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ABSTRACT: Scorpions are venomous arthropods of the Arachnida class and are 
considered relatives of spiders, ticks and mites. There is not any study about the 
biochemical effects of Androctonus crassicauda (Olivier, 1807) venom. Therefore, in 
the present study, we aimed at evaluating the toxicity of the venom from A. 
crassicauda, which is responsible for a number of deaths of infants, children and 
adults in tropical and subtropical countries. For this purpose, rats (n=35) were divided 
into seven groups of five animals each; venom solutions (250µg/kg) were 
subcutaneously injected into rats; blood samples were taken from each animal at 
various times; and serum biochemical parameters were measured (levels of total 
proteins, total bilirubin, albumin, globulin, urea, creatinine, uric acid, glucose, 
cholesterol, triglycerides, sodium, chlorine, potassium and calcium, and the activity of 
the enzymes alanine aminotransferase, aspartate aminotransferase, alkaline 
phosphatase, gamma-glutamyl transferase, lactate dehydrogenase). Serum levels of 
glucose, cholesterol, aspartate aminotransferase, alanine aminotransferase and uric 
acid increased in envenomed animals, compared to controls. There was a 
statistically positive correlation between Na+ and Cl- ions. 
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INTRODUCTION 
Scorpion envenomation remains a real health problem in tropical and subtropical 

regions of the world (23, 38, 44). The venoms of scorpions are dangerous to 

humans, especially those of species belonging to the genera Buthus, Parabuthus, 

Mesobuthus, Tityus, Leiurus, Androctonus, and Centruroides of the Buthidae family 

(5, 7, 8, 14, 19).  

Androctonus crassicauda is one of the venomous species in the Middle East and 

North Africa (19, 24, 46). It is also found in a wide area including Turkey 

(Southeastern Anatolia), Azerbaijan, Armenia, Iran, Iraq, Syria, Jordan, Israel, Egypt 

(Sinai Peninsula), Saudi Arabia, and Yemen (9, 32-34, 45, 46). The venom of A. 

crassicauda is a potent autonomic stimulator (12, 13, 46). Severity of symptoms 

depends on the size of the victim, the season, and the time elapsed between sting 

and hospitalization (32, 35, 46). Vomiting, profuse sweating, pain at the sting site, 

local urticaria, and cool extremities are early signs of autonomic stimulation due to 

scorpion sting (13, 38, 46). Fatality after scorpion envenomation may be the result of 

cardiovascular failure complicated by pulmonary edema as well as by respiratory 

arrest (2, 19, 42, 43).  

There is no study on the biochemical effects of A. crassicauda venom, which is 

responsible for a number of deaths of infants and children in countries of the North 

Africa and the Middle East (19, 43). Thus, here we report the effects of A. 

crassicauda venom on rat serum biochemical parameters measured over a period of 

time after venom injection.  

 

MATERIALS AND METHODS  
Animals 
Scorpions: The scorpions were originally collected at Sanliurfa Province in the 

southeast region of Turkey. They were kept in large plastic boxes under room 

temperature of 22±2oC, at 60±10% humidity, in the laboratory, were fed with crickets 

or cockroaches and received water daily. 

Experimental animals: Wistar albino rats (160±10g) were used for the lethality assay. 

Throughout the experiment, they were kept in the experiment room under room 

temperature of 22±2oC, at 60±10% humidity. The animals were divided into seven 

groups of five rats each. 
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Venom 
Venom was obtained from living, mature A. crassicauda scorpions by electrical 

stimulation of the telson, as described by Ozkan and Filazi (34). Venom was 

dissolved in physiological saline solution (200µg/ml). 

 

Lethality Assay 
The minimal lethal doses (MLD) of A. crassicauda venom were determined by 

subcutaneous (sc) injections into rats according to the scorpion antivenom production 

protocol used by Refik Saydam Hygiene Center (RSHC), Ankara, Turkey. The venom 

dose was determined according to the MLD in rats as 50µg/rat. Venom solutions 

were subcutaneously injected into each rat at a dose of 250µg/kg. 

 

Experimental Protocol 
The venom solutions (250µg/kg dose) were subcutaneously injected into each rat of 

the test groups. Control group (G0) was treated with 200µl physiological saline 

solution subcutaneously. 

Blood samples were collected at the 1st (G1), 2nd (G2), 4th (G4), 8th (G8), 12th (G12) 

and 24th (G24) hours after venom injection. Animals were monitored for 24h. Under 

ether anesthesia, each animal had blood samples (2–4ml) collected by cardiac 

puncture, placed in plain centrifuge tubes and allowed to clot at room temperature 

(23±1ºC) for 1h; then, serum was collected by centrifugation. All serum samples were 

stored at 4ºC until used. Serum total proteins, total bilirubin, albumin, globulin, urea, 

creatinine, uric acid, glucose, cholesterol, triglycerides, sodium, chlorine, potassium 

and calcium, and the serum activity of enzymes alanine aminotransferase (ALT), 

aspartate aminotransferase (AST), alkaline phosphatase (ALP), gamma-glutamyl 

transferase (GGT) and lactate dehydrogenase (LDH) were determined by using a 

Biochemical Analyzer (BiocodeHycel – Lisa 500 Plus).  

 

Statistical Analysis 
Data are presented as standard error (S.E.) of the means and were statistically 

analyzed using SPSS Software. Differences between moments were analyzed by 

Kruskal-Wallis Test and parameters of each test group were compared with control 

group by Mann-Whitney Test. Results were considered significant when p value was 

lower than 0.05. 
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RESULTS 
The obtained MLD was 50µg/rat. We show the various blood parameters from seven 

rat groups in Tables 1 to 5. 

The MLD of scorpion crude venom led to an increase in serum total protein levels at 

the 1st, 2nd and 4th hours after injection, followed by a decrease at the 12th and 24th 

hours, when compared with those of the control group. Serum albumin levels 

increased at all moments, but it was significant (p<0.05) only at the 8th and 24th hours 

compared with those of control rats. Serum globulin levels significantly reduced at the 

12th and 24th hours in envenomed rats. There were also statistically significant 

albumin levels in G8 and G24, and total protein levels in all groups (Table 1).   

All groups showed an increase in total bilirubin and direct bilirubin levels together 

with a reduction in serum urea levels at the 1st, 2nd, 4th and 24th hours, compared with 

untreated rats. Statistically significant changes in serum urea levels were found at G2 

(decrease) and G12 (increase). Uric acid levels increased at the 1st, 2nd, 4th, 8th and 

24th hours in envenomed rats, but a statically significant difference was only 

observed in G1, G4, and G8. Creatinine levels decreased at the 1st and 12th hours but 

increased in G2, G4, and G8 (Table 2). 

Serum glucose levels increased at the 1st, 4th, 12th and 24th hours, compared with 

those of controls. However, the venom effects on serum cholesterol levels led to an 

increase at the 1st, 2nd, 4th and 24th hours and a reduction at the 8th and 12th hours, 

when compared with those of control rats. Serum cholesterol changes were 

statistically significant in all groups. Serum triglyceride levels significantly increased 

at the 1st hour in envenomed rats (Table 3). 

Serum enzyme activities were variable after envenomation of rats. The activities of 

ALT, AST and ALP increased in envenomed rats. LDH activity was slightly lower than 

in controls (Table 4).  

A statistically negative correlation between Na+ and K+ ions were observed after the 

administration of A. crassicauda venom to rats. Also, a statistically positive 

correlation between Na+ and Cl⎯ ions were observed. Nevertheless, except for G1, all 

groups showed slightly increased potassium levels after venom administration, when 

compared with control group (Table 5). 
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Table 1. Effects of a single sc injection of Androctonus crassicauda venom on the 

levels of serum total proteins (g/dl), albumin (g/dl) and globulin (g/dl) in rats at the 1st 

(G1), 2nd (G2), 4th (G4), 8th (G8), 12th (G12), and 24th (G24) hours after venom 

injection. Results are presented as the mean±S.E. (n=5). 

 

MEASURED BIOCHEMICAL PARAMETERS 

Group (h) Total Proteins  Albumin  Globulin 

G0 7.10±0.25* 3.20±0.08 3.92±0.22 

G1 7.57±0.26* 3.47±0.10 3.80±0.16 

G2 7.45±0.15* 3.52±0.14 3.95±0.08 

G4 7.35±0.16* 3.47±0.06 3.85±0.12 

G8 7.26±0.20* 4.34±0.83* 3.84±0.19 

G12 6.84±0.11* 3.38±0.02 3.44±0.16 

G24 6.62±0.04* 5.98±1.79* 3.37±0.07 

*: p<0.05, compared with control rats (G0) 

 

Table 2. Effects of a single sc injection of Androctonus crassicauda venom on the 

levels of serum total bilirubin (mg/dl), direct bilirubin (mg/dl), urea (mg/dl), creatinine 

(mg/dl) and uric acid (mg/dl) in rats at the 1st (G1), 2nd (G2), 4th (G4), 8th (G8), 12th 

(G12), and 24th (G24) hours after venom injection. Results are presented as the 

mean±S.E. (n=5). 

 

MEASURED BIOCHEMICAL PARAMETERS 

Group (h) Total 
Bilirubin 

Direct 
Bilirubin 

Urea Creatinine Uric Acid 

G0 0.12±0.02 0.08±0.01 49.00±3.84 0.59±0.02 1.04±0.05 

G1 0.42±0.31 0.34±0.24 38.75±3.61 0.55±0.00* 2.15±0.38* 
G2 0.60±0.07 0.39±0.04 31.50±2.53* 0.62±0.06* 1.90±0.41 

G4 0.45±0.18 0.30±0.11 47.50±4.92 0.65±0.06* 1.92±0.33* 

G8 0.29±0.06 0.14±0.03 51.00±3.49 0.60±0.03 1.66±0.20* 

G12 0.68±0.24 0.36±0.13 64.00±1.81* 0.51±0.02 0.80±0.10 

G24 0.26±0.05 0.13±0.02 42.50±3.77 0.59±0.02 1.30±0.14 

*: p<0.05, compared with control rats (G0). 
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Table 3. Effects of a single sc injection of Androctonus crassicauda venom on the 

levels of serum total glucose (mg/dl), cholesterol (mg/dl) and triglycerides (mg/dl) in 

rats at the 1st (G1), 2nd (G2), 4th (G4), 8th (G8), 12th (G12), and 24th (G24) hours after 

venom injection. Results are presented as the mean±S.E. (n=5).  

 

MEASURED BIOCHEMICAL PARAMETERS 

Group (h) Glucose  Cholesterol Triglycerides 

G0 150.00±8.03 44.00±4.43* 99.00±10.95 

G1 176.50±14.90 49.75±2.80* 154.50±41.84 

G2 148.50±10.34 50.00±3.16* 89.00±7.04 

G4 186.00±15.87 56.00±2.34* 93.50±23.51 

G8 133.00±15.96 33.20±2.97* 81.60±12.99 

G12 159.80±4.22 35.20±2.90* 85.80±8.14 

G24 181.50±12.21 46.00±2.48* 93.25±17.23 

*: p<0.05, compared with control rats (G0). 

 

Table 4. Effects of a single sc injection of Androctonus crassicauda venom on the 

levels of serum alanine aminotransferase (ALT; U/l), aspartate aminotransferase 

(AST; U/l), alkaline phosphatase (ALP; U/l), gamma-glutamyl transferase (GGT; U/l), 

and lactate dehydrogenase (LDH; U/l) in rats at the 1st (G1), 2nd (G2), 4th (G4), 8th 

(G8), 12th (G12), and 24th (G24) hours after venom injection. Results are presented 

as the mean±S.E. (n=5).  

 

MEASURED BIOCHEMICAL PARAMETERS 

Group (h) ALT AST ALP GGT LDH 

G0 32.60±1.88 152.20±15.40 248.60±26.82 4.60±0.40 3.92±0.22 

G1 58.00±12.62* 164.25±50.51 334.50±16.44 2.75±2.95 4.12±0.16 

G2 102.00±30.16* 310.75±79.96 339.50±41.14 4.75±4.50 3.95±0.08 

G4 62.50±9.12* 224.50±69.83 368.00±46.67 4.50±1.32 3.85±0.12 

G8 54.20±11.84* 296.40±49.95 234.40±74.15 4.00±0.00 3.84±0.19 

G12 58.80±9.11* 233.80±35.29 409.80±60.12 4.00±0.02 3.44±0.16 

G24 76.00±33.75* 259.00±44.20 299.75±45.12 3.75±0.62 3.37±0.07 

*: p<0.05, compared with control rats (G0). 
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Table 5. Effects of a single sc injection of Androctonus crassicauda venom on the 

levels of serum sodium (Na+; mmol/l), potassium (K+; mmol/l), chlorine (Cl-; mmol/l), 

and calcium (Ca2+; mg/dl) ions in rats at the 1st (G1), 2nd (G2), 4th (G4), 8th (G8), 12th 

(G12), and 24th (G24) hours after venom injection. Results are presented as the 

mean±S.E. (n=5).  

 

MEASURED BIOCHEMICAL PARAMETERS 

Group (h) Na+ K+ Cl- Ca2+

G0 142.60±0.67 4.52±0.05 106.40±1.16 10.34±0.08 

G1 137.75±0.62* 4.40±0.24 98.00±1.08* 10.25±0.21 

G2 136.25±1.31* 4.58±0.10 99.00±1.47* 10.35±0.11 

G4 136.25±1.03* 4.78±0.16 99.75±1.31* 10.15±0.17 

G8 137.60±1.03* 4.60±0.26 100.40±1.02* 10.20±0.20 

G12 136.80±1.28* 4.80±0.13 100.60±1.40* 10.86±0.15 

G24 139.00±0.00* 4.60±0.00 102.50±0.28* 10.42±0.19 

*: p<0.05, compared with control rats (G0). 

 

DISCUSSION  
More than 1,500 species of scorpions have been described in the world. Hazardous 

scorpions all belong to the Buthidae family (33, 46, 48). Scorpion venoms are 

composed of different concentrations of neurotoxins, cardiotoxins, nephrotoxins, 

phosphodiesterases, hyaluronidases, glycosaminoglycans, histamines, serotonins, 

tryptophans, and cytokine releasers (11, 25). The lethal fraction of venom from 

different species of scorpions has similar effects on the autonomic nervous system 

(6). The symptoms caused by scorpion stings in animal models are similar to those 

observed in humans (36). Numerous studies have emphasized that adrenergic signs 

occur with a low venom dose, while cholinergic signs occur with high venom 

concentrations (18, 38). The various clinical presentations range from local to serious 

autonomic and central nervous system symptoms, with death due to multisystem 

organ failure, especially cardiac and respiratory failure (1, 19, 38, 39, 42, 43). In 

animal models, elimination of toxins is carried out mainly by the kidneys (40). 

Following venom injection, the highest toxin concentration has been found in the 

kidneys, liver, heart and lungs (3, 37). Alves et al. (3) stated that scorpion venom 

caused a great increase in renal edema, which is related to the decreased glomerular 
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filtration rate and urinary flow. Also, acute renal failure has been reported to occur 

after scorpion stings (25, 37, 39, 41).  

The present findings (hyponatremia, hypochloremia and relative hyperkalemia) 

corroborate the results of previous studies (2, 15, 17, 25, 29, 40). The levels of uric 

acid and urea (G12) also increased in animals envenomed with A. crassicauda 

venom.  

A direct effect of scorpion venom on myocardium has been shown in several studies 

(4, 6, 21, 40). Some researchers have reported that ALT and AST activities in the 

serum change during scorpion envenomation (22, 26, 31, 37, 49). Similarly, ALT and 

AST activities were observed following A. crassicauda venom injection. The enzyme 

AST is found in the liver and heart at high concentrations; therefore, the increase in 

its levels is attributed to myocardial infarction and hepatic failure (2, 4, 11, 31, 37, 

49). On the other hand, ALT is a liver-specific enzyme. Therefore, the increase in 

AST and ALT levels may be due to a direct effect of the venom on the liver and heart. 

Many studies have emphasized that blood glucose levels increase after 

envenomation resulting in hyperglycemia in animal models (10, 16, 22, 27-31, 49) 

and patients (2, 11, 12, 47). In the present study, hyperglycemia was seen after A. 

crassicauda venom administration. Several studies have reported that this might be 

due to a massive release of catecholamines, increased glucagon and cortisol levels, 

changes in thyroid hormone levels, and changes in insulin secretion (20, 27-30). 

According to the obtained results, it can be concluded that A. crassicauda venom has 

neurotoxic effects, which enhance the release of catecholamines with consequent 

stimulation of autonomic nervous system. 

In summary, this analysis showed that rats experimentally envenomed with A. 

crassicauda venom showed acute renal failure, liver dysfunction, and cell destruction.  
The venom could also be the cause of cardiac problems. Androctonus crassicauda 

venom showed its toxicity by altering the electrolytes balance, especially sodium and 

chlorine ion levels in the serum.  

Every patient stung by a scorpion in the southeast region of Turkey must be 

accepted as an emergency case and hospitalized by medical professionals. These 

patients should be subjected to: (a) electrolyte evaluation; (b) glucose level 

measurement to evaluate hyperglycemia; (c) liver enzymes measurement to evaluate 

liver dysfunction and cell destruction; (d) monitoring in terms of cardiac and 

pulmonary failure; and (e) urinalysis to help evaluate renal failure.  



O. Ozkan et al. EFFECTS OF Androctonus crassicauda (OLIVIER, 1807) (SCORPIONES: BUTHIDAE) VENOM 
ON RAT METABOLISM. J. Venom. Anim. Toxins incl. Trop. Dis., 2008, 14, 1, p. 53 
 
ACKNOWLEDGMENTS 
We wish to thank Karina Luiz Chamma for her valuable comments on this 

manuscript. We dedicate this study to the memory of the Veterinarian Dr. Turgut 

TULGA. 

 

REFERENCES 
1 ABROUG F., ELATROUS S., NOUIRA S., HAGUIGA H., TOUZI N., 

BOUCHOUCHA S. Serotherapy in scorpion envenomation: a randomised controlled 

trial. Lancet, 1999, 11, 354, 906-9. 

2 ALTINKAYNAK S., ERTEKIN V., ALP H. Scorpion envenomation in children. 

Turkish Arch. Pediatr., 2002, 37, 48-54. 

3 ALVES RS., NASCIMENTO NRF., BARBOSA PSF., KERNTOPF MR., LESSA 

LMA., SOUSA CM., MARTINS RD., SOUSA DF., QUEIROZ MGR., TOYAMA MH., 

FONTELES MC., MARTINS AMC., MONTEIRO HAS. Renal effects and vascular 

reactivity induced by Tityus serrulatus venom. Toxicon, 2005, 46, 271-6. 

4 BAHLOUL M., BEN HAMIDA C., CHOUROU K., KSIBI H., DAMMAK H., KALLEL 

H., CHAARI A., CHELLY H., GUERMAZI F., REKIK N., BOUAZIZ M. Evidence of 

myocardial ischaemia in severe scorpion envenomation. Intensive Care Med., 2004, 

30, 461-7. 

5 BALOZET L.  Scorpionism in the Old World. In: BÜCHERL W., BUCKLEY E. Eds. 

Venomous animals and their venoms. 3: Venomous invertebrates. New York: 

Academic Press, 1971: 349-71. 

6 BAWASKAR HS. Management of severe scorpion sting at rural settings: what is 

the role of scorpion antivenom? J. Venom. Anim. Toxins incl. Trop. Dis., 2005, 11, 3-

7. 

7 BERGMAN NJ. Clinical description of Parabuthus transvaalicus scorpionism in 

Zimbabwe. Toxicon, 1997, 35, 759-71. 

8 BÜCHERL W. Classification, biology and venom extraction of scorpion. In: 

BÜCHERL W., BUCKLEY E. Eds. Venomous animals and their venoms. 3: 

Venomous invertebrates. New York: Academic Press, 1971: 317-47. 

9 CALISKAN F., GARCIA BI., CORONAS FI., BATISTA CV., ZAMUDIO FZ., 

POSSANI LD. Characterization of venom components from the scorpion 

Androctonus crassicauda of Turkey: peptides and genes. Toxicon, 2006, 48, 12-22.  



O. Ozkan et al. EFFECTS OF Androctonus crassicauda (OLIVIER, 1807) (SCORPIONES: BUTHIDAE) VENOM 
ON RAT METABOLISM. J. Venom. Anim. Toxins incl. Trop. Dis., 2008, 14, 1, p. 54 
 
10 CARDOSO MJL., SAKATE M., CAIAMPOLINI P., MOUTINHO FQ., CHERUBINI 

AL. Envenomation by scorpion in dog: case report. J. Venom. Anim. Toxins incl.Trop. 

Dis., 2004, 10, 98-105.  

11 DAVID C., JUDY D., RAMY Y. Scorpion sting. eMedicine, [serial on-line], 2005. 

Available from: http://www.emedicine.com/med/topic2081.html. 

12 DITTRICH K., AHMED R., QUANTA AAA. Cardiac arrest following scorpion 

envenomation. Case reports. Ann. Saudi Med., 2002, 22, 87-90. 

13 DITTRICH K., POWER AP., SMITH NA. Scorpion sting syndrome – a ten-year 

experience. Ann. Saudi Med., 1995, 15, 148-55. 

14 EFRATI P. Venoms of Buthinae. B. Epidemiology, symptomatology and treatment 

of buthinae stings. In: BETTINI S. Ed. Handbook of Experimental Pharmacology. 13. 

Arthropod Venoms. Berlin: Spinger-Verlag, 1978: 312-7. 

15 EL AMIN EO. The clinical management of scorpion stings in children. Qatar Med. 

J., 2003, 12, 11-14. Available from: 

http://www.hmc.org.qa/hmc/qmj/june2003/study/study1.htm 

16 EL-ASMAR MF., SOLIMAN SF., ISMAIL M., OSMAN OH. Glycemic effect of 

venom from the scorpion Buthus minax (L. Koch). Toxicon, 1974, 12, 249-51. 

17 FERREIRA L., BERGAMASCO M., ANGNES L. Measurement of bradykinin, 

protein, Na+, Cl-, K+ and Zn++ concentrations in rat urine after intraperitoneal injection 

of Tityus serrulatus venom. J. Venom. Anim. Toxins, 1996, 2, 156-61. 

18 FREIRE-MAIA L., PINTO GI., FRANCO I. Mechanism of the cardiovascular 

effects produced by purified scorpion toxin in the rat. J. Pharmacol. Exp. Ther., 1974, 

188, 207-13. 

19 GROSHONG TD. Scorpion envenomation in Eastern Saudi Arabia. Ann.  Emer. 

Med., 1993, 22, 1431-7.  

20 GUERON M., LLIA R., SOFER S. The cardiovascular system after scorpion 

envenomation: a review. J. Toxicol. Clin. Toxicol., 1992, 30, 245-58. 

21 GUERON M., OVSYSHCHER I. What is the treatment for the cardiovascular 

manifestations of scorpion envenomation? Toxicon, 1987, 25, 121-4. 

22 IBRAHIM HA., NABIL ZI., ABDEL-RAHMAN MS. Effect of scorpion Leiurus 

quinquestriatus (H&E) venom on the electrophysiology of mammalian heart. III-Blood 

biochemical studies. J. Egypt. Ger. Soc. Zool., 1996, 21(A), 309-332. 
23 ISBISTER GK., GRAUDINS A., WHITE J., WARRELL D. Antivenom treatment in 

Arachnidism. J. Toxicol. Clin. Toxicol., 2003, 41, 291-300. 



O. Ozkan et al. EFFECTS OF Androctonus crassicauda (OLIVIER, 1807) (SCORPIONES: BUTHIDAE) VENOM 
ON RAT METABOLISM. J. Venom. Anim. Toxins incl. Trop. Dis., 2008, 14, 1, p. 55 
 
24 ISMAIL M., ABD-ELSALAM MA., AL-AHAIDIB MS. Androctonus crassicauda 

(Olivier), a dangerous and unduly neglected scorpion. I. Pharmacological and clinical 

studies. Toxicon, 1994, 32, 1599-618. 

25 MAHADEVAN S. Scorpion sting. Indian Pediat., 2000, 37, 504-14. 

26 MIRAKABADI AZ., JALALI A., JAHROMI EA., VATANPOUR H., AKBARY A.  

Biochemical changes and manifestation of envenomation produced by 

Odonthobuthus doriae scorpion venom in rabbit. J. Venom. Anim. Toxins incl. Trop. 

Dis., 2006, 12, 67-77. 

27 MURTHY KRK. Review article: the scorpion envenoming syndrome: a different 

perspective. The physiological basis of the role of insulin in scorpion envenoming. J. 

Venom. Anim. Toxins, 2000, 6, 4-51. 

28 MURTHY KRK., AS D., ZARE MA., HAGHNAZARI L. Investigations on the role of 

insulin and scorpion antivenom in scorpion envenoming syndrome. J. Venom. Anim. 

Toxins incl. Trop. Dis., 2003, 9, 202-38. 

29 MURTHY KRK., BILLIMORIA FR., KHOPKAR M., DAVE KN. Acute 

hyperglycemia and hyperkalaemia in acute myocarditis produced by scorpion 

(Buthus tamulus) venom injection in dogs. Indian Heart J., 1986, 38, 71-4. 

30 MURTHY KRK., HAGHNAZARI L. The blood levels of glucagon, cortisol, and 

insulin following the injectıon of venom by the scorpion (Mesobuthus tamulus 

concanesis, Pocock) in dogs. J. Venom. Anim. Toxins, 1999, 5, 47-55. 

31 OMRAN MA., ABDEL-RAHMAN MS. Effect of scorpion Leiurus quinquestriatus (H 

and E) venom on the clinical chemistry parameters of the rat. Toxicol. Lett., 1992, 61, 

99-109. 

32 OZKAN O., ADIGUZEL S., YAKIŞTIRAN S., CESARETLI Y., ORMAN M., 

KARAER KZ. Androctonus crassicauda (Olivier, 1807) scorpionism in the Sanliurfa 

Provinces of Turkey. Acta Parasitol. Turcica., 2006, 30, 239-45. 

33 OZKAN O., ADIGUZEL S., YAKISTIRAN S., FILAZI A. Study of the relationship 

between Androctonus crassicauda (Olivier, 1807; Scorpiones, Buthidae) venom 

toxicity and telson size, weight and storing condition. J. Venom. Anim. Toxins incl. 

Trop. Dis., 2006, 12, 297-309. 

34 OZKAN O., FILAZI A. The determination of acute lethal dose-50 (LD50) levels of 

venom in mice, obtained by different methods from scorpions, Androctonus 

crassicauda (Olivier, 1807). Acta Parasitol. Turcica., 2004, 28, 50-3. 



O. Ozkan et al. EFFECTS OF Androctonus crassicauda (OLIVIER, 1807) (SCORPIONES: BUTHIDAE) VENOM 
ON RAT METABOLISM. J. Venom. Anim. Toxins incl. Trop. Dis., 2008, 14, 1, p. 56 
 
35 PADILLA A., GOVEZENSKY T., POSSANI LD., LARRALDE C. Experimental 

envenoming of mice with venom from the scorpion Centruroides limpidus limpidus: 

differences in mortality and symptoms with and without antibody therapy relating to 

differences in age, sex and strain of mouse. Toxicon, 2003, 41, 959-65. 

36 PADILLA A., GOVEZENSKY T., POSSANI LD., LARRALDE C. Mortality and 

antibody responses of mice to three successive episodes of experimental scorpion 

(Centruroides limpidus limpidus) envenomation and immunological recue. Toxicon, 

2005, 46, 142-9. 

37 PATEL BG., BHATTAND MI., DAVE KC. Toxic effects of scorpion venom (Buthus 

tamulus) in rabbits and guinea pigs. Indian J. Pharmacol., 1992, 24, 212-5.  

38 RADMANESH M. Androctonus crassicauda sting and its clinical study in Iran. J. 

Trop. Med. Hyg., 1990, 93, 323-6. 

39 RADMANESH M. Clinical study of Hemiscorpius lepturus in Iran. J. Trop. Med. 

Hyg., 1990, 93, 327-32. 

40 REEVES JJ. Scorpion envenomation. Clin. Toxicol. Rev., 1998, 20, 1-6. 

41 SAKHUJA V., SUD K. Acute renal failure in India. Available from: 

http://www.medicow.com/topics/Acute-renal-failure. 

42 SOFER S., SHALEV H., WEIZMAN Z., SHAHAK E., GUERON M. Acute 

pancreatitis in children following envenomation by the yellow scorpion Leiurus 

quinquestriatus. Toxicon, 1991, 29, 125-8. 

43 SOKER M., HASPOLAT K. Güneydoğu ve Anadolu bölgesinde çocuklarda akrep 

sokması: 64 vakanın değerlendirilmesi. Çocuk Sağlığı ve Hastalıkları Dergisi, 2000, 

43, 43-50.  
44 THEAKSTON RD., WARRELL DA., GRIFFITHS E. Report of a WHO workshop on 

the standardization and control of antivenoms. Toxicon, 2003, 41, 541-57. 

45 TULGA T. Cross-reactions between anti-scorpion (Buthus quinquestriatus) and 

anti-scorpion (Prionurus crassicauda) sera. Turk. Hij. Deney. Biyol. Derg., 1960, 20, 

191-203. 

46 VATANPOUR H. Effects of black scorpion Androctonus crassicauda venom on 

striated muscle preparation in vitro. Iran. J. Pharm. Res., 2003, 2, 17-22. 

47 YUGANDHAR B., MURTHY KRK., SATTAR SA. Insulin administration in severe 

scorpion envenoming. J. Venom. Anim. Toxins, 1999, 5, 200-19. 



O. Ozkan et al. EFFECTS OF Androctonus crassicauda (OLIVIER, 1807) (SCORPIONES: BUTHIDAE) VENOM 
ON RAT METABOLISM. J. Venom. Anim. Toxins incl. Trop. Dis., 2008, 14, 1, p. 57 
 
48 ZAKI T., MARUNIAK JE. Three polymorphic genes encoding a depressant toxin 

from the Egyptian scorpion Leiurus quinquestriatus quinquestriatus. Toxicon, 2003, 

41, 109-13. 

49 ZARE MA., MURTHY KRK., JAFAR MB. Insulin as an effective drug in scorpion 

venom poisoning. Arch. Inst. Razi, 1994, 44/45, 59-65. 


	 
	OZKAN O. (1, 2), BAKIR F. (3), ADIGUZEL S.(1) 
	 

