
12 

 

 

 

The brain mechanisms underlying the desire to sleep in boring situations 

 

As humans, we often defy sleepiness and stay awake when attention is necessary, but also 

experience an inescapable desire to sleep in boring situations. The brain mechanisms governing 

the regulation of sleep by cognitive and emotional factors are not well understood. We recently 

revealed a prominent role of indirect pathway neurons in nucleus accumbens (NAc) in 

sleep/wake regulation and proposed a novel brain circuit for sleep control by motivated behavior 

(Oishi et al., Nature Commun., 2017; Altmetric score: 355). This brain circuit may explain the 

tendency to fall asleep in the absence of motivating stimuli, i.e., when bored. The classic 

somnogen adenosine is a strong candidate for evoking the sleep effect in the NAc. Adenosine 

has long been known to represent a state of relative energy deficiency and to induce sleep via 

adenosine receptors. Caffeine, the most widely consumed psychostimulant in the world, 

produces its arousal effect also in the NAc by blocking adenosine A2A receptor (A2AR; Lazarus et 

al., J Neurosci, 2011). We also revealed that elevated adenosine levels that likely originate 

from astrocytes in the NAc core promote sleep via A2AR (Zhou et al., Neurochem Int, 2019). 

These findings may indicate that sleep control is an essential physiological function of astrocytes.  

Furthermore, our lab recently found that ventral tegmental area (VTA) dopaminergic neurons 

strongly induce and consolidate wakefulness (Oishi et al., Brain Struct. Funct., 2017), but the 

role of this midbrain area in sleep–wake regulation remains unclear. We discovered a neural 

circuit in the ventral medial midbrain/pons area (VMP) at the junction of the ventral medial 

midbrain and pons that controls slow-wave sleep and wakefulness (Takata et al., J. Neurosci, 

2018). We used an ablation technique based on the viral expression of diphtheria toxin fragment 

A (DTA) and found that nonspecific or GABAergic neuron-specific ablations in the VMP largely 

reduced slow-wave sleep and increased wakefulness in mice. The increased wakefulness was 

also observed after chemogenetic inhibition of the VMP GABAergic neurons. Pharmacologic tools 

revealed that this arousal effect was mediated by the dopaminergic systems. Furthermore, 

chemogenetic activation of the VMP GABAergic neurons strongly induced slow-wave sleep while 

suppressing wakefulness. These findings indicate that the VMP GABAergic cells are critical for 

the control of sleep–wake behavior. 

Our research on the gating of 

sleep by motivated behavior may 

also open new therapeutic avenues 

to treat insomnia. For example, 

pharmacologic activation of A2AR 

may help people with sleep problems 

to sleep. Insomnia is one of the 

major sleep problems with an 

estimated prevalence of 10% to 

15% in the general population and 

30% to 60% in the older population. 

Moreover, insomnia frequently 

要  旨 

Fig. 1. A new therapeutic avenue for treating insomnia. 
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co-occurs with a wide range of psychiatric disorders, including depression and anorexia. The 

most widely prescribed agents for the treatment of insomnia are benzodiazepines and 

non-benzodiazepines, which are central nervous system depressants that enhance signaling of 

the inhibitory neurotransmitter γ-aminobutyric acid. These medications, however, are plagued 

by a wide range of adverse effects. We succeeded in identifying the first positive allosteric 

modulator (PAM) for A2AR that induces natural sleep (Fig. 1; Korkutata et al., 

Neuropharmacology, 2019). In contrast to A2AR agonists, the A2AR PAM does not affect blood 

pressure, heart rate or body temperature.  

 

 

 

 

 


