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Abstract

Background: Hemiscorpius lepturus is the most critical scorpion in Khuzestan, Iran, responsible for the majority of deaths caused
by scorpion stings.
Objectives: This prospective randomized experimental study was performed from June to August 2019 to investigate the effects of
various venom fractions on the hemostatic system.
Methods: Lyophilized venom of H. lepturus was separated into six fractions by Sephadex G-50 gel chromatography. A total of 96
Albino male rats were treated in eight equal groups; Control: 0.5 ml normal saline (IP); Whole venom group: H. lepturus Lyophilized
venom, one mg/kg, IP; F1-F6 groups: Isolated venom fraction 1-6, 0.12 mg/kg, 0.43 mg/kg, 0.08 mg/kg, 0.18 mg/kg, 0.06 mg/kg and 0.13
mg/kg, IP, respectively. Blood sampling was performed at 1, 3, and 24 hours after injection.
Results: Plasma fibrinogen was significantly elevated in the whole venom group, while it was significantly decreased in F3, F5, and
F6 groups compared to the control group. Prothrombin time (PT) and activated partial thromboplastin time (APTT) assessment
revealed that there was a significant prolongation of both tests in whole venom and fraction 5 and 6 receiving groups while fraction
2 only caused a significant PT extension, compared to the control group. Conversely, fraction 3 and 4 resulted in PT and APTT in
comparison to the control group. The concentration of FDP and D-dimer was significantly increased in whole venom and F2 group
compared to the control group at all sampling times.
Conclusions: It seems that H. lepturus venom has both procoagulant and anticoagulant properties which are distinct characteristics
of it. Further purification and sequencing of the amino acids in the fraction of peptides can lead to a more precise identification of
the mechanisms of venom-induced coagulopathies.
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1. Background

Scorpion envenomation is a major medical issue in
many countries, which threatens a population of about 2.3
billion (1). Iran has the highest number of scorpion stings
in the world after Mexico (2-4). Of the 52 species of scor-
pions identified in the Middle East, the most dangerous
ones have been found in Iran (4). Scorpion stings have
been reported in all provinces of Iran, however, its high-
est incidence has been in Khuzestan so that its occurrence
reaches 541 cases per 100,000 people (5, 6). According to
the most recent classification of scorpions in Iran, three
families of Buthidae, Scorpionidae, and Hemiscorpiidae
have been reported from all over the country (3) Hemiscor-

pius lepturus, which belongs to the Arachnida class, Scor-
piones order, Scorpionoidea superfamily, and Hemiscor-
piidae family, is the most critical scorpion in Khuzestan,
Iran and the world (7). The Hemiscorpiidae family is found
in six Middle Eastern countries, including Iran, Iraq, Pak-
istan, Saudi Arabia, Oman, Yemen, and United Arab Emi-
rates (8). Although only 15% of scorpion stings were due
to this species, it was the source of 89% of mortalities fol-
lowing scorpion envenomation (9). Hemiscurpius are non-
digger scorpions which have sexual dimorphism so that
the body length of the male is longer than that of the fe-
male (8 and 5 cm, respectively). They have a transparent
to turbid yellow color with brown spots at the tip of the
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legs. The moving finger of chelicera has two branches (10).
The venom of H. lepturus has a range of toxic properties,
including cytotoxicity, nephrotoxicity, hepatotoxicity, and
hemolysis, which can lead to acute renal failure, leukope-
nia, thrombocytopenia and microangiopathic hemolytic
anemia, as complications following scorpion sting (4, 9, 11,
12).

The venom of many arthropods, including scorpions,
was proved to induce hemostatic disorders (13). In con-
trast, very few studies have been performed on the coagu-
lopathic properties of scorpion venoms and the published
data on the subject is inadequate.

Coagulation disorders, including bleeding diathe-
sis and disseminated intravascular coagulation (DIC) ex-
pressed as prolongation of prothrombin time (PT) and ac-
tivated partial thromboplastin time (APTT) were also re-
ported as a complication after being stung by H. lepturus in
severe forms (9, 14). However, the venom components re-
sponsible for coagulopathies and their action mechanisms
are so far unknown.

2. Objectives

Since some of the scorpion venom fractions exclusively
affect specific systems or organs in the body, one of the pri-
mary goals of this study was to recognize H. lepturus venom
fractions whose target is the coagulation system. In addi-
tion to the study of fractions, a better understanding of
possible mechanisms and the move towards the provision
of specific anti-venom as an alternative to polyvalent anti-
venom.

3. Methods

3.1. Venom Preparation

H. lepturus scorpions were harvested over nocturnal
UV light inspection from different parts of Khuzestan
province in the South-west of Iran. The scorpions were
milked by the electrical stimulation of telson after the pre-
cise identification of species by morphological key diagno-
sis (15). The venom was water purified, centrifuged, freeze-
dried, and stored at -20 °C until used (16). The freeze-dried
venom (100 mg) was dissolved in 10 ml ammonium acetate
Buffer (pH: 8.6) and then dialyzed against distilled water at
4 °C for 48 hours. After dialysis, the venom solution was
centrifuged to separate soluble proteins from the insolu-
ble mucoproteins (Sigma 6K15®, UK) at 14,000 rpm for 17
minutes, and the supernatant was collected.

3.2. Venom Fractionation

Venom fractionation was performed by Gel filtration
chromatography. In brief, venom prepared was eluted
with 0.1 M ammonium acetate buffer (pH 8.6) on Sephadex
G-50 column (2.5×125 cm). After loading the venom on
the column, elution buffer was gathered in an outflow
of 45 ml/hour. Fractions were collected in 4 ml volumes
and were identified by UV spectrophotometer (280 nm),
pooled, and lyophilized.

3.3. Protein Determination

Protein concentration of whole venom and each frac-
tion were measured by the Bradford method, and Bovine
Serum Albumin (BSA) was utilized as a standard.

3.4. SDS–PAGE

Assessment of derived purified fractions from Gel fil-
tration chromatography as well as whole venom was per-
formed by SDS-PAGE with 5% and 12% stacking and resolv-
ing gels, respectively, to obtain protein profiles according
to Laemmli, 1970 (17).

3.5. Animals

A total of 96 Albino male Wistar rats with 250-300
g weight were kept in a room with a temperature up-
held at 24 ± 2 ºC and a humidity of 55 ± 5%, with a 12-
h light/12-h dark illumination cycle. The rats were fed
a commercial laboratory pellet diet and tap water ad li-
bitum. All experiments were carried out according to
ethical rules for care and use of laboratory animals, and
were approved by the Experimental Animals Committee
of Shahid Chamran University of Ahvaz, Iran (Ethics code:
EE/98.3.02.88214/scu.ac.ir).

3.6. Experimental Design

This prospective randomized experimental study was
conducted from June to August 2019. Given that six venom
fractions were extracted from whole venom through chro-
matography, the study was performed on eight equal
groups (12 rats in each group) and were treated as follows:

Control group: 0.5 ml normal saline intraperitoneally
(IP).

Whole venom group: H. lepturus whole venom at a dose
of 1 mg/kg body weight IP.

F1 to F6 groups: Isolated fractions 1 to 6 of H. lepturus
venom at a dose of 0.12, 0.43, 0.08, 0.18, 0.06, and 0.13 mg/kg
body weight IP, respectively.

The selected dose for each of the fraction-receiving
groups was proportional to the concentration of the iso-
lated fraction relative to the whole venom.
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3.7. Blood Collection

Sampling was performed at 1, 3, and 24 hours after
venom/saline injection; four rats from each group were
sampled every time. Blood samples were collected into
sodium citrate containing tubes via cardiac puncture. Im-
mediately after sampling, plasma samples, harvested by
centrifugation, were subjected to coagulation/fibrinolysis
assessments. It should be noted that hemolytic plasma
samples were excluded from the study and repeated.

3.8. Fibrinogen Assessment

Plasma fibrinogen concentration was determined by
Mahsa-Yaran kit, Iran, following the manufacturer’s in-
structions.

3.9. Prothrombin time (PT) and Activated Partial Thromboplas-
tin Time (APTT)

In this study, PT and APTT were determined in cit-
rated plasma samples using PT and APTT reagents (Thermo
Fisher Scientific, USA) following the manufacturer’s in-
structions, respectively.

3.10. Fibrinogen Degradation Product (FDP) and D-dimer

Plasma FDPs and d-dimers were measured via compet-
itive ELISA technique using rat specific commercial kits
(Kamiya Biomedical Co., Cat. No. KT-59925 and KT-13053,
Seattle, WA) according to the manufacturer’s instructions.

3.11. Statistical Analysis

The data were analyzed using Analysis of variance
(ANOVA) and Tukey post-hoc tests by SPSS software version
16 (Chicago, USA). The values were stated as mean ± stan-
dard deviation, and P value < 0.05 was considered statisti-
cally significant.

4. Results

4.1. Venom Fractions

The injection of 10 ml soluble whole venom of H. lep-
turus scorpion onto Sephadex G-50 provided six fractions
as F1, F2, F3, F4, F5, and F6 at optical density of 280 nm (Fig-
ure 1). The protein concentration and rate of yield of each
fraction are summarized in Table 1.

According to SDS-PAGE, the venom proteins were esti-
mated between ≤ 5 and ≤ 160 kDa. The molecular weight
of F1 was in the range of 25 to 160 kDa. The proteins isolated
in the fraction F2 had a molecular weight of about 8 to 25
kDa with four detectable bands of 8, 14, 22, and 25 kDa. The
molecular weight of F3 was between 8 to 14 kDa. Bands less
than 5 kDa were observed in F4, F5, and F6 fractions (Figure
2).
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Figure 1. Gel Filtration Curve of H. lepturus Venom by Sephadex G-50 column (2×80
cm).

Figure 2. Analysis of H. lepturus Scorpion of Venom Fractions by Sodium Dodecyl
Sulfate-Polyacrylamide Gel Electrophoresis. LAD: 250-1 kDa Ladder, F I: venom frac-
tion I (MW: 160 to 25 kDa), F II: venom fraction II has 4 bands (MW: 25-22-14 and 8
kDa), F III: venom fraction III has 2 bands (MW: 14 and 8 kDa), F IV: venom fraction IV,
V, VI has bands less 5 kDa.

4.2. Fibrinogen Concentration

Plasma fibrinogen concentration was significantly ele-
vated in whole venom group (P value < 0.05), while it was
significantly decreased in F3, F5, and F6 groups at the first
sampling time and in F3 and F5 group at the second sam-
pling, in comparison to the control group (P value < 0.05)
(Table 2).
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Table 1. Protein Content and Yield of Fractions of H. lepturus Venom

Venom Fractions

F1 F2 F3 F4 F5 F6

Protein (mg) 8.04 28.81 5.36 12.06 4.02 8.71

Yields (%) 12 43 8 18 6 13

Table 2. Mean ± SE of Plasma Fibrinogen Concentration (mg/dl) in Different Groups and Sampling Timesa , b

Group Sampling Times

1H 3H 24H

Control 279.67 ± 5.33A 225.00 ± 15.00B 226.00 ± 15.87AB

Crud Venom 347.00 ± 14.15A* 272.67 ± 21.95B 310.33 ± 12.66AB

F1 340.33 ± 20.11 275.67 ± 14.25 283.33 ± 23.39

F2 276.67 ± 18.09 251.33 ± 11.40 295.33 ± 26.77

F3 221.33 ± 11.56A* 171.00 ± 2.00B* 190.67 ± 14.76AB

F4 269.67 ± 8.66A 172.00 ± 16.07B 175.00 ± 27.00AB

F5 146.33 ± 10.08AB* 135.67 ± 4.48A* 173.33 ± 7.21B

F6 177.33 ± 5.54* 183.00 ± 11.93 237.00 ± 32.00

aAsterisks (*) in each column represents significant difference with the control group.
bDissimilar upper-case letters in each row indicate significant difference between sampling times.

4.3. PT Analysis

PT assessment revealed that there was only a signif-
icant increase in the group F6 compared to the control
group at 1 and 3 hours after envenomation (P value < 0.05).
At 24 hours, whole venom and fraction 2, 5, and 6 receiving-
groups showed an increased PT value, while fraction 3 and
4 resulted in a shortened PT in comparison to the control
group (P value < 0.05) (Table 3).

4.4. APTT Analysis

APTT was significantly increased in group whole
venom, F5, and F6, while it was decreased in group F3 and
F4 compared to the control group at one hour after venom
injection (P value < 0.05). In addition, there was a signifi-
cant increase in the group F6 at three hours and in groups
whole venom, F5 and F6 at 24 hours after envenomation,
while APTT was decreased in the group F4 at the same time
in comparison to the control group (P value < 0.05) (Table
4).

4.5. FDP Analysis

The concentration of FDP was significantly increased in
whole venom and F2 group compared to the control group
at all sampling times (P value < 0.05) (Table 5).

4.6. D-Dimer Analysis

The injection of H. lepturus whole venom and venom
fraction F2 resulted in a significant elevation in plasma D-
dimer concentration compared to the control group at all
sampling times (P value < 0.05) (Table 6).

5. Discussion

This experimental study was performed to investigate
the effects of fractions of H. lepturus venom on the hemo-
static system in rats.

In the present study, plasma fibrinogen analysis re-
vealed an elevation following whole venom, F1, and F2 in-
jection and a decline in the rest of the groups (F3, F4, F5,
and F6). Hyperfibrinogenemia, observed in this experi-
ment, might be attributed to the thrombin-like enzyme
activity of whole venom and its higher molecular weight
components (F1 and F2). In support of this theory, sev-
eral enzymatic proteins and peptides, including metallo-
proteinases, phospholipases A2 (PLA2s), and serine pro-
teases, were identified in scorpion venoms, comprising H.
lepturus, that can affect the coagulation system (18, 19).

In contrast, fibrinogen decline caused by lower molec-
ular weight fractions of H. lepturus venom (F3 to F6) in this
study, is probably due to their antithrombin properties or
thrombotic conditions.

Anticoagulant peptides and phospholipases with
thrombin inhibiting activity were previously isolated
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Table 3. Mean ± SE of Prothrombin Time (PT) (s) in Different Groups and Sampling Timesa , b

Group Sampling Times

1H 3H 24H

Control 11.65 ± 0.11 12.74 ± 0.22 13.32 ± 0.25

Crud Venom 13.40 ± 0.31A 13.59 ± 1.11A 17.41 ± 1.00B*

F1 14.70 ± 0.34 14.78 ± 0.40 15.40 ± 0.69

F2 15.57 ± 0.38 15.86 ± 0.30 16.24 ± 0.38*

F3 9.05 ± 0.41 8.68 ± 0.29 8.49 ± 0.22*

F4 8.43 ± 0.10AB 8.06 ± 0.15A 8.76 ± 0.18B*

F5 19.00 ± 0.54A 15.33 ± 0.88B 17.94 ± 0.82AB*

F6 47.68 ± 7.53* 34.33 ± 12.86* 17.92 ± 1.07*

aAsterisks (*) in each column represents significant difference with the control group.
bDissimilar upper-case letters in each row indicate significant difference between sampling times.

Table 4. Mean ± SE of Activated Partial Thromboplastin Time (APTT) (s) in Different Groups and Sampling Timesa , b

Group Sampling Times

1H 3H 24H

Control 30.66 ± 0.57 31.52 ± 0.70 31.80 ± 0.73

Crud Venom 41.19 ± 1.96* 42.55 ± 0.48 42.77 ± 0.13*

F1 30.78 ± 0.36 29.33 ± 1.78 28.65 ± 1.06

F2 27.61 ± 0.70 28.28 ± 1.16 27.77 ± 0.52

F3 20.33 ± 1.33A* 35.70 ± 2.60B 22.86 ± 1.61A

F4 19.47 ± 0.28* 29.21 ± 5.46 22.00 ± 4.04*

F5 58.66 ± 1.33A* 27.66 ± 6.66B 49.76 ± 4.27A*

F6 66.00 ± 6.02A* 60.17 ± 0.17AB* 49.66 ± 1.45B*

aAsterisks (*) in each column represents significant difference with the control group.
bDissimilar upper-case letters in each row indicate significant difference between sampling times.

Table 5. Mean ± SE of Fibrin Degradation Product (FDP) in Different Groups and Sampling Timesa , b

Group Sampling Times

1H 3H 24H

Control 6.45 ± 0.11 6.08± 0.16 5.75 ± 0.45

Crud Venom 26.16 ± 0.53A* 35.42 ± 0.44B* 14.97 ± 1.15C*

F1 7.98 ± 0.42A 6.61 ± 0.58AB 5.64 ± 0.15B

F2 16.57 ± 0.45* 19.28 ± 0.39* 15.14 ± 1.77*

F3 5.48 ± 0.21 6.54 ± 0.02 6.07 ± 0.36

F4 5.86 ± 0.69 5.63 ± 0.14 6.14 ± 0.10

F5 7.36 ± 0.66 7.47 ± 0.04 6.05 ± 0.25

F6 6.45 ± 0.29 6.29 ± 0.32 6.18 ± 0.26

aAsterisks (*) in each column represents significant difference with the control group.
bDissimilar upper-case letters in each row indicate significant difference between sampling times.

from various scorpion venoms (20). Additionally, low
molecular weight peptides with phospholipase activity

and anticoagulant effects have already been isolated
from H. lepturus venom (21). These results suggest that
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Table 6. Mean ± SE of D-Dimer in Different Groups and Sampling Timesa , b

Group Sampling time

1H 3H 24H

Control 0.50 ± 0.09 0.43 ± 0.01 0.54 ± 0.05

Crud Venom 3.97 ± 0.13A* 8.22 ± 0.45B* 2.13 ± 0.46C*

F1 0.43 ± 0.02 0.51 ± 0.01 0.46 ± 0.06

F2 3.02 ± 0.16A* 7.01 ± 0.48B* 1.81 ± 0.32A*

F3 0.58 ± 0.01A 0.79 ± 0.11B 0.69 ± 0.03A

F4 0.74 ± 0.06 0.77 ± 0.09 0.76 ± 0.09

F5 0.77 ± 0.14 0.74 ± 0.06 0.63 ± 0.00

F6 0.76 ± 0.12 0.73 ± 0.03 0.60 ± 0.03

aAsterisks (*) in each column represents significant difference with the control group.
bDissimilar upper-case letters in each row indicate significant difference between sampling times.

the inhibitory effects of above-mentioned fractions on
thrombin/ fibrinogen may be due to their phospholipase
properties (F5 and F6) or a mechanism independent of
their enzymatic activity (F3 and F4).

In the present experiment, PT results were prolonged
in all envenomated groups except for F3 and F4 groups.
Additionally, in APTT analysis, a significant extension was
noted in whole venom, F5, and F6 group while it was sig-
nificantly shortened in the groups F3 and F4.

F1 and especially F2 fragment, in this study, prolonged
PT which indicates that some clotting factors within the ex-
trinsic pathway are deficient or inhibited. However, whole
venom, F5, and F6 resulted in the extension of both PT
and APTT, implying the disturbances in both the intrinsic
and the extrinsic pathways or in the final common path-
way. Hence, the thrombin-inhibiting properties of these
two fragments might be, at least in part, responsible for the
changes in coagulation tests.

Additionally, various venoms contain phospholipase
A2 (PLA2s) enzymes in a range of forms with a discrepancy
in their capacity to alter hemostasis (22).

On the other hand, a potent phospholipase protein,
called Hemilipin, has already been separated from H. lep-
turus scorpion venom (21). Moreover, H. lepturus venom
phospholipase activity was found to be concentration-
dependent (23). Considering the molecular weight of
Hemilipin that is in the range of fraction 2 of this study (25-
8 kDa) and also due to the higher concentration of this frac-
tion than other venom components, some of the anticoag-
ulant effects of H. lepturus venom, detected in the present
experiment, are likely due to phospholipases. In addition,
some peptides with less than 10 kDa weight were formerly
isolated from H. lepturus venom, which were categorized as
PLAs (24). Thus, for F5 and F6 fractions with low molecular
weight in this survey, a mechanism similar to the preced-

ing ones can be considered.
Conversely, F3, and F4 fragments resulted in shorten-

ing PT and APTT in the present study. These effects might
be related to proteolytic characteristics of venom compo-
nents, which act as serine protease (8). Similar effects were
reported for Palamneus gravimanus scorpion venom, hav-
ing both procoagulant and anti-coagulant properties (25).
In the present study, the concentration of FDP and D-dimer
followed the same pattern in that there was a significant el-
evation in whole venom and F2-receiving groups.

A severely elevated D-dimer and FDP levels in this exper-
iment reflect widespread activation of the coagulation and
subsequent fibrinolysis and have a high predictive value
for venous thromboembolism (VTE), which may occur ei-
ther locally or diffusely (26).

Thromboembolic disorders were reported as a compli-
cation in severe forms of H. lepturus envenomation in hu-
man victims (9, 14, 27). Fibrin(ogen)olytic components of
venoms were considered the most probable cause of the
mentioned hemostatic syndromes.

Fibrin(ogen)olytic enzymes have been categorized
into two classes, serine proteases and metalloproteases
(28) both of which were previously identified in H. lep-
turus venom gland (18, 24, 29). Similar enzymes with fib-
rin(ogen)olytic and plasminogen activator-like potential
were also purified from the venom of Tityus discrepans (28)
and Androctonus crassicauda (30).

The highest fibrinolytic activity in the present study be-
longed to whole venom followed by fraction 2. In this in-
vestigation, F2 injection resulted in PT prolongation and
fibrinogen decline, as well. Furthermore, it is likely that
the possible fibrinogen degradation by H. lepturus venom
was associated with loss of fibrinogen coagulant activity.
This may also partially explain the prolongation of coag-
ulation tests caused by the whole and F2 fraction of the
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scorpion venom noticed in this experiment. Coagulopa-
thy with PT prolongation and increased D-dimer was for-
merly reported in scorpion sting victims (31). Similar find-
ings were also documented with T. discrepans and A. cras-
sicauda scorpion venoms (28, 30).

Although the molecular mass of proteolytic com-
pounds in the above-mentioned scorpion venoms was
higher than the F2 fraction of the present study, there
is still some evidence of the presence of enzymes of the
same molecular weight range with metalloprotease prop-
erties in H. lepturus venom (18). Therefore, according to the
present findings and previous studies, it is likely that the
fibrin (ogen) olytic effects of whole venom and fraction 2
are due to the metalloproteases present in the scorpion
venom.

It should be noted that further separation of toxin
fractions by HPLC chromatography could more accurately
identify the fractions affecting the coagulation system.
However, this method was not performed in the present
study.

In conclusion, in total, H. lepturus venom appears
to have both procoagulant and anticoagulant properties,
which are distinct characteristics of it. Procoagulant and
fibrin (ogen) olytic activities of whole venom and the
higher molecular weight fractions are likely due to pro-
teolytic enzymatic components, while anticoagulant ef-
fects of smaller peptides might be attributed to phospho-
lipases or nonenzymatic inhibitory effects. Therefore, se-
rious coagulation disorders caused by the venom of this
scorpion should be considered by the medical staff, espe-
cially in emergency cases. Moreover, identifying the dif-
ferent hemostatic effects of various fractions of the venom
can be helpful in preparing a more specific anti-venom
to prevent or treat the coagulopathies following this scor-
pion sting.

Acknowledgments

The authors would like to thank the Research Vice-
chancellor of Shahid Chamran University of Ahvaz for
financial support of the research project (Grant no.
SCU.VC98.725).

Footnotes

Authors’ Contribution: Ali Khataminia: Methodology,
Investigation, Formal analysis, and Visualization. Moham-
mad Razi Jalali: Project administration, Methodology, Con-
ceptualization, Visualization, Writing, Revising, Editing,
Validation, and Resources. Seyedeh Misagh Jalali: Visual-
ization, Resources, Validation, Writing, Revising, and Edit-
ing. Hedyeh Jafari: Conceptualization and Methodology.

Conflict of Interests: The authors declare that they have
no conflict of interest.

Ethical Approval: We thank the Research Vice-chancellor
of Shahid Chamran University of Ahvaz for financial sup-
port of the research project (Grant no. SCU.VC98.725).

Funding/Support: We thank the Research Vice-
chancellor of Shahid Chamran University of Ahvaz for
financial support of the research project (Grant no.
SCU.VC98.725).

Informed Consent: This research was made on rat

References

1. Chippaux JP, Goyffon M. Epidemiology of scorpionism:
a global appraisal. Acta Trop. 2008;107(2):71–9. doi:
10.1016/j.actatropica.2008.05.021. [PubMed: 18579104].

2. Osnaya-Romero N, de Jesus Medina-Hernández T, Flores-Hernández
SS, León-Rojas G. Clinical symptoms observed in children enven-
omated by scorpion stings, at the children’s hospital from the
State of Morelos, Mexico. Toxicon. 2001;39(6):781–5. doi: 10.1016/s0041-
0101(00)00204-x.

3. Dehghani R, Fathi B. Scorpion sting in Iran: a review. Toxicon.
2012;60(5):919–33. doi: 10.1016/j.toxicon.2012.06.002. [PubMed:
22750221].

4. Ghafourian M, Ganjalikhanhakemi N, Hemmati AA, Dehghani R,
Kooti W. The Effect of Hemiscorpius lepturus (Scorpionida: Hemiscor-
piidae) Venom on Leukocytes and the Leukocyte Subgroups in Periph-
eral Blood of Rat. J Arthropod Borne Dis. 2016;10(2):159–67. [PubMed:
27308274]. [PubMed Central: PMC4906755].

5. Dehghani R, Djadid ND, Shahbazzadeh D, Bigdelli S. Introducing
Compsobuthus matthiesseni (Birula, 1905) scorpion as one of the ma-
jor stinging scorpions in Khuzestan, Iran. Toxicon. 2009;54(3):272–5.
doi: 10.1016/j.toxicon.2009.04.011. [PubMed: 19393258].

6. Rafizadeh S, Rafinejad J, Rassi Y. Epidemiology of Scorpionism in
Iran during 2009. J Arthropod Borne Dis. 2013;7(1):66–70. [PubMed:
23785696]. [PubMed Central: PMC3684498].

7. Shahbazzadeh D, Srairi-Abid N, Feng W, Ram N, Borchani L, Ronjat
M, et al. Hemicalcin, a new toxin from the Iranian scorpion Hemis-
corpius lepturus which is active on ryanodine-sensitive Ca2+ chan-
nels. Biochem J. 2007;404(1):89–96. doi: 10.1042/BJ20061404. [PubMed:
17291197]. [PubMed Central: PMC1868827].

8. Lowe G. Two new Hemiscorpius Peters, 1861 (Scorpiones: Hemiscorpi-
idae) from Northern Oman. Euscorpius. 2010;2010(91):1–24.

9. Pipelzadeh MH, Jalali A, Taraz M, Pourabbas R, Zaremirakabadi A.
An epidemiological and a clinical study on scorpionism by the Ira-
nian scorpion Hemiscorpius lepturus. Toxicon. 2007;50(7):984–92. doi:
10.1016/j.toxicon.2007.07.018. [PubMed: 17854855].

10. Dehghani R, Kamiabi F, Mohammadi M. Scorpionism by Hemiscor-
pius spp. in Iran: a review. J Venom Anim Toxins Incl Trop Dis. 2018;24:8.
doi: 10.1186/s40409-018-0145-z. [PubMed: 29507581]. [PubMed Central:
PMC5833132].

11. Valavi E, Ansari MJ. Hemolytic uremic syndrome following Hemis-
corpius lepturus (scorpion) sting. Indian J Nephrol. 2008;18(4):166–8.
doi: 10.4103/0971-4065.45293. [PubMed: 20142930]. [PubMed Central:
PMC2813541].

12. Bahloul M, Ben MH, Belhoul W, Ksibi H, Kallel H, Ben CH, et al.
Hemolytic-uremic syndrome secondary to scorpion envenomation
(apropos of 2 cases). Nephrologie. 2004;25(2):49–51.

13. Tran TV, Hoang AN, Nguyen TTT, Phung TV, Nguyen KC, Osipov AV, et
al. Anticoagulant Activity of Low-Molecular Weight Compounds from
Heterometrus laoticus Scorpion Venom. Toxins (Basel). 2017;9(11).

Jundishapur J Health Sci. 2020; 12(3):e102586. 7

http://dx.doi.org/10.1016/j.actatropica.2008.05.021
http://www.ncbi.nlm.nih.gov/pubmed/18579104
http://dx.doi.org/10.1016/s0041-0101(00)00204-x
http://dx.doi.org/10.1016/s0041-0101(00)00204-x
http://dx.doi.org/10.1016/j.toxicon.2012.06.002
http://www.ncbi.nlm.nih.gov/pubmed/22750221
http://www.ncbi.nlm.nih.gov/pubmed/27308274
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4906755
http://dx.doi.org/10.1016/j.toxicon.2009.04.011
http://www.ncbi.nlm.nih.gov/pubmed/19393258
http://www.ncbi.nlm.nih.gov/pubmed/23785696
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3684498
http://dx.doi.org/10.1042/BJ20061404
http://www.ncbi.nlm.nih.gov/pubmed/17291197
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1868827
http://dx.doi.org/10.1016/j.toxicon.2007.07.018
http://www.ncbi.nlm.nih.gov/pubmed/17854855
http://dx.doi.org/10.1186/s40409-018-0145-z
http://www.ncbi.nlm.nih.gov/pubmed/29507581
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5833132
http://dx.doi.org/10.4103/0971-4065.45293
http://www.ncbi.nlm.nih.gov/pubmed/20142930
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2813541


Khataminia A et al.

doi: 10.3390/toxins9110343. [PubMed: 29072627]. [PubMed Central:
PMC5705958].

14. Afzali N, Pezeshki N. Acute renal failure evaluation in children enven-
omation by Hemiscorpius lepturus. Scientific Journal of Ahvaz University
of Medical Sciences & Health Services. 1998;25:13–8.
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Coagulopathy due to Scorpion Sting. Ann Clin Case Rep. 2016; 1.

8 Jundishapur J Health Sci. 2020; 12(3):e102586.

http://dx.doi.org/10.3390/toxins9110343
http://www.ncbi.nlm.nih.gov/pubmed/29072627
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5705958
http://dx.doi.org/10.18590/euscorpius.2008.vol2008.iss65.1
http://dx.doi.org/10.1186/1678-9199-19-5
http://www.ncbi.nlm.nih.gov/pubmed/23849043
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3707106
http://dx.doi.org/10.1038/227680a0
http://www.ncbi.nlm.nih.gov/pubmed/5432063
http://dx.doi.org/10.29328/journal.abb.1001014
http://dx.doi.org/10.1016/j.toxicon.2016.11.261
http://www.ncbi.nlm.nih.gov/pubmed/27914888
http://dx.doi.org/10.1016/j.foodres.2014.08.031
http://www.ncbi.nlm.nih.gov/pubmed/30011736
http://dx.doi.org/10.1016/j.toxicon.2015.08.022
http://www.ncbi.nlm.nih.gov/pubmed/26335363
http://dx.doi.org/10.1016/j.toxicon.2003.11.002
http://www.ncbi.nlm.nih.gov/pubmed/15019485
http://dx.doi.org/10.1016/j.toxicon.2012.04.348
http://www.ncbi.nlm.nih.gov/pubmed/22569320
http://dx.doi.org/10.22045/ibj.2016.02
http://www.ncbi.nlm.nih.gov/pubmed/27594443
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5075138
http://dx.doi.org/10.1016/0041-0101(74)90072-5
http://dx.doi.org/10.1016/j.cbpb.2013.11.007
http://www.ncbi.nlm.nih.gov/pubmed/24291691
http://dx.doi.org/10.1016/j.toxicon.2010.05.008
http://www.ncbi.nlm.nih.gov/pubmed/20493200

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Venom Preparation
	3.2. Venom Fractionation
	3.3. Protein Determination
	3.4. SDS[Please insert \PrerenderUnicode{â��} into preamble]PAGE 
	3.5. Animals
	3.6. Experimental Design 
	3.7. Blood Collection
	3.8. Fibrinogen Assessment
	3.9. Prothrombin time (PT) and Activated Partial Thromboplastin Time (APTT)
	3.10. Fibrinogen Degradation Product (FDP) and D-dimer
	3.11. Statistical Analysis

	4. Results
	4.1. Venom Fractions
	Table 1
	Figure 1
	Figure 2

	4.2. Fibrinogen Concentration
	Table 2

	4.3. PT Analysis
	Table 3

	4.4. APTT Analysis
	Table 4

	4.5. FDP Analysis
	Table 5

	4.6. D-Dimer Analysis
	Table 6


	5. Discussion
	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

