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Neuropeptides and Human Sleep 

Axel Steiger and Florian Holsboer 

Max Planck Institute of Psychiatry, Department of Psychiatry, Munich, Germany 

Summary: Results from preclinical studies have validated the participation of neuropeptides in sleep regulation. 

In recent human and clinical studies it has been shown that peripheral administration of various peptides results in 

specific changes in the sleep electroencephalogram in humans. Furthermore, it has been demonstrated that certain 

peptides are common regulators of the electrophysiological and neuroendocrine components of sleep. It is now well 

established that the balance between the neuropeptides growth hormone-releasing hormone (GHRH) and cortico­

tropin-releasing hormone (CRH) plays a key role in normal and pathological sleep regulation. In young normal 

subjects, GHRH stimulates slow-wave sleep and growth hormone secretion but inhibits cortisol release, whereas 

CRH has the opposite effect. During normal aging and during acute depression, the GHRH:CRH ratio is changed 

in favor of CRH, resulting in disturbances in sleep endocrine activity. In addition to GHRH, galanin, growth 

hormone-releasing peptide, and neuropeptide Y also promote sleep, unlike ACTH(4-9), which disturbs sleep. In 

elderly subjects, sleep deteriorates after acute administration of somatostatin but improves after chronic treatment 

with vasopressin. Vasoactive intestinal polypeptide decelerates the non-rapid eye movement-rapid eye movement 

cycle and advances the occurrence of the cortisol nadir. The impact of delta sleep-inducing peptide, cholecystokinin, 

and thyrotropin-releasing hormone on human sleep regulation is not yet clear. This paper reviews recent work 

investigating the influence of these various neuropeptides on sleep. Key Words: Sleep-Peptides-HPA system­

Somatotropic system-Depression-Aging. 

Neuropeptides act as neuromodulators and neuro­

transmitters in the central nervous system (CNS), par­

ticipating in the regulation of various behaviors, in­

cluding sleep. Many preclinical studies have shown 

that various peptides exert specific effects on the sleep 

electroencephalogram (EEG) in several species [for re­

view, see Ob.:'il et al. (1)]. Furthermore, various pep­

tides produced in and secreted from hypothalamic neu­

rons also act as the releasing or inhibiting factors of 

pituitary hormones, thus regulating peripheral hormon­

al homeostasis. As the result of pioneering work con­

ducted about 25 years ago (2-5), it is now well estab­

lished that hormones show distinct patterns of noctur­

nal secretion and that there are temporal and functional 

associations between these patterns and the non-rapid 

eye movement-rapid eye movement (non-REM­

REM) cycle, particularly in humans. More than 10 

years ago, researchers in several laboratories (6-9) 

demonstrated that certain peptides such as growth hor­

mone-releasing hormone (GRRH) and corticotropin-
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releasing hormone (CRR) influence nocturnal hor­

mone release and the sleep EEG. By performing in­

triguing experiments they were able to show that these 

substances are common regulators of the neuroendo­

crine and neurophysiological components of sleep [for 

review, see Krueger and OMI (10)]. Over the last 10 

or more years, human and clinical research has inves­

tigated the role of these and other peptides in the reg­

ulation of normal and pathological sleep in humans. 

This paper reviews the current level of knowledge in 

this area of research. 

THE HYPOTHALAMIC-PITUITARY­

ADRENOCORTICAL SYSTEM 

CRR produced and released from parvocellular neu­

rons of the paraventricular nucleus is the key regulator 

of the hypothalamic-pituitary-adrenocortical (RPA) 

system. Release of CRR (e.g. during exposure to 

stress) is followed by the enhanced secretion of adren­

ocorticotropin hormone (ACTR) from the anterior pi­

tuitary and cortisol from the adrenal cortex. In addition 

to these effects on peripheral hormone secretion, CRR 

exerts various influences on behavior (11), including 
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NEUROPEPTIDES AND HUMAN SLEEP 1039 

sleep. After intracerebroventricular (icv) administra­

tion of CRH to rats, more shallow sleep was found 

than after the administration of vehicle (6). In normal 

young male controls, when the physiological pulsatile 

release of the peptide was mimicked by repetitive 

hourly intravenous (iv) boluses of 4 X 50 f.Lg CRH 

between 2200 and 0100 hours, slow-wave sleep (SWS) 

decreased during the second half of the night and REM 

sleep diminished throughout the night. Furthermore, 

the nocturnal growth hormone (GH) surge was blunted 

and cortisol levels were elevated during the first half 

of the night (12). These data suggest that CRH has 

sleep-disturbing effects. Apparently, administration of 

CRH during the first few hours of the night is followed 

by fast endocrine responses of cortisol and GH, where­

as the effects on the sleep EEG are longer lasting and 

the decrease of SWS occurs, albeit delayed, in the 

morning hours. Furthermore, it has been shown that 

some symptoms of depression (shallow sleep, hyper­

cortisolism, and blunted GH levels) can be provoked 

experimentally in normal subjects by CRH, which is 

believed to be hypersecreted in major depression (13). 

Similarly, after iv CRH administration to normal con­

trols, SWS and sleep efficiency decreased but sleep 

stages 1 and 2 increased significantly (14); these symp­

toms have also been found in depression. Repetitive 

administration of CRH appears to be the crucial meth­

odological issue because, after continuous nocturnal 

infusion of CRH, the sleep EEG remained unchanged 

(15). 

Furthermore, potency of the effect that CRH can 

have on the sleep EEG appears to depend on the se­

lected interval for administration as well as on the dos­

age. For example, hourly injections of 10 f.Lg CRH 

from 0800 to 1800 hours failed to modulate the sleep 

EEG of the coming night in young normal men (16). 

In this study, plasma melatonin concentrations were 

measured from 0800 to 0300 hours and were found to 

be blunted after CRH in comparison to placebo, which 

is consistent with the reciprocal interaction between 

HPA activity and melatonin secretion. From these find­

ings it may be concluded that CRH affects sleep only 

when it is given in a sufficiently high dosage during 

the first half of the night (12) but not when a low 

dosage is given in the daytime (16). On the other hand, 

the latter strategy was sufficient to significantly inhibit 

melatonin secretion in healthy volunteers. Interesting­

ly, reduced total and nocturnal melatonin secretion is 

frequently found in patients with depression (17,18). 

It appears likely that this so-called low-melatonin syn­

drome in depression is due to a direct effect of CRH 

secretion at the pineal gland, although there is no di­

rect correlation between the sleep EEG and melatonin 

changes during depression. A role for ACTH and for 

the consecutively increased cortisol levels in the al-

tered levels of melatonin secretion can be excluded 

because in the same study repetitive injections of 1 f.Lg 

ACTH from 0800 to 1800 hours did not affect mela­

tonin levels. Except for a nonsignificant decrease in 

time spent in REM sleep, there was no change in the 

sleep EEG, although cortisol was elevated in response 

to ACTH administration (16). 

Two studies have been conducted to examine the 

effects of continuous infusions of ACTH. In one study, 

a higher dose of ACTH (40 IV, corresponding to about 

350 f.Lg) was given to healthy volunteers over a period 

of 8 hours starting at 0800, 1500, or 2330 hours. In 

addition, three patients with Addison's disease re­

ceived the same dose of ACTH starting at 0800 hours 

(19). In the normal controls, ACTH produced a 

marked reduction in REM sleep after all three proto­

cols. Furthermore, it reduced total sleep. time in these 

subjects after the infusions beginning at 0800 and 1500 

hours, with SWS also decreased after the 0800-hours 

infusion. In the patients with Addison's disease, only 

a slight reduction in REM sleep was reported. The 

authors suggested that ACTH affects sleep through its 

effects on corticosteroid secretion. Similarly, in anoth­

er study, nocturnal infusion of ACTH (0.55 IV/hour, 

corresponding to about 5 f.Lg/hour) starting at 2200 

hours suppressed REM sleep in normal controls. In 

this second study, increases of cortisol and GH were 

observed throughout the night under ACTH (15). 

The ACTH(4-9) analog ebiratide, which induces 

several behavioral effects but is devoid of endocrine 

effects (20), was used to differentiate between the cen­

tral (sleep EEG) and peripheral (adrenocortical acti­

vation) effects of ACTH (21). As expected, pulsatile 

administration of this compound had no effect on pe­

ripheral GH and cortisol levels. However, several sleep 

EEG changes were found after ebiratide that are com­

patible with a general CNS activation: sleep period 

time and sleep efficiency index decreased, and sleep 

onset latency was prolonged. During the first third of 

the night, intermittent wakefulness increased and SWS 

was reduced. REM sleep was reduced only during the 

second third of the night, although the total amount 

remained unchanged over the entire night (21). This 

study indicates that CRH (12) and ACTH exert dif­

ferent specific effects on the sleep EEG. Furthermore, 

it demonstrates that the blood-brain barrier does not 

prevent central effects of intravenously administered 

peptides because the ACTH( 4-9) analog affected the 

sleep EEG without any measurable peripheral effect. 

Another method of differentiating between the central 

and peripheral mechanisms in the sleep EEG effects 

of CRH is through the administration of cortisol. After 

continuous nocturnal (2300-0700 hours) infusion of 

cortisol (22), and after pulsatile iv administration from 

1700 to 0700 hours (23), SWS increased and REM 

Sleep, Vol. 20, No. II, 1997 
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1040 A. STEIGER AND F. HOLSBOER 

sleep decreased in young normal controls. In the sec­

ond study, increased GH secretion was reported. The 

opposing effects of CRH (12) and cortisol on SWS 

(22,23) and OH (23) contradict the assumption that the 

effects of CRH are mediated by stimulation of cortisol. 

Clearly, cortisol that is elicited physiologically by 

CRH via ACTH exerts effects opposite to those of 

exogenous CRH (12). These data suggest that cortisol 

acts by negative feedback inhibition of CRH. Because 

CRH (12), ACTH (15), and cortisol (22,23) suppress 

REM sleep--in contrast to ebiratide, which has only 

a slight effect on stage REM-it appears possible that 

REM suppression was mediated by cortisol in all these 

experiments. This is not contradicted by the lack of 

significant REM suppression after pulsatile daytime 

administration of ACTH, because in this study the 

nocturnal cortisol levels were not elevated (16). Our 

view is further supported by the fact that the inhibitor 

of cortisol synthesis, metyrapone, diminished SWS 

and, marginally, also cortisol levels in young normal 

men but did not change REM sleep (24). In this study, 

endogenous CRH was probably elevated as ACTH 

concentrations were remarkably enhanced. Further 

clarification is needed on the role of hypothalamic 

CRH in REM sleep regulation: In the rat, CRH en­

hanced REM sleep after sleep deprivation (25), which 

fits with the frequently observed disinhibition of REM 

sleep in patients with depression (26,27). 

ARGININE VASOPRESSIN 

Arginine vasopressin (AVP) is another peptide par­

ticipating in the regulation of CNS functions and pe­

ripheral hormone secretion as well as playing a role in 

the regulation of salt and water homeostasis. The pep­

tide acts as a cofactor of CRH in the activation of the 

HPA system (28). Preclinical and clinical data suggest 

that in addition to overactive CRH neurons, coexpres­

sed A VP is also increased at the corticotropic level in 

depression (29). After intranasal administration of 

A VP to controls, a slight but significant increase in 

stage 2 sleep was found, whereas SWS and REM sleep 

tended to decrease (30). Under continuous nocturnal 

infusions of A Vp, REM sleep was suppressed in young 

normal men (31). Because cortisol was determined 

only four times during the night in this study, the con­

clusion that cortisol did not induce the observed sleep 

EEG changes seems premature. A further clarification 

of this issue appears necessary, particularly because 

icv infusions of A VP in rats prompted increases of 

intermittent wakefulness, an effect also mimicked by 

an A VP agonist. Infusion of an A VP antagonist de­

creased duration of waking, with REM sleep not being 

affected by any of these protocols (32). These exper­

iments suggest that acute administration of this peptide 

Sleep, Vol. 20, No.1 1, 1997 

causes sleep disturbances. A recent study, however, 

suggests improvement of sleep in elderly subjects can 

be achieved by subchronic intranasal administration of 

A VP. In a double-blind and randomized study, the ef­

fects of a 3-month period of daily intranasal AVP treat­

ment to normal elderly women and men before and 

after bedtime were studied (33). This treatment in­

creased sleep period time, time spent in SWS, and, 

during the second half of the night, the amount of 

REM sleep. The authors suggest a compensation of the 

age-related A VP deficiency of the nucleus suprachias­

maticus. This result suggests that A VP could be help­

ful for the treatment of age-related sleep disorders. 

THE SOMATOTROPIC SYSTEM 

In humans there is a rather strict temporal associa­

tion between the major portion of SWS after sleep 

onset and the OH surge (2,3,5,34), although the noc­

turnal GH increase can occur prior to sleep onset in 

normal controls (34,35). Normal aging (36,37) and 

acute episodes of depression (38-41) are accompanied 

by a decrease in SWS as well as a diminshed OH 

surge. It has frequently been reported that sleep de­

privation is accompanied by blunted OH release, 

which is evidence for a mutual functional relationship 

(4,42,43). Although the GH surge in young men does 

not differ between nights with undisturbed sleep and 

those with total sleep deprivation (44), these obser­

vations suggest a common factor promoting both sleep 

and OH release, the latter being stimulated at the pi­

tuitary level by GHRH. Studies in rats and rabbits in 

several laboratories have demonstrated that sleep, in 

particular SWS, is promoted by central GHRH admin­

istration, with sleep becoming shallower after experi­

mental inhibition of OHRH [for review, see Krueger 

and ObaJ. (10)]. 

Three independent laboratories have shown that pe­

ripherally administered GHRH also promotes sleep in 

humans. In young normal controls, repetitive hourly 

administration of 4 X 50 J..Lg GHRH from 2200 to 0100 

hours prompted increases of SWS and GH secretion 

and a blunting of cortisol secretion (45). Comparable 

to the findings after CRH (12) was the observation that 

the effect of OHRH given in the first 4 hours of the 

night was long lasting. SWS remained elevated up to 

the last third of the night, when it seldom occurs spon­

taneously. In addition, the inhibition of cortisol release 

was most marked during the second half of the night, 

when the HPA system is usually activated. This study 

also demonstrates that a pulsatile administration of 

GHRH is necessary to closely mimic the physiological 

secretion pattern and evoke these observed effects. A 

study comparing repetitive versus continuous admin­

istration of GHRH underlined that this is crucial when 
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FIG. 1. Profiles of sleep (top), cortisol (middle), and growth hormone (GH; bottom) plasma levels from two representative subjects (upper 

part, lower part). Left panel, placebo condition. Middle panel, episodic GH-releasing hormone (GHRH) condition (arrows). Right panel, 

continuous GHRH condition (hatched bar). Lights were turned off at 2300 hours, subjects were awakened at 0700 hours. Abbreviations: 

W, wakefulness; SI, S2, S3, S4, sleep stages 1-4; REM, rapid eye movement sleep. Reprinted by pennission of The Endocrine Society 

from "Greater efficacy of episodic than continuous growth hormone releasing hormone (GHRH) administration in promoting slow wave 

sleep (SWS)", by Marshall L, et al. in Journal of Clinical Endocrinology and Metabolism, vol. 81, no. 3,1009-13. Copyright 1996 by 

The Endocrine Society. 

central effects are being studied (46). In this same in­

vestigation, increases of SWS and GH (and, further­

more, of REM sleep) were found only after a protocol 

identical to our initial study (45). In contrast, sleep 

EEG remained unchanged when GHRH was continu­

ously infused (Fig. 1), which had also been observed 

in an earlier study (47). 

Conflicting results exist on the effects of single dos­

es of GHRH. Young normal men were allowed to 

sleep from 2000 until 0800 hours in one study and 

received GHRH iv (50 f-Lg) in two protocols, at either 

0900 or 2000 hours (48). In both protocols, the sleep 

EEG was not influenced by GHRH, and GH secretion 

was elevated only after the evening administration of 

GHRH. In another study, 0.5 f-Lglkg GHRH was given 

to healthy men (22-38 years old) either prior to sleep 

onset or coinciding with sleep onset. EEG spectral 

analysis showed a significant increase in the lower fre­

quency range (4-10 Hz) during the first 100 minutes 

of sleep, whereas all other sleep-EEG variables, in-

eluding SWS time, remained unchanged. GH increased 

significantly after GHRH, but cortisol and ACTH were 

not affected (49). Kerkhofs et al. (50) applied 0.3 

f-Lglkg GHRH in three different protocols: 1) after the 

onset of the first SWS period, 2) after 60 seconds of 

the third REM period, and 3) after sleep deprivation 

lasting until 0400 hours. The results of the three pro­

tocols, respectively, were as follows: 1) unchanged 

SWS but increased REM sleep; 2) a decrease in inter­

mittent wakefulness and increases in SWS and, by 

trend, of sleep period time; and 3) a decrease in inter­

mittent wakefulness. Finally, one single GHRH bolus 

(l00 f-Lg) at 2300 hours followed by 50 f-Lg CRH at 

2330 hours was given to male subjects who were 

awake, and lights were then turned off at 0100 hours. 

In comparison with baseline conditions (lights off at 

2300 hours, saline treatment only), a significant in­

crease in SWS during the second half of the night was 

found (51). In this study, GHRH appears to even over­

ride the sleep-disturbing influence of CRH. A recent 

Sleep, Vol. 20, No.1 1, 1997 
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1042 A. STEIGER AND F. HOLSBOER 

study (52) suggests that during repetitive administra­

tion an adequate dosage of GHRH per bolus is re­

quired. In this trial, normal controls participated in 

three protocols with the administration of 1) placebo 

or 2) GHRH by a single dosage of 50 j.Lg at 2200 hours 

or 3) 5 bolus injections of 10 f.Lg each every 15 min­

utes starting at 2145 hours. In this study, stage 4 sleep 

increased and wakefulness decreased slightly but sig­

nificantly after the single bolus, although the repetitive 

injections did not influence sleep. 

Together, these data confirm that GHRH is a sleep­

promoting substance in humans. Clearly, exogenous 

administration is most effective when the pulsatile 

mode of administration is used during the first few 

hours of the night, with appropriate dosage and inter­

vals between injections. Nevertheless, single boluses 

of GHRH are capable of modulating sleep, although 

the efficacy appears to depend on the time of admin­

istration. Kerkhofs et al. (50) concluded from their 

data, mentioned above, that GHRH is most effective 

when given during intervals of shallow sleep. This hy­

pothesis is not, however, supported by a set of studies 

involving the administration of GHRH in three situa­

tions in which shallow sleep is a frequent finding: 1) 

in the early morning hours, 2) in subjects with de­

pression, and 3) in elderly subjects. 

In study 1, the efficacy of GHRH was tested in 

young normal men in the early morning hours when 

the physiological amount of SWS is low (53). To per­

form this investigation, the aforementioned protocol 

with pulsatile administration of 4 X 50 f.Lg GHRH 

from 2200 to 0100 hours (45) was modified, with the 

administration shifted to between 0400 and 0700 

hours. Examination of hormone secretion and the sleep 

EEG started, as in the original study, at 2200 or 2300 

hours, respectively (45), but was extended until 1000 

hours to clarify whether subjects slept longer after 

GHRH or after placebo. The effects of OHRH on the 

sleep EEG were weak, and the only significant change 

was a decrease in REM density. There was neither an 

increase in SWS nor a prolongation of the sleep period 

time. GH was significantly enhanced during the ad­

ministration of GHRH, whereas cortisol and ACTH 

levels remained unchanged. This study suggests that 

GHRH is less influential in young normal controls if 

it is given during the second half of the night, when 

the amounts of time spent in SWS and the spontaneous 

secretion of OH are low but the activity of the HPA 

system is increasing. On the other hand, OHRH given 

repetitively during the first few hours of the night (45), 

or by single boluses after sleep onset until the third 

REM period (50), or during partial sleep deprivation 

(51) exerts enduring effects that last until the second 

half of the night. These observations support the no­

tion (6) that there is a time window near sleep onset 

Sleep, Vol. 20, No, 11, 1997 

when the physiological action of OHRH takes place, 

coinciding with relatively low activity of CRH neu­

rons. 

In study 2, the aforementioned protocol with the ad­

rninistration of GHRH near to sleep onset (45) \vas 

repeated to test the efficacy of GHRH in patients of 

both sexes with an acute episode of depression (54), 

because it is well established that shallow sleep, dis­

inhibition of REM sleep, blunted OH release, and hy­

peractivity of the HPA system are frequent symptoms 

of depression (27,40,55). Again, the effects of GHRH 

differed, being weaker in depressed patients than in 

young normal subjects. There were several nonsignif­

icant trends toward improved sleep quality, with SWS 

time and REM time tending to increase and intermit­

tent wakefulness tending to decrease. However, similar 

to study 1, the only significant sleep EEG change after 

GHRH was a decrease in REM density during the sec­

ond half of the night. The OH surge was distinctly 

augmented, and cortisol and ACTH levels remained 

unchanged. These endocrine effects were also found 

in a subgroup of five younger patients who were com­

pared to age-matched normal controls. In these pa­

tients and controls, GH increased, whereas cortisol lev­

els were blunted after GHRH only in normal controls 

(54). 

An analogous protocol was applied in study 3 to 

healthy elderly men and women (56). Normal aging is 

accompanied by changes in the sleep EEG and in 

sleep-associated hormone secretion, similar to those 

occurring during acute depression, Shallower sleep, in­

cluding a decrease in SWS, shortened REM latency, 

blunted GH secretion and an advanced occurrence of 

the rise in cortisol with a corresponding increase in 

cortisol concentration during the first half of the night 

are well-documented findings associated with increas­

ing age (37,57). In the elderly subjects studied, iv 

GHRH demonstrated some sleep-promoting effects, 

but these were much weaker than in young subjects 

(45,46). Under GHRH the number of intermittent 

awakenings decreased significantly, and the first 

nonREM period was prolonged. The GH surge was 

enhanced significantly, although less so than in young 

subjects, with cortisol and ACTH levels not affected 

(56). This study demonstrated a reduced efficacy of 

OHRH on the sleep EEG and nocturnal hormone se­

cretion in the elderly compared to young subjects. 

Similarly, the GH response to the daytime administra­

tion of OHRH is markedly reduced in the elderly com­

pared to young controls (58,59). 

Iovino et al. (58) had previously reported that in 

daytime this loss of efficacy of GHRH on OH release 

in the elderly can be revised after "OHRH priming" 

(100 f.Lg GHRH iv every second day for 12 days). 

After priming, the effect of GHRH on OH release in 
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old men did not differ from that in young men. Re­

cently, Murck et al. (60) tested whether the efficacy 

of GHRH on sleep-endocrine activity is also en­

hanced after GHRH priming. To do this, the sleep 

EEG and nocturnal hormone secretion of two elderly 

men were investigated on four occasions. Either pla­

cebo or 4 X 50 j-Lg GHRH was given between 2200 

and 0100 hours at baseline on two consecutive 

nights according to a randomized schedule. Then, 

following 12 days with GHRH priming in accor­

dance with Iovino et al. (58), the effect of GHRH 

was retested and, finally, a second retest was per­

formed after a placebo period of 12 days. In both 

subjects, the efficacy of GHRH was not improved by 

priming. Sleep quality even deteriorated in compar­

ison with baseline after priming, and this effect was 

still present at the end of the study. These data con­

tradict the hypothesis that GHRH priming may be 

useful in prompting a "rejuvenation" of sleep-en­

docrine activity in the elderly. 

Somatostatin inhibits GH release, thus opposing 

the effects of GHRH. Research on the effect of so­

matostatin on sleep in animals has produced conflict­

ing data. In the rat, somatostatin either stimulated 

REM sleep (61) or reduced non-REM sleep (62). In 

young normal men, neither continuous (63), nor sin­

gle (64), nor repetitive iv (45) administration had 

any effect on the sleep EEG. In elderly normal con­

trols of both sexes, however, repetitive administra­

tion of somatostatin caused sleep to deteriorate: To­

tal sleep time and REM time decreased, and inter­

mittent wakefulness increased (65) (Fig. 2). The data 

from the studies in elderly controls (56,60,65) sup­

port the opposing effects of GHRH and somatostat­

in, not only on GH release but also on the sleep 

EEG: While GHRH improves sleep, somatostatin 

disturbs it. This observation fits with preclinical 

findings showing that the activity of the GHRH sys­

tem declines during aging, whereas the somatostatin 

system remains largely unchanged (66). These data 

suggest that the capacity of GHRH to counteract the 

sleep-disturbing effects of somatostatin and (as dis­

cussed in detail below) of CRH declines with in­

creasing age. This may contribute to the age-related 

changes of the sleep EEG and of sleep-associated 

hormone secretion. Pulsatile administration of cor­

tisol is capable of counteracting some of these age­

related changes. Bohlhalter et al. (67) investigated 

the effects of pulsatile iv administration of cortisol 

from 1700 to 0700 hours in elderly controls, analo­

gous to the protocol in young subjects mentioned 

above (23). As in the young subjects, SWS, delta, 

and theta power and GH release were enhanced, al­

though these effects were weaker in the elderly sub­

jects. Furthermore, REM sleep decreased. It is pos-

Placebo 
MT I I 

Wake 

REM 

I 

II 

'" 
~ I ~ 

Time (h) 

IV 
i i 

23 24 

4 X 50!J9 SRIF 
MT I I I I II 

Wake 

REM 

'" IV 
i i 

23 24 6 7 
Time (h) 

FIG. 2. Sleep pattern in one subject after placebo and somatostatin 

(SRIF). Abbreviations: MT, movement time; REM, rapid eye move­

ment sleep; I-IV, non-REM sleep stages 1-4. Reprinted by permis­

sion of Elsevier Science, Inc. from "Somatostatin impairs sleep in 

elderly human subjects", by Frieboes RM, et al. in Neuropsycho­

pharmacology. vol. 16, 339-45. Copyright 1997 by The American 

College of Neuropsychopharmacology. 

sible that cortisol reinforced the effects of GHRH by 

the inhibition of CRH, somatostatin, or both in this 

study. The studies on cortisol effects in young and 

old subjects (66,67) showed that cortisol and CRH 

have opposing effects on SWS and GH. Correspond­

ingly, administration of GH to normal controls led 

to a decrease in SWS (68), which may be explained 

by feedback inhibition of GHRH. Furthermore, REM 

sleep was enhanced in this study, as it was in two 

other studies after GHRH in young normal subjects 

(46,50). These data support the view that the in­

crease in SWS after GHRH represents a direct cen­

tral effect following peripheral administration. This 

points toward the passage of this peptide through the 

blood-brain barrier or effects that are mediated 

through GHRH receptors outside the blood-brain 

barrier. On the other hand, the increase in REM sleep 

may be mediated by enhanced GH levels, a hypoth­

esis that is supported by preclinical data. SWS in­

creased after iv GHRH administration to hypophy­

sectomized rats, but REM sleep was not affected. In 

contrast, both SWS and REM sleep were enhanced 

in intact animals in this experiment (69). 

In patients with acromegaly due to autonomous 

GH-secreting tumors, central GHRH is probably 

suppressed, which may explain the observation that 

the amount of SWS was low but increased after ad­

enectomy in these patients (70). On the other hand, 

less SWS was found in subjects with dwarfism than 

in aged-matched normal controls (71), which is 

probably due to central GHRH deficiency. These 

clinical findings also support a causal relationship 

between GHRH and SWS. 

Sleep. Vol. 20. No. 11. 1997 

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/s
le

e
p
/a

rtic
le

/2
0
/1

1
/1

0
3
8
/2

7
2
5
9
7
5
 b

y
 g

u
e
s
t o

n
 2

1
 A

u
g
u
s
t 2

0
2
2



1044 A. STEIGER AND F. HOLSBOER 

INTERACTION OF SOMATOTROPIC AND 

HPA SYSTEMS 

Ehlers and Kupfer (72) were the first to submit the 

hypothesis of a reciprocal interaction between GHRH 

and CRH in sleep regulation. The data summarized 

above demonstrate that GHRH triggers SWS and GH 

release and inhibits cortisol secretion through suppres­

sion of CRH. The latter neuropeptide, CRH, exerts the 

opposite effects, as it stimulates cortisol via ACTH 

enhancement and inhibits SWS and GH release. Thus, 

CRH has activating as well as sleep-suppressing ef­

fects, which is in accordance with its role as the key 

regulator of behavioral adaptation to exposure to 

stress. In contrast, GHRH is a sleep promoter, as high 

GHRH release is associated with enhanced SWS. 

When GHRH levels are reduced, sleep consequently 

becomes shallow. Similarly in rats, hypothalamic 

GHRH mRNA levels peak around light onset when 

the animals tend to sleep, then decline during the light 

phase and remain low during the dark phase when they 

are active (73). We suggest that, correspondingly, in 

young normal subjects endogenous GHRH levels are 

highest during the first half of the night, resulting in 

the maximum occurrence of SWS and GH and in the 

nadir of cortisol. During the second half of the night, 

CRH predominates and, correspondingly, cortisol is 

released and the amounts of SWS and GH are low. 

Changes in the GHRH:CRH ratio may account for al­

terations in sleep endocrine activity. For example, 

there is strong evidence that CRH is excessively re­

leased during depression, whereas during aging the ac­

tivity, efficiency, or both of GHRH decrease. As a re­

sult, CRH predominates in both conditions, producing 

similar changes in sleep endocrine activity. With in­

creasing age, the progressively increasing influence of 

somatostatin may act as an additional sleep-disturbing 

factor (Fig. 3). During the recovery night after a period 

of sleep deprivation, changes in sleep endocrine activ­

ity occur, contrary to those found during depression 

and aging-namely, increases in SWS and GH (74). 

Furthermore, after prolonged sleep deprivation, blunt­

ed cortisol levels have been reported (75). It is possible 

that GHRH is excessively produced during sleep de­

privation and overrides the effects of CRH. Everything 

points to GHRH (76) being an endogenous antagonist 

of CRH, calling for the search for peptidomimetics 

derived from GHRH that are suitable for use as sleep 

inducers and possibly also as antidepressants. 

GROWTH HORMONE SECRETAGOGUES 

Growth hormone-releasing peptide-6 (GHRP) is a 

synthetic hexapeptide acting as a secretagogue for GH 

(77), but it does not act via the somatotrophic GHRH 

Sleep. Vol. 20, No. ii, 1997 

YOUNG NORMAL CONTROL 

PATIENT WITH DEPRESSION 

EEG 

Wi~ 
GH CORTISOL 

~:1~~~~ 
23 24 1 2 3 4 5 6 7 TIme 

EEG 

WAKE ~ REM 

1 

2 

3 
4 

AGED NORMAL CONTROL 

GH 40 1 CO~~~SOL 
~ 200 ~ 

~20 ~loo~ 
o ~. " 0 

23 24 1 2 3 4 5 6 7 TIme 

FIG. 3. Hypothesized reciprocal interaction of growth hormone­

releasing hormone (GHRH) and corticotropin-releasing hormone 

(CRH) in normal sleep regulation (young healthy control subjects), 

during hypothalamic-pituitary-adrenocortical (HPA) system hyper­

activity (patients with depression) and during decreased HPA effi­

cacy (elderly control subjects). In the elderly, somatostatin (SRIF) 

is believed to contribute, besides CRH, to the impairment of sleep. 

receptor (78). A specific GHRP receptor was recently 

identified, cloned, and found in hypothalamic and pi­

tuitary tissues (79). Repetitive administration of 4 X 50 
" j.Lg GHRP to young normal men increased stage 2 sleep, 

GH, cortisol, and ACTH release (80). Hence, GHRP 

shares the promoting effects of GHRH (45) on noctur­

nal GH release and non-REM sleep in that instead of 

SWS after GHRH, stage 2 sleep is prolonged after 

GHRP. Surprisingly, GHRH and GHRP influence HPA 

activity in opposite ways. The effect of GHRP upon 

sleep appears to depend on the dosage, route, and time 
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% 

5 10 

Frequency (Hz) 

15 

o n.s. 

~ p<O.l 

• p<0.05 

20 

FIG. 4. Spectral power changes after 4 X 50 fLg galanin in non­

rapid eye movement sleep. Galanin enhances the electroencephalo­

graphic activity in the delta and theta frequency ranges (ns, not 

significant). From Murck et al. (in preparation). 

of administration. Stage 2 sleep during the second half 

of the night was reduced after oral GHRP but increased 

after intranasal GHRP (81). A lower dose of GHRP iv 

(1 f.Lg/kg body weight) at the beginning of the third 

REM period (82) did not induce sleep EEG changes. 

After 1 week of oral treatment with another GH secre­

tagogue, MK677 (a novel analog of GHRP), SWS in­

creased in young healthy volunteers, whereas the levels 

of GH and cortisol remained unchanged (78). These 

data are the first to suggest hypnotic properties of a 

peptidomimetic after oral administration. Future re­

search will be directed toward the identification of an 

as yet unknown endogenous ligand of the GHRP re­

ceptor that may be involved in sleep regulation. 

GALANIN 

Galanin is widely located in the mammalian brain 

and coexists in neurons with various peptides and clas­

sical neurotransmitters participating in sleep regula­

tion: It is also known to stimulate GH via GHRH in 

man (83). The sleep EEG in the rat remained unchan­

ged after icv galanin, but a role for galanin in sleep 

regulation is supported by the finding that REM sleep 

deprivation induced galanin gene expression (84). In 

young normal male controls, the effects of two doses 

of galanin (4 X 50 f.Lg and 4 X 150 f.Lg) were studied 

(85). After the lower dose, REM sleep was prolonged 

for the first three sleep cycles, with stage 2 sleep being 

reduced for the whole night. EEG spectral analysis re­

vealed a significant increase in delta power, also for 

the whole night (Fig. 4). The effects of the higher dose 

were less distinct, with a significant increase in REM 

sleep during the third sleep cycle and a trend to an 

increase in REM sleep for the first three cycles. These 

data suggest that, like GHRH, galanin is a sleep-pro-

moting peptide with more pronounced effects at lower 

dosages. As in the study with ebiratide mentioned 

above (21), the sleep EEG was modulated, but the se­

cretory patterns of GH, cortisol, and prolactin re­

mained unchanged. It is possible that the effects of 

galanin may have been mediated by a subtle release 

of hypothalamic GHRH into sleep-promoting areas of 

the brain. The amount of GHRH secreted into the por­

tal vein was perhaps not sufficient to augment the noc­

turnal GH release. An alternative and perhaps more 

plausible explanation derives from the observation that 

galanin decreases the activity of neurons in the locus 

coeruleus (86), a structure that is involved in the reg­

ulation of reciprocal changes of REM and non-REM 

sleep (87). High activity of the locus coeruleus, com­

posed mainly of noradrenergic neurons in coexistence 

with large amounts of galanin (88,89), inhibits REM 

sleep. Galanin may induce a disinhibition of REM 

sleep by suppressing the activity of the locus coeru­

leus. Experiments in rats demonstrated that the spon­

taneous discharge rate of noradrenergic locus coeru­

leus neurons is low in REM sleep and SWS but high 

in the waking state (90). Furthermore, cooling of the 

locus coeruleus in the cat induced SWS followed by 

REM sleep (91). During normal sleep, the inhibition 

of the locus coeruleus discharge after galanin may lead 

to a reduction of thalamocortical activity followed by 

EEG synchronization (92), e.g. occurrence of delta ac­

tivity. Hence, the increases in REM sleep and in delta 

power after galanin may be explained by a reduction 

of the activity of the locus coeruleus. Interestingly, the 

effects of CRH on the locus coeruleus and the sleep 

EEG are the opposite of those produced by the lower 

dosage of galanin: CRH neurons innervate the locus 

coeruleus and increase the discharge rate of its neurons 

(93). As mentioned above, suppression of SWS was 

found after CRH in rats (6) and humans (12). Fur­

thermore, REM sleep was reduced after CRH in hu­

mans (12). Although the latter effect may be mediated 

by enhanced cortisol secretion as mentioned before, an 

antagonism of galanin and CRH in sleep regulation 

appears possible. Furthermore, it remains to be clari­

fied how GHRH and galanin interact in sleep regula­

tion. Either these peptides are two independent sleep­

promoting factors, or there is a cascade leading from 

galanin to GHRH, which itself appears to be an antag­

onist of CRH. 

DELTA SLEEP-INDUCING PEPTIDE 

Delta sleep-inducing peptide (DSIP) was first de­

tected in the cerebral venous blood of rabbits that had 

been subjected to sleep by electrical stimulation of the 

intralaminar thalamic area (94). Promotion of SWS af­

ter DSIP has been confirmed in several animal species, 

Sleep. Vol. 20. No. 11. 1997 
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1046 A. STEIGER AND F. HOLSBOER 

although not all preclinical studies reproduced these 

effects, and even an impairment of sleep after DSIP 

has been reported [for reviews, see Graf and Kastin 

(95) and Borbely and Tobler (96)]. To our knowledge, 

only one study has investigated the effects of DSIP on 

the sleep EEG in normal men, and it found only minor 

effects (97). Studies on the efficiency of DSIP in the 

treatment of insomnia have produced conflicting re­

sults. One laboratory reported improved sleep under 

DSIP in patients with insomnia (98), but others have 

failed to confirm this finding (99,100). On the basis of 

these reports, it remains unclear whether DSIP is a 

sleep-promoting substance [see also Borbely and Tob­

ler (96)]. On the other hand, several studies investi­

gating DSIP-like immunoreactivity (DSIP-LI) suggest 

a role for the peptide in sleep regulation. Neurons con­

taining DSIP-LI are found widely distributed in the rat 

brain, with high concentration in areas associated with 

sleep regulation (e.g. reticular formation, raphe nuclei) 

(101). One study tested the hypothesis that DSIP-LI 

levels should be elevated in association with episodes 

of SWS in humans. Plasma DSIP-LI levels were col­

lected every 30 minutes for 24 hours from a sample 

of healthy men and women, volunteers between 23 and 

49 years old. In contrast to expectations, a diurnal 

rhythm for plasma DSIP-LI levels was found, with the 

maximum during wakefulness at 1500 hours and the 

minimum at 0100 hours. The DSIP-LI levels in SWS 

were significantly lower than during wakefulness, the 

lowest occurring in REM sleep. No increase in DSIP­

LI levels before, during, or after a significant percent­

age of SWS periods was found. However, a close cor­

relation between the diurnal rhythm of DSIP-LI and 

that of body temperature was detected. The authors 

concluded that endogenous elevations of DSIP may be 

associated with suppression of SWS and REM sleep, 

and that the circadian rhythm of DSIP is coupled di­

rectly or indirectly to that of body temperature (102). 

This study with normal controls is at variance with a 

report that investigated cerebrospinal fluid DSIP-LI 

and the sleep EEG in patients with schizophrenia 

(103). The authors reported significant correlations be­

tween DSIP-LI concentrations in the cerebrospinal flu­

id and stage 3 sleep throughout the night and between 

DSIP-LI and SWS during the first non-REM period. 

Finally, Seifritz et a1. (104) measured DSIP-LI, corti­

sol, and GH in young normal male controls during 

nocturnal sleep (2300-0800 hours), nocturnal sleep 

deprivation (2300-0500 hours), and morning recovery 

sleep (0500-0800 hours) after sleep deprivation. Sig­

nificant decreases of plasma DSIP-LI were found at 

the transition from wakefulness to sleep in both eve­

ning sleep and morning recovery sleep. No sleep stage 

specificity and no correlation with cortisol and GH se­

cretion were found for DSIP-LI. The data suggest that 

Sleep, Vol. 20, No.1 I, 1997 

DSIP is induced by mechanisms that are involved in 

the initiation of sleep. 

NEUROPEPTIDE Y 

Neuropeptide Y (NPY) is kIlown to participate in 

food intake, anxiolysis, and sedation and to playa dual 

role in HPA activity by elevating ACTH and cortico- . 

steroids in animals after higher doses but blunting after 

lower doses (88). In two separate studies, young nor­

mal male controls received two dosages of NPY (4 X 

50 /-Lg and 4 X 100 /-Lg) (105). The major effect of the 

lower dose was a blunting of cortisol and ACTH se­

cretion throughout the night, whereas the sleep EEG 

remained largely unaffected. After the higher dose, 

only marginal suppression of ACTH and cortisol se­

cretion occurred, but sleep onset latency was markedly 

shortened, and during the second half of the night EEG 

delta power decreased. These findings suggest that 

NPY is capable of modulating sleep onset and HPA 

activity. Obviously, NPY shares some, but not all, 

properties of GABAA receptor agonists such as ben­

zodiazepine hypnotics, particularly the shortening of 

sleep latency, reduction of delta power, and blunting 

of HPA hormones (106,107). These findings are sim­

ilar to the recent report that icv administration of NPY 

in the rat produced dose-dependent effects on electro­

physiological measures (l08). Spectral analysis of the 

EEG revealed a slowing of delta activity in the frontal 

cortex and a speeding up of low-frequency theta ac­

tivity in the cortex, hippocampus, and amygdala. In 

addition, at higher doses EEG power was reduced at 

all frequencies in the cortex and at high frequencies 

(8-32 Hz) in the amygdala. Furthermore, auditory pro­

cessing as assessed by event-related potentials was af­

fected most distinctly in the frontal cortex, where dose­

dependent decreases of the so-called N1 component 

were found. All these effects resemble those caused by 

anxiolytics such as benzodiazepines (108). The human 

(105) and animal (108) data support, at least in part, 

the hypothesis that NPY is also a physiological antag­

onist to CRH (109). This theory derives from animal 

studies, suggesting a reciprocal regulation of behav­

ioral responsiveness to stressful stimuli. "Anxiogenic­

like" effects of CRH were found in several animal 

models of anxiety. For example, transgenic mice that 

overexpress CRH have exaggerated anxiety-related be­

havior (110), whereas suppression of CRH by antis­

ense probes directed against CRH mRNA or the sup­

pression of CRH-receptor synthesis is anxiolytic 

(111,112). In contrast, NPY exerted anxiolytic-like ef­

fects. In normal males, shortened sleep latency and 

reduced cortisol and ACTH release after NPY are in 

contrast to a decrease in SWS and hypercortisolism 

after CRH [see above, Holsboer et a1. (12)]. Because 
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NEUROPEPTIDES AND HUMAN SLEEP 1047 

GABAA agonists are known to suppress CRH (113), 

it appears possible that NPY participates in the regu­

lation of behavior, including sleep, as the antagonist of 

CRH acting via the GABAA receptor. On the other 

hand, the decrease in delta power under 4 X 100 /-Lg 

NPY in normal controls resembles the effect of CRH 
in animals (6). 

THYROTROPIN-RELEASING HORMONE 

Clinical experience teaches us that sleep distur­

bances are concomitant with diseases of the thyroid 

gland, although there have been few sleep EEG studies 

in this field. Only one study has investigated the ef­

fects of thyrotropin-releasing hormone (TRH) in nor­

mal controls. The subjects repetitively received 4 X 50 

/-Lg TRH (114). The only effects on the sleep EEG 

were a decrease in the sleep efficiency index and a 

tendency to an increase in intermittent wakefulness. 

The cortisol morning rise appeared advanced, but there 

were no other changes of cortisol and GH release. 

These results do not suggest a major role for TRH in 

human sleep regulation. 

CHOLECYSTOKININ 

Cholecystokinin (CCK) is a peptide that is present 

in both the gastrointestinal tract and the CNS. It par­

ticipates in meal terminations via the CCK-vagal reflex 

(115) and has also been characterized as a satiety fac­

tor. Satiety has been described as a continuum of be­

havior starting with feeding cessation and progressing 

to sleep (116). Chronic icv infusion of CCK to rats 

increased the number of REM periods per hour of non­

REM sleep (117). Correspondingly, after nocturnal in­

tramuscular administration of the CCK analog caeru­

lein to healthy volunteers, a slight increase in REM 

sleep was observed (118). Infusion of the CCK analog 

cerulitide did not, however, affect the sleep EEG of 

normal controls (119). At present, the role of CCK on 

human sleep regulation remains unclear, and further 

research applying repetitive administration of CCK an­

alog is necessary to clarify this issue. Another issue 

that needs clarification is the relationship between the 

induction of paniclike attacks, both in panic attack pa­

tients and in normal controls, after CCK (120) and its 

effect on sleep. 

VASOACTIVE INTESTINAL POLYPEPTIDE 

Vasoactive intestinal polypeptide (VIP) stimulates 

REM sleep after icv administration in laboratory ani­

mals (121). Preclinical data suggest that stimulation of 

prolactin is involved in the promotion of REM sleep 

Placebo 

4 x 50 1'9 VIP 

Sleep Cycles under VIP 

3 4 5 

CJ NonREM period 

IIIiII REM period 

7 8 h 

Time after sleep onset 

FIG. 5. Summarized sleep cycles on basis of conventional sleep­

electroencephalographic analysis under placebo and 4 X 50 fLg va­

soactive intestinal polypeptid (VIP), n = 10. Reprinted by permis­

sion of The American Physiological Society from "VIP decelerates 

nonREM-REM cycles and modulates hormone secretion during 

sleep in men", by Murck H, et al. in American Journal of Physi· 

ology, vol. 271, R905-11. Copyright 1996 by The American Phys­

iological Society. 

after VIP (122). When VIP was given to rats in the 

dark period, both non-REM sleep and REM sleep in­

creased (122,123). Two dosages of VIP (4 X 10 /-Lg 

and 4 X 50 ILg) were given repetitively to young nor­

mal men (124). Under the higher dosage of VIP the 

sleep cycles were decelerated during the first three cy­

cles due to increased duration of both REM and non­

REM sleep periods (see Fig. 5). Furthermore, there 

was a tendency to increased REM:non-REM ratios. 

After 4 X 50 /-Lg, the cortisol nadir appeared advanced, 

and after midnight the plasma cortisol levels were en­

hanced and the GH peak was blunted. Prolactin levels 

were increased during the first half of the night after 

the higher dosage but were blunted throughout the 

night after the lower dosage. The latter effect was the 

only significant change after the lower dosage of the 

peptide. Spectral analysis did not reveal any influence 

of either dosage on the substructure of sleep stages. 

The data demonstrate that VIP has a specific effect on 

the temporal organization of the sleep pattern and of 

sleep-associated hormone secretion. Three effects of 4 

X 50 ILg VIP were postulated to be attributable to ef­

fects on the circadian clock: 1) The sleep cycles are 

prolonged; 2) circadian distribution of REM sleep is 

advanced, possibly indicating that a condition that con­

trols the relative amount of REM sleep is also ad­

vanced; and 3) the cortisol nadir appears advanced af­

ter VIP. The blunted GH surge may be explained as a 

result of advanced elevated activity of the HPA system 

corresponding to the advanced cortisol nadir. Together, 

these findings suggest that VIP affects the circadian 

clock, which is in concordance with its neuroanatom­

ical distribution. VIP-like immunoreactive neurons 

have been found in the rat forebrain, particularly in the 

ventrolateral part of the suprachiasmatic nucleus 

Sleep, Vol. 20, No. II, 1997 
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1048 A. STEIGER AND F. HOLSBOER 

(SCN) (125,126), a structure that is known to have 

circadian clock function. In the rat, the VIP content of 

this structure decreases during the light phase and con­

tinuously increases during the dark phase (127). It has 

been suggested that VIP in the SCN is not regulated 

by an endogenous rhythm but rather is driven by light­

dark cycles. Thus, VIP-containing neurons in the CNS 

may mediate some of the entrainment effects of light. 

In animal experiments, the circadian rhythm of loco­

motor activity mediated by the SCN was affected by 

VIP; for example, a phase-delaying effect on diurnal 

activity in hamsters was found when VIP was injected 

into the SCN, especially when VIP was given in com­

bination with peptide histidine, isoleucine, and gastrin­

releasing peptide (128). A phase-delaying effect was 

found in the rat after central injection of these sub­

stances near the time of activity onset in the evening, 

when VIP concentration is low (127). Apparently, an 

artificial increase of central VIP after administration 

may shift the circadian clock to phase delay or ad­

vance. The direction of this action may depend on fac­

tors related to the activity-sleep pattern. In contrast to 

humans, the rat is active at night, so the shift may 

result in a delay in rats but in a phase advance in 

humans. Hence, these data suggest that the SCN is 

involved in the sleep endocrine effects of VIP in hu­

mans. It appears unlikely that in humans prolactin me­

diates the sleep EEG effects of VIP. 

The circadian rhythmicity of the VIP-plasma level 

gradually disappears during aging (129) and the VIP 

content of the SCN also declines at this time (130). A 

post mortem study demonstrated that the SCN volume 

of patients with Alzheimer's dementia is distinctly de­

creased in comparison to controls (131). In these pa­

tients the sleep-wake cycle is severely disturbed 

(132,133), which could be caused by decreased VIP 

activity due to a decreased volume of the SCN. 

CONCLUSIONS 

The reviewed data demonstrate that different neu­

ropeptides exert distinct effects on human sleep. The 

hypothesis derived from animal research that certain 

peptides such as GHRH and CRH are factors in the 

regulation of the sleep EEG and sleep-associated hor­

mone secretion (10,72) is strongly supported by the 

findings in humans. Repetitive iv injections of pep tides 

have been demonstrated to be a successful method of 

inducing sleep EEG changes and elucidating the role 

of peptides in sleep regulation. However, recent data 

show that the intranasal and even oral administration 

of neuropeptides and their synthetic analogs also result 

in sleep EEG changes, demonstrating that the blood­

brain barrier does not necessarily prevent the central 

effects of peripherally administered neuropeptides. 

Sleep. Vol. 20, No.1 1, 1997 

Nonparenteral routes appear essential for the future 

clinical use of peptides. Besides ourselves (12,124), 

others (134) have also extensively discussed how pep­

tides may enter the brain. In addition to the possibility 

that peptides may act via peripheral receptors on the 

eNS, entry via the circumventricuiar organs as well 

as active transport through the blood-brain barrier are 

possible mechanisms. Several peptides, including 

GHRH and CRH, cross the blood-brain barrier intact 

(135): Active transport through the blood-brain barrier 

has also been demonstrated for the ACTH( 4-9) frag­

ment analog ebiratide (136) and NPY (137). Finally, 

it has been suggested that endogenous serum peptides 

as large as immunoglobulin M (500 kDa) may enter 

the CNS via the circum ventricular organs and leaky 

vessels in the subarachnoid space of the pial surface 

(138). 

The reported data demonstrate specific effects of 

various peptides on sleep regulation. Some substances 

such as GHRH, galanin, and NPY have been shown 

to promote sleep, whereas CRH, ACTH(4-9), and, in 

the elderly, somatostatin impair sleep. VIP is suggest­

ed to influence the temporal organization of the REM­

non-REM cycle. In contrast to their extremely short 

half-life, most of the investigated substances promote 

long-lasting changes in the sleep EEG, suggesting a 

genomic action. 

It appears unlikely that the impact of neuropeptides 

on sleep regulation is restricted to the substances in­

vestigated so far, with the exact interaction with other 

substances participating in sleep regulation such as 

classical neurotransmitters, cytokines, and neuroactive 

steroids [for review, see Friess et al. (139)] being 

largely unclear. Results from animal studies have sug­

gested a link between GHRH and interleukin-6 (10). 

Furthermore, concerning the interaction of various 

peptides, data from preclinical studies have suggested 

an effect of GHRP-6 on NPY (140) and AVP (141). 

We expect that knowledge about the role of peptides 

in human sleep regulation will contribute to the de­

velopment of peptidomimetics that will be used as 

hypnotics in the future. These substances would cor­

respond better to human physiology than the sleeping 

pills available today. 
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