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Abstract

In this study, Mesobuthus gibbosus and Mesobuthus eupeus eupeus venom samples were 
compared for lethality, in-vivo effects and proteins. Neutralization capacity of monovalent 
Androctonus crassicauda antivenom (RSHA anti-Ac)  was tested against the lethal effects of 
the venoms.

Venom was obtained from mature scorpions by electrical stimulation of the telson. The 
lethality of the venom and potency of Horse RSHA anti-Ac were determined in Swiss mice. 
The protein profiles of the scorpion venoms were analysed by NuPAGE® 4–12% gradient Bis-
Tris gel followed by Coomassie blue staining. Western blotting was performed to determine 
immunogenic compounds in the venom samples.

The median lethal doses of M. e. eupeus, M.gibbosus scorpion and A.crassicauda venoms 
were determined to be 1.92 mg/kg by i.v. injection route, 0.67 mg/kg and 0.24 mg/kg by s.c. 
injection route, respectively. A.crassicauda (Olivier, 1807) venom was used as control.  One 
millilitre of the RSHA anti-Ac neutralises 23 LD50 of M. e. eupeus, 32 LD50 of M.gibbosus 
and 42 LD50 of A. crassicauda venom in mice. Analysis of electrophoresis indicates that three 
scorpion venoms posses low molecular weight proteins. Immunoblotting indicated that RSHA 
anti-Ac strongly reacted with both the specific venom and Mesobuthus species venoms which 
have antigenic similarity.

The result of our study showed that M.e. eupeus and M.gibbosus could be medically 
important scorpions for humans, particullary children. The RSHA anti-Ac can be used in the 
treatment of envenomation by M. e.eupeus and M.gibbosus scorpion stings.
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Introduction

Envenomation by arachnids causes significant 
injuries all over the world (1). Scorpion 
sting is the most important type of arachnid 
envenomation resulting in adult morbidity and 
pediatric mortality (2). Lethal scorpions mostly 
belong to the Buthidae family (3), among which, 

species of the genera Androctonus, Leiurus, 
and Mesobuthus are mainly responsible for 
envenomation in Turkey (4). 

Although Mesobuthus eupeus has been 
considered to be a single species for many 
years, two subspecies of M. eupeus, which 
have been identified as M. eupeus phillipsii 
and M. eupeus eupeus have been recorded in 
the Turkish scorpiofauna recently by Kovařík 
et al. (5). Subsequently, Mirshamsi et al. (6) 
revised subspecies of M. eupeus existing in Iran 
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that include the subspecies M. eupeus phillipsii 
and M. eupeus eupeus, and M. eupeus phillipsii 
elevated to species level as M. phillipsii. 

Mesobuthus gibbosus occurs throughout 
Anatolia, except for the Black Sea coast in 
northern Turkey, European Turkey, Eastern and 
South-eatern Anatolia, and is the most abundant 
scorpion in this region (7-10). Mesobuthus is 
one of the most widely distributed genera of 
the family Buthidae, with species being present 
throughout Turkey. Stings by Mesobuthus 
species are more frequent than those by other 
scorpion species (4, 11-13). The previous reports 
also indicated that those Mesobuthus species 
are involved in numerous serious and deadly 
envenomations, especially in children (14–18).   

Scorpion anti-venom is the only specific 
treatment for scorpion envenomation and is still 
widely used in many countries (19, 20) as there 
are no vaccines or other effective agents against 
animal venoms (21).  However, anti-venoms are 
still administered empirically and consequently 
their efficacy is controversial, particularly 
in the case of mild or moderate scorpion 
envenomations (22).  As venom is a complex 
mixture of antigens wherein not all components 
are equally important for the production of 
neutralizing antibodies, the identification of 
immunogenic protein(s) and/or their neutralizing 
epitopes may lead to the use of more clearly 
defined substances as immunogens to develop 
efficient anti-venoms. RSHA anti-Ac has been 
produced at the Refik Saydam Public Health 
Agency (RSHA), Ankara in Turkey since 1942 
by venom of A. crassicauda and administering 
to horses (23, 24). Consequently, identification 
of the factors that lead to effective antivenom 
generation is important. With the median lethal 
doses of M.gibbosus (12),  M.eupeus (25) 
scorpion venom and the potency of RSHA 
antivenom previously determined, there was no 
confirmed cross-reactivity of the three venoms 
with the horse anti-venom produced by RSHA, 
Turkey. We studied venom samples obtained 
from two different Mesobuthus which were 
Mesobuthus gibbosus from the West of Turkey 
and M.eupeus eupeus from Southeastern Turkey.

The present study is aimed to determine the 
paraspecific effects and potency of RSHA anti-
Ac against the venom and determine the protein 

profiles (molecular weight), minimal lethal 
dose and also to show in-vivo effects in mice 
to improve quality and paraspecific activity of 
national antivenom.

Experimental

Scorpions 
M.gibbosus was collected from Aydın, 

M.e.eupeus from Karacadağ Mountain 
(Şanlıurfa, 37°44› 45»N 39°49›50»E, 1752 m) 
and A.crassicauda from Şanlıurfa province at 
night, by using a UV lamp (Figure 1). Avoiding 
cannibalism, captive scorpions were housed 
in individual boxes at the Department of 
Entomology, Faculty of Veterinary Medicine, 
Ankara University, Turkey. The scorpions were 
fed with crickets or cockroaches and received 
water daily.

Venoms
Venom was obtained from mature M. eupeus 

eupeus, A. crassicauda scorpions (Figure 1) from 
Şanlıurfa province and M. gibbosus scorpions 
from Aydın province by electrical stimulation of 
the telson (26). The venoms were dissolved in 
sterile double-distilled water and centrifuged at 
14,000 rpm for 15 min at 4 ºC.  The supernatant 
was stored at -20oC. The protein content of the 
venoms was determined by the Bradford method 
using BSA as the standard (27). 

Antivenom
Horse RSHA anti-Ac, produced by the Refik 

Saydam Public Health Agency is the unique 
antivenom available in the country and has been 
used to treat all scorpion stings in the country 
since 1942 (4). Dose is normalized to neutralize 
two minimal lethal doses (MLD) in rats when 
they are tested subcutaneously (4).

Experimental animals
Experimental protocols followed the 

guidelines of the Bioethics Commission, the 
RSHA, and were approved by this Commission. 
Swiss mice of both sexes were employed 
to determine the median lethal dose (LD50) 
and the median effective dose (ED50) by 
intravenous (IV) and subcutaneous (SC) route 
of administration. They were breed in animal 
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facility of the RSPHA. The animals were housed 
under controlled temperature (20±2°C), with 
a 12:12 light/dark schedule and were fed with 
commercial rodent pellets and water ad libitum 
throughout the experiment.

Lethal potency of the venoms
The lethality of the venom was determined 

as described by Behrens and Karber (28) using 
Swiss mice. For per each dose group, five mice 
were injected with increasing volume doses of 
M. eupeus eupeus venoms (IV injection: 28.6, 
30.1, 33.2, 35.4 µg / 16g mouse [n: 20 mice]), 
M. gibbosus venoms (SC injection: 7.6, 11.3, 
14.9, 18.5 and 22.1 µg / 20g mouse [n: 25 mice]) 

and A. crassicauda venom (SC injection; 3.15, 
3.49, 3.89, and 4.14µg/ 20g mouse [n: 20 mice]) 
diluted in physiological saline solution (PSS: 
0.85% NaCl). An equivalent volume of PSS was 
injected into five mice as negative control group. 
Deaths occurring after 24 h were recorded in 
order to determine the median lethal dose. The 
lethalty was expressed as the LD50.

Antivenom potency assay
Neutralization studies were carried out by 

mixing a constant fixed amount of RSHA anti-
Ac (1 mL) with various dilutions of M. eupeus 
eupeus venoms (IV injection: 10, 14, 18, 25 
and 28LD50 [n: 30 mice]), M. gibbosus venoms 

Figure 1. Map of distribution of Mesobuthus speciesin Turkey (Blue line; Mesobuthus gibbosus, red line;

Mesobuthus eupeus eupeus, orange line: M. e. phillipsii). The venom of A. crassicauda (A) has been used in the 

production of antivenom. M. e. phillipsii  was commonly found in the Southeast Anatolia Region, but M.eupeus 

eupeus (B) was reported only in the Karacadag Mountain within the region of Turkey (Kovařík, et al., 2011).

Mesobuthus gibbosus (C) is the source of many scorpion envenomation cases in the Aegean, Mediterranean, 

Marmara and Central Anatolia regions of Turkey. 

Lethal potency of the scorpion venom

Protein content of M. e. eupeus, M.gibbosus and A. crassicauda scorpion venom was found to 

be 3.72, 1.15 and 1.54 µg protein/ µl, respectively. The median lethal dose for M. eupeus 

eupeus, M.gibbosus and A. crassicauda scorpion venoms was determined in mice. The LD50 of 

M. eupeus eupeus was determined as 1.92 mg/kg by i.v injection route. The LD50 of M.gibbosus 

and A. crassicauda scorpion venoms were found as 0.67 mg/kg and 0.24 mg/kg by s.c injection 

route, respectively.

7

Figure 1. Map of distribution of Mesobuthus speciesin Turkey (Blue line; Mesobuthus gibbosus, red line; Mesobuthus eupeus eupeus, 
orange line: M. e. phillipsii, brown line: M. caucasicus, green line: M. nigrocinctus ). The venom of A. crassicauda (A) has been used 
in the production of antivenom. M. e. phillipsii  was commonly found in the Southeast Anatolia Region, but M.eupeus eupeus (B) was 
reported only in the Karacadag Mountain (Red circle) within the region of Turkey (Kovařík, et al., 2011). Mesobuthus gibbosus (C) is the 
source of many scorpion envenomation cases in the Aegean, Mediterranean, Marmara and Central Anatolia regions of Turkey. 
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(SC injection; 29, 31, 33, 35, 38 and 40LD50 
[n: 36 mice]) and A. crassicauda venoms (SC 
injection; 10, 20, 30, 40 and 50LD50 [n: 30 mice]) 
and the mixture was incubated for 30 min at 37 
°C. In the control groups, mice (each group n: 
2) were injected with 2 LD50, each of venom 
dissolved in PSS without RSHA anti-Ac. The 
numbers of surviving mice were recorded up to 
48h. Neutralization capacity of RSHA anti-Ac 
was expressed as ED50, which corresponds to 1 
mL RSHA anti-Ac in which the activity of the 
venom was reduced by 50%. 

Assay of the envenomation 
The mice injected with the scorpion venoms 

were used for lethal potency determination and 
they are observed for the assessment of their 
symptoms from the moment of the injection 
until the end of experiment. 

Gel electrophoresis of the venoms
Polyacrylamide gel electrophoresis of venom 

sample was carried out by following LaemmLi 
(29) method. For separation of proteins, samples 
were run on NuPAGE® Novex® 4-12% gradient 
Bis-Tris gel (Invitrogen) in MES SDS Running 
Buffer (Invitrogen - 50mM MES, 50mM Tris-
HCl, 1% SDS, 1.025mM EDTA) using Xcell 
SureLock Mini Cell (Invitrogen) by following 
standard manufacturer protocol. SeeBlue® Plus2 
Pre-Stained Standard (Invitrogen) was run 
in parallel in order to calculate the molecular 
weights of proteins. Detection of proteins was 
carried out initially by Coomassie blue staining. 
The gel was then scanned and molecular weights 
of the proteins were calculated with Molecular 
Imaging Software (Kodak MI).

Immunoblotting
Western blotting was performed to determine 

immunogenic compounds in the venom 
samples. Scorpion venoms of Androctonus 
crassicauda (15µg), M.gibbosus (15µg), and 
M. eupeus eupeus (20µg), were applied to 
NuPAGE Novex 4–12% Bis–Tris gradient gel 
(Invitrogen). Proteins were transferred onto 
iBlot gel transfer stacks polyvinylidene fluoride 
(PVDF) membrane (Invitrogen) using the Blot 
dry blotting system (Invitrogen). Blots were then 
blocked with 5% skimmed milk powder in Tris-

buffered saline (TBS, pH:7.5) containing 0.1% 
Tween20 (TBS-T) for 1 h at room temperature 
(RT). After the membrane was washed three 
times with TBS-T, it was incubated at RT with 
1: 4000 dilution of the antivenom. Blots were 
washed and then incubated with horseradish 
peroxidase-conjugated anti-horse antibody and 
HRP- conjugated anti-rabbit (1: 3000) for 60 min 
at RT. PVDF membrane was again washed with 
TBS-T and antigens were visualized by using the 
Immun-Star HPR Chemiluminescent subtrate 
(BioRad). The membranes were exposed to 
X-ray film and developed in a darkroom.

Results

The identity of the scorpions were confirmed 
as A. crassicauda, M. gibbosus, and M. eupeus 
eupeus (Figure 1) using a stereomicroscope.

Lethal potency of the scorpion venom
Protein content of M. e. eupeus, M.gibbosus 

and A. crassicauda scorpion venom was 
found to be 3.72, 1.15 and 1.54 µg protein/ µl, 
respectively. The median lethal dose for M. 
eupeus eupeus, M.gibbosus and A. crassicauda 
scorpion venoms was determined in mice. The 
LD50 of M. eupeus eupeus was determined as 
1.92 mg/kg by i.v injection route. The LD50 of 
M.gibbosus and A. crassicauda scorpion venoms 
were found as 0.67 mg/kg and 0.24 mg/kg by s.c 
injection route, respectively.

Assessment of the experimental envenomation 
after venom injection

Similar symptoms were observed in mice 
during LD50 determination. After all venom 
injections, mice showed some symptoms such as 
mastication, mouth rubbing, squeaking and fight, 
restlessness, aggressive behavior,  humpback, 
tremor, tachypnea, deep dyspnea, excessively 
hypersalivation and lacrymation, weakness, 
convulsions, paralysis, coma resulting in death. 

The neutralizing capacity of Androctonus 
crassicauda antivenom

To assess the efficacy of the monovalent 
antivenom, increasing doses of the venom were 
used while the amount of the antivenom (1 mL) 
was kept constant. Neutralization capacity of 
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one mL antivenom was found to be against 23 
LD50 of M. e. eupeus, 32 LD50 of M.gibbosus and 
42 LD50 of A. crassicauda venoms while all the 
control mice died. 

Determination of protein profiles 
The protein profiles of the scorpion venoms 

were analyzed by NuPAGE® 4-12 % Bis-Tris 
gel, and followed by Coomassie blue staining. 
Proteins of the venoms were determined between 
3 and 188 kDa by electrophoresis on gradient gel 
as  shown in Figure 2-A. In the electrophoretic 
analysis, M. eupeus eupeus scorpion venom 
showed protein bands as ~ 4, 6, 32, and 46kDa 
(Figure 2-A; Lane I), and detected protein 
patterns of M.gibbosus scorpion venom were as 
~ 4, 6, 10, 32, 46 and 69kDa (Figure 2-A; Lane 
II), and those of A.crassicauda scorpion venom 
as ~ 6, 10, 32, 46 and 69kDa (Figure 2-A; Lane 
III), after staining with Coomassie Blue. When 
they are compared, they showed only four similar 

protein bands ~ 4kDa, 6kDa, 32kDa and 46kDa 
(Figure 2-A)  between the Mesobuthus species 
venoms.  The common protein bands were also ~ 
6, 32,  46kDa among three venom samples.

RSHA anti-Ac strongly showed reaction 
with both the specific venom and the other two 
Mesobuthus species venoms. As shown in Figure 
2B, specific antibody showed reaction with the 
M. e. eupeus venom (3, 6, 14, 18, 24, 28, 32, 37, 
40, 48, 53, 63, 94 and 121 kDa proteins), (Figure 
2-B, Lane I), and with the M. gibbosus venom 
(4, 8, 14, 18, 24, 32, 40, 53, 63 and 80 kDa 
proteins), (Figure 2-B, Lane 2) and also with the 
A.crassicauda venom (2, 4, 8, 14, 18, 24, 30, 37, 
40, 48, 53, 60 and 69 kDa proteins), (Figure 2-B, 
Lane 3).  Immunoblotting indicated 20 proteins 
as immunogens in three venom samples. The 
common immunogen proteins were 8, 14, 18, 
24, 40, and 53kDa between M. e. eupeus venom 
and M. gibbosus venom according to the result 
of immunoblotting. Comparison of western 

kDa proteins), (Figure 2-B, Lane 2) and also with the A.crassicauda venom (2, 4, 8, 14, 18, 24, 

30, 37, 40, 48, 53, 60 and 69 kDa proteins), (Figure 2-B, Lane 3). Immunoblotting indicated 20 

proteins as immunogens in three venom samples. The common immunogen proteins were 8, 14, 

18, 24, 40, and 53kDa between M. e. eupeus venom and M. gibbosus venom according to the 

result of immunoblotting. Comparison of western blotting profiles of all venom samples showed 

proteins with similar molecular weights 14, 18, 24, 40 and 53kDa (Figure 2-C).

Figure 2. (A) The proteins of the venom of M. e. eupeus (Lane I), M. gibbosus (Lane II) and A. crassicauda (Lane 

III) were separated by using 4%-12% NuPAGE gradient gel electrophoresis. (B) Immunoblotting was carried out to 

evaluate the reactivity of the scorpion venoms components against anti-A. crassicauda horse antivenom (1: 4000), 

and the immunogenic compounds in both venom samples were determined. A. crassicauda venom was used as 

control. Lane M: Molecular weight markers –188 kDa Myosin, 98 kDa Phosphorylase, 62 kDa BSA, 49 kDa 

Glutamic Dehydrogenase, 38 kDa Alcohol Dehydrogenase, 28 kDa Carbonic Anhydrase, 17 kDa Myoglobin Red, 14 

kDa Lysozyme, 6 kDa Aprotinin, 3 kDa Insulin, B Chain (SeeBlue® Plus2 Pre-Stain). (C) After immunoblotting, 

molecular weights of immunogenic proteins in all venom samples were calculated with Molecular Imaging Software. 

Discussion

M. eupeus is found in Armenia, Azerbaijan, Georgia, Iran, Russia, Turkey and Turkmenistan. 

M. gibbosus is known to be present in Albania, Bulgaria, Macedonia, Montenegro, Greece and 

Turkey (5, 10, 30, 31). Toxicity of the venom and the signs of the scorpion envenomation 

depend on major factors such as scorpion species, venom composition and the victim´s 

9

Figure 2. (A) The proteins of the venom of M. e. eupeus (Lane I), M. gibbosus (Lane II) and A. crassicauda (Lane III) were separated 
by using 4%-12% NuPAGE gradient gel electrophoresis. (B) Immunoblotting was carried out to evaluate the reactivity of the scorpion 
venoms components against anti-A. crassicauda horse antivenom (1: 4000), and the immunogenic compounds in both venom 
samples were determined. A. crassicauda venom was used as control. Lane M: Molecular weight markers –188 kDa Myosin, 98 kDa 
Phosphorylase, 62 kDa BSA, 49 kDa Glutamic Dehydrogenase, 38 kDa Alcohol Dehydrogenase, 28 kDa Carbonic Anhydrase, 17 kDa 
Myoglobin Red, 14 kDa Lysozyme, 6 kDa Aprotinin, 3 kDa Insulin, B Chain (SeeBlue® Plus2 Pre-Stain). (C) After immunoblotting, 
molecular weights of immunogenic proteins in all venom samples were calculated with Molecular Imaging Software.
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blotting profiles of all venom samples showed 
proteins with similar molecular weights 14, 18, 
24, 40 and 53kDa (Figure 2-C).

Discussion

M. eupeus is found in Armenia, Azerbaijan, 
Georgia, Iran, Russia, Turkey and Turkmenistan. 
M. gibbosus is known to be present in Albania, 
Bulgaria, Macedonia, Montenegro, Greece and 
Turkey (5, 10, 30, 31).  Toxicity of the venom 
and the signs of the scorpion envenomation 
depend on major factors such as scorpion 
species, venom composition and the victim´s 
physiological reaction to the venom (4, 32).
In the study carried out in 2005, a total of 24, 
261 cases of scorpion sting were reported (13). 
The members of genus Mesobuthus is mostly 
responsible in these stings in the country (33). 
Analysis of data in the literature showed fatal 
cases, especially in children,  reported from 
different provinces of Turkey, where distribition 
of both the Mesobuthus species ranges (14–18).  
In Asian countries,  most of the victims had 
been affected by M. eupeus (34–37). Therefore, 
M.eupeus is one of the major species responsible 
for scorpion sting in Asian countries. Lebez et 
al. (38) found that toxicity of M. gibbosus was 
0.4 mg for mice and 2.4 mg for rats. 

On the other hand, Özkan (39) obtained 
venom from macerated M.gibbosus telson to 
determine lethality reported 10 mg/kg lethal 
dose by s.c injection route. In current study, 
the median lethal dose of M.gibbosus scorpion 
venom was found to be 0.67 mg/kg by s.c. 
injection route. Our current study confirmed that 
A. crassicauda venom is three times more lethal 
than M.gibbosus venom as previously reported 
by Özkan et al. (12). Therefore, M.gibbosus is 
known as a potentially dangerous European 
scorpion (38). This study showed that M.eupeus 
and M.gibbosus could be medically important 
scorpions for humans and particularly children. 

Zayerzadeh et al. (40) reported that lethal 
dose of M.eupeus venom from Iran notified 
4.5mg/kg and the venom injection in rabbits 
evoked severe pulmonary edema and death. 
Latifi and Tabatabai (41) found that LD50 of 
M. eupeus scorpion venom from Iran was 1.36 
mg/kg while Hassan (42) found it to be 1.45 

mg/kg by i.v injection route. Özkan and Carhan 
(25) determined that the median lethal dose for 
M. eupeus from the Central Anatolian region of 
Turkey to be 0.18 mg/kg by i.c.v. injection route. 
They stated that M. eupeus scorpion venom is 
11 times less toxic than A. crassicauda scorpion 
venom. In our study, LD50 of M. e. eupeus was 
determined that to be 1.92 mg/kg by i.v. injection 
route. We found similar results among toxcitiy 
of A. crassicauda venom and M.e. eupeus 
venom. Mice, experimentally envenomed 
with M. gibbosus venom, manifested tremor, 
hypersalivation, mouth and nose bleeding, 
paralysis and death (39). In our study, similar 
sympathetic and parasympathetic signs except 
for mouth and nose bleeding were observed in 
mice during lethality determination,

All scorpion species with high potential of 
mammal specific neurotoxins belong to the 
Buthidae family, due to their neurotoxic effects 
and medical importance (2). Scorpion venoms 
can be classified into two groups according to 
their molecular weights, long-chain (6,500 to 
7,800 Da) and short-chain neurotoxins (3,000 to 
4,400 Da) (43-45).  Uçar and Taş (46) indicated 
that protein bands’ molecular weight ranges 
from 6.5 to 210 kDa detected in the venom of 
M. gibbosus from Manisa province. In current 
work, analysis of electrophoresis shows that all 
scorpion venoms possess low molecular weigth 
proteins. There has been antigenic similarity 
among the venom of scorpions belonging to 
the Buthidae family (47). Ozkan et al. (48) 
reported that three protein bands with molecular 
masses of 70, 87 and 100 kDa were detected 
in M. gibbosus and M. eupeus scorpion venom 
samples, according to the SDS-PAGE analyses. 
Ozkan and Ciftci (33) indicated that the protein 
bands with molecular masses of 28, 30, 33, 68 
and 98 kDa were detected in the venom of M. 
gibbosus from Mugla province. In the current 
study, western blotting showed that RSHA 
anti-Ac strongly reacted with A.crassicauda, 
M. gibbosus and M. e. eupeus scorpion venoms 
which have antigenic similarity (Five protein 
bands with molecular masses of 14, 18, 24, 40, 
53 kDa).   

Altınkaynak et al. (14) recommended that the 
Turkish antivenom (A.crassicauda antivenom) 
is used to treat M. gibbosus envenomation cases, 
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since it had been effective in 91.6% of the cases 
which were studied. The antivenom was not 
effective in only two cases (9 and 13-month-old 
infants) because the patients had late received 
the first aid and hospitalization, and the sting 
site was on the neck (14). Soker and Haspolat 
(49) verified that the Turkish antivenom was 
effective in 90.3% of all scorpion related cases 
in South-Eastern Anatolia. In many studies, it 
was reported that A. crassicauda antivenom 
was capable of neutralizing various scorpion 
venoms in mice (12, 23, 50, 51). In our study, 
bioassays showed similar paraspecific activity 
with previous potency studies. We demonstrated 
that 1 mL of the antivenom can neutralize 23 
LD50 M. e. eupeus,  32 LD50 M. gibbosus and 42 
LD50 A. crassicauda venom in mice.

Conclusion

Lethal potency of the venoms indicated that 
M.e.eupeus and M.gibbosus could be  dangerous 
for people, especially children.  These scorpion 
venoms possess low molecular weight of proteins 
according to the analysis of electrophoresis.  
The western blot analysis also shows that three 
venoms have similar antigenicity pattern.  RSHC 
anti-Ac (1 mL)  was capable of neutralizing M. 
e. eupeus venom (23LD50), M.gibbosus venom 
(32LD50) and A. crassicauda venom (42LD50). 
The RSHC anti-Ac can be used in the treatment 
of envenomation by M. e.eupeus and M.gibbosus 
scorpion stings.

References

Osnaya-Romero N, De Jesus Medına Hernandez 
TJ, Flores-Hernandez S and Leon-Rojas G. Clinical 
symptoms observed in children envenomated by 
scorpion stings, at the children’s hospital from the 
State of Morelos, Mexico. Toxicon (2001) 39: 781–5.
Isbister GK, Graudins A, White J and Warrell D. 
Antivenom treatment in Arachnidism. J. Toxicol. Clin. 
Toxicol. (2003) 41: 291–300.
Bosmans F and Tytgat J. Voltage-gated sodium channel 
modulation by scorpion α-toxins. Toxicon (2007) 49: 
142–58.
Adıguzel S. In-vivo and in-vitro effects of scorpion 
venoms in Turkey: a mini-review. J. Venom Anim. 
Toxins incl. Trop. Dis. (2010) 16: 198–211.
Kovařík F, Yağmur EA, Fet V and Navidpour S. On 
two subspecies of Mesobuthus eupeus (C. L. Koch, 

(1)

(2)

(3)

(4)

(5)

1839) in Turkey (Scorpiones: Buthidae). Euscorpius 
(2011) 109: 1–17.
Mirshamsi O, Sari A, Elahi E and Hosseini SH. 
Mesobuthus eupeus (Scorpiones: Buthidae) from Iran: 
A polytypic species complex. Zootaxa (2011) 2929: 
1–21.
Kinzelbach R. Die Skorpione der Ägäis: Beträge zur 
Systematik, Phylogenie und Biogeographie, -The 
Aegean Scorpions. Zool. Jb. Syst. Bd. (1975) 102: 
12–50.
Kinzelbach R. Vorderer Orient. Skorpione (Arachnida: 
Scorpiones). Tübinger Atlas der Vorderer Orients 
(TAVO), (1985) Karte Nr. A VI 14.2.
Tolunay MA. Zur Verbreitung der Skorpione in der 
Türkei. Zeitschr. F. Angew. Entomol. (1959) 43: 366–
70.
Jalali A and Rahim F. Epidemiological review of 
scorpion envenomation in Iran. Iran. J. Pharm. 
Res. (2014) 13: 743-56.
Özkan Ö and Kat I. Mesobuthus eupeus scorpionism in 
Şanlıurfa region of Turkey. J. Venom Anim. Toxins incl. 
Trop. Dis. (2005) 11: 479–491. 
Özkan Ö, Adıguzel S, Kar S, Yakıstıran S, Cesaretli 
Y and Karaer KZ. Determination of potency and 
paraspecific effects of Androctonus crassicauda 
(Olivier, 1807) antivenom against Mesobuthus 
gibbosus (Brullé, 1832) Venom (Scorpiones: 
Buthidae). J. Venom Anim. Toxins Incl. Trop. Dis. 
(2007) 13: 500–8.
Özkan Ö, Uzun R, Adıgüzel S, Cesaretli Y and Ertek 
M. Evaluation of scorpion sting incidence in Turkey. 
J. Venom Anim. Toxins Incl. Trop. Dis. (2008) 14: 
128–40.
Altınkaynak S, Ertekin V and Alp H. Scorpion 
envenomation in children. Turk. Arch. Ped. (2002) 37: 
48–54.
Suzek H, Evren H and Yapar S. Mugla Devlet 
Hastanesi acil servisine ba–vuran akrep ve yılan sokma 
vakalarının incelenmesi. J. Human Sci. (2004) 1: 1–4. 
Pirgon O, Sert A, Atabek ME and Tokgoz H. The 
follow-up by cardiac troponin I of cardiac involvement 
in a case with scorpion envenoming. Selçuk Tıp Derg. 
(2005) 21: 88–90.
Dayar E, Görsel G, Dursun O, Kardelen F and Uguz 
A. Akrep sokması sonrası ciddi aritmi ve miyokard 
iskemisi: Olgu sunumu (Poster presentation). 50. Milli 
Pediatri Kongresi. 8–12 Kasım. World of Wonders / 
Kremlin Palace, Aksu, Antalya. 2006.  Available from 
http://www.millipediatri.org.tr/bildiriler/PP-415.htm.
Karakurt C and Kocak G. Toxic myocarditis after 
scorpion envenomation: case report. J. Inonu Univ. 
Med. Fac. (2007) 14: 61–3.
Burnouf T, Griffiths E,  Padilla A, Seddik S, Stephano 
MA and Gutierrez JM. Assessment of the viral safety 
of antivenoms fractionated from equine plasma.  
Biologicals (2004) 32: 115–28.
Rawabdeh EA and Bataineh HA. Scorpion stings in 
Jordanian children. Middle East J. Fam. Med. (2008) 
6: 11–2.

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)



 Ozkan O et al. / IJPR (2017), 16 (2): 653-660

660

WHO. Requirements for immune sera of animal origin 
(Requirements for Biological Substance No. 18). 
Technical Report Series (1969) 21 413: 45–59.
Hammoudi-Triki D,   Lefort J, Rougeot C, Robbe-
Vincent A, Bon C, Laraba-Djebari C and Choumet 
V. Toxicokinetic and toxicodynamic analyses 
of Androctonus australis hector venom in rats: 
Optimization of antivenom therapy. Toxicol. Appl. 
Pharmacol. (2007) 218: 205–14.
Tulga, T. Türkiye’de varlığı ilk defa tespit edilen bir 
akrep türü (Buthus quinquestriatus) ile Prionurus 
crassicauda’ya karşı hazırladığımız akrep serumları 
arasında çapraz proteksiyon. Türk Hij Tecr Biyol Derg. 
(1960) 20: 191- 203.
Tulga, T. Türkiye akrepleri ve Türkiye’de hazırlanmış 
anti-Androctonus crassicauda akrep serumunun 
paraspesifik etkisi. Türk Hij Tecr Biyol Derg. (1964) 
29: 146–55.
Özkan Ö and Carhan A. The neutralizing capacity 
of Androctonus crassicauda antivenom against 
Mesobuthus eupeus scorpion venom. Toxicon. (2008) 
52: 375–9.
Özkan Ö and Filazi A. The determination of acute 
lethal dose-50 (LD50) levels of venom in mice, obtained 
by different methods from scorpions, Androctonus 
crassicauda (Oliver 1807). Acta Parasitol. Turcica 
(2004) 28: 50–3. 
Bradford MM. A rapid sensitive method for the 
quantitation of microgram quantities of protein 
utilizing the principle of protein-dye binding. Anal. 
Biochem. (1976) 72: 248–57. 
Behrens B and Karber C. Wie sind Reihenversuche 
fur biolgische Auswertungen am zwerkmabigsten 
Anzuordnen. Archiv für Experimental Pathologie und 
Pharmakologie (1935) 177: 379-88.
Laemmli K. Cleavage of structural proteins during 
the assembly of the head of bacteriophage T4. Nature 
(1970) 227: 680–5.
Fet V and Braunwalder ME. The scorpions (Arachnida, 
Scorpiones) of the Aegean area: Current problems in 
taxonomy and biogeography. Belgian J. Zool. (2000) 
130: 17–22.
Fet V.  Scorpions of Europe. Acta Zool. Bulg. (2010) 
62: 3-12.
Vera LP. Scorpion venom and the ınflammatory 
response. Mediators of Inflammation (2010): 1–16. 
Özkan Ö and Çiftçi G. Individual variation in the 
protein profile of the venom of Mesobuthus gibbosus 
(Brullé, 1832, Scorpiones: Buthidae) from Turkey. J. 
Venom Anim. Toxins Incl. Trop. Dis. (2010) 16: 505–8.
Radmanesh M. Androctonus crassicauda sting and its 
clinical study in Iran. J. Trop. Med. Hyg. (1990) 93: 
323–6.
Dehghani R, Khademi M and Sayyah M. A survey of 
scorpion sting in the city of Kashan. J. Esfahan Univ. 
Med. Sci. Health Services (1998) 3: 132–5.
Shahbazzadeh D, Amirkhani A, Djadid ND, Bigdeli 
S, Akbari A, Ahari H, Amini H and Dehghani R. 

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)

(31)

(32)

(33)

(34)

(35)

(36)

Epidemiological and clinical survey of scorpionism in 
Khuzestan province, Iran (2003). Toxicon (2009) 53: 
454–9.
Dehghani R, Djadid ND, Shahbazzadeh D and Bigdelli 
S. Introducing Compsobuthus matthiesseni (Birula, 
1905) scorpion as one of the major stinging scorpions 
in Khuzestan, Iran. Toxicon (2009) 54: 272–275.
Lebez D, Maretic Z, Ladavac J and Meden M. 
Mesobuthus gibbosus – A Potentially Dangerous 
European Scorpion. Wien: 8 Internationaler 
Arachnologen Kongress. P. (1980) 187–90.
Özkan N. Mesobuthus gibbous türü akrep zehirinin 
farelerde minimal lethal dozunun(MLD50) saptanması. 
E.Ü Sağlık Bilimleri Enst. Izmir: (1992). Parazitoloji 
Anabilimdalı Yüksek Lisans Tezi.
Zayerzadeh E, Koohi MK, Zare Mirakabadi A, 
Purkabireh M, Kassaaian SE and Rabbani SH. 
Cardiopulmonary complications induced by Iranian 
Mesobuthus eupeus scorpion venom in anesthetized 
rabbits. J. Venom Anim. Toxins Incl. Trop. Dis. (2010) 
16: 46–59.
Latifi M and Tabatabai M. Immunological studies 
on Iranian scorpion venom and antivenom. Toxicon 
(1979) 17: 617–620.
Hassan F. Production of scorpion antivenom. In: Tu 
AT. (ed.). Handbook of Natural Toxins. Vol. 2, Marcel 
Dekker, Inc., New York (1984) 577–605.
Possani LD, Becerril B, Delepierre M and Tytgat J. 
Scorpion toxins specific for Na+ channels. Eur. J. 
Biochem.  (1999) 264: 287–300.
Possani LD,  Merino E, Corona M, Bolivar F and 
Becerril B. Peptides and genes coding for scorpion 
toxins that affect ion-channels. Biochime (2000) 82: 
861-8.
Rodriguez de la Vega RC and Possani LD. Current 
views on scorpion toxins specific for K +-channels. 
Toxicon (2004) 43: 865-75.
Uçar G and Taş C. Cholinesterase inhibitory activities 
of the scorpion Mesobuthus gibbosus (Buthidae) 
venom peptides. FABAD J. Pharm. Sci. (2003) 28: 
61–70.
Abroug F, Elatrous S, Nouira S, Haguiga H, Touzi 
N and Bouchoucha S. Serotherapy in scorpion 
envenomation: a randomised controlled trial. Lancet 
(1999) 354: 906–9.
Özkan Ö, Çiftçi G and Karaer Z. Electrophoretical 
comparison of proteins of Mesobuthus eupeus and 
Mesobuthus gibbosus scorpion venoms. Kafkas Univ. 
Vet .Fak .Derg. (2011) 17: 153–8. 
Soker M and Haspolat, K. Güneydoğu ve Anadolu 
bölgesinde çocuklarda akrep sokması: 64 vakanın 
degerlendirilmesi. Çocuk Sağlığı ve Hastalıkları 
Dergisi. (2000)  43: 43–50.
Whittemore FW, Keegan Hl and Borowitz Jl. Studies 
of scorpion antivenins. 1. Paraspecificity. Bull. World 
Health Organ (1961) 25: 185–8.

(37)

(38)

(39)

(40)

(41)

(42)

(43)

(44)

(45)

(46)

(47)

(48)

(49)

(50)

This article is available online at http://www.ijpr.ir


