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Chapter 8

Orexinergic System and Antinociception 

Ercan Özdemir1

Abstract

Orexin-A and orexin-B neuropeptides are specifically synthesized and 
secreted in hypothalamic neurons. It is known that the orexinergic system 
participates in pain modulation as well as its roles in various physiological 
processes such as feeding, stress processing, endocrine and cognitive 
functions. Orexin ligands activate orexin type-1 (OXR1) and orexin type-2 
(OXR2) receptors, each with a different distribution. Orexins are mediators 
that play important roles in regulating pain perception at the spinal and 
supraspinal levels. These regulatory roles of orexins have been demonstrated 
in mechanical, thermal, and chemical models of pain. Periaqueductal gray 
(PAG) area of the central nervous system plays an important role in the pain 
modulation of orexins. Furthermore, the orexinergic system locus seroleus 
(LC) and paragigantocellular lateralis (LPGi) are associated areas and play 
an important role in chronic neuropathic pain, stress pain and migraine pain 
as well as opioid analgesic activity. In addition, it has been expressed that the 
antinociceptive effects of orexins are mediated by endocannabinoids. This 
review summarizes studies investigating the antinociceptive effects of orexin 
in various types of pain, including migraine, neuropathic pain, visceral and 
orofacial pain, and its effects on opioid analgesia and tolerance. 

1. Introduction

Orexin-A and orexin-B neuropeptides that make up the orexin (hypocretin) 
system are produced by enzymatic reactions from prepro-orexin in the 
lateral hypothalamus. Each of these neuropeptides exert their effects via two 
G-protein coupled receptors (GPCR) called orexin-1 (OX1) and orexin-2 
(OX2). Orexin-A activates both OX1 and OX2 receptors with similar affinity, 
while orexin-B activates only OX2 receptors (1).
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Orexinergic neurons are located especially in the dorsal medial 
hypothalamus, perifornical area, and lateral parts of the lateral hypothalamus 
(2, 3). These neuropeptides have been reported to be involved in a wide variety 
of physiological functions such as arousal (4), feeding (2), neuroendocrine 
processes (5), and autonomic control (6). There are two types of G-protein 
coupled receptors for orexin ligands that are distributed differently in the 
central nervous system (7). These receptors are orexin type-1 (OX1R) 
and orexin type-2 receptors. OX1R is selective for orexin-A, while OX2R 
binds both orexin neuropeptides (2). The widespread distribution of orexin 
receptors in the central nervous system explains the multifaceted contribution 
of the endogenous orexinergic system to homeostatic regulation in the brain 
(2). Abundant evidence suggests that both OX1 and OX2 receptors are 
expressed on the soma at pre- and post-synaptic terminals, as well as in the 
medial and lateral hypothalamic areas (8).

Numerous studies have shown that orexins have antinociceptive effects 
in the brain and spinal cord in different types of pain, including mechanical 
(tail-pressure), thermal (hot-plate, tail-flick, claw-retraction), chemical 
(formalin, capsaicin, and abdominal) (9). Orexin receptors can be detected 
in many brain structures known to be involved in the transmission of pain 
signals (10). It has been reported that Orexin-A exerts antinociceptive effects 
in both the brain and spinal cord. In contrast, it is stated that orexin-B has 
little antinociceptive effect (11). The periaqueductal gray (PAG) area in the 
central nervous system is an important site in pain regulation by orexins. 
The analgesic supraspinal mechanism involves retrograde inhibition of 
GABA release in the ventrolateral PAG. In addition, orexins interact with 
endocannobinoids to produce analgesia (12).

The purpose of this section is to elucidate the role of orexin, a hypothalamic 
neuropeptide, modulation of pain transmission, opioid analgesia and 
tolerance.

2. Mechanisms of Analgesic Effect of Orexin

A large body of evidence provides important insights into the possible 
mechanisms of orexin’s analgesic action. Orexin increases antinociceptive 
activity in the ventral tegmental area (VTA) by activation of orexinergic 
receptors in the nucleus accumbens (NAc) in rats (13, 14). Functions 
related to nutrition, neuroendocrine functions, sensory information and 
nociception are probably formed as a result of mutual interactions of orexins 
and neurokinin-1 receptor. This is evidenced by the direct anatomical contact 
between orexin-A and neurokinin-1 receptors in the marginal layer of the 
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dorsal horn (15). Another analgesic mechanism of action with Orexin-A 
is retrograde inhibition by GABA secretion by increasing the production 
of 2-arachidonoylglycerol (2-AG), an endocannabinoid, in the ventrolateral 
PAG (16). In addition, a study with orexin-B suggested that activation of 
glycinergic and purinergic neurotransmission at the spinal level enhanced 
the analgesic effect of orexin (17).

3. Orexinergic System and Neuropathic Pain

Orexinergic neurons play an important role in chronic neuropathic pain 
as well as stress pain, headache, migraine pain (Table 1). It is a treatment-
resistant chronic pain condition that results from any lesion or disease of the 
somatosensory nervous system and has adverse effects on quality of life. The 
role of the orexinergic system in neuropathic pain has been demonstrated 
in various animal models. The effect of orexin-A on neuropathic pain was 
evaluated in rats with neuropathic pain created by sciatic nerve ligation. 
Orexin-A administered intrathecally 7 days after sciatic nerve injury reduced 
the level of mechanical allodynia and neuropathic pain induced by partial 
sciatic nerve ligation (18). 

It reveals that orexins can reduce heat-induced hyperalgesia in rats with 
chronic constriction damage to the sciatic nerve. Orexin-A administration 
inhibited hyperalgesia caused by sciatic nerve damage, while orexin-A 
antiserum antagonizes this effect (19). In addition, orexin-A inhibits Ca2+ 
flow through the L-type Ca2+ channel in dorsal root ganglion (DRG) 
neurons of rat segmental spinal nerve ligation with its effect on high K+-
induced [Ca2+]i increase. This indicates an important effect of orexin for 
nociceptive modulation. In addition, nifedipine and lidocaine potently block 
high K+-induced depolarization [Ca2+] increase in rats with spinal nerve 
ligation (20). Furthermore, neuropharmacological evidence indicates that 
OXR2 mediates its inhibitory effects on KCl-induced increases in [Ca2+]i 
in C-fiber neurons in a model of sciatic nerve ligation-induced hyperalgesia 
in rats (21). In a neuropathic pain model in rats, orexin-A exerts its 
antinociception effect through injection of the cholinergic agonist carbachol 
and stimulation of the posterior hypothalamus, partially mediated by the 
OXR1 in the dorsal horn of the spinal cord (22). Intrathecal administration 
of orexin-A to animals significantly reduced the occurrence of mechanical 
allodynia experimentally induced by sciatic nerve ligations (18). In addition, 
intrathecal administration of orexin-A blocked hyperalgesia, a form of 
neuropathic pain, in streptozotocin-induced diabetes mellitus mice (23). 
Moreover, orexin neurons show that they modulate the sensations of 
pain and itching in the opposite direction, namely pain relief and itching 
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exacerbation (24). In addtion, orexin-A/OX1R signaling has been shown to 
play an important role in the prevention of central poststroke pain in mice 
through activation of the descending pain control system (25). 

Table 1. Summary of studies on pain modulation of the orexinergic system

Orexin A/Orexin B OXR1/
OXR2

Pain models Antinociceptive
activity

Ref.

Orexin A/Orexin B
(i.c.v. and i.t.)

OXR1/
OXR2

Tail-flick, hot-plate 
test, in mice

Enhanced 
antinociception

(9)

Orexin A
(i.c.v.)

OXR1
agonist

Tail-flick test, in rats Inhibitory effects of 
pain on RVM 

(26)

Orexin A
(intra-PAG 
injection) 

OXR1
agonist

Formalin test, in rats Decreases nociception (27)

Orexin A
(intra-LPGi)

OXR1 Formalin test, in rats Decreases nociception (28)

Orexin A
(i.c.v. and i.t.)

OXR1 Sciatic nerve ligation 
(neuropathic pain 
model) in rats 

Alleviates mechanical 
allodynia 

(18)

Orexin A (i.v.)
Orexin B (i.v.)

OXR1
OXR2

Model of 
trigeminovascular 
nociception in rats 

Orexin A has 
antinociception
Orexin B has no 
antinociception

(29)

Orexin A OXR1 Model of 
trigeminovascular 
nociception in rats 

Inhibit A-fibre 
responses to electrical 
stimulation

(30)

Orexin A
antagonist

OXR1
(SB-
334867)

Formalin test, in rats Attenuate swim- and 
restraint stress-induced 
antinociception

(10)

icv, intrcerebroventricularis; it, intratechalis; LPGi, paragigantocellularis lateralis; 
RVM, rostral ventral medulla

4. Orexinergic System and Stress Induced Analgesia

The stress-induced analgesic effect is an important form of the defensive 
behavioral reaction to fight-or-flight (31). Acute and chronic stress affect the 
orexinergic system, causing changes in both pain threshold and nociceptive 
behaviors (32). Evidence suggests that chronic stress activates orexin neurons 
and thereby inhibits pain transmission In addition, stressful conditions in 
experimental animals appear to increase orexin levels, resulting in improved 
animal performance and blocking of pain signals (33). Recent evidence has 
shown that the interaction between corticotropin-releasing factor (CRF) 
and orexinergic neurons may be physiopathologically related to the control 
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of stress-related behaviors. Activation of the orexinergic system modulates 
the activity of CRF neurons via OX2R (7). Many evidences suggest that 
OX1R responds to both pain and stressful stimuli and is therefore likely to 
be involved in stress-induced analgesia (34).

During stress, hypothalamic orexin neurons are activated and orexins 
are released. Increasing 2-arachidonoylglycerol (2-AG) activates the orexin 
receptor type-1 in the lateral PAG, resulting in analgesia. Stress analgesia 
has been demonstrated in a mouse model where the orexin and nociceptin/
orphanin FQ systems coordinately regulate nociception (31). In an 
experimental study, the paw thermal nociceptive test showed that restraint of 
immobilization of the rat increased the pain threshold by 20.5%. Injection of 
nociceptin/orphanin into the perifornical area of the lateral hypothalamus in 
rats significantly reduced stress-induced analgesia. It has been reported that 
the formation of stress-induced analgesia is mediated by direct inhibition of 
the orexinergic system in the perifornical area (35). Intracerebroventricular 
injection of the selective orexin receptor type-1 antagonist SB 334867 
reduced the analgesic effect of restraint stress in the formalin test. Similarly, 
blocking of orexin-1 receptors with SB-334867 in rats resulted in a reduction 
in antinociceptive behaviors induced by swimming and restraint stress in the 
formalin test (10). Therefore, it can be stated that the orexin receptor type-1 
mediates an opioid-independent stress-induced analgesia. In one study, prior 
administration of the OXR1 antagonist SB 334867 resulted in a reduction 
in the antinociceptive effects of restraint stress in animals (36). 

In addition, another study demonstrated the role of orexin receptors in 
antinociception induced by swimming or restraint stress. This study showed 
that exposure to 6 minutes of swimming stress combined with 30 minutes of 
restraint stress can significantly reduce formalin-induced nociception in rats. 
The analgesic effect caused by restraint stress or swimming stress was fully 
inhibited by the orexin-1 receptor antagonist SB-334867 (10).

5. Orexinergic System and Headache

Migraine is defined as a diffuse, chronic, debilitating neurovascular 
disorder associated with sensory sensitivity, usually manifested by severe 
unilateral headaches. Cluster headache, on the other hand, is a disease 
that starts with recurrent unilateral pain attacks, is severe, and is often 
associated with autonomic symptoms (37). In general, cluster headache and 
migraine are expressed as the two main primary headache disorders. The 
basic mechanism in the occurrence of migraine includes the activation of 
the trigeminovascular system. Orexin-A prevented electrical stimulation-
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induced vasodilation, which was prevented by SB-334867 pretreatment. In 
addition, orexin-A blocks the prejunctional release of calcitonin gene-related 
peptide (CGRP), which is very important in migraine, from trigeminal 
neurons (38).

Furthermore, it has been determined that the activation of the 
hypothalamus has an important role in the physiopathology of cluster 
headache. Cluster headache manifests itself with circadian or seasonal 
attacks and shows some features such as changes in hormone levels (37). 
Orexin neurons are highly organized in the hypothalamus and show broad 
projections to areas involved in nociception and autonomic regulation. 
Given these features of the orexinergic system, orexins are likely to play 
an important role in the pathogenesis of cluster headache and migraine. 
Injection of orexin-A into the posterior hypothalamic region of the rat 
reduces A- and C-fiber type nerve responses to dural electrical stimulation 
in the trigeminal nucleus caudalis and harmful thermal stimulation of the 
facial receptive field (39). Intravenous administration of orexin-A has been 
shown to inhibit neurogenic dural vasodilation through OXR1 activation. 
This effect acts on the trigeminovascular system, causing partial blocking 
of calcitonin gene-related peptide (CGRP) release (29). In another study, 
intravenous injection of orexin-A was shown to block type-A nerve fiber 
responses to dural electrical stimulation through activation of OXR1 (30).

Although many studies support that the orexinergic system has a very 
important role in the pathophysiology of migraine, the results of a clinical 
study show that the orexin receptor antagonist fluorexant does not have 
sufficient analgesic effect as a potential therapeutic approach in migraine (40).

6. Orexinergic System and Visceral Pain

Visceral sensation is one of the main functions of the gastrointestinal 
tract and is controlled by the central nervous system. The modulatory 
role of orexins secreted from the brain in visceral sense indicates that the 
orexinergic system may play a role in the pathophysiology of irritable bowel 
syndrome (41). According to a study, intracisternal injection of orexin-A 
caused an increase in the threshold volume of the abdominal withdrawal 
reflex due to colonic distension. At the same time, the threshold volume 
was not changed by the intracisternal OXR1 antagonist SB334867, while 
centrally administered SB334867 completely blocked the morphine-induced 
analgesic effect against colonic enlargement (42). The results obtained in this 
study show that orexin-A can play a modulatory role by being secreted from 
the central nervous system to prevent pain caused by colonic distension. 
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Furthermore, dopaminergic signaling pathways have also been found to 
play an important role in orexin-induced central analgesic activity against 
colonic distension (43). In addition, prior administration of the D1 dopamine 
receptor antagonist SCH23390 to animals prevented the analgesic effect 
from centrally injected orexin-A for colonic distension (44). Moreover, it 
has been demonstrated that the adenosine signaling system also plays an 
important role in visceral antinociception regulated by the orexinergic 
system. Evidence suggests that subcutaneous administration of theophylline, 
an adenosine antagonist, or 1,3-dipropyl-8-cyclopentylxanthine, an 
adenosine A1 receptor antagonist, against colonic distension caused by the 
centrally injected A1 agonist N(6)-cyclopentyladenosine (CPA) or orexin-A. 
demonstrated that it inhibits antinociceptive activity (44). 

5. The Role of the Orexinergic System on Morphine Analgesia and 
Tolerance

Opioid drugs such as morphine are frequently used in the clinic for the 
treatment of chronic and severe pain. On the other hand, long-term use of 
these drugs often causes tolerance to analgesic effects (45). There are several 
possible explanations for the development of morphine tolerance, including 
activation of an intracellular signaling pathway such as nitric oxide (NO) 
and mammalian rapamycin target (mTOR), apoptosis in dorsal ganglion 
neurons, ghrelin and opioid receptor desensitization, and endocannabinoid 
receptor induction (46-49). Numerous studies have shown that OXR1 
antagonist administration causes a decrease in the development of morphine-
induced tolerance (50-52) (Table 2). 

Co-administration of OXR1 antagonist SB-334867 with morphine 
inhibits the development of opioid tolerance. Therefore, these data suggest 
that OXR1 plays an important role in the development of tolerance to 
morphine (51).
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Table 2. The role of the orexinergic system on morphine analgesia and tolerance 

Orexin A/
Orexin B

OXR1/
OXR2

Pain models Morphine analgesia 
and tolerance

Ref.

Orexin A
antagonist

OXR1 
antagonist
(SB-334867)

Tail-flick, hot-plate 
test, in rats

Attenuates 
morphine tolerance

(52)

Orexin A
antagonist

OXR1 blockade
(SB-334867)

The electrical 
activity of LC 
neurons was studied 
using single unit 
recording in rats

Prevents morphine 
tolerance

(53)

Inhibits
orexin A 
secretions 
(Yokukansan) 

No receptor 
blockade

Hot-plate test, in 
rats

Attenuates 
morphine tolerance

(54)

No effect OXR1/OXR2 
antagonist 
suvorexant

Tail-flick test in mice Reduces morphine 
tolerance and 
dependence

(55)

No effect OXR1 
antagonist
(SB-334867)

The electrical 
activity of LC 
neurons was studied 
using single unit 
recording in rats

Attenuates 
morphine tolerance

(56)

Orexin B OXR2
agonist

Tail-flick, hot-plate 
test, in rats

Attenuates 
morphine tolerance

(52)

No effect OXR1 
antagonist, icv
(SB-334867) 

The electrical 
activity of LPGi 
neurons was studied 
using single unit 
recording in rats

Prevents morphine 
tolerance

(57)

No effect OXR1 
antagonist, icv
(SB-334867

Transparent 
cylindrical plexiglas 
test chamber, in rats

Decreases naloxone 
precipitated 
morphine 
withdrawal signs.

(58)

No effect OXR1 
antagonist, icv
(SB-334867

Transparent 
cylindrical plexiglas 
test chamber, in rats

Decreases naloxone 
precipitated 
morphine 
withdrawal signs.

(59)

No effect OXR1 
antagonist, icv
(SB-334867

The warm-water 
tail immersion test, 
in rats

Attenuates 
morphine tolerance 
and dependence

(60)

No effect OXR1 
antagonist, icv
(SB-334867

Tail-flick  test, in rats Attenuates 
morphine analgesic 
tolerance

(51)

icv, intrcerebroventricularis; LC, locus coeruleus; LPGi, paragigantocellularis lateralis
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In addition, orexins play a modulatory role in the analgesic effect of met-
enkephalin in locus coeruleus (LC) neurons. The nucleus locus coeruleus is 
one of the important central nervous system regions in the analgesic activity 
of opioids and the development of tolerance to morphine. However, they are 
detected in high concentrations in LC neurons of the orexin receptor type-1 
(61). Spinal administered orexin-A has been shown to reduce mechanical 
hyperalgesia caused by repeated intradermal injections of the mu opioid 
receptor agonist DAMGO via OX1R (62). Inhibition of OXR1 with SB-
334867 induced a significant alleviation of the development of morphine 
dependence and behavioral symptoms induced by naloxone administration 
in rats. In addition, long-term blockade of OXR1 may reduce formalin-
induced nociception (63).

In one study, intracerebroventricular administration of the OXR1 
antagonist SB-334867 to rats demonstrated tolerance to the nociceptive 
effect of morphine and a reduction in naloxone-induced withdrawal 
symptoms. Therefore, orexins may play a role in morphine analgesic 
tolerance and dependence via OXR1 receptors (60). In another study, when 
the selective orexin receptor-1 antagonist SB-334867 was administered 
to rats in the locus cereleus, morphine reduced analgesic tolerance and 
the development of physical dependence (59). In an electrophysiological 
study, it was shown that blockade of orexin type-1 receptors prevented 
the development of morphine tolerance in the lateral paragigantocellularis 
nucleus of rats (57). Similarly, blocking the orexin type-1 receptor in the 
lateral paragigantocellularis nucleus in rats has been shown to reduce 
naloxone-induced morphine withdrawal symptoms (58). In two studies 
at different times, the central inhibition of orexin type-1 receptors with 
an OXR1 antagonist showed significant reductions in activation of locus 
coeruleus (LC) neurons in morphine-dependent rats with naloxone (56, 
64). In an electrophysiological study, it was demonstrated that OX1R 
blockade by SB-334867 in rats prevented the development of morphine 
tolerance in LC neurons (53).  Administration of suvorexant, an OXR1 
antagonist, to mice reduces morphine-induced tolerance and dependence. 
In addition, with repeated administrations, morphine increases tolerance 
and dependence in mouse brain through elevation of NMDA, p-ERK and 
CREB protein levels. Suvorexant prevents opioid tolerance and addiction 
by blocking orexin receptors in the brain and lowering p-ERK and CREB 
protein levels (55).

Bilateral administration of the OX1 receptor antagonist into the nucleus 
accumbens (NAc) showed that morphine sensitization acquisition was 
reduced, but the OXR2 antagonist produced similar effects only at the 
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maximal dose. These findings suggest that the OX1 and OX2 receptors are in 
the NAc and play a role in acquiring morphine sensitivity (65). Yokukansan, 
a traditional herbal (Kampo) drug consisting of seven components, has been 
shown to reduce morphine tolerance through inhibition of orexin-A secretion 
(54). In an experimental study, it was reported that orexin-A may participate 
in the expression of naloxone-induced morphine withdrawal syndrome by 
partially reducing the activity of neurons carrying GABAA receptors (66). 
In addition, co-administration of OX1R antagonist SB-334867 and OX2R 
agonist orexin-B with morphine to rats decreased morphine tolerance in tail-
flick and hot-plate antinociceptive tests (52).

6. Conclusion

Numerous evidences confirm that orexinergic neurons show 
antinociceptive activity at both spinal and supraspinal levels in various types 
of pain, such as neuropathic pain, migraine pain, stress pain, and headache. 
According to the literature, orexin-A shows its antinociceptive activity by 
OX1 receptors and this activity is more than orexin-B. Although many 
mechanisms have been suggested, the antinociceptive action mechanisms 
of orexins have not been fully elucidated. Ventrolateral PAG is an important 
site of pain modulation of orexinergic neurons and plays a role in supraspinal 
regulation. Retrograde GABA secretion has an important role in this 
supraspinal mechanism. In addition, clinical studies investigating the role of 
the orexinergic system in pain processing are mostly related to the treatment 
of migraine, cluster headache, chronic neuropathic pain, and stress pain. The 
results of the studies showed that orexin receptors, especially OXR1, play an 
important role in morphine analgesic tolerance and dependence.



Ercan Özdemir | 113

References

1. Boss C, Roch C. Recent trends in orexin research–2010 to 2015. Bioorg Med 
Chem Lett. 2015;25:2875–87.

2. Sakurai T, Amemiya A, Ishii M, Matsuzaki I, Chemelli RM, Tanaka, et 
al. Orexins and orexin receptors: a family of hypothalamic neuropepti-
des and G protein coupled receptors that regulate feeding behavior. Cell. 
1998;92:573-585.

3. Peyron C, Tighe DK, Van Den Pol AN, Lecea L De, Heller HC, Sutcliffe JG, 
Kilduff TS. Neurons containing hypocretin (orexin) project to multiple 
neuronal systems. J Neurosci. 1998;18:9996-10015.

4. Chemelli RM, Willie JT, Sinton CM, Elmquist JK, Scammell T, Lee C, 
et al. Narcolepsy in orexin knockout mice: molecular genetics of sleep 
regulation. Cell. 1999;98:437-51.

5. Taylor MM, Samson WK. The other side of the orexins: endocrine and 
metabolic actions. Am J Physiol Endocrinol Metab. 2003;284;E13-E17.

6. Date Y, Ueta Y, Yamashita H, Yamaguchi H, Matsukura, S., Kangawa, K., 
et al. Orexins, orexigenic hypothalamic peptides, interact with autono-
mic, neuroendocrine and neuroregulatory systems. Proc Natl Acad Sci. 
U.S.A. 1999;96:748-753.

7. Marcus J, Aschkenasi C, Lee C. Differential expression of orexin receptors 1 
and 2 in the rat brain. J Comp Neurol. 2001;435:6–25.

8. Van den Pol AN, Gao XB, Obrietan K, Kilduff TS, Belousov AB. Pres-
ynaptic and postsynaptic actions and modulation of neuroendocrine 
neurons by a new hypothalamic peptide, hypocretin/orexin. J Neurosci. 
1998;18:7962-7971.

9. Mobarakeh JI, Takahashi K, Sakurada S, Nishino S, Watanabe H, Kato 
M, Yanai K. Enhanced antinociception by intracerebroventricularly and 
intrathecally-administered orexin A and B (hypocretin-1 and -2) in mice. 
Peptides. 2005;26(5):767-77. 

10. Heidari-Oranjaghi N, Azhdari-Zarmehri H, Erami E, Haghparast A. An-
tagonism of orexin-1 receptors attenuates swim- and restraint stress-indu-
ced antinociceptive behaviors in formalin test. Pharmacol Biochem Be-
hav. 2012;103(2):299-307.

11. Cady RJ, Denson JE, Sullivan LQ, Durham PL. Dual orexin receptor 
antagonist 12 inhibits expression of proteins in neurons and glia implicated in 
peripheral and central sensitization. Neuroscience. 2014;269:79–92.

12. Razavi BM, Hosseinzadeh H. A review of the role of orexin system in 
pain modulation. Biomed Pharmacother. 2017;90:187-193.

13. Haghparast A, Yazdi-Ravandi S, Razavi Y, Haghparast A, Goudarzvand M. 
Orexin A induced antinociception in the ventral tegmental area involves D1 



114 | Orexinergic System and Antinociception

and D2 receptors in the nucleus accumbens. Pharmacol Biochem Behav. 
2014;126:1–6.

14. Kang X, Tang H, Liu Y, Yuan Y, Wang M. Research progress on the mec-
hanism of orexin in pain regulation in different brain regions. Open Life 
Sci. 2021;20;16(1):46-52. 

15. Nazli M. Immunohistochemi-
cal localisations of orexin-A and the neurokinin 1 
receptor in the rat spinal cord. Acta Vet. (Beogr.) 2004;54:311–318.

16. Ho YC, Lee HJ, Tung LW, Liao YY, et al. Activation of orexin 1 receptors 
in the periaqueductal gray of male rats leads to antinociception via retrog-
rade endocannabinoid (2-arachidonoylglycerol)-induced disinhibition. J 
Neurosci. 2011;31:14600–14610.

17. Grudt T, van den Pol A, Perl E. Hypocretin-2 (orexin-B) modulation of 
superficial dorsal horn activity in rat. J Physiol. 2002;538:517–525.

18. Yamamoto T, Saito O, Shono K, Aoe T, Chiba T. Anti-mechanical allodynic 
effect of intrathecal and intracerebroventricular injection of orexin-A in the rat 
neuropathic pain model. Neurosci Lett. 2003;347:183–186.

19. Suyama H, Kawamoto M, Shiraishi S, Gaus S, Kajiyama S, Yuge O. Analgesic 
effect of intrathecal administration of orexin on neuropathic pain in rats. In 
Vivo. 2004,18:119–124.

20. Kimura M, Ishikawa M, Kawai Y, Shibuta-
ni K, Uchida R, Eguchi Y, Kuboyama N. 
Effects of lidocaine and orexin on [Ca2+]i in dosal root ganglion 
neuron of rat segmental spinal nerve ligation model. Japan Pharmacol Ther. 
2014;42:723–734.

21. Yamaguchi M, Ishikawa M, Aono Y, Saigusa T. OX2 receptors mediate 
the inhibitory effects of orexin-A on potassium chloride-induced incre-
ases in intracellular calcium ion levels in neurons derived from rat dor-
sal root ganglion in a chronic pain model. Neuropsychopharmacol Rep. 
2020;40(1):30-38. 

22. Jeong Y, Holden J. The role of spinal orexin-1 receptors in posterior 
hypothalamic modulation of neuropathic pain. Neuroscience. 
2009;159:1414–1421.

23. Kajiyama S, Kawamoto M, Shiraishi S, Gaus S, Matsunaga A, Suyama 
H, et al. Spinal orexin-1 receptors mediate anti-hyperalgesic effects of int-
rathecally-administered orexins in diabetic neuropathic pain model rats. 
Brain Res. 2005;1044(1):76–86.

24. Kaneko T, Kuwaki T, Kashiwadani H. Hypothalamic orexinergic neurons 
modulate pain and itch in an opposite way: pain relief and itch exacerba-
tion. J Physiol Sci. 2022;22;72(1):21. 



Ercan Özdemir | 115

25. Matsuura W, Nakamoto K, Tokuyama S. Involvement of descending pain 
control system regulated by orexin receptor signaling in the induction of 
central post-stroke pain in mice. Eur J Pharmacol. 2020;874:173029. 

26. Azhdari-Zarmehri H, Semnanian S, Fathollahi Y, Pakdel FG. Tail flick 
modification of orexin-a induced changes of electrophysiological para-
meters in the rostral ventromedial medulla. Cell J. 2014;16(2):131-40. 

27. Azhdari Zarmehri H, Semnanian S, Fathollahi Y, Erami E, Khakpay R, 
Azizi H, Rohampour K. Intra-periaqueductal gray matter microinjecti-
on of orexin-A decreases formalin-induced nociceptive behaviors in adult 
male rats. J Pain. 2011;12(2):280-7.

28. Erami E, Azhdari-Zarmehri H, Ghasemi-Dashkhasan E, Esmaeili MH, 
Semnanian S. Intra-paragigantocellularis lateralis injection of orexin-A 
has an antinociceptive effect on hot plate and formalin tests in rat. Brain 
Res. 2012a;1478:16-23.

29. Holland P, Akerman S, Goadsby P. Orexin 1 receptor activation attenuates 
neurogenic dural vasodilation in an animal model of trigeminovascular 
nociception. J Pharmacol Exp Ther. 2005;315:1380–1385.

30. Holland P, Akerman S, Goadsby P. Modulation of nociceptive dural input to 
the trigeminal nucleus caudalis via activation of the orexin 1 receptor in the 
rat. Eur J Neurosci. 2006;24:2825–2833.

31. Xie X, Wisor J, Hara J, Crowder T, LeWinter R, Khroyan T. Hypocretin/orexin 
and nociceptin/orphanin FQ coordinately regulate analgesia in a mouse model 
of stress-induced analgesia. J Clin Invest. 2008;118:2471–2481.

32. Azhdari-Zarmehri H, Mohammad-Zadeh M, Shabani M. The role of 
hypocretin/orexin in stress-induced analgesia, J. Kerman Uni Med Sci. 
2015;22:205–17.

33. Watanabe S, Kuwaki T, Yanagisawa M, Fukuda Y, Shimoyama M. Persistent 
pain and stress activate pain-inhibitory orexin pathways. NeuroReport. 
2005;16:5–8.

34. Sofi-Abadi M, Heidari-Oranjaghi N, Ghasemi E, Esmaeili MH, Hagh-
doost-Yazdi H, Erami E, et al. Assesment of orexin receptor 1 in stress 
attenuated nociceptive behaviours in formalin test. Physiol Pharmacol 
2011;12:188–93. 

35. Gerashchenko D, Horvath TL, Xie X. Direct inhibition of hypocretin/orexin 
neurons in the lateral hypothalamus by nociceptin/orphanin FQ blocks 
stress induced analgesia in rats. Neuropharmacology. 2011;60:543–549. 

36. Bonaventure P, Yun S, Johnson PL, Shekhar A, Fitz SD, Shireman 
BT, et al. A selective orexin-1 receptor antagonist attenuates stress-in-
duced hyperarousal without hypnotic effects. J Pharmacol Exp Ther. 
2015;352(3):590-601. 



116 | Orexinergic System and Antinociception

37. Holland P, Goadsby P. Cluster headache hypothalamus, and orexin. Curr Pain 
Headache Rep. 2009;13:147–154.

38. Roohbakhsh A, Alavi MS, Azhdari-Zarmehri H. The orexinergic (hy-
pocretin) system and nociception: An update to supraspinal mechanisms. 
Curr Med Chem. 2018;25(32):3917-3929.

39. Bartsch T, Levy MJ, Knight YE, Goadsby PJ. Differential modulation of 
nociceptive dural input to [hypocretin] orexin A and B receptor activation in 
the posterior hypothalamic area. Pain 2004;109:367–78.

40. Chabi A, Zhang Y, Jackson S, Cady R, Lines C, Herring WJ, Connor KM, 
Michelson D. Randomized controlled trial of the orexin receptor antagonist 
filorexant for migraine prophylaxis. Cephalalgia 2015;35:379–388.

41. Longstreth GF, Thompson WG, Chey WD, Houghton LA, Mearin F,  
Spiller RC. Functional bowel disorders, Gastroenterology. 
2006;130:1480–1491.

42. Okumura T, Nozu T, Kumei S, Takakusaki K, Miyagishi S, Ohhira M. 
Antinociceptive action against colonic distension by brain orexin in conscious 
rats. Brain Res. 2014;1598:12–17.

43. Okumura T, Nozu T, Kumei S, Takakusaki K, Miyagishi S, Ohhira M. 
Involvement of the dopaminergic system in the central orexin-induced 
antinociceptive action against colonic distension in conscious rats. Neurosci 
Lett. 2015;605:34–38.

44. Okumura T, Nozu T, Kumei S, Takakusaki K, Miyagishi S, Ohhira M. 
Adenosine A1 receptors mediate the intracisternal injection of orexin-induced 
antinociceptive action against colonic distension in conscious rats. J Neurol 
Sci. 2016;15:106–110.

45. Andrade AG, Vandermaelen R. Morphine tolerance and dependence in the 
locus coeruleus: single cell studies in brain slices. Eur J Pharmacol. 
1983;91:161–69.

46. Ozdemir E, Bagcivan I, Durmus N, Altun A, Gursoy S. The nitric oxi-
de-cGMP signaling pathway plays a significant role in tolerance to the anal-
gesic effect of morphine. Can J Physiol Pharmacol. 2011;89(2):89-95. 

47. Baser T, Ozdemir E, Filiz AK, Taskiran AS, Gursoy S. Ghrelin recep-
tor agonist hexarelin attenuates antinociceptive tolerance to morphine in 
rats. Can J Physiol Pharmacol. 2021;99(5):461-467. 

48. Avci O, Ozdemir E, Taskiran AS, Inan ZDS, Gursoy S. Metformin pre-
vents morphine-induced apoptosis in rats with diabetic neuropathy: a 
possible mechanism for attenuating morphine tolerance. Naunyn Sch-
miedebergs Arch Pharmacol. 2022;395(11):1449-1462.

49. Ozdemir E. The role of the cannabinoid system in opioid analgesia and 
tolerance. Mini Rev Med Chem. 2020;20(10):875-885.



Ercan Özdemir | 117

50. Nazemi S, Azhdari-Zarmehri H, Haghdoost-Yazdi H. Role of orexin in the 
tolerance and physical dependence to morphine. J Babol Univ Med Sci. 
2014;16:54–61.

51. Ranjbar-Slamloo Y, Azizi H, Fathollahi Y, Semnanian S. Orexin recep-
tor type-1 antagonist SB-334867 inhibits the development of morphine 
analgesic tolerance in rats. Peptides. 2012;56–59.

52. Ozdemir E, Baser T, Taskiran AS. Blockade of orexin receptor type-1 by 
SB-334867 and activation of orexin receptor type-2 attenuate morphine 
tolerance in rats. Physiol Int. 2022;109(4):457-474.

53. Abdollahi H, Ghaemi-Jandabi M, Azizi H, Semnanian S. The role of 
orexin type-1 receptors in the development of morphine tolerance in lo-
cus coeruleus neurons: An electrophysiological perspective. Brain Res. 
2016;1646:91-97. 

54. Katayama A, Kanada Y, Tsukada M, Akanuma Y, Takemura H, Ono T, 
Suga H, Mera H, Hisamitsu T, Sunagawa M. Yokukansan (Kampo me-
dicinal formula) prevents the development of morphine tolerance by in-
hibiting the secretion of orexin A. Integr Med Res. 2018;7(2):141-148.  

55. Esmaili-Shahzade-Ali-Akbari P, Hosseinzadeh H, Mehri S. Effect of suvo-
rexant on morphine tolerance and dependence in mice: Role of NMDA, 
AMPA, ERK and CREB proteins. Neurotoxicology. 2021;84:64-72.

56. Fakhari M, Azizi H, Semnanian S. Central antagonism of orexin type-1 
receptors attenuates the development of morphine dependence in rat lo-
cus coeruleus neurons. Neuroscience. 2017;363:1-10.

57. Ghaemi-Jandabi M, Azizi H, Semnanian S. Blockade of orexin type 1 
receptors inhibits the development of morphine tolerance in lateral pa-
ragigantocellularis nucleus: an electrophysiological approach. Brain Res. 
2014;1578:14-22. 

58. Ahmadi-Soleimani SM, Ghaemi-Jandabi M, Azizi H, Semnanian S. 
Orexin type 1 receptor antagonism in lateral paragigantocellularis nuc-
leus attenuates naloxone precipitated morphine withdrawal symptoms in 
rats. Neurosci Lett. 2014;558:62-6. 

59. Mousavi Y, Azizi H, Mirnajafi-Zadeh J, Javan M, Semnanian S. Blockade 
of orexin type-1 receptors in locus coeruleus nucleus attenuates the deve-
lopment of morphine dependency in rats. Neurosci Lett. 2014;578:90-4. 

60. Erami E, Azhdari-Zarmehri H, Rahmani A, Ghasemi-Dashkhasan E, 
Semnanian S, Haghparast A. Blockade of orexin receptor 1 attenuates 
the development of morphine tolerance and physical dependence in rats. 
Pharmacol Biochem Behav. 2012b;103(2):212-9. 

61. Mohammad Ahmadi Soleimani S, Azizi H, Mirnajafi-Zadeh J, Semnanian S. 
Orexin type 1 receptor antagonism in rat locus coeruleus prevents the 



118 | Orexinergic System and Antinociception

analgesic effect of intra-LC met-enkephalin microinjection. Pharmacol 
Biochem Behav. 2015;136:102–106.

62. Youn DH, Jun J, Kim TW, Park K. Spinal orexin A attenuates opio-
id-induced mechanical hypersensitivity in the rat. Korean J Pain. 
2022;35(4):433-439. 

63. Kourosh-Arami M, Joghataei MT, Komaki A, Gholami M, Najafi Z, 
Lavaie M. Persistent effects of the orexin-1 receptor antagonist SB-
334867 on naloxone precipitated morphine withdrawal symptoms 
and nociceptive behaviors in morphine dependent rats. Int J Neurosci. 
2022;132(1):67-76. 

64. Aghajani N, Pourhamzeh M, Azizi H, Semnanian S. Central blocka-
de of orexin type 1 receptors reduces naloxone induced activation of 
locus coeruleus neurons in morphine dependent rats. Neurosci Lett. 
2021;755:135909. 

65. Assar N, Mahmoudi D, Mousavi Z, Zarrabian S, Haghparast A. Role of 
orexin-1 and -2 receptors within the nucleus accumbens in the acquisition 
of sensitization to morphine in rats. Behav Brain Res. 2019;373:112090. 

66. Davoudi M, Azizi H, Mirnajafi-Zadeh J, Semnanian S. The blockade of 
GABAA receptors attenuates the inhibitory effect of orexin type 1 recep-
tors antagonist on morphine withdrawal syndrome in rats. Neurosci Lett. 
2016;617:201-6. 


