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Abstract.- Scorpion envenomation represents a significant cause of morbidity and mortality in many countries.
Odontobuthus odonturus is a medically important scorpion that inhibits sandy areas. In the present study we evaluated
the in-vivo toxic effects of O. odonturus venom on male albino mice. Scorpions were collected from undisturbed
sandy areas of district Sargodha (Punjab), Pakistan. We extracted the venom and injected intraperitoneally into healthy
albino mice. Haemato-pathological effects of the venom were studied on different blood parameters i.e., total
leucocyte count (TLC), neutrophil count, RBC’s count and platelet count, lymphocytes, eosinophils and monocytes.
The venom of O. odonturus caused drastic change in blood physiology of treated animals. We observed a significant
decrease in RBC’s, platelets and lymphocyts of treated animals. However, treated animals showed marked increased
in neutrophils, hemoglobin and TLC count. There was no difference in the count of monocytes and eosinophils
between treated and control animals. It is concluded from the study that venom of O. odonturus is potentially harmful
to mammals as it badly affects the blood physiology which may ultimately leads towards many disorders in the body.
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INTRODUCTION

Scorpions are venomous arachnids with

highly conserved morphology (Murthy and Krishina
2002; Ruming et al., 2010). They occupied tropical
and subtropical areas and found everywhere except
Antarctica (Isbester et al., 2003; Petricevich, 2010).
They have potential to bear very drastic
environmental conditions; therefore, they are very
successful invertebrates (Zlotkin et al., 2001). Till
now 16 scorpion families and approximately 1500
scorpion species and sub-species have been
discovered (Bawaskar and Bawaskar, 2012).
Amongst all families Buthidae is considered as the
most poisonous and medically important (Chowell
et al., 2006; Michael and Victor, 2003).

Scorpion venom is a rich source of
biochemically activated enzymes, amines and low
molecular weight peptides (Gomez et al., 2010). Till
now 400 peptides have been isolated from scorpion
venom (Shirmardi et al., 2010). These peptides
range in mass from 1,000 to 9,000 Da (Rates et al.,
2008; Schwartz et al., 2007) and mainly target
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sodium, potassium, calcium (Choung et al., 1998)
and chloride channels (Possani et al., 2000).
Scorpion venom also has tremendous ability to
inhibit or activate the ion channels, acetylcholine
receptors, acetylcholine esterase, membranes
coagulation and anticoagulation pathways with
highly selective affinity (Bogin, 2005; Jalali et al.,
2012).

On the basis of molecular weight scorpion
toxins are divided into two classes. The first class
contains 60-70 amino acids cross linked by four
disulfide bridges (Gordon et al., 2003). They are
exclusive for sodium channels of excitable cells
(Rochet et al., 1979). The second class contains 30-
40 amino acids cross linked by three or four
disulfide bridges (Kharrat et al., 1997). These are
single chained toxins and due to their binding
activities these have been described as a or B toxins.
Their particular target site is K" channels and
calcium activated K+ (Rodriguez and Possani,
2005).

Envanomation by the scorpions is very
common in rural areas (Ozkan et al., 2011). Toxic
peptides of scorpion venom may cause death of their
victims (Mirakabadi et al., 2006). Scorpion venom
also exhibits various other effects like, hemolytic
(Cournet et al., 1994), muscular effect (Jalali et al.,
2007; Vatanpour et al., 2012), renal failure (De
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Sousa et al., 2005), cardiovascular failure (Bakir et
al., 2012), pulmonary oedema and respiratory arrest
(Ozkan and Carhan, 2008). Scorpion’s bites may
induce myocarditis and left ventricular hypertrophy
due to long standing hyper tension (Sarakar et al.,
2008). More than 70% people suffer from
gastrointestinal manifestation after scorpion stung
(Deshpande et al., 2005). Scorpion venom also
causes pulmonary (Amaral and Rezende, 1997;
Coelho and Pessini, 2007) and renal oedema (De
Sousa et al., 2005; Severino et al., 2009).

Present study was aimed at investigating the
in-vivo hematological effects of Odontobuthus
odonturus venom on male albino mice. Outcome of
the study will be helpful in devising better curative
strategies against bites of venous scorpions of the
area.

MATERIALS AND METHODS

Scorpion collection

The study was conducted at the Department
of Zoology, University of Sargodha, Pakistan from
May 2012 to April 2013. Healthy and adult
scorpions were collected from undisturbed sandy
areas of district Sargodha (32.083N; 72.671E),
using portable ultraviolet (UV) lamps at night.
Scorpion collection was done during no moon cycle
period of month.

Venom extraction and sample preparation

The venom was extracted by electrical
stimulation (20 MV). Platinum electrode was used
for electric stimulation to extract the venom from
the swollen telsons of scorpions. The milking
process continued as long as was necessary, usually
between 10-15 seconds. The venom was collected in
Eppendorf tubes (1.5 ml) and stored at -20°C for
later use.

The lyophilized dried venom (60mg) was
dissolved in 900ul double distilled water and kept
for 48 h at 4°C (Masihipour, 2005). After dialysis,
venom was centrifuged at 14,000 rpm for 10 min at
4°C. Mucous material and un-dissolved residues
were separated apart and the supernatant was
collected in Eppendorf tubes (1.5ml).

Experimental protocol
The toxicity of the O. odonturus venom was

determined on Stock Webster strain of albino mice,
Mus musculus.

Twenty five healthy adult male albino mice,
Webstar strain, Mus musculus with an average
weight between 25-30 g were used in the study. All
the animals were housed in different cages under
controlled light (325 lux), humidity (40-50%) and
temperature (26-32°C). They were fed with standard
diet.

Four doses i.e., 120, 170, 200 and 250ul of
stock solution (60mg/900ul double distilled water)
were used to test the toxicity in this experiment.
Five groups each of 5 albino mice were used. The
first group was kept as control and given normal
diet (unmarked), whereas the remaining four groups
(each of 5 albino mice) were administered with
venom intraperitoneally at 120, 170, 200 and 250 pl
using insulin syringes. All groups were placed
separately under observation for 24 h.

After 24 h, mice were anesthetized with
chloroform, sacrificed and blood was drawn directly
from heart using 1 ml syringe. The blood was stored
in EDTA coated tubes and used for total leukocyte
count (TLC), RBC’s count, neutrophils, eosinophils,
monocytes, lymphocytes and platelet count and
determination of  haemoglobin  level. The
departmental ethical committee granted permission
to conduct the experiment.

Statistical analyses

One way analysis of variance (ANOVA),
followed by Tukey’s test, was applied by using
SPSS (13) to compare the blood parameters of
different groups. Differences were considered
significant when P-values were less than 0.05.

RESULTS

The inflammation at the injection site,
restlessness, increased urination and fecal discharge
were noticed only in the treated groups. All the
members of fifth group, which was injected with
highest dose (i.e., 250ul) were paralyzed after 12 h
and died after 18 h.

Table | shows the various haematological
parameter of mice after treatment with different
doses of venom. The total number of RBCs
decreased significantly in the treated groups (Fsis=
7.99; P=10.002), whereas, TLC increased with the
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Table I.- Effect of crude venom of Odontobuthus odonturus on different blood parameters of Mus musculus.
Blood parameters

Total White blood cells (WBCs) :

Dose RBCs - - - Platelet count Haemoglobin
(1xL0%/ul) TLC Neutrophils Lymphocytes Eosinophils Monocytes (1X10%/ul) (g/dl)
(1x10%/pl) (%) (%) (%) (%)

Control ~ 8.99+0.40° 2.26+0.10° 12.0+1. 702 87.4+2.73" 1.0+0.002 2.0+0.002 1103.60+31.66¢ 8.94+0.40°

120 ul 6.60+0.692 2.72+0.25% 27.04£3.83° 53.0+£5.35¢ 1.0+0.002 1.6+0.202 880.80 £70.07¢ 9.64+0.38°
170 ul 6.60+£0.502 3.54+0.23° 36.2+2.51° 52.846.46° 1.2+0.202 1.8+0.242 788.20+91.89% 10.06+0.39°
200 pl 5.68+0.342 3.50+0.13° 34.6+3.93° 49.6+4.20° 1.2+0.202 1.6+0.242 704.60+47.092 12.38+0.36°¢

Note: Values in a column having different superscripts are significantly different.

increase in venom concentration (Fss= 7.06; P=
0.003). The amount of neutrophils were
considerably higher in the treated groups compared
to the control (Fsis = 13.35; P= 0.001). The
percentage of lymphocytes and platelets and
hemoglobin level decreased significantly among
treated animals (Fsis = 13.35; P= 0.004 for
lymphocytes, Fsi6= 19.01; P= 0.001 for platelets
and Fz16= 14.67; P= 0.011 for hemoglobin). Non-
significant differences were recorded for monocytes
and eosinophils (Fsi6= 0.97; P= 0.445 and F316=
0.667; P=0.58 respectively.

DISCUSSION

Most of the scorpions of family buthidae are
medically important as their venom is highly toxic
(Gwee et al., 2002; Mebs, 2002). Peptides of
scorpions are more poisonous and dangerous than
that of the snake toxins (Sofer and Gueron, 1990).
Scorpion’s toxins act particularly at the voltage
gated sodium and potassium ion channels in the
excitable nerve cells. Therefore, they can easily kill
their pray and predator (Adiguzel, 2010).
Envenomation by the scorpions of buthidae family
causes respiratory distress, tachycardia, tachypnea,
sialorrhoea and myocarditis. Scorpion venom also
causes hemorrhage, severe and mild necrosis and
congestion (Deghani et al., 2004).

Dehghani et al. (2012) and Abdoon and
Fatani (2009) reported considerable decrease in
hematocrit and RBC’s count after envenomation by
scorpion venom. Their finding is in accordance with
our results, that all the envenomed groups showed
significant decrease in total RBC’s count compared
to the control group. It suggests that envenomation

induced hemolysis of RBC’s. The venom of O.
odonturus was abstemiously poisonous because at
250 pl dose all the intraparitoneally treated mice
were died. Emam et al. (2008) recorded about
48.73% erythrocytes hemolysis in a scorpion
envenomed persons. The wvenom of genus
Odontobuthus is highly toxic for the blood vessels
(Klassen and Watkins, 2003). According to
Farzanpey (1994) scorpion stung modulates
hemolytic symptoms of their victim’s body.
Pipelzadeh et al. (2007) and Jalali et al. (2012) also
observed a rapid drop in hematocrit and preferential
increased hemolysis in the victim of scorpions.
Similarly, Emam et al. (2008) also reported the
decreased hematocrit and considerable reduction in
the RBC’s number in the scorpion stung patients.
Histopethological changes recoded by Zayerzadeh
et al. (2010) after injecting venom were
myocytolysis (lysis of myocytes), coagulation
necrosis, focal hemorrhage, thrombus formation
both in myocardium and on endocardial surfaces.

In the present study significant increase im
average TLC count after intraperitoneal treatment
was observed. Results are in accordance with
Dehghani et al. (2012) and Chitnis et al. (1993),
they also found elevated number of WBC’s in the

envenomed people. This leads towards the
leukocytosis  after  envenomation.  Significant
diminution in lymphocytes was observed in

intraperitoneally treated groups. However, non-
significant difference in the count of eosiniphils and
monocytes was recorded.

The level of neutophils increased more than
twice in treated animals compared to the control.
Altenburg et al. (1997) elucidated that injection of
scorpion venom cause mobilization of neutrophils



1216 R. MISHAL ET AL.

from the bone marrow to the blood circulation in
rats that caused neutrophilia which explained the
release of norepinephrine and its action on oa-
adrenoceptors. Borges et al. (2000) reported that
number of neutrophils circulating in the blood
stream after envenomation by scorpions increased,
while  matured  neutrophils  simultaneously
decreased. These increased neutrophils may
participate in the propagation of lung injury in
children and older age people. Neutrophilic
leukocytosis attributed by scorpion envenomation
has previously been studied in humans (Gueron et
al., 1993; Bucaretchi et al., 1995) and animals
(Cordeiro et al., 2006).

The platelet count in the present study
decreased markedly which is in concurrence with
Pinto et al. (2010). However, in controversy to our
findings Emam et al. (2008) reported 61.4%
increase of platelet count due to action of scorpion
poison. According to Heemskerk et al. (2002) blood
platelets impart promising role in the regulation of
adhesive and coagulation properties and confers a
primary physical barrier necessary to arrest the
bleeding. Moreover, they provide a catalytic surface
by assembling the enzymes complexes and catalytic
cascades and also accelerate the fibrin formation.
This alteration is consequent for the occurrence of
pulmonary hemorrhage and thrombocytopenia
which is reported by Longenecker and Longenecker,
(1981). Corréa et al. (1997) observed hemorrhagic
lesions in the heart, lungs, and kidneys of rats after
poisoning with Tityus serrulatus venom.

The level of hemoglobin in the
intraperitoneally treated animals was also increased
with venom dose. This increase in hemoglobin is
probably due to excessive hemolysis of erythrocytes
(Shahbazzadeh et al., 2007). Furthermore, increase
in hemolysis of erythrocytes may increase the
amount of bilirubin which may leads towards
hemoglobinuria. Emen et al. (2008) confirmed the
presence of hematuria in the envenomed animals
and negative effect of scorpion poison on the kidney
and damage to the capillary system of glumeruli. On
the other hand, Nunan et al. (2003) and Nunan et al.
(2004) have showed in histo-pathological studies
that venom caused glumerolar congestion, dilated
vessels of interstitium and focal interstitial
congestion in kidneys of all animals.

CONCLUSIONS

It is concluded that scorpion venom cause
drastic changes in the blood physiology which may
leads to towards renal failure, hemolytic anemia by
erythrocytes  fragmentation,  vasoconstriction in
blood vessels, haemoglobinuria, pulmonary oedema,
myocarditis and thromboleukopenia. In the present
study we first time reported the toxicity of venom of
O. odonturus. More research is needed so that
effective and improved treatments for scorpion
venom manifestations can be designed.

ACKNOWLEDGEMENTS

This project was supported by the University
of Sargodha, Sargodha. We are thankful to Mr.
Muhammad Muhsin Ahsan for his help in scorpion
collection. We are also thankful to Dr. Kawaja
Raees Ahmed and Mr. Tahir Abbas for their
technical assistance during the experiments.

REFERENCES

ABDOON, N. A. AND FATANI, A. J., 2009. Correlation
between blood pressure, cytokines and nitric oxide in
conscious rabbits injected with Leiurus quinquestriatus
quinquestriatus scorpion venom. Toxicon, 15: 471-480.

ADIGUZEL, S., 2010. In vivo and in vitro effects of scorpion
venoms in Turkey: a mini-review. J. Venom. Anim.
Toxins. Trop. Dist., 16: 198-211.

ALTENBURG, S. P., MARTINS, M. A, SILVA, R. A,
CORDEIRO, R. S. B. AND CASTRO-FARIA-NETO,
H.C., 1997. LPS-induced blood neutrophilia is inhibited
by al-adrenoceptor antagonists: a role for
catecholamines. J. Leukocyt. Biol., 61: 689-694.

AMARAL, C.F. AND REZENDE, N.A, 1997. Both
cardiogenic and non-cardiogenic factors are involved in
the pathogenesis of pulmonary oedema after scorpion
envenoming. Toxicon, 35: 997-998.

BAKIR, F., OZKAN, O., ALCIGIR, M. E. AND VURAL, S.
A., 2012. Effect of Androctonus carassicauda on heart
tissue. J. Anim. Vet. Adv., 11: 2594-2599.

BAWASKAR, H. S. AND BAWASKAR, H. P., 2012. Scorpion
Sting: Update. J. Assoc. Phys. India, 60: 46-53.

BOGIN, O., 2005. Venom peptides and their mimetics as
potential druds. Modulator, 19: 14-20.

BORGES, C.M., SILVEIRA, M.R., APARECIDA, M.,
BEKER, C.L., FREIRE-MAIA, L. AND TEIXEIRA,
M.M., 2000. Scorpion venom-induced neutrophilia is
inhibited by a PAF receptor antagonist in the rat. J.
Leukocyt. Biol., 67: 515-9.



EFFECT OF SCORPION VENOM ON MOUSE BLOOD 1217

BUCARETCHI, F., BARACAT, E., NOGUEIRA, R. N. AND
ZAMBRONE, F. A. D., 1995. Severe scorpion
envenomation in children: a comparison between Tityus
bahiensis and Tityus serrulatus. Rev Inst Med Trop Sao
Paulo, 37: 331-336.

CHITNIS, P. A,, MARAGHI, S. AND VAZIRIANZADEH, B.,
1993. Epidemiological and laboratory study on scorpion
stings in Khuzestan province. J. med. Facul. Guilan
Univ. Med. Sci., 2: 5-12.

CHOUNG, R. S., JAFFE, H., CRIBBS, L., PEREZ-REYES, E.
AND SWARTZ, K. J., 1998. Nature Neurosci., 1: 668.

CHOWELL, G., DIAZ-DUENAS, R., BUSTOS-SALDANA,
A., MIRELES, A. AND FET, V., 2006. Epidimiological
and clinical charecteristics of scorpionism in Colima,
Mexico (2000-2001. Toxicology, 47: 753-758.

COELHO, F. M. AND PESSINI, A. M., 2007. Platlet activating
factor receptors drive CXC chemokine producton,
neutrophil influx and edema formation in the lungs of
mice injected with Tityas serrulatus venom. Toxicon,
50: 420-427.

CORDEIRO, F. F., SAKATE, M. AND FERNANDES, V.,
2006. Clinical and cardiovascular alterations produced
by scorpion envenomation in dogs. J. Venom. Anim.
Toxins. Trop. Dis., 12: 19-43.

CORNET, I, BUTTNER, K. DASSEUX, X. L. AND
DUFOURCQ, J., 1994. The ampipathic alpha helix
conceot. Application to the de novodesidg of ideally
amphipathic Leu, Lys peptides with hemolytic activity
higher than that of the mellitin. FEBS Lett., 349: 29.

CORREA, M. M., SAMPAIO, S. V. AND LOPES, R. A., 1997.
Biochemical and histopathological alterations induced
in rats by Tityus serrulatus scorpion venom and its
major neurotoxin tityustoxin-1. Toxicon, 35: 1053-1067.

DE SOUSA, A. R.,, DO NASCIMENTO, N. R. AND
FERRERIRA-BARBOSA, D. M., 2005. Renal effects
and vascular reactivity induced by Tityas serrulatus
venom. Toxicon, 46: 271-276.

DEHGHANI, R., KHAMECHIAN, T., VATANDOOST, H.,
ASADI, M. A. AND MOSAVI, G. A., 2004. The effect
of Hemiscorpius lepturus venom on pathologic changes
of rat orangs. Q. Res. J. Lorestan Univ. Med. Sci. Hlth.
Serv., 6: 37-41.

DEHGHANI, R., KHAMEHCHIAN, T., VAZIRIANZADEH,
B., VATANDOOST, H. AND MORAVVE], S., 2012.
Toxic effects of scorpion, hemiscorpius lepturus
(hemiscorpiidae) venom on mice. J. Anim. Pl. Sci., 22:
593-596.

DESHPANDE, S. B., ALEX, A. B., JAGANNADHAM, M. V.,
RAO, G. R. AND TIWARI, A. K., 2005. Identification
of novel pulmonary oedema producing toxin from
Indian red scorpion (Mesobuthus tamulus) venom.
Toxicon, 45:735-743.

EMAM, S. J., KHOSRAVI, A. D. AND ALEMOHAMMAD,
A., 2008. Evaluation of haematological and urine
parameters in Hemiscorpius lepturus (Gadim) victims
referred to Razi Hospital, Ahwaz, Iran. J. med. Sci., 8:

306-309.

FARZANPEY, R., 1994. Scorpion sting and the fallowing of it.
Pajouhesh va Sazandegi, 259: 123-125.

GOMEZ, A., BHATTACHARIEE, P., MISHRA, R., BISWAS,
A.K.,, DASGUPTA, S.C. AND GIRI, B., 2010.
Anticancer potential of animal venoms and toxins.
Indian J. exp. Biol., 48: 93-103.

GORDON, D., ILAN, N., ZILBERBERG, N., GILLES, N.,
URBACH, D. AND COHEN, L., 2003. An 'Old World'
scorpion beta-toxin that recognizes both insect and
mammalian sodium channels. Eur. J. Biochem., 270:
2663-2670.

GUERON, M., MARGULIS, G. AND ILIA, R., 1993. The
management of scorpion envenomation. Toxicon, 31:
1071-1083.

M.C.E., NIRTTHANAN, S, KHOO, H,
GOPALKRISHNAKONE, P., KINI, M.R. AND
CHEAH, L.S., 2002. Autonomic effects of same
scorpion venoms and toxins. Clin. exp. Pharmacol.
Physiol., 29: 795-801.

HEEMSKERK, J. W., BEVERS, E. M. AND LINDHOUT, T.,
2002. Platelet activation and blood coagulation.
Thromb. Haemost., 88: 186-193.

ISMAIL, M. AND ABD-ELSALAM, A., 1998. Are the
toxicological effects of scorpion envenomation related
to tissue venom concentration? Toxicon, 26: 256.

JALALI, A., VATANPOUR, H., HOSSEININASAB, Z.,
ROWANC, E. G. AND HARVEYC, A. L., 2007. The
effect of the venom of the yellow Iranian scorpion
Odontobuthus doriae on skeletal muscle preparations in
vitro. Toxicon, 50: 1019-1026.

JALALLI, A., BARVASAD-OMIDIAN, B., NAJAFZADEH, M.
AND REZAEI, S., 2012. The pharmakokineticc of
Hemiscorpius lepturus scorpion venom and Razi
antivenom following intramuscular administration in
rat. Venom Res., 3: 1-6.

KHARRAT, R., MANSUELLE, P., SAMPIERI, F., CREST,
M., OUGHIDENI, R., RIETSCHOTEN, J. V.,
MARTIN-EAUCLAIRE, M. F., ROCHAT, H. AND
AYUB, M. E., 1997. Maurotoxin, a four disulfide
bridge toxin from Scorpio maurus venom: Purification,
structure and action on potassium channels. FEBS Lett.,
406: 284-290.

KLAASSEN, C. D. AND WATKINSIII, J. B., 2003. Casarett
& Doull’s essentials of toxicology. 3rd ed McGraw-Hill,
New York, pp. 281-283.

LONGENECKER, G. L. AND LONGENECKER, H. E., 1981.
Centruroides  sculpturatus venom and platelet
reactivity: possible role in scorpion venom induced
defibrination syndrome. Toxicon, 19: 153-157.

MASIHIPOUR, B., 2005. Study about characterization of
physic chemical and biological of Apitobuthus pterygo
cercus venom of scorpion. Proc. Ist Iran. Congr. Biol.
Sci., 822: 14-15.

MEBS, D., 2002. Scorpion and snakes such as Cobras, mambas
and vipers made the African continent for venomous

GWEE,



1218 R. MISHAL ET AL.

animals. Bull. Sci. Pathol. Exot., 95: 131.

MICHAEL, E. S. AND VICTOR, F., 2003. High-level
systematics and phylogeny of the extant scorpions
(Scorpiones: Orthosterni). Euscorpius, 11: 1-175.

MIRAKABADI, A.Z., JALALI, A, JAHROMI, AE,
VATANPUR, H. AND AKBARY, A. 2006.
Biochemical changes and  manifestations  of
envenomation produced by Odentobuthus doriae venom
in rabbits. J. Venom. Anim. Toxins, Trop. Dis., 12:67-77

MURTHY, K. AND KRISHINA, R., 2002. On scorpion
envenoming syndrome: Problems of medical ethics and
accountability in medical research in India. J. Venom
Anim. Toxins, 8: 10-13.

NUNAN, E. A.,, MORAES, M. F. D., CARDOSO, V. N. AND
MORAES-SANTOS, T., 2003. Effect of age on body
distribution of Tityustoxin from Tityus serrulatus
scorpion venom in rats. Life Sci., 73: 319-325.

NUNAN, E. A, ARYA, V., HOCHHAUS, G., CARDOSO, V.
N. AND MORAES-SANTOS, T., 2004. Age effects on
the pharmacokinetics of tityustoxin from Tityus
serrulatus scorpion venom in rats, Brazil. Med. Biol.
Res., 37: 385-390.

OZKAN, O., CIFTCI, F. AND KARAER, Z., 2011
Electrophoretical comparison of proteins of Mesobuthus
eupeus and Mesobuthus gibbosus scorpion venoms.
Kafkas Univ. Vet. Fakiil. Dergisi, 16: 153-158.

OZKAN, O. AND CARHAN, A., 2008. The nuteralizing
capacity of Androctonus crassicauda antivenom against
Mesobuthus eipeus scorpion venom. Toxicon, 52:375-

397.
PETRICEVICH, V.L., 2010. Scorpion venom and
inflammatory  response.  Med. Inflam.,  2010:

doi:10.1155/2010/903295

PINTO, M.C.L., MELO, M.M., COSTA, M.E.R. AND
LABARRERE, C.R.,, 2010. Hematological and
biochemical profiles of rats submitted to experimental
poisoning with Tityus serrulatus venom. Arg. Brasil.
Med. Vet. Zootec., 62: 2 Belo Horizonte.
http://dx.doi.org/10.1590/S0102-09352010000200015.

PIPELZADEH, M. H. JALALI, A, TARAZ, M,
POURABBAS, R. AND ZAREMIRAKABADI, A,
2007. An epidemiological and a clinical study on
scorpionism by the Iranian scorpion Hemiscorpius
lepturus. Toxicon, 50: 984-992.

POSSANI, L. D., MERINO, E., CORONA, M., BOLIVAR, F.
AND BECERRIL, B., 2000. Peptides and genes coding
for scorpion toxins that affect ion-channels.
Biochimistery, 82: 861-868.

RATES, B., FERRAZ, K.K., BORGES, M.H., RICHARDSON,
M., DE LIMA, M.E. AND PIMENTA, AM., 2008.
Tityus serrulatus venom peptidomics: assessing venom
peptide diversity. Toxicon, 52: 611-618.

ROCHET, H., BARNARD, P. AND COURAUD, F., 1979.
Scorpion toxin: Chemistry and mode of action. Adv.
Cytopharmacol., 3: 325-334.

RODRIGUEZ, R.C. AND POSSANI, L.D., 2005. Overview of

scorpion toxins specific for Na+ channels and related
peptides: biodiversity, structure-function relationships
and evolution. Toxicon, 46: 831-844.

RUMING, Z., YIBAO, M., YAWEN, H., ZHIYONG, D.,
YINGLIANG, W., ZHUJIAN, C. AND WENXIN, L.,
2010. Comparative venom gland transcriptome analysis
of the scorpion Lychas mucronatus reveals
interaspecific toxic gene diversity and new venomous
components. BMC Genom., 11: 1-15.

SARAKAR, S., BHATTACHARYA, P. AND PASWAN, A.,
2008. Cerebrovascular manifestations and alteration of
coagulation profile in scorpion sting; a case series.
Indian J. Crit. Care, 12: 15-17.

SCHWARTZ, E. F., DIEGO-GRACIA, E., RODRIGUEZ DE
LA VEGA, R. C. AND POSSSNI, L. D., 2007
Tronscriptome analysis of venom gland of the Mexican
scorpion Hadrurus gertschi (Arachnida: Scorpions).
BMC Genom., 8: 119.

SEVERINO, D.N., PEREIRA, R. L., KNYSAK, I., CANDIDO,
D.M. AND KWASNIEWSKI, F.H., 2009.
Edematogenic activity of scorpion venoms from the
Buthid family and role of platelet-activating factor and
nitric oxide in new edema induced by Tityus venoms.
Inflammation, 32: 57-64.

SHAHBAZZADEH, D., SRAIRI-ABID, N., FENG, W., RAM,
N., BORCHANI, L., RONJAT, M., AKBARI, A,
PESSAH, I.N., DE-WAARD, M. AND EL AYEB, M.,
2007. Hamicalcin, a new toxin from the Iranian
scorpion Hemiscorpius lepturus which is active on
ryanodine-sensitive Ca2+ channels. Biochem. J., 404:
89-96.

SHIRMARDI, S. P., GANDOMKAR, M., SHAMSAEI, M.,
MIRAKABADI, A. Z, MARAGHEH, M. G,
SHAFIEI, M. AND VAHIDFAR, N., 2010. Preparation
and biodistribution study of a 99mTc-labeled toxic
fraction of Iranian Mesobuthus eupeus scorpion venom.
Iranian J. Nucl. Med., 18: 37-44.

SOFER, S. AND GUERON, M., 1990. Vasodilators and
hypertensive  encephalopathy  following  scorpion
envenomation in children. Chest, 97: 118-20.

VATANPOUR, H., AHMADI, F., MIRAKABADI, A. Z. AND
JALALI, A., 2012. Two biological active fractions
isolated from Buthotus schach (BS) scorpion venom
examined on striated muscle preparation, In-vitro.
Iranian J. Phamacol. Res., 11: 905-911.

ZAYERZADEH, E., KOOHI, M. K., MIRAKABADI, Z. A,
PURKABIREH, M. AND KASSAAIAN, S. E., 2010.
Cardiopulmonary complications induced by Iranian
Mesobuthus eupeus 53 scorpion venom in anesthetized
rabbits. J. Venom Anim. Toxins. Trop. Dis., 16: 46-59.

ZLOTKIN, E., EITAN, M., BINDOKAS, V. P., ADAMS, E.,
MOYER, M., BURKHART, W. AND FOWLER, E.,
2001. Functional duality and structural uniqueness of
depressant insect-selective neurotoxins. Biochemistry,
30: 4814-4821.

(Received 30 March 2015, revised 13 May 2015)



