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Introduction: Treatment of leishmaniasis with conventional synthetic drugs is a major global
challenge. This study was designed to explore the leishmanicidal activity and apoptotic profile
of three leaf extracts on Leishmania tropica stages.

Methods: The plants of Quercus velutina, Calotropis procera and Nicotiana tabacum were gath-
ered from Anbarabbad county, in the southeastern part of Kerman province and extracted by
maceration method using methanol alcohol. Various concentrations of the extracts (1, 10, 100
and 1000 μg/mL) were used against L. tropica stages to evaluate the inhibitory effect by col-
orimetric assay, macrophage model and flow cytometry. The MTT assay was conducted to de-
termine the IC50 and CC50 values in promastigotes and J774-A1 macrophages, respectively.
For intra-macrophage amastigotes, the leishmanicidal activity was evaluated by calculating
the mean number of amastigotes in each macrophage and also IC50 values. The promastigote
or amastigote stages with no drug and complete medium without organisms were considered
as positive and negative controls, respectively. Meglumine antimoniate (Glucantime) was also
used as standard drug. Also, annexin V was used to assess the apoptotic profile. All treatment
settings were incubated for a standard time of 72 h in triplicates. Data were analyzed by
t-test and ANOVA.

Results: The findings showed that all plant extracts inhibited the proliferation rate of
promastigotes and amastigotes (P < 0.001); especially, Q. velutina represented the lowest
IC50 in both stages. Besides, Q. velutina showed the least number of amastigotes in each mac-
rophage compared to the other groups (4.5 μg/mL). The percentage of parasitic apoptosis at
1000 μg/mL of Q. velutina, C. procera, N. tabacum and Glucantime® were 37.4, 18.6, 8.5 and
52.4, respectively. Amastigotes (clinical stage) were significantly more susceptible to extracts
and also Glucantime® than promastigotes (P < 0.001).

Conclusions: This study revealed that all three extracts of Q. velutina, C. procera and N. tabacum
exhibited an effective antileishmanial activity and induced apoptosis against the L. tropica
promastigotes. Further investigations are essential to isolate and analyze the chemical compo-
sitions and their biological properties.
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1. Introduction

Leishmaniasis, a complex protozoan disease which is transmissible between animals and human (WHO technical report series.,
2010). According to the WHO around 12 million people are currently infected with leishmaniasis in 98 countries, over one billion
people are at risk and the annual incidence is 0.7–1.2 million (Alvar et al., 2012). Clinical presentations of the disease are diverse,
although two classical forms including visceral leishmaniasis (VL or kala-azar) and cutaneous form (CL) are predominant (WHO
technical report series., 2010). Cutaneous leishmaniasis, as the most wide-spread and neglected tropical disease consists of approx-
imately 75% of the total case counts. The 6 countries that indicated the highest prevalence of CL including Afghanistan, Algeria,
Brazil, Colombia, Iran and Syria (Alvar et al., 2012).

At present, synthetic agents such as pentavalent antimonies (Glucantime® and Pentostam®) and various other drugs such as
amphotericin B, paromomycin, miltefosine, pentamidine, allopurinol and azole deravatives are used as the first-line and/or
second-line alone or in combination for treatment of different types of leishmaniasis. However, the application of these drugs
is limited due to low efficacy, high toxicity index, and induction of parasite resistance, long duration of action and high costs
(Croft et al., 2006). Such limitations for use of chemical drugs emphasize an urgent need for discovery of new medicinal alterna-
tives with different mechanism of action, greater potency, shorter treatment cycles, inexpensiveness and availability in endemic
countries (Lamidi et al., 2005).

There are varieties of biologically active compounds with variable therapeutic potentials in herbal medicines (Mahmoudvand
et al., 2015; Moein et al., 2017). The use and investigations of medicinal drug remedies on parasites, particularly against Leish-
mania species have long been well documented by various authors globally (Barati et al., 2014; Bajaj et al., 2018). In the present
study, among over 15 plants previously screened, three medicinal plant extracts with high index of activity against L. tropica
stages including Quercus velutina, Calotropis procera and Nicotiana tobacum were used.

C. procera is a species of flowering plant in the family Apocynaceae which is used for treatment of intestinal worm, could serve
as a source of antidiabetic agent and skin diseases. Q. velutinais a medicinal plant in the family of Fagaceae that is often used as
wound disinfectant, treatment of genital infections and acne. N. tobacco is an herbaceous plant in the family of Solanaceae which is
cultivated worldwide. According to the WHO nearly one billion people; an estimate of 14% smoke tobacco globally. The main
compositions are primarily alkaloids including nicotine, nicotiana, nicotinine and nicoteine. This herb, despite various adverse ef-
fects which is banned in many countries, is traditionally used as a relaxant, in chronic asthma, sedative, diuretic, pain reliever, ex-
pectorant, wormicidal, antiseptic and sialagogue (Schulz et al., 2001).

Apoptosis, as programmed cell death (PCD) is evolved for regulation of cell growth and development in kinetoplastids includ-
ing Leishmania species similar to other eukaryotes (Bruchhaus et al., 2007; Rodrigues et al., 2017). This process is an essential ef-
fector mechanism which can play a crucial role to trigger innate and adaptive cell responses against the parasite forms. Further
elucidation of the PCD in Leishmania organisms could provide valuable information on biochemical pathways and pathological
mechanisms. This could be used to target new drugs for growth limitation of the causative agents and in turn control of the dis-
eases. A typical procedure for detecting phosphatidylserine (PS) is the use of the annexin V. It is a calcium-dependent
phospholipid-binding protein which attaches with high affinity to PS of apoptotic promastigotes as demonstrated by flow cytom-
etry (Doroodgar et al., 2016).

The aim of this study was to investigate the effect of antileishmanial activities of three medicinal plant extracts on
promastigotes and amastigotes (clinical stage) of L. tropica by colorimetric assay and macrophage model, respectively. This
study was also designed to analyze the apoptotic profile of the parasite with PI Annexin V by flow cytometry analysis.
2. Material and methods

2.1. Plant extracts

In the present study, all three plants were gathered from the southeastern part of Kerman province (Anbarabbad county). The
identity of the plants was approved by Professor Fariba Sharififar, Dept. of Pharmacognosy, Faculty of Pharmacy, Kerman Univer-
sity of Medical Sciences. All extracts were prepared by maceration method (Azwanida, 2015). For each plant, dried leaves were
soaked in the methanol, as the solvent, and the system was allowed to stand for three days along with occasional shaking. The
materials were thoroughly strained and the maceration processes were performed at room temperate (25 °C). The liquid extracts
were allowed to dry in form of powder for use in experimental settings.
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2.2. Control drug

Glucantime® (meglumine antimoniate, MA), as a drug of choice (standard control) for treatment of all clinical forms of leish-
maniasis, was prepared from the Center for Diseases Control, Ministry of Health, Iran (manufactured by Sanofi-Aventis, France).

2.3. Parasite and cell culture

In this research, the Iranian strain of L. tropica promastigotes (MHOM/IR/75/Mash2) were cultured in 25 ml flask with
RPMI-1640 (Roswell Park Memorial Institute, Biosera) medium, 10% FBS (fetal bovine serum, Biosera) and 2% penicillin and strep-
tomycin at 24 °C incubator. Murine macrophage cells (J774-A1, ATCC no., TIB-67) were purchased from Pasteur Institute of Iran
(Tehran, Iran) and cultured in complete medium of RPMI-1640, 10% FBS and 5% penicillin and streptomycin at 37 °C in 5% CO2

atmosphere.

2.4. Cytotoxicity assay

For evaluation of cytotoxicity on murine macrophages, we determined the CC50 (cytotoxicity concentration for 50% of cells) of
extracts on macrophages. Murine cells were grown at 106 cells /mL in 96- well micro plates (Lab-Tek, Nunc, USA) and allowed to
adhere for 24 h at 37 °C and 5% CO2. The non-adherent cells were removed by washing with medium, and 190 μl RPMI-1640
complete medium was added to each well of cells and incubated at the same conditions as mentioned. After that, macrophages
were exposed with 10 μl of different concentrations of extracts (1–1000 μg/mL) and incubated at 37 °C for 72 h. Finally, the cy-
totoxicity level was evaluated using the colorimetric assay with MTT test as earlier defined in the promastigote susceptibility
assay.

2.5. Anti-promastigote inhibitory effect

To evaluate the effects of these plant extracts on L. tropica promastigotes, colorimetric cell viability assay was used for estima-
tion of viable cells in multi-well micro plates as described elsewhere (Shokri et al., 2012). The MTT solution (3-(4, 5-
Dimethylthiazol-2-yl)-2, Diphenyltetrazolium Bromide, Sigma Aldrich, USA) consists of tetrazolium which is positively charged
and is able to readily penetrates viable cells to reduce the soluble form of MTT into a colored insoluble formozan. Briefly,
100 μl of logarithmic phase promastigotes (5 × 105 cells/ml) were added to a 96-well tissue culture plate. Then, 100 μl of various
concentrations of three methanolic extracts (dissolved in RPMI-1640 medium) and MA reference drug (1, 10, 100 and
1000 μg/mL) was added to each well and incubated at 25 ± 1 °C for 48 h. Afterward, 10 μl of MTT solution (5 mg/mL) was
added to each well following incubation at 25 °C for 4 h. For producing a purple color and stop the reaction, cold isopropanol
was added to formazan crystals, as a solvent. Finally, the optical density (OD) of each well was read at 495 nm by an ELISA reader
(BioTek-ELX800, USA). Cultured promastigotes with no drug was used as untreated control and medium with no promastigotes
and drugs used as blank. Fifty percent inhibitory concentrations (IC50 values) were calculated for all the tested extracts by
using Probit test in SPSS software version 24.

2.6. Anti-amastigote inhibitory effect

200 μl of murine macrophages (5 × 105 cells/ml) were added to the 6-chamber plates containing sterile slides, following in-
cubation at 37 °C in 5% CO2 for 2 h. Then, 200 μl (25 × 105 cells/ml) stationary phase promastigotes were added to macrophages
with the ratio of 5:1 for Leishmania/macrophage, and incubated in the same condition for 24 h. After this incubation period, free
parasites were removed by pipetting fresh medium, and the infected macrophages were treated with 70 μl of methanolic extracts
and MA in different concentrations (1, 10, 100 and 1000 μg/mL) at 37 °C and 5% CO2 for 72 h. Ultimately, treated slides were fixed
with methanol, dried, Giemsa stained and precisely examined by using a light microscope. Also, amastigote-infected macrophages
with no extracts and macrophages with no parasite and extracts were considered as positive and negative groups, respectively.
The anti-amastigote inhibitory effect of the extracts was evaluated by calculating the mean number of amastigotes within each
cell of 100 macrophages compared to positive control, in triplicates (Ezatpour et al., 2015). In addition, the IC50 values were cal-
culated for all the extracts by the probit test in the SPSS software.

2.7. Flow cytometry

For determination of apoptosis in promastigotes, we used Apoptosis Detection kit of PI Annexin V- fluorescein isothiocyanate
(FITC). Cytoplasmic membrane of the apoptotic cell can be structurally altered by exposing phosphatidylserine on their surface,
which can be detected by annexin V (Bahrami et al., 2016). For this method, 106 promastigotes were seeded in 1.5 mL micro
tubes with RPMI-1640 and 10% FBS, then each plant extract or Glucantime ®at 1000 μg/mL concentration were added. We incu-
bated them at 24 °C for 72 h. After this time, promastigotes were centrifuged, washed three times with PBS and resuspended with
1 mL binding buffer. At last, we added annexin V (5 μl) to the reaction and incubated at room temperature (25 °C) in dark con-
dition for 20 min. The results were read by flow cytometry (Becton Dickinson) and analyzed with Cell Quest software. In parallel,
settings of untreated and negative control were used.
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2.8. Statistical analysis

The IC50 and CC50 values was calculating by using the SPSS version 24 (SPSS Inc., Chicago, USA). Data analysis was carried out
by Prism 7.01 software (GraphPad Software, CA, USA). The differences between extract-treated groups and control group or
Glucantime were analyzed by ANOVA. Also, t-test was used to analyze the difference between plant extracts. P < 0.05 was con-
sidered statistically significant.

3. Results

3.1. Cytotoxicity

In vitro susceptibility assay displayed no significant cytotoxicity effect in our extracts, as the selectivity index (SI) was 16.2,
7.67, 7.12 and 1.01 for Q. velutina, C. procera, N. tabacum and Glucantime®, respectively (Table 1). SI ≥10 was considered nontoxic.
As shown in Fig. 1, Q. velutina represented the highest viability of J774 cells in various concentrations compared to the other ex-
tracts and Glucantime®. Besides, Glucantime® caused significant lower viability of J774 cells in comparison to three plant extracts,
especially in the last four concentrations (P < 0.001).

3.2. Anti-promastigote role assessment

The findings demonstrated that methanolic extracts displayed effective antileishmanial activities with a dose-response effect
against the promastigote stage of L. tropica at all concentrations used; particularly Q. velutina showed the lowest viability of
promastogotes at concentrations of 100 and 1000 μg/mL (P < 0.001) (Fig. 2). The OD values at different concentrations (10,
100 and 1000 μg/mL) of the three medicinal extracts were significantly lower than the corresponding untreated control groups
(P < 0.001). All extracts exhibited similar pattern of action in reducing tetrazolium; although, Glucantime® exerted more pro-
found activity compared with the control group. The IC50 value for Q. velutina was 132.6 μg/mL, followed by C. procera
248.1 μg/mL and N. tabacum 571.2 μg/mL against promastigotes, whereas this value was 588.3 μg/mL for Glucantime®
(Table 1). As shown, the IC50 value of Q. velutina and C. procera represented significant lower IC50 compared to Glucantime® as
control drug (P < 0.001), but N. tabacum did not. The minimum inhibitory concentration (MIC) for both extracts and Glucantime®
was 10 μg/mL (the least dose inhibited the growth rates of L. tropica stages, in the present investigation).

3.3. Anti-amastigote role assessment

The results showed that different concentrations of three methanolic extracts and Glucantime® decreased the growth rate of
amastigotes (clinical stage). Our plant extracts demonstrated significant reduction in the mean number of amastigotes in cells
compared to untreated control at all concentrations, except at 1 μg/mL (P ≤ 0.01). Besides, Q. velutina represented more reducing
effect on the amastigotes in comparison to the other extracts and Glucantim®e, especially at 1000 μg/mL concentrations (P ≤ 0.01)
(Fig. 3, Table 2). Also, the IC50 value for Q. velutina was 51.2 μg/mL, followed by C. procera 95.2 μg/mL and N. tabacum 118.3 μg/mL
against amastigotes, whereas this value was 236.3 μg/mL for Glucantime® as control drug (Table 1). All extracts showed signifi-
cant reduction in the IC50 value of amastigotes compared to Glucantime® (P ≤ 0.001), as Q. velutina showed the lowest one.

3.4. Apoptosis analysis

The results showed that the medicinal extracts displayed different PCD effect on promastigotes of L. tropica. The percent of ap-
optosis at 1000 μg/mL for Q. velutiona, C.procera, N. tabacum and Glucantime® were 37.4%, 18.6%, 8.5% and 52.4%, respectively.
Glucantime® induced more apoptotic effect than the plant extracts. Also, Q. velutiona represented higher apoptotic effect com-
pared to other extracts (Fig. 4). The apoptotic value of residual methanol used in the plant extracts was negligible (2.3%). Inter-
estingly, the PCD was conversely incremented by increasing the concentration of Glucantime® (Table 3).

4. Discussion

To our knowledge, this is the first investigation on the leishmanicidal effects of these three plant extracts. In the present study
the methanolic extracts demonstrated a good index of antileishmanial activity against both stages of L. tropica as they proved to
be effective in inhibiting the replication rate of promastigotes and intra-macrophage amastigotes. The MIC was 1000 μg/ml for the
extracts and also Glucantime® which expressed a similar inhibitory action when the overall potential strength is being consid-
ered. Additionally, this leishmanicidal activity could be confirmed by the low OD or IC50 values.

Recent global data indicate that leishmaniasis has become a major medical and veterinary health concern as documented in
many endemic countries (WHO technical report series., 2010; Alvar et al., 2012). Control of this disease is complicated because
of the presence of numerous species of vectors and reservoirs (Ashford, 2000). Treatment of various clinical and epidemiological
forms with pentavalent antimonial agents, as the first- standard drugs, over the past 70 years, is unsatisfactory. The choice of so
many second-line compounds alone or in combination is also very limited. At present, there is no vaccine available (Noazin et al.,
4



Table 1
IC50 values ofQuercus velutina, Calotropis procera andNicotiana tabacum against the growth rate of promastigotes and amastigotes of Leishmania tropica comparedwith
Glucantime® as positive control and the CC50 values of drugs on macrophage using the SI index. Data are expressed as the mean ± SD.

Extracts
Amastigote Promastigote Macrophage cSI
aIC50 ± SD (μg/mL) P-value aIC50 ± SD (μg/mL) P-value

bCC50 (μg/mL) (Selectivity Index)

Glucantime® 236.3 ± 0.1 NR 588.3 ± 0.1 NR 240.6 ± 0. 3 1.01
Quercus velutina 51.2 ± 0.1 P < 0.001 132.6 ± 0.2 P < 0.001 830.3 ± 0. 3 16.2
Calotropis procera 95.2 ± 0.1 P < 0.001 248.1 ± 0.2 P < 0.001 730.6 ± 0. 7 7.67
Nicotiana tabacum 118.3 ± 0.1 P < 0.001 571.2 ± 0.1 P > 0.05 843.4 ± 0. 3 7.12

NR: Not related.
a IC50, Concentration of drug that inhibited 50% of growth in promastigotes and amastigotes.
b CC50, Concentration of drug that inhibited 50% of growth in macrophages.
c SI, Selectivity index (CC50/IC50).

Fig. 1. Cell viability of different concentrations of Quercus velutina, Calotropis procera and Nicotiana tabacum against murine macrophages (J774 cells) in comparison
with Glucantime® and untreated control (***P < 0.001).

Fig. 2. The viability percent of Quercus velutina, Calotropis procera, and Nicotiana tabacum against Leishmania tropica promastigotes compared to Glucantime
(***P < 0.001).
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2008). Therefore, current efforts have been focused on discovering and use of new therapeutic natural agents as they provide rich
and potential source of bioactive antileishmanial products.

Natural products, such as medicinal extracts, as crude compounds or pure standardized extracts could provide a valuable
source for new medicines due to availability of bioactive compounds, accessibility, safety and low costs (Cos et al., 2006). Accord-
ing to the WHO, approximately 80% of the world's population somehow relies on traditional remedies for their primary healthcare
needs. The use of herbal medicines represents a long history of human interactions with the surrounding environment across the
globe. Plants used in traditional medicine comprise a wide range of potential compositions that can be essential to treat various
disease syndromes caused by infectious agents (Rocha et al., 2005).

The apoptotic program is evolved to regulate cell growth and development in kinetoplastids including Leishmania species sim-
ilar to other eukaryotes (Doroodgar et al., 2016; Bahrami et al., 2016). Programmed cell death is an essential effector mechanism
which can play a central role to trigger innate and adaptive cell responses against the parasites (de Freitas Balanco et al., 2001).
Further elucidation of the PCD in Leishmania could provide valuable information on pathogenesis and biological processing which
5



Fig. 3. The viability percent of Quercus velutina, Calotropis procera and Nicotiana tabacum against Leishmania tropica amastigotes compared to Glucantime®
(***P < 0.001).

Table 2
The effect of various concentrations of Quercus velutina, Calotropis procera, Nicotiana tabacum extracts and Glucantime® on the mean number of intramacrophage
amastigotes of Leishmania tropica in each macrophage.

Concentration
(μg/mL)

Q. velutina
Mean ± SD P value

C. procera
Mean ± SD P value

N. tabacum
Mean ± SD P value

Glucantime®
Mean ± SD P value

Control 96.6 ± 0.4 NR 96.4 ± 0.4 NR 96.4 ± 0.4 NR 96.4 ± 0.4 NR
1 89.6 ± 0.6 P > 0.05 88.8 ± 0.4 P > 0.05 98.7 ± 1.1 P > 0.05 88.0 ± 0.6 P > 0.05
10 71.6 ± 0.6 P ≤ 0.01 79.8 ± 0.4 P ≤ 0.01 80.7 ± 1.1 P > 0.05 86.0 ± 0.6 P > 0.05
100 56.3 ± 0.3 P ≤ 0.01 58.4 ± 0.4 P ≤ 0.01 59.3 ± 0.4 P ≤ 0.01 59.7 ± 0.4 P ≤ 0.01
1000 4.5 ± 0.3 P ≤ 0.001 15.8 ± 0.1 P ≤ 0.001 16.0 ± 0.5 P ≤ 0.001 32.5 ± 0.1 P ≤ 0.001

NR: Not related.
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might be used to target new effective drugs for growth inhibition. Moreover, it was previously suggested that L. tropica
promastigotes uniformly express phosphatidylserine in their stationary phase (Tripathi and Gupta, 2003). As revealed the
leishmanicidal effects of the above plant extracts was in part mediated through PCD as documented by externalization of PS.

Over the past decades extensive efforts have been made to develop new drug alternatives in endemic countries. In general, a
wide range of antileishmanial plant extracts have been evaluated as evidenced from Iran (Bahmani et al., 2015), French Guiana
(Rocha et al., 2005), India (Samuelsson and Bohlin, 2017), Israel (El-On, 2009) and Greece (Fokialakis et al., 2007). There seem
new approaches toward the natural products, in absence of effective agents would be a logical strategy (Harvey et al., 2015). Un-
fortunately; although, despite the use of natural products in endemic countries only a limited effort has been made to isolate and
analyze their chemical antileishmanial compositions to conduct clinical trials.
5. Conclusion

The findings of this study demonstrate effective antileishmanial activities for the three crude extracts that can be used as a
natural source for production of new leishmanicidal agents against CL. However, further experimental and clinical studies are re-
quired to isolate and analyze their chemical compositions for final evaluation of biological activities of Q. velutina, C. procera, and
N. tabacum in animal models as well as in human volunteers as new therapeutic agents.
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Fig. 4. Apoptotic profiles of Leishmania tropica promastigotes with annexin V at 1000 μg/ml of Q. velutina (A), C. procera (B), N. tabacum (C), Glucantime® (D), methanol (E) and negative control (F). M1 is a region that the
organisms show no apoptosis and M2 showing apoptotic organisms.
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Table 3
Apoptosis percentage of Q. velutiona, C. procera, N. tabacum and Glucantime® by flow cytometry analysis.

Treatment Concentration (μg/ml) Apoptosis (%)

Quercus velutina 1000 37.4
Calotropis procera 1000 18.6
Nicotina tobacco 1000 8.5
Glucantime® 1000 52.4
Glucantime® 100 12.5
Glucantime 10 9.3
Methanol NR 2.3
control NR 0.4

NR: Not related.

M. Ilaghi, I. Sharifi, F. Sharififar et al. Parasite Epidemiology and Control 12 (2021) e00201
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