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Background: The venoms of some scorpions are rich in bioactive components that may be used in 
the development and discovery of new antibacterial drugs. The venoms have many components, such 
as neurotoxins, salts, proteins and peptides with therapeutic properties, and can rapidly eliminate a 
broad range of bacteria. This study evaluated the anti-bacterial activity of Odontobuthus bidentatus’ 
crude venom against typical Gram-positive and negative bacteria, such as Staphylococcus aureus, 
Bacillus subtilis, and Escherichia coli.

Methods: The antibacterial effects of the crude venom were evaluated using Minimal Inhibitory 
Concentration (MIC) and MTT assays and its IC50 value was determined, using GraphPad software. 

Results: The crude venom significantly inhibited the growth of both Gram-positive and negative 
bacteria. Also the MTT results showed that the crude venom significantly reduced the viability of E. 
Coli, S. Aureus, and B. Subtilis bacteria compared with that for the controls. The IC50 values of the 
venom for E.coli, S.aureus, and B.subtilis were 30.19, 17.64, and 24.13 µM, respectively. 

Conclusion: The findings suggest that the venom of O. bidentatus scorpion has antibacterial 
properties. Also, our results offer preliminary clues toward the development of new antibacterial 
agents and new drugs with high therapeutic potentials for use in animals and humans.
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Introduction

n modern times, new antibiotic-resistant bac-
teria have continued to emerge, increasingly 
posing threats to the public health [1, 2]. Now-
adays, various multi-drug resistant strains of 
pathogenic bacteria have evolved, including 

Staphylococcus aureus, Salmonella species, pathogenic 
Shigella species, etc [3, 4]. Therefore, new antibiotic 

formulations are required to fight against the bacteria 
that are resistant to conventional antibiotics [5]. 

Venom components from various organisms, such as 
snakes [6, 7], scorpions [8, 9] and spiders [10, 11] have 
potential antimicrobial properties. Scorpions, poisonous 
arthropods, belong to Arthropoda phylum, Arachnida 
class and Scorpions order that are categorized into 16 
families and 1500 species and subspecies worldwide 
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[12]. The scorpion venom contains active components, 
such as hyaluronidase, mucopolysaccharides, serotonin, 
phospholipase, histamine, enzyme inhibitors and neuro-
toxins [13]. Small peptides, rich in cysteine and alkaline 
amino acids, are present in the scorpion venom that af-
fect K+, Na+, Ca2+ and Cl- ion channels and have cyto-
toxic properties against cells [14].

Odontobuthus bidentatus (O. bidentatus) is a member 
of the Botheida family and the Odontobuthus genus can 
be found in six Iranian provinces (Khuzestan, Kerman, 
Bushehr, Fars, Ilam and Hormozgan) and in the Iraqis 
province of Baghdad [15]. The anti-cancerous activity 
of the venom of this scorpion in currently under inves-
tigation [16, under review). However, no investigation 
is available on the antibacterial activity of this venom. 
We extracted and investigated the antibacterial property 
of the venom from the Iranian scorpion O. bidentatus 
on three bacterial strains. They consisted of one Gram 
negative, i.e., E. coli, and two Gram positive bacteria, 
Staphylococcus aureus and Bacillus subtilis.

Materials and Methods

Preparation of scorpion venom: The scorpions O. 
bidentatus were collected from Khuzestan and Hor-
mozgan provinces in Iran, and the venom was extracted 
by electrical stimulation from the telson. This structure 
is situated at the end of the scorpion’s tail and con-
tains the venom glands and a sharp, curved stinger. The 
venomous mixture was centrifuged at 8000 g for 15 min 
at 4° C, and the supernatant was lyophilized and stored 
at -20° C for further experiments. In order to prepare the 
venom solution, the lyophilized powder was dissolved in 
a medium, and the protein concentration was determined 
by the Bradford method [17]. The scorpions were kept 
individually in glass containers under recommended lab-
oratory conditions, fed live house flies and flour beetle 
larvae based on a standard protocol.

Gram-positive and Gram-negative bacterial strains: 
Reference bacterial strains, Staphylococcus aureus (ATCC 
6538), Escherichia coli (ATCC 25922), and Bacillus sub-
tilis (ATCC 19659) were obtained from Iranian Biological 
Resource Center (Tehran, Iran) and were maintained on nu-
trient agar slants (Oxoid, Hampshire, UK) at 4° C.

Determination of minimal inhibitory concentra-
tion: The bacteria were cultured in Muller Hinton broth 
(Sigma Aldrich; St. Louis, MO, USA) at 37° C. The bac-
teria (5×105 CFU/mL) were incubated in 96-well micro-
plate at varying concentrations of O. bidentatus crude 
venom (serial dilutions of 100 µg/ml of crude venom) 

in a final volume of 100 µL/well. Tetracycline antibi-
otic (50 μg/mL) and bacterial suspension were used as 
positive and negative controls, respectively. The micro-
plates were incubated at 37° C and after 16 h, the Optic 
Density (OD) was measured at 620 nm, using a BioRad 
micoplate reader (Philadelphia, PA, USA). The minimal 
inhibitory concentration (MIC) is the lowest concentra-
tion of antimicrobial agents that causes 100% inhibition 
of the growth of the bacteria. The results were reported 
as means of three independent experiments. MIC was 
calculated using formula 1: 

1. MIC=(1- )×100OD sample-OD blank
OD negative control- OD blank

Determination of cellular viability: The colorimetric 
assay of 3-(4,5-Dimethyl thiazol-2-yl)-2,5-diphenyl tet-
razolium bromide (MTT) was used to assess the cellular 
viability. Similarly to the MIC assay, 5 μl of MTT dye 
(5 mg/mL) was added to each well after 16 h and the 
plate was incubated in dark at 37° C for 1 h. Then, 100 
μl DMSO was added to each well and incubated in dark 
for another 2 h, and the absorbance was read at 595 nm. 
Also, the IC50 of the venom was determined using the 
Graphpad Prism software, v. 8. The assay was repeated 
in triplicate for each concentration and the cell viability 
was determined, using formula 2:

2. Viability= ×100OD sample-OD blank 
OD negative control- OD blank

Statistical analysis: The MTT and MIC assays were 
performed in triplicate and the results reported as 
Mean±SD. The data were analyzed using Graphpad 
Prism 8 Software (La Jolla, CA, USA). The venom’s 
activity at various concentrations was compared to 
that of the control group, using one-way ANOVA and 
Tukey’s tests.

Results

MIC assay: The O. bidentatus crude venom signifi-
cantly inhibited the growth of both Gram-positive (S. au-
reus & B. subtilis) and Gram-negative (E. coli) bacteria. 
As seen in Figure 1, the MIC results indicated that the 
growth rates of the three bacteria were inhibited dose-de-
pendently when treated with the venom at a range of con-
centrations from 6.25 µg/mL to 100 µg/mL (P<0.0001).

MTT assay: As seen in Figure 2, the crude venom 
significantly reduced the viability rates of E. coli, S. au-
reus, and B. subtilis bacteria in a dose dependent man-
ner compared to that noted for the negative controls. The 
results also demonstrated that the venom significantly 
decreased the viability rates of both E. coli and S. aureus 
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bacteria, respectively, at the concentrations of 6.25 µg/
mL to 100 µg/mL and 3.125 µg/mL to 100 µg/mL (Fig-
ures 2A & 2B).

A comparable inhibition of the viability of B. subtilis 
required 12.5 µg/mL to 100 µg/mL of the venom (Fig-
ure 2C). The results indicated that the IC50 values for E. 
coli, S. aureus, and B. subtilis were 30.19, 17.64, and 
24.13µM, respectively (Figures 2D, 2E & 2F).

Discussion

Scorpions are known to use their venom to disinfect 
themselves from bacteria and fungi [9]. Various studies 
have shown that scorpion venom contains active com-
ponents with antimicrobial activity [18, 19]. The present 
study provides evidence that the crude venom extracted 
from O. bidentatus has antibacterial effects on all the 
three Gram-positive and Gram-negative bacteria tested. 
The data from the MIC analysis showed that the crude 
venom has a significant inhibitory effect on the three 
bacterial at almost all concentrations used. The results 

Figure 1. A. MIC assay for E. coli; B. S. aureus; and C. B. subtilis; treated with the crude venom at the concentrations of 3.1 to 
100 µg/mL

ns: non significant; **: P<0.01; ***: P<0.001; ****: P<0.0001)

Figure 2. MTT and IC50 results of the crude venom on E. coli, S.aureus, and B. subtilis

ns=non significant; *=P<0.05; **=P<0.01; ***=P<0.001; ****=P<0.0001).
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of MTT assay also confirmed the MIC results. Accord-
ing to the MTT results, the lowest IC50 of the venom was 
observed for S.aureus at 17.64 µM concentration.

As suggested by structure–function experiments, cat-
ionic peptides are active mostly against Gram-negative 
bacteria while hydrophobic peptides significantly inhibit 
Gram-positive bacteria [20, 21]. Interestingly, it appears 
that the venom of O. bidentatus contains both cationic 
and hydrophobic peptides, inhibiting both Gram-nega-
tive and Gram-positive strains. The antibacterial activity 
of some scorpions’ venoms has been investigated pre-
viously [22]. Ahmed et al. investigated the antibacterial 
activity of the crude venom of H. xanthopus scorpion on 
B. subtilis, S. typhimurium, E. faecalis and P. aeruginosa. 
They found that the venom inhibited the growth of all 
bacteria strains efficiently [22].

Erdes et al. studied the antimicrobial activity of the 
crude venom from Leiurus abdullahbayrami scorpion 
(Buthidae family) on Gram-negative (E. coli, E. aero-
genes and P. aeruginosa) and Gram-positive (L. mono-
cytogenes) bacteria. They also investigated the effects 
of the venom against two fungal species (C. krusei and 
C. albicans). The results showed that the antimicrobial 
effect was stronger against Gram-negative than Gram-
positive bacteria [23].

Samy et al. investigated the antibacterial activity of 
venoms from snake, scorpions (Buthotus hottenota and 
Buthus martensii Karsch) and bees [6]. They showed 
that the scorpion venoms significantly inhibited the 
growth of S. Aureus, Proteus mirabilis, Proteus vulgaris, 
Enterobacter aerogenes, Pseudomonas aeruginosa and 
E. Coli bacteria [6]. Salama and Geasa studied the anti-
microbial activity of venoms from three Egyptian scor-
pions (Leuirus quinquestriatus, Androctonus amoreuxi 
and Androctonus australis) [24]. In their study, the 
antimicrobial activities of these venoms against four 
Gram-positive and Gram-negative bacteria (Bacillus 
cereus, Bacillus subtillis, Citrobacter freundi and Klib-
sella pneumonia) were evaluated. They showed that L. 
quinquestriatus venom had a significant antibacterial ef-
fect against B. subtillis and C. freundi. In contrast, A. 
amoreuxi and A. australis venoms did not have a notice-
able effect on the tested bacteria [24].

Our study demonstrated for the first time the poten-
tial activity of the venom from O. bidentatus scorpion 
against the three bacterial strains. To this date, no other 
study has been conducted on the antibacterial activity of 
this venom. The findings of this study may be useful in 

future investigations to uncover the antibacterial mecha-
nisms of O. bidentatus venom.

Limitations 

This study focused on the antibacterial effects of the 
whole venom of O. bidentatus scorpion. In future stud-
ies, we recommend that the venom’s fractions be in-
vestigated to explore the most effective antibacterial 
component(s). 

Conclusions

The findings suggest that the venom of O. bidentatus 
scorpion has antibacterial properties against S. Aureus, 
B. subtilis and E. Coli. Also, our results offer prelimi-
nary clues toward the development of new antibacterial 
drugs and agents with high therapeutic potentials for 
use in animals and humans. The findings may provide 
a foundation for future investigations on the putative an-
timicrobial properties of similar toxins and will expand 
our toxicology knowledge applicable to the design and 
development of new agents generated from them.
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