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Summary

Tha temporal pattern of growth hormone release at sleep onset
was studied in six adult human aubjecta by frequent blood sampling
combined with polygraphic sleep recording . HGH release was asaoci
atnd with sleep onset but not with the transition from waking to
sleep . Delta activity consistently preceded the first elevation of
plasma HGH .

A marked rise is plasma human growth hormone (HGH) regularly follows the

onset of nocturnal sleep in adults (1-4) . This rise can be diminished or de-

layed by experimental reduction of polygraphically defined sleep stages 3 sad

4 (5-7), but it apparently is not associated with changes in the known meta-

bolic substrates of HGH, such as plasma glucose concentration (8) . In previous

studies, plasma vas sampled at 20 to 30 minute intervals and polygraphic

records were scored in 30 second or 1 minute epochs . Thus, plasma sampling

frequrncy was the limiting factor in analysing the temporal relationship be-

tween EEG sleep stages and the asset and pattern of hormone concentration

changea is the blood. In an attempt to define this relationship more precisely,

we sampled plasma for HGH at 4 minute intervals during sad for about 90 minutes

after the transition period from waking to sleep, and scored polygraphic

records in 10 second as well as 30 second epochs .

Methods

The aubjecta studied were four men sad three women between ages 23 and 31

years .

	

They were in good health, were sot uaiag drugs, and habitually slept at

eight. Each subject epeat one adaptation eight followed by two experimental

nights is the sleep l;boratory . Standard polygraphic electrodes for
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elnctroencephalography (EEG), electromyography (E~), sad electrooculography

(EOG) (7) sad as indwelling venous catheter on experimental nights pare placed

at 6 PM (9) . Subjncta pare then fasted and remained at bedreat for the sub-

aequant 12 hours . Lights pare turned off at 10 PM sad subjects inatructnd to

go to sleep . Lights pare turned on at 6 AM and the experimental session

tarminatsd .

At 20 miuuta intervals until lights out, hepariaiaad blood aamplaa of 4 cc .

aach~para drape from as adjoining room through a 5-foot polyethylene catheter

leapt patent pith haparinised saline (9) .

	

Polygraphic records pare monitored as

they pare obtained, sad from the anaet of stage 1 alaep (7) blood aamplea pare

drape every 4 miautns throughout the first short-term alenp cycle.

	

Sampling

intervals pnrn than increased to 10 miautna and than 20 minutes, spaced through

the rest of the night ao that the total number of samples did not exceed 60 pnr

session.

	

Plasma was separated by centrifugation sad frown immediately .

HGti concentration poaa datermiaed in duplicate on each sample by radioimm~mo-

assay using charcoal-daxtran separation of bound from free hormone (10) (ü(~i

standards Wilhelmi HS 1216 C) . Plasma concantrationa of HGH above one nanogram

pnr milliliter pare detectable by this method .

	

Polygraphic records of experi-

mental nights pare scored by applying the standard criteria of the alnap manual

(7) to 30 second epochs and Chas indepaadantly to 10 second apocha . All scoring

pas done by ana of the authors (MAP) with indepaadant scoring by aaothnz (JFS)

showing greater than 90x agreement.

	

Slaap data from the adaptation nights pas

sot aaalysad . There pare ao consistent differences betpaen the aleap profiles

of the tpo axparimantal nights .

Aasalts

Table 1 aummarisas the data from six subjects an 10 sights . Tha pattern

is the three pasaa aubjacts pea samaphat irregular. Ona failed to release Hßi

during the entire period studied sad is, therefore, auf shopn in Table 1 . Tha

two others (subjacta 2 sad 4), Falaaaad HGIi prior to sleep onset, obacuriag

the initial phase of the sleep onset rise an the first sights phaa blood pas
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dram. On the second nights, these two subjacta demonstrated markedly

shorter latencisa between alsap onset sad HOS ralaaaa than the other subjacta .

TABLE 1

Onset of HGli Ralaase

* to the nearest half minute .

Delta activity (1-3 Ha) consistently occurred before the first sample

shoving increased HGH concentration wan drawn. On four aighta, aloe nave

development was inaufficiant to justify scoring a 30 second epoch as Stage 3

until after the initial H(Bi rise . Consideration of 10 second epochs, however,

resulted is storable Stage 3 which preceded the first HCFï nlevation in every

cane but one where the avanta were noted aimultaaeously . On nine of the tan

nights, at least one and as many as 13 blood aamplaa ware drawn in the intarnl

between sleep anent sad the first sample ahowiag H(gi elevation, indicating

that the sampling rate was sufficiently rapid to avoid more than a fractional

overestimation of this intarnl .

Figure 1 is a combined plot of plasma Hf~7i concentration and sleep ataga

illustrating the sequence of the events studied around sleep onset on a

Subject Sax Expt'1
Night

1

Time
First 10 sac .
Epoch Staaa 3

9

(min.*) from Slaac Onset
First Elevated
Blood Sample

9

tos
First 30 sac.
Epoch Staaa 3

11 .5
1 M 2 6.5 11 11 .5

2 F 2 2 .5 8 .5 9 .5

1 15 18.5 19
3 M 2 9 26.5 11

4 F 2 1 .5 2 8

1 9 .5 70 11 .5
5 M 2 5 39 10 .5

1 29 44 31
6 M 2 17 .5 3i 21 .5

Mean 9 .3 26 14 .5



590

	

Relationship between xc~ ana sleep

	

vol. 1i, xo. is

typical night from one subject (~1) who vas representative of all the men

studied.

w
REM
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FIG. 1

Sleep stages are based on scoring the record in 30 second epochs . The broken

line histogram (arrow) indicates the first occurrence of Stage 3 when the

record was acorad in 10 second epochs .

	

The subject vas awake in the dark for

over an hour before the period shown .

	

1Siia prolonged period of drowaineea,

characterised by a mixture of wakefulness and brief periods of Stage 1, was

not associated with a rise in plasma HGH. When Stage 2 was wall natabliahad

and slow wave activity had begun, the first increase in HGH plasma concentra-

tion was noted.

	

In this case, the first sample showing elevated HGH was

drawn half a minute before the earliest 30 sewed epoch that could be acorad

as Stage 3. Ten-second epochs of Stage 3, hownvar, could ba scored during the

5 minutes preceding this first ala,ratad sample .
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Figure 2 shape the raaults of interrupting sleep at the occurrence of the

first aloes nave activity, a procedure carried out pith only this aubjact (~S) .

FIG . 2
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On the control eight (upper graph) the subject began releasing H(gi about one

half hour after onset of Stage 3 . On the a~erimantal night (leper graph)

aleap pas interrupted for one hour (betpaan arrops) at the onset of Stage 3

sad then allaped to proceed uadisturbed . F&~i release did sot occur oath

about one-half of uaintarruptad slap pave sleep had occurred .

	

The release

pattern after interruption pose similar to that an the control sight,

	

HCti con-

centrations pera not available at the time this manipulation pas performed,

and it ramaina uadatermined phather the brief occurrence of Stage 3 might

herald onset of fKgi release in aubjecte pho regularly demonstrated a shorter

lataacy bntpeen the tpo phaaamana .

Although scoring alnap records in 10 second epochs demonstrated a
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conaisteatly urliar onset of slag gave alsep in the first sleep cycle, the

mean overall percentages of the different sleep atagsa changed less than tpo

percent phan compared pith scoring in 30 second epochs, differences involving

only 10 minutes of each night .

Comments :

A reluae of HCH is associated pith the change from the poking state to

sleep . The results of this study indicate that the transitional events batpeea

poking and definitive sleep (rest, Stage 1, sad brief periods of Stage 2) era

not sufficient to elicit this release. The events leading to release of HCfi

transition, and appear to coincide pith the develop-

ment of definitive sleep, characterised by slaw ayachroaous elactrocortical

This temporal sequence, however, does not necessarily imply a cause

ralati~mahip, since both HGH raleua sad slow pave activity are

each other. For exempla, arginine infusion,

non-specific stress are known to precipitate

era uaralated to sleep, Vila slaw pave sleep

recorded pithout accooipaaying HGH release (3) .

Nevarthelasa the consistant correlative temporal pattern described bare does

suggest that an uadarlying mechanism ~fiich remains unalucidatad, precipitates

both onset of deep sleep sad release of HGtt .

occur subsequent to this

activity .

sad effect

known to occur iadependaatly of

hypoglycemia, vaaipuacture, and

HGH release (11), although they

during the later night has bean
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