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The effect of CA1 administration of orexin-A
on hippocampal expression of COX-2 and
BDNF in a rat model of orofacial pain

O efeito da administracao de CA1 de orexina-A na expressao hipocampal de COX-2 e BDNF
em um modelo de dor orofacial em ratos

Razieh Kooshki', Mehdi Abbasnejad’, Saeed Esmaeili-Mahani’, Maryam Raoof?3

ABSTRACT

The neuropeptide orexin-Aand its receptors are widely distributed in both hippocampal circuitry and pain transmission pathways. Objective:
Involvement of the CA1 orexin 1 receptor (OX1R) on the modulation of orofacial pain and pain-induced changes in hippocampal expression
of cyclooxygenase-2 (COX-2) and brain-derived neurotrophic factor (BDNF) was investigated. Methods: Orofacial pain was induced by an
intra-lip injection of capsaicin (100 pg). Reverse transcription polymerase chain reaction and immunoblot analysis were used to indicate
changes in hippocampal BDNF and COX-2 expression, respectively. Results: Capsaicin induces a significant pain response, which is not
affected by either orexin-A or SB-334867-A, an OX1R antagonist. However, an increased expression of COX-2 and decreased expression of
BDNF was observed in the hippocampus of animals that received capsaicin or SB-334867-A (80 nM) plus capsaicin. Meanwhile, orexin-A
(40 pM) attenuated the effects of capsaicin on the expression of COX-2 and BDNF. Conclusions: CA1 OX1R activation moderates capsaicin-
induced neuronal inflammation and neurotrophic deficiency.
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RESUMO

O neuropeptideo orexina-A e seus receptores estdao amplamente distribuidos nos circuitos do hipocampo e nas vias de transmissao da dor.
Objetivo: O envolvimento do receptor de orexina 1 CA1 (OX1R) na modulacao da dor orofacial e alteragoes induzidas pela dor na expressao do
hipocampo de ciclooxigenase-2 (COX-2) e fator neurotréfico derivado do cérebro (BDNF) foi investigado. Métodos: A dor orofacial foiinduzida
por injecao intra-labial de capsaicina (100 ug). A reacao em cadeia da polimerase de transcricao reversa e a anélise de imunotransferéncia
foram utilizadas para indicar alteracoes na expressao de BDNF e COX-2 no hipocampo, respectivamente. Resultados: A capsaicina induz
uma resposta significativa a dor, que nao é afetada pela orexina-A ou pelo SB-334867-A, um antagonista do OX1R. No entanto, uma
expressao aumentada de COX-2 e uma expressao diminuida de BDNF foi observada no hipocampo de animais que receberam capsaicina
ou SB-334867-A (80 nM) mais capsaicina. Enquanto isso, a orexina A (40 pM) atenuou os efeitos da capsaicina na expressao de COX-2 e
BDNF. Conclusdes: A ativacao de CAT OX1R modera a inflamacéo neuronal induzida por capsaicina e a deficiéncia neurotréfica.

Palavras-chave: Dor facial; orexinas; fator neurotréfico derivado do encéfalo; ciclo-oxigenase 2; ratos.

Orofacial pain is one of the most prevalent and debilitat-
ing pain conditions that arise from oral and facial structures.
It is also characterized by significant mood distresses and
neuronal deficiencies. It is widely accepted that the trigemi-
nal subnucleus caudalis serves as the critical brainstem relay
for orofacial nociception'2

Transient receptor potential vanilloid 1 channels are
expressed in a subpopulation of trigeminal sensory neurons.

Activation of transient receptor potential vanilloid 1 chan-
nels by chemical agents such as capsaicin, the active com-
pound of chili pepper, promotes calcium influx and sub-
sequent release of pro-inflammatory mediators and pain
molecules in trigeminal pathways®’. In particular, trigemi-
nal irritation might be associated with the overexpression
of cyclooxygenase-2 (COX-2). This is an inducible isoform
of the cyclooxygenase enzyme that plays an important role
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in initiation and progression of inflammatory responses®.
Spinal COX-2 up-regulation has been associated with
pain hypersensitivity following peripheral inflammation.
It is thought to be mediated through the activation of the
NF-kB-associated pathways®.

Brain-derived neurotrophic factor (BDNF) is an agonist
of tropomyosin receptor kinase B, a member of the tyrosine
kinases family’. The binding of BDNF to tropomyosin recep-
tor kinase B activates the downstream molecules and initi-
ates the signaling events that are essential for neuronal sur-
vival and synaptic plasticity®. Brain-derived neurotrophic
factor depletion in definite brain regions has been reported
in neurodegenerative and psychiatric disorders®. In addition,
BDNF is well known as a pain mediator in spinal and tri-
geminal nociceptive synapses. It has been shown that BDNF
expression and induction is altered during either nociceptive
or inflammatory processes™.

Orexin-A and orexin-B are hypothalamic peptides that
stimulate target cells via two G-protein-coupled recep-
tors, named orexin 1 receptor (OX1R) and orexin 2 recep-
tor (OX2R). Orexin-A equally binds to both OXIR and
OX2R, whereas orexin-B shows a much higher affinity for
OX2R than that for OXIR". Orexinergic neurons distrib-
ute through the central nervous system and regulate vari-
ous physiological functions'®. Specifically, orexin-A and
OXI1R are densely expressed in hippocampal formation'.
It has been indicated that hippocampal orexin-A micro-
injection increases synaptic plasticity and memory effi-
ciency in rats'. Orexin-A also acts as a potent analgesic'®"".
Specifically, the orexin-A modulatory effect on trigeminal
nociception has been demonstrated using different behav-
ioral and electrophysiological studies'®". Amazingly, orexin-
A treatment was also able to diminish learning and mem-
ory loss in capsaicin-treated rats'. However, the underlying
mechanismy(s) of orexin-A effects on the modulation of oro-
facial pain and pain-induced cognitive deficiency are poorly
understood. In the present study, we investigated the role
of CA1 OXIR in the modulation of capsaicin-induced neu-
ronal inflammation and neurotrophic deficiency in the hip-
pocampus, with emphasis on alterations in hippocampal
expression of COX-2 and BDNF.

METHODS

Animals

Adult male Wistar rats, with a weight of 230-255 g were
selected for the experiment. Animals were kept in a tem-
perature-controlled room at 22°C + 1°C, with a standard
12-hour light/dark cycle. The animals were given ad libitum
access to food and water. The protocol was approved by
the ethical committee of the Kerman University of Medical
Sciences, Kerman, Iran (EC: 93.26). All efforts were made to
minimize suffering.
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Surgery

The rats were deeply anesthetized by intraperitoneal
injection of ketamine (100 mg/kg) combined with xylazine
(10 mg/kg). The animals were placed in a stereotaxic appara-
tus and stainless steel guide cannulas (22-gauge) were bilat-
erally implanted in the CA1 region according to the Paxinos
and Watson atlas (3.8 mm posterior to the bregma, 2.2 mm
lateral from the midline and 3.2 mm depth to the cortical sur-
face). Two screws were inserted into the skull. Dental cement
mixed with acrylic liquid was used to firmly hold the guide
cannula. The cannulas were then closed by tightly-fitting
screws. All animals were allowed at least one week to recover
from surgery, before the microinjection of drugs. At the end
of the experiment, methylene blue was injected through the
guide cannula to confirm the correct cannula placement.
If the cannula was not fixed in the exact place, that data was
discarded from the analysis.

Drugs

Capsaicin (Sigma-Aldrich, USA) was dissolved in a combi-
nation of Tween 80/ethanol/distilled water (1:1:8). Orexin-A
and SB-334867-A (both Tocris, USA) were dissolved in nor-
mal saline and dimethyl sulfoxide, respectively.

Microinjection

Orexin-A and SB-334867-A were microinjected into the
CAl using an injection needle (27-gauge) that was attached
by polyethylene tubing to a 5 ul Hamilton microsyringe. The
injection needle was inserted 1 mm beyond the tip of the
guide cannula. Infusions were delivered in a total injection
volume of 2 pl (1 pl each side). The needle was left in place for
another 30 seconds to avoid back flush.

Experimental groups

Four experimental groups of rats (n = 6) were used as
follows: sham group, which received no injection; capsa-
icin group, which received subcutaneous intra-lip injection
of capsaicin (100 pg/10 pg); and OX1R agonist and antago-
nist pretreated groups, which received orexin-A (40 pM)
or SB-334867-A (80 nM) into the CAl, prior to capsaicin
injection. The future use of sham surgery as a control may
be necessary to validate the results. However, previous stud-
ies have shown that strictness of capsaicin-induced orofacial
pain was not affected by surgical procedures'®®. So, in the
present study, a sham surgical group was not included.

Pain induction

Capsaicin was subcutaneously injected into the rats
upper lip by using a 30- gauge hypodermic needle. Then,
the animals were individually placed in a clear plexiglass
test box (30x30x30 cm), with a mirror placed at a 45° angle
below the floor allowing for unbarred observation of the rats.
The nociceptive behavior response was characterized by the
time (seconds) that the animal spent rubbing the injected



area with its fore or hind paws, for a period of 40 minutes”.
Twenty-four hours after nociceptive assessment, the animals
were sacrificed under deep anesthesia by exposure to high
concentrations of carbon dioxide and the hippocampal tis-
sues were separated and stored at -80°C.

Western blot analysis

Rat hippocampal tissues were lysed in RIPA buffer con-
taining 10 mM Tris-HCI, pH 7.4, 150 mM NaCl, 1 Mm eth-
ylenediaminetetraacetic acid, 0.1% sodium dodecyl sulfate,
0.1% Na-deoxycholate, 1% NP-401% NP-40 and protease
inhibitors (1 mM phenylmethylsulfonyl fluoride, 2.5 pg/ ml of
leupeptin, 10 pg/ml of aprotinin) and 1 mM sodium orthovan-
adate. Equal amounts of protein from each sample (40 pg)
were separated using sodium dodecyl sulfate polyacrylamide
gel electrophoresis and transferred to a polyvinyl difluoride
membrane. Blots were then blocked with 3% nonfat milk in
0.1% Tween-Tris-buffered saline for two hours at room tem-
perature, followed by overnight (4°C) incubation with COX-2
primary antibody (1:15,000, Santa Cruz Biotechnology,
USA). The primary antibody was detected with goat anti-
mouse horseradish peroxidase-conjugated secondary anti-
body (1:15,000, Santa Cruz Biotechnology, USA). The anti-
body-antigen complexes were identified using the ECL
system and exposed to Lumi-Film chemiluminescent detec-
tion film (Roche, Germany). Lab Works analyzing software
(UVP, UK) was used to evaluate the intensity of the blotting
bands. B-actin (1:10,000) was used as the loading control. The
expression values were presented as tested proteins / B-actin
ratio for each rat.

Reverse transcription polymerase chain reaction
(RT-PCR)

Total RNA was isolated from the hippocampus by a modi-
fied version of the guanidine isothiocyanate-phenol-chloro-
form method using RNX+ reagent. The RT-PCR reaction was
performed using Oligo-dT primer and M-MulLV reverse tran-
scriptase, based on the manufacturer’s protocol (Fermentas
GMBH, Germany). The reactions were incubated at 42°C
for 60 minutes and then inactivated at 70°C for 10 minutes.
Three separate PCR reactions were used for studying gene
expression in the samples obtained from each rat. Each PCR
reaction was carried out using selective forward and reverse
primers for B-actin (as an internal standard) and BDNF
genes. The sequence of the primers used was: BDNF forward:
5'TCCATT CAG CAC AAG CC-3'; BDNF reverse: 5’GAG CCC
AGT CAG GTA ACC AC-3'; B-actin forward: 5'-CCC AGA
GCA AGA GAG GCA TC-3'; B-actin reverse: 5'-CTC AGG
AGG AGC AAT GAT CT-3'. Tag DNA polymerase (Cinaclon,
Iran) was used for DNA amplification and reactions were set
according to the manufacturers’ instructions. The PCR reac-
tions were incubated at 94°C for five minutes, followed by 35
cycles of thermal cycling (45 seconds at 94°C, 45 seconds at
60°C and 45 seconds at 72°C). 'The final cycle was followed

by a five-minute extension step at 72°C. For analysis of PCR
products, prestained (EtBr) 1.5% agarose LMMP (Roche,
Germany) gel was used.

Statistical analysis

Data are presented as means + standard error of the
mean. Statistical analysis comprised one-way analysis of
variance followed by post-hoc Tukey’s test. The p-value < 0.05
was considered statistically significant.

RESULTS

Nociceptive behavior assessment

Capsaicin-treated rats showed significant increases in
nociceptive responses (p < 0.001). Pretreatment with either
orexin-A (40 pM) or SB-334867-A (80 nM), into the CA1l,
had no significant effect on capsaicin-induced nociceptive
behavior (Figure 1).

The effects of CA1 microinjection of OX1Rs agonist and
antagonist on hippocampal COX-2 induction in capsaicin-
treated rats

Immunoblot analysis showed significant differences in
hippocampal COX-2 protein levels among the different experi-
mental groups. As shown in Figure 2, COX-2 induction in cap-
saicin (p < 0.01) and SB-334867-A-pretreated (p < 0.001) groups
were significantly increased compared with the sham group;
while pretreatment with orexin-A (40 pM) diminished the
effects of capsaicin on COX-2 expression (p < 0.001) (Figure 2).

The effects of CA1 microinjection of OX1Rs agonist and
antagonist on hippocampal BDNF expression in capsaicin-
treated rats

In capsaicin-treated rats, the BDNF mRNA expression
was significantly decreased compared with the sham group
(p < 0.01). However, in rats microinjected with orexin-A
(40 pM) prior to capsaicin application, BDNF expression was
up-regulated compared with the capsaicin group (p < 0.001)
(Figure 3).
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Figure 1. Effects of CATadministration of orexin-A (40 pM)

and SB-334867-A (80 nM) on capsaicin-induced nociceptive
behavior. Data are presented as mean + SEM (n = 6).
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Figure 2. Effects of CA1 administration of orexin-A (40 pM) and
SB-334867-A (80 nM) on capsaicin-induced COX-2 expression
in the hippocampus. Values represent mean + SEM.
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Figure 3. Effects of CA1 administration of orexin-A (40 pM)
and SB-334867-A (80 nM) on capsaicin-induced change in
hippocampal expression of BDNF. Values represent mean + SEM.

DISCUSSION

In the present study, high levels of COX-2 protein in the
hippocampus were detected following capsaicin-induced oro-
facial pain. Interestingly, CA1 administration of orexin-A was
able to attenuate the effects of capsaicin on COX-2 induction.
COX-2 is a potent neuro-inflammatory molecule that has a
critical role in nociceptive modulation and neurological chal-
lenges. In the central nervous system, COX-2 is highly distrib-
uted in hippocampal neurons and its expression is correlated
with the induction of pro-inflammatory cytokines and pain
molecules®. In the study by Gao and Duan, increased COX-2
in the trigeminal subnucleus caudalis of rats was observed fol-
lowing tooth movement pain®. Capsaicin activates transient

Arg Neuropsiquiatr. 2018;76(9):603-608

receptor potential vanilloid 1 channels on a subpopulation
of primary afferent sensory neurons, specifically C fibers,
involved in nociception. It causes prolonged and burning pain
responses via induction of pain neuropeptides and mediators
including neurokinin-A, substance P and CGPR in trigeminal
nerves®. Furthermore, capsaicin can induce central sensitiza-
tion and pain hypersensitivity by increased sensitivity within
the peripheral trigeminal nerves. Increasing central transmis-
sion of nociceptive signals results in enhancement of inflam-
matory pathways in brain circuitry®.

Here, orexin-A showed an anti-inflammatory effect
through down-regulation of COX-2. Consistent with the cur-
rent data, in the study by Xiong et al., tumor necrosis factor
alpha, an important pro-inflammatory cytokine, production
by lipopolysaccharide-stimulated microglial BV2 cells was sig-
nificantly reduced by orexin-A pretreatment®. It has been also
reported that the orexin system has a protective effect against
focal ischemia by modulation of inflammatory responses
in rats*. Rodent studies have shown that administration of
orexin-A results in significant suppression of formalin and
capsaicin-induced inflammation'”". There are strong correla-
tions between the up-regulation of pro-inflammatory media-
tors and the risk of neuronal damage and neurodegeneration.
Particularly, it has been reported that hippocampal-dependent
functions such as memory performance, synaptic plasticity
and neurogenesis are disturbed during pain and inflammatory
processes®. Orexin-A and OX1R receptors are widely expressed
in the hippocampus and improve cognitive performances and
synaptic plasticity in hippocampal formation'**. Moreover,
there are various well-documented reports on orexin-As neu-
roprotective and anti-apoptotic properties, which may be
beneficial in mediating the suppression of capsaicin-induced
neuronal inflammation®”*. Interestingly, Raoof et al. reported
that rat hippocampal OXIR expression is down-regulated
in responses to inflammatory tooth pain®. So, the inhibitory
effect of orexin-A on capsaicin-induced COX-2 expression may
be due to orexin-As neuroprotective potentials.

In addition, our data showed that intra-lip capsaicin
administration reduces BDNF mRNA expression in the hip-
pocampus. This result is supported by the findings of Duric
et al. that showed down-expression of hippocampal BDNF
following formalin or complete Freunds adjuvant-induced
inflammatory pain®. It has also been reported that neuro-
pathic pain induces spatial learning and memory impair-
ments as well as BDNF down-regulation in the hippocampus
of rats®. A recent study suggested that trigeminal neuralgia
induces cognitive deficits in rats. Moreover, it was associ-
ated with decreased activities of the c-AMP-responsive ele-
ment binding protein (CREB)/BDNF pathway, as a critical
pathway involved in synaptic remodeling and memory con-
solidation®*. Other studies, however, indicated that the
BDNF/TrkB-mediated signaling pathway is involved after
tissue injury and in the development of nerve injury-induced
neuropathic pain®*,



The present data also indicated that capsaicin-induced
BDNF down-regulation is blocked following CAl admin-
istration of orexin-A. In line with this finding, Harada et al.
indicated that suppression of postischemic glucose intoler-
ance by orexin-A leads to the prevention of cerebral ischemic
neuronal damage. They suggested that hypothalamic BDNF
plays a noticeable role in this effect of orexin-A*. Activation
of orexin receptors leads to the mobilization of excitatory
intracellular cascades including cAMP-dependent protein
kinase and the mitogen-activated protein kinase pathways
as well as transducing Ca*-dependent signals. These events
have critical effects on regulation of transcriptional factors
involved in the CREB pathway activity and BDNF expres-
sion*. Moreover, BDNF signaling can be also activated fol-
lowing neuronal depolarization®. So, orexin-A-induced neu-
ronal excitability might be an important mechanism for
BDNF induction.

It has been already reported that orexin-A is a strong
analgesic. However, in this study, the effects of orexin-A on
the expression of BDNF and COX-2 in the hippocampus were
not associated with the alterations in nociceptive responses,
suggesting a site-dependent effect of orexin-A. The hippo-
campal formation is connected to a number of pain centers
in the brain; however, it is a secondary rather that a primary
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