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ABSTRACT: Several studies have been published about the clinical and biochemical
manifestations produced by the venom of scorpions of the Buthidae family, but very
few reports have indicated the manifestations induced by the venom of the
Scorpionidae family. Hemiscorpius lepturus is an important scorpion species present
in the south and southwestern part of Iran, causing morbidity and mortality in children
and adults. For the present study, H. lepturus venom was extracted by electric shock
and subcutaneously injected (6.3mg/kg) into a group of six rabbits. Blood collection
was carried out before and three hours after venom injection for determination of
osmotic fragility and levels of blood sugar, alanine aminotransferase (ALT), aspartate
aminotransferase (AST), lactate dehydrogenase (LDH), creatine phosphokinase
(CPK) and alkaline phosphatase (ALP). In vitro studies were also carried out to verify
the osmotic fragility of red blood cells (RBCs) exposed to venom concentrations
ranging from 0-90ug/2ml blood. Results showed the extreme effect of this venom on
the lysis of RBCs both in vitro and in vivo. Venom injection caused significant
(p>0.001) increase in ALT, AST, LDH and blood sugar levels. There was also an
increase in CPK, and ALP levels after venom injection; however, it was not
statistically significant. All animals died four hours after having received the venom.
The current study revealed that the neurological effect of H. lepturus venom is similar
to that of scorpions of the Buthidae family. However, they differ in RBCs lysis, which
was highly significant when induced by H. lepturus venom, probably due to the
presence of a type of phospholipase in this venom. Further studies are needed to
provide a clearer view of the mechanism of action of H. lepturus venom.
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INTRODUCTION

Venomous scorpions pose a great health hazard to children and adults in the
southwestern part of Iran (1, 14), where the most common scorpion genus is
Hemiscorpius. Although H. lepturus belongs to the Scorpionidae family and its venom
gland is very small, it can cause death to both children and adults (1, 5, 14). Many
studies have reported manifestations caused by venoms of scorpions of the Buthidae
family (3, 10, 17, 18) but very few have indicated the signs and symptoms as well as
the serum biochemical changes induced by H. lepturus venom (14).

The most significant manifestation in envenomation by H. lepturus is hemolysis.
Approximately 40% of the stung patients need hemodialysis and, sometimes, packed
cells treatment (14). The mechanism of death caused by H. lepturus envenomation is
thought to be quite different from that caused by scorpions of the Buthidae family;
clinicians in the south of Iran believe that toxin distribution rate of H. lepturus venom
is very slow (14). Thus, the current study aimed at investigating cellular and
biochemical alterations caused by H. lepturus envenomation and at verifying whether
its mechanism of manifestations is quite different from or similar to that of scorpions

of the Buthidae family.

MATERIALS AND METHODS

Five thousand scorpions (H. lepturus) were collected from the southwestern part of
Iran and identified by experts at Razi Vaccine and Serum Research Institute, Iran.
Venom was milked by electric shock, lyophilized and preserved until used. The
venom LDsy was determined in mice (18-20g) by the method of Reed and Muench
(15).

Six male healthy rabbits of 1.5+0.2kg were selected for this experiment. The venom
(6.3mg/kg of body weight) was subcutaneously injected. Blood sampling was carried
out via a polyethylene cannula (G21) inserted into the marginal ear vein of each
overnight-fasted animal before and three hours after venom injection. Part of the
collected blood was poured into heparinized tubes for osmotic fragility tests and part
of it underwent serum separation for analysis of blood sugar, ALT, AST, LDH, CPK

and ALP levels (kits supplied by Sigma®).
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In vivo osmotic fragility test was carried out with whole blood collected before and
three hours after venom injection; blood samples were exposed to various NaCl
concentrations (from 0 to 0.9%) and incubated for 30min at 37 °C (13).

For in vitro osmotic fragility test, 2ml of normal whole blood was incubated at various
concentrations of H. lepturus venom (1, 10, 30, 60 and 90ug) for 30min at 37°C;
then, samples were exposed to NaCl concentrations ranging from 0 to 0.9% for
30min at 37 °C (13, 16).

RESULTS

The venom LDsy, determined in mice, was 126 pg/mouse. After venom injection
(6.3mg/kg), animals were observed for signs and symptoms during the whole
experiment. Within 20-35min after venom administration, all animals started to
present signs of envenomation like edema at the injection site, increased heartbeat
rate, salivation and lacrimation, and altered breathing rhythm. Although urination and
change in the urine color from light yellow to red were expected, no such alterations
were observed in the experimentally envenomed rabbits during the experiment.
Edema at the injection site was measured and characterized by a 1-2cm swollen red
patch. In two rabbits, the swollen red patch was extended to 8-10cm. Within two
hours after injection, all animals showed wheezing and coughing. No hematuria or
dysentery was observed in envenomed rabbits. Two hours after venom injection, all
animals showed muscle contraction and paralysis. They could not stand on their feet.
Death occurred as a consequence of increased heartbeat rate, difficult breathing and
complete feet paralysis, similarly to cyanide poisoning.

Figure 1 shows the osmotic fragility of RBCs, normal and exposed to various
concentrations of H. lepturus venom. Hemolysis rate increased with increasing
concentrations of venom. The figure clearly shows a significant (p<0.001) shift to the
right as the venom concentration increased. Changes in the osmotic fragility of RBCs
exposed to 1ug venom were insignificant, compared with control.

Figure 2 shows the comparison of osmotic fragility of RBCs from rabbits’ blood
samples before and after venom injection. The figure clearly shows a significant shift
to the right, which indicates an increased osmotic fragility of RBCs exposed to H.

lepturus venom.
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Table 1 shows the levels of serum enzymes ALT, AST, LDH, CPK and ALP as well
as blood sugar. There was a highly significant (p<0.001) increase in the
concentration of LDH, ALT and AST in the serum of rabbits three hours after venom
injection. Although there was also an increase in CPK and ALP levels after venom
injection, it was not significant when compared with the levels of these enzymes
before injection. Blood sugar also significantly (p<0.001) increased after H. lepturus

venom administration
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Figure 1. In vitro osmotic fragility of rabbits’ red blood cells incubated at increasing

concentrations of NaCl and exposed to various concentrations of H. lepturus venom.

120
100
@ o ey
g, i ‘-.\ H"-. — Before venom
= a0 ".I "'.\ - After venom
20 \ H,\
I:I T LI LI LI :‘H—l\ﬁ LI T
[} (L} [1m] L Ay} (i) (i} [my}
o Moo= wm 5 5
(] L} L} L}

MaCl concentration

Figure 2. In vivo osmotic fragility of rabbits’ red blood cells incubated at increasing

concentrations of NaCl before and after H. lepturus venom injection.
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Table 1. Comparison of various biochemical parameters before and three hours after

venom injection into experimental rabbits.

Parameters Before Venom After Venom p Value
(MeanzSD) (MeanzSD)

Blood Glucose (mg) 112125 285174 p<0.001
Aspartate Aminotransferase (ug/l) (AsT) 23.42+5.9 47.70£8.50 p<0.001
Alanine Aminotransferase (ug/l) (ALT) 26.63+8.2 73.41£12.42 p<0.001
Alkaline Phosphatase (ug/l) (ALP) 121.43+34.2  173.11+74.32 NS
Lactate Dehydrogenase (ug/l) (LDH) 155.54+£17.54  298.34+29.11 p<0.001
Creatine Phosphokinase (ug/l) (CPK) 24 .45+8.43 36.23+10.34 NS

NS = Not Significant

DISCUSSION

Hemiscorpius lepturus is a dangerous scorpion from the south and southwestern part
of Iran that causes mortality and morbidity in both children and adults (1, 14).
Although many scientific reports have clarified the complex mechanism of action of
venoms of scorpions of the Buthidae family (3, 4, 10, 16), scarce studies showed the
mechanism involved in envenomation by scorpions of the Scorpionidae family,
especially H. lepturus (14).

Clinical reports have indicated a high hemolysis rate in patients stung by H. lepturus
(14). In the southwest of Iran, hemolysis due to envenomation by such scorpion is so
common that when a patient is suspected of having been stung by a scorpion, the
first clinical test is to check the presence of hemoglobin in the patient’s urine. An
interesting fact in H. lepturus sting is the absence of local pain or the presence of
very mild pain at the sting site (14). Many times, absence of local pain can delay
treatment.

In the current study, local signs manifested as a local reddish edema of about 2—3cm
around the injection site between 15 and 20min after venom administration. Systemic
signs and symptoms (increased heart rate and breathing) were observed 20-35min
following injection. However, the grading of clinical symptoms was not established in

the present study. Clinicians in southwest Iran believe that the distribution rate of H.
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lepturus venom is very slow, compared with that of venoms of the Buthidae family;
thus, they propose the removal of the local tissue after scorpion sting. The
manifestation of systemic signs and symptoms occurred from 30 to 35min after
venom injection, which is not significantly different from the time of emergence of
systemic signs and symptoms in cases of envenomation by other scorpions (10, 17).
This indicates that the distribution rate of neurotoxins is similar in envenomation by
all scorpions including those of the Scorpionidae family. All the animals died within 3—
4h after having received the venom. This was also similar to the time scorpions of the
Buthidae family needed to kill rabbits (18). Thus, removing the skin at the sting site
seems to be of no use and may even complicate the treatment.

Increased osmotic fragility of RBCs exposed to scorpion (Mesobuthus tamulus)
venom, both in vitro and in vivo, was previously reported (11). In the present study,
when RBCs were exposed in vitro to various concentrations of H. lepturus venom,
there was a highly significant (p<0.001) increase in osmotic fragility. This is an
indicator of the venom direct action on RBCs. In vivo results of osmotic fragility also
confirmed the increased osmotic fragility of RBCs, which may be due to the presence
of an enzyme, like phospholipase A2, in the venom of H. lepturus and which may be
the cause of hematuria in patients stung by this scorpion species. Whether the action
of venom on other tissues is similar to that on RBCs is to be clarified in future studies.
Determination of blood sugar levels in the serum of rabbits showed a highly
significant increase compared with the levels before venom administration. The
levels of CPK, ALT, AST and LDH enzymes also increased after venom injection. All
these changes were similar to those observed in experimental animals receiving
venom of scorpions of the Buthidae family (18, 19). Clinical manifestations of
scorpion envenomation appear to be secondary to the activation of both sympathetic
and parasympathetic autonomic nervous system (3, 4, 10). Such manifestations
reveal that scorpion envenomation causes an autonomic storm (6, 7, 9). In the
present study, significant hyperglycemia was noticed after H. lepturus venom
administration, which is quite compatible to the results of other studies (2, 8, 12, 19).
The proposed mechanism for this effect included: peripheral and central stimulation
of the adrenergic system; activation of 3-receptors with catecholamine and serotonin
secretion; blockage of insulin secretion; and insulin resistance (3, 16, 19). The

increase in AST and ALT levels in envenomed animals is in agreement with former
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reports (12, 17). Aspartate aminotransferase, as a transferase enzyme, is distributed
to all parts of the body but mostly concentrates in the liver and the heart; therefore,
the increase in its levels may be attributed to myocardial infarction or hepatic failure.
Alanine transferase, acting similarly to AST, is considered a liver-specific enzyme. It
increases more and remains longer than AST during hepatic failure or inflammation.
Therefore, the increase in AST and ALT levels may be due to a direct action of the
venom on the liver and the heart.

Thus, according to the obtained results, the signs and symptoms of envenomation by
H. lepturus occur through two mechanisms: directly, through the effect of venom
components on various cells, including RBCs, causing hemolysis; and indirectly,
through the effect of neurotoxins enhancing the release of catecholamines with

consequent stimulation of the somatic and autonomic nervous system.
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