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Abstract

Background: Due to the unique properties of Astragalus in treating diseases and strengthening the immune system, this study

aimed to investigate, for the first time, the immune modulation and apoptosis induction by Astragalus ecbatanus extract against

Leishmania tropica.

Methods: The study assessed the in vitro efficacy of the Astragalus ecbatanus extract against both the promastigote and

amastigote stages of L. tropica (MHOM/AF/88/KK27). Additionally, the effects of the extract on inducing nitric oxide (NO) release

and its cytotoxicity on human macrophage cells were determined by calculating the 50% cytotoxic concentrations (CC50). The

study also evaluated the Caspase-3-like activity in extract-treated parasites and conducted quantitative real-time PCR to assess

the expression of genes associated with T lymphocytes.

Results: Our study demonstrated that the A. ecbatanus extract significantly (P < 0.001) decreased the viability of both L. tropica

promastigote and amastigote forms compared to the negative control. Moreover, the extract exhibited a high selectivity index

(> 10), indicating its strong specificity towards intracellular parasites while showing low cytotoxicity to host cells. Our results

indicated a dose-dependent upregulation of the expression levels of genes for inducible nitric oxide synthase (iNOS), interferon-

gamma (IFN-γ), tumor necrosis factor-alpha (TNFα), and interleukin-10 (IL-10) in macrophages after exposure to A. ecbatanus

ethyl acetate extract (P < 0.01). In contrast, the gene expression level of IL-10 exhibited a dose-dependent downregulation after

exposure to A. ecbatanus ethyl acetate extract. We also found that the THP-1 macrophages exposed to the A. ecbatanus ethyl

acetate extract exhibited enhanced production of nitric oxide (P < 0.001). Additionally, the ethyl acetate extract of A. ecbatanus

significantly enhanced caspase-3 activation in Leishmania parasites (P < 0.01).

Conclusions: The results demonstrated the significant impact of A. ecbatanus ethyl acetate extract on inhibiting and

eradicating Leishmania parasites in laboratory settings. While some cellular mechanisms of action were identified, such as

immune modulation and apoptosis induction against Leishmania parasites, further investigation is essential to elucidate the

specific mechanisms of action and assess the efficacy in animal and human populations.
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1. Background

Leishmaniasis is prevalent among both humans and

animals worldwide (1). The disease is spread through the

bites of sandflies from the Phlebotomus and Lutzomyia

genera. It is a common zoonotic condition that can be

transmitted between humans and various animal

species, such as dogs and rodents (2). Among the various

forms of Leishmaniasis, cutaneous leishmaniasis (CL) is

particularly widespread and notably prevalent in

countries such as Iran (3, 4). The main synthetic drugs

for treatment include pentavalent antimony

compounds such as meglumine antimoniate and

pentostam. Other medications used in treatment

regimens include amphotericin B and paromomycin (5,

6). Glucantime, or meglumine antimoniate (MA), is
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frequently prescribed. However, its usage is often

associated with common adverse effects, especially in

patients with hepatic and renal impairments.

Furthermore, the high cost and emergence of drug

resistance associated with MA have spurred an increase

in research efforts aimed at identifying new therapeutic

approaches (7, 8).

Astragalus is a medicinal plant known for its potent

healing properties, with approximately 3,200 species

found worldwide (9). Astragalus thrives in tropical and

subtropical regions characterized by low water

availability and high humidity. In Iran, there are 800

species of herbaceous plants, shrubs, and bushes, with

Astragalus being valued for its fast growth and long-

lasting nature (9). Some of the key species used for

medicinal purposes include A. kotschyanus, A. ecbatanus,

A. chaborasicus, A. teheranicus, A. gummifer labill, and A.

ecbatanus (10). These plants are known for their

therapeutic properties, such as boosting the immune

system, alleviating kidney and bladder pain, preventing

diabetes, and possessing antimicrobial and anti-cancer

properties (10).

Inflammatory cytokines reportedly play diverse roles

in determining susceptibility or resistance, as well as in

the immunopathogenesis of the condition (11).

Modifications in cytokine levels can influence or serve as

markers for the clinical outcome. Notably, inflammatory

cytokines of T helper 1 (Th1), specifically interferon-γ,

tumor necrosis factor-α, and interleukin-12 (IL-12), are

critical in initiating defensive immunity against

cutaneous Leishmaniasis (CL). Conversely, Th-2 cytokines

such as interleukin-10 (IL-10) and interleukin-13 (IL-13)

contribute to parasite persistence by inhibiting the Th1

immune response. Therefore, finding a new drug that

strengthens cellular immune responses can be an

excellent approach for treating CL.

2. Objectives

This investigation aimed to study the antileishmanial

effects, immune modulation, and apoptosis induction by

A. ecbatanus extract on L. tropica.

3. Methods

3.1. Plant Materials

In the beginning, specimens of A. ecbatanus aerial

components were collected from the elevated regions of

Nurabad city in Lorestan Province, Iran, in May 2023.

Following botanical verification by a specialist, a

specimen was archived at the herbarium of Razi Herbal

Medicines Research Center in Khorramabad, Iran, with

the designation number LUMS-28354.

3.2. Preparing the Extraction

In the extraction process, 200 grams of the aerial

parts of the plant were finely ground and subsequently

subjected to maceration using ethyl acetate solvent

(Merck, Germany) for 72 hours. The resulting extract was

concentrated using a rotary evaporator under vacuum

conditions at 50°C and 100 rpm, and then preserved at a

temperature of 4°C for further analysis. The obtained

extract yield was determined to be 15.60 grams,

equivalent to 7.80% weight/volume.

3.3. Analysis of Phytochemicals

A thorough analysis was conducted on the

phytochemical makeup of the ethyl acetate extract

obtained from the aerial components of A. ecbatanus to

detect the presence of various phytochemical

compounds, such as flavonoids, tannins, and alkaloids,

utilizing the methodologies described in a prior study

(9).

3.4. Quantification of Total Phenolics and Flavonoids

The analysis of phenolic and flavonoid compounds in

the specimen was conducted using the Folin-

Ciocalteau's reagent (Sigma-Aldrich, Germany)

colorimetric method and the aluminum chloride

(Sigma-Aldrich, Germany) colorimetric method,

following established protocols outlined in the

literature (10).

3.5. Cell and Parasite

The human macrophage cell lines (THP-1) and L.

tropica (MHOM/AF/88/KK27), obtained from the Pasteur

Institute, Iran, were cultured in RPMI 1640 medium

(Merck, Germany) supplemented with 10% fetal bovine

serum (Merck, Germany) and pen-strep (100 mL/IU). The

cultures were maintained at 37°C with 5% CO2 for the

macrophage cells, and at 23 ± 1°C for L. tropica.

3.6. Effect of Extract on Leishmania tropica Promastigotes
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Initially, 100 µL of promastigotes at a concentration

of 1 × 106 cells/mL were dispensed into individual wells

of a 96-well plate, followed by the addition of 100 µL of

varying concentrations (ranging from 6.25 to 200

µg/mL) of the extract to the wells containing the

parasites. The plates were then incubated at 24°C for two

days. After this incubation period, the supernatant of

the wells was aspirated, and 20 μL of thiazolyl blue

tetrazolium bromide (MTT) solution (0.5 mg/mL, Sigma-

Aldrich, Germany) was introduced into the wells.

Following a 4-hour incubation under the same

conditions, dimethyl sulfoxide (DMSO, 0.1 mL, Merck,

Germany) was added, and the optical density was

measured at 570 nm using an enzyme-linked

immunosorbent assay (ELISA) plate reader (MR4,

Hiperion, Germany) (11).

3.7. Caspase-3-Like Activity of Extract-exposed Parasites

The assessment was conducted using Caspase-3

Colorimetric Activity Assay Kits (Sigma-Aldrich,

Germany), following the manufacturer's instructions. In

summary, promastigotes at a concentration of

1,000,000 cells/mL were treated with the extract at 1/3,

1/2, and IC50 concentrations for 48 hours. After

centrifuging the mixture at 600 rpm and 4°C, the

resulting cell pellet was lysed and subjected to further

centrifugation at 15,000 rpm for 10 minutes. Following

this, 5 μL of the supernatant was combined with 85 μL of

buffer and 10 μL of caspase-3 solution, and the mixture

was incubated at 37°C for 2 hours. The optical density of

the solution at 405 nm was measured using an ELISA

reader.

3.8. Effect of Extract on Leishmania tropica Amastigotes

Initially, 100 µL of macrophage cells (100,000

cells/mL) were introduced into a 24-well plate

containing rounded coverslips at the bottom and

incubated at 37°C in 5% CO2. Subsequently, 1,000,000

stationary phase promastigotes were added to the cells

and incubated under the same conditions for one day.

After adding different concentrations of the extract and

glucantime to the mixture, the wells were incubated for

an additional two days. Finally, the prepared slides were

stained with Giemsa (Merck, Germany), and 100

macrophages were examined under light microscopy

(12).

3.9. Effect of Extract on Nitric Oxide (NO) Release

After exposing THP-1 cells at a concentration of

1×105/mL to varying concentrations (1/3, 1/2, and IC50) of

the extract for 48 hours, 0.1 mL of the resulting

supernatant was transferred to a 96-well microplate.

Subsequently, 0.05 mL of Griess reagent A and B (Sigma-

Aldrich, Germany) was added to the designated wells.

The optical density of the wells was then assessed at a

wavelength of 540 nm using an ELISA reader. Cells

exposed to a mixture of lipopolysaccharide (10 ng/mL)

and IFN-γ (10 U/mL) were used as the positive control in

this experimental setup (13).

3.10. Quantitative Real-time PCR on the Expression of Genes
Associated with T Lymphocytes

The study assessed the relative expression levels of

inducible nitric oxide synthase (iNOS), interferon

gamma (IFN-γ), tumor necrosis factor α (TNFα), and IL-10

in both treated (extract) and untreated macrophage

cells through Real-Time PCR analysis. Initially, total RNA

was extracted from the samples using the total RNA

Extraction Kit from Qiagen, Germany, following the

recommended protocol. Subsequently,copy DNA ( cDNA)

was synthesized using the Fermentas cDNA synthesis kit

from the USA. Quantitative PCR (qPCR) was then

conducted using specific primers along with β-actin as

previously described by Albalawi et al. (13) (Table 1). The

process began with a primary denaturation step at 96°C

for 6 minutes, followed by 35 cycles of denaturation at

94°C for 35 seconds and annealing at 75°C for 40

seconds. Finally, data analysis was performed using the

2-ΔΔCt method with the iQTM5 optical system software

(Bio-Rad, Hercules, CA).

Table 1. The Phytochemical Analysis of the Astragalus ecbatanus Methanolic Extract

Compound Assay Existance

Flavonoids Ammonia test, Alkaline reagent test ++

Polysaccharides Nitroprusside test +

Saponins Frothing test +

Terpenoids Salkowski test +

3.11. Cytotoxic Effects of Extract on THP-1 Macrophage Cells

In this experiment, 100 µL of macrophage cells at a

concentration of 1×105/mL were introduced into

individual wells of a 96-well plate, followed by the
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addition of varying concentrations of the extract to each

well containing the parasite. The plate was then

incubated at 24°C for two days. Subsequently, similar to

the promastigote assay, the absorbance of each well was

measured using the MTT assay. Furthermore, to assess

the cytotoxicity and effectiveness of the extract, the

selectivity index (SI) was calculated by dividing the CC50

by the IC50 for amastigotes (13).

3.12. Statistical Analysis

The findings of this research were assessed using

SPSS software version 26.0 and one-way analysis of

variance (ANOVA). The 50% inhibitory concentrations

(IC50) and the 50% cytotoxic concentrations (CC50) were

estimated using the Probit analysis. A significance level

of P < 0.05 was employed. Each test was conducted in

triplicate to ensure accuracy and reliability.

4. Results

4.1. Analysis of Phytochemicals

Analysis of the phytochemical composition

confirmed the presence of flavonoids, saponins,

terpenoids, and polysaccharides in the extract, as

indicated in Table 1. The findings showed that the total

phenolic and flavonoid contents were 1.23 mg gallic acid

equivalents (GAE) per gram of dry weight (mg GAE/g

DW) and 0.59 mg quercetin equivalents per gram of dry

weight (mg QE/g DW), respectively.

4.2. Antileishmanial Effects on Promastigote and Amastigote
Forms

According to the results obtained from the MTT test,

the A. ecbatanus extract significantly (P < 0.001)

diminished the rate of L. tropica promastigotes

compared with the normal saline control (Figure 1A).

Moreover, the IC50 values for A. ecbatanus extract and

glucantime were 94.30 μg/mL and 129.62 μg/mL,

respectively (Table 2). Based on the findings from the

macrophage model, A. ecbatanus extract displayed a

dose-dependent decline in the rate of L. tropica

amastigotes (Figure 1B). The IC50 values for the extract

and glucantime were 43.64 μg/mL and 50.36 μg/mL,

respectively (Table 2). There was no significant

difference in the antileishmanial effects of the extract

and glucantime (P > 0.05).

Table 2. Comparison the 50% Inhibitory Concentrations (IC50) and the 50% Cytotoxic

Concentrations (CC50) Values and Selectivity Index (SI) Between Astragalus ecbatanus
Ethyl Acetat Extract and Glucantime (n = 3)

Drugs
(µg/mL)

Promastigote IC50 Amastigote IC50 CC50 SI

A.  ecbatanus 94.30 ± 6.57 43.64 ± 3.51 485.21 ± 12.33 11.2

Glucantime 129.62 ± 7.33 50.36 ± 4.12 1215.13 ± 15.33 24.1

4.3. Cytotoxic Effects and SI on THP-1 Macrophage Cells

The CC50 values of the chloroform extract of A.

ecbatanus and glucantime were 485.21 μg/mL and 1215.13

μg/mL, respectively (Figure 2). Based on the SI > 10, the

extract exhibited high specificity towards intracellular

parasites with low cytotoxicity to host cells (Table 2).

4.4. Caspase-3-Like Activity of Extract-treated Parasites

The findings demonstrated that the A. ecbatanus

ethyl acetate extract at concentrations equivalent to 1/2

IC50 and IC50 significantly (P < 0.01) enhanced caspase-

3 activation by 16.63% and 24.76%, respectively (Figure 3).

4.5. Effect on NO Release

The results indicated that the THP-1 macrophages

exposed to the extract exhibited enhanced production

of NO, with a statistically significant increase observed

at concentrations equivalent to 1/2 IC50 and IC50

compared to non-treated cells (P < 0.001) (Figure 4).

4.6. Quantitative Real-time Polymerase Chain Reaction (PCR)
on the Expression of Genes Associated with T Lymphocytes

The results of real-time PCR analysis demonstrated a

dose-dependent upregulation of gene expression levels

of iNOS, IFN-γ, and TNF-α in macrophages after exposure

to A. ecbatanus ethyl acetate extract (P < 0.01). In

contrast, the gene expression level of IL-10 showed a

dose-dependent downregulation (P < 0.01) after

exposure to A. ecbatanus ethyl acetate extract, as

illustrated in Figure 5.

5. Discussion

Our study demonstrated that the A. ecbatanus extract

significantly (P < 0.001) decreased the viability of both L.

tropica promastigote and amastigote forms compared

to the negative control. Moreover, the extract exhibited a

high selectivity index (> 10), indicating strong

specificity towards intracellular parasites while

showing low cytotoxicity to host cells.
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Figure 1. Antileishmanial activity of methanolic extract of Astragalus ecbatanus and glucantime (MA) on promastigote (A); and amastigote (B) forms Leishmania tropica. Mean ±
standard deviation. (n = 3). *P < 0.05, **P < 0.01, and ***P < 0.001 significant difference compared with the negative control.

In recent times, there has been notable focus among

researchers on utilizing medicinal herbs to treat various

illnesses. The extensive availability, low cost, minimal

side effects, high efficacy, and antimicrobial effects are

key factors driving the use of natural products (9).

Plants of the Astragalus genus possess therapeutic

properties, including boosting the immune system,

relieving kidney and bladder pain, preventing diabetes,

and exhibiting antimicrobial and anti-cancer effects

(10). Given the distinctive medicinal qualities of

Astragalus species in disease treatment and immune

system enhancement, this study is the first to

investigate the immune modulation and apoptosis

induction by A. ecbatanus ethyl acetate extract against L.

tropica.

Our results showed that the A. ecbatanus extract

markedly reduced the rate of L. tropica promastigote

and amastigote forms compared with the negative

control. Based on the SI > 10, it was found that the

extract exhibited high specificity to intracellular

parasites with low cytotoxicity to host cells. Numerous

investigations have been conducted both in vitro and in
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Figure 2. Cytotoxicity activity of methanolic extract of Astragalus ecbatanus and glucantime (MA) on human macrophage THP-1 cells. Mean ± standard deviation (n = 3).

Figure 3. Effect of Astragalus ecbatanus methanolic extract on Caspase-3-like activity of treated promastigotes. Mean ± standard deviation. (n = 3). ** P < 0.01 significant
difference compared with the negative control.

vivo to explore the potential antileishmanial properties

of various herbs and their derivatives (14). However, the

outcomes of these studies have shown inconsistent

effectiveness due to a lack of precise understanding of

the underlying mechanisms. Therefore, more thorough

and accurate research is needed in this area (15).

Several studies have examined the antimicrobial

properties of Astragalus species against a range of

pathogenic microorganisms, including bacteria (both

gram-negative and gram-positive), fungi such as

Aspergillus spp. and Candida species, viruses, and

parasitic strains such as Eimeria papillata and

Toxoplasma gondii (16-18). Nevertheless, to the best of our

knowledge, there is a lack of documented research on

the antileishmanial effects of A. ecbatanus. In the study

conducted by Mahmoudvand et al., the results indicated

that the A. ecbatanus chloroform extract, particularly

when used at a concentration of 45 mg/mL,

demonstrated significant in vitro and ex vivo anti-

parasitic effects against Echinococcus granulosus

protoscoleces. They also showed that following

exposure to this extract, the levels of caspase-3 enzyme

activity and plasma membrane permeability in

protoscoleces showed a dose-dependent increase (19).

We confirmed the presence of saponins, flavonoids,

terpenoids, and polysaccharides in the extract. Studies



Mahmoudvand H et al.

Jundishapur J Nat Pharm Prod. 2024; 19(3): e146164. 7

Figure 4. The effect of Astragalus ecbatanus methanolic extract on the release of nitric oxide (NO) in THP-1 macrophage cells was examined in relation to control groups. The
findings are presented as the mean value with standard deviation (n = 3). *P < 0.001 compared with the negative control. IC50: The 50% inhibitory concentrations (IC50).

have demonstrated that phenolic and flavonoid

compounds are the predominant phytochemicals found

in the genus Astragalus (20). Various studies have

indicated that these compounds can impede nucleic

acid synthesis, disrupt cytoplasmic and cell membrane

functions, induce apoptosis, alter membrane

permeability, inhibit pathogenicity, and exhibit

synergistic effects with existing agents to inhibit and

eradicate microbial pathogens (20, 21). Therefore, it is

plausible to propose that the potential antileishmanial

properties of A. ecbatanus are attributed to the presence

of these phytochemicals.

According to previous studies, inflammatory

cytokines play various roles in determining

susceptibility or resistance, as well as in the

immunopathogenesis of the condition (22). The levels of

cytokines and their balance can impact clinical

outcomes and may serve as markers for disease

progression. Specifically, Th1 cytokines, such as IFN-γ,

TNF-α, and IL-12, are essential for initiating defensive

immunity against CL. Conversely, Th2 cytokines such as

IL-10 and IL-13 can inhibit the Th1 immune response,

leading to parasite persistence (22). Additionally, nitric

oxide (NO) is widely recognized as a key element in the

innate immune response for regulating and eradicating

intracellular pathogens such as Leishmania spp (23).

Our results indicated a dose-dependent upregulation

of the expression levels of genes iNOS, IFN-γ, and TNF-α
in macrophages after exposure to the ethyl acetate

extract of A. ecbatanus. In contrast, the gene expression

level of IL-10 exhibited a dose-dependent

downregulation after exposure to the A. ecbatanus ethyl

acetate extract. We also found that the THP-1

macrophages exposed to the ethyl acetate extract of A.

ecbatanus exhibited enhanced production of NO.

Therefore, we suggest that this extract can control L.

tropica parasites through immune modulation.

Apoptosis is recognized as a critical mechanism that

connects an organism's survival to its ability to initiate

programmed cell death (24). Caspases play a central role

in this process, with Caspase-3 being widely

acknowledged as the primary caspase responsible for

activating death proteases and subsequently initiating

cell death. In recent years, the induction of apoptosis

has been identified as a promising antimicrobial

mechanism of various drugs under investigation (25).

Consequently, we evaluated the Caspase-3-like activity of

parasites following exposure to the ethyl acetate extract

of A. ecbatanus. Our findings clearly demonstrate that

the ethyl acetate extract of A. ecbatanus significantly

enhances caspase-3 activation in Leishmania parasites,

suggesting that the extract induces apoptosis and

inhibits the growth rate of Leishmania parasites.

5.1. Conclusions

The results demonstrate the significant impact of A.

ecbatanus ethyl acetate extract on inhibiting and

eradicating Leishmania parasites in laboratory settings.
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Figure 5. Effect of Astragalus ecbatanus methanolic extract on the expression level of genes of related to T lymphocytes. The findings are presented as the mean value with
standard deviation (n = 3). *P < 0.05, **P < 0.001; ***P < 0.001 compared to normal saline.

While some cellular mechanisms of action were

identified, such as immune modulation and apoptosis

induction against Leishmania parasites, further

examination is essential to elucidate the specific

mechanisms of action and efficacy in animal and

human populations.
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