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Abstract

Objective Scorpion (Hemiscorpius lepturus) stings are a public health concern in Iran, particularly in
south and southwestern regions of Iran. The gold standard for the treatment of a scorpion sting is
anti-venom therapy. However, immunotherapy can have serious side effects, such as anaphylactic shock
(which can sometimes even lead to death). The aim of the current study was to demonstrate the
protective effect of ozone against toxicity induced by Hemiscorpius lepturus (H. lepturus) venom in mice.

Methods Eight hours after the injection of ozone to the experimental design groups, the male mice
were decapitated and mitochondria were isolated from five different tissues (liver, kidney, heart, brain,
and spinal cord) using differential ultracentrifugation. Then, assessment of mitochondrial parameters
including mitochondrial reactive oxidative species (ROS) production, mitochondrial membrane potential
(MMP), ATP level, and the release of cytochrome c from the mitochondria was performed.

Results Our results showed that H. lepturus venom-induced oxidative stress is related to ROS
production and MMP collapse, which is correlated with cytochrome c release and ATP depletion,
indicating the predisposition to the cell death signaling.

Conclusion In general, ozone therapy in moderate dose can be considered as clinically effective for the
treatment of H. lepturus sting as a protective and antioxidant agent.
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INTRODUCTION

zone (03/0, mixture) therapy has been

used in the treatment of ischemic

disorders; however, there are no data
from clinical trials yet, and it has not yet been
accepted as standard medicine in all countries™. It
has been suggested that ozone could stimulate
antioxidant  system, regulate  inflammatory
responses, improve vascular rheology, and increase
blood flow in cerebral arteries and tissue
oxygenation in hypoxic tissues'”. It shows that the
therapeutic efficacy of ozone is related to the
controlled and moderate oxidative stress as a result
of ozone reactions with biological componentsm.

The recent published data found that scorpion
(Hemiscorpius lepturus) toxin can lead to high
toxicity in the kidney, heart, liver, lungs, stomach,
and intestines, which is similar to massive
histopathological alterations results in kidney and
liver. In addition, it seems that the kidney and heart
have a higher sensitivity to damage after
subcutaneous (SC) envenoming in mice®™.
Moreover, it has been reported that the
immunotoxicity of H. lepturus venom is related to
the over-expression of IL-12, TNF-q, IL-6, and IL-10 in
human monocytes[S'Q].

An in vivo study in rats showed a significant
increase in amino-alanine peptidase (AAP) and
N-acetyl-B-D-glucosaminidase (NAG) enzyme activity,
which are biomarkers of nephrotoxicity and acute
renal failure (ARF), and this was confirmed by
histopathological abnormalities. This was associated
with severe anemia, thrombocytopenia, pyuria,
hematuria, and considerable proteinuria“o'm. In
addition, inhibition of pyrimidine, histidine, and
tyrosine  metabolism and steroid hormone
biosynthesis was observed™?.

H. lepturus venom toxicity is endemic in the
southwestern province of Khuzestan and in other
parts of western Iran, and this scorpion is
responsible for 10% of the reported stings with high
mortalities (approximately 19.5 deaths each year),
mostly during spring and summer™™!. The toxic
H. lepturus sting causes severe damage in high
perfusion organelles, which are very sensitive to
oxidative stress due to high oxygen consumption,
high concentrations of polyunsaturated fatty
acids, and low levels of some antioxidant
enzymes[1°’16].

Unfortunately, the lack of basic information on
clinical manifestations and specific treatments has

led to problems in designing clinical trials.
Mitochondria are the important organelles during
oxidative stress induction due to their poor
antioxidant system and high lipid content™. Taking
into consideration the limited data on the possible
mechanisms of H. lepturus venom toxicity, we
planned to study the protective effect of ozone
against H. lepturus venom—induced oxidative stress
in different tissues through precise measurements
using various multi-parametric assays.

MATERIALS AND METHODS

Scorpion Venom

H. lepturus venom from Khuzestan (Iran) was
collected by the veterinarian service of the RAZI
Vaccine Development and Serum Research Institute
of Iran and stored under refrigeration conditions
(-20 °C) until use.

Medozone
Medozone (HAB company 2015, Ozone
generator, UMDNS-Nr.12899, power supply =

230/115V-50/Hz, Power input = 240 VA) was used
for the generation of the oxygen/ozone mixture
(03/0, ratio = 99.95%/0.05%) for medical application.
The ozone concentrations were adjusted to 5, 30,
and 80 pg per mouse to determine the optimal
effective dose. The ozone concentration was
regulated by dosimeter with flow rate of 0.8 L/min,
and the total ozone volume in the injection was
8 mL/kg.

Animals

Overall, 48 male Balb/c mice (28 = 2 g) were
purchased from Pasteur Institute of Iran to be used
in the current study. The mice were housed in an
air-conditioned room with a controlled temperature
of 25 + 2 °C and maintained on a 12:12 h light cycle
with free access to food and water. The experiments
were performed in the same lab in accordance with
the institutional guidelines for animal care and use.
Each mouse, in all experimental groups, was injected
a 100 pL volume of the venom solution. The
approximate median lethal dose (LD50) of the crude
venom was found to be 5.6 mg/kg after IP injection
in Balb/c mice, which is equal to 140 ug per mouse.
Then, the effective lethal dose, which can cause
death in 3-5 min after a single IP injection of venom
in the mice, was determined to be equal to 1 mg of
venom per mouse.
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Experimental Design

After a period of acclimatization, the animals
were divided into eight groups, which were treated
as follows:

Group 1: the mice received only normal saline
(NS) and served as the control group.

Group 2: the mice received an effective dose of
crude venom (1 mg per mouse) through IP injection.

Groups 3, 4, and 5: the mice received 5, 30, and
80 ug ozone concentrations per mouse, respectively.

Groups 6, 7, and 8: the mice received 5, 30, and
80 ug ozone concentrations per mouse at 90-120 s
after the IP injection of 1 mg crude venom per
mouse.

Mitochondrial Preparation

The mice were decapitated, and the desired
tissues were dissected on an ice-cold (4 °C) surface
and immediately immersed in liquid nitrogen. Tissue
homogenization was performed with a cold mannitol
solution, and the mitochondria were isolated by
differential centrifugation, as described in a previous
reportm]. To ensure uniformity of the experimental
conditions, the mitochondrial samples (200 ug/mL

mitochondrial protein) were used for all experiments.
Therefore, Bradford method was used for the
determination of mitochondrial protein
concentration using BSA as a standard™®.

Quantification of Mitochondrial Reactive Oxidative
Species (ROS)

The mitochondrial ROS level was measured
using a DCFH-DA reagent with a HITACHI
fluorescence spectrophotometer at excitation and
emission wavelengths of 495 and 520 nm,
respectively. Mitochondrial suspensions were
incubated in respiration buffer containing 0.32
mmol/L sucrose, 10 mmol/L Tris-HCI, 20 mmol/L
MOPS, 50 umol/L EGTA, 0.5 mmol/L MgCl,, 0.1
mmol/L KH,PO,, and 5 mmol/L sodium succinate.
Then, DCFH-DA was added (final concentration of 10
umol/L) to the mitochondrial suspension, which was
then incubated for 20 min. The results were
recorded at 30 and 60 min intervals and reported as
relative fluorescence intensity. The mitochondrial
ROS level was measured by HITACHI fluorescence
spectrophotometer according to our previous
work™. ROS formation was calculated as a percent
value based on the formula x 100:

Fluorescenceintensity in treated groups - Fluorescence intensity in control groups

Fluorescenceintensity in control - Fluorescence intensity of DCF inmedia without mitochondria (1)

Determination of the Mitochondrial Membrane
Potential (MMP)

MMP was measured by fluorescence
spectrophotometer using rhodamine123 (Rh123) as
the fluorescent probe at excitation and emission
wavelengths of 490 nm and 535 nm, respectively[ZO].
The capacity of the mitochondria to uptake Rh123
was calculated as the difference (between control
and treated mitochondria) in rhodaminel23
fluorescence. MMP collapse (%AWm) in all treated
(test) was calculated similar to ROS formation
percentage formula by replacing Rh123 fluorescence
intensity instead of DCF.

Determination of Mitochondrial Swelling

The change in mitochondrial volume, due to the
colloidal osmotic effects of solute flux into and out
of the mitochondrial matrix, was measured by
monitoring the absorbance at 540 nm (As40) by ELISA
reader after incubation of desired isolated
mitochondria in swelling buffer (70 mmol/L sucrose,

230 mmol/L mannitol, 3 mmol/L HEPES, 2 mmol/L
tris-phosphate, 5 mmol/L succinate, and 1 umol/L of
rotenone)“g].

ATP Level Assay

ATP level was measured by luciferase enzyme,
based on the bioluminescence intensity, using the
Sirius tube luminometer (Berthold Detection System,

[21]
Germany)“ . The results were expressed compared
with control groups.

Cytochrome C Release Assay

The amount of released cytochrome C was
assayed in a microplate reader at 450 nm using the
Quantikine® Rat/Mouse Cytochrome C Immunoassay
kit (Minneapolis, MN) in a manner similar to our
previous studym].

Statistical Analysis

The results are presented as mean * SD. All
statistical analyses were performed using the SPSS
software, version 17. The assays were performed in
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triplicates, and the mean was used for statistical
analysis. The statistical significance was determined
using the one-way ANOVA test, which was followed
by the post-hoc Tukey test. The statistical
significance was set at P < 0.05.

RESULTS

Effects of Different Treatments on the Survival of
Mice

Based on a pilot study, the effective H. lepturus
venom dose that caused death in 3-5 min was
determined to be approximately to 1 mg per mouse.
We then tried to determine whether different
concentrations of ozone (5, 30, and 80 pg per mouse)
could help the mice survive over 8 h (cut-off time =
24 h). Animals were individually observed after
injection at least six times at 5 min intervals (30 min)
and then checking periodically every 1 h (6 h) and final
checking 24 h after injection. Our results showed that
maximum protection was conferred by 80 pg ozone
for the optimal time (> 8 h) in mice which received H.
lepturus crude venom. Our results showed that the
administration of an optimal concentration of ozone
(30 pg per mouse) to mice that had received an
effective dose of crude venom (1 mg per mouse)
through IP injection led to a significant increase in
survival time (P < 0.05). This data indicated that the
venom had a reciprocal protective effect against the
mitochondrial damages induced by the ozone. The
results of survival time listed in Table 1.

Ozone (30 ug) Protected Different Tissues against
H. lepturus (1 mg)-induced Mitochondrial ROS
Formation

As shown in Table 2, the rate of ROS formation in

the isolated mitochondria (obtained from the
different tissues including liver, kidney, heart, muscle,
spinal cord, and brain) in mice envenomed with H.
lepturus venom significantly increased compared
with the control groups in a time-dependent manner,
after 60 min of exposure. However, in comparison
with only ozone treated group (5 pg), ROS
generation did not significantly increase until 60 min
after exposure, as compared with the control
mitochondria (P > 0.05; data not shown). A more
substantial increase in ROS formation was observed
in the brain mitochondria than in the mitochondria
isolated from kidney, muscle, liver, or spinal cord.
The level of ROS formation was higher in the H.
lepturus (1 mg), ozone (80 pg), and H. lepturus (1 mg)
+ ozone (80 ug)-treated groups than those were in
the control groups (Table 2). There was also a
significant amelioration in ROS production in the H.
lepturus (1 mg) + ozone (30 pg)-treated groups.

Ozone (30 ug) Preserved MMP in the H. lepturus (1
mg) Envenomed Mice

As shown in Figure 1, there was a significant
difference in MMP collapse between the control and
H. lepturus venom-treated groups (1 mg), which was
similar to the groups treated with only ozone (80 pg)
(P < 0.001). Based on our results, there was no
significant difference in MMP collapse between the
control- and ozone (5 and 30 pg)-treated groups (1
mg) (P > 0.05). Furthermore, a drastically protection
against H. lepturus venom was seen in 30 ug ozone
1 mg H. lepturus venom treated groups. However, a
more substantial increase in MMP collapse was
reported in the ozone (80 pg) + H. lepturus venom (1
mg)-treated groups. The highest MMP collapse
was seen in the kidney and heart mitochondria
(Figure 1).

Table 1. The Rate of Animal Death, Percentage and Survival Time in Different Experimental Groups

Number of Death &

Survival Time (h)

Groups N Percentage (%) Cutoff=24 h
Control 8 0(0.0%) 24h
+ H. lepturus (1 mg) 8 8(100.0%) 3-5min
+Ozone (5 pg) 7 0(0.0%) 24h
+Ozone (30 pg) 7 0(0.0%) 24h
+Ozone (80 pg) 7 2 (28.6%) 2-5hin dead animals and 24 h in live animals
+H + Ozone (5 pg) 7 4 (57.1%) 10-12 min in dead animals and 24 h in live animals
+H + Ozone (30 pg) 8 0(0.0%) 24h
+H + Ozone (80 pg) 7 7 (100.0%) 5-7 min

Note. N = Number of animals in each group.
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Ozone (30 ug) Prevented Mitochondrial Swelling in
H. lepturus (1 mg) Envenomed Mice

Mitochondrial swelling was measured by the
decrease in absorbance at 540 nm (Ass), and this
was an indicator of mitochondrial membrane
permeability collapse in three groups of mice: H.
lepturus venom (1 mg)-, ozone (80 ug)-, and ozone
(80 pg) + H. lepturus venom (1 mg)-treated groups
(Figure 2). The administration of ozone (30 ug)
prevented H. lepturus venom-induced swelling
because there was no significant increase in
mitochondrial swelling at this concentration. The
order of protection of the above-mentioned
treatments against H. lepturus venom-induced
mitochondrial swelling following incubation was as
follows: muscle/kidney > spinal cord > brain > heart
> liver. This data indicated not only the protective
effect of ozone (30 pg) against mitochondrial
damages induced by H. lepturus venom (1 mg) but
also an interesting reciprocal protective -effect
provided by the venom against the mitochondrial
damages induced by the ozone.

Ozone (30 ug) Partially Preserved the ATP Levels in
Isolated Mitochondria

As the electron transfer chain is required for ATP
production in mitochondria, measuring the ATP
levels in isolated mitochondria is the main evaluation
for mitochondrial functionality. As shown in Table 3,
there was a significant difference in ATP levels
among the control, the H. lepturus venom (1 mg)
only groups, and the ozone (80 pg) + H. lepturus
venom (1 mg) group (P < 0.001). This reduction in
the mitochondrial ATP level indicated mitochondrial
dysfunction. In addition, 30 pg ozone treatment was
significantly reversed the ATP level in post-treatment
of H. lepturus venom (1 mg) in all the tissues
compared with the control mitochondria.
Post-treatment with ozone (80 pg) and H. lepturus (1
mg) significantly decreased ATP levels in the isolated
mitochondria of different tissues. The highest and
lowest amelioration of ATP levels following
incubation with H. lepturus venom (1 mg) was seen
in the kidney and brain, respectively.

Table 2. Effect of O,/O3; Mixture (Ozone) on the ROS Formation after H. lepturus
Envenoming in Isolated Mitochondria

DCF Fluorescence Intensity (%)

Groups
Liver Kidney Heart Muscle Spinal Cord Brain
30 min
Control 10+2 13+2 10+1 174 12+2 11+5
H. lepturus (1 mg) 652" 45+11"" 604" 548" 726" 763"
Ozone (30 pg) 38+3 2742 13 + 7% 45+11"" 443" 23 +17
Ozone (80 pg) 962" 74157 657" 872" 65+11* 738"
+H + Ozone (30 pg) 27+£32% 26+12 33+11" 35+6™ 14 + 6™ 32427
+H + Ozone (80 pg) 794" 99+ 11" 9345 # 77+77* 8344 83+2""
60 min
Control 14+2 19+2 18+1 12+4 12+2 16+5
+H. lepturus (1 mg) 75+1"" 652" 773" 84+3"" 84+2™" 86+2"
+0zone (30 pg) 41417 434277 43427 51427 50+1" 54417
+0zone (80 pg) 723" 79 27 681" 92437 7517 8542
+H + Ozone (30 pg) 21417 21+ 3" 25 27 25 27 10 + 2" 41417
+H + Ozone (80 pg) 88+ 2" 89+ 1" 89+ 1" 872" 93 41" 93417

Note. ROS formation was determined by fluorescence spectrophotometer using DCFH-DA as described in
Materials and Methods and demonstrated as fluorescence intensity of DCF. Values represented as mean + SD
(n=4). P<0.05 P<0.01;and P <0.001 compared with control mitochondria at the same time interval.

*p < 0.05; *P < 0.01; and ™

P < 0.001 compared with mitochondria suspension expose with H. lepturus at the

same time interval. [C: Control; Ozone: 0,/0s; H: H. lepturus (1 mg); H + Ozone: H. lepturus (1 mg) + Ozone

(0,/05)].
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Figure 1. Effect of O,/03 mixture (Ozone) on mitochondrial membrane potential (MMP) collapse (AW%)
in isolated mitochondria after H. lepturus envenoming. Mitochondria membrane potential collapse
(AW%) was measured by Rhodaminel23 as described in Materials and Methods. The effect of Ozone
concentration (5, 30, and 80 pg per mouse) on the mitochondrial membrane potential in isolated
mitochondria was evaluated. The values are expressed as mean + SD (n = 3). Values represented as
mean = SD (n = 3). ‘P<o. 05; P <o. 01; and P < 0.001 compared with control mitochondria. [C:
Control; Ozone: 0,/0s3; H: H. lepturus (1 mg); H + Ozone: H. lepturus (1 mg) + Ozone (0,/05)].

Table 3. Effect of O,/O3; Mixture (Ozone) on Mitochondrial ATP Level after H. lepturus
Envenoming in Isolated Mitochondria

Decreased on ATP Level (%) Compared to Control Groups

Groups

Liver Kidney Heart Muscle Spinal Cord Brain
Control 100 +1 100 +4 100 2 100 +5 100 +1 100 +3
H. lepturus (1 mg) 56+4 378" 57417 52415 54+12° 68+2"
+0zone (30 pg) 99+11 92 + 12" 95+ 10 89+7 99 + 12° 90+12
+0zone (80 pg) 42+11" 72+15 71+20 33117 69 +23 58+5
+H + 0zone (30 pg) 89 +44 84+ 42" 92+34 91 + 35" 93+32 84+2
+H + Ozone (80 pg) 14+1" 2012 10+13""* 13+1277% 19+14™ 18+1"7H

Note. ATP level were determined using luciferin/luciferase enzyme system as described in Materials and
Methods. Values represented as percentage compared with control groups (n = 4). P <0.05; P <0.01; and
“p <0.001 compared with control groups; “P < 0.05; P < 0.01; and **P < 0.001 compared with mitochondria
suspension expose with H. lepturus at the same time interval.



Ozone therapy and Hemiscorpius lepturus and oxidative stress 587

Ozone (30 ug) Partially Preserved Cytochrome C

Release in Isolated Mmitochondria

As shown in Table 4, there was a significant
difference in the release of cytochrome c among the
control, H. lepturus venom (1 mg) groups, and the
ozone (80 pg) groups (P < 0.001), whereas this was
not observed in the ozone (30 pg) + H. lepturus
venom (1 mg) group. The present data indicated that
there is not only a protective effect provided by the
ozone (30 pg) against the mitochondrial damages
induced by the H. lepturus venom (1 mg) but also an
interesting reciprocal protective effect provided by
the venom against the mitochondrial damages
induced by the ozone.
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DISCUSSION

H. lepturus, one of the most venomous
scorpions in tropical and sub-tropical areas, poses
health problems in many parts of the world,
including Iran™. Envenomation is characterized by
sweating, fever, hypertension, and neurological
disorders””. The use of anti-venom derived from a
polyclonal immune response raised in horses is the
common therapy for envenomation treatment> 2,
Unfortunately, immunotherapy can have serious side
effects, such as anaphylactic shock, which can
sometimes lead to death!. Based on these facts;
we planned to study the protective effects of ozone
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Figure 2. Effect of 0O,/O3; mixture (Ozone) on the mitochondrial swelling after H. lepturus envenoming.
Mitochondrial swelling was measured by determination of absorbance at 540 nm as described in
Materials and Methods. Values represented as mean + SD (n = 4). P< 0.05; “p< 0.01; and p< 0.001;
compared with control mitochondria. [C: Control; Ozone: 0,/0s; H: H. lepturus (1 mg); H + Ozone:

H. lepturus (1 mg) + Ozone (0,/03)].
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against H. lepturus venom in mitochondria isolated
from vital organs by precisely measuring different
oxidative stress endpoints in order to determine
novel therapeutic agents for the future. Furthermore,
our present data indicates that there is not only a
protective effect provided by the ozone against the
mitochondrial damages induced by the scorpion
venom, but also an interesting reciprocal protective
effect provided by the venom against the
mitochondrial damages induced by the ozone.
According to the available reports, H. lepturus
venom is primarily a cytotoxic agent with heart,
kidney, liver, blood, and lungs as the major target
organs[ZS'ZG]. These organs are known to be very
sensitive to the shortage of energy produced in
mitochondria to maintain cell homeostasis””’. Some
studies have proposed that the major mechanism of
H. lepturus venom—induced cytotoxicity is the
increase in ROS production, as these are molecules
to initiate cell death signaling and induce oxidative
stress™'®. Our results confirmed that H. lepturus
toxicity is associated with increased ROS generation
in the mitochondria. In addition, our current study
showed that ozone (30 pg) not only prevented H.
lepturus toxicity but also inhibited ROS formation in
isolated mitochondria. Our results also showed that
the ozone (30 pg) was more effective against H.
lepturus-induced ROS formation in the spinal cord,
brain, and liver than in the other tissues (P < 0.001).
Interestingly, a higher concentration of ozone (80 pg)
showed higher toxicity and no protection when
compared with ozone (30 pg) (Table 1). Thus, the
antioxidant activities of ozone (30 pg) in moderate

concentrations could protect against H. lepturus
induced oxidative stress markers in different
sub-cellular processes, including ROS formation,
mitochondrial permeability transition (MPT) pore
opening followed by the collapse of the MMP,
mitochondrial swelling, and cytochrome c release.
Our results are in line with other studies that
established that the ROS production in pathologic
states substantially increases the obi-semiquinone
pool by inhibiting the electron transfer, and
oxidation of the GSH pool is a critical marker to

ascertain increased ROS formation in isolated
mitochondria and oxidative injury[ZHO].
Since the oxidation of thiol in the MPT

significantly (P < 0.05) increases the unlimited
proton movement across the inner mitochondrial
membrane and induces mitochondrial swelling,
MMP disruption, and the uncoupling of oxidative
phosphorylationm], it is therefore suggested that
ozone (30 pg) can cross the inner mitochondrial
membrane and ameliorate the rate of intracellular
ROS formation and block MPT pore opening in the
event of mitochondrial dysfunction. Another
suggestion is that the high concentration of
unsaturated fatty acids in the inner mitochondrial
membrane is the main factor in the disruption of
mitochondrial and oxidative stress markers®".

Our data supports this hypothesis, as the decline
in MMP and the cytochrome c release into cytosol
significantly increased following H. lepturus
venom-induced ROS formation in the isolated
mitochondria. It is assumed that the damage to
the mitochondria is a consequence of ROS formation,

Table 4. Effect of O,/O3; Mixture (Ozone) on Mitochondrial on Cytochrome C Release after
H. lepturus Envenoming in Isolated Mitochondria

Cytochrome C (nmol/mg protein)

Groups

Liver Kidney Heart Muscle Spinal Cord Brain
Control 22+10 12+5 15+3 14+3 21+11 164
H.lepturus (1 mg)  123+23" 118+17" 12016 122+117 147 +36° 143+33"
+0zone (30 pg) 45+ 11" 32+ 8™ 35+ 10" 45+ 6" 34 +8"™ 21 42"
+0zone (80 pg) 67+12" 87+14 " 85+11 ™ 76 +157 65 + 22" 3247
+H+O0zone (30 pug)  33+13™ 42 +37 22+1™ 25+ 2™ 31.4 3" 23+1"™
+H+Ozone (80 pug) 112217 104 +1 146 3" 119+2"" 132+37 175+8™"

Note. The values are expressed as means * SD (n = 3). Values represented as mean £ SD (n = 3). P< 0.05;
P<0.01;and P <0.001compared with control mitochondria at the same time interval. *p < 0.05; "p < 0.01;
and *p with mitochondria suspension expose with H. lepturus at the same time interval.
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considering the fact that MPT pore opening is one of
the main steps in H. lepturus venom-induced
mitochondrial dysfunction and ozone (30 pg) acts to
prevent H. lepturus venom-induced toxicity.
Furthermore, decrease in the ATP level reflects the
impairment of the mitochondrial respiratory chain
and a significant expulsion of cytochrome c, which
suggests the involvement of oxidative stress in MPT
pore opening and cell death signaling. It is therefore
concluded that there is not only a protective effect
provided by the ozone against the mitochondrial
damages induced by the scorpion venom, but also an
interesting reciprocal protective effect provided by
the venom against the mitochondrial damages
induced by the ozone.

CONCLUSION

In this study, the mice injected with 1 mg H.
lepturus venom died after 3-5 min, while the mice
injected with 1 mg H. lepturus venom and 30 pg
ozone survived over 8 h. However, our results
showed that a higher concentration of ozone (80 pg)
caused electron transfer chain impairment, which
leads to increased ROS production, MMP collapse,
the amelioration of ATP levels, and cytochrome c
release. Our study suggests that mitochondrial
dysfunction and the uncoupling of oxidative
phosphorylation may play key roles in the etiology of
H. lepturus venom toxicity. In general, the present
study results confirmed that a moderate
concentration of ozone (30 pug) can be considered as
a protective and antioxidant agent for the treatment
of H. lepturus envenoming.
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