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Abstract: Scorpions are venomous arthropods of the Arachnida class and are considered relatives of spiders, ticks
and mites. The venom of Leiurus quinquestriatus is responsible for a number of deaths of infants, children and
adults in tropical and subtropical countries. There have been few studies on the clinical and biochemical effects of
Leiurus quinquestriatus venom. Therefore, the present study was performed to assess the toxicity of Leiurus
quinquestriatus crude venom and its effects on the biochemical parameters in serum of Guinea pigs (Cavia
porcellus). Adult male Guinea pigs (600 £+ 30 g body weight) were divided into three groups (15 each). In the control
group, Guinea pigs were interaperitoneally injected with 50 pL saline solution. The second and third groups were.
injected intraperitoneally with 0.1 mg/kg body weight and 0.2 mg/kg body weight of crude venom, respectively. The
crude venom was diluted in 50uL saline solution. Blood samples were taken after 1, 2 and 4 hours. Serum
biochemical parameters, the levels of total proteins albumin, globulin, urea, creatinine, uric acid, glucose,
cholesterol and triglycerides were measured. Serum levels of glucose, cholesterol, creatinine, urea and uric acid
increased significantly in envenomed animals within 1, 2 and 4 hrs. post-injection, compared to controls. The levels
of total serum protein, albumin globulin and triglycerides were significantly decreased within 1, 2 and 4 hrs.
post-injection. Hence, it can be conclude that, Leiurus quinquestriatus crude venom caused alterations in the
investigated biochemical arameters.
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1. Introduction release of catecholamines from adrenal medulla

Scorpions are arachnids of wide geographical (Moss et al., 1974). The venom-induced bradycardia
distribution particularly in tropical and subtropical has been postulated to be at least in part due to vagal
areas of the world. Scorpion venoms contain small stimulation (Freire-Maia and Diniz, 1970; Ismail ez
molecular weight peptides capable of causing cell al., 1976; Gueron and Ovsyshcher, 1987; Ismail et
function impairment by interfering with ion channel al.,1990 and 1992; Ismail, 1994 and 1995 and
permeability of excitable cell membranes (Gordon et Gueron, et al., 1998). The present study was
al., 1998 and Anderson and Greenberg, 2001). The designed to investigate the effects of the scorpion
species most responsible for severe human (Leiurus quinquestriatus) crude venom on some
envenoming belongs to the Buthidae family. The serum clinico-pathological parameters of Guinea
Buthid scorpion Leiurus quinquestriatusis found pigs over various periods.
throughout Egypt, Syria, Jordan, and Saudi Arabia
(Lucas and Meier, 1995). Severe envenoming 2. Material and Methods:
progresses rapidly after the first symptom and often The scorpions were gathered from Qena
takes from 5 to 30 minutes. Severe systemic governorate of Egypt. The scorpions Leiurus
complications such as heart failure, pulmonary quinquestriatus were kept in boxes at the Department
edema, convulsions and severe degenerative changes of Zoology, Faculty of Science, South Valley
of cardiac fibers worsen the prognosis (Omran ef al., University, Qena, Egypt. Crude venom was obtained
1992; Omran and Abd-El-Rahman, 1992 and by using specific device inducing electrical shocks (6
1994; Fatani et al., 1998; Tarasiuk et al., 1998 and volts) at the articular membrane of the telson, then
Omran and Mcvean, 2000). Scorpion venoms have lyophilized and stored in a desiccator at 4 °C in the
been reported to increase acetylcholine release from dark and reconstituted in saline solution prior to use
nerve cells in vitro (Diniz and Torres, 1968 and as milked venom. LDs, of crude venom was
Gomez and Farrell, 1985). The venom-induced determined as described by Meier and Theakston
hypertension has been ascribed to the activation of (1986). The LDs, of venom was 0.3 mg/kg b. w. of
the sympathetic nervous system and increased Guinea pigs.
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Study design:

Forty five of adult male Guinea pigs (Cavia
porcellus) weighing (600 + 30 g) were used. Guinea
pigs were obtained from the Animal House Facility
of Egyptian Organization for biological products and
Vaccines (VACSERA), Helwan, Cairo, Egypt.
Animals were housed in standard condition and fed
with standard diet and water ad libitum. The Guinea
pigs were divided randomly into three groups as
follows:

Groupl: Fifteen animals were given intraperitoneal
(i.p.) injection of 50 uL physiological saline (0.9 %
NaCl) and served as control.
Group 2: Fifteen animals received single i.p.
injections of a sublethal dose (low dose; 0.1mg/kg
body weight) of scorpions; Leiurus quinquestriatus
crude venom in 50 pL saline solutions.
Group 3: Fifteen animals received single i.p.
injections of a sublethal dose (high dose; 0.2 mg/kg
body weight) of scorpions; Leiurus quinquestriatus
crude venom in 50 pL saline solutions.

Five animals of each group (1, 2 and 3) were
sacrificed at 1, 2 and 4 hours post-injection of crude
venom, respectively.

Serum analysis:

Blood was collected from each animal into
plain centrifuge tubes and left at the room
temperature to clot. After one hour, serum was
separated by centrifugation at 3000 g for 30 min
(Dacie and Lewis, 1975). The sera were collected in
aliquots in labeled-Epindorft’s tubes and stored at
-20 °C until used. The concentration of total protein,
albumin, urea, creatinine, uric acid, glucose,
cholesterol and triglycerides were analyzed. The Kits
used were purchased from Spinreact (S. A. Ctra.
Santa Coloma, Spain). All other chemicals used were
of analytical reagent grade. Glucose determination
was carried out according to the method of Trinder
(1969). Determination of total serum protein was
estimated according to Peters (1968) method. Serum
albumin was determined according to the method
described by Doumas et al. (1971 ,1972). Serum
globulin was obtained from the difference between
the total protein and serum albumin. The cholesterol
was determined by enzymatic method as described
by Richmond (1973), while triglycerides were
determined by the enzymatic colorimetric method as
described by Young (1990). Creatinine was
determined by a kinetic method described by Hare
(1950), while determination of urea was according to

the enzymatic method of Patton and Crouch (1977).

Serum uric acid was determined by a quantitative
method of Young (1990).
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Statistical analysis:

Data were analyzed statistically using SPSS
Software and presented as means and standard error
(Mean + S.E.). Parameters of groups 2 and 3 were
compared with control group. Results were
considered significant when p value was lower than
0.05.

3. Results:

1-Effect of crude venom
biochemical parameters
Effects on the levels of serum total proteins,
albumin and globulin:

Administration of 0.1 mg/kg and 0.2 mg/kg
body weight crude venom (groups2,3), respectively,
led to a significant decrease(p<0.05) in serum total
protein at the 1%, 2™ and 4™ hours after injection.
The decreases of serum total proteins (group2) were
18%, 21.68% and 32.20% after 1, 2 and 4 hours
post-injection, respectively. In group3, the
decreases of serum total proteins were 25% (P<0.05),
30.92% (P<0.01) and 34.24% (P<0.01) after 1, 2 and
4 hours post-injection, respectively as compared with
those of control animals (Table 1). The decreases of
serum albumin in (group2) were 13.76% (P<0.05),
25.50% (P<0.05) and 41.39 % (P<0.01) after 1, 2 and
4 hours post-injection, respectively. In group3 the
decreases of serum albumin were 20.11% (P<0.05),
33.52% (P<0.01) and 44.44% (P<0.01) after 1, 2 and
4 hours post-injection, respectively, as compared
with those of control animals (Tablel). The decreases
of serum globulin in (group2) were 25% (P<0.05),
16.26% (P<0.05) and 17.83 % (P<0.05) after 1, 2 and
4 hours post-injection, respectively. While, in group3
the decreases of serum globulin were 31.75%
(P<0.01), 27.24% (P<0.01) and 18.26% (P<0.05)
after 1, 2 and 4 hours post-injection, respectively, as
compared with those of control Guinea pigs (Tablel).

injection on the

Effects on the levels of the serum creatinine, urea
and uric acid:

Both of the injected groups showed an increase
in serum urea, uric acid and creatinine levels, as
compared with concurrent control. Serum creatinine,
uric acid and urea levels were significantly increased
at 1, 2 and 4 hours after injection of crude venom in
group3. The increases of serum creatinine were
highly significant ((P<0.001) after 1, 2 and 4 hours
post-injection. However, in (group2) the increases
were 36.36% (P<0.05), 125% (P<0.01) and 118.6%
(P<0.01) after 1, 2 and 4 post-injection, respectively.
The increases of serum urea was highly significant
(P<0.001) after 1, 2 and 4 hours post-injection (in
group 3) as compared with those of control group.
While, the concentration of serum urea levels were
Iwer in group2 than in group3. However, the levels
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of serum urea lower significantly (p<0.05) increased
after 1, 2 and 4 hours post-injection (Table 2). The
increase of uric acid after one hour post-injection in
group2 was not significant. However, the increases
of uric acid were significant increase (p<0.05) after 2
and 4 hours post-injection. In gruop3, the levels of
serum uric acid were significantly increased,
(p<0.05), (p<0.05) and (p<0.01) after 1, 2 and 4
hours post-injection, respectively as compared with
those of control animals.

Effects on the levels of
triglycerides and cholesterol:
Administration of 0.lmg/gk and 0.2 mg/kg
body weight of crude venom (group2 and group3),
respectively, led to an increase in the serum glucose
level at 1, 2 and 4 hours post-injection. The levels of
serum glucose (group2) were 84.55% (P<0.01),
30.27% (P<0.05) and 27.62% (P<0.0 5) after 1, 2 and
4 hours post-injection, respectively. The levels of
serum glucose were 156.37% (P<0.001), 84.66 %
(P<0.01) and 80.74% (P<0.01) after 1, 2 and 4 hours
post-injection, respectively, (in group 3) as compared
with those of control Guinea pigs (Table 3). Also, the
levels of serum cholesterol (group2) were 52.63%
(P<0.05), 31.36% (P<0.05) and 49.32% (P<0.01)
after 1, 2 and 4 hours, respectively. In group 3 the
increases of serum cholesterol were 95.83% (P<0.01),
58.75 % (P<0.01) and 61.56% (P<0.01) after 1, 2 and
4 hours, respectively as compared with those of
control Guinea pigs (Table 3). However, the levels of
triglycerides were significantly decreased at 1, 2 and
4 hours post-injection in group2 and group3 as
compared with those of control group (Table 3). The
decreases of serum triglycerides (group2) were
19.54% (P<0.05), 17.36% (P<0.05) and 13.17%
(P<0.05) after 1, 2 and 4 hours, respectively. The
decreases in group 3 of serum triglycerides were
30.53% (P<0.05), 34.94 % (P<0.05) and 28.74%
(P<0.05) after 1, 2 and 4 hours, respectively as
compared with those of control group (Table 3)

serum glucose,

2- Effect of doses of scorpion crude venom on the
biochemical parameters:

The levels of serum total protein, albumin,
globulin and triglycerides were significant decrease
post-injection with high dose (0.2 mg/kg b. w.) or
low dose (0.1 mg/kg b. w.) as compared with those of
control animals. However, the levels of serum total
protein, albumin, globulin and triglycerides of high
dose were lower than those of the low dose as
compared with those of control animals. On the other
hand, the levels of the serum creatinine, urea and uric
acid, glucose and cholesterol were significantly
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increased post-injection with high dose (0.2 mg/kg b.
w.) or low dose (0.1 mg/kg b. w.) as compared with
those of control animals. However, these increases in
group3 were higher than group2 as compared with
those of control animals. However, these increases
were higher in group3 than group2.

3-Effect of duration post-injection of scorpion
crude venom on the biochemical parameters

As indicated in table (1 and 3) the levels of serum
total protein, albumin, globulin and triglycerides
were significantly decreased post-injection with high
dose (0.2 mg/kg b. w.) or low dose (0.1 mg/kg b. w.)
as compared with those of control animals. These
levels were still significantly decreased at 4 hours
post-njection when compared with those of the
control group. Moreover, values were significantly
lower in group 3 than those of group 2 after 1, 2 and
4 hours post-injection. The reduction of these
parameters was time-dependant and the decreases
were descending. On the other hand, injection of
crude venom with high dose (0.2 mg/kg b. w.) or low
dose (0.1 mg/kg b. w.) lead to a time-dependent
rise in serum creatinine, urea and uric acid, glucose
and cholesterol levels that became significant after
1, 2 and 4 hours post-injection onwards. Moreover,
values were significantly higher in group 3 than
group 2 after 1, 2 and 4 hours post-injection (Tables
2 and 3). 4. Discussion:

Scorpion venoms consist of a mixture of many
pharmacologically active proteins (Tu, 1977).
Venoms  of  scorpion  (including  Leiurus
quinquestriatus) contain small molecular weight
peptides capable of causing cell function impairment
by interfering with ion channel permeability of
excitable cell ~membranes (Omran  and
Abd-El-Rahman, 1992; Gordon et al, 1998 and
Anderson and Greenberg, 2001). The venom from
Leiurus quinquestriatus contains the vaso-active
peptide bradykinin (Fatini et al., 1992 and Ismail et
al., 1992). Bradykinin-potentiating peptides were
isolated from Leiurus quinquestriatus and Buthus
occitanus scorpion venom (Nassar et al., 1989 and
Salman, 1995, 2002, 2008 and 2009). These
peptides play a role in ischaemia, acute myocardial
infarction, panceartitis, burns, trauma, shock states,
secondry hemorrhage and endotoxin  shock
(Hashimoto et al., 1978; Bhoola et al., 1992 and
Briner et al., 1993). In the present study, serum
total protein, albumin and globulin were decreased
after i. p. injection of crude venom of Leiurus
quinquestriatus (Table 1).
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Table (1): The effects of intraperitoneal injection of scorpion (Leiurus quinquestriatus) crude venom on the levels of
serum total proteins (mg/dl), albumin (mg/dl) and globulin (mg/dl) in Guinea pigs after the 1*', 2" and 4"
hours post-injection. 5 animals were used in each group.

Experimental and doses of _S. venom

Time Parameter Group1(Control) Group 2 Group3
(0.9 NaCl) (0.1mg/kg.) (0.2 mg/kg)
Total protein Mean £ S.E 6.00+ 0.37 4.89 +0.11 45+027
Change % -18.5% -25%
2 ° P — value P<0.05 P<0.05
oa] Albumin Mean £ S.E 3.48+0.21 3.00£0.10 2.78 £0.14
sz Change % -13.79% -20.11%
2 £ P — value P<0.05. P<0.05
s ”° Globulin Mean = S.E 2.52+0.11 1.89+£0.21 1.72£0.13
Change % -25% -31.75 %
P — value P<0.05 P<0.01
Total protein Mean £ S.E 5.95+0.11 4.66+0.12 4.11+0.12
Change % 21.68% -30.92 %
g P —value P<0.05 P<0.01
o Albumin Mean £ S.E 3.49 +0.14 2.60+0.11 232+0.14
g5 v Change % -25.50 % -33.52%
<] P — value P<0.05 P<0.01
s “ Globulin Mean £ S.E 2.46+0.21 2.06 +0.21 1.79 +£0.11
Change % -16.26% -27.24%
P — value P<0.05 P<0.01
Total protein Mean + S.E 5.90 £0.31 4.00+0.17 3.88+0.14
Change % -32.20% -34.24%
T - P —value P<0.01 P<0.01
o g Albumin Mean £ S.E 3.60 £0.21 2.11+0.14 2.00+0.13
£z Change % -41.39 % - 44.44%,
- P — value P<0.01 P<0.01
@ Globulin Mean+ S.E 2.30+0.11 1.89 +0.21 1.88+0.23
Change % -17.83% -18.26%
P — value P<0.05 P<0.05

Table (2): The effects of intraperitoneal injection of scorpion (Leiurus quinquestriatus) crude venom on the levels of

serum creatinine (mg/dl), urea (mg/dl) and uric acid (mg/dl) in Guinea pigs after the 1%, 2" and 4"
hours post-injection. 5 animals were used in each group
Experimental and doses of _S. venom
Time Parameter (0.9 NaCl) Group 2 Group3
(0.1mg/kg.) (0.2 mg/kg.)
g Mean + S.E 0.44 £.004 0.6 0. 04 0.90 +0. 05
; Creatinine Change % +36.36% 104.55 %+
= P—value P<0.05 P<0.001
_: Urea Mean + S.E 33.60+4.7 59.2+3.5 85.60 £7.30
S Change % +76.19 % 154.76 %+
. P value P<0.01 P<0.001
%’ Mean + S.E 1.6+ 0.05 1.7+0.01 1.8+ 0.03
g». Uric acid Change % +6.25% +12.5%
= P—value NS P<0.05
Mean + S.E 0.40 £0. 07 0.90 +0.05 1.2 £0. 08
Creatinine Change % +125 % +200%
2 5 P value P<0.01 P<0.001
o Mean + S.E 4411+33 9933+23 10233 =38
EF Urea Change % +125.19 % +131.99 %
2 g P —value P<0.01 P<0.001
g~ Mean + S.E 1.48+0.06 1.95 +0.06 1.99+0.09
Uric acid Change % +31.76 % +34.46 %
P—value P<0.05 P<0.05
Mean + S.E 0.43£2.2 0.94 £0.03 1.4 +0. 07
Creatinine Change % 118.60 %+ +225.58 %
T = P—value P<0.01 P<0.001
E’_ E Urea Mean + S.E 4344 £3.34 89.50 +3.66 111.22£3.40
£ g Change % +106.03 % +156.03 %
3 E P—value P<0.01 P<0.001
S - Mean + S.E 1.45+0.02 1.90+0.02 2.7+ 0.04
Uric acid Change % +31.03% 86.21 %+
P —value P<0.05 P<0.01
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Table (3): The Effects of intraperitoneal injection of scorpion (Leiurus quinquestriatus) crude venom on the levels of

serum glucose (mg/dl),triglycerides (mg/dl) and cholesterol (mg/dl) in Guinea pigs after the 1°*, 2"

and

h Py . . .
4™ hours post-injection. 5 animals were used in each group.

Experimental and doses of S. venom
Time Parameter Group1(Control) Group 2 Group3
(0.9 NaCl) (0.1mg/kg.) (0.2 mg/kg.)
g Mean + S.E 180.31+7.44 250.47+8.88
® Glucose Change % 97.70+6.33 84.55 %+ 156.37 %+
g P —value P<0.01 P<0.001
s Mean + S.E 134.31+4.44 172.33+6.22
g Cholesterol Change % 88.007.3 152.63 % +95.83%
;;:. P - value P<0.05 P<0.01
5 Mean + S.E 70.00+3.42 60.44+7.24
<y Triglycerides Change % 87.00+3.43 -19.54 % -30.53 %
S P — value P<0.05 P<0.05
Mean + S.E 127.4+7.43 180.60+6.22
Glucose Change % 97.8£6.41 +30.27 % +84.66 %
2 5 P —value P<0.05 P<0.01
o Mean = S.E 115.6£6.25 139.70+7.24
% g Cholesterol Change % 88.00+7.11 +31.36 % +58.75 %
2 g P —value P<0.05 P<0.01
g- Triglycerides Mean + S.E 70.43+4.24 55.44+4.21
Change % 85.22+46.21 -17.36 % -34.94 %
P —value P<0.05 P<0.05
Mean + S.E 120.60+7.24 170.80+5.37
g Glucose Change % 94.50+4.32 +27.62 % +80.74 %
b P —value P<0.05 P<0.01
s - Mean + S.E 120.8+7.31 130.70+5.44
E’. = Cholesterol Change % 80.90+5.33 +49.32 % +61.56 %
2" P — value P<0.05 P<0.01
a8 Mean + S.E 72.50+3.14 59.50+3.78
S Triglycerides Change % 83.50 +6.11 -13.17 % -28.74 %
P —value P<0.05 P<0.05

The reduced levels of these serum constituents
are considered to be due to disturbances in renal
functions as well as haemorrhages in some internal
organs such as liver, kidney, lung and heart (Amaral
et al., 1994; Amaral and Rezende, 1997 and
Mohamed et al., 2007). Furthermore, the increase in
vascular permeability and haemorrhages in vital
organs are due to the toxic action of various scorpions
venoms including Leiurus quinquestriatus (Omran
and Abd-El-Rahman,1992; Fatini et al., 1998;
Mirakabadi et al., 2006 and Ozkan et al, 2008).
Additionally, as the liver is the main source of plasma
albumin, the decrease in plasma albumin is mainly due
to the diminishing of its synthesis in hepatic cells.
Also, the decrease in plasma is due to accompanied
losses of large amounts of albumin into the urine and
gastrointestinal tract due to damaged kidney and
intestinal mucosa (West, 1985 and Sofer ez al., 1997).
It worthy to mention, that Omran (2003) reported that
Leiurus quinquestriatus venom Kills cells by different
mechanisms, and its cytotoxic effects were dose and
time dependant. In addition, the venom was found to
induce both  necrotic and apoptotic changes.
Consequently, the renal corpuscles and renal tubules
suffered from severe cellular degeneration (Mohamed
et al., 2007). Significant increases in uric acid, urea
and creatinine were observed (Table 2) in groups 2
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and 3 injected [.P. with crude venom of Leiurus
quinquestriatus. The uric acid, urea and creatinine are
the final products of protein metabolism, and their
concentration would increase in renal failure. Renal
failure and decrease of glomerular filtration may be
related to severe cardiovascular perturbation (Omran
and Abd-EL-Rahman, 1992 and Mohamed et al,
2007). Additionally, acute renal failure has been
reported to occur after scorpion sting (Radmanesh,
1990; Patel et al., 1992; Farasiuk et al., 1998 and
Sofer et al., 2009)

Determination of blood sugar levels in the serum
of Guinea pigs showed a highly significant increase
compared with the levels of the control group (Table
3). These changes were observed in experimental
animals injected with crude venom of scorpions of the
Buthidae family (Zare et al., 1994 and 2006). Clinical
manifestations of scorpion envenomation appeared to
be secondary to the activation of both sympathetic and
parasympathetic autonomic nervous system (Gueron
et al., 1992; Ismail et al., 1992 and Murthy and
Zare, 1998). Such manifestations reveal that scorpion
envenomation causes an autonomic storm (Ismail and
Abd-El-Salam, 1987; Murthy et al, 1990 and
Mazzefi et al., 2002). In the present study, significant
hyperglycemia  was  noticed after  Leiurus
quinquestriatus venom administration, which is quite
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compatible to the results of other studies (EL-Asmar
et al, 1974; Murthy et al, 1986; Omran et al., 1992
and Zare et al., 1994). The proposed mechanism of
this effect included peripheral and central stimulation
of the adrenergic system activation of -receptors with
catecholamine and serotonin secretion; blockage of
insulin secretion and insulin resistance (Gueron ef al.,
1992 and Zare ef al., 1994). Additionally, the
scorpion venom from Leiurus quinquestriatus
activates Na+ channels on the chromaffin cells
inducing catecholamine secretion (Ito et al., 1981). In
this study, blood glucose was found to be higher after
one, two and four hours of venom injection (Table 3).
These results confirmed the previous findings (Ismail
and Abd-El-Salam, 1987 and Radha et al., 1992 and
1994). The inhibition of insulin release and the
stimulation of glucagon secretion by toxin from
Leiurus quinquestriatus scorpion venom in rat
pancreatic islets had been previously reported
(Johanson et al., 1975). Johanson et al. (1975) and
Johanson and Ensinck (1976) have suggested that
norepinephrine release from sympathetic nerve
endings is probably much greater when stimulated by
scorpion venom toxin than by physiologic stimulation.
Furthermore, they added, that the strong release of
glucagon caused by scorpion venom is due to the
release of norepinephrine from the adrenergic nerve
terminals of the pancreas. The scorpion venom may be
a more effective stimulus to glucagon secretion than
norepinephrine reaching the pancreas through the
general circulation. The increase in serum cholesterol
levels in envenomated Guinea pig observed in the
present study (Table 3) could be due to the
hepatocytes damage rendering them unable to
phosphorylate the increased amounts of fatty acids,
therefore leading to fatty liver and alternation of cell
membranes of tissues (EL-Asmar ef al., 1979). The
level of triglycerides was decreased after crude venom
injection (Table 3). Some reports notify that the free
fatty acids level increases significantly after scorpion
venom administration.  The present results also
confirmed the previous reports (Radha and Medh,
1986 and Radha, ef al., 1992). Stimulatory effect of
catecholamines on the breaking down of triglycerides
has been confirmed in vivo and in vitro (Fatani et al.,
1998). Hence, according to obtained the results, the
scorpion (Leiurus quinquestriatus) venom caused an
acute dose- and time-dependent alterations in the
clinic-pathological parameters. These changes in
biochemical chemistry parameters are most probably
related to the toxic effect of the venom on the target
organs.
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