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Summary

A novel group of medications, dual 
orexin receptor antagonists, emerged 
as a competent group that challenges 
current first-line hypnotics. They have 
relatively infrequent and mostly well-to-
lerated side effects, primarily in the 
form of residual somnolence, fatigue 
and nightmares/disturbing dreams. The 
advantage over conventional hypnotics 
stems from the specifics of their target 
receptors, which translates into lack of 
tolerance after long term use and good 
safety profile. They are particularly favo-
ured in some specific populations, inc-
luding the elderly. Ongoing and future 
studies are set to explore their effect on 
selected conditions, such as addiction 
and psychiatric disorders, dementias, 
perimenopausal condition and circa-
dian rhythm disorders, to name a few.
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DUAL OREXIN RECEPTOR 
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REVIEW

The quest for novel treatments for in-
somnia is never abating, and new com-
pounds are regularly introduced into 
the clinical practice. In recent years, a 
new group of medication has been dis-
covered, targeting orexin receptors and 
bringing a new approach to the manage-
ment of insomnia.

Insomnia is one of the most preva-
lent medical conditions affecting a large 
proportion of population (10% of adults 
report persistent complaint of insom-
nia), and consists of difficulty falling 
asleep, difficulty staying asleep, waking 
up too early, or feeling unrefreshed af-
ter sleep[1]. If persisting for a prolonged 
period, it may cause problems in dai-
ly functioning, feeling of tiredness or 
sleepiness, changes in mood, increased 
irritability and decreased work perfor-
mance. It is also linked to a number of 
medical disorders, often in a bidirec-
tional causation (cardiovascular disor-
ders, mental disorders, endocrine/met-
abolic disorders, etc.)[2].

Treatment of insomnia[3, 4] involves 
both pharmaceutical and non-pharma-
ceutical interventions, as well as adher-
ence to the set of behavioural or lifestyle 
measures so called “sleep hygiene”. The 
most common drugs used in the treat-
ment of insomnia are benzodiazepines 
(BZD), although only a few of these have 
been officially approved for such an in-
dication. They act primarily on γ-ami-

nobutyric-a (GABAa) receptors that are 
widely distributed throughout the cen-
tral nervous system (CNS). As a result, 
apart from the somniferous effect, they 
also exercise other effects in the form of 
sedation, muscle relaxation and anxioly-
sis. They may also have an anti-convul-
sive effect. On the other hand, as a result 
of their generalized effect on CNS, they 
can cause unwanted phenomena, such 
as anterograde amnesia, dissociation 
and loss of motor coordination, to name 
a few. Another shortcoming of BZDs is 
the occurrence of tolerance and depen-
dence after prolonged use, as well as a 
benzodiazepine withdrawal syndrome, 
a cluster of serious psychological and 
physical symptoms and signs that might 
potentially be life-threatening. For the 
reason of safety, benzodiazepines are 
limited to up to 4 weeks of continuous 
use. Prolonged use of BZDs has also 
been linked to dementia and cancer[5].

The second large group are non-ben-
zodiazepine hypnotics, or “Z-hypnotics” 
(zolpidem, zaleplone, zopiclone, eszopi-
clone). They also act upon the GABAa 
receptors, however, being sub-unit se-
lective, they cause less secondary effects 
and have a better safety profile, and are 
consequently more often prescribed in 
the elderly population. Extended release 
zolpidem and eszopiclone do not have 
Food and Drug Administration (FDA) 
limitation on how long then could be 
used to treat insomnia. As a special ca-
veat, Z-hypnotics (primarily zolpidem) 
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can cause complex sleep behaviours, 
and are also linked to dementia and can-
cer[5].

Other medications are less frequent-
ly used as hypnotics, mostly due to their 
secondary effects targeting non-GABA 
receptors. These include older H1 anti-
histamines, antidepressants (trazodone, 
some tricyclic and tetracyclic antide-
pressants), antipsychotics (primarily 
2nd generation), and alpha-adrenergic 
agonists. Most of the medications that 
were used in the past as hypnotics are no 
longer in use or they are in a very limit-
ed use, such is the case with chloral-hy-
drate, barbiturates and quinazolinones 
(methaqualone). 

In recent years, there has been an 
increased pressure to find selective 
site-specific hypnotic with a better safe-
ty profile. However, this also resulted in 
these medications having some limita-
tions, both in the terms of the type of 
insomnia they can effectively treat, and 
in the magnitude of their soporific ef-
fect. An illustrative example for this is 
melatonin and melatonin MT1/MT2 re-
ceptor agonists. When introduced, they 
were met with great expectations that 
this novel approach will bring an end to 
(or at least a significant reduction) in use 
of BZDs and Z-hypnotics. Without the 
good understanding of their mechanism 
of action, they were indiscriminate-
ly prescribed for all types of insomnia, 
and with little regard to their chronobi-
ological properties. The initial promise 

was largely unfulfilled and their impact 
on insomnia treatment is today rath-
er limited (the now well-known mela-
tonin is here faring better, since it can 
be obtained over the counter). When 
used properly, MT agonists can be rea-
sonably effective. These medications are 
best used to treat sleep onset insomnia, 
and melatonin itself should be used in 
advance of the expected sleep cycle and 
not immediately before going to bed. 
They do not have a proper sedative-hyp-
notic effect; instead, they heighten sleep 
promoting property of the target re-
ceptors in the suprachiasmatic nucleus. 
Aside from the sleep onset insomnia, 
melatonin and MT agonists can be used 
to treat circadian rhythm disorders. 
They currently do not have a limitation 
on how long they can be used.

Another group of initially promis-
ing compounds are neurokinin 1 (NK1) 
antagonists. They impact, among oth-
er sites, the arousal centres in the CNS 
by blocking the activating effect of the 
substance P and neurokinines through 
binding to NK1 receptors, thus induc-
ing sleep. A single study of vestipitant 
has shown a favourable effect on sleep 
maintenance, but further research has 
not been forthcoming[6]. 

Orexin is primarily an excitatory 
neuropeptide which regulates the sleep-
wake cycle by promoting wakefulness 
and arousal. It is also involved in the 
regulation of energy expenditure and 
appetite. It was discovered in 1998 in-
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dependently by two research teams – a 
Japanese-American team who named 
it orexin[7], stemming from “appetite” 
in Greek, and an American-Norwegian 
team who named it hypocretin[8], for 
its location in hypothalamus and re-
semblance to hormone secretin. Both 
of these names are in concurrent use, 
hypocretin for the gene and its tran-
scripts, and orexin for the peptide itself. 
Appetite was the first function regulated 
by orexin that was identified. Later stud-
ies discovered its role in sleep-wake reg-
ulation, which led to the understanding 
of the comprehensive system that inte-
grates sleep, metabolism, need for food 
and circadian rhythmicity. 

Orexin neurons activate various 
neural circuitries, involving acetylho-
line, dopamine, norepinephrine and 
histamine[9]. Secretion from the lateral 
hypothalamus promotes arousal and 
wakefulness, while the blockade causes 
sleepiness. So far, two types of receptors 
were identified −orexin 1 (Ox1R), bind-
ing primarily peptide orexin A (OxA), 
and orexin 2 receptor (Ox2R), binding 
equally both OxA and orexin B (OxB). 
OxA is more stable and more lipophil-
ic of the two peptides. Both Ox1R and 
Ox2R are G protein-coupled types of 
receptors. It was also discovered that 
genetic mutations of orexin receptors 
in animal models are associated with 
canine narcolepsy, which prompted 
further research that showed decreased 
orexin levels in patients suffering from 

this sleep disorder. Cardinal symptoms 
of narcolepsy include excessive daytime 
sleepiness, often in the form of uncon-
trollable sleep attacks, disturbed noctur-
nal sleep and cataplexy, usually triggered 
by an emotional arousal. On the other 
hand, central administration of orexin 
induces wakefulness. In terms of diurnal 
fluctuations, orexin neurons are exhibit-
ing a high level of activity during wake-
fulness and low level during sleep. They 
show sensitivity to input primarily from 
glutamate and adenosine pathways, and 
also to corticotropin releasing hormone, 
muscarine, neuropeptide Y, cholecys-
tokinin and monoamine neurons, re-
spective to their activating or inhibitory 
function, as well as to ghrelin, leptin and 
glucose. GABA projections to lateral hy-
pothalamus are also abundant, but, no-
tably, they do not create functional syn-
apses. Orexin neurons project broadly to 
numerous higher and lower regions of 
the brain. To add further complexity to 
the understanding of the orexin system, 
it was discovered that a small percent-
age (<20%) of orexin neurons also have 
a potential for GABA synthesis, and 
co-express other neuropeptides, such as 
dynorphin.

Sleep is primarily regulated by an in-
tricate relationship of different neuronal 
populations (serotonergic, GABAergic, 
dopaminergic, cholinergic, norepineph-
rinergic). They show diurnal variability 
which defines cardinal sleep-wake stag-
es – wakefulness, NREM sleep and REM 
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sleep. This is also true for orexin neu-
rons. They are mostly active during the 
active wakefulness, but their rate of fir-
ing dramatically decreases during quiet 
wakefulness, and is almost non-existent 
during NREM sleep. During REM sleep 
their activity is not existent, to be slight-
ly increased towards the end of REM 
cycles. Orexin levels also show seasonal 
variations, correlating to the duration 
of the daylight. In theory, effective sup-
pression of orexin neurons would be 
expected to reverse heightened arousal 
and active wakefulness, and transform 
it into uninterrupted sleep. Secondary 
outcome might be a mild reduction in 
REM sleep or dream recall, consider-
ing physiological levels of orexin during 
REM cycles. It has been established that 
induced activation of Ox1R suppresses 
predominantly REM sleep, while activa-
tion of Ox2R suppresses both REM and 
NREM sleep.

It took some time from the discovery 
of the orexin system to the development 
of an effective medication that utilizes 
its properties[10, 11]. Suvorexant, the first 
dual orexin receptor antagonist (DORA) 
was introduced in 2014[12]. The second 
and last medication to be approved so 
far has been lemborexant, introduced 
in December 2019[13]. The indications 
for both are initial and maintenance 
insomnia, without term limitation for 
their use. Both of these orexin receptor 
antagonists bind reversibly to Ox1R and 
Ox2R. Their time to peak levels is 2+/- 

1h and elimination half-life 12 hours for 
suvorexant and 17-19 hours for lembo-
rexant. They are metabolised by hepatic 
CYP3A enzyme and excreted by feces 
and, to a lesser degree, by urine. Phar-
macokinetcs are not affected by age, but 
higher concentration could be expected 
in obese patients and females.

Compared to placebo, DORA show 
mild reduction of the sleep latency du-
ration (9 minutes) and wakefulness after 
sleep onset (up to 25 minutes)[14, 15]. The 
effect was maintained after a month of 
nightly use. Suvorexant 20 mg showed 
continued effect after three months, 
with sleep latency decreased by 6 min-
utes, and wake after sleep onset by 16 
minutes, compared to placebo. Higher 
dose (40 mg) showed further improve-
ment, but more side-effects (somno-
lence, nightmares, fatigue, headache, 
xerostomia and peripheral oedema). 
Lemborexant showed similar efficacy 
compared to placebo, and also compa-
rable side-effects (the most frequent was 
somnolence, dose dependant, 10% of 
patients at 10 mg dose). It also showed 
somewhat better results in both sleep 
onset latency and total sleep time when 
compared to zolpidem, particularly at 
10 mg dose (SOL -7 min initially, and 
-14 min at 30 days; TST +4% initially 
and +5% at 30 days), and a more signif-
icant difference when compared to pla-
cebo (SOL -13 min and TST +7.5% at 30 
days)[13]. Interestingly, these studies[10-15, 

16] also reported some form of insomnia 
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as a side effect after short or long term 
use. However, considering the reason for 
DORA use, this is rather an indication 
that in considerable number of patients 
these medications have little to no effect. 
There were rare occurrences of halluci-
nations, sleep paralysis and parasomnia, 
particularly at higher doses, with isolat-
ed reports of cataplexy. For this reason, 
DORAs should not be used in patients 
with narcolepsy. The question why 
DORA orexin blockade does not univer-
sally cause narcolepsy is best explained 
by the fact that, for narcolepsy to be clin-
ically manifested, a total, or almost total 
blockade must occur. Obviously, in case 
of DORA use, it is highly unlikely that 
total blockade would happen.

A direct comparisons to other hyp-
notics has not been done in a research 
setting so far. However, an analysis of 
adverse events reported to the FDA 
regulatory database[16] offered some in-
sight into a difference between suvorex-
ant, zolpidem, ramelteon (MT agonist), 
zaleplon and eszopiclone. Suvorexant 
had a highest report of ineffectiveness 
or incomplete drug effect (odds ratio 
95% CI of 2.52), followed by zaleplon 
and ramelteon. Eszopiclone and zolp-
idem were clustered together with the 
fewest reports of ineffectiveness. While 
suvorexant has a higher incidence for 
nightmares/disturbing or abnormal 
dreams, it has much lower incidence for 
the range of parasomnic behaviours, un-
like zolpidem. 

DORA have higher addiction poten-
tial then previously expected – they are 
comparable to Z-hypnotics, and for this 
reason they are classified in the same 
group of controlled substances. How-
ever, rare studies in the relatively short 
post-marketing period showed that they 
have a lower incidence of abuse-related 
events (euphoria, hallucinations) when 
compared to zolpidem. The addiction 
potential has been constant at all dosage 
levels, unlike zolpidem where the poten-
tial increases with the dose. The toler-
ance levels are superior to Z-hypnotics 
and BZDs, so they present a viable op-
tion for a long-term use in chronic in-
somnia, and they are not associated with 
rebound insomnia[17, 18, 19].

Over the relatively short period since 
the introduction, DORAs have been 
tested in specific populations and dis-
orders. Due to the mechanism of action 
that does not involve non-selective cen-
tral inhibition, these drugs can be given 
to patients suffering from obstructive 
sleep apnoea. Study of lemborexant in 
elderly population[13] showed impair-
ment of balance after forced awakening 
4 hours into sleep, and also dose-depen-
dant impairment of memory and atten-
tion. However, test of next-day stability, 
memory and attention showed no dif-
ference compared to placebo, and the 
driving ability tested 9 hours after taking 
medication showed little to no difference 
when compared to placebo (notably, 10 
mg dose caused small decrease in driv-
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ing ability). Suvorexant showed compa-
rable results in the driving ability test[20]. 
There have been no studies on the high 
risk and difficult to treat groups, such 
as children and pregnant women, but 
the guidelines for treatment[21] might be 
amended in the near future. Currently, 
suvorexant is in category C of the FDA, 
showing minimal risk (decreased fetal 
body weight), based on the animal stud-
ies, and lemborexant is not yet catego-
rized. All other major hypnotics are also 
in the category C.

Suvorexant has been shown to sig-
nificantly improve sleep in shift-workers 
and other circadian rhythm disturbanc-
es[19]. The sleep benefit for shift workers 
could add up to 2 hours of sleep per sleep 
cycle. The study reports mild side effect 
and that the drug was well tolerated in 
this sample. Another meta-analysis sug-
gests favourable effect of suvorexant on 
delirium prevention in peri-operative 
and acute care patients[20]. However, the 
findings were contrasted with some re-
ports that suvorexant has the opposite 
effect, which warrants further research 
in this area. A particular target for DO-
RAs use are patients with Alzheimer’s 
dementia, and other types of dementia. 
Double blind studies of use of suvorex-
ant in patients with this disorder showed 
improved sleep and side effects that 
were comparable to those seen in gen-
eral population who use this medica-
tion[24]. DORAs could be further useful  
in treating accompanying symptoms, 

such as delirium and circadian rhythm 
disruptions. 

An interesting area that is emerging 
is that of addiction, with reports sug-
gesting that DORAs may help in treat-
ment of opioid and cocaine addiction, 
and alcohol abuse[25, 26]. The premise 
for these is that orexin Ox1R signalling 
triggers psychostimulant-seeking be-
haviour, and that selective orexin block-
ade may inhibit the exaggerated craving, 
while the rest of physiological drives re-
maining unaffected.

Conclusion

Dual orexin receptor antagonists in-
troduce a new perspective on insomnia 
treatment. They show efficacy compara-
ble to the first-line hypnotics, with few-
er cardinal side-effects. However, one 
should be aware of their mechanism of 
action and inform the patient of what to 
expect. The soporific effect after taking 
DORAs is not as clearly perceivable as 
in the BZDs or Z-hypnotics, especially if 
they had previous experience with these 
medications. Subjectively, the sleep on-
set typically comes “quietly”, or more 
“naturally”, and for this reason, patients 
may perceive orexin blockers to be inef-
fective. The objective measurements, on 
the other hand, do not suggest that the 
DORAs are inferior to other hypnotics, 
with lemborexant showing marginally 
better results in the short period since 
introduction. The residual somnolence 
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Table 1
Comparison between common and novel hypnotics

Drug Duration Onset of Action (min) Dose (mg) Half-life (h)

suvorexant intermediate 30-60 10-20 12

lemborexant long 30-60? 5-10 17-19

zolpidem short 30 5-10 2.5

zaleplon short 15-30 10-20 1

eszopiclone intermediate 30 1-3 6

ramelteon short 30-45 8 1-2.6

diazepam long 15-30 5-10 43

lorazepam intermediate 30-60 1-2 14

triazolam short 15-30 0.125-0.25 2.9

clonazepam long 30-60 0.5-1 23

remains one of the major concerns, but 
the absence of tolerance and good safe-
ty profiles present an advantage. These 
medications should be particularly con-
sidered in elderly patients who are at a 
greater risk of falls and cognitive impair-
ment, which is potentiated when using 
conventional hypnotics[27,28]. Another 
area of interest is the use of DORAs 
in psychiatric population, with some 
promising initial findings. Wider clini-
cal use in coming years will better de-
fine their place and role in the treatment 
of insomnia in general, and in specific 
populations and medical disorders.
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Sažetak

Dvojni antagonisti oreksinskih re-
ceptora su nova grupa lekova koja se 
nametnula kao kompetentna zamena za 
hipnotike izbora. Oni imaju relativno 
retka neželjena dejstva koja se u većini 
slučajeva dobro podnose, i to prven-
stveno u obliku rezidualne pospanosti, 
umora i noćnih mora/uznemiravajućih 
snova. Prednost u odnosnu na konven-
cionalne hipnotike proizilazi iz specifič-
nosti njihovih ciljnih receptora, i ogle-
da se kroz odsustvo stvarnja tolerancije 
posle dugotrajne upotrebe, kao i kroz 
povoljan sigurnosni profil. Ovi lekovi 
se posebno nameću u nekim od poseb-
nih grupa pacijenata, kao što su starije 
osobe. Trenutna i buduća istraživanja 
su orijentisana ka proučavanju njihovog 
uticaja na pojedinačne grupe oboljenja, 
kao što su bolesti zavisnosti i psihijatrij-
ski poremećaji, demencije, stanja vezana 
za menopauzu i poremećaji cirkadijal-
nog ritma, između ostalih.

UDK: 619.959.7
doi: 10.5937/engrami41-29093

TERAPIJA NESANICE 
DVOJNIM OREKSINSKIM 
RECEPTORSKIM 
ANTAGONISTIMA

Nikola Trajanović
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