
Introduction

Leishmaniosis is a tropical and subtropical
disease caused by parasites of the Leishmania
genus, which are usually transmitted by the bite of
infected female phlebotomine sandflies [1,2].
Clinical manifestations of leishmaniosis are usually
divided into cutaneous leishmaniosis, muco -
cutaneous leishmaniosis (MCL), and visceral
leishmaniosis (VL) [3]. According to the World
Health Organization (WHO) report, leishmaniosis is
found in 98 countries around the world.
Approximately, 12 million people in the world are
infected, and 350 million people are at risk of
acquiring the disease, with an annual incidence of

1–1.5 million new cases of CL and 500,000 for VL
[4]. Since no effective vaccine is available for
leishmaniosis; treatment of the disease exclusively
depends on chemical drugs [5]. Antimonial
compounds constitute the main approach for
treatment of the leishmaniosis such as pentavalent
antimony (meglumine antimoniate or sodium
stibogluconate) as the first-line drugs [6]. Although
drug resistance is developing by some parasite
species [7]. Pentamidine and amphotericin B are
second-line drugs, however these drugs showed
toxicity and require long-term parenteral
administration [8]. Because of high toxicity and
emergence of resistance to some commercial
compounds for treatment of leishmaniosis, it is
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essential to discover an effective, safe and
affordable drug. Some traditional medicines act as a
valuable source of bioactive agents that are used for
treatment many diseases such as leishmaniosis [9].
Given the benefits of using herbal remedies, these
compounds should be tested with appropriate
selection of antileishmanial activity in every
country of the world.  In recent years, traditional
herbal medicines have received significant attention
and substantiated the effectiveness of these
combinations in treatment of leishmaniosis [10].

The genus Thymbra belongs to the Lamiaceae
family. Seven species and one subspecies of
Thymbra have been characterized in the
Mediterranean region of southern Europe, North
Africa, and the Middle East [11]. T. spicata is a
native plant in the flora of Iran. Due to antimicrobial
and antiseptic properties, it has become a popular
plant among the people [11]. In traditional
medicine, T. spicata has been used as antiseptic and
anti-helminthic agents also for treating diabetes,
stomachache, and common cold [12]. On the other
hand, its leaves have been traditionally used as a
spice that gives a good flavor and taste to food [12].

To date, it has not been investigated anti -
leishmanial activity of T. spicata extract against
Leishmania species. Therefore, the aim of the present
study was to examine antileishmanial effect of
hydroalcoholic extract of T. spicata against L. major
promastigote forms in vitro.

Materials and Methods

Preparation of T. spicata extract

T. spicata plant was collected from rangelands
and forests of Ilam province on September  2019.
The plant was identified (herbarium code: Voucher
specimens No 596) by the Jihad-e Daneshgahi
center of medicinal plants and agricultural products,
Ilam, Iran. 

Plant extraction

The leaves and stems of T. spicata plant were
harvested and washed with distilled water, then
shade dried at room temperature.  The dried plants
grinded by an electric mill to obtain a fine powder
and passed through a 10 mm sieve. The prepared
powder was transferred into a special cartridge and
placed into a volumetric flask contained 70% (v/v)
ethanol in distilled water and connected to an.
extraction device. The solution was shaken every 30
minutes to better obtain the active ingredients. To

separate the solvent, the obtained solution was
connected to a vacuum pump and heat source., The
obtained extract was placed into an oven at 50 to
60°C for 24 hours to remove remained solvent. The
obtained extract was stored at 4°C for further
processing.

L. major culture and maintenance

The standard strain of L. major (MRHO/IR
/75/ER) was obtained from the School of Public
Health, Tehran University of Medical Sciences,
Iran. The parasites were cultured in the RPMI 1640
media (Gibco, Life Technologies GmbH, Germany)
supplemented with 10–15% heat inactivated fetal
bovine serum (FBS) (Gibco, Germany), 100 u/ml
penicillin, and 100 μg/ml streptomycin (Gibco).

Effect of T. spicata extract against L. major

promastigote 

Antileishmanial activity of the T. spicata extract
was done in 96 well plates. L. major promastigotes
were counted by a hemocytometer chamber. 1×105

promastigotes/well were cultured and treated in
presence or absence of different concentrations (400
to 12.5 µg/ml) of the hydroalcoholic extract of T.
spicata and incubated for 24, 48 and 72 hours at
25°C. All experiments were done in triplicate. After
the incubation period, 20 µl of each well was
harvested and added to the same volume of Eosin
0.1%. The number of viable promastigotes was
counted using light microscope. The LC50 of T. spi -
ca ta extract and glucantime was determined as a
concentration that is able to kill 50% of
promastigotes. Different concentrations of standard
drug of glucantime served as positive control.

Statistical analysis
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Table 1. Lethal percentage of different concentrations of
T. spicata extract on Leishmania major promastigotes
after 24, 48 and 72 hours of incubation

T. spicata extract 24 hours 48 hours 72 hours

12.5 µg/ml 18% 34% 80%

25 µg/ml 22% 24% 85%

50 µg/ml 40% 69% 96%

100 µg/ml 66% 83% 96%

200 µg/ml 85% 92% 98%

400 µg/ml 96% 98% 100%



The Two-Way Repeated Measure ANOVA was
used to evaluate the anti-leishmanial effect of
extract and glucantime drug using GraphPad Prism
software. Differences were considered statistically
significant when P<0.05.

Results

The results from this study have been
summarized in Tables 1,2. T. spicata extract showed
significant effect on killing the promastigotes after
24, 48 and 72 hours in all concentrations as
compared to the negative control group (P<0.0001).
The maximum antileishmanial activity was found in
concentration of 400 µg/ml after 72 hours, and the
minimum activity was related to 12.5 µg/ml
concentration after 24 hours. LC50 values of
hydroalcoholic extract of T. spicata against L. major
promastigotes were 18.49 µg/ml, 8.58 µg/ml and
1.64 µg/ml in 24, 48 and 72 hours, respectively.
Additionally, LC50 values for glucantime were
11.54 µg/ml for 24 hours, 5.81 µg/ml for 48 hour,
and 3.38 µg/ml after 72 hours of incubation.
According to our findings, T. spicata extract and

glucantime exhibited a dose- and time-dependent
manner on killing the promastigotes (Figure 1).
Analysis of variance between groups showed that
lethal effect of glucantime on L. major promastigotes
was higher than T. spicata extract after 24 and 48
hours (P<0.0001). However, no significant difference
was found between T. spicata extract and glucantime
after 72 hour treatment (P>0.05).

Discussion

Leishmaniosis has been reported as one of the
most important neglected diseases [13]. Use of
common chemical drugs for treatment of
leishmaniosis such as pentavalent antimonials,
amphotericin B, paromomycin, miltefosin and
liposomal amphotericin B have been limited
because of various reasons including low efficacy,
high cost, painful injections and side effects [14].
Therefore, some populations have recently tendency
to use native herbal medicines to treat leishmaniosis
because plant drugs have less side effects and are
more accessible especial for low-income people
[10,15]. In vitro and in vivo anti-leishmanial
activities of some medicinal plants such as Pistacia
khinjuk [16], Artemisia annua [17], Maesa balansae
[18], Thymus vulgaris [19], Achillea millefolium
[19], Berberis vulgaris [20], Artemisia essence [21],
Tephrosia vogelii [22], Coriandrum sativum
[23,24], Aloe vera [17], Ricinus communis [23],
Lippia sidoides [24], Copaifera reticulata [24],
curcumin and its bioactive compounds [25] and etc.
have been identified. In the present study,
antileishmanial activity of hydroalcoholic T. spicata
extract was examined against L. major
promastigotes. Our findings showed that the
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Figure 1. Anti-leishmanial effects of different concentrations of hydroalcoholic extract of T. spicata (12.5 to
400µg/ml) and glucantime (12.5 to 200 µg/ml) on the number of Leishmania major promastigotes after 24, 48 and 72
hours incubation

Table 2. Lethal percentage of different concentrations of
glucantime on Leishmania major promastigotes after
24, 48 and 72 hours of incubation

Glucantime 24 hours 48 hours 72 hours

25 µg/ml 54% 60% 81%

50 µg/ml 66% 75% 84%

100 µg/ml 74% 88% 90%

200 µg/ml 94% 96% 98%



concentration of 200 and 400 µg/ml of T. spicata
extract had desirable anti-leishmanial effects so that
the highest leishmanicidal activity was related to the
concentration of 400 µg/ml of T. spicata killed 100
and 96 percentage of Leishmania promastigotes after
72 and 24 hours, respectively. Therefore, it was
demonstrated that T. spicata extract acts on L. major
promastigotes in a dose and time-dependent manner.
In the current study, IC50 values for T. spicata extract
and glucantime were ranged within 1.64–18.49
µg/ml and 3.38–11.54 µg/ml, respectively. Analysis
of variance between groups indicated that anti-
leishmanial effect of glucantime on L. major
promastigotes was significantly higher than T.
spicata extract after 24 and 48 hours (P<0.0001)
while, there was no significant difference between
those after 72 hours (P>0.05). Our finding is
consistent to Yousefi et al. [26] which indicated
inhibitory effect of Alkanna tincturia and Peganum
harmala extracts on the in vitro growth of L. major
promastigotes. In another study, Badirzadeh et al.
[27] revealed that Urtica dioica extract significantly
reduced the L. major promastigotes viability. 

In addition, effects of aqueous extract of
Artemisia seiberi and artemisinin were determined
on L. major under in vitro. The findings showed that
both extracts had the leishmanicidal effects and
reduced the parasite number in comparison with the
control groups. In addition, anti-leishmanial activity
of Artemisia sieberi was higher compared with
artemisinin [28]. The finding of the present study
supports the hypothesis that T. spicata has an
effective antileishmanial activity although it is
required to further investigations to determine
cytotoxicity and in vivo anti-leishmanial
effectiveness of this extract.

Acknowledgements

This study was supported by Zoonotic Diseases
Research Center, Ilam University of Medical
Sciences, Ilam, Iran under Grant No. 982012/114.

References

[1] Reithinger R., Dujardin J-C., Louzir H., Pirmez C.,
Alexander B., Brooker S. 2007. Cutaneous
leishmaniasis. The Lancet Infectious Diseases 7: 581-
596. https://doi.org/10.1016/s1473-3099(07)70209-8

[2] Torres-Guerrero E., Quintanilla-Cedillo M.R., Ruiz-
Esmenjaud J., Arenas R. 2017. Leishmaniasis: a
review. F1000Research 6: 750. 

doi:10.12688/f1000research.11120.1
[3] Desjeux P. 2004. Leishmaniasis: current situation and

new perspectives. Comparative Immunology,
Microbiology and Infectious Diseases 27: 305-318.
https://doi.org/10.1016/j.cimid.2004.03.004

[4] Organization WH. 2010. Control of the
leishmaniases: Report of a meeting of the WHO
Expert Committee on the Control of Leishmaniases,
Geneva, Switzerland, 22-26 March 2010. World
Health Organization technical report series (949).

[5] Chawla B., Madhubala R. 2010. Drug targets in
Leishmania. Journal of Parasitic Diseases 34: 1-13. 
doi:10.1007/s12639-010-0006-3

[6] Frézard F., Demicheli C., Ribeiro RR. 2009.
Pentavalent antimonials: new perspectives for old
drugs. Molecules 14: 2317-2336.

[7] Aït-Oudhia K., Gazanion E., Vergnes B., Oury B.,
Sereno D. 2011. Leishmania antimony resistance:
what we know what we can learn from the field.
Parasitology Research 109: 1225-1232. 
https://doi.org/10.1007/s00436-011-2555-5

[8] Chakravarty J., Sundar S. 2010. Drug resistance in
leishmaniasis. Journal of Global Infectious Diseases
2: 167. https://doi.org/10.4103/0974-777x.62887

[9] Sadeghi-Nejad B., Saki J. 2014. Effect of aqueous
Allium cepa and Ixora brachiata root extract on
Leishmania major promastigotes. Jundishapur
Journal of Natural Pharmaceutical Products 9:
e15442-e. https://dx.doi.org/10.17795/jjnpp-15442

[10] Soosaraei M., Fakhar M., Teshnizi S.H., Hezarjaribi
H.Z., Banimostafavi E.S. 2017. Medicinal plants with
promising antileishmanial activity in Iran: a
systematic review and meta-analysis. Annals of
Medicine and Surgery 21: 63-80. 
doi:10.1016/j.amsu.2017.07.057

[11] Doğan S., Turan P., Doğan M., Arslan O., Alkan M.
2007. Partial characterization of peroxidase from the
leaves of thymbra plant (Thymbra spicata L. var.
spicata). European Food Research and Technology
225: 865. https://doi.org/10.1007/s00217-006-0493-8

[12] Baydar H., Sağdiç O., Özkan G., Karadoğan T. 2004.
Antibacterial activity and composition of essential
oils from Origanum, Thymbra and Satureja species
with commercial importance in Turkey. Food Control
15: 169-172. 
doi.org/10.1016/S0956-7135(03)00028-8

[13] Minodier P., Parola P. 2007. Cutaneous leishmaniasis
treatment. Travel Medicine and Infectious Disease 5:
150-158. https://doi.org/10.1016/j.tmaid.2006.09.004

[14] Oryan A. 2015. Plant-derived compounds in
treatment of leishmaniasis. Iranian Journal of
Veterinary Research 16: 1-19.

[15] Heidari-Kharaji M., Badirzadeh A., Khadir F., Soori
M., Nilforoushzadeh M.A. 2016. Herbal drugs with
promising anti-leishmanial activity: new hope for
leishmaniasis treatment. Journal of Skin Stem Cell 3:
e66527. https://dx.doi.org/10.5812/jssc.66527

240 M. KARIMI et al.



[16] Ezatpour B., Saedi Dezaki E., Mahmoudvand H.,
Azadpour M., Ezzatkhah F. 2015. In vitro and in vivo
antileishmanial effects of Pistacia khinjuk against
Leishmania tropica and Leishmania major. Evidence-
based Complementary and Alternative Medicine:
eCAM 2015: 149707. 
https://doi.org/10.1155/2015/149707

[17] Mesa L.E., Vasquez D., Lutgen P., Vélez I.D.,
Restrepo A.M., Ortiz I. et al. 2017. In vitro and in
vivo antileishmanial activity of Artemisia annua L.
leaf powder and its potential usefulness in the
treatment of uncomplicated cutaneous leishmaniasis
in humans  Revista da Sociedade Brasileira de
Medicina Tropical 50: 52-60. 
doi:10.1590/0037-8682-0457-2016

[18] Germonprez N., Maes L., Van Puyvelde L., Van Tri
M., Tuan DA., De Kimpe N. 2005. In vitro and in
vivo anti-leishmanial activity of triterpenoid saponins
isolated from Maesa balansae and some chemical
derivatives. Journal of Medicinal Chemistry 48: 32-
37. http://hdl.handle.net/1854/LU-338241

[19] Nilforoushzadeh M.A., Shirani-Bidabadi L.,
Zolfaghari-Baghbaderani A., Saberi S., Siadat A.H.,
Mahmoudi M. 2008. Comparison of Thymus vulgaris
(Thyme), Achillea millefolium (Yarrow) and propolis
hydroalcoholic extracts versus systemic glucantime
in the treatment of cutaneous leishmaniasis in balb/c
mice. Journal of Vector Borne Diseases 45: 301-306.

[20] Fata A., Rakhshandeh H., Berenji F., Jalalianfard A.
2006. Treatment of cutaneous leishmaniasis in murine
model by alcoholic extract of Berberis vulgaris.
Iranian Journal of Parasitology 1: 39-42 .

[21] Doroodgar A., Arbabi M., Razavi M., Mohebali M.,
Sadr F. 2008. Treatment of cutaneous leishmaniasis in
murine model by hydro alcoholic essence of
Artemisia sieberi. Iranian Journal of Arthropod-
Borne Diseases 2: 42-47.

[22] Marango S.N., Khayeka-Wandabwa C., Makwali
J.A., Jumba B.N., Choge J.K., Adino E.O. et al. 2017.
Experimental therapeutic assays of Tephrosia vogelii
against Leishmania major infection in murine model:

in vitro and in vivo. BMC Research Notes 10: 698.
http://doi.org/10.1186/s13104-017-3022-x

[23] Rondon F.C., Bevilaqua C.M., Accioly M.P., Morais
SM., Andrade-Junior H.F., Machado L.K. et al. 2011.
In vitro effect of Aloe vera, Coriandrum sativum and
Ricinus communis fractions on Leishmania infantum
and on murine monocytic cells. Veterinary
Parasitology 178: 235-240. 
https://doi.org/10.1016/j.vetpar.2011.01.007

[24] Rondon F.C.M., Bevilaqua C.M.L., Accioly M.P.,
Morais S.Md., Andrade-Júnior H.Fd., Carvalho C.Ad.
et al. 2012. In vitro efficacy of Coriandrum sativum,
Lippia sidoides and Copaifera reticulata against
Leishmania chagasi. Revista Brasileira de
Parasitologia Veterinária 21: 185-191. 
http://dx.doi.org/10.1590/S1984-29612012000300002

[25] Saberi R., Fakhar M., Asfaram S., Akhtari J.,
Nakhaei M., Keighobadi M. 2020. A systematic
literature review of curcumin with promising
antileishmanial activity. Infectious Disorders Drug
Targets.
https://doi.org/10.2174/1871526520666200525013458

[26] Yousefi R., Ghaffarifar F., Asl A.D. 2009. The effect
of Alkanna tincturia and Peganum harmala extracts
on Leishmania major (MRHO/IR/75/ER) in vitro.
Iranian Journal of Parasitology: 40-47.

[27] Badirzadeh A., Heidari-Kharaji M., Fallah-Omrani
V., Dabiri H., Araghi A., Salimi Chirani A. 2020.
Antileishmanial activity of Urtica dioica extract
against zoonotic cutaneous leishmaniasis. PLOS
Neglected Tropical Diseases 14: e0007843.
https://doi.org/10.1371/journal.pntd.0007843

[28] Heydari F.E., Ghaffarifar F., Soflaei S., Dalimi A.
2013. Comparison between in vitro effects of aqueous
extract of Artemisia seiberi and artemisinin on
Leishmania major. Jundishapur Journal of Natural
Pharmaceutical Products 8: 70.

Received 21 December 2020
Accepted 18 March 2021

In vitro antileishmanial 241


