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Abstract

Background: Plant extracts or compounds derived from plants are a valuable source for finding new anti-leishmaniasis drugs.
Objective: In this study, Capparis spinosa, Ricinus communis, and Solanum luteum were used as lethal agents for the promastigotes of
Leishmania major parasites in the culture medium.
Methods: Diluted extracts of 12.5, 100, and 500 mg/mL were prepared from medicinal plant dried extracts. Glucantime at a concen-
tration of 500 mg/mL was used as a positive control.
Results: For all three extracts, concentrations of 100 and 500 mg/mL could kill promastigotes at higher rates and speeds compared
to other concentrations. The high concentrations of extracts (500 mg/mL) presented similar effects. According to the findings,
hydroalcoholic extract of C. spinosa presented considerably lower antiparasitic effects, and S. luteum and R. communis extracts could
kill most of the parasitic promastigotes at higher doses. The ANOVA test did not show any significant viability percentage difference
of Leishmania extracts between different extract types.
Conclusions: In this study, the lethal effects of R. communis and S. luteum hydroalcoholic extracts on L. major promastigotes were
found to be stronger than the C. spinosa L. extract.
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1. Background

Sand flies transmit species of Leishmania parasites

that cause the cutaneous leishmaniasis disease, which is

a global issue originating from Leishmania agents. The

World Health Organization (WHO) mentioned cutaneous

leishmaniasis as the most important re-emerging tropical

disease that needs tailored control measures. Addition-

ally, reports of new leishmaniasis cases by WHO are esti-

mates at 700,000 to 1 million cases annually (1). In 2019,

WHO reported that over 87% of new cutaneous leishmani-

asis cases occurred in 10 countries: Afghanistan, Algeria,

Brazil, Colombia, Iran (the Islamic Republic of), Iraq, Libya,

Pakistan, the Syrian Arab Republic, and Tunisia. Its global

incidence ranges from 600 000 to 1 million new cases (1).

According to the research conducted in 2018, Cutaneous

Leishmaniasis (CL) and Visceral Leishmaniasis (VL) were

endemic in 92 and 83 countries or territories, respectively

(1).

Nowadays, more than 1 billion people live in areas en-

demic for leishmaniasis, which indicates their higher risk

of infection. Scientists estimated that 30, 000 new cases of

VL and more than 1 million new cases of CL occur annually

in these areas (1).

Using medicinal plants to fight against the disease has

a long history, particularly in developing countries, mainly

due to their safety and low cost. Given the extensive ben-

efits of drugs derived from medicinal plants, it is of pro-

found significance to discover new drug sources against
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Leishmania infection (2-4). The long course of treatment,

need for frequent and painful injections, high cost, and in-

creased resistance to common drugs, as well as isolation

of antimonial resistant strains from patients with CL have

all increased the complicacy of treating the disease (5). The

possibility of the recurrence of this disease has led to exten-

sive research and evaluation of simple, topical, and appro-

priate therapeutic methods in the field of herbal products

(5).

The arrival of plants, as the most evolutionary diverse

creatures in the world, on land has a history of 400 mil-

lion years. Plants use a wide range of protective mecha-

nisms to defend themselves against insect attacks, such

as chemical defense by insect repellents and pesticides.

Additionally, they are safer for the environment. Inter-

estingly, plants like Neem (Azadirachta indica, Meliaceae)

have been observed to be remarkably effective (6, 7) in

commercial products based on them. Several other plants

like Capparis spinosa, Bougainvillea glabra (Nyctaginaceae),

Solanum jasminoides (Solanaceae), and Ricinus communis

(Euphorbiaceae) (8, 9) have been reported as future alter-

natives to control sand flies.

Feeding on R. communis (Castor), C. spinosa, and S. lu-

teum increases sand flies’ mortality and causes stomach

deformities for the parasite (10). In 1987, Schlein and Yu-

val studied leishmaniasis, and the number of P. papatasi

(Diptera: Psychodidae) attracted to plants in the Jordan

Valley (11). Using plant-baited traps, they examined 12 plant

species attractive for P. papatasi. They observed that of 12

tested species, eight could significantly attract more sand

flies than the unbaited control, with C. spinosa var. araven-

sis, S. nigrum, Prosopis farcta, and Atriplex halimus having

the highest catches. Their experiments revealed that 86.4%,

75.6%, 71%, 52.1%, and 43% of P. papatasi fed on Prosopis farcta,

C. spinosa, R. communis, S. nigrum, and Kochia indica, respec-

tively. Sand flies were also attracted to such plants in the

field (11). In sand flies, the developmental cycle of Leishma-

nia parasites only occurs in the gut, sand flies ate various

plants and the parasites were exposed to the ingested plant

tissues in the midgut of the sand flies. Studies on artificial

parasite-infected sand flies showed that Leishmania major

parasites agglutinate and die after sand flies fed on some

plants found in their natural habitat. Hence, it can be ar-

gued that sand fly plant-feeding may have toxic effects on

parasites in the form of agglutinated and dead parasites

that are found in 20% of infected P. papatasi caught in the

field (12, 13). Schlein et al. evaluated sand flies feed on nox-

ious plants as a potential method of controlling leishmani-

asis (8). They found that feeding on the branches of R. com-

munis, S. jasminoides, or B. glabra overnight barely short-

ened the longevity of sand flies (8). Their results showed

that B. glabra’s flower attracted sand flies in the field. Inter-

estingly, in some L. major endemic regions with abound-

ing sand flies, the number of P. papatasi was eight times

less near B. glabra hedges (62 versus 502 flies trapped) than

in the control area (8). Therefore, it was postulated in this

study that the above-mentioned plants can be utilized as a

natural method to lower the transmission rate of leishma-

niasis. Accordingly, ornamental plants endemic for leish-

maniasis, capable of growing in arid areas, were studied

for their anti-Leishmania effects with initial screening for

plants that sand flies readily feed upon. Therefore, we de-

cided to further investigate the effects of certain plants on

Leishmania promastigotes in laboratory conditions.

Capparis spinosa is a medicinal plant with a back-

ground of usage due to its many biologically active chem-

ical groups, including alkaloids, glycosides, tannins, phe-

nolic, flavonoids, triterpenoids steroids, carbohydrates,

saponins, and a wide range of minerals and trace elements.

This plant Extract exerts many pharmacological effects, in-

cluding anti-inflammatory, antimicrobial, cytotoxic, an-

tidiabetic, antioxidant, and many other effects (14). The im-

mature flower buds of C. spinosa contain glucosidrotein,

pentosam (4%), rutic acid, pectic acid, volatile substances,

and saponin. Plant and root tissues and crushed dry leaves

have been used for closing and drying wounds that need

attention (14).

Treatment of CL is limited to a few compounds as its

golden standard, among them, the pentavalent antimo-

nial compounds, Pentostam and Glucantime, used system-

atically or locally, are considered the first drugs of choice

(14). Therefore, the effects of the hydroalcoholic extracts

of C. spinosa, R. communis, and S. luteum on Leishmania pro-

mastigotes were investigated in this study.

2. Objectives

The present study aimed to investigate the effects of C.

spinosa, R. communis, and S. luteum as lethal agents for the

promastigotes of the L. major parasite in vitro.

3. Methods

3.1. Collecting and Preparing Plant Samples

The current study is conducted following an exper-

imental design. Castor was collected from Koohpayeh

and Alghadir suburbs of Kerman city in 2020 (Figure 1).

Solanum luteum was collected from Bagherabad village in
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Kerman (Figure 2). Capparis spinosa was collected from

Koohpayeh (Figure 3). Plant extracts were prepared from

the roots, leaves, flowers, and fruits of C. spinosa, R. com-

munis, and S. luteum. All these organs were first separated

from thorns and debris and then crushed with a hand mor-

tar and passed through a number 10 sieve.

3.2. Plant Sampling Processing

The roots, stems, leaves, flowers, and fruits of the plants

were dried and powdered separately at room temperature.

Each of the dried plant organs was then stored separately

in glass containers.

3.3. Preparation of Hydroalcoholic Extracts from the Desired

Plants

The obtained powder was mixed in a 1:1 ratio with 70%

ethanol and extracted by agitation on a shaker incubator

for a week. The obtained extracts were then dried in an

oven at 40°C until the alcohol was removed.

3.4. Preparation of Different Hydroalcoholic Extract Dilutions

from Plants

Hydroalcoholic extracts were prepared from dried

plant extracts with dilutions of 12.5, 100, and 500 mg/mL.

The solvent used was 70% ethanol. The solvent was mixed

with the extract and sterilized by filtration. The concentra-

tions of 12.5, 100, and 500 mg of all extracts were made in 1

mL of culture medium.

3.5. Parasite Culture

To maintain the parasites in vitro, the standard para-

sitic L. major strains (MRHO/IR/75/ER) were cultured in the

NNN medium. Then, the parasites were transferred from

the NNN medium to the RPMI medium. When the num-

ber of parasites reached the static stage, the contents of

the glass were transferred to special tubes, followed by

centrifugation. Then, parasites were counted by a Neobar

slide. After the mass culture of the parasite, all samples

were collected in the stationary stage. In most RPMI 1640

media, L. major was first cultured in RPMI 1640 medium

with 10 - 20% FBS to reach sufficient quantities of para-

sites. The anti-Leishmania effects of the extracts were in-

vestigated in the static phase of the growth curve of pro-

mastigotes.

3.6. Investigation of Leishmania major Promastigote Cytotoxic

Effects of Plant Hydroalcoholic Extracts

The Promastigotes entered the stationary phase after

72 hours in RPMI 1640 medium. Afterward, the culture

medium parasites were counted using a cell-counter de-

vice and considered as the initial parasite inoculum. To

evaluate the anti-Leishmania effects of C. spinosa, R. commu-

nis, and S. luteum extracts in RPMI 1640 culture medium,

dried plant extracts with dilutions of 500, 100, 12.5 mg/ mL.

Finally, 10 µL of the prepared dilution series was added to

all Eppendorfs. The solvent used in the preparation of ex-

tracts was 70% ethanol. The solvent was mixed with the ex-

tract in small quantities. The anti-Leishmania effect of each

dilution was evaluated in three 1.5 mL Eppendorf tubes.

The parasitic suspension (80µL) was added to each Eppen-

dorf tube, and for the negative control, 80 µL of the par-

asitic suspension and 20 µL of solvent (diluted ethanol)

were mixed. Glucantime with dilutions of 12.5, 100, and

500 mg/mL was used as the positive control. After the ini-

tial counting of the parasites, the plate was placed in an in-

cubator at 27°C, and the number of parasites per 10µL was

counted for three days by a Neobar slide. Finally, the aver-

age number of promastigotes in all three series of plates

was estimated, and the percentage of live parasites at each

time for each concentration was calculated.

3.7. Cytotoxicity Test

Mosmann has been described using in vitro cytotox-

icity tests, following a modified rapid colorimetric assay

(15). Promastigotes were cultured and maintained in the

RPMI 1640 medium supplemented with 10 % FBS. Then,

promastigotes were cultured at 27°C in an incubator for

72 h in a 50 mL vial started with 100 µl of parasite sus-

pension (1 × 106 Promstigote/mL). They were then put

into two rows of wells (A-H) in a 96-well microtiter Nunc-

Immuno™ (MaxiSorp™ Surface) plate, the medium was as-

pirated, and 150 µL of the highest concentration of the C.

spinosa, R. communis, and S. luteum extracts was added into

the same row in a serial dilution. Promastigotes with no

extract and only medium were used as controls. Next, each

well with promastigote received 10 µL of the M.T.T reagent

(3-4, 5-dimethgylthiaol-2-yl-2, 5-diphenyltetrazolium bro-

mide) and plates were incubated for 4 h. The medium

and M.T.T were then aspirated. Dimethyl Sulfoxide (DMSO)

(100 µL) was added to the plates and agitated for five min.

A microtiter plate reader was used for measuring the ab-

sorbance of each well at 490 nm (16).
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Figure 1. Fresh Capparis spinosa from the Koohpayeh of Kerman city, in spring and summer of 2019 - 2020

3.8. Statistical Analysis

For all traits, analysis of variance was performed using

SPSS version 22. Data were analyzed using repeated mea-

sures test and ANOVA test. Average comparison of the via-

bility percentage of Promastigotes at different concentra-

tions of plant extract and different time points was inves-

tigated using Post Hoc tests and the Tukey test. Statistical

significance was considered when P ≤ 0.05.

4. Results

4.1. Growth Responses of Promastigotes to Plant Extracts of Dif-

ferent Concentrations and Time Points

This study demonstrated in vitro inhibitory effects of

plant extracts and the Glucantime against L. major pro-

mastigotes. One-way ANOVA showed that the time and

concentration of plant extracts significantly affect the vi-

ability percentage of Leishmania (P < 0.05) (Table 1). Also,

the ANOVA test did not show any significant difference be-

tween extracts and Glucantime on viability percentage of

Leishmania extract (Table 1). The repeated Measure model

showed interactional effects between different time points

and extracts. This model also showed a significant differ-

ence between different concentrations and extract types

(P < 0.05) (Table 2). This test also showed a significant

difference between extracts in different time points and

concentrations (P < 0.05) (Table 2). Tukey means compari-

son test was performed to determine the viability percent-

age of Promastigotes in different concentrations of plant

extract. The Tukey test showed that 500 mg/mL concen-

trations were more effective than other concentrations in

killing promastigotes (P < 0.05). Repeated Measure test

showed significant differences between 500 mg/mL with

zero and 12.5 mg/mL (P < 0.05). This test also showed no sig-

nificant difference between 500 and 100 mg/mL (P > 0.05)

(Figure 4). The Post Hoc test showed no significant differ-

ence between exposure times to plant extracts (24, 48, 72

hours) (P > 0.05). The plant extracts yielded the best re-

sults at 100 and 500 mg/mL concentrations during in vitro

experiments. As shown in Figures 4 and 5, the plant ex-

tracts inhibited the growth of L. major promastigotes in a

range of about 12.5 to about 500 mg/mL. In the positive con-

4 Jundishapur J Nat Pharm Prod. 2022; 17(2):e115306.
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Figure 2. Fresh Castor, Ricinus communis, from Koohpayeh and Alghadir suburbs of Kerman city, in spring and summer of 2019 - 2020

Figure 3. Fresh Solanum nigrum from the BagherAbad village in the suburbs of Kerman city, in spring and summer of 2019 - 2020

trol group (Glucantime), Glucantime (500 mg/mL) could

kill approximately all Promstigote 24 h post-exposure. Pro-

mastigotes number decrease was not observed in the neg-

ative control group. The positive effects of 100 and 500

mg/mL concentrations of the R. communis and S. luteum on

promastigotes of L. major are depicted in Figure 4. The re-

sults of the cytotoxicity assay also showed that 500 mg/mL

is more effective than 100 mg/mL concentrations in killing

Jundishapur J Nat Pharm Prod. 2022; 17(2):e115306. 5
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promastigotes than the three other extracts (Figure 4).

5. Discussion

The findings of the present study agree with previ-

ous studies (17) and corroborate the use of Promastigote

and amastigote-phagocyte assays for evaluating the anti-

leishmanial potential efficiency of plant extracts. Bahmani

et al. investigated Iranian traditional medicine plants for

leishmaniasis. Several native plants have been used for

the treatment of CL, and some recently performed clini-

cal trials have proven the efficacy of some of them. Re-

search conducted on these plants showed that garlic, shal-

lots, wormwood, yarrow, walnuts, thyme, henna plant,

mimosa, aloe, wood betony, medlar, periwinkle, yeah, sa-

vory, black beans, etc. are effective on CL (18). Jacob-

son and Schlein found that extracts of R. communis (Eu-

phorbiaceae), C. spinosa (Capparaceae), Prosopis farcta (Mi-

mosaceae), and Tamarix nilotica (Tamaricaceae) in in vitro

tests resulted in parasite Promastigote agglutination and

death (13). Specific carbohydrates and different lectins in

the extracts could inhibit the activity of the parasite. S.

luteum (Solanaceae) extract could lyse the Leishmania Pro-

mastigote in vitro (13).

The glucose test did not reduce cytotoxicity. When in-

fected, sand flies fed an extract of Castor (R. communis)

maximized the mortality of parasites happened (13). A

carbohydrate in plant extracts inhibited the agglutination

caused by the extract in vitro. This study showed that the

lectins and toxins found in the vegetation in L. major foci

may decrease the transmission of the parasite (13). Rajesh

et al. studied chemical and medico biological usage of

the Capparidaceae family (19). Capparis spinosa belongs to

this family, and they have several active constituents like

flavonoids such as Kaempferal and quercetin (19).

Rahnavard and Razavi evaluated the medical effects of

C. spinosa (20). This plant has a lot of traditional and med-

ical uses and contains several biologically active chemi-

cal groups, including alkaloids, glycosides, tannins, phe-

nolics, flavonoids, triterpenoids steroids, carbohydrates,

and saponins, as well as a wide range of minerals and

trace elements. The main pharmacological properties of

C. spinosa extracts included antimicrobial, antifungal ac-

tivity, inflammatory disorders, antiparasitic and cytotoxic,

antidiabetic, and antioxidant effects. Plant parts used

for medicinal purposes include fruits, flower buds, aerial

parts, roots, whole plant, and leaves (20).

Azaizeh et al. showed that S. nigrum extract, when

used as a foliage originating decoction, can be used as

a Wound and sunburn treatment (21). Clementino et al.

studied Solanum lycocarpum glycoalkaloids activity against

promastigotes of L. infantum (anti-Leishmania activity) in in

vitro conditions (22). They isolated alkaloids solasodine,

solamargine, and solasonine against promastigotes and

intracellular amastigotes of L. infantum (22). Previous Re-

searchers reported the antileishmanial activity of extracts

obtained from other Solanum species (23-27). Kheiri Man-

jili et al. prepared Hydroalcoholic extract of C. spinosa L.

from Leaves or twigs. They investigated the effect of 5 to

500 mg/mL plant extracts against L. major (MRHO/IR/75/

ER) promastigotes after 28 to 30 h and calculated IC50 with

the formula IC50 = 375 ± 2.96 mg/mL (28).

A study conducted in Iran investigated the effects of

Methanolic extracts obtained from the root of C. spinosa in

different concentrations (0.1, 0.3, 0.5, 0.7, and 0.9 mg/mL)

on L. major (MRHO/IR/75/ ER) in exposure times of 24, 48,

and 72 h. This study showed that the anti-protozoal activ-

ity of Caparis extracts (900 mg/mL) could kill 97.8% of pro-

mastigotes after 72 h (29). In contrast to the previously re-

ported findings, this study (as shown in Figure 5) revealed

that after exposure to hydroalcoholic extracts at different

time points, the lethal effect of R. communis (Castor) and

S. luteum hydroalcoholic extracts on L. major Promstigotes

was stronger than that of the C. spinosa extracts. As demon-

strated in Figure 4, an increase in the concentration of

plant extracts increased the mortality rate of promastig-

otes. Concentrations of 100 and 500 mg/mL were more ef-

fective against promastigotes.

Yakhchali and Ranjbari Ki-Jandabeh investigated the

effects of Nerium oleander (Oleander) leaves, R. communis

oil (Castor oil plan), Capsicum annuum (Kapsa) seeds, and

Amygdalus communis (almond) compounds on CL caused

by Leishmania species under laboratory conditions (30).

They showed that the number of Leishmania promastigotes

was reduced compared to the control group (30). Soosaraei

et al. published a review article on medicinal plants with

promising antileishmanial activity in Iran (31). He inves-

tigated anti-leishmanial activities of Iranian plants, in-

cluding Artemisia spp, Allium sativum, Achilleamille folium,

Peganum harmala, and Thymus vulgaris, R. communis, C.

spinosa (31). In addition, this study listed various Iranian

plants researched by the title of the list of medicinal herbs

and natural products with anti-leishmanial activity (31).

Sozangar et al. studied the effect of Abu Khalsa and

yarrow on L. major in vitro (32) and determined the ef-

fects of different concentrations of its extracts on Leish-

mania parasites in comparison with the control environ-

ment. They observed that all concentrations of this extract

6 Jundishapur J Nat Pharm Prod. 2022; 17(2):e115306.
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Table 1. Evaluation of Plant Extracts Effects on Viability Percentage of Leishmania Promastigotes in In Vitro and in Different Time Points and Concentrations, Kerman, 2020

Variables N Mean ± SD F df P-Value

Time 404.34 3 < 0.001

0 48 100.00 ± 00.00

24 48 16.54 ± 18.49

48 48 17.98 ± 17.29

72 48 15.33 ± 13.62

Extract of plant 0.145 3 0.933

Capparis spinosa 48 37.25 ± 38.09

Solanum nigrum 48 39.65 ± 5.72

Ricinus communis 48 40.57 ± 39.90

Glucantime 48 35.96 ± 40.06

Concentration 4.71 3 0.003

0 48 25.00 ± 43.76

12.5 48 32.72 ± 39.80

100 48 39.14 ± 36.51

500 48 52.98 ± 29.87

Abbreviations: SD, standard deviation; N, number of tests.

Table 2. Evaluation of Liner Interaction Between Time, Concentration, and Plant Extract on Viability Percentage of Leishmania Promastigotes In Vitro, Kerman, 2020 (Tests of
Within-Subjects Effects)

Source (Greenhouse-Geisser) Type III Sum of
Squares

df Mean Square F P-Value

Time 250476.28 2.39 104723.01 2971.46 < 0.001

Time * extract 1336.73 7.18 186.29 5.29 < 0.001

Time * concentration 8654.64 7.18 1206.16 34.22 < 0.001

Time * extract * concentration 2280.422 21.53 105.94 3.01 < 0.001

Error (Time) 2697.41 76.54 35.24

could decrease the number of Leishmania parasites (32).

The results of direct counting and M.T.T tests in their study

demonstrated that the number of promastigotes in the

groups treated with concentrations of 10, 20, 30, and 40%

boiled black tea plant was decreased 24, 48, and 72 hours

after culture, but the control group had normal growth.

The results of the study showed a significant difference be-

tween the two trait groups (P < 0.05). Furthermore, the re-

sults revealed that boiled black tea was strongly effective in

killing L. major Promstigotes in vitro (32).

5.1. Conclusions

In general, this study demonstrated that the hydroal-

coholic extracts of R. communis (Castor) and S. luteum are

more effective in killing the promastigotes of L. major par-

asites than C. spinosa. Such extracts can exert lethal effects

on the flagellate form of parasites. Hence, future studies

can investigate active compounds of various parts of this

plant. Additionally, future studies need to be more exten-

sive in evaluating the effect of these alkaloids on the infec-

tious types of the parasite either in vitro or in vivo.
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