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Abstract
Scorpion venom toxicity is of major concern due to its influence on human activities and
public health. We investigated the in-vitro process of cell death caused by two Iranian scorpions
Odontobuthus doriae and Bothutus salceyi venom on human cell lines. The aim of this study
was to provide further information about triggering cell death and suggestion of methods for
the elimination of unwanted cells such as tumor cells.
The cytotoxicity and apoptosis induced by effect of scorpion venoms on five established
eukaryotic cell lines are analyzed on different human cell lines. All cultured cell lines were
incubated with varying doses of scorpion venom for 24 h at 37°C. Control culture was
treated with an equal amount of SFM. The percentage of cell survival was measured using
the 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium (MTT) colorimetric assay. Our data
demonstrated that Bothutus saulcyi, does not show cytotoxic effect on any of the used cell
lines. Odontobuthus doriae, however, has resulted a dose dependent cytotoxic effect with
maximum at 1 ug/mL on 1321N1 glioma like cell line. Then the cytotoxic venom of O. doriae
was fractionated using Sephadex G50 gel chromatography. The toxic fractions on mouse used
to Cytotoxicity assay on 1321 N1 cell line and data demonstrated that, the fraction F3 showed
a dose dependent Cytotoxicity assay. Further studies to explode the mode of action of these
venoms are recommended and purification of the toxic fraction should be done.
Keywords: Scorpion; Odontobuthus doriae; Bothutus saulcyi; 1321N1.

Introduction
Among the venomous animals are the
scorpions. During about 400 millions years,
they have successfully developed a large
* Corresponding author:
E-mail: fshirazi@yahoo.com

variety of bioactive peptides (1). Scorpions
are widely spread around the world. There
are about 1500 species of scorpions (2) from
which approximately 25 species are dangerous
to humans (3) especially for children and
elderly (4). Thus, envenomation by scorpion
remains a serious health problem especially
in tropical countries (5). The Iranian scorpion
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out to investigate on the cytotoxicity of these
venoms on five different human cell lines.

fauna consists of over 44 named species from
23 genera in two families of Buthidae and
Scorpionidae. In Iran, the same as other parts
of the world, there are a few known species of
scorpions responsible for severe envenoming.
Of these, at least seven species have been
implicated in envenoming of human which
considered important medically (6). Among
the most dangerous scorpions of Iran are those
that belong to the family of Buthidae, such
as Odontobuthus and Buthus (7). Most of the
scorpion toxins have been isolated from the
venoms of scorpions in the family Buthidae.
The scorpion Buthotus saulcyi belonging to the
Buthidae family is widely founded in the western
region of Iran, but no published articles has been
found to date on its venoms cytotoxicity effect
(8). The genus Odontobuthus has three species:
bidentatus, doriae and odonturus. Specifically,
Odontobuthus doriae, the yellow scorpion,
can be found in the central and southern parts
of Iran. Its sting can cause various effects
ranging from local pain, inflammation and
necrosis to muscle paralysis, which might be
deadly for children (9, 10). Scorpion venoms
are composed of a variety of biologically
active components such as enzymes, peptides,
nucleotides, lipids, mucoproteins, biogenic
amines and other unknown substances (11).
The best studied group of scorpion venom
components comprises the neurotoxins with
polypeptides that recognize ion channels and
receptors in excitable membranes (12).
The biological effects of scorpion stings
are mainly due to the presence of lowmolecular-weight proteins in the venom that
exert powerful effects on excitable cells (9).
Although the main effects of scorpion venom
are likely to be due to toxins that affect the
opening of ion channels in nerve and muscles,
the mechanism by which the venom from
the Iranian yellow scorpion O. doriae causes
its neuromuscular effects in-vitro is not fully
understood (9). Membrane channel blockers
are known to control certain cellular behavior
in the metastatic cascade (13) and also play
a key role in cellular mitogenesis (14). This
hypothesis may arouse the curiosity to study
the antiproliferative and cytotoxic potentiality
of scorpion venom (15). This study was carried

Experimental
Venom preparation: the freeze dried venom
was dissolved in distilled water and placed
in dialysis bag and dialyzed against distilled
water at 4 °C for 48 h. The venom solution
was then centrifuged at 15000 rpm for 15 min
and supernatant was collected for experiments.
Protein concentration determination: Protein
concentration was assayed in triplicate
according to Bradford (1976) as modified by
BioRad Inc., using bovine gamma globulin
as a standard. Enzyme specific activities and
all other analyses were based on these protein
concentrations. Standard curve was drawn using
bovine serum albumin (BSA) for any new plate
or assay. Cell lines: Five different human cell
lines have been used in this investigation. The
HEK293 cell line that is derived from human
embryo kidney and is transformed with sheared
human Ad5 DNA which is sensitive to human
adenoviruses and adenovirus DNA, OV2008
(Ovarian cell line), 1321N1 (Glial-like cell
line derived from a human brain astrocytoma),
HEPG2 (derived from liver tissue of a 15-yearold Caucasian male), and A549 (established
from an explanted lung tumor which was
removed from a 58-year-old Caucasian man
in 1972). All cells were propagated in EMEM
(HEPG2, OV2008 and HEK293) or DMEM
(1321N1 and A549) medium (Sigma, St.
Louis, MO, USA) supplemented with 10%
fetal bovine serum (FBS), 2mM L-glutamine,
and the antibiotics penicillin (10,000 units/L)
and streptomycin (100 mg/L). The cell lines
were incubated in flasks as monolayers and
cultured at 37°C with 5% CO2 in a fully
humidified atmosphere. Cytotoxicity assay:
For the purpose of examining the effects of
scorpion venoms on cell growth, a colorimetric
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) assay was used.
This assay is based on the cellular conversion
of a tetrazolium salt (MTT) into a formazan
product that is easily detected using a 96-well
plate reader. Venoms were initially diluted in
PBS and then serial dilutions were prepared
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(mcg/mL)
Figure 1. Calibration curve for protein concentration of solved venom in culture medium (Red spot is for O.Doriae and Green spot is
for B.Saucyi).

using serum free cell culture medium in 96well microtiter plates (Costar). Cells (1.5 ×
104 to 0.5 × 105 cells well) were added into
wells containing various concentrations
of venoms (0.125, 0.25, 0.5, 0.75,1, 5, 10
µg/mL), and grown for 24 h. At 24 h, cell
culture medium in each well was replaced with
200 µL of medium containing 0.5 mg/mL MTT,
followed by incubation at 37°C for 3 h. DMSO
was added into each well and the optical density
at 570 as the base and 650 nm as the test was
measured by a microplate reader (Bio-Rad
550). In each experiment, six wells were used,
and experiments were repeated three times.
50 ug/mL of Cisplatin was used as a cytotoxic
agent for control group.
Fractionation Procedure: 500 mg of the
crude venom of O. doriae, was dissolved in 10
mL of 0.1 M ammonium acetate in water (pH
8.6). The solution was centrifuged for 30 min in
5000 rpm and the non soluble part removed and
fractionation carried out with clarified sample
in Sephadex G50 column (210 × 3.5 cm) in
room temperature. Flow rate was 1 mL/min.
Absorbance was measured at 280 nm and the
content of tubes of each curve was mixed. The
fractions were dialyzed in 1500 D cut off for
24 h and lyophilized at -50°C. Protein content
determined as described above. Lethality tests
and LD50 determination in mice: The mice

(white, of both sexes, weighing 20 g) used in
this research were treated in compliance with
the US Public Health Service policy on human
care and the use of animals. The mouse lethality
of various protein fractions was measured using
Muench and Reed method after IV injections to
mice.
Toxic fractions were determined and used
for Cytotoxicity assay on 1321N1 cell line.
Statistical Analaysis: GraphPad Prism 3.02
version software was used for statistical analysis.
One-way ANOVA and Newman-Keuls Multiple
Comparison Test were used for analyzing of
data.
Result and Discussion
The dried scorpion whole body has been
widely used in traditional Chinese medicine
based on the Chinese herbalism ‘combat poison
with poison’. Even at the present time, it is still
used as a drug to treat neurological symptoms
such as painful headaches, convulsion, seizures,
swellings and paralysis (15).
The present study was conducted to evaluate
the antiproliferative activity of O. doriae and
B. saulcyi venoms on human cell lines. The
antiproliferative and cytotoxic effect of venoms
were supported by cell count using MTT assay.
At longer time points, 48 h, the antiproliferative
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conc.

% survival

SD

0

100

0.044

0.125

98.83

0.0207

0.25

93.333

0.0266

0.5

103.08

0.0296

0.75

98.434

0.0477

1

100.581

0.0231

10

92.539

0.0146

cis

14.15

0.00737

(mcg/mL)

Figure 2. Cytotoxic effect of B.Saulcyi on HEK293 cell.

effect was reduced (unpublished data), which
might be due to venom denaturation by the
presence of temperature in aqueous solutions.
That is why a 24 h exposure was used to
determine the cytotoxicity of venom in most of
experiments.
The
Bradford
Protein
concentration
determination showed that absorption of the
sample was 0.36. It means that the concentration
of the sample was 9 ug/mL. this data was used as
standard for the next steps (Figure 1).
Although HEK cell line is very much
sensitive to the cytotoxic agents as is shown for
cisplatin in our study, but seems to be very much
resistant to either venoms. In case of B. saulcyi
venom, a kind of resistance to the cytotxicity

effect is apparent for the HEK cell line (Figure
2). In fact, except for a minor and not significant
decrease in cell number after exposure to 0.25
ug/mL of venom, no significantly reduction in
cell population is shown after exposure to B.
saulcyi venom. This cell line was not sensitive to
O. doriae either. There is no significant reduction
in HEK cell count in the presence of different
doses of O. doriae venom (Figure 3).
Three other cell lines, OV2008, A549 and
HepG2, look very much the same after 24 h invitro exposure to these venoms. The OV2008
cell line was not sensitive to either O. doriae or
B. saulcyi venoms, with no significant difference
between control group and groups that exposed
to different doses of venom (Figures 4 and 5).

conc.

% survival

SD

0

100

0.0286

0.125

94.293

0.00929

0.25

94.317

0.0384

0.5

86.115

0.2482

0.75

86.618

0.0196

1

85.89

0.0204

10

87.626

0.0186

cis

16.619

0.0103

(mcg/mL)

Figure 3. Cytotoxic effect of O.Doriae on HEK293 cell.
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conc.

% survival

SD

0

100

0.1624

0.25

99.161

0.271

0.5

99.612

0.272

0.75

92.655

0.195

1

96.54

0.291

10

111.333

0.204

cis

7.681

0.029

(mcg/mL)

Figure 4. Cytotoxic effect of B.Saulcyi on OV2008 cell line.

A549 cell line has neither shown any sensitivity
to O. doriae or B. saulcyi after in-vitro exposure
(Figures 6 and 7). The same story is truth for the
HepG2 cell line (Figures 8 and 9) in spite of its
sensitivity to the cytotoxic agent of cisplatin.
The 1321N1 cell line did not show sensitivity
to B. saulcyi venom (Figure 10) but it was,
sensitive to O. doriae. Among the different doses
tested at different cell lines 1 ug/mL venom of O.
doria at 24 h was found to produce a marked
inhibition on the 1321N1 proliferation with a p
value of < 0.001 (Figure 11).
The hallmark of carcinogenesis is
uncontrolled cellular growth and proliferation.
In normal cells, cell proliferation and DNA
replication is monitored by cell cycle check

points and apoptosis. We found that from five
different cell lines in our Cytotoxicity assays,
the venom of O. doriae has only decreased the
absorbance of MTT dye on 1321N1 cell line.
Based on Cytotoxicity results that showed O.
doriae crude venom was toxic on 1321N1 cell
line, the venom was fractionated for determining
of the toxic fraction. Fractionation with Sephadex
G50 gel chromatography, isolated six fractions
of O. doriae crude venom. (Figure 12)
Lethality test showed that fractions F3, F4 and
F6 were toxic in mouse. (Table 1) these fractions
used for further Cytotoxicity assay on 1321N1
cell line. The Cytotoxicity result showed that
fractions F4 and F6 had no toxic effect on 1321N1
cell line (Figure 13 and 14) but fraction F3 was

conc.

% survival

SD

0

100

0.1118

0.25

98.3977

0.3698

0.5

93.685

0.3141

0.75

90.386

0.1617

1

95.117

0.1566

10

98.172

0.1919

cis

6.3147

0.0098

(mcg/mL)

Figure 5. Cytotoxic effect of O.Doriae on Ov2008 cell line.
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conc.

% survival

SD

0

100

0.055

0.25

96.452

0.03449

0.5

96.452

0.0257

0.75

95.9

0.02

1

87.419

0.0223

10

102.581

0.0272

cis

18.612

0.0088

conc.

% survival

SD

0

100

0.03197

0.125

95.608

0.02427

0.25

93.919

0.04429

0.5

89.865

0.04285

0.75

88.851

0.06833

1

86.824

0.05482

10

88.514

0.03311

cis

16.722

0.0084

% survival

SD

(mcg/mL)

Figure 6. Cytotoxic effect of B.Saulcyi on A549 cell line.

(mcg/mL)

Figure 7. Cytotoxic effect of O.Doriae on A549 cell line.

conc.
0

100

0.0829

0.125

86.152

0.0689

0.25

81.569

0.071

0.5

82.591

0.0483

0.75

81.108

0.06123

1

80.745

0.141

10

104.55

0.0927

cis

54.005

0.0228

(mcg/mL)

Figure 8. Cytotoxic effect of O.Doriae on HepG2 cell line.
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conc.

% survival

SD

0

100

0.0679

0.125

85.427

0.116

0.25

83.172

0.091

0.5

80.032

0.0691

0.75

80.395

0.0451

1

79.227

0.1451

10

77.509

0.0777

cis

50.52

0.0436

conc.

% survival

SD

0

100

0.3639

0.125

95.849

0.2689

0.25

94.362

0.3179

0.5

93.5

0.4404

0.75

88.62

0.3662

1

81.832

0.2406

10

83.712

0.0972

cis

15.74

0.1538

conc.

% survival

SD

0

100

0.4279

0.125

96.6747

0.336

0.25

75.75

0.2877

0.5

72.6683

0.2027

0.75

68.532

0.2802

1

57.34

0.1178

10

84.104

0.202

cis

15.698

0.0225

(mcg/mL)

Figure 9. Cytotoxic effect of B.Saulcyi on HepG2 cell line.

(mcg/mL)

Figure 10. Cytotoxic effect of B.Saulcyi on 1321N1 cell line.

(mcg/mL)

Figure 11. Cytotoxic effect of O.Doriae on 1321N1 cell line.
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Figure 12. absorption of different tubes gathered from G50 Sephadex gel filtration.

conc.

% survival

SD

0

100

0.183

0.1

92.472

0.131

0.2

85.284

0.024

0.5

108.75

0.142

1

111.108

0.042

10

132.528

0.034

cis

47.557

0.074

(mcg/mL)

Figure 13. Cytotoxic effect of fraction F4 on 1321N1 cell line.
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conc.

% survival

SD

0

100

0.055

0.1

89.4

0.06

0.2

97.45

0.9

0.5

101.966

0.149

1

110.261

0.079

10

115.576

0.153

cis

48.449

0.059

conc.

% survival

SD

0

100

0.237

0.1

82.349

0.222

0.2

58.225

0.088

0.5

86.026

0.092

1

102.108

0.167

10

117.063

0.148

cis

40.378

0.058

(mcg/mL)

Figure 14. Cytotoxic effect of fraction F6 on 1321N1 cell line.

(mcg/mL)

Figure 15. Cytotoxic effect of fraction F3 on 1321N1 cell line.

toxic on this cell line at 0.1 ug/mL (p < 0.001)
(Figure 15). Scorpion venom contains a vast
number of substances with different biomedical
and pharmacological activities. Biochemical
and pharmacological studies during the past
decades have resulted in numerous polypeptidyl
toxins isolation and characterization from crude
scorpion venom, including long chain toxins
with 60-76 amino acids which interact with Na+
channels (16), short-chain peptides with 28–42
amino acids which were deemed to be selective
for K+ channel blockers, and chlorotoxin, a 36
amino acid peptide, that specifically binds to
small conductance Cl channels (17). Up to now,
toxins isolated from O. doriae that are active

on voltage-gated Na channels and potassium
channels have been studied widely (18, 19) in
glioma cells. These channels play key roles in the
processes of glioma cell proliferation, swelling,
migration, invasion (20-22). Blockage of these
channels by this venom may therefore have a
negative influence on gliomas› proliferation.
Several groups have also hypothesized that
the movement of ions through ion channels
facilitate the growth and dissemination of
glioma cells (23-29). Glioma cells display an
up regulation of chloride, potassium, sodium,
and aquaporin channels which are not found in
normal astrocytes (30-36). These data suggest
that mislocalization of K channel proteins to
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and Harveyc AL. The effect of the venom of the yellow
Iranian scorpion Odontobuthus doriae on skeletal muscle
preparations in-vitro. Toxicon (2007) 50: 1019-1026
(10) Vatanpour H. Effects of black scorpion Androctonus
crasicuda venom on striated muscle preparation in-vitro.
Iranian J. Pharm. Res. (2003) 2: 17-22.
(11) Possani LD. Structure of scorpion toxins. In: Tu AT. (ed.)
Handbook of Natural Toxins. 2nd ed. Marcel Dekker, New
York (1984) 513-550.
(12) Possani LD, Becerril B, Delepierre M and Tytgat J.
Scorpion toxin specific for Na-channels. Eur. J. Biochem.
(1999) 264: 287-300.
(13) Laniado ME, Fraser SP and Djamgoz MB. Voltage gated
K+ channel activity in human prostrate cancer cell lines
of markedly differentmetastatic potential: distinguishing
characteristics of PC-3 and LNCaP cells. Prostrate
(2001) 46: 262-274.
(14) Gallagher JD, Fay MJ, North WG and McCann FV. Ionic
signals in T47D human breast cancer cells. Cell Signal
(1996) 8: 279-284.
(15) Wang WX and Ji YH. Scorpion venom induces glioma
cell apoptosis in-vivo and inhibits glioma tumor growth
in-vitro. J. Neurooncol. (2005) 73: 1-7.
(16) Ji YH, Wang WX, Wang Q and Huang YP. The binding
of BmK abT, a unique neurotoxin, to mammal brain and
insect Na+ channels using biosensor. Eur. J. Pharmacol.
(2002) 454: 25-30.
(17) DeBin JA, Maggio JE and Strichartz GR. Purification and
characterization of chlorotoxin, a chloride channel ligand
from the venom of the scorpion. Am. J. Physiol. (1993)
264: 361-369.
(18) Jalali A, Bosmans F, Amininasab M, Clynen E, Cuypers
E, Zare Mirakabadi A, Sarbolouki MN, Schoofs L,
Vatanpour H and Tytgat J. OD1, the first toxin isolated
from the venom of the scorpion Odontobuthus doriae
active on voltage-gated Na+ channels. FEBS Lett. (2005)
579: 4181-4186.
(19) Abdel-Mottaleb Y, Clynen E, Jalali A, Bosmans F,
Vatanpour H, Schoofs L and Tytgat J. The first potassium
channel toxin from the venom of the Iranian scorpion
Odontobuthus doriae . FEBS Lett. (2006) 580: 62546258.
(20) Basrai D, Kraft R, Bollensdorff C, Liebmann L, Benndorf
K and Patt S. BK channel blockers inhibit potassiuminduced proliferation of human astrocytoma cells.
Neuroreport. (2002) 13: 403-407.
(21) Bordey A, Sontheimer H and Trouslard J. Muscarinic
activation of BK channels induces membrane oscillations
in glioma cells and leads to inhibition of cell migration. J.
Memb. Biol. (2002) 176: 31-40.
(22) Kraft R, Krause P, Jung S, Basrai D, Liebmann L, Bolz
J and Patt S. BK channel openers inhibit migration of
human glioma cells. Pflugers Arch. (2003) 446: 248-255.
(23) Ernest NJ, Weaver AK, Van Duyn LB, Sontheimer
HW. Relative contribution of chloride channels and
transporters to regulatory volume decrease in human
glioma cells. Am. J. Physiol. Cell Physiol. (2005) 288:
1451-1460.
(24) Hu J, Verkman AS. Increased migration and metastatic

Table 1. Recovery percent of three toxic fractions from
dialyzed venom.
Fraction type

Recovery%

F3

0.24

F4

0.14

F6

0.21

intracellular compartments is a characteristic
of glioma cells. It may thus hypothesis that the
unique in-vitro cytotoxicity of O. doriae venom
on 1321N1 glioma cells among all of above
studied cell lines, is due to the presence of the
plenty of vital ion channels in this cell line,
and the blocking effects of the scorpion venom
components on these channels. Further studies to
investigate on these mechanistically hypothesis
are recommended.
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