
O R I G I N A L  A R T I C L E Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

Ghaderian et al. AMB Express            (2024) 14:3 
https://doi.org/10.1186/s13568-023-01656-2

AMB Express

*Correspondence:
Bahman Rahimi Esboei
Bahman5164@yahoo.com
Mohammad Mohsen Homayouni
Mo2hymn@yahoo.com
1Department of Parasitology and Mycology, School of Medicine, Aja 
University of Medical Sciences, Tehran, Iran
2Department of Parasitology, Toxoplasmosis Research Center, 
Mazandaran Registry Center for Hydatid Cyst, Mazandaran University of 
Medical Sciences, Sari, Iran

3Skin Diseases and Leishmaniasis Research Center, Isfahan University of 
Medical Sciences, Isfahan, Iran
4Dental Research Center, Dentistry Research Institute, Tehran University of 
Medical Sciences, Tehran, Iran
5Center for Communicable Diseases Management, Ministry of Health 
Treatment and Medical Education, Tehran, Iran
6Medical Parasitology, Department of Parasitology and Mycology, School 
of Medicine, Aja University of Medical Sciences, Tehran, Iran
7Department of Parasitology, School of Medicine, Mazandaran University 
of Medical Sciences, Sari, Iran

Abstract
Leishmaniasis is a vector-borne disease, one of the most important neglected tropical diseases. Existing anti-
leishmanial treatments are not effective for a long time and associated with toxic side effects so searching for a 
new, effective and safe alternative treatments against infectious diseases is greatly needed. This study is aimed to 
assess the leishmaniacidal effects of methanolic extracts of Eryngium planum (E. planum) and Ecbilliun elaterum (E. 
elaterum) on Leishmania major (L. major), In vitro. The selected plants were collected from northern areas of Iran. 
The methanolic extract from the aerial parts of plants were prepared using maceration methods. GC- Mass analysis 
was used to determine the compounds of the plants. Promastigotes of L. major was cultured in RPMI-1640 medium 
and the anti-leishmanial and cytotoxicity effects of extracts at concentrations of 100, 200, 400 and 800 µg/ml were 
assessed using MTT assay. The data obtained from gas chromatography revealed that α-Pinene, Caryophyllene 
oxide, β‐Caryophyllene, Bicyclogermacrene and α‐Bisabolol are the main compounds extracted from E. planum and 
α‐Pinene, Germacrene D, Caryophyllene oxide, γ‐Eudesmol and α‐Bisabolol are the main components of E. elaterum. 
The results of MTT Assay revealed that E. planum at concentrations of 800 µg/ml after 24 h at 400 µg/ml after 48 h 
and the E. elaterium at concentrations of 800 µg/ml after 48 h at 400 µg/ml after 72 h had similar anti-leishmanial 
effects to the positive control. These results indicated that E. planum and E. elaterum are the potential sources for 
the discovery of novel anti-leishmanial treatments.
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Introduction
Leishmaniasis is a zoonotic parasitic disease caused by a 
parasite of the genus Leishmania in the family Trypano-
somatidae, which is an obligate intracellular parasite 
(Yadav et al. 2023). Vertebrates, especially humans, dogs, 
hyrax, and rodents are the main hosts of this parasite. 
Leishmania parasites are transmitted to the host by the 
bite of sandflies, which are mostly of Phlebotomus and 
Lutzomia genera (Yurchenko et al. 2023). Leishmaniasis 
is a disease that is widespread throughout the world, par-
ticularly in tropical and subtropical regions. It is endemic 
in about 102 countries, with an estimated 12 to 15 mil-
lion people affected globally. Around 1.5 to 2 million new 
cases and 70,000 dies were reported annually (Maia et al. 
2023; Truong et al. 2023; Yurchenko et al. 2023).

This disease presents a wide range of clinical manifesta-
tions with potentially fatal outcomes and is classified into 
three types: Cutaneous leishmaniasis (CL), mucocutane-
ous leishmaniasis, and visceral leishmaniasis (VL) (Mann 
et al. 2021; Rodin and Smirnov 2020; Rojas-Jaimes et al. 
2019). The CL has the highest incidence rate and more 
than 90% of these cases are reported in countries such 
as Afghanistan, Algeria, India, Iran, Syria, Saudi Arabia, 
Bolivia, Colombia, Nicaragua, and Brazil (Suprien et 
al. 2020; Volpedo et al. 2021). The CL manifestations is 
varied from asymptomatic and itchy papules at the bite 
site to malformed scars and serious physical damage to 
the person. Nodular, sporotrichoid, psoriasiform, ver-
rucous, zosteriform, eczematous or erysipeloid lesions 
are the other atypical skin manifestations caused by CL. 
It has been proven that early diagnosis and treatment of 
the disease not only prevents the formation of malformed 
scars but also avoids the emergence of chronic forms of 
the disease (Garza-Tovar et al. 2020; Kumar et al. 2021).

Pentavalent compounds of antimony (Glucantime 
and Pentostam drugs) are the first and amphotericin B, 
pentamidine, and ketoconazole (for skin type) are the 
second line of drug choice for CL (Castro et al. 2023; de 
Vries and Schallig 2022) but, the use of these drugs has 
decreased due to their adverse side effects on the heart, 
liver, and kidney, as well as the painful injection and 
the drug resistance detected in recent years (Roatt et al. 
2020). There are many drugs for the treatment of infec-
tious diseases, one group of which is drugs extracted 
from plant compounds and their extracts, which are wel-
comed due to their low side effects; in this case, the effect 
of Artemisia annua on Malaria or the effect of Ivermectin 
on the Strongyloides stercoralis dangerous parasite (Ali 
2023; Kshirsagar and Rao 2021).

E. planum is a native plant of Iran and is used in tra-
ditional societies of most countries as an edible veg-
etable, food flavoring, and medicine (Paun et al. 2019). 
The medicinal activity of E. planum is mainly due to the 
presence of triterpenoid saponin compounds, flavonoids 

(glycosyls of kaempferol and quercetin), and phenolic 
acids (rosmarinic, chlorogenic, and caffeic acids) (Sha-
bani et al. 2022). Some of its medicinal activities include 
diuretic, anti-diabetic, expectorant, anti-inflammatory, 
analgesic, anti-fungal, and anti-amoebic (Arykbayeva 
et al. 2023). Also, it has been proven that the E. planum 
have satisfactory antioxidant properties due to the pres-
ence of high amounts of rosmarinic acid and chlorogenic 
acid (Kikowska et al. 2012). The E. elaterium is an her-
baceous, perennial, and wild plant in West Asia and the 
Mediterranean area and is rich of Lipid, carbohydrates, 
various types of protein, triterpenoids (cucurbitacins) 
compounds, and cucurbitacins and their derivatives 
(including hexanorcocorbitation and glycosyl cucurbi-
tation) (Razavi and Nejad-Ebrahimi 2010). In various 
research, anti-inflammatory effects (due to the produc-
tion of IL-1, IL6, and TNFa factors) (Felhi et al. 2017a), 
cytotoxic (on gastric adenocarcinoma) (Bohlooli et 
al. 2012), antioxidant (Felhi et al. 2017b), antibacterial 
(on different strains of bacteria) (Felhi et al. 2017a, b; 
Hamidi et al. 2020), and antifungal (on Candida albicans) 
(Adwan et al. 2011) have been proven.

According to the excellent biological effects of E. pla-
num and E. elaterium, as well as the importance of leish-
maniasis disease and the problems in the use of current 
chemical drugs, this study aims to investigate the anti-
leishmanial effects of these plants was designed and 
implemented on the L. major parasite.

Methods
Materials
MTT (3-(4,5-dimethylthiazol-2-yl)2,5- diphenyltetra-
zolium bromide) kit, Roswell Park Memorial Institute 
(RPMI)-1640 medium, Glacial acetic acid, Dimethyl 
sulfoxide (DMSO: 99%), inactivated fetal bovine serum 
(FBS), Novy-MacNeal-Nicolle (NNN) Medium and the 
penicillin– streptomycin solution (10,000 U/mL) were 
purchased from Sigma-Aldrich (USA). Novy- Fetal Calf 
Serum (FCS) purchased from Gibco. Methanol, Tween 
80, Span 80, Span 60, stearic acid (SA), and solvents pur-
chased from Merck Company. Distilled water was puri-
fied by a Milli-Q system (Millipore, Direct-Q).

Plant collection and methanolic extraction
E. planum was collected from the plains of Babol city, 
Mazandaran province, and E. elaterum was collected 
from its three natural habitats in Ardabil province (Pars 
Abad, Angirlu, and Garmi). The genus and species of the 
plants and the species determination were identified by 
a pharmacognosy expert (Dr. Aroona Chabra), and her-
barium samples were prepared, coded and stored in the 
pharmacognosy department of the Faculty of Pharmacy 
based on the APG system. After removing dust and waste 
materials, the aerial parts of the plant were separated and 
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kept away from direct sunlight (due to the decomposi-
tion of anthraquinones) at room temperature. Then the 
plant was powdered and sieved to size no. 80, and 1.5 kg 
of plant powder was soaked in 3 L of methanol (Merck, 
Germany) for 48  h. After the incubation time, plant 
debris was removed by passing this mixture through 
Whatman filter paper (Kian Azma Teb, Iran) no. 1, and 
then the resulting solution was placed in a rotary evapo-
rator (Pars Teb Novin, Iran) until all the solvent evapo-
rated (Elmi et al. 2021).

Gas chromatography and mass spectrometry
Agilent model 7120 gas chromatograph was used in 
this research. The capillary column of the device named 
5MS-HP with a length of 30  m, a diameter of 0.25  mm 
and a film thickness of 0.93 μm was used. First, 0.9 µL of 
the sample was injected into the inlet of the device. At 
first, the inlet temperature reached 900  °C at a speed of 
1  °C/min, then the device was placed at 30  °C for three 
minutes. After that, it was brought to 350  °C at a speed 
of 30 °C/min and kept for three minutes at this tempera-
ture. The detector of the gas chromatograph was 1-FID 
type, and helium gas was used as the carrier gas in this 
experiment at a rate of 9.9 ml/min. Agilent model 7120 
device coupled with a 3273  C mass detector was used 
to identify essential oil components. The voltage of the 
device’s detector was 663.9  kV, and the device has the 
ability to register objects of 20 to 330 atomic mass units. 
The scanning speed of the device is 9.36 scans per sec-
ond (Monadi et al. 2021). To identify the components of 
the essential oil, C8-C25 alkanes were first injected into 
the MS/GC device under the mentioned conditions, and 
then the inhibition time of each component was deter-
mined on the 5MS-HP column, and the Quats index of 
the compounds in the essential oil was calculated based 
on the relevant relationship and was compared with the 
values mentioned in reliable sources. In another method 
to prove the identifications, the main peaks of the mass 
spectrum of the unknown component sample of the 
essential oil were compared with the standard spectra 
provided by the device library and the name and struc-
ture of each component. It was determined using reli-
able sources. Also, additional investigations were done by 
matching the fragmentation patterns of mass spectra and 
Quats indices based on previous experiences from previ-
ous articles of our research group (Akbari et al. 2022; Al-
Rubaye et al. 2017).

Measurement of total phenol
The content of total phenol in the methanolic extract was 
measured according to Folin-Ciocalteu method. For this 
purpose, 0.5  ml of each extract with different concen-
trations was mixed with 2.5  ml Folin-Ciocalteu reagent 
diluted with distilled water at a ratio of 1:10. After 

5  min, 2  ml of sodium carbonate (7.5% weight-volume) 
was added to the mixture, and after 15 min of storage in 
the dark, the absorbance of the samples was read using 
a spectrophotometer at a wavelength of 765  nm. The 
results were reported in terms of milligrams of Gallic 
acid per gram of dry weight (Akbari et al. 2022; Nikolova 
2011).

Preparation and culture of Leishmania parasite
Promastigotes of the standard strain of L. major parasite 
(MRHO/IR/75/ER) were purchased from the Leishmani-
asis reference laboratory of the Faculty of Health, Tehran 
University of Medical Sciences and transferred to the 
NNN stock medium to grow sufficiently. In the next step, 
in order to multiply, the parasites are added to RPMI 
1640 culture medium enriched with 15% heat-inactivated 
fetal calf serum (FCS), 1% streptomycin solution (50 µg/
mL) and penicillin (50 U/mL), 5% CO2 at of 24? (5). Pro-
mastigotes were used after three successive in vitro pas-
sages (de Sousa et al. 2023).

Investigating the anti-leishmanial effect
In this study, the number of 1 × 106 promastigotes of L. 
major in 100 µL of culture medium was added to each 
well of a 96-well plate. 100 µL of the concentrations of 
100, 200, 400, and 800 µg/ml of the studied plants were 
added to the wells. Also, glucantime was used as a posi-
tive control and Phosphate-buffered saline (PBS) as a 
negative control. Then, the plate was placed in an incuba-
tor at 22  °C, and after 24, 48, and 72 h, using the MTT 
test and adding 100 ml of the MTT solution to each well, 
the survival rate of the parasites was read and evaluated 
by the amount of light absorption or OD of each well 
using the ELISA device, and the obtained information 
was recorded and checked (Mousavi et al. 2022).

Toxicity study
J774 macrophage cells were obtained from Pasteur Insti-
tute, Karaj and cultured in RPMI-1640 culture medium 
enriched with 15% FCS and penicillin (100  µg/ml) and 
streptomycin (10  µg/ml) antibiotics. A number 1 × 106 
cells that were counted by a hemocytometer along with 
100 µL of the culture medium was added to the wells of 
a 96-well plate in triplicate. Then 100 µL of each con-
centration (800, 400, 200, 100, and 50  µg/ml) of plant 
extracts was added to the wells and the plate was placed 
in the incubator at 22 °C. After 24 h, by adding 100 µl of 
MTT solution to these wells, the optical absorbance or 
OD of each well, which represents the survival rate of 
macrophages, was read with an ELISA reader and the 
rate of viability (%) was calculated by the following for-
mula (Ghasemi et al. 2023):
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Cell viability rate(%) =

OD of treated cells

OD of control cells
× 100

Data analysis
As mentioned, all the tests were done in triplicate. The 
data obtained from this research were analyzed using 
SPSS version 22 and Graphpad Prism version 9.5.1 (733) 
statistical software, as well as ANOVA and T-test statisti-
cal tests.

Results
Gass chromatography and mass spectrophotometry
The data obtained from gas chromatography revealed 
that the Monoterpene hydrocarbons such as: α-Pinene 
(11.05%), β‐Pinene, Myrcene (2.65%), Limonene (3.14%), 
(Z)‐β‐Ocimene (0.81%) and Terpinolene (1.035%); Oxy-
genated monoterpenes such as: Camphor (5.05%), Ter-
pinen‐4‐ol (0.92%), Myrtenol (1.34%) and α‐Terpenyl 
acetate (0.92%); Sesquiterpene hydrocarbons such as: 
β‐Bourbonene (0.023%), β‐Caryophyllene (2.31%), β ‐
Copaene (12.54%), (Z)‐β‐Farnesene (0.4%), Germacrene 

D (0.4%) and Bicyclogermacrene (3.51%); Oxygenated 
sesquiterpenes such as: Caryophyllene oxide (8.45%), 
γ‐Eudesmol (14.35%) and α‐Bisabolol (4.5%), Phenolic 
compounds such as: Thymol (7.9%), Carvacrol (1.3%) 
and Eugenol (0.4%); Carbonylic compounds such as: 3‐
Octanol acetate (0.3%) and Hydrocarbons (0.6%) such 
as: Nonacosane (0.2%) components are in methanolic 
extracts of E. planum and Monoterpene hydrocarbons 
such as: α‐Pinene (10.24%), β‐Pinene (1.05%), Myr-
cene (4.94%), (Z)‐β‐Ocimene (0.724%) and Terpinolene 
(0.586%); Oxygenated monoterpenes such as: Camphor 
(3.3%), Terpinen‐4‐ol (0.51%), Myrtenol (0.55%), Linalyl 
acetate (0.28%) and α‐Terpenyl acetate (0.54%); Sesqui-
terpene hydrocarbons such as: β‐Bourbonene (0.82%), β‐
Caryophyllene (4.15%), β ‐Copaene (0.84%), Germacrene 
D (9.74%) and Bicyclogermacrene (3.61%); Oxygenated 
sesquiterpenes such as: Caryophyllene oxide (19.54%), 
γ‐Eudesmol (6.1%) and α‐Bisabolol (8.1%), Phenolic com-
pounds such as: Thymol (0.9%), Carvacrol (0.6%) and 
Eugenol (0.3%); Carbonylic compounds such as: 3‐Octa-
nol acetate (0.2%) and Hydrocarbons (0.21%) such as: 

Table 1 Composition (expressed in %) of the methanolic extracts of E. planum and E. elaterum using gass chromatography and mass 
spectrophotometry assay
Component R E. planum E. elaterum Identification CAS No.
α-Pinene 945 11.05 ± 0.07 10.24 ± 0.021 RI, MS, Co-GC 1254-03-2
β-Pinene 958 2.65 ± 0.043 1.05 ± 0.02 RI, MS 1152-13-5
Myrcene 962 3.14 ± 0.07 4.94 ± 0.033 RI, MS 982-32-4
Limonene 974 0.81 ± 0.014 – RI, MS 982-31-6
(Z)-β‐Ocimene 978 – 0.724 ± 0.019 RI, MS 982-30-2
Terpinolene 1021 1.035 ± 0.034 0.586 ± 0.025 RI, MS 215-14-2
Camphor 1125 5.05 ± 0.17 3.3 ± 0.047 RI, MS 215-32-1
Terpinen-4‐ol 1087 0.92 ± 0.024 0.51 ± 0.078 RI, MS 119-25-3
Myrtenol 1134 1.34 ± 0.064 0.55 ± 0.035 RI, MS 630-02-1
Linalyl acetate 1052 0.92 ± 0.032 0.28 ± 0.015 RI, MS 630-02-3
α-Terpenyl acetate 1134 0.023 ± 0.032 0.54 ± 0.022 RI, MS, Co-GC 630-02-8
β-Bourbonene 1066 2.31 ± 0.54 0.82 ± 0.034 RI, MS 6845-62-2
β-Caryophyllene 1087 12.54 ± 0.97 4.15 ± 0.67 RI, MS 11495-03-5
β -Copaene 1199 0.4 ± 0.044 0.84 ± 0.027 RI, MS 4856-05-1
(Z)-β‐Farnesene 1256 0.4 ± 0.004 – RI, MS 13452-21-2
Germacrene D 1291 3.51 ± 0.054 9.74 ± 0.058 RI, MS 4125-05-4
Bicyclogermacrene 1341 8.45 ± 0.11 3.61 ± 0.087 RI, MS 3215-02-5
Caryophyllene oxide 1491 14.35 ± 0.94 19.54 ± 1.34 RI, MS 3215-41-3
γ-Eudesmol 1585 4.5 ± 0.054 6.1 ± 0.071 RI, MS, Co-GC 483-74-2
α-Bisabolol 1550 7.9 ± 0.92 8.1 ± 0.054 RI, MS, Co-GC 515-71-8
Thymol 1310 1.3 ± 0.021 0.9 ± 0.011 RI, MS, Co-GC 87-21-3
Carvacrol 1355 0.4 ± 0.011 0.6 ± 0.013 RI, MS 469-32-4
Eugenol 1425 0.3 ± 0.008 0.3 ± 0.011 RI, MS 458-21-8
3-Octanol acetate 1250 0.6 ± 0.014 0.2 ± 0.031 RI, MS 6750-52-5
Docosane 2200 – 0.21 ± 0.004 RI, MS 520-15-4
Nonacosane 2400 0.2 ± 0.01 0.2 ± 0.01 RI, MS 520-16-7
Note: R retention indices were defined relative to a series of n-alkanes (C8–C40) on capillary column VF5‐MS, RI identification made using the literature [Dario Kremer, 
2021], MS identification made with help of database NIST02, Wiley 7 and homemade library, Co–GC identification using reference compounds, CAS No. CAS Registry 
Number [Dario Kremer, 2021]
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Docosane (0.2%) and Nonacosane (0.2%) are present in 
the methanolic extracts of E. elaterum (Table 1).

Total phenol
The Folin-Ciocalteu assay method with the standard 
curve equation (y = 0.0061x + 0.0682, r2 = 0.9992) and 
expressed as Gallic acid equivalents was used to mea-
sure the total phenolic content of E. planum and E. ela-
terium methanolic extracts and a spectrophotometer 
instrument was used for reading the absorbance and the 
amount of total phenol were equivalent to 374.45 ± 5.235 
and 297.88 ± 4.319  mg/g of dry extract, respectively 
(Fig. 1) (Supplementary data).

Promastigotes cytotoxicity
The anti-leishmanial effectiveness of E. planum and E. 
elaterium at concentrations of 100, 200, 400, and 800 µg/
ml was assessed in comparison to the negative and posi-
tive controls. The results exhibited that the anti-leish-
manial effects of E. planum and E. elaterium were time 
and dose-dependent and significantly more effective than 
negative control (P < 0.05) (Supplementary data).

The anti-leishmanial effectiveness of E. Planun
The results of the current study revealed that E. planum 
at all concentrations have significantly better effective-
ness than negative control (PBS). The concentration of 
800 µg/ml after 24 h and the concentrations of 400 µg/ml 
after 48 h had 100% anti-leishmanial efficacy on L. major 
promastigotes similarly to the glucantime after 72 h. The 
concentrations of 800  µg/ml showed better anti-leish-
manial activity than positive control (glucantime) but 

this difference was not statistically significant (P < 0.05) 
(Fig. 2) Supplementary data.

The anti-leishmanial effectiveness of E. elaterum
The anti-leishmanicidal efficacy of E. elaterium in all 
concentrations was less than the positive control but, 
the effectiveness of the concentrations of 800 µg/ml after 
48 and 72  h and 400  µg/ml after 72  h was not signifi-
cantly different from the glucantime as positive control 
(P < 0.05). The methanolic extracts of E. elaterium were 
more time-depended than E. planum (Fig.  3)  (Supple-
mentary data).

Our results indicated that the methanolic extracts of 
E. elaterum showed more anti-leishmanial effectiveness 
on L. major than E. planun but, this differences were not 
statically significant (P = 0.052).

Cytotoxicity effectiveness on J774 cell lines using MTT 
assay
Beside the anti-parasitic effects, the cytotoxicity effects 
of E. planum and E. elaterium was assessed on J774 cell 
lines, and the results indicated that no toxicity effects 
was observed from both extracts. The extracts of E. ela-
terium and E. planum at highest concentration (800 µg/
ml) showed significantly lower cytotoxicity effects than 
Cis-platine as positive control (P < 0.05) (Fig. 4) (Supple-
mentary data).

Discussion
In this study, the anti-leishmanial effect of E. planum 
and E. elaterum at concentrations of 100, 200, 400 and 
800  µg/ml has been evaluated in vitro, and the results 

Fig. 1 The standard curve of Gallic acid in different concentrations
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reported after 24, 48 and 72  h of exposure to L. major 
parasite. The results showed that the extracts of E. pla-
num and E. elaterum had an acceptable anti-leishmanial 
effect, and the effectiveness of the plants increased with 
an increase in concentration and exposing time. Also, the 
extracts of E. planum and E. elaterum in all concentra-
tions had a better effectiveness than the negative control 
group with a significant difference, and the statistical dif-
ference between the concentrations of 400 and 800 µg/ml 
with the positive control group was not statistically sig-
nificant. Today, due to the side effects of chemical drugs 
and the high cost of preparing these drugs, the search for 
drugs based on natural compounds is a priority for the 
world’s health system practitioners (Dhama et al. 2023). 
Therefore, designing accessible, low cost, and safe thera-
pies is essentially required. Natural products, due to the 
large structural diversity of secondary metabolites and 
novel chemical structures, conventionally play a crucial 

role in the exploration of new therapeutics and are valu-
able sources over centuries.

Also, some secondary metabolites produced in plants 
have the ability to protect plants against pathogens, 
insects, and other herbivores (Ozyigit et al. 2023). There-
fore, plant extracts are investigated for their antibacte-
rial, antifungal, antiviral, and anti-protozoal activities 
due to their active natural biological compounds(Dias et 
al. 2021). So far, extensive research has been done on the 
effect of different plant compounds on the L. major para-
site in vitro and in vivo. Among the investigated drugs, 
Artemisia aucheri (Sharif et al. 2006) and Camellia sinen-
sis (Rehman et al. 2022; Sharif et al. 2006) plants by Sharif 
et al., Arnebia euchroma and Achillea plants by Suzangar 
et al., zizyphusspina Christy by Albalawi et al. (Soosaraei 
et al. 2017), A. Persica, A. fragrance and A. spicagara by 
Najm et al. (2021) showed the best effectiveness.

Fig. 2 The cytotoxicity effects of the methanolic extracts of E. planum at concentrations of 100, 200, 400 and 800 µg/ml on promastigote stages of L. 
major after 24, 48 and 72 h in comparison of positive (PC) and negative (NC) controls

 



Page 7 of 11Ghaderian et al. AMB Express            (2024) 14:3 

Sharif et al. (2006) concluded that the concentration of 
750 µg/ml of Artemisia aucheri plant extract causes the 
death of 25% of L. major promastigotes after 72 h (Sharif 
et al. 2006). Albalawi et al. (2021) showed that the IC50 
of the methanolic extract of zizyphusspina Christy on 
L. major parasite after 24 and 48 h is 200 and 60 µg/ml, 
respectively (Albalawi 2021). Abed et al. (2009) inves-
tigated the effect of the aqueous extract of the Fumaria 
officinalis on the promastigote of L. major and showed 
that the highest inhibitory effect was related to the 
concentration of 4000  µg/ml (Abed 2009). Najm et al. 
(2021) proved that the IC50 of three different species of 
Artemisia sp. including A. spicagara, A. Persica, and A. 
fragrance are 51, 200, and 400  µg/ml, respectively, and 

the 50 cc of these extracts are 518, 560, and 700 µg/ml, 
respectively (Najm et al. 2021). By comparing the results 
of the above studies, it is clear that the plants used in this 
study have a better anti-parasitic effect on the L. major 
parasite in lower concentrations and times.

In recent years, plant compounds and active ingredi-
ent of plant are used to investigate the anti-parasitic and 
antimicrobial effects, which have been associated with 
better effects than existing chemical drugs. In a study 
conducted by Mousavi et al. (2022) on the anti-leish-
manial effect of resveratrol and nanoemulsion of res-
veratrol on the promastigote of L. major, it has shown 
that the concentrations of 50 and 100 µg/ml of the men-
tioned compounds after 12 and 24  h, with a significant 

Fig. 3 The cytotoxicity effects of the methanolic extracts of E. elaterium at concentrations of 100, 200, 400 and 800 µg/ml on promastigote stages of L. 
major after 24, 48 and 72 h in comparison of positive (PC) and negative (NC) controls
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difference, have a more lethal effect than glucantim and 
amphotericin drugs as positive control groups(Mousavi 
et al. 2022).

In this article, we also investigated the anti-leishmanial 
effect of the methanolic extract of two plants, E. planum 
and E. elaterium, on the promastigotes of the L. major 
parasite in vitro. These two plants have been evalu-
ated in the past for different medicinal activities due to 
their different chemical compounds. The plants used in 
this study, i.e., E. planum and E. elaterium have shown 
various medicinal effects due to their active medicinal 
compounds. The anti-Acanthamoeba effect of different 
compounds of the roots and leaves of the E. planum was 
investigated by Derda et al. (2013); the results showed 
that the flavonoid saponin compound isolated from the 
leaves of E. planum was the most effective at a concentra-
tion of 5 mg/ml and has inhibited 76% of trophozoites of 

Acanthamoeba castellani after 72  h (Derda et al. 2013). 
In the study by Al-Askar et al. (2023), the minimum fun-
gicidal concentration (MFC) value of the E. planum on 
the Fusarium solani fungus in 48 h was 0.5 µg/ml while it 
was 1 µg/ml for Ketomonarol (Al-Askar et al. 2023).

In a study conducted by Dadar Talab et al. (2023) on 
the antibacterial properties of the methanolic extract 
of the E. planum on clinical isolates of Escherichia coli 
and Staphylococcus aureus, it was found that the effects 
of 1.2  mg/ml of the extract on human Staphylococcus 
aureus and 1.6  mg/ml on Staphylococcus aureus were 
significantly higher than gentamicin (Dadartalab and 
Nockghadam 2023). Paun et al. (2019) stated that E. pla-
num is rich in polyphenolic compounds (flavonoids and 
phenolic acid), which have good antioxidant properties. 
They also stated that this plant has anti-inflammatory 
properties (inhibition of LOX and HYA enzymes) and 

Fig. 4 The cytotoxic effects of the E. planum (A) and E. elaterium (B) in concentrations of 100, 200, 400 and 800 µg/ml on J774 cell line in comparison to 
the Cis-platine (PC) and PBS (NC) as control groups
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improves type 2 diabetes due to the presence of polyphe-
nol compounds and ursolic acid. As said, the E. planum 
has antimicrobial activity, which is due to the presence of 
phenolic compounds (Paun et al. 2019). The antimicro-
bial activities of polyphenols are due to effect on changes 
in the permeability of microbe membranes, changes 
in the stiffness of their membranes and cell walls, and 
changes in their internal activities due to the binding of 
phenols to their enzymes, so that rosmarinic acid and 
3,4 dyhydroxyphenyllactic, which are considered pheno-
lic compounds and are also present in E. planum, have 
biological properties, e.g., antioxidant, anti-fungal, anti-
viral, anti-bacterial, anti-phlogistic, and anti-inflamma-
tory activities. Also, chlorogenic acid, which is another 
phenolic compound found in this plant, has antioxidant, 
antiviral, antibacterial, anti-inflammatory and anti-
allergic properties (Kikowska et al. 2012). Triterpenoid 
saponins is another important compound found in the 
root and leaves of the E. planum that has various biologi-
cal effects. In a study conducted on animals, Francis et 
al. stated that these compounds have an antifungal effect 
(Francis et al. 2002). Some saponins and sapogenins have 
antiviral activity. Furthermore, saponins have a toxic 
effect on protozoa, which is widespread and non-specific, 
due to their detergent effect on the cell membrane of 
these organisms (Sharma et al. 2021).

According to past researches, E. elaterium has vari-
ous phenolic compounds such as tannins, flavonoids, 
flavonols, and carotenoids. This plant has also lipid com-
pounds and triterpenoids; each of these substances gives 
different medicinal properties to this plant. So far, vari-
ous tests have been conducted on the medicinal effects of 
this plant; for example, Asgharian et al. (2021) stated that 
DCM and MeOH extracts of seeds and DCM, MeOH 
and N_hex extracts of E. elaterium root have significant 
antimalarial properties. Based on the previous experi-
ments, the flavonoids and triterpenoids present in this 
plant create this property for this plant (Asgharian et al. 
2021). Uslu et al. stated that the E. elaterium has anti-
inflammatory properties due to inhibition of nitric oxide 
synthesizing enzyme (Uslu et al. 2006).

Adwan et al. (2011) investigated the antimicrobial effect 
of the ethanolic extract of the E. elaterium on Staphylo-
coccus aureus and Candida albicans (C. albicans) strains 
and its effect along with penicillin G on Staphylococcus 
aureus strains; the results showed that, the minimum 
inhibitory concentration for the extract was 1.563 mg/ml, 
while this value was 1.758 mg/ml for penicillin G. Also, 
the minimum inhibitory concentration of this extract 
on C. albicans strains was 0.048 to 6.25  mg/ml, while 
this value for bifonazole was higher than 0.05  mg/ml, 
which indicates that this drug can also be useful in the 
treatment of this fungus (Adwan et al. 2011). One of the 
main problems that exist for many medicinal plants or 

traditional medicine is the lack of examination of the tox-
icity of these drugs. In this study, in addition to investi-
gating the antiparasitic effect of methanolic extracts of E. 
planum and E. elaterum, the level of cytotoxicity of these 
compounds was also investigated. The results of cyto-
toxicity on the human macrophage cell line have shown 
that no toxic effects were observed, even at a concentra-
tion of 1600  µg/ml of the plants in question. Consider-
ing the very suitable anti-parasitic effects of E. planum 
and E. elaterium, as well as the absence of cytotoxicity 
in these plants, it is suggested that in future studies, the 
active ingredient of these plants such as saponins and fla-
vonoids should be investigated separately, which can be 
used to determine the effects of these plants to predict 
the brilliance of these compounds. Due to the financial 
limitations in this study, the investigation of the anti-par-
asitic effect of these plants on the leishmaniasis wound 
caused by the L. major parasite in the in vivo phase has 
not been investigated. The results of the recent study 
have shown that E. planum and E. elaterium have accept-
able anti-parasitic effects, and their effect increase with 
increasing time and drug concentration. Concentrations 
of 400 and 800 µg of the methanol extract of the studied 
plants were more effective than glucantime and ampho-
tericin B. Also, in this study, it has been determined that 
E. planum and E. elaterum plants do not have any cyto-
toxicity even at a concentration of 1600 µg/ml.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13568-023-01656-2.

Supplementary Material 1: The anti-leishmanial and cytotoxic effects of 
the E. planum and E. elaterium in concentrations of 100, 200, 400 and 800 
µg/ml

Acknowledgements
Special thanks to the Dr. Aroona Chabra for proven of the genus and species 
of both E. planum and E. elaterum plants and all lab staff in Mazandaran 
University of Medical Sciences. All methods were performed in accordance 
with the relevant guidelines and regulations.

Author contributions
Conceptualization: BRE, MMH. Formal analysis: BRE, MP, EG. Methodology: 
EG, PM, BRE, MZ. Project administration: MMH, BRE, MP. Resources: MMH, BRE. 
Supervision: MMH, BRE. Writing of original draft: EG, MZ, MP, PM. Design the 
figures: EG, BRE. Writing-review & editing: BRE, MP, MMH. All authors reviewed 
the manuscript.

Funding
This work was supported by the Aja University of Medical Sciences, Tehran, 
Iran [Grant No: IR.AJAUMS.REC.1401.104].

Data availability
All data generated or analyzed during this study are included in this published 
article.

https://doi.org/10.1186/s13568-023-01656-2
https://doi.org/10.1186/s13568-023-01656-2


Page 10 of 11Ghaderian et al. AMB Express            (2024) 14:3 

Declarations

Ethics approval and consent to participate
The ethical approval for trials using experimental animals was obtained 
from the Ethics Committee of Research of Aja University of Medical Sciences 
(Tehran, Iran) with the ethical code including IR.AJAUMS.REC.1401.104. All 
methods were carried out in in adherence to international and guidelines for 
ethical conduct in the care and use of animals. The study was carried out in 
compliance with the ARRIVE guidelines.

Consent to participate
Not applicable.

Consent for publication
All authors of this article agree to submit the article to AMB Express Journal.

Competing interests
The authors of declare that there is no conflict of interest.

Received: 30 October 2023 / Accepted: 12 December 2023

References
Abed AY (2009) Cytotoxicity of Fumaria officinalis on Leishmania tropica, l20b cell 

lines and bacteria in vitro. J Glob Pharma Technol 11(03)
Adwan G, Salameh Y, Adwan K (2011) Effect of ethanolic extract of Ecballium 

elaterium against Staphylococcus aureus and Candida albicans. Asian Pac J 
Trop Biomed 1(6):456–460

Akbari F, Azadbakht M, Gaurav A, Azimi F, Mahdizadeh Z, Vahedi L, Barzegar Nejad 
A, Chabra A, Eghbali M (2022) Evaluation of the therapeutic effect of the 
traditional herbal medicine atrifil and oshagh gum on testosterone-induced 
Benign Prostatic Hyperplasia in Wistar rats. Adv Urol 2022

Al-Askar AA, Bashir S, Mohamed AE, Sharaf OA, Nabil R, Su Y, Abdelkhalek A, 
Behiry SI (2023) Antimicrobial efficacy and hplc analysis of polyphenolic 
compounds in a whole-plant extract of eryngium campestre. Separations 
10(6):362

Al-Rubaye AF, Hameed IH, Kadhim MJ (2017) A review: uses of gas chromatogra-
phy-mass spectrometry (gc-ms) technique for analysis of bioactive natural 
compounds of some plants. Int J Toxicol Pharmacol Res 9(1):81–85

Albalawi AE (2021) Antileishmanial activity of Ziziphus spina-christi leaves extract 
and its possible cellular mechanisms. Microorganisms 9(10):2113

Ali R (2023) Chemistry and biological activities of ivermectin. John Wiley & Sons
Arykbayeva AB, Ustenova GO, Sharipov KO, Beissebayeva UT, Kaukhova IE, Myrza-

bayeva A, Gemejiyeva NG (2023) Determination of chemical composition 
and antimicrobial activity of the co 2 extract of Eryngium planum l. Int J 
Biomater 2023

Asgharian P, Ghalbi Z, Sarvari Y, Delazar A, Bamdad S, Asnaashari S (2021) Phyto-
chemical and antimalarial effects of Ecballium elaterium (l.) rich. Growing in 
Iran. Jundishapur J Nat Pharm Prod 16(2)

Bohlooli S, Jafari N, Jahed S (2012) Cytotoxic effect of freeze-dried extract of 
Ecballium elaterium fruit on gastric adenocarcinoma (ags) and esophageal 
squamous cell carcinoma (kyse30) cell lines. J Gastrointest Cancer 43:579–583

Castro MdM, Rode J, Machado PR, Llanos-Cuentas A, Hueb M, Cota G, Rojas IV, 
Orobio Y, Oviedo Sarmiento O, Rojas E (2023) Cutaneous Leishmaniasis 
treatment and therapeutic outcomes in special populations: a collaborative 
retrospective study. PLoS Negl Trop Dis 17(1):e0011029

Dadartalab H, Nockghadam K (2023) Antibacterial effect of Eryngium planum 
extract on clinical isolates of Escherichia coli and Staphylococcus aureus. Sci J 
Veterinary Microbiol 18(1):21–28

de Sousa JPA, de Sousa JMS, Rodrigues RRL, de Lima Nunes TA, Machado YAA, de 
Araujo AC, I. G. M. da Silva, Barros-Cordeiro KB, Báo SN, de Moraes Alves MM 
(2023) Antileishmanial activity of 2-amino-thiophene derivative sb-200. Int 
Immunopharmacol 123:110750

de Vries HJ, Schallig HD (2022) Cutaneous Leishmaniasis: a 2022 updated narrative 
review into diagnosis and management developments. Am J Clin Dermatol 
23(6):823–840

Derda M, Thiem B, Budzianowski J, Wojt WJ, Wojtkowiak-Giera A (2013) The evalu-
ation of the amebicidal activity of Eryngium planum extracts. Acta Pol Pharm 
70(6):1027–1034

Dhama K, Sharun K, Gugjoo MB, Tiwari R, Alagawany M, Iqbal Yatoo M, Thakur 
P, Iqbal HM, Chaicumpa W, Michalak I (2023) A comprehensive review on 
chemical profile and pharmacological activities of Ocimum basilicum. Food 
Rev Int 39(1):119–147

Dias MC, Pinto DC, Silva AM (2021) Plant flavonoids: chemical characteristics and 
biological activity. Molecules 26(17):5377

Elmi T, Rahimi Esboei B, Sadeghi F, Zamani Z, Didehdar M, Fakhar M, Chabra A, 
Hajialiani F, Namazi MJ, Tabatabaie F (2021) In vitro antiprotozoal effects of 
nano-chitosan on Plasmodium Falciparum, Giardia lamblia and Trichomonas 
Vaginalis. Acta Parasitol 66:39–52

Felhi S, Daoud A, Hajlaoui H, Mnafgui K, Gharsallah N, Kadri A (2017a) Solvent 
extraction effects on phytochemical constituents profiles, antioxidant and 
antimicrobial activities and functional group analysis of Ecballium elaterium 
seeds and peels fruits. Food Sci Technol 37:483–492

Felhi S, Saoudi M, Daoud A, Hajlaoui H, Ncir M, Chaabane R, El Feki A, Gharsallah N, 
Kadri A (2017b) Investigation of phytochemical contents, in vitro antioxidant 
and antibacterial behavior and in vivo anti-inflammatory potential of Ecbal-
lium elaterium methanol fruits extract. Food Sci Technol 37:558–563

Francis G, Kerem Z, Makkar HP, Becker K (2002) The biological action of saponins in 
animal systems: a review. Br J Nutr 88(6):587–605

Garza-Tovar TF, Sacriste-Hernández MI, Juárez-Durán ER, Arenas R (2020) An over-
view of the treatment of cutaneous Leishmaniasis. Fac Reviews 9

Ghasemi M, Liang S, Luu QM, Kempson I (2023) The mtt assay: a method for error 
minimization and interpretation in measuring cytotoxicity and estimating 
cell viability. In: Cell viability assays: methods and protocols. Springer, pp 
15–33

Hamidi M, Ghasemi S, Bavafa Bighdilou B, Eghbali Koohi D, Yousefbeyk F (2020) 
Evaluation of antioxidant, antibacterial and cytotoxic activity of methanol 
extract from leaves and fruits of Iranian squirting cucumber (Ecballium 
elaterium (l.) a. Rich). Res J Pharmacogn 7(1):23–29

Kikowska M, Budzianowski J, Krawczyk A, Thiem B (2012) Accumulation of rosma-
rinic, chlorogenic and caffeic acids in in vitro cultures of Eryngium planum l. 
Acta Physiol Plant 34:2425–2433

Kshirsagar SG, Rao RV (2021) Antiviral and Immunomodulation Effects of artemisia. 
Medicina 57(3):217

Kumar P, Chatterjee M, Das NK (2021) Post Kala-Azar dermal Leishmaniasis: clinical 
features and differential diagnosis. Indian J Dermatol 66(1):24

Maia C, Conceição C, Pereira A, Rocha R, Ortuño M, Muñoz C, Jumakanova Z, Pérez-
Cutillas P, Özbel Y, Töz S (2023) The estimated distribution of autochthonous 
Leishmaniasis by Leishmania infantum in europe in 2005–2020. PLoS Negl 
Trop Dis 17(7):e0011497

Mann S, Frasca K, Scherrer S, Henao-Martínez AF, Newman S, Ramanan P, Suarez JA 
(2021) A review of Leishmaniasis: current knowledge and future directions. 
Curr Trop Med Rep 8:121–132

Monadi T, Azadbakht M, Ahmadi A, Chabra A (2021) A comprehensive review on 
the ethnopharmacology, phytochemistry, pharmacology, and toxicology of 
the mandragora genus; from folk medicine to modern medicine. Curr Pharm 
Design 27(34):3609–3637

Mousavi P, Rahimi Esboei B, Pourhajibagher M, Fakhar M, Shahmoradi Z, Hejazi 
SH, Hassannia H, Nasrollahi Omran A, Hasanpour H (2022) Anti-leishmanial 
effects of resveratrol and resveratrol nanoemulsion on Leishmania major. 
BMC Microbiol 22(1):1–14

Najm M, Hadighi R, Heidari-Kharaji M, Alipour M, Hajizadeh M, Rafiei-Sefiddashti R, 
Heidari A, Badirzadeh A (2021) Anti-leishmanial activity of Artemisia persica, A. 
Spicigera, and A. Fragrance against Leishmania major. Iran J Parasitol 16(3):464

Nikolova M (2011) Screening of radical scavenging activity and polyphenol con-
tent of Bulgarian plant species. Pharmacognosy Res 3(4):256

Ozyigit II, Dogan I, Hocaoglu-Ozyigit A, Yalcin B, Erdogan A, Yalcin IE, Cabi E, Kaya 
Y (2023) Production of secondary metabolites using tissue culture-based 
biotechnological applications. Front Plant Sci 14

Paun G, Neagu E, Moroeanu V, Albu C, Savin S, Lucian Radu G (2019) Chemical and 
bioactivity evaluation of Eryngium planum and Cnicus benedictus polypheno-
lic-rich extracts. BioMed Res Int 2019

Razavi SM, Nejad-Ebrahimi S (2010) Phytochemical analysis and allelopathic 
activity of essential oils of Ecballium elaterium growing in Iran. Nat Prod Res 
24(18):1704–1709

Rehman H, Shah M, Shinwari ZK, Ali W, Zaman N, Khan MA, Bibi NS, Ayaz M (2022) 
Total phenolic-flavonoid contents, anti-leishmanial, antimicrobial and antioxi-
dant potentials of Pakistani tea brands and tea plant Camellia sinensis. Pak J 
Bot 54(2):667–673



Page 11 of 11Ghaderian et al. AMB Express            (2024) 14:3 

Roatt BM, de Oliveira Cardoso JM, De Brito RCF, Coura-Vital W, de Oliveira RD, 
Aguiar-Soares AB, Reis (2020) Recent advances and new strategies on Leish-
maniasis treatment. Appl Microbiol Biotechnol 104:8965–8977

Rodin AJ, Smirnov A (2020) Leishmaniasis. Epidemiology, clinical manifestations, 
diagnosis and treatment. J Volgograd State Med Univ 17(1):181–183

Rojas-Jaimes J, Rojas-Palomino N, Pence J, Lescano AG (2019) Leishmania species 
in biopsies of patients with different clinical manifestations identified by high 
resolution melting and nested pcr in an endemic district in Peru. Parasite 
Epidemiol Control 4:e00095

Shabani E, Mahmoudisourestani M, Mahen M (2022) Evaluation of four extraction 
methods on antioxidant compounds of two medicinal vegetables, Froriepia 
subpinnata and Eryngium planum. Iran J Plant Physiol 12(3):4223–4230

Sharif M, Ziaei H, Azadbakht M, Daryani A, Ebadattalab A, Rostami M (2006) Effect 
of methanolic extracts of Artemisia aucheri and Camellia sinensis on Leishma-
nia major (in vitro). Turk J Med Sci 36(6):365–369

Sharma P, Tyagi A, Bhansali P, Pareek S, Singh V, Ilyas A, Mishra R, Poddar NK (2021) 
Saponins: extraction, bio-medicinal properties and way forward to anti-viral 
representatives. Food Chem Toxicol 150:112075

Soosaraei M, Fakhar M, Teshnizi SH, Hezarjaribi HZ, Banimostafavi ES (2017) Medici-
nal plants with promising antileishmanial activity in Iran: a systematic review 
and meta-analysis. Ann Med Surgery 21:63–80

Suprien C, Rocha PN, Teixeira M, Carvalho LP, Guimarães LH, Bonvoisin T, Machado 
PR, Carvalho EM (2020) Clinical presentation and response to therapy in 
children with cutaneous Leishmaniasis. Am J Trop Med Hyg 102(4):777

Truong TT, Crawford K, Wang-McGuire I, Jensen K, Mushtaq A, Lieberman NA, 
Buckner FS, Van Voorhis WC, Cookson BT, Salipante S (2023) Windows into 
leishmaniasis epidemiology in the United States: September 2021 through 
august 2022. medRxiv: 2023.2005. 2023.23290303

Uslu C, Karasen RM, Sahin F, Taysi S, Akcay F (2006) Effect of aqueous extracts of 
Ecballium elaterium rich, in the rabbit model of rhinosinusitis. Int J Pediatr 
Otorhinolaryngol 70(3):515–518

Volpedo G, Pacheco-Fernandez T, Holcomb EA, Cipriano N, Cox B, Satoskar AR 
(2021) Mechanisms of immunopathogenesis in cutaneous leishmaniasis and 
post kala-azar dermal leishmaniasis (pkdl). Front Cell Infect Microbiol 11:512

Yadav P, Azam M, Ramesh V, Singh R (2023) Unusual observations in leishmani-
asis—an overview. Pathogens 12(2):297

Yurchenko V, Chistyakov DS, Akhmadishina LV, Lukashev AN, Sádlová J, Strelkova 
MV (2023) Revisiting epidemiology of Leishmaniasis in Central Asia: lessons 
learnt. Parasitology 150(2):129–136

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Anti-leishmanial effects of Eryngium planum and Ecbilliun elaterum methanolic extract against Leishmania major
	Abstract
	Introduction
	Methods
	Materials
	Plant collection and methanolic extraction
	Gas chromatography and mass spectrometry
	Measurement of total phenol
	Preparation and culture of Leishmania parasite
	Investigating the anti-leishmanial effect
	Toxicity study
	Data analysis

	Results
	Gass chromatography and mass spectrophotometry
	Total phenol
	Promastigotes cytotoxicity
	The anti-leishmanial effectiveness of E. Planun
	The anti-leishmanial effectiveness of E. elaterum
	Cytotoxicity effectiveness on J774 cell lines using MTT assay

	Discussion
	References


