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ABSTRACT

Background: Pentavalent antimonial agents remain the primary therapeutic option for leishmaniasis;
however, accumulating evidence highlights significant adverse effects, toxicity concerns, and
emerging drug resistance associated with these compounds. Accordingly, the exploration of alternative
therapeutic agents, particularly from natural sources, has gained increasing attention. The present
study aimed to investigate the in vitro antileishmanial activity of Calotropis procera extract against
both promastigote and amastigote forms of Leishmania major.

Materials and Methods: Methanolic extract of C. procera flowers was obtained through the
maceration technique. The antiproliferative activity of the extract on promastigotes was quantified
using the colorimetric 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT) assay to
assess cell viability and growth inhibition.

Results: MTT assay findings demonstrated that C. procera extract markedly inhibited the proliferation
of L. major promastigotes. The calculated IC, | value for the extract alone was 387.91 pg/mL, whereas
the combination of C. procera extract with meglumine antimoniate exhibited enhanced inhibitory
activity, yielding an IC, value of 211.26 ug/mL.

Conclusion: The observed inhibitory effects suggest that C. procera possesses promising
antileishmanial properties and may represent a potential natural candidate for the development of
alternative therapeutic strategies against leishmaniasis.
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Introduction

eishmaniasis is a zoonotic parasitic dis-

ease and a major vector-borne public

health problem worldwide. It dispropor-

tionately affects disadvantaged popu-

lations and remains endemic in many
low-resource regions, where approximately 700,000—
1,000,000 new cases are reported annually. Consequent-
ly, the disease causes substantial morbidity and mortal-
ity [1]. Clinically, leishmaniasis manifests in multiple
forms, including cutaneous leishmaniasis (CL), often
presenting as self-healing dermal lesions, and the more
severe visceral leishmaniasis, which can be life-threat-
ening if left untreated [2]. Despite extensive efforts to
identify safer and more effective therapeutic options,
pentavalent antimonials remain among the most widely
used treatments and have been implemented for more
than five decades [3]. However, current antileishmanial
drugs are associated with important limitations, includ-
ing the emergence of drug resistance, prolonged treat-
ment duration, and adverse effects with considerable
toxicity. In addition, commonly used synthetic agents
may cause clinically relevant complications, such as
injection site pain, anorexia, gastrointestinal disorders,
and resistance development [4].

These challenges highlight the need for alternative
therapeutic candidates, particularly those with high ef-
ficacy and improved safety profiles. In recent years,
increasing attention has been directed toward bioactive
natural products, including herbal extracts and other
nature-derived approaches, for the management of in-
fectious diseases [5]. Many medicinal plants with eth-
nobotanical use have been evaluated using experimental
methods, and several candidates have shown promise
against a range of pathogens. Reported examples include
Blighia sapida, Morus alba, Spondias monbin, Treculia
africana, and Calotropis procera [6].

C. procera (giant milkweed) is a perennial, greyish-
green, woody shrub with broad fleshy leaves that grows
widely in tropical regions and warm temperate climates
[7]. Across different geographical regions, it is known
by various common names, reflecting its broad distribu-
tion and traditional relevance [8, 9]. The plant is primar-
ily valued for its medicinal properties and has been used
traditionally for pain, inflammation, and digestive disor-
ders. In particular, the latex has been reported to exhibit
diverse biological activities, including traditional uses
related to antimicrobial and anti-leishmanial effects, and
its application has been described in several therapeutic
contexts, such as respiratory ailments and skin condi-
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tions [10, 11]. Moreover, pharmacological studies have
reported anti-inflammatory, analgesic, antimicrobial,
antifungal, anticancer, and insecticidal activities for dif-
ferent parts of the plant, including the flowers and latex
[12-14].

Given this background, the present study was designed
to evaluate the in vitro antileishmanial activity of C. pro-
cera flower extract against Leishmania major.

Materials and Methods
Plant material

The flowers of C. procera were collected in 2024 from
Sistan and Baluchestan province, Iran, and identified
and authenticated at the Department of Botany, Univer-
sity of Sistan and Baluchestan, Iran. A voucher specimen
(voucher numbers: CP/1404, 235) was deposited in the
university herbarium.

Preparation of plant extracts

Fresh flowers of C. procera were collected, sun-dried,
and washed with water to remove all contaminants. They
were dried at room temperature and grounded into pow-
der. After washing and shade drying at room tempera-
ture, the samples (500 mg) were powdered and extracted
by maceration with 10 mL of 80% methanol (Merck,
Darmstadt, Germany), followed by shaking incubation
(325 rpm) at 2542 °C for 72 hours. The extract was fil-
tered through paper, and the residue was re-macerated
twice more: the second time with 80% methanol for
48 hours, and the third time with 80% methanol for 24
hours. The concentrated residue was frozen at —20 °C.
The dried powders were dissolved in phosphate-buffered
saline (PBS) and diluted to prepare test concentrations of
the extract.

Parasite culture

The Iranian standard reference strain of L. major pro-
mastigotes (MRHO/IR/75/ER) was provided by the De-
partment of Medical Parasitology and Mycology, Zahe-
dan University of Medical Sciences, Zahedan, Iran. The
promastigotes were cultivated in RPMI-1640 medium
(Biosera, France) complemented with penicillin-strepto-
mycin antibiotics and 10% fetal bovine serum (Sigma,
USA). The cultures were placed in an incubator shaker
(120 rpm) at 25+1 °C and grown until reaching the sta-
tionary growth phase [15, 16].
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Macrophage culture

After being acquired from the Pasteur Institute in Teh-
ran, Iran, the THP-1 human macrophage cell line was
cultured in DMEM medium (Sigma, USA) enhanced
with penicillin, 0.5% streptomycin (Biosera, France),
and 10% FBS (Sigma, USA). The cells were maintained
at 37 °C in an atmosphere containing 5% COs..

Anti-promastigote activity

To determine the growth-inhibitory effect of C. procera
extract, promastigotes of L. major (1x10° parasites/mL)
at the stationary phase were added in triplicate to a 96-
well plate and treated with extract concentrations ranging
from 0 to 400 pg/mL. Wells containing culture medium
without promastigote as blank samples; glucantime-treat-
ed promastigotes (Glucantime®: Sanofi, France) were
used as positive controls, and PBS-treated promastigotes
were used as negative controls. Following treatment,
the plates were incubated for 72 hours at 25+1 °C with
varying drug concentrations as previously described. Ten
microliters of MTT solution at concentrations of 25, 50,
100, 200, and 400 pg/mL were added to individual wells
and incubated for 3 hours. The 50% inhibitory concen-
tration (ICs0) was calculated based on the optical density
(OD) absorbance measured at 530 nm [17].

Anti-amastigote activity

To convert the promastigote form into amastigotes,
THP-1 cell lines (100,000/mL) were covered in 24-
well plates and incubated at 37 °C in 5% CO, for 24
h. Following this incubation, the macrophages were in-
fected with L. major stationary phase promastigotes at
a concentration of 1x10° per milliliter, at a 10:1 ratio
(10 parasites to 1 macrophage), allowing the parasites
to transform into the amastigote form over another 24-
hour period. After this step, the culture medium was
washed to remove free promastigotes, and treatment
with the extract was started. In the next step, various
concentrations of C. procera (CP) alone (50, 100, 200,
and 400 pg/mL) and combined with meglumine anti-
moniate (MA) at the same concentrations (50, 100, 200,
and 400 pg/mL) were added, and the mixture was incu-
bated for 72 hours. Following incubation, the samples
were methanol-fixed and stained with Wright-Giemsa.
The ICso values for each concentration against amasti-
gotes were calculated by averaging the mean number of
intracellular amastigotes inside 100 cells [17].
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Cytotoxic effects

To evaluate the cytotoxic effect of hydroalcoholic ex-
tract CP and its combination with CP, MA, Tween solu-
tion (TS), and CP+MA at varied concentrations (50, 100,
200, and 400 pg/mL) on THP-1 cells was investigated.
The cells were then incubated for 72 h at 37 °C in a 5%
CO, atmosphere within 96-well plates. Afterward, 10 uL
of MTT solution was added to each well, allowing for an
additional 3 h of incubation. Following this, 100 pL of
DMSO was included, and the OD was measured at 530
nm using a Bio-Tek ELISA reader. The drugs’ safety was
assessed through the selectivity index (SI), which was
determined using the Equation 1:

1. SI=CC_/IC,,
an SI greater than 1 indicates minimal toxicity.
Statistical analyses

The obtained data were analyzed using SPSS software,
version 22.0 and GraphPad Prism software, version
10.0. Non-parametric tests, such as the Mann-Whitney
test, were employed to assess the results. A P<0.001 was
considered statistically significant.

Results

Anti-promastigote effects of CP, MA, and TS or
their combination

Figure 1 illustrates the effects of CP extract, MA, TS,
and their combination (CP+MA) on inhibiting the pro-
mastigote forms of Leishmania at different drug con-
centrations over 72 hours (from 0 to 400 pg/mL). The
combination of CP and MA exhibits a significantly
higher inhibition percentage (approximately 75%) at
the highest concentration. The MA extract also demon-
strated a notable effect, while the TS extract appeared to
be less effective. These results affirm the potential thera-
peutic impact of plant extracts in controlling Leishma-
nia infections.

Anti-amastigote assessment

The result in Table 1 show that using CP, MA, TS, and
their combination (CP+MA) led to a significant decrease
in the number of intra-macrophage amastigotes during
the clinical stage, especially when compared to untreated
control groups, with a statistical significance of P<0.001.
Overall, the CP+MA combination demonstrated the
highest efficacy, achieving complete inhibition (100 pg/
mL residual activity) at the highest tested concentration
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Table 1. Evaluation of different concentrations of CP, MA, TS and their combination on amastigotes

Concentration (ug/mL) TS MA cP CP+MA
0 69.6 59.1 64.3 55.8
50 58.2 48.2 55.3 36.8
100 494 324 424 14.2
200 413 19.1 29.7 5.7
400 39.2 0 21.3 0

of 400 pg/mL, significantly outperforming individual
treatments at lower doses. MA alone also proves high-
ly effective, reaching residual activity at 400 pg/mL,
whereas CP shows a dose-dependent but less potent ef-
fect until higher concentrations are reached. In contrast,
TS showed the least inhibitory effect at all concentrations
tested, suggesting that its role is likely to be negligible or
merely as a transporter-controlling agent. These findings
strongly suggest a synergistic potential when CP is used
in conjunction with the standard drug, MA.

Cytotoxic effects

Table 2 presents the analysis of inhibitory concentra-
tion (ICso) values against L. major, revealing that the
combined formulation of CP+MA exhibits the most po-
tent antileishmanial activity. This combination achieves
the lowest ICso values against both amastigotes (34.25
pg/mL) and promastigotes (211.26 pg/mL). Notably,
the combination demonstrated enhanced effectiveness,
as evidenced by its superior SI (18.25), which was sig-
nificantly higher than that of the individual agents: MA
(SI=10.9), CP (SI=8.74), and the TS (SI=9.36).

Discussion
The findings of this study demonstrated that CP extract

possesses significant in vitro antileishmanial activity,
both when administered alone and when combined with

the standard antileishmanial drug MA. The combination
of CP and MA (CP+MA) produced approximately 75%
inhibition of Leishmania promastigotes at a concentra-
tion of 400 pg/mL. These results are noteworthy, as they
suggest enhanced activity upon co-administration, war-
ranting further studies to validate the magnitude and na-
ture of this interaction. Consistent with this observation,
the data in Table 1 indicated that CP+MA significantly
reduced the number of intramacrophage amastigotes,
particularly relative to the untreated control group, with
statistical significance (P<0.001). Collectively, these re-
sults support the hypothesis that the CP+MA combina-
tion may represent a promising therapeutic strategy for
controlling Leishmania infection. In addition, the extract
alone exhibited a dose-dependent effect, underscoring
the importance of achieving adequate exposure levels in
potential treatment regimens.

Further confirmation of the enhanced antileishmanial
potential is provided by the ICso analysis shown in Table
2. Notably, the combined formulation exhibited the most
potent activity, achieving ICss=34.25 pug/mL for amasti-
gotes and 1Cs0=211.26 pg/mL for promastigotes. When
assessed using the selectivity index SI, CP+MA demon-
strated superior performance (SI=18.25) compared with
MA alone (SI=10.9) and CP alone (SI=8.74). These find-
ings collectively suggest a favorable interaction between
CP constituents and MA, reflected in both potency and

Table 2. Determination of IC,; values for CP, MA, TS, and their combination against L. major promastigotes and amastigotes

Formula IC,, Amastigotes P IC,, Promastigotes P CC,, Macrophages Sl
MA 72.34 268.03 - 788.6 10.9
TS 349.68 <0.001 1245.6 <0.001 3274.5 9.36
cp 99.42 <0.001 387.91 <0.001 869.2 8.74

CP+MA 34.25 <0.001 211.26 <0.001 625.3 18.25

SI=CC,, macrophages/IC_ amastigotes.

Note: Significant statistical differences compared to the control (MA) were observed at the P<0.001 level.

Res Mol Med, 2026; 14(1):43-50
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Figure 1. In vitro anti-promastigote activity of different treatments against L. major over 72 h

selectivity. Importantly, the relatively favorable SI val-
ues from the cytotoxicity assessment indicate an accept-
able safety margin for therapeutic consideration (Table
2). This observation is particularly relevant in light of the
established toxicity limitations associated with currently
available antileishmanial therapies [18]. The reduced cy-
totoxic potential may be attributable to multiple factors,
including the biocompatibility of the extraction/solvent
system, the extraction procedure, the final concentration,
the chemical composition of the extract, and possible
stabilizing effects of plant-derived phytochemicals [19].

In agreement with the present results, a previous study
reported that C. procera leaf extract exhibits significant
antileishmanial activity against L. major promastigotes
and amastigotes. The proposed mechanism involved
modulation of parasite oxidative stress, including in-
creased reactive oxygen species (ROS) generation in
promastigotes, as well as upregulation of IFN-y, TNF-a,
and iNOS expression in PBMCs harboring amastigotes
[20]. Moreover, studies assessing Calotropis gigantea
against L. major indicated that non-polar fractions dis-
play promising leishmanicidal activity, and these frac-
tions should be evaluated further, particularly against
amastigote forms [21].

Phytochemical evidence further supports the plausibil-
ity of antileishmanial activity for CP. FTIR and HPLC
analyses from prior work identified major constituents,
including catechin, rutin, p-coumaric acid, caffeic acid,
luteolin, and kaempferol. These compounds have been
associated with antioxidant capacity and broad antimi-
crobial activity, including activity against Gram-positive
bacteria [22]. Additionally, enzymatic studies on C.
procera leaf extracts as inhibitors of key carbohydrate-
digestion enzymes in diabetes have shown that the etha-
nolic extract inhibits a-amylase most effectively, where-
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as the aqueous extract shows the highest inhibition of
a-glucosidase in vitro, with a non-competitive inhibition
pattern [9]. Traditional uses of CP leaf extracts in Saudi
Arabia and Yemen have also been documented for the
management of filariasis and leprosy [23].

Beyond antileishmanial effects, CP has been reported
to contain a diverse phytochemical profile, including tri-
terpenoids, flavonoids, cardiac glycosides/cardenolides,
anthocyanins, a-amyrin, f-amyrin, lupeol, B-sitosterol,
flavanols, as well as additional compounds, such as
mudarine and plant-associated bioactive enzymes (e.g.
calactin and calotropin) [24]. Such chemical diversity
may contribute to multifunctional biological effects, in-
cluding antimicrobial and immunomodulatory proper-
ties, although the precise contribution of each constituent
to antileishmanial activity remains to be determined. De-
spite the encouraging results, several limitations should
be acknowledged. First, although the current in vitro
evidence is promising, in vivo studies are required to
clarify pharmacokinetics, bioavailability, and long-term
safety of the extract and the combination. Second, the
molecular mechanisms underlying immune modulation
and parasite killing require deeper investigation, includ-
ing pathway-level characterization.

Conclusion

Considering that, despite their high efficacy, chemical
anti-leishmanial drugs are associated with severe side
effects, toxicity, some drug resistance, and high costs,
efforts to find effective, safe, and cost-effective natural
agents against Leishmania are encouraged C. procera
can be considered a promising new source of natural an-
ti-leishmanial agents. Certainly, to better understand the
effect of C. procera extract on leishmaniasis infection,

—
47
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its active and non-toxic components should be further
studied utilizing an experimental murine model.

Ethical Considerations
Compliance with ethical guidelines

This study protocol was approved by the Research Eth-
ics Committee of Zahedan University of Medical Scienc-
es, Zahedan, Iran (Code: IR.ZAUMS.REC.1404.090).

Funding

This research did not receive any grant from funding
agencies in the public, commercial, or non-profit sectors.

Authors contribution's

All authors contributed equally to the conception and
design of the study, data collection and analysis, inter-
ception of the results and drafting of the manuscript.
Each author approved the final version of the manuscript
for submission.

Conflict of interest

The authors declared no conflict of interest.

References

[1] Torres-Guerrero E, Quintanilla-Cedillo MR, Ruiz-Esmenjaud
], Arenas R. Leishmaniasis: A review. F1000Res. 2017; 6:750.
[DOI:10.12688/£1000research.11120.1] [PMID] [PMCID]

[2] Burza S, Croft SL, Boelaert M. Leishmaniasis - Authors' re-
ply. Lancet. 2019; 393(10174):872-3. [DOI:10.1016/S0140-
6736(18)33044-7] [PMID]

[3] Lacey C, Musa A, Khalil ET, Younis B, Osman M, Wiggins R,
etal. LEISH2b - A phase 2b study to assess the safety, effica-
cy, and immunogenicity of the Leishmania vaccine ChAd63-
KH in post-kala azar dermal leishmaniasis. Wellcome Open
Res. 2022; 7:200. [DOI:10.12688/wellcomeopenres.17951.1]
[PMID] [PMCID]

[4] Santos DO, Coutinho CE, Madeira MF, Bottino CG, Vieira
RT, Nascimento SB, et al. Leishmaniasis treatment--A chal-
lenge that remains: a review. Parasitol Res. 2008; 103(1):1-10.
[DOI:10.1007 / s00436-008-0943-2] [PMID]

[5] Underwood C, van Eps AW. Nanomedicine and veterinary
science: The reality and the practicality. Vet ]. 2012;193(1):12-
23. [DOI:10.1016/j.tvj1.2012.01.002] [PMID]

Research in Molecular Medicine

[6] Lawal IO, Uzokwe N, Igboanugo A, Adio A, Awosan E,
Nwogwugwu J, et al. Ethno medicinal information on colla-
tion and identification of some medicinal plants in Research
Institutes of South-west Nigeria. Afr ] Pharm Pharmacol.
2010; 4(1):001-7. [Link]

[7] Kaur A, Batish DR, Kaur S, Chauhan BS. An overview of the
characteristics and potential of calotropis procera from bo-
tanical, ecological, and economic perspectives. Front Plant
Sci. 2021; 12:690806. [DOI:10.3389/£pls.2021.690806] [PMID]
[PMCID]

[8] Rajhi BR, Hamzi MM, Albratty M, Alhazmi HA, Najmi A,
Zoghebi K, et al. Spectral characterization, analgesic, and
anti-inflammatory effects of ethanolic extract of Calotropis
procera leaf and dry latex from Jazan, Kingdom of Saudi
Arabia. Notulae Bot Horti Agrobotanici Cluj Napoca. 2024;
52(2):13626. [DOI:10.15835/nbha52213626]

[9] Kazeem MI, Mayaki AM, Ogungbe BF, Ojekale AB. In-vitro
studies on Calotropis procera leaf extracts as inhibitors of
key enzymes linked to diabetes mellitus. IJPR. 2016; 15(Sup-
p1):37. [PMID]

[10] Meena AK, Yadav A, Rao M. Ayurvedic uses and pharma-
cological activities of Calotropis procera Linn. Asian ] Tradit
Med. 2011; 6(2):45-53. [Link]

[11] Roy S, Sehgal R, Padhy B, Kumar V. Antioxidant and pro-
tective effect of latex of Calotropis procera against alloxan-
induced diabetes in rats. ] Ethnopharmacol. 2005; 102(3):470-
3. [DOI:10.1016/j.jep.2005.06.026] [PMID]

[12] Hassan S, Bilbis F, Ladan M, Umar R, Dangoggo S, Saidu
Y, et al. Evaluation of antifungal activity and phytochemical
analysis of leaves, roots and stem barks extracts of Calotropis
procera (Asclepiadaceae). 2006; 9(4):2624-9. [DOI:10.3923/
Ppjbs.2006.2624.2629]

[13] Padhy B, Srivastava A, Kumar V. Calotropis procera la-
tex affords protection against carbon tetrachloride induced
hepatotoxicity in rats. ] Ethnopharmacol. 2007; 113(3):498-
502. [DOI:10.1016/j.jep.2007.07.007] [PMID]

[14] Arya S, Kumar VL. Antiinflammatory efficacy of extracts
of latex of Calotropis procera against different mediators
of inflammation. Mediators Inflamm. 2005; 2005(4):228-32.
[DOI:10.1155/ MI.2005.228] [PMID] [PMCID]

[15] Khamesipour A, Rafati S, Davoudi N, Maboudi F, Modab-
ber F. Leishmaniasis vaccine candidates for development: A
global overview. Ind ] Med Res. 2006; 123(3):423-38. [Link]

[16] Mehravaran A, Jaafari MR, Jalali SA, Khamesipour A, Taf-
aghodi M, Hojatizade M, et al. Cationic immune stimulating
complexes containing soluble Leishmania antigens: Prepa-
ration, characterization and in vivo immune response evalu-
ation. Iran J Immunol. 2015; 12(4):274-87. [DOI:10.22034/
1ji.2015.16756]

[17] Yadegari JG, Khalaf AK, Ezzatkhah F, Shakibaie M, Mo-
hammadi HR, Mahmoudvand H. Antileishmanial, cellu-
lar mechanisms, and cytotoxic effects of green synthesized
zinc nanoparticles alone and in combined with glucantime
against Leishmania major infection. Biomed Pharmaco-
ther. 2023; 164:114984. [DOI:10.1016/].biopha.2023.114984]
[PMID]

Res Mol Med, 2026; 14(1):43-50



http://rmm.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://en.zaums.ac.ir/
https://en.zaums.ac.ir/
https://doi.org/10.12688/f1000research.11120.1
https://www.ncbi.nlm.nih.gov/pubmed/28649370
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5464238
https://doi.org/10.1016/S0140-6736(18)33044-7
https://doi.org/10.1016/S0140-6736(18)33044-7
https://www.ncbi.nlm.nih.gov/pubmed/30837140
https://doi.org/10.12688/wellcomeopenres.17951.1
https://www.ncbi.nlm.nih.gov/pubmed/37252616
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10213822
https://doi.org/10.1007/s00436-008-0943-2
https://www.ncbi.nlm.nih.gov/pubmed/18389282
https://doi.org/10.1016/j.tvjl.2012.01.002
https://www.ncbi.nlm.nih.gov/pubmed/22365842
https://academicjournals.org/article/article1380797128_Lawal%20et%20al.pdf
https://doi.org/10.3389/fpls.2021.690806
https://www.ncbi.nlm.nih.gov/pubmed/34220914
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8248367
https://doi.org/10.15835/nbha52213626
https://pubmed.ncbi.nlm.nih.gov/28228802/
https://www.researchgate.net/profile/Ajay-Meena-2/publication/312372154_Ayurvedic_uses_and_pharmacological_activities_of_Calotropis_procera_Linn/links/5c548106a6fdccd6b5da5f46/Ayurvedic-uses-and-pharmacological-activities-of-Calotropis-procera-Linn.pdf
https://doi.org/10.1016/j.jep.2005.06.026
https://www.ncbi.nlm.nih.gov/pubmed/16054794
https://scialert.net/abstract/?doi=pjbs.2006.2624.2629
https://scialert.net/abstract/?doi=pjbs.2006.2624.2629
https://doi.org/10.1016/j.jep.2007.07.007
https://www.ncbi.nlm.nih.gov/pubmed/17706384
https://doi.org/10.1155/MI.2005.228
https://www.ncbi.nlm.nih.gov/pubmed/16192673
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1526483
https://d1wqtxts1xzle7.cloudfront.net/108718383/0320-libre.pdf?1702274125=&response-content-disposition=inline%3B+filename%3DLeishmaniasis_vaccine_candidates_for_dev.pdf&Expires=1783871906&Signature=Uy5cQlj2kgFi1FcMqhOfVABOqq6IdmLZZOhHL6P3iQ4qyHZGW46M539xvMl3lW96wx6BqslScO6VCLS0xwNGgTU~feEEVFiGbJwcQm64zZDYhvZ1DPwK78E51lRYuxUxPzHt~UVaywr92hXRmJNWCJVWtXXvenYKbmJG7djn4Nfk8bIfFi-uBEff06gRrSVoYukUwREoCi0Y2lb-Z2pVT9QLXbWgmQ8R7PTZHbE3-BJePLjf1gbsGi2omVsaO0wLhz-xq--8cuvDc5YrAatAxp63wdYkGrqCqElZ1YTaStxhCSUd8DV5yD2xC-0VVcsZczur22KSiGlvQOPXQgobMA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://iji.sums.ac.ir/article_16756_0.html
https://doi.org/10.1016/j.biopha.2023.114984
https://www.ncbi.nlm.nih.gov/pubmed/37321058

Antileishmanial Activity of Calotropis procera Extract

[18] Ponte-Sucre A, Gamarro F, Dujardin JC, Barrett MP, Lépez-
Vélez R, Garcia-Hernandez R, et al. Drug resistance and
treatment failure in leishmaniasis: A 21st century challenge.
Plos Negl Trop Dis. 2017; 11(12):e0006052. [DOI:10.1371/
journal.pntd.0006052] [PMID] [PMCID]

[19] Llaghi M, Sharifi I, Sharififar F, Sharifi F, Oliaee RT, Babaei
Z, et al. The potential role and apoptotic profile of three me-
dicinal plant extracts on Leishmania tropica by MTT assay,
macrophage model and flow cytometry analysis. Parasite
Epidemiol Control. 2021; 12:e00201. [DOI:10.1016/j.pare-
i.2021.e00201] [PMID] [PMCID]

[20] Amani S, Alinejad S, Asadi N, Yousefi E, Khademvatan
S, Howarth GS. Anti-leishmania major activity of calotro-
pis procera extract by increasing ROS production and up-
regulating TNF-a, IFN-y and iNOS mRNA expression
under in vitro conditions. Trop Med Health. 2024; 52(1):16.
[DOI:10.1186/ s41182-024-00578-4] [PMID] [PMCID]

[21] Oskuee R, Jafari M, Farzad SA, Ramezani M. In vitro
Leishmanicidal activity of Calotropis gigantea and its frac-
tions against Leishmania major. ] Med Plants Res. 2012;
6(23):3977-83. [DOI:10.5897 /JMPR011.1530]

[22] Ahmad Nejhad A, Alizadeh Behbahani B, Hojjati M, Vasiee
A, Mehrnia MA. Identification of phytochemical, antioxi-
dant, anticancer and antimicrobial potential of Calotropis
procera leaf aqueous extract. Sci Rep. 2023; 13(1):14716.
[DOI:10.1038/s41598-023-42086-1] [PMID] [PMCID]

[23] Al-Musayeib NM, Mothana RA, Matheeussen A, Cos P,
Maes L. In vitro antiplasmodial, antileishmanial and antit-
rypanosomal activities of selected medicinal plants used in
the traditional Arabian Peninsular region. BMC Comple-
ment Altern Med. 2012; 12:49. [DOI:10.1186/1472-6882-12-
49] [PMID] [PMCID]

[24] RS J. A Review on Pharmacological Activities of Calotro-

pis Procera. ] Drug Deliv Therapeutics. 2019; 9:947.
[DOI:10.22270/jddt.v9i3-5.2870]

Res Mol Med, 2026; 14(1):43-50

Research in Molecular Medicine



http://rmm.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://doi.org/10.1371/journal.pntd.0006052
https://doi.org/10.1371/journal.pntd.0006052
https://www.ncbi.nlm.nih.gov/pubmed/29240765
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5730103
https://doi.org/10.1016/j.parepi.2021.e00201
https://doi.org/10.1016/j.parepi.2021.e00201
https://www.ncbi.nlm.nih.gov/pubmed/33511293
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7817489
https://doi.org/10.1186/s41182-024-00578-4
https://www.ncbi.nlm.nih.gov/pubmed/38303082
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10832188
https://doi.org/10.5897/JMPR011.1530
https://doi.org/10.1038/s41598-023-42086-1
https://www.ncbi.nlm.nih.gov/pubmed/37679486
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10485245
https://doi.org/10.1186/1472-6882-12-49
https://doi.org/10.1186/1472-6882-12-49
https://www.ncbi.nlm.nih.gov/pubmed/22520595
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3493369
https://doi.org/10.22270/jddt.v9i3-s.2870

This Page Intentionally Left Blank



