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Abstract

Leishmaniasis is one of the six major tropical diseases that is spreading geographically in the world, with no definitive
cure. The aim of the present study was to investigate the anti-leishmanial effects of Olea europaea and Ficus carica
extracts against Leishmania major in both in vitro and in vivo experimental models. The in vitro efficiency concentra-
tions of 0.1-2 mg mL~! of O. europaea and F. carica extracts were effective against promastigote L. major at 48 h. In
addition, the lesion size and parasite burden in BALB/c mice infected with promastigote of L. major were quantified for
in vivo evaluation. Results showed that ICy, of O. europaea and F. carica extracts against promastigote were 1.5 and
1.2 mg mL™!, respectively. In addition, results from in vivo assay revealed that the mean size+SD of lesions signifi-
cantly decreased to 3.46+0.96 and 3.65+0.9 mm? in mice treated with O. europaea and F. carica extracts, respectively,
compared with that in the untreated group (p=0.001). Findings also indicated that O. europaea and F. carica extracts
considerably lowered the parasite burden in lesions (p <0.001), compared with the untreated group. Both extracts showed
notable activity against L. major. However, further investigations are required to controlling CL and inhibiting the devel-
opment of lesions.
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mL milliliters

MA meglumine antimoniate

SD Standard deviation

SSG Sodium stibogluconate
TGFp transforming growth factor-3
TNFa tumor necrosis factor-alpha
USA United States

VL visceral leishmaniasis
WHO World Health Organization

Introduction

Leishmaniasis is a neglected disease caused by protozoan
parasites of the genus Leishmania spp. and transmitted via
the bite of female Phlebotomine sandflies (Torres-Guerrero
et al. 2017). This clinical form of the disease ranges from
self-healing cutaneous lesion to severe and non-healing dis-
seminated cutaneous or visceral leishmaniasis (VL) (Ponte-
Sucre et al. 2017). This species may be found in Asia,
Africa, the Americas, and the Mediterranean region (Torres-
Guerrero et al. 2017). In 2012, the World Health Organi-
zation (WHO) launched a project to report on the burden
and distribution of leishmaniasis in 102 nations, regions, or
territories throughout the world, with the goal of identify-
ing CL and visceral leishmaniasis cases (VL). According to
statistics collected till 2010, 90% of VL cases in the world
happened in Bangladesh, Brazil, Ethiopia, India, South
Sudan, and the Sudan, whereas roughly 70% of CL cases
occurred in Afghanistan, Algeria, Brazil, Colombia, Costa
Rica, Ethiopia, Iran, Sudan, and the Syrian Arab Republic
(Torres-Guerrero et al. 2017).

On the other hand, 13 countries including Bangladesh,
China, Ethiopia, Georgia, India, Kenya, Nepal, Paraguay,
Somalia, South Sudan, Spain, Sudan, and Uganda out of the
25 nations studied have a high prevalence of VL, 11 have
a high prevalence of CL (Afghanistan, Algeria, Colombia,
Iran, Morocco, Pakistan, Peru, Saudi Arabia, Syria Arab
Republic, Tunisia, and Turkey), whereas one (Brazil) has a
high prevalence of both clinical types. Every year, roughly
2,000 autochthonous CL cases are documented in Turkey
(WHO 2016). In this respect, CL is a public health concern.
According to WHO’s report, 350 million people are living
in regions with a high risk of infection and 12 million cases
of leishmaniasis exist worldwide with an estimated number
of 1.5-2 million new cases occurring annually (Hailu et al.
2016).

Although pentavalent antimony (Sodium stibogluconate
(SSG) and meglumine antimoniate (MA)) is still the first-
line treatment of CL, these drugs are expensive and associ-
ated with side effects such as cardiac toxicity and elevation
in the levels of hepatic enzymes. Moreover, injections are
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painful, and sometimes there is a need for multiple injections
as a result ineffective or low cure rates (Alvar et al. 2012).
Alternatively, Amphotericin B, pentamidine, paromomycin,
fluconazole, and miltefosine can be used as second choice
drugs, however, these drugs also exhibit high toxicity in
addition to being expensive (McGwire and Satoskar 2014).
On the other hand, resistance to these drugs has increased all
over the world (Mishra et al. 2007).

Since there is no effective vaccine for this infection, dis-
covery and improvement of natural products, such as plant
extracts may provide unlimited opportunities for new drug
discoveries (Dias et al. 2012). Natural compounds of plant
origin have been extensively investigated to find a better
and safer alternative treatment (Akkol et al. 2021). Infec-
tious disease is one of the top-most serious threats to human
health globally, further exacerbated by antimicrobial resis-
tance and lack of novel immunization options. In the study
conducted by Hossain et al. (2021), Andrographis panic-
ulata (Burm. f.) was introduced as a promising source of
antimicrobial agents and safe treatment for infectious dis-
eases. Within this context, the genus Olea is classified into
the subfamily Oleideae, containing 35 species, which grow
throughout southeast and southwest Europe, west Asia,
and Africa (Chiappetta and Muzzalupo 2012). Olive tree
(O. europaea) leaves are rich in phenolic compounds with
strong antioxidant properties (Cardinali et al. 2010), glyco-
sides, secoiridoid, flavonoids and, poly-unsaturated fatty
acids. These compounds may exhibit numerous bioactivi-
ties such as antimicrobial, anitdiabetic, hypolipidemic, car-
dioprotective, antiviral effect, antiarrhythmic, spasmolytic,
immune stimulant, hypotensive, and anti-inflammatory
(Sahranavard et al. 2014; Ben Salem et al. 2015), scolicidal
effects (Niazi et al. 2019), anti-atherogenic, and anticancer
effects (Sahranavard et al. 2014). Published research sug-
gested that leaves of the olive tree have been used in tra-
ditional medicine as a blood pressure-lowering medication,
anti-atherosclerosis, and in the treatment of fever, urinary
tract infections, and headache (Msomi and Simelane 2017;
Benavente-Garcia et al. 2000).

Moreover, olive tree contains a plethora of bioactive
compounds including phenolic and flavonoid (Guo et al.
2018), lignans, volatile components (Keskin et al. 2012),
tepenoids (Sato et al. 2007; Stiti and Hartmann. 2012), vari-
ety of aldehydes, alcohols, esters, ketones, norisoprenoids,
and pyridines (Pérez-Bonilla et al. 2006; Guo et al. 2018)
among others.

Furthermore, Ficus carica L. is an Asian species of flow-
ering plant in the mulberry family (Moraceae), known as
the common fig (Oliveira et al. 2009a). The common fig is
one of the first plants that were cultivated by humans. Ficus
carica is an important source of phenolic compounds such
as proanthocyanidins. Fruits, root, and leaves of F. carica
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are recognized as a remedy with various therapeutic effects
(Solomon et al. 2006; Oliveira et al. 2009). Ficus carica has
been used in traditional medicine to treat various illnesses
affecting the digestive, endocrine, reproductive, and respira-
tory systems. Traditional healers also used this plant to treat
infections of the gastrointestinal system and urinary tract.
It additionally contains organic acids (Oliveira et al. 2009),
amino acids (Oliveira et al. 2010), fatty acids (Jeong and
Lachance 2001), flavonoids (Vaya and Mahmood 2006),
phenolic compounds (Oliveira et al. 2009b), phytosterols
(Ostlund 2002), volatile compounds (Shiraishi et al. 1996),
anthocyanin (Solomon et al. 2006), some enzymes (Sgari-
beri et al. 1964), and some nutritional contents fiber, copper,
manganese, magnesium, potassium, calcium, and vitamin K
(Badgujar et al. 2014).

Traditionally, haemorrhage is treated with F. carica fruit
juice mixed with honey. Fruits are used as a mild laxative,
expectorant, and diuretic in Indian medicine (Solomon et
al. 2006). Furthermore, fruit paste is applied to swellings,
tumors, and inflammation for relieving pain (Mawa et al.
2013). Pharmacologically, Fig demonstrated several activi-
ties in experimental model. It exhibits antioxidant (Solomon
et al. 2006), anticancer (Yancheva et al. 2005), hepatopro-
tective (Gond and Khadabadi 2008), hypoglycemic (Asadi
et al. 2006), antibacterial and antifungal (Aref et al. 2010),
antipyretic (Patil Vikas et al. 2010), antituberculosis (Kha-
dabadi et al. 2007), nematicidal (Liu et al. 2011), antispas-
modic and antiplatelet (Mohamad et al. 2011), anti-HSV
effect (Wang et al. 2004), antimutagenic (Agabeili and
Kasimova 2005), and anthelmintic activities (de Amorin et
al. 1999). On the basis of the previous discussion, the aim of
the present study was to evaluate the antileishmanial activ-
ity of O. europaea and F. carica extracts against Leishmania
major both in vitro and in BALB/c mouse model (in vivo) of
cutaneous leishmaniasis.

Materials and methods
Plants and extraction

Leaves of O. europaea and F. carica were purchased from
a herbal shop and authenticated by the Herbal Medicine
Research Center, School of Pharmacy, Shahid Sadoughi
University of Medical Sciences, Yazd, Iran. Extraction was
performed using the maceration method. In the first step,
the leaves of O. europaea were dried at room temperature,
ground, and then passed through a sieve. Then 50 g of the
powdered material was poured into a sterile screw-capped
glass container and mixed with 500 mL of ethyl alcohol
(80%). The extraction was carried out for one week. Subse-
quently, the extract was concentrated by means of a rotary

evaporator under reduced pressure at 45 °C and stored at
—20 °C until use. F. carica was extracted according to the
same procedure used for O. europaea extraction.

Parasites and animals

Leishmania major (MRHO/IR/75/ER) parasites were cul-
tured in RPMI 1640 media (Gibco, Life Technologies
GmbH, Germany) supplemented with 10% heat-inactivated
fetal bovine serum (Gibco, Germany), and 100 U mL ™! pen-
icillin and 100 pg mL™! streptomycin (Gibco, Germany).
Cultures were incubated at 24 °C for promastigote prolifera-
tion and the infectivity of the parasites was maintained by
the regular passage in susceptible BALB/c mice (Sudjana et
al. 2009). For this purpose, forty BALB/c mice 4-6 weeks
old, weighing 20-25 g were purchased from Pasteur Insti-
tute (Tehran, Iran). These animals were given free access to
standard diet and water, and were kept under normal labora-
tory conditions (temperature: 22+2 'C, humidity: 50 +5%,
and 12 h light/dark cycles). Experiments involving animals
were conducted according to Guidelines for the Care and
Use of Laboratory Animals published by the United States
National Institutes of Health and approved by the Ethical
Committee of Shahid Sadoughi University of Medical Sci-
ences (Yazd, Iran).

In vitro study

Promastigotes of L. major (1x10°) were treated with O.
europaea and F. carica extracts (0.1-2 mg mL™") in sepa-
rate tubes and incubated for 48 h at 25 °C. After the incuba-
tion periods, 20 pL of each tube were mixed with the same
volume of 0.4% Trypan blue to detect and count the viable
promastigotes. The parasites mortality rate was calculated
by counting the number of live (not stained) and dead
(stained) promastigotes. Amphotericin B and dimethyl sulf-
oxide (DMSO) were used as controls, respectively. The ICy,
values of the extracts were calculated as a concentration
capable of inhibiting 50% growth of parasite. All tests were
performed in duplicate and repeated at least three times.

In vivo study

BALB/c mice were randomly divided into four groups of
ten mice each. These animals were infected with 0.1 mL
of the promastigotes of L. major (2x10° cells mL™!) by
subcutaneous injection into the base of the tail. After four
weeks post-infection when leishmanial lesions appeared,
mice were then divided into four groups (n =10) as follows:
Group 1 included mice treated with intralesional injec-
tion of 30 mg/kg/day ethanol extract of O. europaea for
21 days. Group 2 included mice treated with intralesional
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injection of 24 mg/kg/day ethanol extract of F. carica for
21 days. Group 3 included mice treated with 4 mg/kg/day
of amphotericin B through intraperitoneal injection for 21
days as a positive control group. Group 4 included infected
but untreated mice as an untreated group. In the treatment
period, the average lesion size was measured weekly as the
differences obtained between lesions size using the cali-
per tool to assess the effects of treatments. Lesions were
reported in square millimeters.

To analyze the parasite burden, smears were prepared
from the margins of lesions, fixed with absolute methanol,
stained with Giemsa, and observed microscopically for the
presence of amastigotes or infected macrophages using a
light microscope (Labomed, USA) before the initiation of
treatments and three weeks after the treatment. The parasite
burden was analyzed according to the WHO guidelines of
4+ (1-10 parasites/1 field), 3+ (1-10 parasites/10 fields),

2+ (1-10 parasites/100 fields), and 1+ (1-10 parasites/1000
fields).

Statistical analysis

Statistical differences and ICs, (50% inhibitory concentra-
tions) of the products were determined using the Mann-
Whitney test. In addition, results on lesion progression and
parasite burden were treated by analysis of variance test,
followed by a Post Hoc Test (LDS test or planned compari-
son). Data analysis was carried out using SPSS statistical
package, version 17.0 (SPSS Inc., Chicago, IL, USA). Dif-
ferences between the test and untreated groups were ana-
lyzed by t-test. Differences were considered significant at
p<0.05.

Table 1 Anti-leishmanial effects of O. europaea and F. carica extracts on the lesion size (mm?) of BALB/c mice, compared with untreated groups

Group 0-week 1-week 2-week 3-week p
Mean of ulcer size+ SD Mean of ulcer Mean of ulcer size+ SD Mean of ulcer value
(mm) size + SD (mm) (mm) size = SD (mm)
Olea europaea extract 4.71+0.9 4.07+1.01 3811 3.46+0.96 p<0.001
Ficus carica extract 4.51+0.7 4.23+0.8 4.06+£0.8 3.65+0.9
Amphotericin B 4.39 +0.06 4.04+0.6 3.5+0.6 2.73+0.5
Untreated 4.41+1.19 5.05+0.14 5.61+0.9 6.37+1.01
Week 0 Week 1 Week 2

Negative control

—y

F. carica extract

Fig. 1 The mean size + SD of ulcers in untreated (negative control) and test groups before and after treatment
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Results
In vitro and in vivo anti-leishmanial effects

To evaluate the effect of O. europaea and F. carica extracts
against L. major promastigotes, ICs, (ug mL™") values were
determined. The ICy, values at 48 h for O. europaea and F.
carica extracts were 1.5 mgmL™! and 1.2 mg mL™!, respec-
tively. In an in vivo assay, ulcer sizes were measured at day
zero and during 3 weeks of the treatment course. Results
showed that both the time (p<0.001) and the different
treatment regimens (p=0.001) have significant effects on
the size of ulcers. Results of the effect of O. europaea and
F. carica extracts on the lesion size are shown in Table 1;
Fig. 1. Our findings revealed that ulcer sizes have changed in
mice treated with the extracts, but changes have not been the
same in the four groups. A significant decrease in lesion size
was observed in the groups treated with O. europaea, F. car-
ica, and Amphotericin B (»p<0.001). However, there were
no significant differences in treatment responses between
the two first groups. In contrast, in the untreated group, with
time, the ulcer size has increased significantly in compari-
son with the three other groups. One-Way ANOVA analy-
sis indicated that in the first week of the treatment course,
the mean size of the ulcers was not significantly different
among the four groups (p=0.5) but became significantly

Table2 Parasite load reduction in BALB/c mice before and after treat-
ment with O. europaea and F. carica extracts compared with untreated

groups

Groups Before After Signifi-
treatment treatment cance

Olea europaea extract 4+ *2+ * p<0.001

Ficus carica extract 4+ *2+

Ampbhotericin B 4+ *1+

Untreated 4+ 4+

*significant at p <0.05 compared with untreated group; amastigotes
were counted in triplicate.; WHO guidelines: 4+ (1-10 parasites/1
field), 3+ (1-10 parasites/10 fields), 2+ (1-10 parasites/100 fields), and
1+ (1-10 parasites/1000 fields)

different at the end of the second and third weeks of treat-
ment (p<0.001).

Parasite burden assessment

Three weeks after the treatment, slides were prepared and
carefully studied for the presence of amastigotes of L. major.
Within a 21-day treatment period, mice in the untreated
group presented numerous amastigotes inside macrophages
at the lesions. However, in mice treated with 30 mg/kg/day
extract of O. europaea and 24 mg/kg/day of F. carica, the
number of amastigotes significantly decreased (p=0.001) as
compared with mice in the untreated group (Table 2; Fig. 2).

Fig.2 The mean burden of the parasite in the lesions of BALB/c mice in before (a) and after treatment (b)
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In addition, in a group that received 4 mg kg~! Amphoteri-
cin B, few parasites were observed.

Discussion

Leishmaniasis is an important parasitic disease that affect
millions of people worldwide (Saberi et al. 2018). The clini-
cal manifestations of the disease vary from cutaneous (local
or disseminated cutaneous), muco-cutaneous to visceral
leishmaniasis (VL) and treatment of leishmaniasis ranges
from local treatment of cutaneous lesions to systemic, often
toxic, therapy for disseminated cutaneous, mucocutane-
ous and deadly VL. To reduce the side effect of synthetic
drugs, high costs, and resistance in endemic areas, the use
of medicinal plants as an alternative remedy has been gain-
ing popularity in different regions of the world (Iwu et al.
1994). For the treatment of cutaneous leishmaniasis, it is
best to use treatments that have lower systemic absorption
and fewer side effects (Palumbo 2009). In order to find alter-
native therapies, various medicinal plants have been studied
in in vitro and in vivo experiments (Soosaraei et al. 2017).
In this study, our findings showed that extracts of O. euro-
paea and F. carica exhibit significant in vitro antileishman-
ial activity against the promastigote L. major, and in vivo
activity against lesion of mice and determine parasite bur-
den. In vitro experiments, O. europaea extract showed anti-
leishmanial activity against L. major promastigotes with
ICs, of 1.5 mg mL™". On the other hand, F. carica extracts
were somewhat less active against L. major promastigotes
and showed an ICs, value of 1.2 mg mL™!. These doses
killed half of both forms of the promastigotes. These find-
ings showed that the extracts exhibit potent action against L.
major promastigotes.

In a similar fashion, our findings indicated that the etha-
nol leaf extracts of O. europaea and F. carica exhibit good
effect against lesions caused by L. major and can be com-
pared with chemical drugs in accelerating the healing of
lesions. Results related to the lesion size in mice receiving
daily treatment of O. europaea and F. carica extracts. These
results demonstrate that the mean lesion sizes is reduced
in groups receiving O. europaea and F. carica extracts
compared with the untreated group. In addition, the para-
site burden decreased in the O. europaea, F. carica, and
Amphotericin B groups. In the current study, the associa-
tion between lesion size and burden parasite was observed.
These findings are in line with the analysis of the antileish-
manial activity of Peganum harmala extract, which reduced
parasite burden in CL infected mice caused by L. major
(Khoshzaban et al. 2014).

Similarly, results of an investigation conducted by
Badirzadeh et al. (2020) showed that Urtica dioica extract
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was effective against L. major in both in vitro and in vivo
experiments and exhibited an inhibitory effect against the
parasite. In addition, these researchers believed that U. dio-
ica was one of the most effective herbal plants against L.
major parasite and could be strongly considered for the
treatment of cutaneous leishmaniasis. On the other hand,
Akhlaghi et al. (2014) evaluated the effect of Hyssopus
officinalis, Tussilago farfara, Carum copticum extracts on
mice infected with L. major. Results indicated that plants
ointments were effective in reducing ulcer size and bur-
den parasite in the spleen (Maleki et al. 2017). In addition,
results of a study conducted by Taran et al. (2010) showed
that P. atlantica var. kurdica decreased skin lesion size in
BALB/c mice infected with L. major (p <0.05). In another
study, finding showed that plants ointments were effective
in reduction of ulcer size and burden parasite (Akhlaghi et
al. 2014).

Phytochemicals found in olive tree leaves and fruit exhibit
free-radical scavenging activities along with antibacterial
properties, making them beneficial to human health. Along
this line, nonpolar oleuropein and ligstroside caffeic acid,
verbascoside, oleuropein, luteolin 7-O-glucoside, apigenin
7-O-glucoside, and luteolin 4'-O-glucoside, as well as polar
hydroxytyrosol, rutin, and tyrosol, are the most prevalent
phenols in olive leaves (Saija and Uccella 2000; El and
Karakaya 2009). Phenolic substances derived from olive
fruit and leaves, such as oleuropein, tyrosol, hydroxytyro-
sol, caffeic acid, gallic acid, syringic acid, p-coumaric acid,
and luteolin, have demonstrated activity against viruses, ret-
roviruses, bacteria, yeasts, fungus, and parasites, suggesting
that they might be beneficial as a food additives (Yigit et al.
2001; Pereira et al. 2007). Therefore, it should be possible
for olive tree extract to show antiparasite activity in experi-
mental model due to its bioactive compounds.

Because leaves of F. carica, have irritating properties,
they may be tested for parasite infestation and ovicidal
action. In this respect, the bulk of pharmacological research
on F carica has been done with uncharacterized crude
extracts, making it difficult to reproduce the findings of
these studies and identify the bioactive compounds. How-
ever, phytochemical research on F. carica led to the isola-
tion of a few classes of plant metabolites. Furthermore, the
majority of phytochemical studies on F. carica have focused
on the leaves and fruits, with little information on the stem
and root profiles (Mawa et al. 2013).

Taken all together, our findings demonstrated that olive
leaf extract exerts immunomodulatory effects. These find-
ings agree with those obtained by other researchers (Khei-
randish et al. 2018). In this regard, Kheirandish et al. (2018)
determined the levels of transforming growth factor-p§
(TGFp), interferon-gamma (IFN-y), and tumor necrosis
factor-alpha (TNFa) when the infected and/or not infected
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macrophages with L. major promastigotes were affected
by different concentrations of olive leaf extract. These
researchers found that production of IFNy and TNFa. sig-
nificantly increased when the infected and/or not infected
macrophages with L. major promastigotes were treated
with by different concentrations of olive leaf extract. On the
other hand, the production of TGF was significantly low-
ered under the same conditions (Kheirandish et al. 2018).

Conclusions

In conclusion, findings from this investigation highlight
the therapeutic effect of O. europaea and F. carica extracts
against L. major in both in vitro and in vivo experiments.
These extracts exhibited significant activities against the
parasite. However, further investigations are required to
control cutaneous leishmaniasis and inhibit the develop-
ment of lesions in clinical trials. In addition, further studies
are required to establish the safety, efficacy, and active con-
stituents of the extracts.
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