.

Results

Cytotoxicity and cell viability of promastigotes

In vitro active proliferating insect form of
Leishmania donovani growing at 26°C was treated
with serial concentrations of lupeol (1000, 500, 250,
125, 62.5,31.2, 15.6) uM and incubated for 3 times
of follow up 24, 48 and 72 hours. This was
performed alongside the classical antileishmanial
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Figure 2. Cytotoxicity of sodium stibogluconate against promastigotes after 24,48 and 72 hours

sodium stibogluconate (SBB), in comparison to the
untreated control parasites. The results showed that
lupeol inhibited the promastigotes growth at all
studied concentrations, with highest effect was
noticed after 24 and 48 hours (P-value = 0.00001,
Fig.1). Counterpart plate of promastigotes treated
with sodium stibogluconate showed normal growth
with no competitive inhibition at the studied
concentrations, where absorbency was very
analogous between treated and untreated parasites
(Fig. 2).

Cell viability was calculated against logarithm
lupeol concentration for the three times of follow
up, minimum cell viability was observed after 24
hours treatment for promastigotes, in which
growing inhibition less than 50% was seen at all
concentrations (Fig. 3).

Analysis of the inhibitory effect of lupeol was
detected by calculation of ICs, which revealed the
lowest after 24 hours, which was 102.78uM. The
measured ICs after 48 and 72-hours incubation was
(115.88, 284.6) uM, respectively.

Cytotoxicity and cell viability of axenic
amastigotes

The axenic mammalian form of Leishmania
donovani growing at 35.5°C was screened for
lupeol activity. The results found that amastigotes
proliferation was decreased at all the studied
concentrations for the three days of follow up.
Following 72 hours incubation revealed the highest
anti-amastigote effect (P-value = 0.00001, Fig. 4).

Amastigotes treated with sodium stibogluconate
was growing normally, with no significance
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Figure 4. Cytotoxicity of lupeol against amastigotes after 24, 48 and 72 hours

difference in absorbance values between treated and
untreated cell was noticed (Fig. 5).

Cell viability of amastigotes was different than
that of promastigotes, in which the minimum
viability was recorded after 72 hours of treatment
(Fig. 6). The inhibitory effect of lupeol against
axenic amastigotes was determined by ICj
calculation, in which the lowest was 12.125 pM
following 48 hours of treatment. IC5, was 135.8 uM
and 204 uM following 24 and 72 hours of treatment,
respectively.

Discussion

Leishmaniosis is one of neglected diseases with
growing resistant strains and serious after effects of
classical existing therapies including, antimony-
based drugs, amphotericin B and paromomycin
[21,22]. This study found that highly purified lupeol
demonstrated deleterious effect against both
promastigotes and axenic amastigotes at all studied
concentrations, following six serial dilutions of
1000 pM. Notably, promastigotes showed quick
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Figure 6. Cell viability of amastigotes after lupeol treatment after 24, 48 and 72 hours

sensitivity to treatment after 24 hours, while the
greatest decline of amastigote form was noticed
after 72 hours post treatment. Furthermore, the
identical plates of promastigote and amastigote,
treated with sodium stibogluconate, exhibited
normal growth when screened under equivalent
conditions and compared to the healthy untreated
parasites, along the three days of follow up.
Immunosuppression produced by L. donovani to
infected people and the toxicity of the available
chemicals urge the development of alternative
compounds of natural source [10]. Terpenes and

terpenoids essential oils are phytochemicals isolated
from different plant parts and have powerful
antimicrobial characteristics, such compounds can
efficiently cross cell membranes [23-25].
Monoterpenes confirmed anti-parasitic properties
by altering cellular structure, generating free
radicals and triggering apoptosis [26,27].

Lupeol was chosen as it has previously proved
its anti-leishmanial activity on the Indian strain of
visceral leishmaniosis, however, the in vitro assay
was only for 2 hours post-promastigote treatment
[21]. Additionally, it has been shown to have anti-
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trypanosomal activity [28]. In the current work, the
ICs( calculations displayed the lowest after 48
hours treatment for amastigotes (12.125 uM) while
for promastigotes, the lowest was counted after 24
hours (102.78 uM). Interestingly, lupeol was proven
to be safe for mammalian cell lines at
concentrations less than 234.3 uM [29].
Furthermore, in vivo study demonstrated that
experimentally infected mice with L. infantum
exhibited normal biochemical liver function
following lupeol treatment [10]. A parallel
investigation of lupeol against L. donovani in a
mouse model, proved the recovery of protective
immunity in the infected animals by enhancing
delayed type of hypersensitivity (DTH) after lupeol
treatment, when compared to classical amphotericin
B [30]. Moreover, additional administration of
lupeol resulted in elevation of reactive oxygen
species generation and nitric oxide within
macrophages, in addition, downregulation of
cytokines involved in immunosuppression was
detected [21,31,32].

This is one of the very first anti-leishmanial
investigation of lupeol against the Iraqi strain of
old-world L. donovani, where its toxic effect against
the two forms of the parasite was proved. However,
further investigation of in vivo study is needed.
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