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Abstract Pyrimethamine which is a main anti-Toxoplasma

gondii drug has a serious side and toxic effects on the host.

Accordingly, the development of new treatment options for

toxoplasmosis with less toxic effects, low teratogenicity

and parasiticidal effect against the various stage of T.

gondii are dramatically crucial. Currently, natural mole-

cules from scorpion and snake venoms are widely used as

an alternative treatment against human disease, these

compounds considered to be safe and to have low toxicity

in comparison with synthetic drugs. Therefore, the goal of

our study was to investigate the anti-Toxoplasma gondii

activities of Hemiscorpius lepturus venom. We measured

cytotoxicity of H. lepturus whole venom on Vero cells as

well as effectiveness of this compound on viability of T.

gondii applying colorimetric assay, according to mito-

chondrial oxidation of the MTT reagent (Methylthiazol

tetrazolium 98%). The results of this study indicated that

the H. lepturus whole venom has an anti-Toxoplasma

effects with less toxic effect on Vero cells. Also, the T.

gondii tachyzoites were treated with H. lepturus venom

reached better results in comparison with Pyrimethamine-

treated group. This research will serve as a base for future

studies on toxoplasmosis and suggest a role for scorpion

venom in promoting natural drugs.
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Introduction

Toxoplasma gondii is an intracellular protozoan parasite

which belongs to the phylum Apicomplexa. This protozoan

is considered as an unusual parasite due to be capable to

infect all kinds of cells in all warm—blooded animals

(Miller et al. 2009). This opportunistic parasite probably

involves about one-third of the world’s population. It can

be grown in virtually any warm-blooded cell line, it can be

maintained indefinitely in mice and cell culture (Dubey

2010). It is a coccidian parasite with felids as the definitive

host and any mammal as intermediate hosts which causes

toxoplasmosis disease (Dubey 2009). This parasite has

three stages of infection: tachyzoites, bradyzoites in tissue

cysts and sporozoites in sporulated oocysts in its life cycle

(Tenter et al. 2000). Human acquired infection through

three principal routes included ingestion of tissue cysts in

raw or undercooked meat, ingestion infectious oocysts

from water or fruits and vegetables contaminated with cat

feces and congenital infection (Dubey and Beattie 2010).

The disease is one of the most prevalent parasitic infections

in the human population and animals with worldwide dis-

tribution (Dubey 2008). Affliction of immunocompetent

people is generally asymptomatic but may lead to acute

systemic infection or ocular disease (Lass et al. 2009). In

several conditions such as human immunodeficiency virus

infection, treatment with chemotherapeutic agents com-

monly given to cancer patients, organ transplant recipients
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and infected pregnant women in primary during pregnancy

the disease can lead to significant health problems and

mortality (Di Cristina et al. 2008). Currently, treatment of

toxoplasmosis is done, especially with sulfonamide drugs,

notwithstanding the toxicity and side effects of the host

including bone marrow suppression, elevation in serum

liver enzymes, hematological abnormalities, hypersensi-

tivity reactions, skin allergy and teratogenic effects in early

in pregnancy. Treatment for this parasite has been common

since 1950, and its effect in the acute phase of infection is

limited (Kim et al. 2007; Schmidt et al. 2006). Moreover,

other drugs such as azithromycin and spiramycin are

poorly effective against tachyzoites and have no effect on

the bradyzoite form (Araujo and Remington 1992). Fur-

thermore, recent experimental studies have clearly shown

drugs resistance in toxoplasmosis among acquired

immunodeficiency syndrome patients (Aspinall et al.

2002). In the recent years, much progress has been made in

vaccine research, but until now the researches could not

access to a proper vaccine to prevent of human infection

with this opportunistic parasite (Zhang et al. 2015). To

prevent from penetrating of this parasite there is no vaccine

available (Ahmadpour et al. 2017). Accordingly, the

development of new treatment options for toxoplasmosis

with less toxic effects, low teratogenicity and parasiticidal

effect against the various stage of T. gondii are dramati-

cally crucial (Montazeri et al. 2017). Nowadays alternative

therapies such as natural toxins and their derivatives as

well as substances derived from plants, animals and

microorganisms are used to treat various parasitic diseases

(Tempone et al. 2007; Bastos et al. 2008). Currently, nat-

ural molecules from scorpion and snake venoms are widely

used as alternative treatment against human disease, these

compounds considered to be safe and to have low toxicity

in comparison with synthetic drugs, it is consequently

important to use novel strategies for the development of

new antibiotics from animal venoms of scorpion and snake

for treating resistant pathogens (Perumal et al. 2017).

Several small peptides from scorpion venom kill parasites,

bacteria, fungi and viruses. Scorpion venoms contain

interesting peptides, these Antimicrobial peptides mani-

fested notable effect on some parasites such as Plasmod-

ium, Entamoeba histolytica, Leishmania, Tryanosoma,

Schistosoma and Taenia crassiceps, hence these peptides

with vaste verity effect on parasites are proposed for the

treatment of other parasites such as Toxoplasma gondii

(Conde et al. 2000; Del Rio-Portilla et al. 2016; Borges

et al. 2006).

Hemiscorpius lepturus species belongs to the Scorpi-

onidae family and subfamily Hemiscorpiidae is the one of

most medical important scorpion in Iran (Dehghani et al.

2018). Previous finding have shown that LD50 for this

scorpion was 5.81 mg/kg in mice (Hassan 1984). Also

Heidarpour et al. (2012) reported that LD50 of H. lepturus

venom is 5 mg/kg by subcutaneous injection (SC) in white

Balb/c mice. Until now 12% (11 sequences) (KX924499-

KX924509 and KX874538) of H. lepturus venom com-

ponent have been identified that were related to AMPs. The

sequences of AMPs are unique and show similarity to other

reported AMPs from venomous animals. Antimicrobial

peptides are major section from scorpion venom, regarding

potential activities of the AMPs they can be utilize as

promising factors for therapeutic drugs (Kazemi-Lome-

dasht et al. 2017). So, the aim of this study was to evaluate

the effects of Hemiscorpius lepturus venom on infection of

Toxoplasma gondii in vero cell in vitro.

Materials and methods

Methods

Toxoplasma gondii tachyzoites

Tachyzoites from RH strain of T. gondii were attained

primarily in the intraperitoneal serial passages of Balb/c

mice from the Toxoplasmosis Research Center (TRC) in

Mazandaran University of Medical Sciences, Sari, Iran.

Intraperitoneal inoculation was performed with 1 9 106 of

the tachyzoites in male Balb/c mice (6 week-old, 18–20 g

weight) the mice were housed in cages under standard

laboratory conditions such as 20–25 �C, 60 ± 10%

humidity, light (12 h per day), given drinking water, and

regular diet in the animal center of Shahid Chamran

University of Ahvaz, Ahvaz, Iran. After 48–72 h, tachy-

zoites harvested from peritoneal exudates of infected mice,

there after ascitic fluid was centrifuged at 200 g for 10 min

at room temperature to remove cells and debris. The

supernatant, which contained the tachyzoites, was collected

and centrifuged at 1000 g for 10 min. The tachyzoites got

diluted with sterile phosphate-buffered saline (PBS) PH:

7.4, containing 100 IU/ml of penicillin and 100 lg/mL of

streptomycin. The number of tachyzoites was counted by

hemacytometer under optical microscope. (Kalani et al.

2016; Martins-Duarte et al. 2006).

Venom preparation

The adult scorpion species of H. lepturus were collected

from Khuzestan province, Iran and transported alive to

Razi Vaccine and Serum Research Institute, Ahvaz,

Khuzestan, Iran. Thereafter scorpions kept into the glass

aquarium tanks until extracted venom, the venom was

extracted by means of electrical stimulation (6-v) of the

last post abdominal segment (telson). Venom was lyophi-

lized by Freeze dryer at -75 �C. 10 mg of Crude venom
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was dissolved in 10 ml deionized water then centrifuged at

1300 g for 5 min at 4 �C to remove the unsolved material.

The supernatant filtrated through a 0.45 lm filter and was

stored at -20 �C until further study. The concentration of

the purified venom and dilutions were determined using

spectrophotometer respecting to the Bradford method

(Bradford 1976).

LD50 determination

For LD50 determination, of the venom were injected

intravenously (IV) to albino mice (average weight

18–20 g). Following treatment with venom solution, ani-

mals were monitored for 24 h, then, LD50 was calculated.

LD50 was determined using the Spearman-Kaerber method

(World Health Organization: WHO, 1981).

Cell culture

Vero cells, kidney fibroblast from African green monkey

(ATCC No. CCL-81), were applied for in vitro assays.

Cells were suspended in RPMI supplemented with 10%

inactivated FBS, 100 units/mL of penicillin, and 100 lg/

mL of streptomycin then maintained in cell culture flasks in

a 37 �C incubator with 5% CO2.

Cellular viability in Vero cells

Cytotoxicity of H. lepturus total venom was measured on

Vero cell using a colorimetric assay, according to mito-

chondrial oxidation of the MTT reagent (Methylthiazol

tetrazolium 98%) sigma (5 mg/ml). Vero cells were cul-

tured at concentrations of 1 9 105 cells/mL suspended in

RPMI medium with 10% FBS in 96-well plates after that

cells were exposed to serial dilutions of H. lepturus venom

100, 90, 70, 50, 20 ll (1 mg/mL). PBS was used as neg-

ative control. The incubated conditions were: 5% CO2, and

37 �C for 24 h. the next day, cellular viability in the

presence of H. lepturus total venom was determined by

MTT assay. Briefly, MTT solution was added to the

96-well plates and then incubated for 4 h at 37 �C in 5%

CO2 atmosphere thereafter 200 ll of DMSO was added to

acquire the formazan crystals, after 30 min the optical

density was evaluated at 570 nm wavelength in a plate

reader.

Tachyzoite viability

The RH strain of T. gondii viability assay was don based on

Castanheira et al. (2015). tachyzoites (1 9 106/mL) were

treated with diverse volumes (100, 90, 70, 50, 20 ll) of H.

lepturus venom (1 mg/mL). After 0, 30 min and 2 h

tachyzoites were dyed by trypan blue. The number of

viable tachyzoites was counted using hemacytometer

according to presented a clear cytoplasm.

Effects of H. lepturus venom on intracellular T. gondii

in vitro

Vero cells were seeded in 96-well plates (1 9 105 cells/

well). After all of the cells were reached to 85% con-

fluency were infected with the RH strain of T. gondii

tachyzoites (1 9 106). In order to eliminate extracellular

parasites the RPMI medium was changed After 24 h

thereafter exposed to the different volumes (100, 90, 70,

50, 20 ll) of H. lepturus venom (1 mg/mL) and incu-

bated for 24 h at 37 �C in 5% CO2. Pyrimethamine and

RPMI 1640 were considered as positive and negative

control, respectively then T. gondii viabilities were

measured by using a colorimetric MTT assay. The

experimental protocol applied in this research was

approved by the Shahid Chamran University of Ahvaz

Ethics Committee (Permit number EE/97.24.3.49892/

SCU.ac.ir).

Statistical analysis

The 50% inhibitory concentrations (IC50s) and 50%

cytotoxic concentrations (CC50s) were performed by

Graph Pad Prism 8.0 software. Differences between treat-

ments and controls were analyzed by one-way ANOVA

test using SPSS-16. The percent of viable cells and

tachyzoites in relation to controls and also selectivity

indices were calculated by the equations below:

SI ¼ CC50=IC50ð Þ:
Viability%ð Þ ¼ OD treated=OD control � 100

Tachyzoites Viability%ð Þ
¼ the number of viable Tachyzoites=total of TachyzoitesÞ
� 100

Results

LD50 determination and protein concentrations

The LD50 amounts of H. lepturus venom were determined

6.3 mg/kg by IV injection in albino mice. The amount of

protein were 1.26, 1.13, 0.88, 0.63 and 0.25 mg in 100, 90,

70, 50 and 20 ll previously.

Cellular viability

In order to achieve toxic concentrations, The Vero cells

were exposed to the different concentration of H. lepturus

474 J Parasit Dis (July-Sept 2019) 43(3):472–478

123



venom (1 mg/mL), the results of MTT assay revealed that

there are significant differences between various concen-

trations and pyrimethamine (P\ 0.05). Diverse of venom

concentrations, show slight changes according to control

and have less cytotoxicity compared with drug (Fig. 1).

Tachyzoites viability

Tachyzoites were treated with H. lepturus venom, after

different time tachyzoites were dyed by trypan blue. H.

lepturus venom reduced tachyzoites viability at all the

concentrations, meanwhile, there are no considerable dif-

ferences between the treatment with 20 ll of venom and

control (PBS). Figure 2. The results, as shown in Fig. 3,

indicate that there is significant reduction in treated groups

at the different time (P\ 0.05).

Effects of H. lepturus venom on intracellular T.

gondii in Vitro

The results obtained from anti-Toxoplasma effects of each

concentrations from H. lepturus venom by using MTT

assay are presented in Fig. 4. Statistical tests revealed

significant differences are found between diverse concen-

trations, also, this result exhibited a significant difference

between treated with H. lepturus venom and treated with

Pyrimethamine (P\ 0.05).

Table 1 presents the CC50, IC50 and SI in uninfected

Vero cells and infected cells, in the current experiment,

comparing H. lepturus venom with Pyrimethamine showed

that H. lepturus venom has an anti-T. gondii activity with

an IC50 of 39.06 and SI of 1.855.

Discussion

The treatment of toxoplasmosis is done with the combi-

nation of pyrimethamine and sulfadiazine drugs. Pyr-

imethamine is dihydrofolate reductase enzyme inhibitors,

which is considered as a key enzyme of the folate synthesis

pathway also Sulfadiazine has an inhibitory effect on the

tic drugs have an effect on toxoplasmosis, but the fact

remains that the synthetic drugs have a serious side and

toxic effects on host, when viewed from this perspective,

these facts become much more significant. For instance

Pyrimethamine which is a main anti-toxoplasma drug, can

lead to suppressive effects of bone marrow and teratogenic

effects in early in pregnancy (Mirzaalizadeh et al. 2018;

Zaware et al. 2013) In immunocompromised patient,

especially HIV positive people, cancer patient, and organ

transplant recipients, toxoplasma is give rise to encephalitis

and serious health problems (Di Cristina et al. 2008). What

is more, it can lead to teratogenic in pregnant woman

(Wiengcharoen et al. 2007). Thus, these days the

achievement of optimal treatment with minimal side effect

is a research priorities for Toxoplasma infections. To date,

many studies have been done on the therapeutic potential

of natural products (Aspinall et al. 2002), that have

demonstrated natural venoms have a vast variety an

antimicrobial activities against parasites, bacteria, viruses

and fungi (Bahar and Ren 2013). Scorpion venoms possess

of polypeptides and enzymes that specifically acts on ion

channel and enzymatic activities, moreover these peptides

have an antimicrobial function (Perumal et al. 2017). H.

lepturus venom consist AMPs, in regard to antimicrobial

activities, this venom is similar to other scorpions venom,

thus what is important is applying these peptides to treat

parasitic infections. In this research, we manifested H.

lepturus venom anti toxoplasma potential by using MTT

assay. Recently, researchers have shown an increased

interest in treat parasitic disease by scorpion venom, by

way of example two linear cationic antimalarial peptides

reported from Mesobuthus eupeus scorpion. Interestingly,

these peptides have no toxicity effect on mammalian cells

(Du et al. 2010). Effect of Tityus discrepans venom indi-

cated that has a significant reduce on Leishmania mexicana

as it was lead to 50% reduction on growth of promastigotes

(Borges et al. 2006). Moreover in vitro studies have shown

that some scorpion venom have Anti-malarial and anti-

Trypanosoma activity (Perumal et al. 2017). Del Rio-Por-

tilla et al. (2016) examined the 2 peptides, HgeD and

Hge36 from Hoffmannihadrurus gertschi on cysticerci of

Taenia crassiceps and throphozoites of Entamoeba hys-

tolytica. They perceived these parasites have been a con-

siderable decrease while both peptides had a minimal

effects on lymphocytes. In another major study, Xu et al.
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Fig. 1 In vitro effects of H. lepturus venom on Vero cells
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Fig. 2 Tachyzoites viability in different time
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(2008) and El-Asmar et al. (1980) realized scorpion venom

have a cytotoxity effect on Ancylostoma caninum and

Shistosoma mansoni cercariae, respectively. Mesobuthus

epeus venom against the protoscolices of Echinococcus

granulosus was first demonstrated experimentally by (Ja-

fari et al. 2018). They revealed M. epeus venom fraction

killed all protoscolices during 30 min furthermore,

molecular weights of this fraction were under 10 kDa. One

of the issues that emerge from this finding is that all of the

concentrations were lower than LD50. Taken together,

these findings suggest a role for Hemiscorpius lepturus

venom in anti-T. gondii activity.
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