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1. Introduction 
Functions of our bodies are regulated through a complex network of cell-cell 
communications by numerous biologically active molecules, including cytokines, 
hormones and neurotransmitters. Among various classes of intercellular communication 
molecules, we focus on neuropeptides. We search for novel neuropeptides with various 
biochemical techniques and define their physiological roles at the whole-animal level 
through genetic techniques available in mice. We are particularly interested in 
neuropeptides involved in brain functions, such as appetite, emotion and sleep-wake cycle. 
We have identified several novel neuropeptides. In this talk, I will focus on the roles of 
orexins. The neurological condition of narcolepsy, characterized by an orexin (hypocretin) 
deficiency has shown that orexins play an important role in regulating sleep and 
wakefulness and the maintenance of arousal. Recent findings suggest that orexin 
neurons provide a crucial link between energy balance, emotion, reward systems and 
arousal to regulate animals behavior. 
 
2. Identification of Orexins 
We identified novel pair of neuropeptides, termed orexin-A and –B (also known as 
hypocretin 1 and hypocretin 2), as the ligands for two orphan G protein–coupled receptors. 
Neurons producing orexins are located exclusively in the lateral hypothalamus, the 
classical feeding center of the brain. Furthermore, we found that orexin mRNA is 
up-regulated during fasting. These findings suggested that orexins may be involved in 
the regulation of feeding behavior. Indeed, animals eat significantly more when injected 
with orexin cerebroventricularly. However, soon after our discovery of orexin and orexin 
receptors, we and other researchers found that orexins also elicit various other 
pharmacological actions, such as augmentation of sympathetic outflow and increase in 
arousal and waking.  
 
3. Sleep/wake regulation by orexins 
Subsequently, the finding that an orexin deficiency causes narcolepsy in humans and 
animals suggested that these hypothalamic neuropeptides also play a critical role in 
regulating sleep and wakefulness. Sleep and wakefulness are regulated to occur at 
appropriate times that are in accordance with our internal and external environments.  
Avoiding danger and finding food, which are life-essential activities that are regulated by 
emotion, reward and energy balance, require vigilance and thus, by definition, 
wakefulness.  Orexins activate wake-active monoaminergic and cholinergic neurons in 
the hypothalamus and brain stem to maintain a long, consolidated awake period. Orexin 
neurons are exclusively localized within the the lateral hypothalamus and project to 
numerous brain regions. Especially strong innervation by orexin-immunoreactive fibers 
was observed in the monoaminergic/cholinergic nuclei,, suggesting that orexin neurons 
affect the activity of these nuclei to regulate sleep/wakefulness states. 
 
4. Regulation of orexin-producing neurons 
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Orexin neurons receive abundant input from the limbic system, which might be 
important for increasing arousal during emotional stimuli. Orexin neurons are also 
regulated by sleep active neurons in the ventrolateral preoptic area, and peripheral 
metabolic cues, including ghrelin, leptin and glucose, suggesting that orexin neurons 
might provide a link between energy homeostasis and vigilance states. 
 
 
Conclusion 
These suggest that he orexin system regulates sleep and wakefulness through 
interactions with systems that regulate emotion, reward and energy homeostasis. 
Together, these observations suggest that in a broad sense, orexin neurons are involved 
in sensing the body’s external and internal environments, and regulate states of sleep 
and wakefulness accordingly, which is beneficial for survival.  
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