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Abstract

Background: Mesobuthus eupeus venom is a member of Buthidae family, which can enter the blood circulation exerting detrimental
effects on body organs, such as the liver and kidney through inflammation. Cyclosporine, known as an anti-inflammatory drug, is
used to treat many inflammation-associated diseases.
Objectives: In this study, cyclosporine was selected to inhibit the scorpion toxin effects on rat organs.
Methods: This experimental study was conducted in the Razi Vaccine and Serum Research Institute, Agricultural Research Educa-
tion and Extension Organization, Karaj, Iran, from June to November 2019. Fifty male rats were randomly divided into five groups of
10, including the control (10 mg/kg olive oil i.p), M. eupeus venom (10 mg/kg i.p.), cyclosporine 10 mg/kg (venom 10 mg/kg for 30 min
i.p followed by cyclosporine 10/kg mg for 7 day i.p.), cyclosporine 20 mg/kg (venom 10 mg/kg for 30 min i.p followed by cyclosporine
20 mg/kg for 7 day i.p.), and cyclosporine 30 mg/kg (venom 10 mg/kg for 30 min i.p followed by cyclosporine 30 mg/kg for 7 day i.p.).
After treatment with cyclosporine, the liver and kidney function was analyzed by calculating some biochemical enzymes, including
serum glutamate-pyruvate transaminase (SGPT), serum glutamic oxaloacetic transaminase (SGOT), nitric oxide (NO), interleukin-2
(IL-2), malondialdehyde (MDA), creatinine, and urea via ELISA and spectrophotometry. Then, to determine the rate of apoptosis in
tissue, terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling method was done.
Results: At the end of the study, the results showed a significant elevation in SGPT (164.5± 10 vs. 126.2± 7, P < 0.0001), SGOT (190.37
± 11 vs. 148 ± 10, P < 0.0001), NO (24.4 ± 1.17 vs. 17.4 ± 1.4, P = 0.02), and MDA (0.42 ± 0.05 vs. 0.22 ± 0.04, P < 0.0001) in the venom
group compared with the control group. There were no significant differences in the urea, IL-2, and creatinine between the venom
and control groups. However, the group receiving cyclosporine (30 mg/kg) showed a significant decline in SGPT (96.42± 5.7 vs. 164.5
± 10, P < 0.0001), SGOT (144.57 ± 9.24 vs. 190.37 ± 11, P < 0.0001), urea (28.83 ± 1.32 vs. 38.83 ± 1.6, P = 0.00), creatinine (0.023 ±
0.01vs. 0.29 ± 0.005, P < 0.0001), and MDA (0.10 ± 0.01 vs. 0.42 ± 0.05, P < 0.0001), as well as increased apoptosis rate (P < 0.05),
compared with the venom group. No significant difference was observed between the cyclosporine and venom groups in NO and
IL-2.
Conclusions: Cyclosporine at a dose of 30 mg was able to decrease inflammatory responses and induce apoptosis rate. Therefore,
it could be a suitable drug for patients bitten by a scorpion sting.
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1. Background

The scorpion is among the first animals to have be-
come fully terrestrialised and adapted to the surround-
ing environments. Scorpions are arthropods, of which
1250 species have been identified. The scorpion venom
has more than one million types of peptides, but unfortu-
nately, only 200 peptides have been determined until to-
day (1, 2). Mesobuthus eupeus scorpion is one of the most
important scorpions in Iran, which does not have any dis-

persion in other parts of the world (3). Generally, this scor-
pion is found in tropical regions of Iran, specifically in the
southern tropical regions.

Scorpion venoms consist of mucopolysaccharides,
hyaluronidase, phospholipases, enzyme inhibitors, neu-
rotoxins, histamine releasers, protease inhibitors, amino
acids, and enzymes (hyaluronidases and metallopro-
teases) (4). The clinical manifestations of the scorpion
sting in humans are very variable and are varied depend-
ing on the type of scorpion, host, and venom. The scorpion
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sting can manifest itself in different ways from severe
localized skin reactions to nervous symptoms, cardiores-
piratory changes, edema, and a systemic inflammatory
response (5). Activation of the complex signaling path-
ways is involved in the pathogenesis of scorpion sting,
with oxidative stress and inflammation being considered
as the primary routes of tissue destruction after venom
injection (5, 6). After scorpion stings, various mechanisms
induce the activation of immune cells, including neuro-
toxins that, by activating ion channels on the nerve release
neurotransmitters and peptides, ultimately triggers an
inflammatory response (7). This inflammatory response
causes metabolic disorders and damages various organs
(8).

The kidneys and liver are considered as the most im-
portant sites for the excretion of the venom and are highly
vulnerable to the toxin (9). These tissues can then be di-
rectly affected by the venom by its toxins or indirectly
through the release of mediators and modulators, such
as cytokines, oxygen-free radicals, neurotransmitters, etc.
(9). Unlike other components of the venom, toxins ap-
pear very quickly in the bloodstream and accumulate in
the liver and kidney tissues, causing direct damage (10).
In other words, the binding of toxins to specific recep-
tors on the vascular ion channels by the release of cate-
cholamines and angiotensin II causes severe vasoconstric-
tion and ultimately leads to ischemia and further damages
(11). Hence, it is necessary to find some effective therapeu-
tic approaches to deal with the scorpion sting.

Cyclosporine is considered to be a widespread drug for
reducing inflammation because of its anti-inflammation
effects. For example, cyclosporine prevents the secretion
of tumor necrosis factor-alpha (TNF-α) and interleukin-2
(IL-2) in monocyte-derived dendritic cells (DCs) and bone
marrow-derived dendritic cells (BMDCs) (12-14). This anti-
inflammatory drug has less solubility in water and is pro-
duced in the forms of suspension and emulsion for treat-
ing some diseases, including rheumatoid arthritis, psoria-
sis, and Crohn’s disease (15). Cyclosporine is composed of
aromatic peptides, which affect T lymphocyte cells to pre-
vent cytokines production, especially IL-2 after exposure to
antigens (16, 17).

2. Objectives

Scorpion stings have considered as one of the major
health problems in Iran. There is no effective and specific
treatment to prevent local and systemic complications of
the scorpion sting. Also, inflammation and oxidative stress
are involved in the pathogenesis of scorpion stings (6, 9).
Because of the anti-inflammatory and anti-oxidant effects
of cyclosporine, we designed this experimental study to

investigate the potential effects of cyclosporine, a power-
ful anti-inflammatory drug, on reducing M. eupeus venom
damage on liver function, kidney performance, oxidative
stress, and inflammation. Specifically, we evaluated the ef-
fects of cyclosporine on histological abnormalities of the
kidney and liver once the rat groups received venom.

3. Methods

This experimental study was conducted in the Razi Vac-
cine and Serum Research Institute, Agricultural Research
Education and Extension Organization, Karaj, Iran, from
June to November 2019. This institute is known as a na-
tional pharmaceutical company. Likewise, it is the ref-
erence and government institution for the production
of anti-venom serums derived from snake and scorpion
venom, where scientists are constantly studying the de-
velopment of new drugs and vaccines to reduce the com-
plications of the venom. This study was approved by
the State Committee on Animal Ethics, Razi Vaccine and
Serum Research Institute, Agricultural Research Educa-
tion and Extension Organization, Karaj, Iran (ethics code:
RVSRI.REC.980003; 2019/5/6). In this experimental study,
the protocol and experiments were perfumed following
the National Institutes of Health for animal studies (NIH,
Bethesda, MD, USA). Also, the study was conducted in accor-
dance with the Basic and Clinical Pharmacology Toxicology
policy for experimental and clinical studies (18).

The sample size was calculated according to the differ-
ence in the mean of urea concentration based on the study
conducted by Lamraoui et al. (19). It was determined con-
sidering a 95% confidence interval, 80% power (α = 0.05
and β = 0.02), and the related mean and Standard devia-
tion of the urea levels in the study. In this study, the calcu-
lated sample size for each group was 10 rats.

s1 = 4.74
s2 = 19.35
m1 = 41.7
m2 = 53.59
α = 0.05
β = 0.2
n/group = 10

(1)n =

(
Z1−α

2
+ Z1−β

)2 (
δ21 + δ22

)
(µ1 − µ2)

2

3.1. Materials

A total of 50 five-week-old male rats (25 g ± 10 g)
were obtained from the Pasteur Institute (Tehran, Iran).
M. eupeus was used with the venom of this scorpion
made in the Razi Vaccine and Serum Research Institute
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(Karaj, Iran). Olive oil (8001-25-0), solid paraffin (br/107162),
hematoxylin and eosin stain (115935), ethanol (200-578-6),
and resin (101691) were prepared from the Merck Com-
pany (Germany). Cyclosporine was bought from Novar-
tis Company (Switzerland). In situ cell death detection
kit (11684795910) was purchased from the Sigma Aldrich
Company. In this study, all equipment, including ELISA Mi-
croplate Washer (Bio-Tek, VA, USA), ELISA Microplate Reader
(Bio-Tek, VA, USA), spectrophotometer (Cecil Instruments
Ltd., Cambridge, UK), Homogenizer (Omni International,
Warrenton, VA, USA), inverted confocal microscope (Olym-
pus, Tokyo, Japan) were calibrated according to the stan-
dard protocols before the usage.

3.2. Animals

The animals were housed under a standard light/dark
cycle (12-hour light/12-hour darkness circulation), humid-
ity (65% ± 10%), and controlled temperature (22°C ± 2°C).
Also, they had ad libitum access to water and food. Af-
ter one week of acclimatization period, the rats were ran-
domly divided into five groups (n = 10 per group) using
simple randomization: group A: olive oil as control (10
mg/kg intraperitoneally (i.p.)), group 2: venom (10 mg/kg
i.p.), group 3: venom (10 mg/kg) + cyclosporine (10 mg/kg
i.p.), group 4: venom (10 mg/kg) + cyclosporine (20 mg/kg
i.p.), group 5: venom (10 mg/kg) + cyclosporine (30 mg/kg
i.p.).

3.3. Experimental Protocol

The control group received olive oil (10 mg, i.p.) with
M. eupeus venom being i.p. injected as a single dose on the
first day (10 mg, i.p.). After 30 min of venom injection, cy-
closporine was administered daily for 7 days (10, 20, and 30
mg/kg, i.p.).

The body weight was measured every day during the
study. Blood sampling was carried out from the heart
and centrifuged at 3000 rpm for 10 min to separate super-
natant plasma. Serum glutamate-pyruvate transaminase
(SGPT), serum glutamic oxaloacetic transaminase (SGOT),
malondialdehyde (MDA), nitric oxide (NO), urea, and cre-
atinine concentrations were determined using the enzy-
matic colorimetric assay (Parsazmoun, Iran). Serum IL-2
concentration was measured using the ELISA kit (Zellbio
GmbH Company, Germany). At the end of the procedure,
the rats were anesthetized and sacrificed, and tissue sam-
ples (liver and kidney) were collected and stored at -80 im-
mediately for the TUNEL test.

3.4. Histopathologic Examination

The liver and kidney were withdrawn for pathologic
examination. These organs were fixed in 10% neutral

buffered formalin. The fixed samples were dehydrated in
ethanol, cleared in methyl benzoate, and embedded in
paraffin wax. Preparation of the sections 5-6-µ in thickness
was performed using a microtome, they were stained with
hematoxylin and eosin, and observed under a light micro-
scope. The sections were assessed based on the severity of
the pathological changes.

3.5. TUNEL POD Assay–Labeling

To detect the apoptosis rate in individual cells, we used
the terminal deoxynucleotidyl transferase-mediated dUTP
nick end labeling (In Situ Cell Death Detection Kit, POD
(11684817910)) method. The procedure was conducted ac-
cording to the manufacturer’s protocol (Roche, Germany).
First, the tissues were incubated in xylene (Merck, 108681)
for 10 min after paraffin decontamination. Then, the
slides were irrigated in 90%, 80%, and 70% alcohols, respec-
tively. Subsequently, the slides were washed with phos-
phate buffer saline ((PBS, pH 7.4): 137 mM NaCl, 2.7 mM KCl,
1.5 mM KH2PO4, 8.1 mM Na2HPO4 in distilled water) and in-
cubated for 20 min/RT by a protein kinase. Next, the tis-
sues were incubated with citrate buffer (10 min) to be per-
meable and were washed with PBS. In the last stage, the
samples were incubated by TUNEL stain (50 µL) and incu-
bated for 1 hat 37°C. The slides were observed by a Zeiss LSM
5 fluorescent microscope. Regarding the positive controls,
the sections were incubated with DNase I (3000 U/mL in 50
mM Tris-HCl, pH 7.5, 1 mg/mL BSA) for 10 min at 15 - 25°C to
induce DNA strand breaks before the labeling procedure
and a known positive control was used as an alternative.
Concerning the negative control, the sections were incu-
bated with the label solution only (without terminal trans-
ferase) instead of the TUNEL reaction mixture. The apop-
totic cells in this tissue were bright spots representing the
apoptotic cells labeled during TUNEL staining. The cell’s
nucleus was stained with propidium iodide (1 mg/ml), af-
ter which the apoptotic cells stained with TUNEL (green)
were differentiated from normal cells.

3.6. Statistical Analysis

Data were presented as the mean ± standard devia-
tion. The data analysis was carried out using GraphPad
Prism 8.3 software. Initially, the normal distribution of
all variables was evaluated with the Kolmogorov-Smirnov
test. Then, Two-way analysis of variance (ANOVA) followed
by Tukey’s test were applied to compare the statistical sig-
nificance among the experimental groups. The results
showed that the Kappa index was above 0.6, which means
that the obtained data had the same scores. P values of less
than 0.05 were considered significant.
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4. Results

4.1. SGPT, SGOT, UREA, CREATININE, NO, MDA, and IL-2 Analysis

4.1.1. SGPT and SGOT

Liver damage was measured by evaluating SGPT and
SGOT enzymes. SGPT and SGOT significantly increased in
the venom-injected rats (Table 1). Expectedly, cyclosporine
therapy reduced the SGPT and SGOT concentrations; cy-
closporine 10, 20, 30 mg, respectively, reduced the men-
tioned enzymes concentration significantly in a dose-
dependent manner (Figure 1).

Control 

Venome 

Cyc10mg

Cyc20mg 

Cyc30mg

Enzymes

O
p

ti
ca

l D
en

si
ty

 (O
D

) 

250

200

150

100

50

0
SGPT SGOT NO UREA IL-2

NS
NS

Figure 1. Serum concentrations of serum glutamate-pyruvate transaminase (SGPT),
serum glutamic oxaloacetic transaminase (SGOT), Urea, nitric oxide (NO), and
interleukin-2 (IL-2) in the control and poisoned rats after therapy with cyclosporine
at the doses of 10, 20, and 30 mg. Venom stimulated the secretion and production of
all enzymes except for IL-2. Treatment with cyclosporine reduced the concentration
of all enzymes in the rat serum. Cyclosporine (30 mg) had significant effects on all
factors, except for IL-2 and NO. In the chart, the venom effects were compared with
the control and cyclosporine effects were compared with venom to identify the ef-
fects of venom and cyclosporine. In the bar chart, C signals cyclosporine. The stars
reveal the rate of significance (*P value < 0.05, **0.05 < P value < 0.01, ***P value <
0.01).

4.1.2. Creatinine and Urea

The concentration of these enzymes was analyzed to
examine the kidney function. Venom-injected rats showed
significantly higher creatinine and urea concentrations in
the serum compared with the control group. Cyclosporine
therapy reduced the creatinine (Figure 2) and urea (Figure
1) concentration in a dose-dependent manner (Figure 1).

4.1.3. MDA and NO

Treatment with cyclosporine reduced the MDA (Figure
3) and NO (Figure 1) concentration in the rats poisoned
with venom. In all experiments, cyclosporine at a dose of
30 mg was more effective than the doses of 10 and 20 mg.
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Figure 2. Serum concentrations of creatinine and malondialdehyde (MDA) in con-
trol and poisoned rats after therapy with cyclosporine at the doses of 10, 20, and 30
mg. Venom stimulated the secretion and production of both factors. Cyclosporine
(30 and 20 mg) had significant effects (***) on these two factors. In the chart, venom
effects were compared with control and cyclosporine effects were compared with
venom to identify the effects of venom and cyclosporine. In the bar chart, C signals
cyclosporine. The stars show the rate of significance (*P value < 0.05, **0.05< P value
< 0.01, ***P value < 0.01).

4.1.4. IL-2

The results of IL-2 cytokine showed that there was an
insignificant decrease in the group receiving venom com-
pared with the control group. Note that the cyclosporine
at 10, 20, and 30 mg did not have any significant effects on
the reduction of the IL-2, as the main cytokine, which stim-
ulates T-cell proliferation (Figure 1).

4.2. Histopathology Study

The liver and kidney in control and experimental
groups showed a normal appearance. Histopathological
changes observed in the liver and kidney of the rats treated
with olive oil represented mild bleeding and moderate de-
generation. Histological examination of the liver and kid-
ney sections 6 h after venom injection showed a medium
level of edematous severity, bleeding, necrosis, and mod-
erate degeneracy (Figure 3). In particular, the liver and kid-
ney sections showed inflammation through lymphocyte
infiltration. Meanwhile, the venom caused marked histo-
logical degeneration in rats because cyclosporine at differ-
ent doses could significantly reverse histological damages
to the liver and kidney in a dose-dependent manner.

4.3. TUNEL Test

TUNEL test indicates that cyclosporine stimulates the
apoptosis rate in the liver and kidney tissues in compari-
son with their normal counterparts (Figure 4). Expectedly,
the results showed significant effects on apoptosis (Figure
5).
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Table 1. Serum SGPT, SGOT, NO, UREA, IL-2, CREAT, and MDA Levels in the Control and Experimental Groups

Control Venom Cyc (10 mg) Cyc (20 mg) Cyc (30 mg)

SGPT 126.2 ± 7 164.5 ± 10 151 ± 9 113.2 ± 11.4 96.42 ± 5.7

P valuea < 0.0001 < 0.0001 < 0.0001 < 0.0001

P valueb < 0.0001 < 0.0001 < 0.0001

SGOT 148 ± 10 190.37 ± 11 175.6 ± 7.34 158 ± 11.30 144.57 ± 9.24

P valuea < 0.0001 < 0.0001 0.01 0.8

P valueb < 0.0001 < 0.0001 < 0.0001

NO 17.4 ± 1.4 24.4 ± 1.17 20.04 ± 1.5 19.23 ± 1.86 20.19 ± 1.18

P valuea 0.02 0.2 0.2 0.3

P valueb 0.3 0.1 0.3

UREA 32.9 ± 0.7 38.83 ± 1.6 33.87 ± 1.45 33.6 ± 2.33 28.83 ± 1.32

P valuea 0.07 0.4 0.4 0.04

P valueb 0.2 0.1 0.00

IL-2 6.03 ± 0.12 5.1 ± 0.12 5.8 ± 0.18 5.9 ± 0.21 6.2 ± 0.19

P valuea 0.9 0.9 0.9 0.9

P valueb 0.9 0.9 0.9

CREAT 0.26 ± 0.007 0.29 ± 0.005 0.25 ± 0.008 0.25 ± 0.007 0.023 ± 0.01

P valuea 0.090 0.97 0.96 < 0.0001

P valueb 0.02 0.01 < 0.0001

MDA 0.22 ± 0.045 0.42 ± 0.050 0.17 ± 0.05 0.13 ± 0.007 0.10 ± 0.01

P valuea < 0.0001 0.003 < 0.0001 < 0.0001

P value < 0.0001 < 0.0001 < 0.0001

aCompared with the control group.
bCompared with the venom group.

5. Discussion

To the best of our knowledge, this experiment is the
first study to evaluate the possible efficacy of cyclosporine
in the management of complications caused by M. eupeus
venom. Also, we evaluated the effect of cyclosporine on ox-
idative stress, an inflammatory marker, liver function, and
kidney performance. We also studied the effect of M. eupeus
venom on pathological changes of the liver and kidney.
The results of this study revealed that cyclosporine treat-
ment improved complications caused by M. eupeus venom
at least partially through improving liver function and kid-
ney performance, decreasing inflammation, reducing ox-
idative stress, and increasing apoptosis.

The results of this study showed that SGOT and SGPT
levels elevated after venom injection in comparison with
cyclosporine administrations. The results of the SGOT and
SGPT levels revealed that cyclosporine (30 mg) had the
greatest effect on the reduction of liver enzyme concen-
trations following venom injection. Mirakabbadi et al.
tested the effect of Hemiscorpius lepturus scorpion venom

on liver enzymes and observed that SGOT and SGPT en-
zymes augmented after venom administration to the ex-
perimental animals (20). In another study, Zayerzadeh et
al. evaluated the effect of M. eupeus scorpion venom on
biochemical manifestations in rabbits. They observed that
alanine transaminase (ALT, another name of the SGPT) and
creatinine significantly elevated following venom injec-
tion. They concluded that the liver and kidney were dam-
aged drastically (21). The results of MDA levels indicated
that venom could increase MDA remarkably in comparison
with other experimental groups. Cyclosporine at the doses
of 20 and 30 mg was able to reduce venom inflammation.
In a study, Salman and Hammad assessed the effect of scor-
pion crude venom on biochemical parameters and oxida-
tive stress. They found that MDA, creatinine, and urea ele-
vated significantly (22). Our results demonstrated that all
doses of cyclosporine could reduce the venom effect. Ac-
cording to the results of the creatinine level, venom only
caused a significant rise in creatinine level compared with
the groups receiving cyclosporine at 30 and 20 mg. How-
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Figure 3. Histopathology explanation of the liver and kidney tissues in control, poisoned, and treated rats, stained with H & E; (A) the degeneration of the liver tissue in the
control rats, magnification ×40; (B) Degeneration of the renal tubular with hyperemia, magnification ×40; (C) Infiltration and mild degeneration of the liver parenchyma,
magnification ×20; (D) Degeneration of renal tubular with hyperemia, magnification ×40; (E1-2) Necrosis site and mild edema of the liver tissue, magnification ×40; (F1-2)
Mild edema, hyperemia in the kidney parenchyma, magnification ×100; (G) Mild degeneration of the liver parenchyma, magnification ×200; (H) Hyperemia and bleed-
ing site, magnification ×100; (I1-2) Hyperemia and bleeding site with mild edema and lymphocytic site in the liver parenchyma, magnification ×100; (J1-2) Hyperemia and
bleeding site with a mild edema site in the kidney parenchyma, magnification ×100.

ever, cyclosporine at 30 mg only could reduce the venom
effect on the urea level. The urea level after the injection
of venom elevated after the administration of cyclosporine
(30 mg). Mirakabadi et al. studied the Odonthobuthus do-
riae venom effect on biochemical manifestations in rab-
bits. They found that the venom significantly increased
urea, SGPT, and SGOT levels (23). Also, in another study, El
Hidan et al. examined the physiological injuries in mice ex-
perimentally envenomed with Androctonus liouvillei scor-
pion venom. They discovered that this venom caused a re-
markable elevation in creatinine, as well as SGPT and SGOT
enzymes (24).

Venom could elevate NO levels after cyclosporine (20
and 30 mg) administration. Specifically, 20 and 30 mg
doses of cyclosporine were able to significantly reduce NO
level in the venom-received groups. Petricevich et al. eval-
uated serum levels of IL-2 cytokine and NO when the ex-
perimental mice group received Titus serrulatus scorpion
venom (25). They found an elevation in NO and IL-1α, IL-
1β, IL-6, TNF- α, and IFN-γ cytokines after the venom in-
jection. The venom failed to increase IL-2 level compared
with the control groups (25). Interestingly, cyclosporine
at the doses of 10, 20, and 30 mg did not have significant
effects on IL-2 concentration. Kahan et al. observed that
cyclosporine coupled with rapamycin decreased IL-2 cy-
tokine levels (26). In many studies, it has been observed
that cyclosporine reduces the gene expression of IL-2 and
blocks its proliferation (27). However, in this study, we did
not find any significant effect on IL-2 concentration.

The results of liver and kidney pathological examina-
tion with venom in combination with the three doses of
cyclosporine indicated a moderate degeneration, as well
as mild bleeding. In this regard, Dehghani et al. stud-
ied H. lepturus as a common scorpion whose venom effect
was evaluated in mice. The hematological parameters, as
well as the histological changes in organs, such as kidney,
heart, spleen, etc., were examined. They concluded that
the venom of H. lepturus had a negative effect on all organs
(28). Also, Zayerzadeh et al. examined a lethal dose of M.
eupeus of scorpion venom and evaluated the pathological
findings of the lungs and heart. All the rabbits died upon
venom administration. Although M. eupeus have lethal ef-
fects on lung and heart, it seems that the severity of lung
tissue damage is independent of the heart tissue damage
and the main cause of mortality was severe pulmonary
damage (21).

The pathophysiology of the scorpion sting and its
causal mechanisms is complex and has not yet fully un-
derstood. Hemodynamic changes play a pivotal role in
its pathogenesis. The effect of venom on ion channels
has been reported to release inflammatory cytokines and
vasoactive hormones, resulting in hemodynamic change
(29). Various studies have demonstrated that scorpion
stings can damage various organs by activating the secre-
tion pathways of cytokines (IL-6, IL-1, TNF-α, leukotrienes,
and prostaglandins) (30, 31). In addition, increased lev-
els of cytokines increase oxidative stress and the release
of free radicals. Studies have shown that free radicals pro-
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Figure 4. TUNEL microscopic image of the control and treated tissues; (A) Normal Cells stained with propidium iodide, (B) The apoptotic cells stained with TUNEL, (C) Combi-
nation of both cells to differentiate apoptotic cells.

duction is associated with the severity of scorpion stings
(9). In addition, increased levels of free radicals and NO
are connected to increased lipid peroxidation, where the
oxygen/nitrogen radicals react with the membrane lipids
and alter their function (19). MDA is considered as one of
the main products of lipid peroxidation that can worsen

the inflammatory response (32). The increase in oxy-
gen/nitrogen radicals after the scorpion sting also appears
to affect the total anti-oxidant capacity, thereby inhibit-
ing catalase activity and reducing glutathione (GSH) (19).
Consequently, oxidative stress damages tissues by denatur-
ing proteins, lipid membrane peroxidation, and damage
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Figure 5. Apoptotic effects of cyclosporine (30 mg) on rats’ liver and kidney tissues;
cyclosporine had significant effects on cells and stimulated apoptosis in all samples
significantly. The stars show the rate of significance (*P value < 0.05, **0.05< P value
< 0.01, ***P value < 0.01).

to DNA (33).

Cyclosporine stimulated the apoptosis rate in the liver
and kidney samples. Many studies have shown that cy-
closporine at high concentrations has significant effects
on apoptosis and stimulates apoptosis via up-regulation
of pro-apoptotic genes, such as P-53, Bax, and Bad. On
the other hand, it down-regulates the expression of anti-
apoptotic genes, such as Bcl-2 (34). It has also been found
that cyclosporine stimulates the Fas-L and caspase-3 activ-
ity (34, 35). Several other studies have also observed that cy-
closporine inhibits the DNA synthesis of tubular epithelial
cells and induces their apoptosis (36, 37).

Although cyclosporine was not able to suppress the
cytotoxic effects of venom perfectly, all the biochemical
molecules examined in this study reduced following cy-
closporine administration, and inflammatory responses
declined significantly in the body. In this regard, the patho-
logical results of the present study demonstrated that the
venom in combination with cyclosporine at the dose of 30
mg was more effective in the development of complica-
tions compared with the experimental groups treated with
olive oil. Further investigations are required to evaluate
complementary agents in conjunction with cyclosporine
in order to suppress the venom effect completely.

5.1. Conclusion

The results revealed that the utilization of cyclosporine
at a dose of 30 mg is considered as an optimum dose for the
recovery of the liver and kidney function. It also exerts pro-
apoptosis properties and counteracts the M. eupeus venom
with high efficiency. Therefore, the results of this study
could increase our knowledge about the effectiveness of

anti-inflammatory agents in the treatment and reduction
of the complications caused by M. eupeus venom.
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