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ABSTRACT
Background: Immunotherapy is the only specific treatment for scorpion envenomation. In the
present study, the protective effects of polyvalent antivenom against histopathological
complications in kidneys and marker changes (BUN and creatinine) induced by Mesobuthus
eupeus (Me) scorpion venom was investigated in anesthetized rabbits.
Methods: Twenty four rabbits were randomized into four groups: six rabbits in control group
were received 1 ml distilled water subcutaneously (group 1). In group 2, sublethal dose of Me
venom (4 mg/kg) was injected subcutaneously. Simultaneously venom (subcutaneously 1ml of
an distilled water solution containing 4 mg/kg of Me venom) and antivenom (intravenously 5
ml) were administered in six rabbits as group 3 animals. In group 4, rabbits received five ml of
antivenom, 60 min after Me venom injection.
Results: In group 2, venom injection caused histopathological damages such as glomerular
congestion, dilated vessels of interstitium and focal interstitial congestion in the kidney. It also
increased creatinine and BUN levels 3 h after envenomation. Simultaneous administration of
antivenom and venom prevented histopathological damage and marker changes. In group
four, Immunotherapy decreased histopathological damages and prevented creatinine and BUN
elevation at 3 h.
Conclusion: Polyvalent antivenom administration can prevent and neutralize nephrotoxic
effects of Mesobuthus eupeus scorpion envenomation, if used at optimum conditions.
Keywords: Acute Kidney Injury, Antivenins, Creatinine, Mesobuthus eupeus Scorpion
Venom.
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INTRODUCTION
Scorpionism is a known problem of
medical and social importance in tropical and
subtropical countries [1, 2]. Mesobuthus eupeus
one of the major scorpions in Iran and its sting
causesmajor public health problems. The
majority of stingings that occur in Iran are
attributed to Buthidae family, which includes
Mesobuthus eupeus, Androctonus crassicauda,
Odontobuthus odonturus and Apistobuthus
pertigus[3]. In addition, Mesobuthus eupeus
shows high geographic distribution in Turkey,
Iraq, Turkistan, Afghanistan and Pakistan.
Therefore, Mesobuthus eupeus is known as a
central Asian scorpion [4]. Radmanesh

demonstrated that 45% of all cases of scorpion
stings in Iran were due to Mesobuthus eupeus[3].
There are some reports of acute renal failure
following stinging of scorpions of Buthidae and
scorpionidae family [5- 9]. Antivenom
immunotherapy is the singular specific treatment
for
scorpion
envenomin.
Unfortunately,
administration of antivenoms remains empirical
and their efficacy is controversial, although
some studies have described beneficial
therapeutic effects [10-12]. On the other hand,
some investigations demonstrated that scorpion
antivenoms are not beneficial [13-15]. To the
best of our knowledge, despite widespread use of
polyvalent antivenom(PAV) for the treatment of
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victims in Iran, no report has been published
regarding its protective effects against
histopathological complications in kidneys and
renal failure induced by Mesobuthus eupeus
scorpion venom. Therefore, this study was aimed
to investigate protective effects of polyvalent
antivenom in anesthetized rabbits following
Mesobuthus eupeus envenomation.

MATERIALS AND METHODS
Venom and Antivenom
Mesobuthus eupeus venom was obtained
by electric shock at the telson of scorpions
collected from the same area of country in the
department of Venomous Animals and
Antivenom Production, Razi Vaccine and Serum
Research Institute of Iran. The venom was
lyophilized and stored at 4 °C until needed. The
polyvalent antivenom was supplied as ampoules
from Razi Vaccine and Serum Research Institute
of Iran.

Experimental Protocol
Twenty four male Newzeland white
rabbits with an average weight of 2 kg were used
in this study. All animals were housed under
conditions of controlled light (12h light, 12h
dark), temperature (24±1 0C) and humidity
(55±5%), with standard chow diet and water
available ad libitum. All animals were
anesthetized by intramuscular injection of 50
mg/kg ketamin and 5 mg/kg xylazine. Our
protocol was in compliance with the
recommendations of Animal Care Committee of
Tehran University based on the ‘Guide for Care
and Use of Laboratory Animals’(NIH US
publication 86-23, revised 1985). Group one
animals (control group) were subcutaneously
injected with 1 ml distilled water. Group 2
animals received sublethal dose (4 mg/kg) of Me
venom subcutaneously. Venom (subcutaneously
1ml of a distilled water solution containing 4
mg/kg of Me venom) and antivenom
(intravenously 5 ml) were administered
simultaneously in six rabbits that were
considered as group 3 animals. Finally, in group
four, 5 ml of antivenom was injected 60 min
after Me venom injection.
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Histopathological Analyses
After animals were euthanized, the kidneys
were removed carefully and were immersed in
10% buffered formalin at room temperature and
then sectioned transversely into 3-4 µm slices.
Specimens were dehydrated in graded series of
alcohol and xylene and embedded in paraffin.
Multiple slices were made and stained by
hematoxilin and eosin. Sections were viewed
and photographed using a Nikon E200® light
microscope (Japan).

Biochemical Analyses
Blood samples were collected prior to the
experiment and at 0, 1, 3 hours after treatments
by cephalic vein puncture, in tubes without
anticoagulant, to collect serum. Blood urea
nitrogen (BUN) and creatinine were assayed in
the sera using the photometry technology
(COBAS INTEGRA® 400 plus system) and
creatinine kit (Roche, Germany) according to the
manufacturer's instructions. The enzyme values
were expressed in international units (U/L).

Statistical Analyses
All results were expressed as mean ±
SEM. The statistical significance of differences
among groups was analyzed by Student’s t-test.
Data were considered statistically significant if
p-values were < 0.05.

RESULTS
Histopathological Analyses
Histopathological evaluation of the kidney
tissues in animal treated by Mesobuthus eupeus
venom (group 2) demonstrated glomerular
congestion characterized by presence of
erythrocytes in the glomerules and interstitial
space, dilated vessels of interstitium and focal
interstitial
congestion
(figure
1B,
C).
Immunotherapy in group 3 clearly prevented
histopathological
damage
(figure
1D).
Immunotherapy in group four decreased
histopathological complications and we observed
mild congestion in the glomerules and interstitial
space and mild dilation in interstitial vessels
(figure1 E).
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creatinine and BUN levelsremained normal at
different time intervals (Table 2). In group 4,
immunotherapy also prevented creatinine and
BUN elevation at 3 h after treatment (in
comparison with group 2) (Table 3).

Metabolic Changes
Significant elevation of creatinine and
BUN was observed at 3 h after Me venom
injection ingroup 2 (Table 1). In group 3,
immunotherapy prevented marker changes and
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Figure 1. Histopathological changes of kidney tissue induced by Mesobuthus eupeus venom and after
immunotherapy. (A) control group (B, C) Mesobuthus eupeus venom treated group (D) antivenom
administration simultaneous with Mesobuthus eupeus venom injection (E) antivenom administration1 h
after Mesobuthus eupeus venom injection. (A) normal kidney, (B) congested vessels in portal areas and
dilated sinusoids (10x), (C) glumerolar congestion (40x). (D) normal kidney, (E) mild glumerolar
congestion in kidney were present.
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Table 1. Creatinine and BUN (mg/dl) serum levels in rabbits after 4 mg/kg M.
evenom injection in different time intervals.
Mean ± SEM
Creatinine(mg/dL)

BUN(mg/dL

control

envenomed

P value

control

envenomed

P value

0

0.87 ± 0.23

0.81 ± 0.27

NS

24.3 ± 6.1

23.2 ± 8.3

NS

1

1.02 ± 0.34

1.1 ± 0.32

NS

23.7 ± 3.3

22.5 ± 7.2

NS

3
1.07 ± 0.2
2.72 ± 0.39
S
25.4 ± 4.6
48.6 ± 7.8
S
Mean values (standard error) are shown for the six animals in each group. NS: Not significant, S: significant

Table 2. Antivenom administration simultaneous with Me venom injection.
Mean ± SEM
control
After 1h
p-value
After 3h
p-value
Creatinine(mg/dL)
0.87 ± 0.23
0.9 ± 0.44
ns*
0.85 ± 0.55
ns**
BUN(mg/dL)
24.3 ± 6.1
28.4 ± 9.3
ns*
25.4 ± 6.1
ns**
*non-significant different from control at p<0.05 ** non-significant different from after 1 hour at p<0.05

Table 3. Antivenom administration 60 min after Me venom injection.
Mean ± SEM
control
After 1h
p-value
After 3h
p-value
Creatinine(mg/dL)
0.87 ± 0.23
0.82 ± 0.35
ns
1.02 ± 0.29
ns
BUN(mg/dL)
24.3 ± 4.1
22.7± 5.8
ns
25.7 ± 5.2
ns
*non-significant different from control at p<0.05 ** non-significant different from after 1 hour at p<0.05

DISCUSSION
Severe histopathological damage and death
due to scorpion stings is a common health
problem in tropical and subtropical countries.
However, 50 of the 1500 scorpion species that
distributed in the world have proven deadly to
humans and most of them belong to Buthidae
family [16]. Mesobuthus eupeus's sting can
result in serious complications in major organs.
Immunotherapy is the only specific treatment for
scorpion sting but to our knowledge, this is the
first investigation to evaluate neutralization
potency
of
commercial
polyvalent
F(ab′)2antivenom in Iran against nephrotoxic
complications induced by Me venom in rabbits.
In this study, injection of Mesobuthuseupeus
scorpion
venom
in
rabbits
caused
histopathological
complications
such
as
glomerular congestion, dilated interstitial vessels
and focal interstitial congestion in kidneys of all
animals. Pharmacokinetic studies in rats have
previously shown that scorpion venom spreads
rapidly from blood to tissues, and especially the
kidneys, reaching a maximum concentration

around 15 min after inoculation [6, 17, 18].
Martins et al have demonstrated that snake
Crotalus durissus cascavella venom induced
proximal tubular damage in perfused isolated
kidneys within two hours [19]. With respect to
creatinine and BUN levels (table 1), significant
statistical differences (p<0.05) between renal
lesions were observed between groups at 1 and 3
h. Creatinine and BUN are the final products of
protein metabolism and their levels increase in
renal failure. There are some reports of acute
renal failure with increased urea and uric acid
concentration, reduced urinary volume and
diminished creatinine secretion, in victims that
had been stung by Androctonus, Leiurus and
Buthus scorpions [6]. Zare et al demonstrated
creatinine and BUN increment following
Odonthobuthus doriaes corpion venom injection
in rabbits [9]. According to the elevation in
creatinine and kidney complications, it is clear
that Mesobuthu seupeus venom in the doses used
can cause alterations in the renal function in
rabbits. In our previous study, Me envenomation
induced
histopathological
abnormalities
including; edema, myocytolysis, coagulation
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necrosis, and hemorrhage in the heart as well as
edema, hemorrhage and vascular thrombus in the
lungs of animals [20]. Clinical manifestations of
scorpion envenomation are usually complex in
nature and can be ascribed mainly to noticeable
autonomic nervous system overactivity similar
to pheochromocytoma. Many toxins in scorpion
venoms can interfere with voltage-gated Na+
channels and/or voltage-gated and other K+
channels that result in massive release of
autonomic neurotransmitters (described as ‘an
autonomic storm’).This phenomenon is a major
contributor to the pathophysiolgy of scorpion
envenomation [21]. Therefore, renal injury can
be due to massive release of catecholamines and
resultant vasoconstriction and hypertension.
Nevertheless, these lesions may also be caused
by other substances in scorpion venom such as
cytokines and inflammatory mediators [22, 23].
Me venom may also have direct toxic effects on
vessel walls. Endothelial cells represent the first
cellular barrier to blood-borne toxins that reach
the deeper vessel wall layers. These cells are
particularly susceptible to toxic insult. Toxins
that reach the subendothelial space may cause
injury to medial smooth muscle cells and/or
adventitial fibroblasts [24].
Our data showed that polyvalent
antivenom can prevent and reverse nephrotoxic
effects of Meobuthus eupeus scorpion venom in
rabbits. In group three, immunotherapy
prevented renal complications. Antivenom
probably neutralizes circulating toxins. In group
four,
immunotherapy
reduced
renal
complications such as glomerular congestion,
dilated vessels of interstitium and focal
interstitial congestion in kidneys of all animals.
In our previous study, we showed simultaneous
administration of antivenom and venom
completely
prevented
clinical
signs,
hemodynamic disturbances, markers changes,
ECG abnormalities and histopathological
damage. Delayed immunotherapy gradually
ameliorated clinical signs, hemodynamic
disturbances and markers changes related to
envenomation [25]. In another study, we
demonstrated that immunotherapy can neutralize
severe inflammatory response induced by
Mesobuthus eupeus scorpion venom.The time
between scorpion poisoning and administration
of scorpion antivenom is an essential factor that
could
limit the clinical efficacy of

Iranian Journal of Toxicology
immunotherapy, due to the pharmacokinetic
characteristics of venom and antivenom. Venom
toxins have low molecular weight and diffuse
rapidly in tissues, while antivenom elements
such as total IgG or immunoglobin fractions
(Fab, F(ab)2) have a slower diffusion because of
higher molecular weight [26, 27]. Hence, the
time between scorpion sting and administration
of antivenom is vital and immunotherapy must
be commenced as soon as possible in victims
with severe envenomation.

CONCLUSION
Injection of sublethal doses of Mesobuthus
eupeus scorpion venom induces pathological and
biochemical abnormalities in kidney of animals.
In addition, intravenous administration of the
appropriate dose of polyvalent antivenom as
soon as possible in victims stung by Me scorpion
venom may be beneficial in neutralizing renal
toxicity.
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