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Abstract 
Background: The present study determined the effect of the fractions obtained 
from Hemiscorpius lepturus scorpion venom on the tachyzoite of Toxoplasma gondii.  
Methods: The fractions of dried venom of He. lepturus scorpion of Khuzestan 
Province, southern Iran in 2019 were isolated through gel filtration chromatog-
raphy, and then tachyzoites were exposed to fractions of venom at different 
concentrations. Trypan blue counting and MTT were applied to assay tachyzoite 
viability, and the inhibition of the cellular growth of fractions in Vero cells was 
evaluated.  
Results: The maximum effect on tachyzoite was observed in fraction 5 of ven-
om. To further separate the protein, fraction 5 was used in high-performance 
liquid chromatography assay to purify its proteins. Based on the results of HPLC 
of fraction 5, among which the second peak, a peptide with <10 KDa represent-
ing a more potent effect in eliminating the tachyzoite of T. gondii. 
Conclusion: The scorpion venom-purified fractions possess anti-parasitic activi-
ty against the tachyzoite of T. gondii and can be used in parasite-controlling stud-
ies. 
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Introduction 
 

oxoplasma gondii is an obligate intra-
cellular parasite with broad dispersal, 
which is well known due to its medical 
and veterinary importance. This pro-

tozoan is widely used as a model for apicom-
plexan cell biology. Its main and intermediate 
hosts are cats and all warm-blooded verte-
brates contaminated through swallowing oo-
cyst and tissue cysts (1). Toxoplasmosis does 
not usually need special treatment; however, it 
should be treated in patients with immune sys-
tem deficiency and congenital toxoplasmosis 
(2). Todays, toxoplasmosis is treated by using 
pyrimethamine and sulfadiazine (pyr-sulf), de-
spite their toxicity and side effects on the host 
(3). Due to the limited effect of the common 
treatments of toxoplasmosis in hosts and the 
significant side-effects of these drugs, alterna-
tive treatments are under study (4). Accord-
ingly, conducting basic and preparatory pro-
cedures for attaining a new drug against T. 
gondii which specifically targets the parasite is 
essential (5).  

More than 1500 known scorpion species 
have been described around the world. The 
Hemiscorpius lepturus scorpion belonging to the 
Hemscorpionidae family is a particularly sig-
nificant species in Iran (6). Scorpion venom 
contains proteins and peptides possessing 
pharmaceutical and antimicrobial properties, 
targeting various ion channels and cell mem-
brane components. The He. lepturus scorpion 
venom involves hemolytic, proteolytic, cyto-
toxic, anticancer, cardiovascular- and neo-
plastic disease-treating and channel-blocking 
compounds, which may possess therapeutic 
effects (7). In recent years, the antimicrobial 
peptides obtained from venomous animals 
have attracted the attention of clinical micro-
biologists. The range of the antimicrobial ac-
tivity of cationic peptides is notable and in-
cludes activities against most Gram-positive 
and Gram-negative bacteria, fungi, viruses, 
and parasites. Among protozoans, these pep-

tides are effective against trypanosome and 
plasmodium (8). Peptide compounds with 
phospholipase A2 activity from Pandinus impe-
rator inhibit the intra-erythrocytes of Plasmodi-
um falciparum which causes human malaria (9). 
Today, special attention has been paid to an-
timicrobial peptides since these natural antibi-
otics may overcome the increased resistance 
against other antibiotics (10).  

Thus, the present study aimed to assess the 
effect of the fractions obtained from the ven-
om of He. lepturus scorpion by the chromato-
graphic method challenged with the tachyzoite 
of T. gondii and evaluate their survival at dif-
ferent times and concentrations by MTT and 
trypan blue counting methods. The peptides 
of scorpion venom with antibacterial activity 
could be adopted in preliminary studies for 
the development of new anti-parasitic drugs. 

 
Methods 

 
Extracting venom from scorpions 

Mature He. lepturus (gadium) scorpions were 
collected from Khuzestan Province, southern 
Iran, in 2019 and then venom was extracted 
by using electric shock. After being lyophilized, 
it was stored at -20 °C. 

  
Isolating proteins by using the gel filtra-
tion chromatography column 

At first, 15 mg of the lyophilized venom of 
He. lepturus was mixed with 15 ml of ammoni-
um acetate buffer (pH 8.5) and homogenized 
by using a vortex device for 1-2 min. Next, the 
venom content was centrifuged at 1300 gr for 
5 min at 4 oC to remove mucus and excess 
materials. The supernatant which contained 
venom proteins was separated from insoluble 
mucoproteins and passed from a 0.45μm filter. 
Then, the clear fluid was slowly injected into a 
Sephadex G-50 column (width × length re-

spectively 2 150 cm) and the column was 
connected to a tank of 0.2M ammonium ace-
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tate buffer (pH 8.5) so that the intended pro-
tein would exit from the column. Subsequent-
ly, 2.5 ml of venom components were collect-
ed from the column by using a fraction collec-
tor device at the flow rate of 10 ml/h and the 
optical absorption of each fraction was read 
by using a UV-spectrophotometer at 280 nm. 
After plotting the diagram of optical absorp-
tion, the peaks were specified; the fractions 
having the maximum amount of optical ab-
sorption were lyophilized, and the protein 
concentration of each peak was determined 
via the Bradford method. 

 
Preparing and maintaining the tachyzoite 
of T. gondii 

Toxoplasma gondii was passed continuously 
with the rate of 106 tachyzoites per milliliter by 
injection into the peritoneum of BALB/c 
mice to prepare a high amount of tachyzoite 
for conducting in vitro experiments. The RH 
strain of the tachyzoite of T. gondii was used in 
the present study. The attenuation of the RH 
strain in these mice was very high, and they 
died in 4-5 d. After 3-4 d, the mice were eu-
thanized and their peritoneal fluid was aspirat-
ed to collect the parasites. To prevent the bac-
terial contamination of the parasitic suspen-
sion, penicillin (100 IU/ml) and streptomycin 
(100 mg/ml) were used and the tachyzoites 
were kept in the refrigerator. 
 
Exposing tachyzoite to fractions of scor-
pion venom by gel filtration 

The tachyzoites of T. gondii were exposed to 
different concentrations of fractions (100, 80, 
and 60 µg protein/mg lyophilized fraction) 
obtained by gel filtration. Parasite viability was 
assessed by direct counting using a hemocy-
tometer slide and trypan blue dye under the 
optical microscope at 0, 30, and 120 min. 
 
Assaying the inhibition of the cellular 
growth of fraction in vitro 

Vero cells of kidney fibroblast from African 
green monkeys (ATCC No. CCL-81) were 

cultured in RPMI media in 5% CO2 at 37 oC. 
Next, 200 μl of solution containing: Vero cell 
(cell ×104/well) and RPMI, 10% FBS medi-
um (volume/volume) was added to each well 
of 96-well plate. Additionally, the fractions of 
He. lepturus with a concentration of 100, 80, 
and 60 μg were added into the wells, and the 
cells were placed in a 37 ºC, 5% CO2 incuba-
tor for 24 hours. PBS and FBS 10% were used 
as the culture media and negative control in 
this experiment, respectively. Cellular viability 
in the presence of fractions of venom was de-
termined by MTT assay. The MTT solution 
was added to the 96-well plates and incubated 
for 4 h at 37 °C in a 5% CO2 atmosphere; 
then, 200 µl of DMSO was added to acquire 
the formazan crystals, and optical density was 
evaluated at 570 nm.  

 
Assaying the inhibition of the cellular 
growth of fractions in tachyzoite 

1×104 cell/well of Vero cells was added to 
each 96-well plate containing the RPMI and 

FBS10% media. After 24 h, 1 105 tachyzoite 
of RH strain T. gondii was added to the wells 
thereafter exposed to different concentrations 
(100, 80, and 60 µg protein/mg lyophilized 
fraction) of fractions of He. lepturus and incu-
bated for 24 h at 37 °C in 5% CO2. Py-
rimethamine, FBS10%, and PBS were consid-
ered as positive and negative controls and cul-
ture media, respectively. The absorption of 
wells was measured at 570 nm. The viabilities 
of tachyzoite were calculated in this test com-
pared with the control group. 

 
High-performance liquid chromatography 
(HPLC) 

HPLC was conducted for further purifying 
the peptide from the components with the 
maximum ability for removing parasites ob-
tained by gel filtration chromatography. The 
mobile phase included acetonitrile (80%) and 
1.0% acetic acid (20%) at the flow rate of 60 
min and 0.8 ml/min. The fractions were sepa-
rated by a C18 column (250 mm×4.6 mm), a 
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particle size of 5 μm, and a pore size of 100 Ǻ. 
The appropriate wavelength of UV detector 
for fractions was considered as 214 nm. The 
results were obtained as curve and the area 
under the curve. The attained components 
were lyophilized at -75 ºC and under the pres-
sure of 1 min bar for 36 h. The sub-fractions 
were analyzed by SDS-PAGE 12% to deter-
mine the molecular weight of the components. 
 
Exposing tachyzoite to the most effective 
concentration of fraction after HPLC 

Tachyzoites were exposed to the concentra-
tions of 100, 80, and 60 μg related to the 
peaks obtained by HPLC from fractions with 
the maximum ability for removing parasites 
obtained by gel filtration chromatography, and 
tachyzoite viability was evaluated at 0, 30, and 
120 min through direct counting by using a 
hemocytometer slide and trypan blue dye un-
der an optical microscope. The antiparasitic 
activity of the sub-fraction was measured by 
the MTT method with the viability of the 
tachyzoite of RH strain T. gondii in Vero cells.  

The experimental protocol applied in this 
research was approved by the Ethics Commit-
tee of Shahid Chamran University of Ahvaz 
(Permit number: EE/97.24.3.49892/ 
SCU.ac.ir). 
 
Statistical analysis 

The difference in the means of control and 
treatment groups was assessed in SPSS 
16(Chicago, IL, USA). The Shapiro-Wilk test 
was first applied to ensure that the observa-
tions followed a normal distribution and the 
data were analyzed by using two-way ANOVA, 

LSD, and Dunnettʼs tests. The statistical 
judgment was based on the difference of 
P<0.05. The diagrams were provided based on 
the mean of data by using GraphPad Prism 8. 
 

Results 
 
Fraction analysis of H. lepturus venom by 
gel filtration chromatography 

Five peaks were considered in Fig. 1, each 
separately used to determine protein concen-
tration via the Bradford method. 

 

 
 

Fig.1: Gel filtration chromatogram of Hemiscorpius lepturus crude venom. 

 
As shown in Table 1, four fractions among 

the five isolated ones contained protein, and 
their protein concentration was determined 
via the Bradford method. Each fraction was 
separately applied for the following experi-
ments. Based on Fig. 2, the bands of fraction 

2 appear from 250 to 10 kDa, and two bands 
at 41 and 30 kDa are related to fraction 3. The 
gel obtained by electrophoresis of the frac-
tions indicated that the bands of fraction 4 
were emerged in the weight range of 30, 18, 
and 10 kDa, while those of fraction 5 ap-
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peared below 10 kDa. To achieve the concen-
trations of protein (100, 80, and 60 µg pro-
tein/mg lyophilized fraction), based on the 
protein concentration in the extracted frac-

tions per microgram (Table 1), the amount of 
dried fraction according to Table 2 after 
measurement was dissolved in PBS and used 
for test (μg/µl PBS). 

 
Table 1: Protein concentration of fractions of Hemiscorpius lepturus venom by Gel filtration chromatog-

raphy 
 

Fractions Fraction 2 Fraction 3 Fraction 4 Fraction 5 
Protein concentra-
tion (μg / mg of 
dried fraction) 

808 760 570 308 

 
Table 2: The amount of dried fraction of scorpion venom used to obtain the protein concentration (μg/µl 

PBS) 
 

Fractions Protein concentra-
tion 

 60 80 100 

0.74 0.99 1.23 F2 
0.79 1.05 1.31 F3 
1.05 1.40 1.75 F4 
1.94 2.59 3.24 F5 
0.74 0.99 1.23 F2 

 

 
 

Fig.2: SDS-PAGE of fractions of H. lepturus venom obtained of chromatographic columns. 

 
Evaluation of tachyzoite viability by try-
pan blue staining test 

The tachyzoite viability exposed to different 
concentrations of venom fraction (100, 80, 
and 60 µg protein/mg lyophilized fraction) at 
different times of 0, 30, and 120 min meas-
ured by trypan blue staining were evaluated. All the fractions played a role in eliminating the tachyzoites of T. gondii. Thus, the percentage of the viability of tachyzoites exposed to these fractions significantly decreased compared to that of the control group (P<0.05). Based on the assessment of the concentrations used for each fraction, no 
significant difference was observed between 
the concentrations of 80 and 100 μg, while the 

results related to the concentrations of 60 and 
100 μg significantly differed (P<0.05). As for 
the effect of the performance of various frac-
tions at different times, an insignificant differ-
ence was observed between the times of 0 and 
30 min. Additionally, the performance of frac-
tions on tachyzoite viability at 120 min was 
significantly different from that of 0 min 
(P<0.05). 
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Evaluation of tachyzoite viability by MTT 
assay  

The effect of different concentrations of 
fractions (100, 80, and 60 µg protein/mg ly-
ophilized fraction) on tachyzoite viability sig-
nificantly decreased compared to that of the 
control group (P<0.05). Further, the effect of 
all concentrations of fraction 5 on tachyzoite 
was similar to that of the effective drug, repre-
senting their identical effect. No significant 

difference was observed between the concen-
trations used for each fraction, by indicating 
the effect of time on this assessment. 
 
Cytotoxicity effect of fractions of venom 
by MTT assay  

The MTT test was conducted to survey the 
viability of the cells exposed to fractions of He. 
lepturus venom at the concentrations of (100, 
80, and 60 µg protein/mg lyophilized fraction) 
(Fig. 3). 

 

C
on

tr
ol

F
2-

10
0

F
2-

80

F
2-

60

F
3-

10
0

F
3-

80

F
3-

60

F
4-

10
0

F
4-

80

F
4-

60

F
5-

10
0

F
5-

80

F
5-

60

0

50

100

150

Concentration

%
C

e
ll

s 
V

ia
b

il
it

y

F2

F3

F4

F5

 
 

Fig.3: Effect of different fractions on Vero cell viability by MTT test 

 
No significant difference was observed be-

tween fraction 5 and the control group regard-
ing the challenge of Vero cell viability, where-
as the other fractions significantly differed 
from the control group; all fractions except 
for fraction 5 reduced cell growth. Additional-
ly, the percentage of the viability of the cells 
affected by all concentrations of fractions 2-4 
was <50%, whereas different concentrations 
of fraction 5 acted similarly to the control 
group, and the percentage of cell viability was 
reported to be >50%. 

 
High-performance liquid chromatography 
(HPLC) of fraction 5 

After determining the most effective frac-
tion on tachyzoites based on the tests per-
formed, fraction 5 was used to prepare the 
sub-fraction with HPLC assay (Fig. 4). Two 
peaks appeared at different times by injecting 
fraction 5; the percentage of the first peak was 
33.91% and 66.08% at 1-2 and 3-4 min, re-
spectively. The protein components of the 
toxic peaks of sub-fraction5 were analyzed by 
SDS-PAGE electrophoresis. Both peaks pos-
sessed a molecular weight of <10 kDa. Addi-
tionally, the weight range of the bands of the 
first and second peaks was <10 kDa (Fig. 5). 
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Fig.4: Peaks obtained from fraction 5 by using HPLC assay 

 
 

 
 

Fig.5: SDS-PAGE of toxic protein peaks from HPLC of fraction 5 

 
Effect of sub-fraction 5 on tachyzoite via-
bility by trypan blue staining 

The peaks obtained from fraction 5 at all 
times significantly differed from the control 
group (P<0.05), although no significant differ-
ence was observed between the concentra-
tions of 100 and 80 μg (P>0.05). In this as-
sessment, the second peak acted better com-
pared to the first one at all concentrations and 

times and represented a stronger inhibitory 
effect on tachyzoite viability. 
 
Effect of sub-fraction 5 on tachyzoite via-
bility via MTT assay 

The MTT test was applied to assess tachyzo-
ite viability by the peaks obtained from frac-
tion 5 (Fig. 6). 
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Fig.6: Effect of the peaks obtained from fraction 5 on tachyzoite viability through MTT assay 

 
A significant difference was observed be-

tween the peaks obtained from fraction 5 and 
the control group, representing the effect of 
peaks on tachyzoites. Further, the concentra-
tions of 100 and 60 μg were significantly dif-
ferent by considering the concentrations 
(P<0.05). Regarding the challenge of tachyzo-
ite viability, the second peak influenced the 

removal more at all concentrations compared 
to the first one. Additionally, the percentage 
of the viability of the tachyzoite affected by 
the second peak was less at the concentration 
of 100 μg than at 50%, indicating that this 
peak at this concentration possessed the max-
imum effect in decreasing viability (Fig. 7). 

 

 
Fig.7: Tachyzoites of Toxoplasma gondii (A), effect of the second peak obtained from fraction 5 with the con-

centration of 80(B), and 100μg(C) 

 
Cytotoxicity effect of sub-fraction 5 by 
MTT assay  

The effect of the most effective peak ob-
tained from fraction 5 on Vero cells, showed 
that insignificant difference between the sec-

ond peak obtained from fraction 5 on Vero 
cell viability at the concentrations of 100, 80, 
and 60 μg, and in the control group. 
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Discussion  
 

Scorpion venoms contain polypeptides and 
enzymes that specifically affect ion channels, 
enzymatic activities, and antimicrobial func-
tion (11). In recent decades, scorpion venom 
peptides have been isolated and purified. Pep-
tides with ion channels pharmacological action 
are classified into two main types: a-toxins 

with Na-channel inactivation, and b-toxins 
that affect and open the channels’ negative 
potentials (12). A-toxins depolarize the cell 
membrane and induce paralysis and cardiac 
arrhythmia while prolonging the action poten-
tial of excitable cells (13). Furthermore, anti-
bacterial peptides remove pathogens by dis-
turbing cell membranes (14). The other com-
ponents of scorpion venoms are non-
disulfide-bridged peptides (NDBPs) that in-
teract with the negatively charged lipid of bio-
logical membranes. Many NDBPs peptides are 
cationic and have antibacterial, antifungal, cy-
tolytic, antiviral, antimalarial, anticancer, brad-
ykinin-potentiating, and immuno-modulating 
effects. Some NDBPs peptides of the scorpi-
on venom display antimicrobial activities, so 
they can be considered as AMPs (15). AMPs 
display antibacterial activity, can inhibit the 
growth of both Gram-positive and Gram-
negative bacteria, possess antifungal, antima-
larial peptides, antiviral activity (AVP) (16-18).  

The present study assessed the effect of dif-
ferent fractions of He. lepturus scorpion venom 
on the tachyzoite of T. gondii. The maximum 
effect on tachyzoite was observed in fraction 5 
with a concentration of 100 μg after 120 min 
among the five fractions obtained from gel 
filtration chromatography. Additionally, the 
effect of fraction 5 on tachyzoite was similar 
in the MTT method, while the effect on the 
cell line was minimal, unlike other fractions. 
HPLC was conducted to further purify frac-
tion 5 with maximum effect on tachyzoites. 
Two peaks at different times appeared by in-
jecting this fraction, and the concentration of 
100 µg of peak 2 had the best effect on the 

removal of T. gondii. As for the molecular 
weight of fractions, the weight range of frac-
tion 5 purified through gel filtration chroma-
tography and the peaks obtained from this 
fraction through HPLC was <10 kDa, which 
is consistent with the results of other studies. 

 Treating parasitic diseases by using scorpion 
venom has attracted the attention of many 
researchers. Perumal et al. (2017) found the 
antimalarial and anti-Trypanosoma activity of 
the venom of some scorpions (11). Based on 
the experiments, the peptides of HgeD and 
Hge36 derived from Hadrurus gertschi scorpion 
venom decrease the viability of Taenia crassiceps 
Cysticercus, and Entamoeba histolytica trophozo-
ites. HgeD affects E. histolytica more than met-
ronidazole, and their lethal effect on human 
lymphocytes is negligible (19). Thus, it can be 
a good alternative to anti-parasitic drugs. The 
Mesobuthus eupeus scorpion venom contains 
two linear cationic peptides named mucin 24 
and mucin 25, which result in anti-P. falciparum 
activity without damaging human cells and 
prevent the growth of the ookinete stage of P. 
berghei. The anti-parasitic potency of these two 
peptides is higher compared to that of Shiva-3, 
the Gambicin existing in Anopheles gambiae, and 
the antimicrobial peptides isolated from the 
hemocyte of spider Acanthoscurria gomesiana 
(20). Moreover, the venom of some scorpions 
exerts toxic effects on the larvae of Ancylosto-
ma caninum and cercaria of Schistosoma mansoni 
(21, 22). Jafari et al. assessed the lethal effect 
of Echinococcus granulosus protoscoleces by using 
Mesobuthus eupeus scorpion venom for the first 
time. The fraction derived from this venom 
has scolicidal activity in 30 min. Moreover, the 
molecular weight of this fraction was reported 
to be <10 kDa, which can confirm the as-
sessment performed in the present study (23). 
The effect of Tityus discrepans scorpion venom 
on Leishmania mexicana promastigotes showed 
a decreased growth in culture media. These 
promastigotes with the concentration of 35 
mg/ml were incubated for 15 min and as-
sessed under the optical microscope. They lost 
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their elongated shape and became completely 
round and vacuolated, and the movement of 
their flagellum was disturbed (24). Hadrurin is 
the anti-microorganism peptide of scorpion 
venom after scorpine B regarded as the first 
anti-microbial peptide with a spiral structure 
(25). The analogue of scorpine B named Shi-
va-3 prepared by chemical synthesis can inter-
fere with P. berghei sporogonia. Other studies 
found a peptide from the venom of the scor-
pion Pandinus imperator, whose antimalarial ef-
fect was stronger compared to that of Shiva-3, 
while also possessing antimicrobial activity 
(26). The peptide of imbratoxin derived from 
the venom of the scorpion P. imperator pre-
vents the intra-erythrocyte growth of P. falcipa-
rum through phospholipase A2 activity. These 
peptides probably react with the lipids existing 
in the membrane or plasma free fatty acids in 
infected erythrocytes and thus eliminate infec-
tion by producing lipid products such as per-
oxide. The low concentrations of imbratoxine 
I completely inhibit the formation of ookinete 
and reproduction in vitro (9). Moreover, the 
peptide of scorpine with the weight of 8.35 
kDa derived from the venom of this scorpion 
prevents the reproduction and formation of P. 
berghei ookinete (27). The peptide of nox-
iustoxin derived from C. noxius scorpion ven-
om possesses inhibitory effects on P. berghei. 
Additionally, the venom of the scorpion C. 
sculpturatus belonging to Buthidae family is ef-
fective on free-living non-pathogenic protozoa 
such as Euglena gracilis and Paramecium aurelia 
(28). 

 
Conclusion 
 

Proteins with a molecular weight of less than 
10 kDa in He. lepturus venom factions exert 
anti-parasitic effects against the tachyzoite of 
T. gondii, was observed in Trypan Blue and 
MTT methods. The results of basic research 
in this field after identifying the structure of 
venom proteins can be used for pharmaceuti-
cal research. The presence of proteins with 

anti-parasitic properties in various scorpion 
venoms has been proven which can be im-
portant for researchers as a new approach to 
the control of infection.  
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