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• Orexins or hypocretins - excitatory neuropeptides, discovered in the late 1990s

• The Sakurai group (1998) - “orexins” (OrxA and OrxB), from the Greek word “orexis”, 
meaning “appetite”, due to their ability to stimulate food intake and control the 
metabolism 

• de Lecea and colleagues (1998) – “hypocretins” (Hcrt1 and Hcrt2) since they are 
secreted from the hypothalamus and due to their significant amino acid homology 
with the member of the incretin family, the gut hormone secretin (glucagon/vasoactive 
intestinal polypeptide/secretin)
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• Originate in the lateral hypothalamic area (LHA) and posterior hypothalamus (PH) 

• Maintenance of arousal 
• Projections to the entire CNS, excluding the cerebellum 
• Dense projections to 

• Locus Coeruleus (LC - NA)
• Tubero-Mammillary Nucleus (TMN – Histamine)
• Raphe Nuclei (Raphe - Serotonin) 
• Latero-Dorsal / Pedunculo-Pontine Tegmental nuclei (LDT / PPT - ACh)

• Links with the reward system - VTA 

• Links with hypothalamic nuclei that stimulate feeding behaviour

doi:10.1038/nrn2092 
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• Orexin A and Orexin B are cleaved from pre-pro-orexin 

• OX1R – OA >>>>>> OB (5X to 100X)

• OX2R – OA ~ OB

• Dimerization – OX1R + OX2R, OX(1/2)R + CB(1/2)R

• Activation of OX1R / OX2R - transition of sleep states to wakefulness

1. Equihua AC et al. Front Pharmacol. 2013;4:163. 2. Beuckmann CT et al. J Pharm Mol Ther. 2017;362(2):287-295. 3. Willie JT et al. Neuron. 2003;38(5):715-730
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• During wakefulness 
• the monoaminergic nuclei (red) inhibit the ventrolateral preoptic nucleus 

(VLPO; purple)
• relieving the inhibition of the monoaminergic cells, and that of the orexin 

(ORX) neurons (green), and the cholinergic pedunculopontine (PPT) and 
laterodorsal tegmental nuclei (LDT; yellow)

• VLPO neurons do not have orexin receptors
• the orexin neurons serve primarily to reinforce the monoaminergic tone, 

rather than directly inhibiting the VLPO on their own

Modified from: Saper et al. (2005) Nature 437:1257



• During sleep 
• the firing of the VLPO neurons inhibits the monoaminergic cell 

groups, thereby relieving their own inhibition
• inhibit the orexin neurons, further preventing monoaminergic 

activation that might interrupt sleep

• Direct mutual inhibition between the VLPO and the 
monoaminergic cell groups forms a classic flip-flop switch, which 
produces sharp transitions in state, but is relatively unstable
• addition of the orexin neurons stabilizes the switch

Modified from: Saper et al. (2005) Nature 437:1257



• Orexin-A levels are higher in patients with insomnia 

and correlate with age and insomnia severity

Tang S et al. Peptides. 2017;88:55-61., Matsumura T et al. Exp Gerontol. 2002;37(8-9):1127-1130.
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• Chronic use of alcohol and opioid associated with 
greater number of orexin neurons

• Opioid withdrawal increase activity of orexin neurons

• Appears to be mediated through OX1R

Steiner MA, Yanagisawa M, Clozel M (eds): The Orexin System. Basic Science and Role in Sleep Pathology. Front Neurol Neurosci. Basel, Karger, 2021, vol 45, pp 117–127 (DOI: 10.1159/000514965) 



Steiner MA, Yanagisawa M, 
Clozel M (eds): The Orexin 

System. Basic Science and 
Role in Sleep Pathology. Front 

Neurol Neurosci. Basel, Karger, 
2021, vol 45, pp 117–127 (DOI: 

10.1159/000514965) 



https://doi.org/10.1007/978-3-031-07897-2_10



https://doi.or
g/10.1007/97

8-3-031-
07897-2_10



doi.org/10.1016/j.yfrne.20
23.101066



doi.org/10.1016/j.yfrne.20
23.101066



• Ageing and Neurogenesis

• AD, PD – reduction

• Orexin - hippocampal neurogenesis enhancer - memory and learning 
processes

• Ability to discriminate familiar from new conspecifics and remember 
them - social memory

• Physical activity increases plasma orexin levels – can enhance 
hippocampal neurogenesis and function, improve cognition, and 
regulate mood

doi.org/10.3390/ijerph19148353
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Ayaka Matsuoka et al. Evaluation of the delirium preventive effect of dual orexin receptor antagonist (DORA) in critically ill adult patients requiring ventilation with tracheal intubation at an 
advanced emergency center: A single-center, retrospective, observational study. General Hospital Psychiatry 83 (2023) 123–129

• 297 patients: 67 - DORA group; 50 - Suvorexant and 17 - Lemborexant

• DORA group - lower incidence of delirium than the control group

• Risk of delirium - lower in the DORA group compared the control group

• Risk of developing delirium was lower with suvorexant (HR 0.22; 95% CI 0.11–0.41) and 
lemborexant (HR 0.25; 95% CI 0.08–0.81)
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Drug (examples) Recommendation

CYP3A Inhibitors 

Weak (chlorzoxazone, ranitidine)
The maximum recommended dose of Lemborexant is 5 mg no more than once per night 
when 
co-administered with weak CYP3A inhibitors

Moderate (fluconazole, verapamil)
Avoid concomitant use of Lemborexant with moderate or strong CYP3A inhibitors 

Strong (itraconazole, clarithromycin)

CYP3A Inducers

Moderate (bosentan, efavirenz, etravirine, modafinil)
Avoid concomitant use of Lemborexant with moderate or strong CYP3A inducers

Strong (rifampin, carbamazepine, St John’s wort)

Alcohol Avoid alcohol consumption with Lemborexant

CYP2B6 Substrates (bupropion, methadone)
Patients receiving Lemborexant and CYP2B6 substrates concurrently should be 
monitored for adequate clinical response. Increasing the doses of CYP2B6 substrates may 
be considered as needed

Pharmacokinetics:
• Lemborexant reached peak concentration in ~1 to 3 hours
• The effective half-life of Lemborexant 5 mg and 10 mg is 17 and 19 hours, respectively

https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/212028s000lbl.pdf



Dosage and Administration

• Recommended proven starting dose of Lemborexant is 5 mg

• Maximum recommended dose is 10 mg, based on clinical response and tolerability

• Taken immediately before going to bed and with at least 7 hours remaining before 
the planned time of awakening

• Lemborexant should not be taken more than once per night

• Time to sleep onset may be delayed if taken with, or soon after, a meal

https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/212028s000lbl.pdf



• No need for dose adjustment based on age, sex, and BMI

• Exercise caution when using 10 mg in patients ≥65 years of age

• No dosage adjustments needed in Mild, Moderate or Severe Renal 
Impairment is needed

• No dosage adjustment needed in Mild Hepatic Impairment; 5 mg 
dosage in recommended in Moderate Hepatic Impairment while it has 
not been studied in Severe Hepatic Impairment and not recommended

Dosage and Administration

https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/212028s000lbl.pdf



https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/212028s000lbl.pdf



Rebound Insomnia and Withdrawal Effects

• No rebound insomnia following treatment discontinuation

• No evidence of withdrawal effects following discontinuation 
at either dose

https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/212028s000lbl.pdf



Special Safety Assessments

• Postural Stability Study: 
• No clinically significant impact on postural stability was observed with 

Lemborexant (5 mg or 10 mg) upon Morning Awakening (post 8 hours of dose)

• Driving Performance Study: 
• Lemborexant (5 mg or 10 mg) did not cause statistically significant impairment 

in morning driving performance  of healthy volunteers vs those taking placebo

• Abuse Potential Studies:
• Not associated with physical dependence, or reinforcing effects

https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/212028s000lbl.pdf



Additional Safety Studies

• Respiratory Safety
• Lemborexant did not decrease the SpO2 – Healthy / OSA

• Co-administered Alcohol
• No impact on postural stability 
• An additive negative effect on cognitive performance

• Drug Abuse Potential
• Negative results

https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/212028s000lbl.pdf
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