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Background: This study aimed to evaluate the in-vitro anti-Toxoplasma effects and cytotoxicity effects of Astragalus maximus
chloroformic extract (AMCE) on the T. gondii Rh strain.
Methods: In-vitro effects of AMCE (2–64 µg/ml) on tachyzoites were measured by MTT assay for 48 h. The effects of AMCE on
infectivity rate and intracellular parasites into macrophage cells (J774-A1) were evaluated. The Griess reaction assay and quantitative
real-time PCR were used to determine the nitric oxide (NO) and the mRNA expression levels of IFN-γ and iNOS in infected J774-A1
macrophage cells.
Results: The mortality rate of the parasites significantly (P< 0.001) increased in a dose-dependent manner with an IC50 value
of 9.85 μg/ml. The rate of infection and the mean number of intracellular tachyzoites in macrophage cells were significantly
reduced (P< 0.001) after exposure of the macrophage cells to AMCE. The mRNA expression levels of IFN-γ, iNOS, and NO
production in macrophage cells after treatment with the AMCE were increased, especially at the concentration of ½ IC50 and
IC50 (P< 0.001).
Conclusion: The findings of the current in vitro investigation revealed favorable anti-Toxoplasma effects of AMCE against
tachyzoites and intracellular forms of T. gondii. Despite the fact that the accurate anti-Toxoplasma mechanisms of AMCE are
not clear, our results showed that triggering NO production and cellular immunity can be considered as the main mechanisms
of action of AMCE for controlling and eliminating T. gondii. However, further surveys are mandatory to assess the efficacy and
safety of AMCE in an animal model and its accurate mechanisms of action.
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Introduction

Toxoplasma gondii is an obligate intracellular protozoan, the
causative agent of toxoplasmosis in humans and animals, and
a parasite with widespread worldwide distribution. Acquired

infections usually occur by eating raw and undercooked meat
containing tissue cysts or by eating vegetables and water
contaminated with oocysts excreted in feline feces[1].
Congenital Toxoplasma infections occur with placental
transfer of tachyzoites in early pregnancy infections. Acquired
toxoplasmosis in immunocompetent people mainly occurs as
benign and self-limiting lymphadenopathy and rarely causes severe
brain and eye manifestations[2]. In immunocompromised people,
especially AIDS patients, toxoplasmosis is an important opportu-
nist and the most common cause of encephalitis in these patients[3].
Also, toxoplasmosis is one of the important congenital infections
that has a wide clinical spectrum and varies from the birth of a
babywithout obvious clinical symptoms to abortion, stillbirth, and
the birth of babies with severe brain and eye complications
(hydrocephaly or microcephaly, brain calcification, and

HIGHLIGHTS

• Astragalus maximus extract increased the mortality rate of
the Toxoplasma gondii tachyzoites.

• Significantly reduced the mean number of intracellular
tachyzoites in macrophage cells.

• Increased the mRNA expression levels of IFN-γ and iNOS
in infected J774-A1 macrophage cells.

• We showed immune-enhancing activity of the extract for
inhibiting the T. gondii infection.
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chorioretinitis)[4,5]. The diagnosis of toxoplasmosis is typically
established by serologic tests (to measure immunoglobulin G
and immunoglobulin M), amplification of specific nucleic acid
sequences (i.e. PCR), histologic demonstration of the parasite and/
or its antigens (i.e. immunoperoxidase stain), or by isolation of the
organism[5].

Toxoplasmosis is commonly treated with a combination of
atovaquone, pyrimethamine, and sulfadiazine. Pyrimethamine is
an inhibitor of dihydrofolate reductase, a key enzyme in the folate
synthesis pathway. Sulfadiazine is an inhibitor of the dihy-
droptyruate enzyme, which is another enzyme in this pathway.
Although these drugs and other synthetic anti-Toxoplasma drugs
have a good inhibitory effect onToxoplasma, side effects are their
main limitation[6,7]. For example, pyrimethamine, which is one of
the main anti-toxoplasma drugs, causes disruption in hemato-
poiesis due to its suppressive effect on the bonemarrow[7]. Today,
obtaining an anti-Toxoplasma drug with optimal efficacy and
minimal side effects is one of the research priorities of
Toxoplasma, and in this regard, the products obtained from
medicinal plants can be one of the options. In addition, the
antiparasitic effects of many medicinal plants have been men-
tioned in traditional medicine[8]. In addition, in recent years,
more and more studies have been conducted on the effectiveness
of medicinal plants on various diseases, including parasitic
diseases[8].

In recent decades, the use of herbal medicines for the
treatment of giardiasis is increasing due to their high efficacy
and low side effects[9]. Astragalus plant is an annual or per-
ennial plant of the Fabaceae family, whose height reaches
75–100 cm[10]. Plants of the genus Astragalus include about
2000–3000 species of herbs and shrubs, mostly perennials,
with more than 250 taxonomic divisions in the world[11]. This
genus is widely distributed throughout the temperate regions
of the world, and so far, about 800 species have been iden-
tified in the pastures and mountainous areas of Iran. Many
species of Astragalus have long been used in traditional
medicine to treat diabetes, nephritis, stomach ulcers, high
blood pressure, and chronic bronchitis[12]. In addition, var-
ious pharmacological properties of this genus, such as
antioxidants, boosting immunity system immune system,
antihypertensive, antimicrobial, and anti-inflammatory effects
have been proven[13–15]. To the best of our knowledge, there
is no scientific document on the anti-Toxoplasma activity of
Astragalus spp. So this study aimed to evaluate the in-vitro
anti-Toxoplasma effects and cytotoxicity effects of A. max-
imus chloroformic extract (AMCE) on the T. gondii Rh
strain.

Methods

Plant materials

Aerial parts of A. maximus were obtained from the rural
regions of Nurabad district, Western Iran, in June 2021. After
identifying the herbal materials by a botanist, a voucher spe-
cimen was archived in the herbarium of the Razi Herbal
Medicines Research Center, Khorramabad, Iran (No. LUMS-
26354).

Preparing the chloroform extract and phytochemical
analysis

Air-dried plant materials (250 g) were powdered and degreasing
with n-hexane. The maceration method with chloroform was
used for extraction. The obtained extract was concentrated by a
rotary evaporator at 50°C and 100 rpm, under vacuum situa-
tions, and was kept at −4°C until testing[15,16]. The primary
phytochemical analysis of the AMCE was performed to confirm
the presence of tannins, saponins, alkaloids, flavonoids, and
glycosides, etc., based on the previous investigation[17].

Parasite

Tachyzoites of theT. gondiiRH strain were kindly prepared from
the Department of Medical Parasitology, Tehran University of
Medical Sciences, Tehran, Iran. Tachyzoites were preserved via
the serial intraperitoneal passages in BALB/c mice. After 72 h,
tachyzoites were obtained and centrifuged at 200g for 5 min at
21°C for discarding artifacts and peritoneal cells. By removing
the supernatant, the remaining parasites were re-covered with
PBS and by a hemocytometer slide, and were adjusted into
1× 106 parasites per each milliliter.

Macrophage cells

Macrophage cells (J774-A1) were purchased from the cell bank
of the Pasteur Institute of Iran and cultured in RPMI1640 liquid
culture medium containing 10% inactivated fetal bovine serum
and 1% penicillin–streptomycin antibiotic and cultured in sterile
flasks at 37°C in the atmosphere. They are incubated containing
5% CO2 and 95% humidity.

In-vitro effects of AMCE on tachyzoites

To perform this assay, after adding 100 µl of T. gondii
tachyzoites to each well of a 96-well plate, various con-
centrations of AMCE (2–64 µg/ml) were put into the wells, and
the plate was incubated for 48 h at 37°C. Then, 20 µl of MTT
solution (5 mg/ml) was added to the tested wells and were
incubated under the same conditions for 4 h. Lastly, 50 µl of
the dimethyl sulfoxide as the stop solution was added to the
wells and their absorbance was measured read at 570 nm using
an ELISA reader. Tachyzoites exposed with normal saline and
pyrimethamine were considered the negative and positive
controls, respectively[18].

Effect of AMCE on infectivity rate and intracellular parasites

To evaluate the effect of AMCE on infectivity rate and intracel-
lular parasites, at first J774-A1 cells (1× 105 cells/ml) were put in
the 24-well plate and were incubated at 37°C for 24 h.
Consequently, cells were exposed with T. gondii tachyzoites
(1× 106/ml) and plates were incubated at 37°C for 24 h. After
this time the infected cells were exposed with various con-
centrations of AMCE (2–64 µg/ml) for 48 h. Lastly, treated cells
were stained with Giemsa, and examined by light microscopy to
assess the infection rate and the mean number of intracellular
parasites through examination 100 cells[19].
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mRNA expression of genes (iNOS and IFNγ) in infected
macrophages with T. gondii

The mRNA expression levels of IFN-γ and iNOS in infected
J774-A1 macrophage cells treated with AMCE (½ IC50 and
IC50) were examined by quantitative real-time PCR. At first,
total RNA was extracted based on the instructions of the
RNeasy tissue kit (Qiagen). Next, the complementary DNA
was obtained through random primers according to the
instructions of the commercial kit (Qiagen). A negative control
sample with sterile water was included in the nested reactions.
The extracted DNA from the RH strain of T. gondii was uti-
lized as a positive control. Lastly, the obtained complementary
DNA was considered for real-time PCR through SYBR Green
(Qiagen). The thermal cycle for this experiment was 92°C for
6 min, 42 cycles of 92°C for 10 s and 55°C for 30 s, respec-
tively. The iQTM5 optical system software (Bio-Rad) was
applied for the ΔCt − 2. The oligonucleotide primers utilized
for real-time PCR were presented in Table 1. The results were
standardized by the value found from the β-actin mRNA.

Determining the nitric oxide (NO) production

J774-A1macrophage cells (1× 105/ml) were treated with various
concentrations of AMCE (¼ IC50,½ IC50, and IC50) for 48 h, in a
96-well plate. In the next step, 20 µl of the supernatant was mixed
with the nitrite assay buffer (80 μl), Griess reagent A (10 μl,
Sigma-Aldrich), and B (10 μl). Lastly the absorbance of the
solution was read at 540 nm in an ELISA reader (BioTek-
EL× 800)[18]. The cells treated with the combination of lipopo-
lysaccharide (LPS, 10 ng/ml) along with IFN-γ (10 U/ml) were
considered as the positive control[20].

Statistical analysis

All tests were performed in triplicate to increase the reliability of
the results. After measuring the normality of the data with the help
of the Shapiro–Wilk test, the Analysis of Variance(ANOVA), and
Tukey’s post hoc test were used to analyze the data using SPSS
version 26.0 software. P<0.05 was considered as the significance
level. The 50% inhibitory concentrations (IC50) and the 50%
cytotoxic concentrations (CC50) were calculated through the
Probit test. The significance level was considered P<0.05. All
tests were repeated three times.

Results

Phytochemical analysis and secondary metabolites

The AMCE yielded 16.8 g (6.72%, w/v). Phytochemical experi-
ments displayed the attendance of flavonoids, saponins,

terpenoids, and polysaccharides; where the evaluation of the
amount of secondary metabolites showed that the total flavonoid
and phenolic content was 3.89 (mg QE/g DW) and 5.12 (mg
GEA/g DW), respectively.

In-vitro effects of AMCE on tachyzoites

The effect of different concentrations of AMCE on the viability
of T. gondii tachyzoites IS depicted in Figure 1. After 48 h of
exposure of T. gondii tachyzoites with different concentrations
of AMCE, the mortality rate of the parasites significantly
(P< 0.001) increased in a dose-dependent manner compared to
the control group. The results also showed that the IC50 for
AMCE and pyrimethamine drug were reported as 13.65 and
5.76 μg/ml, respectively.

Effect of AMCE on the inhibition of infection in macrophages

The obtained results showed that the maximum inhibitory activity
of the AMCE was detected at 64 μg/ml, where it significantly
reduced the amount of infection in macrophages (P<0.001) by
92.4%. AMCE in doses of 16 and 32 μg/ml also reduced the level
of contamination by 61.4 and 81.7%, respectively (P<0.001)
(Fig. 2).

Table 1
The oligonucleotide primers utilized for real-time PCR

Primer Sequence

iNOS Forward – 5′TGCCGGAAGGCGGCTCATTC-3′
Reverse – 5′CGCAGTGCGTTGCGCATACC-3′

IFN-γ Forward – 5′-TGCCGGAAGGCGGCTCATTC
Reverse – 5′-CGCAGTGCGTTGCGCATACC-3′

β-actin Forward – 5′GTGACGTTGACATCCGTAAAGA-3′
Reverse – 5′GCCGGACTCATCGTACTCC-3′

Figure 1. Comparison of the anti-Toxoplasma effects of different concentra-
tions of Astragalus maximus chlorophormic extract and pyrimethamine on
Toxoplasma gondii tachyzoites in vitro. Mean±SD (n=3); *P< 0.001.

Figure 2. The effect of Astragalus maximus chlorophormic extract on the
infection rate of J774-A1 cells after 48 h of incubation. Mean ±SD (n=3);
*P<0.01 and **P<0.001.
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Effect of AMCE on intracellular parasites

Microscopic studies revealed that the average number of intra-
cellular tachyzoites decreased significantly (P< 0.001) after
exposure of infected cells to different concentrations of AMCE.
So that the AMCE at concentrations of 16, 32, and 64 μg/ml
reduced the average number of parasites inside macrophages to
5.36, 2.68, and 0.8, respectively (Fig. 3).

mRNA expression of genes (iNOS and IFNγ) in infected
macrophages with T. gondii

As shown in Figure 4, the mRNA expression levels of IFN-γ and
iNOS in infected J774-A1 macrophage cells treated with AMCE,
especially at IC50, were significantly (P< 0.001) elevated in
quantitative real-time PCR.

Effect of AMCE on the NO production in macrophage cells

The findings of the Griess reaction assay showed that the amount
of NO production in macrophage cells after treatment with the
AMCE was increased, especially at the concentration of ½ IC50

and IC50 (P<0.001) in comparison with the control group
(Table 2).

Discussion

In recent decades, the use of herbal medicines for the treatment of
giardiasis has been increasing due to their high efficacy and low
side effects. To the best of our knowledge, there is no scientific
document on the anti-Toxoplasma activity of Astragalus spp., so
this study aimed to evaluate the in-vitro anti-Toxoplasma effects
and cytotoxicity effects of AMCE on the T. gondii Rh strain. We
found that, after 48 h of incubation of T. gondii tachyzoites with
different concentrations of AMCE, the mortality rate of the
parasites significantly (P<0.001) increased in a dose-dependent
manner compared to the control group. The results showed that,
according to the microscopic examination, the rate of infection
and the mean number of intracellular tachyzoites in macrophage
cells was significantly reduced (P<0.001) after exposure of the
macrophage cells to AMCE.

Considering the antiparasitic effects of Astragalus spp., in a
study conducted by Yang et al.[21] Astragalus membranaceus
extract showed effective in-vitro anti-Toxoplasma activity
through the reduction of intracellular replication of T. gondii
tachyzoites after 72, 96, and 120 h incubation. Another study
conducted by Abdel-Tawab et al.[22] reported that A. membra-
naceus especially at the concentration of 50 mg/kg markedly
decreased the viability of Eimeria papillata oocysts as well as the
mean number of oocytes exerted in the stool of infected animals.
Ghasemian Yadegari et al.[23] have reported that A. brachycalyx
extract at concentrations of 225 and 450 mg/ml had potent pro-
toscolicidal effects on hydatid cyst protoscoleces. Furthermore,
previous studies also revealed that Astragalus spp. have effective
antimicrobial activities against various Gram-negative (e.g.
Escherichia coli, Pseudomonas aeruginosa, Salmonella typhi-
murium, and Klebsiella pneumonia) and Gram-positive
(Enterococcus faecalis and Staphylococcus aureus), as well as
Aspergillus spp., Candida spp., and influenza virus[24–26].
Phytochemical experiments displayed the attendance of flavo-
noids, saponins, terpenoids, and polysaccharides; where the eva-
luation of the amount of secondary metabolites showed that the
total flavonoid and phenolic content was 3.89 (mg QE/g DW) and
5.12 (mg GEA/ g DW), respectively. Likewise, reviews exhibited
that previous studies have shown that phenolic and flavonoids
compounds are measured as the main composites of Astragalus
spp.[27,28]. Previous studies revealed that these components
showed their antimicrobial mechanisms through cytoplasmic
membrane disruption, nucleic acid inhibition, stimulation of
apoptosis, disturbing energy metabolism, altering the permeability
of the membrane, and decrease of the pathogenicity[29,30].

Figure 4.mRNA expression of genes (iNOS and IFNγ) in infectedmacrophages
with Toxoplasma gondii treated with Astragalus maximus chlorophormic
extract in comparison with the control group. Mean ±SD (n=3); *P<0.001.

Table 2
The effect of Astragalus maximus chloroform extract on nitric
oxide (NO) production in J774-A1macrophage cells in comparison
with the lipopolysaccharide (LPS) along with IFN-γ as the positive
control

Drug Concentration (µg/ml) NO production (µM)

¼ IC50 6.17± 0.72
AMCE ½ IC50 7.9± 0.89*

IC50 12.4± 1.56*
Nontreated – 4.21± 0.31
IFN-γ+ LPS – 44.3± 3.51

Mean± SD (n= 3). IC50: the 50% inhibitory concentrations.
*P< 0.001 significant difference compared with nontreated macrophage cells.

Figure 3. The effect of Astragalus maximus chlorophormic extract on the
number of parasites in macrophages after 48 h of incubation. Mean ±SD
(n=3); *P<0.01 and **P<0.001.
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Polyphenols compounds also display their antimicrobial action by
hindering the virulence factors, cytoplasmic membrane and cell
membrane disruption, and DNA synthesis inhibition[31,32].
Therefore, it may be proposed that the favorable anti-Toxoplasma
activity of AMCE is associated with the attendance of phenolic
and flavonoid compounds in this herb.

Previous studies confirmed that macrophage cells by gen-
erating nitric oxide eliminate and control the intracellular
pathogens[33]. Now, it is proven that T. gondii infection in
macrophages inhibits NO production in these cells[34]. The
mRNA expression levels of IFN-γ and iNOS in infected J774-
A1 macrophage cells treated with AMCE, especially at IC50,
was significantly (P< 0.001) elevated in quantitative real-time
PCR. The findings of the Griess reaction assay showed that the
amount of NO production in macrophage cells after treatment
with the AMCE was increased, especially at the concentration
of ½ IC50 and IC50 (P< 0.001) in comparison with the control
group, represented that AMCE’s increasing of NO production
can be probably considered as one of the possible mechanisms
for controlling of T. gondii parasites. As the main limitations
of the present investigation, we can mention the lack of in vivo
studies in animal models of toxoplasmosis and the clarification
of all toxicity aspects, which we will try to clear these surveys
in future studies.

Conclusion

The findings of the current in vitro investigation as the first step to
find new anti-Toxoplasma agents revealed the potent anti-
Toxoplasma effects of AMCE, against tachyzoites and intracel-
lular forms of T. gondii. We also found that triggering the NO
production can be considered as one of the main mechanisms of
action of AMCE for controlling and eliminating T. gondii.
However, further surveys are required to assess the efficacy and
safety of AMCE in an animal model and its mechanisms of action
before use in the clinical phase.
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