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Abstract: We studied the effects of black fat-tailed scorpion (Androctonus bicolor) venom on the activities of liver 
enzymes including alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), 
gamma glutamyl transferase (GGT), lactate dehydrogenase (LDH) and creatine kinase (CK) in the sera of rats. The 
animals were subcutaneously injected with a single dose of crude Androctonus bicolor venom (200 μg/kg body-
weight) and were sacrificed at different time intervals including 30 min, 1 h, 2 h, 4 h, 8 h and 24 h after venom 
injection. There was no significant change in ALT activity in rats injected with Androctonus bicolor venom. Although 
Androctonus bicolor venom did not produce any change in serum AST activity until 1 h post-dosing, it significantly 
decreased this enzyme activity at 2 h onwards. There were significant decreases in ALP activities throughout the 
study though mild surges in the enzyme activity were observed at 1 h and 8 h post-dosing. There was a continued 
significant decrease in serum LDH activity until 8 h after Androctonus bicolor venom injection followed by normaliza-
tion of LDH activity at 24 h. The activities of serum CK and GGT were significantly decreased at all the time points 
following Androctonus bicolor envenomation in rats. In conclusion, Androctonus bicolor envenomation in rats sig-
nificantly reduced the activities of serum enzymes including AST, ALP, LDH, CK and GGT. Androctonus bicolor venom 
induced hypomagnesemia may account for persistently reduced activities of liver enzymes due to the cofactor role 
of magnesium in enzyme activities. 
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Introduction

The black fat-tailed scorpion (Androctonus 
bicolor) of the family Buthidae is considered as 
one of the most venomous scorpions in the 
world. These scorpions are black or brown in 
color, their movement is very fast and their 
nature is highly aggressive. All the scorpions of 
this species are dangerous and may cause mul-
tisystem manifestations, especially in the 
young children [1]. Presence of low molecular 
weight biogenic amines in scorpion venoms 
causes local reactions due to their action on 
blood vessels and nerve endings that induces 
swelling, redness, pain and itching [2]. However, 
major toxic effects of scorpion venom can be 
attributed to the presence of larger peptides 
such as melittin that can cause damage to the 
cell membrane resulting in cytolysis [3]. Yang et 
al [4] have recently identified a novel type of 
venom peptide with six disulfide bridges, refer- 

red to as Androcin, from the scorpion Andro- 
ctonus bicolor. Androcin was found to induce 
severe akinesia and anxiety-like symptoms in 
mice, thereby providing the scorpion with an 
effective tool to subdue offending animals [4]. 

Venoms from species of the Androctonus genus 
are potentially toxic [5]. In a recent experimen-
tal study, Androctonus bicolor envenomation 
caused severe and persistent hypomagnesae-
mia with accompanied hypernatremia, hyperka-
lemia and hypercalcaemia in rats [6]. However, 
the effects of Androctonus bicolor venom on 
serum biomarkers of liver function and tissue 
injury are not known. We therefore investigated 
the effects of Androctonus bicolor venom on 
activities of serum alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), alka-
line phosphatase (ALP), gamma glutamyl trans-
ferase (GGT), lactate dehydrogenase (LDH) and 
creatine kinase (CK) in rats. 
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Materials and methods

We collected Androctonus bicolor scorpions 
from the Riyadh region and kept them in plastic 
boxes at room temperature. The scorpions 
were fed with mealworms and received water 

daily. For venom collection, the scorpions were 
milked by electrical stimulation and the ejected 
venom was stored at -80°C. 

For testing the acute effects of Androctonus 
bicolor scorpions, we used male Wistar rats 
(200 ± 20 g bodyweight), grown in our animal 
care facility. The groups of rats were placed in 
polycarbonate cages, kept in a room main-
tained at 23 ± 1°C with 12 h light-dark cycles. 
The animals were provided free access to stan-
dard laboratory food and tap water. The experi-
mental protocol was approved by our Insti- 
tutional Research and Ethics Committee. The 
animals were randomly divided into 7 groups of 
5 animals each. Group 1 served as control and 
received vehicle (physiological saline) only. 
Animals in the remaining groups received a 
single subcutaneous injection of Androctonus 
bicolor venom (200 μg/kg bodyweight) and 
sacrificed at different time intervals as follows: 
0.5 h, 1 h, 2 h, 4 h, 8 h and 24 h after venom 
injection. Blood samples were collected by car-
diac puncture, sera separated and kept refrig-
erated until analyzed. 

The enzymatic activities of alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), 
alkaline phosphatase (ALP), lactate dehydroge-
nase (LDH), creatine kinase (CK) and gamma 
glutamyl transferase (GGT) in sera of rats were 
determined by commercially available kits 
(United Diagnostic Industries, Dammam, Saudi 
Arabia) according to manufacturer’s instru- 
ctions. 

The data were analyzed by analysis of variance 
(ANOVA) followed by Dunnett’s multiple com-
parison test using the SPSS statistical pack-
age. P values <0.05 were considered as statis-
tically significant.

Results 

There was no significant change in serum ALT 
activity in rats injected with Androctonus bicol-
or venom (Figure 1). Although a single subcuta-
neous injection of Androctonus bicolor venom 
(200 μg/kg) in rats did not produce any change 
in serum AST activity until 1 h post-dosing, it 
significantly decreased this enzyme activity 
after 2 h and thereafter (ANOVA F=40.06, 
P<0.001; Table 1). There were significant 
decreases in ALP activities throughout the 
study, though mild surges in the enzyme activi-

Figure 1. Percent change in liver enzyme activities 
at different times post-dosing of Androctonus bicolor 
venom (ABV). Baseline (control) values were set as 
100. *P<0.05, **P<0.01 and ***P<0.001 versus 
control group using Dunnett’s test. 
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ty were observed at 1 h and 8 h post-dosing 
(ANOVA F=15.13, P<0.001). There was a con-
tinued significant decrease in serum LDH activ-
ity until 8 h after Androctonus bicolor venom 
injection followed by normalization of LDH 
activity at 24 h (ANOVA F=4.52, P<0.01) (Table 
1; Figure 1). The activities of serum CK were 
persistently and profoundly decreased at all 
the time points following Androctonus bicolor 
envenomation in rats (ANOVA F=53.30, P< 
0.001). There were significant decreases in 
serum GGT activities following scorpion venom 
injection, during the entire course of study 
(ANOVA F=9.07, P<0.001). The percent time-
course changes in serum enzyme activities fol-
lowing Androctonus bicolor scorpion venom 
envenomation are shown in Figure 1. 

Discussion 

The results of this study showed unaltered ALT 
activity in the serum whereas the activities of 
AST, ALP, CK and GGT were significantly and 
persistently decreased (Table 1). Both ALT and 
AST enzymes are associated with liver paren-
chymal cells. However, ALT is predominantly 
located in the liver while AST is found in liver, 
heart muscle, skeletal muscle, kidneys, brain 
and red blood cells. Hence, ALT is a more spe-
cific indicator of liver inflammation than AST.

Although the activity of serum LDH was also 
significantly decreased until 8 h post-envenom-
ation, it recovered to normal levels after 24 
hours (Figure 1). Liver is a vital organ which 
helps in blood purification, detoxification, diges-
tion, excretion, and metabolism. Liver enzymes 
play an important role in catalyzing chemical 
reactions involved in normal liver function. 
Insufficient amount of liver enzymes may be a 
sign of liver impairment or damaged liver cells 
which can deteriorate liver function and affect 
the overall health.

The venom of Asian black scorpion, Hetero- 
metrus fastigiousus, significantly increased se- 
rum ALP and LDH, after 4 h post-dosing in mice 
[7]. Significant increases in AST, ALT, CK and 
LDH in rat serum were observed following 
envenomation with Egyptian scorpion Leiurus 
quinquestriatus [8]. Intravenous injection of 
sublethal doses of Tityus serrulatus scorpion 
venom significantly increased the levels of AST, 
CK and LDH in rat serum [9]. Envenomation of 
dogs by Tityus serrulatus venom caused dis-
creet increases in ALT, AST and CK, but no alter-
ations were found in LDH [10]. The scorpion 
venom Heterometrus fulvipes was able to 
uncouple the respiration of rat liver mitochon-
dria by inhibiting mitochondrial succinate and 
glutamate dehydrogenases [11]. Elevated liver 
enzymes indicate inflammation or cellular dam-
age in the liver because inflamed or injured liver 
cells leak higher than normal amounts of liver 
enzymes into the bloodstream. 

An acute phase decrease in the activities of 
serum enzymes, as observed in this study, 
could be specific to Androctonus bicolor scor-
pion venom. However, the exact cause of per-
sistently diminished activities of serum enzy- 
mes in rat envenomated with Androctonus 
bicolor is not clear. Recently we have shown se- 
vere and persistent hypomagnesemia accom-
panied with severe hyperkalemia in rats inject-
ed with Androctonus bicolor venom [6]. Mag- 
nesium is involved in over 300 enzymatic reac-
tions including the reactions catalyzed by car-
boxylases, phosphatases and kinases. Mag- 
nesium is also required for the release and 
proper action of parathyroid hormone [12]. 
Magnesium’s usual role in the sodium-potassi-
um ATPase pump and calcium-blocking activity 
is impaired by hypomagnesaemia leading to 
membrane destabilization and hyperexcitability 
[13]. Administration of magnesium has been 

Table 1. Time course effects of Androctonus bicolor venom (ABV) on serum enzymes in rats
Groups AST (U/L) ALP (U/L) LDH (U/L) CK (U/L) GGT (U/L)
Control 45.76 ± 3.53 169.2 ± 7.83 120.7 ± 9.76 50.8 ± 5.68 34.52 ± 3.72
ABV (0.5 h) 39.38 ± 4.16 79.14 ± 4.12c 83.20 ± 4.86a 8.36 ± 0.53c 10.78 ± 3.80c

ABV (1 h) 48.18 ± 4.03 104.7 ± 9.56c 79.66 ± 6.15a 5.60 ± 0.86c 9.18 ± 1.52c

ABV (2 h) 5.34 ± 0.31c 80.44 ± 4.13c 83.04 ± 5.42a 5.40 ± 0.91c 13.46 ± 4.58c

ABV (4 h) 16.10 ± 3.16c 80.90 ± 6.25c 67.28 ± 8.11b 6.44 ± 0.93c 10.40 ± 1.98c

ABV (8 h) 8.88 ± 3.09c 101.3 ± 14.3c 79.32 ± 9.61a 8.24 ± 1.49c 8.76 ± 0.44c

ABV (24 h) 10.60 ± 4.01c 85.18 ± 6.93c 122.5 ± 10.1 4.38 ± 0.23c 11.18 ± 2.98c

Data are presented as mean ± SEM. aP<0.05, bP<0.01 and cP<0.001 versus control group using Dunnett’s test. 
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found to be useful for the treatment of the 
arrhythmias, hypertension, and other disorders 
associated with Buthinae scorpion envenom-
ation [14]. It is more likely that reduced activity 
of serum enzymes is related to hypomagnese-
mia in rats injected with Androctonus bicolor 
venom.

In conclusion, Androctonus bicolor envenom-
ation in rats significantly reduced the activities 
of serum enzymes including AST, ALP, LDH, CK 
and GGT. Androctonus bicolor venom induced 
hypomagnesemia may account for persistently 
reduced activities of liver enzymes due to the 
cofactor role of magnesium in enzyme activi-
ties. Further studies are warranted for testing 
the pharmacological potential of magnesium in 
protecting rats against Androctonus bicolor 
venom toxicity. 

Acknowledgements

The authors extend their appreciation to the 
Deanship of Scientific Research at King Saud 
University, Riyadh, Saudi Arabia for funding  
the work through the Research Group No. 
RGP-009.

Disclosure of conflict of interest

None. 

Address correspondence to: Dr. Abdulrahman Al- 
Asmari, Director of Research Center, Prince Sultan 
Military Medical City, P.O. Box 7897 (775S), Riyadh 
11159, Saudi Arabia. E-mail: akasmari@medu.net.
sa

References

[1] Nevo Y, Spirer Z. Myocardial and central ner-
vous system involvement in scorpion enven-
omation by Androctonus bicolor bicolor. 
Harefuah 1991; 120: 453-455.

[2] Badhe R, Thomas A, Harer S, Deshpande A, 
Salvi N, Waghmare A. Intraspecific variation in 
protein patteren of red scorpion (Mesobuthus 
tamulus, coconsis, poccock) venoms from 
western and southern India. J Venom Anim 
Toxin Incl Trop Dis 2006; 12: 612-619. 

[3] Meir J, White J. Handbook of Clinical Toxicology 
of Animal Venom and Poisons. New York: CRC 
Press; 1995.

[4] Yang Y, Zeng XC, Zhang L, Nie Y, Shi W, Liu Y. 
Androcin, a novel type of cysteine-rich venom 
peptide from Androctonus bicolor, induces aki-
nesia and anxiety-like symptoms in mice. 
IUBMB Life 2014; 66: 277-285. 

[5] 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: 50-53.

[6] Al Asmari A, Khan HA, Manthiri RA. Effect of 
Androctonus bicolor scorpion venom on serum 
electrolytes in rats: a twenty four hour time 
course study. Hum Exp Toxicol 2015; [Epub 
ahead of print].

[7] Chaubey MK, Upadhyay RK. Biochemical and 
enzymatic changes after black scorpion Het-
erometrus fastigiousus Couzijn envenomation 
in experimental albino mice. J Appl Toxicol 
2008; 28: 874-884. 

[8] Omran MA, Abdel-Rahman MS. Effect of scor-
pion Leiurus quinquestriatus (H&E) venom on 
the clinical chemistry parameters of the rat. 
Toxicol Lett 1992; 61: 99-109.

[9] Correa MM, Sampaio SV, Lopes RA, Mancuso 
LC, Cunha OA, Franco JJ, Giglio JR. Biochemical 
and histopathological alterations induced in 
rats by Tityus serrulatus scorpion venom and 
its major neurotoxin tityustoxin-I. Toxicon 1997; 
35: 1053-1067.

[10] Ribeiro EL, Pinto MC, Labarrère CR, Paes PR, 
Paes-Leme FO, Chávez-Olórtegui C, Melo MM. 
Biochemical profile of dogs experimentally en-
venomed with Tityus serrulatus scorpion ven-
om. Toxicon 2010; 55: 1125-1131. 

[11] Venkaiah B, Parthasarathy PR. Effect of scor-
pion Heterometrus fulvipes venom on metabo-
lism of rat liver mitochondria. Biochem Int 
1983; 7: 235-239.

[12] Gums JG. Magnesium in cardiovascular and 
other disorders. Am J Health Syst Pharm 2004; 
61: 1569-1576.

[13] Tso EL, Barish RA. Magnesium: clinical consid-
erations. J Emerg Med 1992; 10: 735-745.

[14] Vital BO, Fontana MD, di A, Heluany NF, Leite 
GB. Actions of Androctonus australis and Lei-
urus quinquestriatus venoms in the rat isolat-
ed atria and anesthetized rats; effect of mag-
nesium and lidocaine. J Nat Toxins 2002; 11: 
1-13.

mailto:akasmari@medu.net.sa
mailto:akasmari@medu.net.sa

