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Objective(s): Cisplatin-induced peripheral neuropathy is a debilitating side effect in patients receiving
this drug. Recent studies suggest hyperbaric oxygen (HBO) therapy as a new treatment approach for
models of neural injury. The aim of the current study was to determine the protective effects of HBO
preconditioning against peripheral neuropathy induced by Cisplatin (CDDP).

Materials and Methods: The present study was conducted on 4 groups of rats: Sham group; HBO
group (60 min/d); Control group (CDDP 2 mg/kg/d); Precondition group (HBO+CDDP). Mechanical
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Keywords: threshold testing was weekly carried out using von Frey filament. Sciatic nerve and associated
Apoptosis ganglia were removed five weeks after the first CDDP injection for biochemical evaluation of
Cisplatin malondialdehyde (MDA) content and myeloperoxidase (MPO) activity, immunohistochemistry of
Hyperbaric oxygen terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL), TNF-q, caspase-3 and iNOS,
Inflammation and transmission electron microscopic (TEM) assessments.

Neuropathy Results: MDA levels and MPO activities were significantly decreased in preconditioned rats. Attenuated

TUNEL reaction along with attenuated caspase-3, TNF-a, and iNOS expression could be significantly
detected in preconditioned rats. Also, HBO preconditioning improved the nociceptive threshold.
Conclusion: The results suggest that HBO preconditioning can attenuate peripheral neuropathy
caused by cisplatin in rats.
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Introduction

Chemotherapy-induced peripheral neurotoxicity
(CIPN) as a common debilitating side effect of
antineoplastic drugs is a major clinical problem in cancer
patients that reduces the quality of life and restricts
continuity of treatment (1). Among the antineoplastic
agents,  cisplatin (cis-diamminedichloroplatinum
II; CDDP) is strongly neurotoxic causing disabling
peripheral neuropathies, clinically characterized by
distal paresthesis and sensory ataxia (2). In this regard,
it is well known that formation and accumulation of
cisplatin-DNA adducts with guanine-guanine intrastrand
cross-link in dorsal root ganglion (DRG) sensory
neurons and glial cells triggers the apoptotic process,
which can lead to secondary nerve fiber axonopathy
and partial degeneration of myelinated axons in
parallel to reduced conduction velocity of the sensory
nerves (3-5). Meanwhile, another study has shown that
covalently bindings of cisplatin to mitochondrial DNA
(mtDNA), along with binding to nuclear DNA (nDNA),
resulted in mtDNA damage and established a distinct
mechanism for neurotoxicity induced by cisplatin

(6). It also emphasized the role of oxidative stress in
CDDP activated mitochondrial apoptotic pathway (7).
Therefore, it has been postulated that decreased CDDP-
induced DNA adducts or increased resistance of neural
cells to neurotoxicity of CDDP may offer some protection
against the sensory peripheral neuropathy. However, no
effective methods have been suggested for prevention
or treatment of cisplatin-induced neurotoxicity so
far, but some efforts have been made to reduce CDDP-
neurotoxic effects such as the simultaneous use of
neuroprotective compounds along with cisplatin (8, 9).

Treatment with hyperbaric oxygen, 100% oxygen
at a pressure upper than sea level, is suggested as one
of these methods. In this regard, it is well documented
that HBO has neuroprotective effects against spinal
cord and brain injuries (10-13), neurodegenerative
disorders (14, 15), and peripheral nerve injuries (16,
17). Accumulating evidence indicates an association
between the beneficial effects of HBO to a variety of
biological properties mainly anti-oxidative (18, 19),
anti-inflammatory (20, 21), and anti-apoptotic (22, 23)
properties, in addition to improvement of oxygen supply
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and neural metabolism (24, 25). Also, only a few studies
have been done on the effects of HBO therapy against
cisplatin-induced nephrotoxicity by modification of
the oxidant/antioxidant system (26, 27) and against
cisplatin-induced ototoxicity without mentioning the
mechanism (28, 29). Despite some evidence for the
neuroprotective effects of HBO in various experimental
neural damage, there have been no studies on the effect
of HBO on cisplatin-induced peripheral neuropathy.
According to this, we examined the neuroprotective
effects of HBO on neural cell apoptosis, inflammation,
and myelin degeneration induced by cisplatin in rats.

Materials and Methods

Animals

Male adult Wistar rats were used (275-300 g)
(Laboratory Animal Research Center, Sari, Iran) in this
study. The rats were kept under constant conditions
of lighting (12 hr light/dark cycle) and temperature
(23%1 °C) before and throughout the experiment. All
procedures were performed in accordance with the
guidelines of the university’s animal care codes (IR.
MAZUMS..REC.1397.2954).

Induction of neuropathy and experimental design

Peripheral neuropathy was induced with an
intraperitoneal injection of 2 mg/kg cisplatin
(Ribosepharm Company) twice a week for four weeks
(30, 31). The rats were housed in the HBO chamber;
the pressure was gradually increased, maintained in 2
atmosphere absolute (ATA), and then allowed to breathe
100% oxygen for 60 min a day (17, 32).

In the pilot study, three modes of HBO treatment
were used, namely, Curative group (received CDDP for 4
weeks and then after the final injection allowed to breath
HBO 60 min/d for 7 days), Preventive group (allowed
to breath HBO 60 min/d immediately after each CDDP
injection for 7 days), and Precondition group (allowed
to breath HBO 60 min/d, preconditioned for 7 days and
then received CDDP for 4 weeks). Mechanical nociceptive
threshold testing only showed improvement in the
precondition group. Therefore, the study was followed
only in HBO preconditioning. Accordingly, the animals
were randomly divided into four groups: (I) Sham group
(received saline alone, IP as a volume of CDDP, n=10);
(II) HBO group (allowed to breath HBO 60 min/d for 7
days and then received saline, IP as a volume of CDDP,
n=10); (III) Control group (received CDDP 2mg/kg/d,
IP, twice a week for 4 weeks, n=10); (IV) Precondition
group (allowed to breath HBO 60 min/d, preconditioned
for 7 days and then received CDDP for 4 weeks, n=10).
The doses and treatment plans were based on previous
experiments (17, 30-32).

Nociception assay

Mechanical nociceptive threshold was measured
weekly in all groups by examining the hind paw
withdrawal response to von Frey filaments stimulation
(33) until the end of the experiment. The animals
were housed in a plastic cage, and a series of calibrated
von Frey filaments were used perpendicularly to the
animal’s hind paw mid-plantar surface. The clear paw
withdrawal was defined as a positive response. Four
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weeks after the first CDDP injection, the rats were
euthanized with sodium pentobarbital and then both
sciatic nerves and related DRG were harvested for
biochemical and immunohistochemical evaluations.

Biochemistry

The obtained sciatic nerve samples (right side) were
stored in a -80 ‘C freezer until homogenization for
evaluation of tissue malondialdehyde (MDA) levels (34)
as a product of lipid peroxidation and for evaluation
of tissue myeloperoxidase (MPO) activity (35) as an
indicator of polymorphonuclear leukocyte accumulation.

Light and electron microscopy

The obtained sciatic nerve samples (right side)
were fixed in 2.5% glutaraldehyde and 1% osmium
tetroxide and finally embedded in epoxy resin. For
light microscopic assessments, 1 pm thick (semi-
thin) sections were stained with toluidine blue. For
transmission electron microscopic (TEM) assessments,
100 nanometers thick (ultra-thin) sections were stained
with uranyl acetate and lead citrate. Average G-ratio
(quotient axon diameter/fiber diameter as an indicator
of the rate of myelination) was measured in semi-thin
sections, as previously described (36). Finally, these
were analyzed using the Image] software package
(MacBiophotonics Image] 1.41a).

TUNEL staining

TUNEL staining was performed with a TUNEL
detection kit (Roche). After rehydration, the sections
were incubated for 10 min in 3% H202, for 15 min in
proteinase-K, for 60 min in TUNEL reaction mixture, and
for 30 min in converter POD at 37 °C. Finally, the sections
demonstrated for 5 min with DAB and counterstained
with  hematoxylin. For quantitative analysis,
immunohistochemical photographs (n=5 photos from
each sample) were evaluated through densitometry
using the Image] software package (MacBiophotonics
Image] 1.41a).

Immunohistochemistry

For immunohistochemistry, 5-um thick sections were
prepared from each formalin-fixed paraffin-embedded
block (left side). The sections were incubated in anti-
caspase 3 rabbit polyclonal antibody (1:50 in PBS, v/v,
Abcam), anti-TNF-a rabbit polyclonal antibody (1:50 in
PBS, v/v, Elabscience), or anti-iNOS rabbit polyclonal
antibody (1:50 in PBS, v/v, Abcam) at 4 °C for 24 hr.
Finally, the sections were incubated for 2 hr with
secondary antibody (goat anti-rabbit IgG, Elabscience)
and detected by DAB for 10 min. For quantitative analysis,
immunohistochemical photographs (n=five photos from
each sample) were evaluated through densitometry
using the Image] software package (MacBiophotonics
Image] 1.41a).

Statistical analysis

Statistical analysis was performed using SPSS
software (Ver. 16), and the results were presented as
mean values (+SD). Kruskal-Wallis test and one-way
analysis of variance were applied to compare data
between the groups. The P-value<0.05 was considered
statistically significant.
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Table 1. Effects of hyperbaric oxygen (HBO) preconditioning on mechanical allodynia (Von Frey assay)

Group Time (week)

ow 1w 2wW 3w 4W
Sham 54.33+13.88 54.33+13.88 51.50+17.00 54.33+13.88 54.33+13.88
HBO 51.50+17.00 51.50+17.00 54.33+13.88 48.67+11.63 51.50+17.00
Control 53.20+15.21 12.17+3.18"™ 12.17+3.18"™ 13.05+3.16™ 12.60+3.36™"
Precondition 51.50+17.00 17.83+3.61 20.50+3.73## 22.33+2.68#* 24.17+2.49%##

wx

Data are represented as mean+SD of rats/group. “"P<0.001 vs sham and HBO groups; ##P<0.01 vs control group; ###P<0.001 vs control group
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Figure 1. Effects of hyperbaric oxygen (HBO) on the malondialdehyde
(MDA) level

Histogram shows the levels of MDA in the sciatic nerve at the end of the
experiment. MDA levels significantly increased after CDDP injection in
control group. While this elevation significantly attenuated with HBO
treatment in precondition group. Values are expressed as micromoles
per mg of protein (umol/mg-protein). “P<0.01 vs sham and HBO
groups; #*P<0.01 vs control group

MDA: malondialdehyde; CDDP: cisplatin

Nociceptive response

The Mechanical nociceptive rating scores of all
groups as mean value+SD have been presented in Table
1. Sensitivity to mechanical stimulus was significantly

(P<0.001) increased following CDDP injection
compared with sham and HBO groups. At the end of the
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Figure 2. Effects of hyperbaric oxygen (HBO) on myeloperoxidase
(MPO) activity

Histogram shows the levels of MPO activity in the sciatic nerve at the
end of the experiment. MPO activities significantly increased after
CDDP injection in the control group. While this elevation significantly
attenuated with HBO treatment in precondition group. Values are
expressed as unit per mg of protein (unit/mg-protein). “*P<0.001 vs
sham and HBO groups; #*#P<0.001 vs control group

MPO: myeloperoxidase; CDDP: cisplatin
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fourth week, a significant difference (P<0.001) in the
nociceptive score was observed between precondition
and control groups.

Biochemical analysis

Figure 1 shows the MDA levels for all groups at the
end of the study. CDDP injection in the control group
significantly (P<0.01) increased the lipid peroxidation
level compared with sham and HBO groups. While the
level of MDA in the precondition group was significantly
(P<0.01) lower than the control group.

Figure 2 shows the MPO activities for all groups at
the end of the study. CDDP injection in the control group
significantly (P<0.001) increased the MPO activities
compared with sham and HBO groups. While the level of
MPO activity in the precondition group was significantly
(P<0.001) lower than the control group.

Histopathologic assessment

TEM photographs of the control group revealed a
limited myelin sheath degeneration in the sciatic nerve
(Figure 3C). Treatment with HBO in precondition group
reduced the extent of demyelination; so that normal
microscopic appearance was detected in some of the
nerve fibers (Figure 3D). While there was no detectable
damage in sham (Figure 3A) and HBO (Figure 3B) groups.

Figure 3. TEM photomicrograph of the transverse sciatic nerve
sections shows limited myelin degeneration (arrow) after CDDP
injection in control group (3C), while sections of precondition
group (3D) show the reduced demyelination. No detectable myelin
degeneration was shown in sham (3A) and HBO (3B) groups. Stained
with uranyl acetate and lead citrate; scale bar=2 um

TEM: transmission electron microscopic; CDDP: cisplatin; HBO:
hyperbaric oxygen
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Figure 4. Light photomicrographs of the semi-thin cross-sections of
sciatic nerves in sham (3A), hyperbaric oxygen (HBO)(3B), control
(3C), and precondition (3D) groups (stained with toluidine blue; scale
bar=100 um). Histogram shows G-ratio (quotient axon diameter/fiber
diameter) analysis of the myelinated nerve fibers in all groups (4E).
There are no significant differences between the groups (P>0.05)

Figure 4E shows the histogram of the quantitative
analysis of myelin thickness by G-ratio in semi-thin cross-
sections of experimental groups (4A: sham; 4B: HBO; 4C:
control; 4D: precondition). CDDP injection in the control
group did not result in significant changes in the G-ratio
compared with sham and HBO groups (P>0.05).

TUNEL assessment
Figure 5 shows the TUNEL reaction in the DRG of

0.5

TUNEL (% of total tissue area)

Ed
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Figure 5. Light photomicrographs show TUNEL-positive cells in
the dorsal root ganglion of sham (5A), HBO (5B), control (5C), and
precondition (5D) groups. The positive staining of TUNEL is presented
by brown color of nucleus (arrows), the remainder of TUNEL
reactions were counterstained with hematoxylin (scale bar=100
um). Densitometry analysis of photomicrographs for TUNEL reaction
was assessed in all experimental groups using the Image] software
package (5E). Data are expressed as a percentage of total tissue area.
""P<0.001 vs sham and HBO groups; ##P<0.001 vs control group
TUNEL: terminal deoxynucleotidyl transferase dUTP nick end
labeling; HBO: hyperbaric oxygen
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Figure 6. Light photomicrographs show immunohistochemical
expression of caspase-3 in the dorsal root of sham (6A), hyperbaric
oxygen (HBO)(6B), control (6C), and precondition (6D) groups.
The positive staining of caspase-3 is presented by brown color of
cytoplasm (arrows) (scale bar=100 pm). Densitometry analysis of
immunohistochemical photomicrographs for caspase-3 was assessed
in all experimental groups using the Image] software package (6E).
Data are expressed as a percentage of total tissue area. “"P<0.001 vs
sham and HBO groups; ##P<0.001 vs control group

experimental groups. Many cells in the DRG of the control
group intensely reacted with tunnel (5C). In contrast,
few TUNEL-positive cells were observed in the DRG of
precondition HBO-treated rats (5D). Meanwhile, in the
sham (5A) and control (5B) groups, almost no TUNEL-
reaction was detected. Figure 5E shows the histogram
of the quantitative analysis of TUNEL-positive staining
in the experimental groups.

Immunohistochemical assessment

Immunohistochemical staining of caspase-3 in
the DRG of experimental groups is shown in Figure 6.
Cisplatin increased caspase-3 expression in the DRG of
control group (6C). HBO treatment in the precondition
group reduced caspase-3 staining in DRG (6D)
compared with the control group. Meanwhile, almost no
detectable immunohistochemical reaction was shown
in the sham (6A) and HBO (6B) groups. Figure 6E shows
the histogram of the quantitative analysis of caspase-3
positive staining in the experimental groups.
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Figure 7. Light photomicrographs show immunohistochemical
expression of TNF-a in the sciatic nerve of sham (7A), HBO (7B),
control (7C), and precondition (7D) groups. The positive staining
of TNF-a is presented by brown color of cytoplasm (arrows) (scale
bar = 100 pm). Densitometry analysis of immunohistochemical
photomicrographs for TNF-a was assessed in all experimental groups
using the Image] software package (7E). Data are expressed as a
percentage of total tissue area. ""P<0.001 vs sham and HBO groups;
##P<0.001 vs control group

TNF-a: tumor necrosis factor alpha; HBO: hyperbaric oxygen

Figure 7 shows the immunohistochemical staining
of TNF-« in the sciatic nerve of experimental groups.
Cisplatin increased TNF-a protein expression in the
sciatic nerve obtained from the control group (7C).
HBO treatment in the precondition group reduced
TNF-a staining in sciatic nerve (7D) compared with
the control group. Meanwhile, almost no detectable
immunohistochemical reaction was shown in the
sham (7A) and HBO (7B) groups. Figure 7E shows the
histogram of the quantitative analysis of TNF-a positive
staining in the experimental groups.

Immunohistochemical staining of iNOS in the sciatic
nerve of experimental groups is shown in Figure 8.
Cisplatin increased iNOS protein expression in the
sciatic nerve obtained from control group (8C). HBO
treatment in the precondition group reduced iNOS
protein expression in sciatic nerve (8D) compared with
the control group. Meanwhile, almost no detectable
immunohistochemical reaction was shown in the
sham (8A) and HBO (8B) groups. Figure 8E shows the
histogram of the quantitative analysis of iNOS positive
staining in the experimental groups.
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Figure 8. Light photomicrographs show immunohistochemical
expression of iNOS in the sciatic nerve of sham (8A), HBO (8B), control
(8C), and precondition (8D) groups. The positive staining of iNOS is
presented by brown color of cytoplasm (arrows) (scale bar=100 pm).
Densitometry analysis of immunohistochemical photomicrographs for
iNOS was assessed in all experimental groups using the Image] software
package (F8E). Data are expressed as a percentage of total tissue area.
“"P<0.001 vs sham and HBO groups; ##P<0.001 vs control group

iNOS: inducible nitric oxide synthase; HBO: hyperbaric oxygen

Discussion
The findings of this study indicated that hyperbaric
oxygen therapy attenuates apoptosis and inflammation,
and improves the nociceptive threshold against
cisplatin-induced peripheral neuropathy in rats.
Apoptosis of the DRG cells is a major contributing
factor of secondary cisplatin-induced nerve fiber
axonopathy (37). In this respect, it is well known
that cisplatin-induced apoptosis is mediated through
expression of pro-apoptotic indicators such as
caspase-3 and Bax (6, 38) so that the use of caspase
inhibitors reduces acute cisplatin-induced apoptosis
in DRG neurons (6). Our immunohistochemical results
indicated that caspase-3 expression considerably
increased in sensory DRG neurons with CDDP
injection. Meanwhile, these up-regulations significantly
attenuated with HBO treatment. Studies on cerebral
ischemia have shown that exposure to hyperbaric
oxygen prevents apoptosis by reducing caspase-3 (39)
and phosphorylated-p38 mitogen-activated protein
kinase (40), and mitochondrial ATP-sensitive potassium
channels opening (41). Also, HBO therapy by reduction
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of adaptor molecule apoptosis-associated speck-like
protein (42), caspase-3 (43), and hypoxia-inducible
factor-la (44) prevented apoptosis in experimental
spinal cord injuries. Meanwhile, studies documented
that hyperbaric oxygenation inhibits apoptosis in
neuropathic pain induced by chronic constriction
injury (32, 45, 46). Recently, our laboratory found that
HBO protects the neurons against retrograde apoptosis
through different mechanisms including, caspase-3
down-regulation in rat sciatic nerve transection
model (17). Oxidative stress and neuroinflammation
are known to be associated with cisplatin-induced
peripheral neurotoxicity (47). Meanwhile, due to weak
cellular antioxidant defenses, peripheral nerves are
susceptible to oxidative stress (48), which is causing
lipid peroxidation (49), nerve inflammation, and
damage to the myelin sheath (50). Gilardini et al. (51)
documented that CDDP injection (2 mg/kg/d, IP, twice
weekly for 4 weeks) did not induce severe pathological
alterations of the myelin morphology despite a decrease
in nerve conduction velocity (NCV). Our present study
showed limited myelin sheath degeneration in sciatic
nerve after CDDP injection despite an increased
sensitivity to mechanical stimulus. Also, treatment with
HBO decreased malondialdehyde and myeloperoxidase
in the sciatic nerve. In this regard, some studies
reported the improvement of enzymatic antioxidant
activity after HBO treatment. Our recent study showed
that hyperbaric oxygen therapy decreased MDA level
and increased SOD and CAT activities following sciatic
nerve transaction (17). Repetitive HBO treatment
increased significantly SOD activity and decreased MDA
in a rat model of neuropathic pain (52). TNF-a is one
of the inflammatory mediators that play an important
role during neuroinflammation, which is involved
in iNOS induction (53). Our immunohistochemical
results indicated that TNF-a and iNOS expression
considerably increased in sciatic nerve with CDDP
injection. Meanwhile, these up-regulations significantly
attenuated with HBO treatment. Studies have revealed
that anti-inflammatory effect is one of the potential
mechanisms of HBO neuroprotection. In this regard, it
has been demonstrated that the antinociceptive effects
of HBO in experimental neuropathic pain are partially
associated with anti-inflammatory effects through
decreasing iNOS, TNF-a, and/or IL-13 (16, 54, 55).
In the experimental model of spinal cord injury, HBO
therapy attenuated NF-kB, TNF-a, and IL-1f levels (11).
Also, a study documented that HBO therapy decreased
COX-2 level after cerebral ischemia (56). In addition,
our recent investigation showed that HBO therapy
reduces COX-2 level after sciatic nerve transection
(17). Miao et al. recently documented that hyperbaric
oxygen treatment alleviates paclitaxel-induced
peripheral neuralgia through decreasing inflammatory
cytokines such as tumor necrosis factor-alpha and
interleukin 1 beta and inhibiting astrocyte activation
in the spinal cord (57). One of the common symptoms
associated with peripheral neuropathy is sensitized
nociceptor response under different mechanisms such
as alternation in peripheral receptor sensitization
and sprouting fibers (58). The results of our present
study showed a decrease in sensitivity to mechanical
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stimulus in HBO-treated rats; however, this reduction
was significant only in the precondition group. On the
other hand, Miao et al found that hyperbaric oxygen
treatment after onset of neuropathy significantly
decreased allodynia in paclitaxel-induced peripheral
neuropathy (57). HBO preconditioning indicated that
HBO activates the intrinsic mechanisms involved in the
protection and repair of the organs, causing resistance
to insult and subsequent damage (59). Regarding the
antinociceptive effect and mechanisms of action of
HBO, studies documented that HBO therapy reduces
neuropathic pain through the AKT/TSC2/mTOR
pathway (60), activation of the NO-cGMP-PKG signaling
transduction pathway (61), regulation of the Kindlin-1/
Wnt-10a signaling pathway (62), and P2X4R expression
(32) in peripheral nerve injuries. Also, inhibition of
apoptosis and reduction of inflammatory factors by
HBO therapy are involved in reducing neuropathic pain

1]

Conclusion

All the findings of the present study demonstrated that
hyperbaric oxygen preconditioning had protective effects
against CDDP-induced peripheral neuropathy in rats.

~
S
(*)}
Ul
Ul
p—

Acknowledgment

This work was supported financially by Molecular
and Cell Biology Research Center, Faculty of Medicine,
Mazandaran University of Medical Sciences, Sari, Iran.
The results presented in this paper were part of a
student thesis.

Conflicts of Interest
The authors declare that there are no conflicts of
interest.

References

1. Quasthoft S, Hartung HP. Chemotherapy-induced peripheral
neuropathy. ] Neurol 2002; 249:9-17.

2. Starobova H, Vetter 1. Pathophysiology of chemotherapy-
induced peripheral neuropathy. Front Mol Neurosci 2017;
10:174.

3. Cavaletti G, Tredici G, Marmiroli P, Petruccioli MG, Barajon
I, Fabbrica D. Morphometric study of the sensory neuron and
peripheral nerve changes induced by chronic cisplatin (DDP)
administration in rats. Acta Neuropathol 1992; 84:364-371.
4.McDonald ES, Randon KR, Knight A, Windebank AJ. Cisplatin
preferentially binds to DNA in dorsal root ganglion neurons
in vitro and in vivo: a potential mechanism for neurotoxicity.
Neurobiol Dis 2005; 18:305-313.

5. Sugimoto T, Takeyama A, Fujita M, Ichikawa H, Takano-
Yamamoto T. Peripheral neuroglial death induced by cisplatin
administration in newborn rats. Neuroreport 2001; 12:137-140.
6. Podratz JL, Knight AM, Ta LE, Staff NP, Gass JM, Genelin K, at
al. Cisplatin induced mitochondrial DNA damage in dorsal root
ganglion neurons. Neurobiol Dis 2011; 41:661-668.

7. Marullo R, Werner E, Degtyareva N, Moore B, Altavilla G,
Ramalingam SS, et al Cisplatin induces a mitochondrial-
ROS response that contributes to cytotoxicity depending on
mitochondrial redox status and bioenergetic functions. PLoS
One 2013; 8:e81162.

8.AgthongS,KaewsemaA, Charoensub T. Curcumin ameliorates
functional and structural abnormalities in cisplatin-induced
neuropathy. Exp Neurobiol 2015; 24:139-145.

9. Melli G, Taiana M, Camozzi F, Triolo D, Podini P, Quattrini
A, et al. Alpha-lipoic acid prevents mitochondrial damage and

Iran ] Basic Med Sci, Vol. 23, No. 3, Mar 2020


https://www.ncbi.nlm.nih.gov/pubmed/11954874
https://www.ncbi.nlm.nih.gov/pubmed/11954874
https://www.ncbi.nlm.nih.gov/pubmed/?term=Starobova%20H%5BAuthor%5D&cauthor=true&cauthor_uid=28620280
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vetter%20I%5BAuthor%5D&cauthor=true&cauthor_uid=28620280
file:///C:\Users\Admin\Desktop\final\Front.%20Mol.%20Neurosci
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cavaletti%20G%5BAuthor%5D&cauthor=true&cauthor_uid=1441917
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tredici%20G%5BAuthor%5D&cauthor=true&cauthor_uid=1441917
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marmiroli%20P%5BAuthor%5D&cauthor=true&cauthor_uid=1441917
https://www.ncbi.nlm.nih.gov/pubmed/?term=Petruccioli%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=1441917
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barajon%20I%5BAuthor%5D&cauthor=true&cauthor_uid=1441917
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barajon%20I%5BAuthor%5D&cauthor=true&cauthor_uid=1441917
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fabbrica%20D%5BAuthor%5D&cauthor=true&cauthor_uid=1441917
https://www.ncbi.nlm.nih.gov/pubmed/1441917
https://www.ncbi.nlm.nih.gov/pubmed/?term=McDonald%20ES%5BAuthor%5D&cauthor=true&cauthor_uid=15686959
https://www.ncbi.nlm.nih.gov/pubmed/?term=Randon%20KR%5BAuthor%5D&cauthor=true&cauthor_uid=15686959
https://www.ncbi.nlm.nih.gov/pubmed/?term=Knight%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15686959
https://www.ncbi.nlm.nih.gov/pubmed/?term=Windebank%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=15686959
https://www.ncbi.nlm.nih.gov/pubmed/?term=cisplatin+pereferentially+%2B+McDonald
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sugimoto%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11201074
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takeyama%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11201074
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fujita%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11201074
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ichikawa%20H%5BAuthor%5D&cauthor=true&cauthor_uid=11201074
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takano-Yamamoto%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11201074
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takano-Yamamoto%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11201074
https://www.ncbi.nlm.nih.gov/pubmed/?term=peripheral+neuroglia+death+%2B+sugimoto
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3031677/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3031677/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marullo%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24260552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Werner%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24260552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Degtyareva%20N%5BAuthor%5D&cauthor=true&cauthor_uid=24260552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moore%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24260552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Altavilla%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24260552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramalingam%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=24260552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Doetsch%20PW%5BAuthor%5D&cauthor=true&cauthor_uid=24260552
https://www.ncbi.nlm.nih.gov/pubmed/?term=marullo+%2B+cisplatin+induces+a+motochondrial
https://www.ncbi.nlm.nih.gov/pubmed/?term=marullo+%2B+cisplatin+induces+a+motochondrial
https://www.ncbi.nlm.nih.gov/pubmed/26113793
https://www.ncbi.nlm.nih.gov/pubmed/26113793
https://www.ncbi.nlm.nih.gov/pubmed/26113793
https://www.ncbi.nlm.nih.gov/pubmed/?term=Melli%20G%5BAuthor%5D&cauthor=true&cauthor_uid=18809400
https://www.ncbi.nlm.nih.gov/pubmed/?term=Taiana%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18809400
https://www.ncbi.nlm.nih.gov/pubmed/?term=Camozzi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=18809400
https://www.ncbi.nlm.nih.gov/pubmed/?term=Triolo%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18809400
https://www.ncbi.nlm.nih.gov/pubmed/?term=Podini%20P%5BAuthor%5D&cauthor=true&cauthor_uid=18809400
https://www.ncbi.nlm.nih.gov/pubmed/?term=Quattrini%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18809400
https://www.ncbi.nlm.nih.gov/pubmed/?term=Quattrini%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18809400

Peripheral neuropathy and hyperbaric oxygen

1J7"MS

Khademi et al.

neurotoxicity in experimental chemotherapy neuropathy. Exp
Neurol 2008; 214:276-284.

10. Zhou BC, Liu LJ, Liu B. Neuroprotection of hyperbaric
oxygen therapy in sub-acute traumatic brain injury: not by
immediately improving cerebral oxygen saturation and oxygen
partial pressure. Neural Regen Res 2016; 11:1445-1449.

11. Huang H, Xue L, Zhang X, Weng Q, Chen H, Gu ], et al
Hyperbaric oxygen therapy provides neuroprotection
following spinal cord injury in a rat model. Int ] Clin Exp Pathol
2013; 6:1337-1342.

12. Chazalviel L, Haelewyn B, Degoulet M, Blatteau JE, Vallée N,
RissoJ], et al. Hyperbaric oxygen increases tissue-plasminogen
activator-induced thrombolysis in vitro, and reduces ischemic
brain damage and edema in rats subjected to thromboembolic
brain ischemia. Med Gas Res 2016; 6:64-69.

13.Xu], Huang G, Zhang K, Sun ], Xu T, Li R, et al. Nrf2 activation
in astrocytes contributes to spinal cord ischemic tolerance
induced by hyperbaric oxygen preconditioning. ] Neurotrauma
2014; 31:1343-1353.

14. Chen X, Li Y, Chen W, Nong Z, Huang ], Chen C. Protective
effect of hyperbaric oxygen on cognitive impairment induced
by D-Galactose in mice. Neurochem Res 2016; 41:3032-3041.
15. Pan X, Chen C, Huang ], Wei H, Fan Q. Neuroprotective effect
of combined therapy with hyperbaric oxygen and madopar
on 6-hydroxydopamine-induced Parkinson’s disease in rats.
Neurosci Lett 2015; 600:220-225.

16. Han G, Li L, Meng LX. Effects of hyperbaric oxygen on pain-
related behaviors and nitric oxide synthase in a rat model of
neuropathic pain. Pain Res Manag 2013; 18:137-141.

17. Shams Z, Khalatbary AR, Ahmadvand H, Zare Z, Kian K.
Neuroprotective effects of hyperbaric oxygen (HBO) therapy
on neuronal death induced by sciatic nerve transection in rat.
BMC Neurol 2017; 17: 220.

18.Li], Liu W, Ding S, Xu W, Guan Y, Zhang JH, et al. Hyperbaric
oxygen preconditioning induces tolerance against brain
ischemia-reperfusion injury by upregulation of antioxidant
enzymes in rats. Brain Res 2008; 1210:223-229.

19.Yang Z], Xie Y, Bosco GM, Chen C, Camporesi EM. Hyperbaric
oxygenation alleviates MCAO-induced brain injury and
reduces hydroxyl radical formation and glutamate release. Eur
] Appl Physiol 2010; 108:513-522.

20.YangL, Tang],ChenQ,Jiang B,ZhangB, TaoY,etal Hyperbaric
oxygen preconditioning attenuates neuroinflammation after
intracerebral hemorrhage in rats by regulating microglia
characteristics. Brain Res 2015; 1627:21-30.

21. Lin KC, Niu KC, Tsai K], Kuo JR, Wang LC, Chio CC, et al
Attenuating inflammation but stimulating both angiogenesis
and neurogenesis using hyperbaric oxygen in rats with
traumatic brain injury. ] Trauma Acute Care Surg 2012;
72:650-659.

22.Wee HY, Lim SW, Chio CC, Niu KC, Wang CC, Kuo JR. Hyperbaric
oxygen effects on neuronal apoptosis associations in a traumatic
brain injury rat model. ] Surg Res 2015; 197:382-389.

23. Lu PG, Feng H, Yuan SJ], Zhang RW, Li M, Hu R, et al. Effect
of preconditioning with hyperbaric oxygen on neural cell
apoptosis after spinal cord injury in rats. ] Neurosurg Sci 2013;
57:253-258.

24. Sunami K, Takeda Y, Hashimoto M, Hirakawa M. Hyperbaric
oxygen reduces infarct volume in rats by increasing oxygen
supply to the ischemic periphery. Crit Care Med 2000;
28:2831-2836.

25. Calvert JW, Cahill J, Zhang JH. Hyperbaric oxygen and
cerebral physiology. Neurol Res 2007; 29:132-141.

26. Aydinoz S, Uzun G, Cermik H, Atasoyu EM, Yildiz S, Karagoz
B, et al. Effects of different doses of hyperbaric oxygen on
cisplatin-induced nephrotoxicity. Ren Fail 2007; 29:257-263.
27. Atasoyu EM, Yildiz S, Bilgi O, Cermik H, Evrenkaya R, Aktas
S, et al. Investigation of the role of hyperbaric oxygen therapy
in cisplatin-induced nephrotoxicity in rats. Arch Toxicol 2005;
79:289-293.

Iran ] Basic Med Sci, Vol. 23, No. 3, Mar 2020

28. Yassuda CC, Righetti AE, Cury MC, Hyppolito MA, Oliveira
JA, Féres O. The role of hyperbaric oxygen therapy (hot) as an
otoprotection agent against cisplatin ototoxicity. Acta Cir Bras
2008; 23:72-76.

29. Cobanoglu HB, Vuralkan E, Arslan A, Mirasoglu B, Toklu
AS. Is hyperbaric oxygen therapy effective in cisplatin-induced
ototoxicity in rats?. Clin Exp Otorhinolaryngol 2019; 12:66-
71.

30. Bianchi R, Gilardini A, Rodriguez-Menendez V, Oggioni
N, Canta A, Colombo T, et al. Cisplatin-induced peripheral
neuropathy: neuroprotection by erythropoietin without
affecting tumour growth. Eur ] Cancer 2007; 43:710-717.

31. Bianchi R, Brines M, Lauria G, Savino C, Gilardini A, Nicolini
G, et al. Protective effect of erythropoietin and its carbamylated
derivative in experimental Cisplatin peripheral neurotoxicity.
Clin Cancer Res 2006; 12:2607-2612.

32. Zhao BS, Song XR, Hu PY, Meng LX, Tan YH, She Y], et al.
Hyperbaric oxygen treatment at various stages following
chronic constriction injury produces different antinociceptive
effects via regulation of P2X4R expression and apoptosis. PLoS
One 2015; 10:e0120122.

33. Chaplan SR, Bach FW, Pogrel JW, Chung JM, Yaksh TL.
Quantitative assessment of tactile allodynia in the rat paw. ]
Neurosci Methods. 1994; 53:55-63.

34. Mihara M, Uchiyama M. Determination of malonaldehyde
precursor in tissues by thiobarbituric acid test. Anal Biochem
1978; 86:271-278.

35. Mullane K. Neutrophil-platelet interactions and post-
ischemic myocardial injury. Prog Clin Biol Res 1989; 301:39-
51.

36. Kato N, Matsumoto M, Kogawa M, Atkins GJ, Findlay DM,
Fujikawa T, et al. Critical role of p38 MAPK for regeneration
of the sciatic nerve following crush injury in vivo. ]
Neuroinflammation 2013; 10:1.

37.Kanat O, Ertas H, Caner B. Platinum-induced neurotoxicity:
A review of possible mechanisms. World ] Clin Oncol 2017;
8:329-335.

38. Gill JS, Windebank A]. Cisplatin-induced apoptosis in rat
dorsal root ganglion neurons is associated with attempted
entry into the cell cycle. ] Clin Invest 1998; 101:2842-2850.
39. Li JS, Zhang W, Kang ZM, Ding SJ, Liu WW, Zhang JH, et
al. Hyperbaric oxygen preconditioning reduces ischemia-
reperfusion injury by inhibition of apoptosis via mitochondrial
pathway in rat brain. Neuroscience 2009; 159:1309-1315.

40. Ostrowski RP, Graupner G, Titova E, Zhang ], Chiu ], Dach
N, et al. The hyperbaric oxygen preconditioning-induced brain
protection is mediated by a reduction of early apoptosis after
transient global cerebral ischemia. Neurobiol Dis 2008; 29:1-
13.

41. Lou M, Chen Y, Ding M, Eschenfelder CC, Deuschl G.
Involvement of the mitochondrial ATP-sensitive potassium
channelin the neuroprotective effect of hyperbaric oxygenation
after cerebral ischemia. Brain Res Bull 2006; 69:109-116.

42. Long Y, Liang F, Gao C, Li Z, Yang ]. Hyperbaric oxygen
therapy reduces apoptosis after spinal cord injury in rats. Int ]
Clin Exp Med 2014; 7:4073-4081.

43. Liu X, Yang ], Li Z, Liang F, Wang Y, Su Q, et al. Hyperbaric
oxygen treatment protects against spinal cord injury by
inhibiting endoplasmic reticulum stress in rats. Spine 2015;
40:E1276-1283.

44. Zhou Y, Liu XH, Qu SD, Yang ], Wang ZW, Gao CJ, et al.
Hyperbaric oxygen intervention on expression of hypoxia-
inducible factor-1a and vascular endothelial growth factor in
spinal cord injury models in rats. Chin Med ] 2013; 126:3897-
3903.

45. Fu H, Li F Thomas S, Yang Z. Hyperbaric oxygenation
alleviates  chronic constriction injury (CCI)-induced
neuropathic pain and inhibits GABAergic neuron apoptosis in
the spinal cord. Scand ] Pain 2017; 17:330-338.

46.Hu Q FangL, LiF Thomas S, Yang Z. Hyperbaric oxygenation

327


https://www.ncbi.nlm.nih.gov/pubmed/18809400
https://www.ncbi.nlm.nih.gov/pubmed/18809400
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhou%20BC%5BAuthor%5D&cauthor=true&cauthor_uid=27857747
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20LJ%5BAuthor%5D&cauthor=true&cauthor_uid=27857747
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20B%5BAuthor%5D&cauthor=true&cauthor_uid=27857747
https://www.ncbi.nlm.nih.gov/pubmed/27857747
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23826414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xue%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23826414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=23826414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weng%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=23826414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23826414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23826414
https://www.ncbi.nlm.nih.gov/pubmed/23826414
https://www.ncbi.nlm.nih.gov/pubmed/27867469
https://www.ncbi.nlm.nih.gov/pubmed/27867469
https://www.ncbi.nlm.nih.gov/pubmed/27867469
https://www.ncbi.nlm.nih.gov/pubmed/27867469
https://www.ncbi.nlm.nih.gov/pubmed/24716787
https://www.ncbi.nlm.nih.gov/pubmed/24716787
https://www.ncbi.nlm.nih.gov/pubmed/24716787
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20X%5BAuthor%5D&cauthor=true&cauthor_uid=27485714
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=27485714
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20W%5BAuthor%5D&cauthor=true&cauthor_uid=27485714
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nong%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=27485714
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27485714
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20C%5BAuthor%5D&cauthor=true&cauthor_uid=27485714
https://www.ncbi.nlm.nih.gov/pubmed/27485714
https://www.ncbi.nlm.nih.gov/pubmed/26101828
https://www.ncbi.nlm.nih.gov/pubmed/26101828
https://www.ncbi.nlm.nih.gov/pubmed/26101828
https://www.ncbi.nlm.nih.gov/pubmed/23748254
https://www.ncbi.nlm.nih.gov/pubmed/23748254
https://www.ncbi.nlm.nih.gov/pubmed/23748254
https://www.ncbi.nlm.nih.gov/pubmed/29246132
https://www.ncbi.nlm.nih.gov/pubmed/29246132
https://www.ncbi.nlm.nih.gov/pubmed/18407255
https://www.ncbi.nlm.nih.gov/pubmed/18407255
https://www.ncbi.nlm.nih.gov/pubmed/18407255
https://www.ncbi.nlm.nih.gov/pubmed/18407255
https://www.ncbi.nlm.nih.gov/pubmed/19851780
https://www.ncbi.nlm.nih.gov/pubmed/19851780
https://www.ncbi.nlm.nih.gov/pubmed/19851780
https://www.ncbi.nlm.nih.gov/pubmed/26301824
https://www.ncbi.nlm.nih.gov/pubmed/26301824
https://www.ncbi.nlm.nih.gov/pubmed/26301824
https://www.ncbi.nlm.nih.gov/pubmed/26301824
https://www.ncbi.nlm.nih.gov/pubmed/22491549
https://www.ncbi.nlm.nih.gov/pubmed/22491549
https://www.ncbi.nlm.nih.gov/pubmed/22491549
https://www.ncbi.nlm.nih.gov/pubmed/25982374
https://www.ncbi.nlm.nih.gov/pubmed/25982374
https://www.ncbi.nlm.nih.gov/pubmed/25982374
https://www.ncbi.nlm.nih.gov/pubmed/23877270
https://www.ncbi.nlm.nih.gov/pubmed/23877270
https://www.ncbi.nlm.nih.gov/pubmed/23877270
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sunami%20K%5BAuthor%5D&cauthor=true&cauthor_uid=10966258
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takeda%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=10966258
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hashimoto%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10966258
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hirakawa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10966258
https://www.ncbi.nlm.nih.gov/pubmed/?term=hyperbaric+oxygen+reduces+infarct+volum+%2B+sunami
https://www.ncbi.nlm.nih.gov/pubmed/17439697
https://www.ncbi.nlm.nih.gov/pubmed/17439697
https://www.ncbi.nlm.nih.gov/pubmed/17497437
https://www.ncbi.nlm.nih.gov/pubmed/17497437
https://www.ncbi.nlm.nih.gov/pubmed/15902426
https://www.ncbi.nlm.nih.gov/pubmed/15902426
https://www.ncbi.nlm.nih.gov/pubmed/18516452
https://www.ncbi.nlm.nih.gov/pubmed/18516452
https://www.ncbi.nlm.nih.gov/pubmed/30189717
https://www.ncbi.nlm.nih.gov/pubmed/30189717
https://www.ncbi.nlm.nih.gov/pubmed/17251006
https://www.ncbi.nlm.nih.gov/pubmed/17251006
https://www.ncbi.nlm.nih.gov/pubmed/17251006
https://www.ncbi.nlm.nih.gov/pubmed/16638873
https://www.ncbi.nlm.nih.gov/pubmed/16638873
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20BS%5BAuthor%5D&cauthor=true&cauthor_uid=25789619
https://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20XR%5BAuthor%5D&cauthor=true&cauthor_uid=25789619
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20PY%5BAuthor%5D&cauthor=true&cauthor_uid=25789619
https://www.ncbi.nlm.nih.gov/pubmed/?term=Meng%20LX%5BAuthor%5D&cauthor=true&cauthor_uid=25789619
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tan%20YH%5BAuthor%5D&cauthor=true&cauthor_uid=25789619
https://www.ncbi.nlm.nih.gov/pubmed/?term=She%20YJ%5BAuthor%5D&cauthor=true&cauthor_uid=25789619
https://www.ncbi.nlm.nih.gov/pubmed/?term=hyperbaric+oxygen+treatment+at+varius+stage+%2B+zhao
https://www.ncbi.nlm.nih.gov/pubmed/?term=hyperbaric+oxygen+treatment+at+varius+stage+%2B+zhao
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chaplan%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=7990513
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bach%20FW%5BAuthor%5D&cauthor=true&cauthor_uid=7990513
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pogrel%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=7990513
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chung%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=7990513
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yaksh%20TL%5BAuthor%5D&cauthor=true&cauthor_uid=7990513
https://www.ncbi.nlm.nih.gov/pubmed/?term=chaplan+SR+%2B+quantitative+assesment
https://www.ncbi.nlm.nih.gov/pubmed/?term=chaplan+SR+%2B+quantitative+assesment
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mihara%20M%5BAuthor%5D&cauthor=true&cauthor_uid=655387
https://www.ncbi.nlm.nih.gov/pubmed/?term=Uchiyama%20M%5BAuthor%5D&cauthor=true&cauthor_uid=655387
https://www.ncbi.nlm.nih.gov/pubmed/655387
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3541116/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3541116/
https://www.ncbi.nlm.nih.gov/pubmed/28848699
https://www.ncbi.nlm.nih.gov/pubmed/28848699
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gill%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=9637718
https://www.ncbi.nlm.nih.gov/pubmed/?term=Windebank%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=9637718
https://www.ncbi.nlm.nih.gov/pubmed/9637718
https://www.ncbi.nlm.nih.gov/pubmed/19185051
https://www.ncbi.nlm.nih.gov/pubmed/19185051
https://www.ncbi.nlm.nih.gov/pubmed/19185051
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ostrowski%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=17822911
https://www.ncbi.nlm.nih.gov/pubmed/?term=Graupner%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17822911
https://www.ncbi.nlm.nih.gov/pubmed/?term=Titova%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17822911
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17822911
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chiu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17822911
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dach%20N%5BAuthor%5D&cauthor=true&cauthor_uid=17822911
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dach%20N%5BAuthor%5D&cauthor=true&cauthor_uid=17822911
https://www.ncbi.nlm.nih.gov/pubmed/?term=hyperbaric+oxygen+preconditioning+induced+brain+protection+%2Bostroweski
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lou%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16533658
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16533658
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ding%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16533658
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eschenfelder%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=16533658
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deuschl%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16533658
https://www.ncbi.nlm.nih.gov/pubmed/?term=involvment+mitochondrial+atp-sensitive+potasium+channel+%2Blou
https://www.ncbi.nlm.nih.gov/pubmed/?term=Long%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25550916
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liang%20F%5BAuthor%5D&cauthor=true&cauthor_uid=25550916
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gao%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25550916
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=25550916
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25550916
https://www.ncbi.nlm.nih.gov/pubmed/?term=hyperbaric+oxygen+therapy+reduces+apoptosis+after+spinal+cord+injry+%2Blong
https://www.ncbi.nlm.nih.gov/pubmed/?term=hyperbaric+oxygen+therapy+reduces+apoptosis+after+spinal+cord+injry+%2Blong
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=26192724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26192724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=26192724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liang%20F%5BAuthor%5D&cauthor=true&cauthor_uid=26192724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=26192724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Su%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=26192724
https://www.ncbi.nlm.nih.gov/pubmed/24157153
https://www.ncbi.nlm.nih.gov/pubmed/24157153
https://www.ncbi.nlm.nih.gov/pubmed/24157153
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=28927648
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20F%5BAuthor%5D&cauthor=true&cauthor_uid=28927648
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thomas%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28927648
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=28927648
https://www.ncbi.nlm.nih.gov/pubmed/28927648
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=25410300
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25410300
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20F%5BAuthor%5D&cauthor=true&cauthor_uid=25410300
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thomas%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25410300
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=25410300

Khademi et al.

1J)7-MS

Peripheral neuropathy and hyperbaric oxygen

treatment alleviates CCl-induced neuropathic pain and
decreases spinal apoptosis. Eur | Pain 2015; 19:920-928.

47. Areti A, Yerra VG, Naidu V, Kumar A. Oxidative stress and
nerve damage: role in chemotherapy induced peripheral
neuropathy. Redox Biol 2014; 2:289-295.

48. Low PA, Nickander KK, Tritschler H]. The roles of oxidative
stress and antioxidant treatment in experimental diabetic
neuropathy. Diabetes 1997; 46:5S38-42.

49, Khalil Z, Khodr B. A role for free radicals and nitric oxide in
delayed recovery in aged rats with chronic constriction nerve
injury. Free Radic Biol Med 2001; 31:430-439.

50. Xiao WH, Bennett GJ. Effects of mitochondrial poisons
on the neuropathic pain produced by the chemotherapeutic
agents, paclitaxel and oxaliplatin. Pain 2012; 153:704-709.
51. Gilardini A, Avila RL, Oggioni N, Rodriguez-Menendez
V, Bossi M, Canta A, et al. Myelin structure is unaltered
in chemotherapy-induced peripheral neuropathy.
Neurotoxicology 2012; 33:1-7.

52. Zhao B, Meng LX, Ding YY, Cao YY. Hyperbaric oxygen
treatment produces an antinociceptive response phase and
inhibits astrocyte activation and inflammatory response in a
rat model of neuropathic pain. ] Mol Neurosc 2014; 53:251-
261.

53. Camara-Lemarroy CR, Guzman-de la Garza F]J,
Ferndndez-Garza NE. Molecular inflammatory mediators
in peripheral nerve degeneration and regeneration.
Neuroimmunomodulation 2010; 17:314-324.

54.DingY, Yao P, Hong T, Li H, Zhu Y, Han Z, et al. The analgesic
effect of early hyperbaric oxygen treatment in chronic
constriction injury rats and its influence on nNOS and iNOS

328

expression and inflammatory factor production. Mol Pain
2018; 14:1744806918765837.

55. Li E Fang L, Huang S, Yang Z, Nandi ], Thomas S, et al.
Hyperbaric oxygenation therapy alleviates chronic constrictive
injury-induced neuropathic pain and reduces tumor necrosis
factor-alpha production. Anesth Analg 2011; 113:626-633.
56. Cheng O, Ostrowski RP, Wu B, Liu W, Chen C, Zhang
JH.  Cyclooxygenase-2 mediates hyperbaric oxygen
preconditioning in the rat model of transient global cerebral
ischemia. Stroke 2011; 42:484-490.

57.Miao T, Meng X, He H, Ji X. Antiallodynic effect of hyperbaric
oxygen on paclitaxel-induced peripheral neuropathy in a
model of rat and its mechanism. Open Access Library Journal
2019; 6:5339.

58.Jensen TS, Baron R. Translation of symptoms and signs into
mechanisms in neuropathic pain. Pain 2003; 102:1-8.

59. Hu Q, Manaenko A, Matei N, Guo Z, Xu T, Tang ], et al
Hyperbaric oxygen preconditioning: a reliable option for
neuroprotection. Med Gas Res 2016; 6:20-32.

60. Liu YD, Wang ZB, Han G, Jin L, Zhao P. Hyperbaric oxygen
relieves neuropathic pain through AKT/TSC2/mTOR pathway
activity to induce autophagy. ] Pain Res 2019; 12:443-451.
61.DingY, Yao P, Hong T, Han Z, Zhao B, Chen W. The NO-cGMP-
PKG signal transduction pathway is involved in the analgesic
effect of early hyperbaric oxygen treatment of neuropathic
pain. ] Headache Pain 2017; 18:51.

62.Zhao B, Pan Y, Xu H, Song X. Hyperbaric oxygen attenuates
neuropathic pain and reverses inflammatory signaling likely
via the Kindlin-1/Wnt-10a signaling pathway in the chronic
pain injury model in rats. ] Headache Pain 2017; 18:1.

Iran ] Basic Med Sci, Vol. 23, No. 3, Mar 2020


https://www.ncbi.nlm.nih.gov/pubmed/25410300
https://www.ncbi.nlm.nih.gov/pubmed/24494204
https://www.ncbi.nlm.nih.gov/pubmed/24494204
https://www.ncbi.nlm.nih.gov/pubmed/24494204
https://www.ncbi.nlm.nih.gov/pubmed/9285497
https://www.ncbi.nlm.nih.gov/pubmed/9285497
https://www.ncbi.nlm.nih.gov/pubmed/9285497
https://www.ncbi.nlm.nih.gov/pubmed/22244441
https://www.ncbi.nlm.nih.gov/pubmed/22244441
https://www.ncbi.nlm.nih.gov/pubmed/22244441
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gilardini%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22079976
https://www.ncbi.nlm.nih.gov/pubmed/?term=Avila%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=22079976
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oggioni%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22079976
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodriguez-Menendez%20V%5BAuthor%5D&cauthor=true&cauthor_uid=22079976
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodriguez-Menendez%20V%5BAuthor%5D&cauthor=true&cauthor_uid=22079976
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bossi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22079976
https://www.ncbi.nlm.nih.gov/pubmed/?term=Canta%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22079976
https://www.ncbi.nlm.nih.gov/pubmed/22079976
https://www.ncbi.nlm.nih.gov/pubmed/?term=C%C3%A1mara-Lemarroy%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=20407283
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guzm%C3%A1n-de%20la%20Garza%20FJ%5BAuthor%5D&cauthor=true&cauthor_uid=20407283
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fern%C3%A1ndez-Garza%20NE%5BAuthor%5D&cauthor=true&cauthor_uid=20407283
https://www.ncbi.nlm.nih.gov/pubmed/20407283
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ding%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=29592784
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yao%20P%5BAuthor%5D&cauthor=true&cauthor_uid=29592784
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hong%20T%5BAuthor%5D&cauthor=true&cauthor_uid=29592784
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20H%5BAuthor%5D&cauthor=true&cauthor_uid=29592784
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=29592784
https://www.ncbi.nlm.nih.gov/pubmed/?term=Han%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=29592784
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhou%20G%5BAuthor%5D&cauthor=true&cauthor_uid=29592784
https://www.ncbi.nlm.nih.gov/pubmed/29592784
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20F%5BAuthor%5D&cauthor=true&cauthor_uid=21596875
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21596875
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21596875
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=21596875
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nandi%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21596875
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thomas%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21596875
https://www.ncbi.nlm.nih.gov/pubmed/21596875
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cheng%20O%5BAuthor%5D&cauthor=true&cauthor_uid=21164135
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ostrowski%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=21164135
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21164135
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20W%5BAuthor%5D&cauthor=true&cauthor_uid=21164135
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21164135
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=21164135
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=21164135
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cyclooxygenase-2+Mediates+Hyperbaric+Oxygen+Preconditioning+in+the+Rat+Model+of+Transient+Global+Cerebral+Ischemia
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jensen%20TS%5BAuthor%5D&cauthor=true&cauthor_uid=12620591
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baron%20R%5BAuthor%5D&cauthor=true&cauthor_uid=12620591
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=27826420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Manaenko%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27826420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Matei%20N%5BAuthor%5D&cauthor=true&cauthor_uid=27826420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guo%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=27826420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20T%5BAuthor%5D&cauthor=true&cauthor_uid=27826420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27826420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=27826420
https://www.ncbi.nlm.nih.gov/pubmed/27826420
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6361320/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6361320/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6361320/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ding%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=28470432
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yao%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28470432
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hong%20T%5BAuthor%5D&cauthor=true&cauthor_uid=28470432
https://www.ncbi.nlm.nih.gov/pubmed/?term=Han%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=28470432
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20B%5BAuthor%5D&cauthor=true&cauthor_uid=28470432
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20W%5BAuthor%5D&cauthor=true&cauthor_uid=28470432
https://www.ncbi.nlm.nih.gov/pubmed/28470432
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20B%5BAuthor%5D&cauthor=true&cauthor_uid=28058534
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pan%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=28058534
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=28058534
https://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20X%5BAuthor%5D&cauthor=true&cauthor_uid=28058534
https://www.ncbi.nlm.nih.gov/pubmed/28058534

	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	Acknowledgment
	Conflicts of Interest
	References

