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ARTICLE INFO ABSTRACT

Keywords: Aim of study: Diabetes mellitus is related to the development of neuronal tissue injury in different peripheral and
Diabetic neuropathy central nervous system regions. A common complication of diabetes is painful diabetic peripheral neuropathy
Orexin-A (PDN). We have studied the neuroprotective and anti-nociceptive properties of neuropeptide orexin-A in an
AP"_PtOSi? animal experimental model of diabetic neuropathy.

gz:lceptw“ Methods: All experiments were carried out on male Wistar rats (220-250 g). Diabetes was induced by a single

intraperitoneal injection of 55 mg/kg (i.p.) streptozotocin (STZ). Orexin-A was chronically administrated into
the implanted intrathecal catheter (0.6, 2.5 and 5 nM/L, daily, 4 weeks). The tail-flick and rotarod treadmill tests
were used to evaluate the nociceptive threshold and motor coordination of these diabetic rats, respectively.
Cleaved caspase-3, Bax, Bcl2 and the Bax/Bcl-2 ratio, as the biochemical indicators of apoptosis, were in-
vestigated in the dorsal half of the lumbar spinal cord tissue by western blotting method.

Results: Treatment of the diabetic rats with orexin-A (5nM/L) significantly attenuated the hyperalgesia and
motor deficit in diabetic animals. Furthermore, orexin-A (5nM/L) administration suppressed pro-apoptotic
cleaved caspase-3 and Bax proteins. Also, orexin-A (5 nM/L) reduced the expression of Bax/Bcl-2 ratio in spinal
cord dorsal half of rats with PDN.

Conclusions: Altogether our data suggest that the orexin-A has anti-hyperalgesic and neuroprotective effects in
rats with PDN. Cellular mechanisms underlying the observed effects may, at least partially, be related to re-
ducing the neuronal apoptosis.

1. Introduction

Diabetes mellitus (DM) is one of the largest epidemics the world has
faced, both in developed and developing nations (Zimmet et al., 2016).
Diabetic neuropathy (DN) develops a background of hyperglycemia and
an entangled metabolic imbalance (Yang et al., 2014). One of the most
elusive symptoms in diabetic neuropathy is pain which characterized by
mechanical and thermal hyperalgesia (Kaeidi et al., 2011). Ad-
ditionally, several investigations showed motor deficits in human and
animal subjects with DN (Esmaeili Mahani and Kaeidi, 2012; Gutierrez
et al., 2001; Hajializadeh et al., 2014; Rasoulian et al., 2018; Said et al.,

2008).

It has been shown that hyperglycemia is the main cause of nervous
system damage (Kaeidi et al., 2011). Furthermore, several studies re-
vealed that, high glucose situation leads to apoptosis and neural dys-
function in several studies (Kaeidi et al., 2011; Kaeidi et al., 2013;
Hajializadeh et al., 2014; Kaeidi et al., 2015; Saberi Firouzi et al., 2018)
However, the degree of apoptosis in neuronal tissues plays a critical role
in the pain behavior (Sekiguchi et al., 2009).

In the lateral and dorsal hypothalamus, the endogenous neuropep-
tide orexin (or hypocretin) is produced from the precursor pre-pro-or-
exin (Chrobok et al., 2017). The orexin system contains two G-protein
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coupled receptors including orexin-1 (Orx1) and the orexin-2 (Orx2)
(Lee et al., 2016). Orexin-A has equal affinity for Orx1 and Orx2 re-
ceptors, while orexin-B has 10-fold higher affinity for Orx2 than Orx1
receptors (Boss and Roch, 2015; Toyama et al., 2017). In addition,
detailed mapping of orexin receptor mRNA distribution has shown that
the two types of orexin receptors are distributed throughout the rat
brain, with different expression patterns (Hervieu et al., 2001; Lu et al.,
2000; Trivedi et al., 1998). Also, both orexin-A and Orx1 receptors have
been found in spinal cord dorsal root ganglion cells (Bingham et al.,
2001). Both of the Orx receptors have been implicated in numerous
physiological and biological functions. These mainly include energy
homeostasis (Coborn et al., 2017), sleep regulation (Kukkonen, 2012),
feeding (Yamada et al., 2000), opioid dependence and tolerance
(Ahmadi-Soleimani et al., 2017; Ahmadi-Soleimani et al., 2014;
Ghaemi-Jandabi et al., 2017), neuroendocrine function (Toyama et al.,
2017) and pain modulation (Kargar et al., 2015; Soleimani et al., 2015).
Orexinergic neurons send their projections to several regions of the
central nervous system that participate in analgesia, such as the raphe
nucleus, locus coeruleus nucleus and midbrain periaqueductal gray
(Peyron et al., 1998). These regions are known to play main roles in the
modulation of the pain (Ossipov et al., 2010). It has been revealed that
orexinergic neurons also directly send their projections to the spinal
dorsal horn (Van Den Pol, 1999). In the spinal cord dorsal horn, orexin
containing fibers are predominantly present in the superficial laminae
associated with nociceptive processing (Date et al., 2000; Grudt et al.,
2002; Hervieu et al., 2001). It has been shown that orexins have anti-
nociceptive effects in the brain and spinal cord in different types of
pains including mechanical, chemical, thermal induced nociceptions
and nociceptin-induced behavioral responses (Toyama et al., 2017;
Mobarakeh et al., 2005; Razavi and Hosseinzadeh, 2017). Also, nu-
merous findings have shown that orexin-A has neuroprotective effects
in in vivo and in vitro studies (Esmaeili-Mahani et al., 2013; Yuan et al.,
2011; Feng et al., 2014; Davies et al., 2015; Yan et al., 2008). Fur-
thermore, it has been shown that orexin-A has antiapoptotic effects in
several investigations (Butterick et al., 2012; Duffy et al., 2016; Shu
et al., 2017; Wang et al., 2018). So, the aim of this study is to examine
the possible neuroprotective and antinociceptive effects of Orexin-A by
reducting the hyperglycemia-induced neuronal apoptosis in streptozo-
tocin-induced diabetic rats with PDN. We evaluated the thermal noci-
ception, motor function, and some molecular apoptotic markers to in-
vestigate the underlying mechanisms.

2. Materials and methods
2.1. The main chemical and materials

Orexin-A from Tocris Bioscience (USA) was dissolved in sterile
normal saline (NS). Streptozotocin (STZ) was obtained from Biosera Co.
(East Sussex, UK). Primary monoclonal anti-caspase-3, anti-Bax, anti-
Bcl2, anti-beta-actin antibody, and secondary monoclonal anti-rabbit
monoclonal antibodies were purchased from Abcam (USA). PVDF
membranes and Lumi-Film chemiluminescent detection film were
purchased from Roche (USA). Leupeptin, phenylmethylsulfonyl

STZ injection
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fluoride, sodium orthovanadate, aprotinin, acrylamide amid and bisa-
crylamide were obtained from Sigma (USA).

2.2. Animals

The experiments were carried out on male Wistar rats, weighing
220-250g, that were housed four per cage under a 12h light/dark
cycle in a room with controlled temperature (22 = 1 °C). Food and
water were available ad libitum. Animals were handled daily (between
9:00 and 11:00 A.M) 5 days before the experiment in order to adapt
them to manipulation and minimize non-specific stress responses. The
rats were randomly allocated into seven experimental groups. All ex-
perimental procedures were carried out in accordance with the guide-
lines for the care and use of laboratory animals in the Rafsanjan
University of Medical Sciences (Ethic code: IR.RUMS.REC.1395.059)
and the Principles of Laboratory Animal Care (NIH publication #85-23,
revised in 1985).

2.3. Experimental groups

The rats were separated into 7 experimental groups (6-8 animals
per group): 1) Control group. Intact animals (without any treatment or
surgical procedure). 2) Sham group. The non-diabetic rats with surgical
procedure of intrathecal catheter implantation. The animals in this
group were not treated with orexin-A or its vehicle (Saline). 3) Diabetes
group. The animals in this group received STZ for induction of diabetes.
4) Diabetes + saline group. The STZ treated (diabetic) animals in this
group intrathecally received 10 pL saline (as orexin-A vehicle). 5, 6 and
7) Diabetes + orexin-A treated group. The STZ treated (diabetic) ani-
mals in this group intrathecally received orexin-A at dose of 0.6, 2.5
and 5nM/L (21, 89 and 178 picograms, respectively) (in 10 pL of
saline).

2.4. Experimental protocol

Diabetes was induced by a single intraperitoneal injection of 55 mg/
kg (i.p.) streptozotocin (STZ) freshly dissolved in 0.1 moL/L citrate
buffer (Saleh et al., 2013; Ghosh et al., 2004). The rats which received
citrate buffer (as STZ vehicle) were used as control. One week later,
diabetes was confirmed in STZ injected rats by measuring serum glu-
cose concentrations (Kaeidi et al., 2013). The serum glucose con-
centration was assayed enzymatically using a glucose oxidase-perox-
idase (GOD-POD) kit (Pars Azmon Co., Iran). The rats with blood
glucose =250 mg/dL were considered to have diabetes (Rasoulian
et al., 2018). One week after the STZ injection, the diabetic rats were
given orexin-A (daily, intrathecal). The tail flick test was done every
week during the experimental period (weeks 1,2,3,4, and 5). The ro-
tarod treadmill was done before and at the end of the experiment to
assess the motor coordination. Five weeks after the STZ injection, the
rats were killed by decapitation under CO, anesthesia and the lumbar
spinal cord of the animals was removed for further molecular evalua-
tions (apoptosis and oxidative stress biomarkers). Control rats were
killed in the same way 5 weeks after receiving vehicle injection. The

Orexin-A administration

|
| | |
Week 0 1 2
Tail flick assessment =

| l | Molecular
3 4 5 assessments

Rotarod assessment ==

Fig. 1. The experimental protocol design. Animals were divided into 7 groups. On the first day of the experiment period, the STZ was injected. After 1 week, the
animals were treated with orexin-A or saline for 5 weeks (week 1 to 5). Tail flick test was done in weeks 1 to 5. Rotarod treadmill was done on day O (the day before
STZ injection) and on the final day of the experiments. The animals were killed at the end of the experimental period of study and their brains were removed for

evaluation of molecular assessments of apoptosis and oxidative stress markers.
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experimental procedure is shown in Fig. 1.

2.5. Intrathecal catheter implantation and drug delivery

The rats were deeply anesthetized with co-administration of keta-
mine (50 mg/kg, i.p.) and xylazine (5mg/kg, i.p.). An intrathecal ca-
theter (Intramedic PE-10, Becton Dickinson and Co. Franklin Lakes, NJ)
was implanted in each rat spinal cord column according to a previously
published method (Hajializadeh et al., 2010). Animals that showed
neurological impairment (e.g., paralysis) following the implantation of
the catheter or during the first drug delivery were excluded from the
study. Orexin-A or saline were slowly (10 uL/3 min) injected into the
implanted intrathecal catheter.

2.6. Nociception assay

The nociceptive threshold of rats was evaluated by tail-flick test
(D'amour and Smith, 1941). This test has been extensively used to
evaluate the nociception in rats and mice and is the nociceptive test
most frequently used in animals (Le Bars et al., 2001). In the standard
method, radiant heat is focused on the animal tail, and the time it takes
until the animal flicks the tail away from the light beam is measured.
This tail-flick latency is a measure of the nociceptive sensitivity of the
animal. In this test, a spinal nociceptive reflex is measured (Bannon and
Malmberg, 2007; Carstens and Douglass, 1995). In this study, a tail-
flick apparatus with a radiant heat source was used to assess the an-
algesic response (Ugo Basile, Italy). The intensity of the light beam was
adjusted to produce a mean control reaction time of between 6 and 8s.
The cutoff time was fixed at 15s in order to prevent any injury to the
animal's tail. In this manner, we were able to show potential subtle
changes that may occur in basal thermal nociception. The tail-flick la-
tency for any rat was determined 3 times, and the mean of those value
was designated the baseline latency value. Experimentally decreased
tail-flick latency is indicative of hyperalgesia as a marker of neuropathy
(Kamenov et al., 2006; Ilnytska et al., 2006).

2.7. Rotarod treadmill

The rotarod treadmill examination was done to evaluate the motor
coordination of the rats (Cartmell et al., 1991). The animals were
placed on the rotating rod apparatus for two trials each on day 0 (to
evaluate the motor coordination between all experimental groups be-
fore STZ injection and drug delivery) and in the end of week 5 of the
experiments (to evaluate the motor coordination between all experi-
mental groups after STZ injection and drug delivery). The animals were
initially trained to maintain themselves on the rotating rod for > 3 min.
Then three trials were performed over 3 min. The mean latency to fall
off the rotarod was recorded and animals remaining on the drum
for > 120 s were removed and their time scored as 120 s. In each trial,
the rats were scored for their latency to fall (in seconds).

2.8. Spinal cord tissue extraction and preparation

At the end of the experimental period, the animals were anesthe-
tized by exposure to a CO, atmosphere and then rapidly decapitated.
The spinal column of animals was cut through the pelvic girdle with
sharp stainless steel scissors. Hydraulic extrusion was applied via in-
serting a 16-gauge plastic needle into the sacral vertebral canal and
emitted with ice-cold saline. The spinal cord was rapidly placed on glass
petri dish filled with ice-cold saline, then the dorsal half of the spinal
cord lumbar portion was dissected (Hajializadeh et al., 2014; Kaeidi
et al., 2013; Kaeidi et al., 2011). Tissue samples were rapidly frozen in
liquid nitrogen, and stored at —80 °C until molecular investigations
(Esmaeili-Mahani et al., 2015).
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2.9. Immunoblot analysis

The dissected spinal samples were homogenized in ice-cold RIPA
buffer including 1 mM EDTA, 10 mM Tris-HCI (pH7.4), 0.1% SDS,
0.1% Na deoxycholate, 1% triton X100 with protease inhibitors (2.5 pg/
mL of leupeptin, 1 mM phenylmethylsulfonyl fluoride, 1 mM sodium
orthovanadate, and 10 pg/mL of aprotinin). The sample homogenates
were centrifuged at 14000 rpm for 20 min (4 °C). The subsequent su-
pernatant was reserved as the whole cell fraction. Concentrations of
total protein were evaluating via the Bradford method (Bio-Rad,
Germany). The same protein amount was resolved electrophoretically
on a 12.5% SDS-PAGE gel and subsequently transferred to PVDF
membranes. After blocking with 5% non-fat dried milk in Tris-buffered
saline with Tween 20 (blocking buffer, TBS-T, 150 mM NaCl, 20 mM
Tris-HCl, pH7.5, 0.1% Tween 20, overnight at 4 °C), the PVDF mem-
branes were probed with caspase-3 antibody (1:5000 overnight at 4 °C),
Bax and Bcl-2 antibodies (1:5000 for 2h at room temperature). After
washing in TBS-T (three times, 5min), the blots were incubated for
60 min at room temperature with a horseradish peroxidase-conjugated
secondary antibody (1:5000). All antibodies were diluted in 5%
blocking buffer. The antibody-antigen complexes were detected using
the ECL system and exposed to Lumi-Film chemiluminescent detection
film. The intensity of band expression was evaluated using ImageJ
analyzing software. Beta-Actin immunoblotting, (1:5000) was used as a
loading control (Rasoulian et al., 2014).

3. Statistical analysis

The data are presented as the mean + SEM. The difference in mean
tail-flick latency (time, seconds) between various experimental groups
over the time course of the study (5 weeks) was assessed by repeated
measures two-way ANOVA followed by the Tukey post hoc test. The
result from the rotarod test was evaluated using one-way ANOVA fol-
lowed by the Tukey post hoc test. The cleaved caspase-3, Bax, Bcl-2,
and beta-actin band densities were taken from band densitometry.
These values were expressed as the tested protein/beta-actin ratio for
any sample. The averages for significant different groups were com-
pared by one-way ANOVA followed by the Tukey post hoc test. P~0.05
was considered significant.

4. Results
4.1. The effect of orexin-A on the nociceptive threshold

As illustrated in Fig. 2, diabetic rats exhibited a hyperalgesic re-
sponse during the experiment period. The hyperalgesia appeared two
weeks after injection of STZ and persisted to the end of investigation
(week 5). Intrathecal administration of saline (as orexin-A vehicle) did
not show any significant effect on the progress of the mentioned pro-
nociceptive response in diabetic animals. Though 2.5 and 5nM/L or-
exin-A could reduce the diabetes-induced hyperalgesia (Fig. 2). Ad-
ditionally, the higher concentration of orexin-A used here (5nM/L)
produced a reduction of diabetes-induced hyperalgesia, that is, the
nociceptive threshold detected in diabetic rats treated with orexin-A
was indistinguishable from control or sham rats.. In contrast, treatment
with 0.6 nM/L orexin-A did not inhibit the development of diabetes-
induced hyperalgesia in rats (Fig. 2).

4.2. The effect of orexin-A on diabetes-induced motor deficits

The rotarod treadmill examination showed a significant deficit of
the motor coordination in diabetes and diabetes + saline rats (P
=0.001) (Fig. 3). The retention time of the diabetic rats was reduced by
58.58% of control animals, while treatment with 5nM/L orexin-A
elevated retention time to 83.93% of the control values (25.35% more
than non-treated diabetic animal group). As showed in Fig. 3, there is
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no significant decrease of motor coordination deficit in diabetes
+5nM/L orexin-A treated group compared to control or sham groups
(P > .05). Orexin-A at doses of 0.6 and 2.5nM/L had no significant
effects on diabetes-induced motor deficits.

4.3. The effect of orexin-A on apoptotic parameters

We evaluated the orexin-A on some apoptotic molecular factors
such as cleaves caspase-3, Bax (as pro-apoptotic protein factors) and
Bcl2 (as anti-apoptotic protein factor) by western blotting analysis. Our
data in western blotting analysis revealed that cleaved caspase-3 ex-
pression was significantly elevated in the dorsal portion of the lumbar
spinal cord of diabetic and diabetic + saline rats (P=0.01). The data
showed that cleavage of caspase-3 protein was significantly decreased
in diabetic rats that were treated with 5nM/L orexin-A compared to
non-treated orexin-A diabetic animals (P=0.05). Orexin-A treatment
with other doses could not reduce the cleaved caspase-3 activation in
diabetic animals (Fig. 4A). Also, an elevation of Bax and Bcl2 protein
expression levels was seen in diabetic animals (P~0.001 and P~0.01
respectively) (Fig. 4B and C). Furthermore, our finding revealed that
treatment of diabetic animals with 5 nM/L orexin-A lead to decreases in
Bax protein expression versus control or sham groups (P~0.05)
(Fig. 4B). On the other hand, the data showed that anti-apoptotic Bcl2
protein expression increased in 5nM/L orexin-A treated rats versus
diabetes or diabetes + saline groups. However, no significant change
between control and diabetes + 5 nM/L orexin-A treated rats was seen.
Treatment of diabetic rats with 0.6 and 2.5nM/L orexin-A could not
elevate the Bax or Bcl2 protein expression (Fig. 4B and C). So, there was
a significant increase in the ratio of Bax/Bcl-2 protein in non-treated
diabetic rats (P=0.001) (Fig. 4D). This increase in the ratio of Bax/Bcl-2
was attenuated significantly in diabetic rats treated by 5 nM/L orexin-A
versus diabetes and diabetes + saline groups (P~0.05) (Fig. 4D). Ad-
ministration of orexin-A at doses of 0.6 and 2.5 nM/L orexin-A had no
significant effects on Bax/Bcl2 ratio expression in diabetic animals
compared to control or sham rats (Fig. 4D).

120+
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Retention (% of control)

Diabetes + Saline
Diabetes + Orx 0.6 nM
e Diabetes + Orx 2.5 nM
Diabetes + Orx 5 nM
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Fig. 2. Effect of orexin-A on the development of diabetes-in-
duced thermal hyperalgesia during the time course of the
study in rats. Lines indicate the nociceptive threshold of each
experimental group. Values are shown as the mean + SEM
(n = 6-8). *P=0.01 and **+P=<0.001 versus control or sham
groups (for overall row comparison between the experimental
groups during the 5weeks). ##P~0.01 and ###P=0.001
versus diabetes or diabetes + saline groups (for overall row
comparison between the experimental groups during the
5 weeks). aaa P=0.001 versus control or sham (for comparison
between the experimental groups in each week). bb P<0.01
and bbb P=0.001 versus diabetes or diabetes + saline groups
(for comparison between the experimental groups in each
week).

5. Discussion

In the present investigation, the possible protective effect of orexin-
A in a rat model of painful diabetic neuropathy was studied. The results
showed that non-treated diabetes (which was induced by STZ injec-
tion), led to hyperalgesia, motor coordination deficits and apoptosis in
the lumbar spinal cord of diabetic animals at the end of study.
Furthermore, we find that intrathecal 4-week administration of orexin-
A, significantly reduced the thermal-hyperalgesia, motor coordination
deficits, and down-regulates some apoptotic protein markers in the
diabetes-induced neuronal apoptosis pathway, suggesting that orexin-A
may have antihyperalgesic and neuroprotective properties.

Our finding showed that the threshold of nociception was decreased
after two weeks at the start of study in diabetic animals. This decrease
in nociception threshold persisted until the end of the time course of
study (week 5) by incremental manner in each week. This phenomenon
may be related to neuronal damage which was triggered and progressed
in sensory fibers by hyperglycemia in diabetic animals. On the other
hand, treatment with orexin-A attenuated the pain threshold in diabetic
animals. The first potential antinocicetion effect of orexin-A was seen at
week three and progressed until the end of experimental period in
diabetic rats.

As mentioned previously, neuropathic pain (as one of the most
common complications of diabetes mellitus) is typically considered as
pain that can happen instinctively as a result of experience with mild
painful stimuli (Spallone and Greco, 2013). (Peltier et al., 2014). In-
deed, the damage and apoptosis in the nerve tissue lead to diabetic
neuropathic pain in several studies (Afrazi et al., 2014; Hajializadeh
et al., 2014; Kaeidi et al., 2013; Rasoulian et al., 2018).

In the present study, we found orexin-A treatment reduces apoptosis
in the spinal cord after diabetic neuropathy induction by modulation of
the Bax/Bcl-2 proteins ratio and attenuated caspase-3 activation.

Previously, the loss or dysfunction of orexin neurons has been re-
ported in some neurodegenerative diseases such as multiple sclerosis
(Oka et al., 2004), Huntington disease (Gabery et al., 2010), Alzhei-
mer's (Fronczek et al., 2011) and Parkinson's disease (Fronczek et al.,

Control

Sham

Diabetes

Diabetes + saline
Diabetes + Ore 0.6 nM
Diabetes + Orx 2.5 nM

BEANE0BE

Diabetes + Orx 5 nM

Fig. 3. Effect of orexin-A on the rotarod treadmill performance of streptozotocin-induced diabetic rats. Values are shown as the mean = SEM (n = 6-8). *P~0.05 and
##£P=0.001 versus control or sham groups. #P~0.05 versus diabetes or diabetes + saline groups.
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Fig. 4. Western blot analysis of the caspase-3 protein activation (A), Bax (B), Bcl-2 (C), and Bax/Bcl-2 ratio (D) in the dorsal portion of the animal lumbar spinal cord.
Each value in the graph represents the mean + SEM band density ratio for each group. Beta-actin was used as an internal control. *P=0.05, **P=0.01 and *++P=0.001
versus control or sham groups. #P<0.05 versus diabetes or diabetes + saline groups. Orx: orexin-A.

2007b; Fronczek et al., 2007a). Yuan and colleagues reported that or-
exin-A has a neuroprotective effect against cerebral ischemia-reperfu-
sion injury in rats (Yuan et al., 2011). It has been revealed that central
administration of orexin-A significantly reduces the brain infarct area of
rats subjected to middle cerebral artery occlusion-reperfusion brain
injury model and produces a profound neuroprotective effect (Kitamura
et al,, 2010). In addition, it has been reported that orexin-A has a
protective effect against 6-OHDA-induced SH-SY5Y cell apoptosis by
decreasing the caspase-3 activation and Bax/Bcl2 ratio (Esmaeili-
Mahani et al., 2013).

In several investigations it has been shown that free radical gen-
eration and oxidative stress play critical roles in the development of
neuronal apoptosis and neuropathy in diabetes (Brownlee, 2001). It has
been revealed that high glucose concentration produces oxidative stress
by the auto-oxidation of glucose, which leads to the production of re-
active oxygen species (ROS) and reactive nitrogen species (RNS) med-
iators. These mediators cause protein nitrosylation, lipid peroxidation,
DNA damage, and apoptosis and have direct toxic effects on nerve
tissue (Vincent et al., 2005).

Many studies indicate that various antioxidants compounds have
neuroprotective effects in the neurotoxic situation and neurodegen-
erative disorders (Ghosh et al., 2004; Hajializadeh et al., 2010; Saleh
et al., 2013).

It has been shown that orexin-A has suppressive effects against 6-
OHDA-induced intracellular ROS production (Esmaeili-Mahani et al.,
2013). Furthermore, the antioxidant activity of orexin-A has also been
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reported in hydrogen peroxide-induced lipid peroxidative stress in hy-
pothalamic cells (Butterick et al., 2012). A recent study has shown that
orexin-A exhibited a gastroprotective effect against ischemia-reperfu-
sion-induced damage by decreasing neutrophil activation and lipid
peroxidation (Yan et al., 2008).

It is well known that reactive oxygen species can trigger the acti-
vation of caspases cascade in apoptosis mechanism (Simon et al., 2000;
Kim et al., 2008). Since caspase-3 plays a central role in apoptosis and is
supposed to be the final executor of apoptosis pathway, we evaluated
the effect of orexin-A on caspase-3 activation in the half lumbar portion
of diabetic rats with painful diabetic neuropathy. Numerous scientific
reports have demonstrated that neuronal death in hyperglycemia and
painful diabetic neuropathy is markedly associated with activation of
caspase-3 (Rasoulian et al., 2018; Kaeidi et al., 2011; Joseph and
Levine, 2004).

Furthermore, it has been reported that orexin-A receptors in the
spinal cord are involved in the modulation of pain and nociceptive
transmission in diabetic neuropathy (Cartmell et al., 1991; D'amour and
Smith, 1941). Additionally, some investigations indicated that chronic
administration of orexin-A can improve some neurological disorders in
experimental autoimmune encephalomyelitis (Fatemi et al., 2016), and
in a rat model of Parkinson's disease (Hadadianpour et al., 2017).

In this investigation, we find that orexin-A administration can im-
prove the motor coordination defects in diabetic rats. It has been de-
monstrated that chronic hyperglycemia can lead to motor coordination
injury in diabetic animals (Esmaeili Mahani and Kaeidi, 2012;
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Hajializadeh et al., 2014; Kaeidi et al., 2013). Furthermore, motor
function deficits in human subject with diabetic neuropathy was shown
in several studies (Gutierrez et al., 2001; Said et al., 2008). Dysfunction
of motor function in diabetes may be related to motor neuron injury in
hyperglycemia situation. As mentioned previously, chronic hypergly-
cemia leads to oxidative stress and apoptosis in the peripheral nervous
system (Edwards et al., 2008). So, orexin-A by preventing the oxidative
stress and neuronal apoptosis can insert their neuroprotection effects on
motor neurons and therefore improve the motor coordination in dia-
betic animals.

Altogether, the analgesic effects of orexin-A might be mediated
through the attenuation of neuronal apoptosis in rats with painful
diabetic neuropathy. On the other hand, we suggest that this finding be
evaluated by co-administration of the orexin receptor-A and B an-
tagonist (as the main limitation of our study) in further investigations.

6. Conclusion

In conclusion, the results of this study showed that the orexin-A has
antinociceptive and neuroprotective effects, as confirmed by behavioral
and molecular assessments in a rat model of painful diabetic neuro-
pathy. The orexin-A treatment had a significant effect on the reduction
of thermal hyperalgesia and neuronal apoptosis in the spinal cord
lumbar portion of the STZ-induced diabetic animals.
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