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ABSTRACT Plasma growth hormone (GH),
insulin, cortisol, and glucose were measured during sleep on 38 nights in eight young adults. Blood
was drawn from an indwelling catheter at 30-min
intervals; EEG and electrooculogram were recorded throughout the night. In seven subjects, a
plasma GH peak (13-72 mug/ml) lasting 1.5-3.5
hr appeared with the onset of deep sleep. Smaller
GH peaks (6-14 mug/ml) occasionally appeared
during subsequent deep sleep phases. Peak GH secretion was delayed if the onset of sleep was delayed. Subjects who were awakened for 2-3 hr
and allowed to return to sleep exhibited another
peak of GH secretion (14-46 mjug/ml). Peak GH
secretion was not correlated with changes in
plasma glucose, insulin, and cortisol. The effects
of 6-CNS-active drugs on sleep-related GH secretion were investigated. Imipramine (50 mg)
completely abolished GH peaks in two of four
subjects, whereas chlorpromazine (30 mg), phenobarbital (97 mg), diphenylhydantoin (90 mg),
chlordiazepoxide (20 mg), and isocarboxazid (30
mg) .did not inhibit GH peaks. Altered hypothalamic activity associated with initiation of sleep results in a major peak of growth hormone secretion unrelated to hypoglycemia or changes in cortisol and insulin secretion.

INTRODUCTION
The factors which influence the concentration of
growth hormone (GH) in human plasma during
the waking hours have received great attention.
The rise in plasma growth hormone which occurs
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with lowering the blood sugar (1), the infusion of
certain amino acids (2), and exercise (3), is well
recognized. In addition, secretion of growth hormone can be stimulated by certain pathological or
nonphysiological stimuli such as operative stress
(3, 4) and the administration of pyrogens (5) or
large doses of vasopressin (6).
Despite intense interest in the study of plasma
growth hormone levels in man, observations of
the plasma growth hormone concentration during
sleep have been limited. Hunter, Friend, and
Strong (7) made hourly measurements of growth
hormone in the plasma of nine normal subjects
during the day and from 1-3 measurements during
the night. In eight of nine subjects, they observed
an elevated level of plasma GH during the night.
They speculated that since the longest interval
between meals occurred at night, the increased secretion of growth hormone was a response to fasting and the associated need for an accelerated mobilization of free fatty acids. Similar observations
were made also in children by Hunter and Rigal

(8).

A more detailed study of plasma GH concentrations in sleep was carried out by Quabbe, Schilling, and Helge (9) in six normal adult subjects.
Plasma GH was low for several hours after the
evening meal, but intermittent peaks of GH secretion were observed during the night. Although
objective measurements of the depth of sleep were
not made, these authors reported that plasma GH
was usually low during light sleep and peaks of
GH secretion were most commonly observed during deep sleep. The number of GH peaks found in
two women was greater than in four men. Concomitant measurements of plasma glucose failed to
demonstrate any significant correlation between
the blood glucose and GH levels. In addition, the
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TABLE I

CNS-Active Drugs Used in Study
Generic name

Dosage

Trade name
mg

mg/kg body
weight

Chlorpromazine
Imipramine
Phenobarbital
Chlordiazepoxide
Isocarboxazid
Diphenylhydantoin

Thorazine spansule 30 0.44-0.55
50 0.88-1.10
Tofranil
Eskabarb spansule 100 1.43-1.76
20 0.35-0.43
Librium
30 0.44-0.55
Marplan
90 1.32-1.91
Dilantin

peaks of GH secretion did not induce detectable
changes in the plasma free fatty acids during the
nighttime hours, although the expected progressive
rise of the plasma free fatty acids during sleep did
occur. These observations have been confirmed by
Glick and Goldsmith in their report to the International Symposium on Growth Hormone in Milan (10).
We performed the present investigations to determine the pattern of GH secretion during sleep
and to correlate the changes in plasma GH with
the electroencephalographic-determined stages of
sleep and concomitant measurements of plasma
insulin, glucose, and cortisol. After a reproducible
pattern of GH secretion was observed during the
early hours of sleep, a variety of pharmacological
agents active on the central nervous system
(CNS) were tested for their ability to modify
this pattern of GH secretion.

METHODS
Four men and four women between the ages of 20 and
30 yr, of normal weight and without evidence of nervous
or mental disorders, served as subjects for this study.
No subjects were reported to have insomnia or other
sleep difficulties and all exhibited normal EEG activity
during sleep. The women gave a history of menstrual
regularity, and none was ingesting contraceptive or other
hormonal medications.
All medications and alcoholic drinks were prohibited
for at least 3 days before the sleep study. The subjects
were requested to have a normal sleep during the night
immediately preceding the day of the experiment and
were not allowed to take a nap in the daytime preceding
the sleep study. On the night of the study, the subjects
ate a normal dinner between 5:00 and 6:00 p.m. and were
then admitted to the Clinical Research Center. They were
allowed no additional food but were permitted to drink
water as desired. At 8:00 p.m. they went to bed in a
quiet room.
An indwelling catheter ("Intracath" needle gauge 17,
catheter 12 inches) was inserted into an antecubital vein
under local anesthesia and filled with 0.9% NaCl solution containing 10 U of heparin per ml. The end of the
catheter was capped and the exposed portion of the
catheter was fixed to the forearm with tape and gauze
pads so that blood drawing could be done without touching the subject's arm. Catheterization was generally performed 60-90 min before the onset of sleep and blood
samples (2-4 ml) were collected usually at 30-min intervals throughout the night. During the early hours of
deep sleep, blood was drawn every 20 min. Samples were
collected in heparinized tubes, centrifuged within 30 min,
and the plasma stored at -20°C until analysis. The subjects were awakened between 6:30 and 8:30 a.m. but remained in bed for 1 hr. After the subjects awoke in the
morning, 20 ml of blood was drawn for routine laboratory tests. A total of 20-25 plasma samples were thus

TABLE I I
Peak Growth Hormone Levels Observed in 38 Sleep Studies on Eight Normal Individuals
Plasma growth hormone (msg/ml)

Control sleep
Subject

Sex

L. S.
S. G.
T. F.
B. 0.
B. B.
D. G.
F. R.
M. K.

M
M
M
M
F
F
F
F

Age

Height Weight

yr
30
23

cm
165
178

27
22
20
22
20
24

168
183
155
160
170
173

kg
67
77
57
68
47
57
65
54

No. 1

No. 2

Delayed
sleep

Interrupted

sleep*

CP

PB

CD

IP

IC

mjsg/ml

33(1)t
72(1)
18(2)

17(1)
40(2)
34(3)
NP(1)
42(2)

44(1)
24(1)
NP
13(3)

12(1)
24(2)
22(2)
NP(2)

64,46(2)
48,24(2)

24,14(2)

17(1) 24(3) 60(1)
10(1) 16(1)
15(1)

18(1) 42(2)
46(3)
14(3) NP(O)
16(2) NP(1) 20(2)

74(4) 30(5)

46(1)

43(3) 32(3)

CP, chlorpromazine; PB, phenobarbital; CD, chlordiazepoxide; IP. imipramine; IC, isocarboxazid; DH, diphenylhydantoin; NP, no peak.
* GH values of the first and second peaks are shown.
Numbers in parentheses indicate number of GH peaks appearing during a night's sleep.
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TABLE III
Duration Spent in Various Stages of Sleep
Per cent time spent in sleep stage
Condition

No. of
expt.

Total sleep
time

Normal control sleep
Delayed sleep
Interrupted sleep

12
4
3

522 :1 22
362 =4: 20
422 ± 17

1.2
4.5 i 2.5
3.0 :1= 2.1

Medicated sleep
Imipramine
Chlorpromazine
Phenobarbital
Diphenylhydantoin
Chlordiazepoxide
Isocarboxazid

4
3
3
3
3
3

533
530
587
586
551
572

4.5
1.1
1.6
2.8
5.5
3.0

Waking

I-REM

2

1

:1= 54
23
4 20
:1: 33
+ 20

4

%

min

A 30

3

5.5

:4 0.6
± 1.3
:1= 1.2
i 1.2
± 5.5
: 1.9

22.9 4 1.8 9.1 4 1.7 48.9 1 2.5 9.7 ± 1.4 3.9 4 0.8
23.3 4- 3.7 8.4 d 3.6 46.5 :1 1.2 13.6 4 2.5 3.8 ± 1.7
27.5 :1: 2.9 4.9 : 2.0 46.6 i 3.7 12.4 :1 1.3 5.7 i 4.
7.9 4 2.7
31.3 A 5.0
21.9 :1: 5.3
23.7 i 4.0
21.9 ± 4.9
29.4 + 2.3

6.3 ± 1.8
3.4 ± 3.5
6.8 ± 8.6
4.4 : 1.2
5.0 + 2.8
3.1 1 1.1

64.3 1 2.2
48.3 1 2.1
53.1 d 2.0
56.2 :1= 5.8
58.2 :1: 2.2
50.2 ± 3.7

10.0 =1
13.7 ±
11.4 :1:
9.5 :
7.9 :
11.7 d4

2.6
3.4
4.5
1.4
1.6
1.3

6.0 i 0.5
2.4 : 2.0
5.2 i 2.4
3.5 ± 2.8
1.6 + 1.8
6.0 A 3.6

All values represent mean + SEM.

obtained in the 12 hr experimental period, representing
a volume of approximately 100 ml of blood.
Electroencephalogram (EEG), electrocardiogramm
(ECG), and electrooculogram (EOG) were recorded by
an 8 channel Grass Model III D electroencephalograph.
An EEG recording was obtained from right ear to right
frontal, vertex, occipital, and temporal regions (monopolar) and from the vertex to occipital areas (bipolar).
Vertical and horizontal movements of the right eye
were recorded with a 1.0 sec time constant and calibration of 50 ,uv/10 mm. The polygraphic recording was
made at a paper speed of 3 cm/sec throughout the night.
The sleep EEG records, were scored into 5 stages according to the criteria of Dement and Kleitman (11):
stage 1, low voltage, irregularly mixed, fast and slow
pattern with complete absence of sleep spindles; stage 2,
12-14-cps sleep spindles with low voltage background;
stage 3, an intermediate amount of high amplitude, slow
waves with some spindling; stage 4, a predominance of
high amplitude, slow waves; stage 1-REM, ra~pid eye
movements in EOG and stage 1 EEG activity.
Great care was taken to keep the subjects comfortable
and relaxed'during the'experiment. They slept well and
felt little or no discomfort due to the indwelling catheter
and scalp and facial leads. The blood drawing rarely
awakened the subject, although the subject was disturbed
occasionally by the necessity of repositioning the arm
so that a blood sample could be obtained. These occasional arousals were only a few' minutes in duration
and were randomly dispersed over the sleep period.
Three of the eight subjects were studied during only
1 night of normal sleep. Three to eight 'sleep studies were
carried out on- each of the other five subjects. The time
lapse between two sleep studies in the same subject
ranged from 1' wk to 5 months.
The drugs acting on the central nervous system which
were administered in this study were chlorpromazine,
phenobarbital, imipramine, chlordiazepoxide, isocarboxa-

zid, and diphenylhydantoin. Each drug is representative
of a type of CNS active pharmacological agent widely
used in clinical medicine. The medications were administered by mouth in customary clinical dosage 30 min to
2 hr before sleep (Table I).
Plasma human growth hormone (HGH) and insulin
levels were measured by the double antibody methods
of Schalch and Parker (12) and Morgan and Lazarow
(13), respectively. The GH standard was a highly purified preparation of HGH (HS 612A) kindly supplied by
Dr. A. E. Wilhelmi. Plasma cortisol level was measured
by the competitive protein-binding radioassay of Murphy
using hydrocortisone-4-1'C, human corticosteroid-binding
globulin, and Sephadex columns (14) or Fuller's earth
(15). Plasma glucose was measured by a ferricyanide
reduction method using the Technicon AutoAnalyzer.

RESULTS

Normal control sleep
12 normal control experiments- were carried out
on eight subjects (Table II). Control experiments
were repeated in two men and two women at intervals of 11 days to 6 months. Onset of sleep occurred between 10:00 and 11:00 p.m. in nine experiments and between 11:00 and 12:00 p.m. in'
three experiments.' The distribution of the time
which subjects spent in each stage of sleep during
the night is shown in Table III. These results are
comparable to those reported previously in normal
young adults (16)".
Blood samples drawn immediately after catheterization showed a' GH level of less than '4 mug/
ml in eight experiments. In four experiments, all
on women, elevated GH concentrations ranging
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FIGURE 1 The plasma growth hormone, glucose, insulin, and cortisol levels and EEG-EOG monitored
CNS activity during a normal night's sleep in a 27 yr old man (T. F.). In this and subsequent figures the
levels of sleep are indicated at the top of the figure. Cross-hatched areas are periods of rapid eye movement.

from 8-22 mpg/ml were observed and were considered to be due to the stress caused by catheterization. In each case, these initial high values returned to normal basal levels, e.g. < 5 mug/ml,
within 30 min.
In 10 experiments performed on seven of the
eight subjects, a significant rise in the plasma GH
concentration, i.e. defined in this study as a level
> 5 mpg/ml, occurred within the first 90 min after
the onset of sleep (Figs. 1, 2, and 6). The most
characteristic pattern observed was a gradual in2082
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in the GH levels during this period with
the first detectable rise noted 20-40 min after the
initiation of sleep. Some individuals, however, exhibited abrupt increases with peak levels attained
by 40 min. The time between the onset of sleep
and the GH peak ranged from 39 to 165 min with
a mean of 70 min. The GH level remained elevated
for 1.5-3.5 hr and then gradually returned to the
base line.
The pattern of GH secretion during sleep was
very reproducible as demonstrated in control
crease
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FIGURE 2 Reproducibility of plasma hormone responses during sleep. This control study
on the same individual (T. F.) as shown in Fig. 1, 2.5 months later.

studies repeated on two or more occasions in four
subjects. Typical examples are shown in Figs. 1
and 2.
The peak GH levels ranged from 13 to 72
mnjg/ml with a mean of 34 mug/ml + 5.8 SE
(Table II). There was no significant sex difference in the peak levels of GH; males ranged
9.4 mug/ml); females
17-72 mp~g/ml (35
ranged 13-42 mug/ml (32 + 7.7 mag/ml). In
the six control studies carried out on the four
male subjects, the plasma GH concentration,

8

was

carried out

after the initial GH peak, remained at 5 mpg/ml
or less for the remainder of the night except for
one study in subject T. F. in which a secondary
rise to 6 mpg/ml was noted. In the female subjects, with the exception of subject F. R. noted
below, at least one and in some instances two subsequent GH peaks ranging from 8-20 mpg/ml
were regularly observed. The peaks were usually
sharply defined and limited in duration with return to basal levels (< 5 mpg/ml) before subsequent rises. In each of these individuals, however,
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FIGURE 3 The effect of delaying the onset of sleep

2
on

the initial plasma GH peak was: always considerably greater than the subsequent elevated level.
In two control studies on one woman (F. R.),
which were carried out 11 days apart, GH levels
did not rise at the onset of sleep. However, in each
of these studies, minimal elevation to 7 and 9 mpg/
ml were noted during the early, morning hours
(6-7 a.m.) just before arising.
The GH levels at the time of awakening between
6:00 and 8:30 a.m. were less than 3 mfg/ml in 10
experiments and 5-6 m/g/ml in 2 experiments
with no sex difference noted. The GH values remained at this level for 1 hr after awakening in
nine experiments, but increased slightly to levels
2084
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the plasma growth hormone secretory pattern (T. F.).

of 6-13 mpg/ml in three experiments performed
on the female subjects. In each instance, the rise
in plasma GH was attributed to either physical
exercise, i.e. going to toilet, or the painful stress
caused by removal of the scalp and facial electrodes.

Delayed sleep
In order to examine the relationship between
initiation of sleep and the appearance of the peak
elevation of plasma GH, we delayed the onset of
sleep 3-3.5 hr (until 1: 30-2: 30 a.m.) in four
subjects (one man and three women) who fell
asleep between 10 :00 and 11 :00 p.m. in the control
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FIGURE 4 The effect of

a

prolonged interruption of sleep (3 hr)
pattern (B. B.).

experiments. In three subjects, GH levels remained less than 5 mpg/ml during the 4.5-5.5 hr
preceding the delayed onset of sleep. When sleep
was permitted, GH levels showed a peak elevation
of 12-24 mpg/ml, 30-90 min after the onset of
sleep (Fig. 3). The GH peak after the delayed
onset of sleep appeared to be lower than the peak
GH level attained after the onset of sleep in the
control study.
The one subject, F. R., who exhibited no GH
peaks after the onset of sleep in two control experiments, also had no peak GH elevation after the
delayed onset of sleep.

on

hormone secretory

Interrupted sleep
Occasional arousals of a few minutes' duration
were randomly dispersed over the sleep period in
all control experiments. Awakenings of 5-26 min
duration occurred once to five times in 8 of the
12 control experiments. However, no rise in GH
levels was observed after resumption of sleep
subsequent to these brief awakenings.
An attempt was made to examine the effect of
awakening of longer duration on the pattern of
GH secretion in one man and two women. The
subjects fell asleep between 10:00 and 12:00 p.m.
Growth Hormone Secretion during Sleep
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FIGURE 5 The suppressive effect of imipramine on the plasma growth hormone secretory
the onset of sleep (B. B.).

and were awakened between 12:30 and 2:30 a.m.
after they had slept for 2.5-3 hr. They were kept
awake for 2-3 hr and then allowed to return to
sleep. During the period of this prolonged awakening, they read books or listened to a radio while
sitting in bed. In all three subjects, two peak elevations of plasma GH were observed; one occurred
2086

response

after

after the initial onset of sleep and another
peak appeared after the second onset of sleep (Fig.
4). The first peaks of GH were 64, 48, and 24
mu&g/ml whereas the second peaks were 46, 24,
and 14 mng/ml, respectively. The first peak of
GH was always higher than the second in the
same subject.
soon
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Effect of CNS active drugs
Chlorpromazine. In each of the three subjects
treated with 30 mg of chlorpromazine, the time
spent in stage 1-REM increased compared with
that in the normal control study (Table III). The
secretory pattern of GH was unaltered in two
subjects, whereas another subject, M. K., who
had 2-3 GH peaks during two control sleep studies, showed 4 peak elevations of 46, 30, 18, and
74 mug/ml during sleep after chlorpromazine
(Table II).
Phenobarbital. At the dosage used, phenobarbital did not alter significantly the sleep pattern of
the three subjects studied (Table III). On the
other hand, two of these individuals did show
marked changes in their GH secretory pattern
(Table I); T.. F. exhibited 3 peaks (24, 11, and
6 mpg/ml) and M. K. showed 5 peaks (30, 30,
32, 28, and 6 mug/ml). In one subject, B. O., the
GH secretory pattern was unaltered. It is of interest that this individual was the heaviest of the
three and consequently received the smallest dose
of drug per kg body weight.
Imipramine. In each of the four subjects
treated with imipramine, the total duration of
stage 1-REM sleep was significantly suppressed
whereas that of stage 2 sleep was increased (Table III). In three of the four subjects, stage
1-REM did not appear during the first half of a
night's sleep, but deep sleep did occur as usual
after the onset of sleep. In two subjects, D. G. and
B. B. (Table II and Fig. 5), initial GH peaks
were totally suppressed and only one elevated
plasma GH level of 6 mpg/ml was noted in either
subject throughout the night. In another subject,
M. K., stage 1-REM was not suppressed during
the initial hours of sleep, which suggested an inadequate drug effect at this time, and a GH peak
of 46 mpg/ml appeared after the onset of sleep.
However, only one GH peak occurred in this
study, whereas 3-5 peak elevations of GH were
observed in this subject during normal or medicated, e.g. phenobarbital, chlorpromazine, sleep
studies. Again, the heaviest individual, B. O.,
failed to exhibit any alteration in his GH secretory pattern after drug ingestion.
Diphenylhydantoin. No significant change was
observed in either the sleep pattern (Table III)
or the secretory patterns of GH, insulin, and cor-

TABLE IV
Correlation of Plasma GH Peak and Sleep Stage

Sleep stage

Duration
of sleep
stage

No. of
GH
peaks

Per cent
GH
peaks

quency*

1-REM
Waking
1
2
3
4

22.7
4.0
6.6
51.7
10.8
4.2

14
1
0
25
19
11

20.0
1.4
0.0
35.7
27.2
15.7

0.62
0.25
0.00
0.48
1.76
2.62

Fre-

*

No. of GH peaks
d
duration
sleep stage (%)' This expression indicates the
relative frequency of appearance of GH peaks with each
stage of sleep.

tisol in the three subjects treated with diphenylhydantoin (Table II).
Isocarboxazid (IC). In the three subjects
given IC, sleep patterns (Table III) and the
plasma levels of GH (Table II), insulin, glucose,
and cortisol were unaltered compared with those
in the control study.
Chlordiazepoxide. In the three subjects treated
with chlordiazepoxide (Table II) no significant
change was observed in either the sleep pattern
(Table III) or the secretory patterns of GH, insulin, glucose, and cortisol.

Correlation of sleep pattern and GH level
In order to investigate the relationship between
GH peaks and the stages of sleep, we determined
a predominant stage of sleep during 10 min preceding the rising phase of each of 70 GH peaks
occurring in 38 normal and medicated sleep studies. As shown in Table IV, 30 (43%o) of the 70
GH peaks occurred during deep sleep, i.e. stages
3 and 4, which represented only 15%o of the total
duration of sleep time.
DISCUSSION

These investigations have uncovered a greater
uniformity in the pattern of secretion of GH during sleep than has previously been recognized.
This is best demonstrated in Fig. 6 where mean
plasma GH in the 12 control studies on normal
adult subjects has been plotted as a function of
time before and after the initiation of sleep.
There is a clearly defined peak plasma GH which
Growth Hormone Secretion during Sleep

2087

12 NORMAL CONTROL EXPERIMENTS

mg/IOO ml

FIGURE 6 The plasma growth hormone,
glucose, insulin, and cortisol levels during
12 normal control sleep studies. All values
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8

reached its highest value about 70 min after onset
of sleep. The degree of rise in plasma GH is remarkable and is entirely comparable to that observed in our laboratory after such potent stimuli
of GH secretion as insulin-induced hypoglycemia
or arginine infusion (17). It is also remarkable
that in this limited adult population, there was no
indication that the initial sleep related GH peak
in women was higher than that in men, and that
the only subject who failed to exhibit a sleep related GH peak was a woman. These observations
are in' striking contrast to the GH secretory responses to other stimuli (18).
The experiments in which sleep was delayed or
2088
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represent

mean

SEM.

11

interrupted provide strong evidence that the GH
peaks which we have observed are related to the
onset of sleep and do not reflect a true circadian
rhythm in GH secretion. This pattern of response
is in contrast to nighttime secretion of cortisol
which is not immediately altered by changing the
hours of sleep and wakefulness (19). In our experiments, the expected rise--in cortisol during the
early morning hours was readily demonstrated.
However, unlike Weitzman, Schaumburg, and
Fishbein (20) we were unable to correlate periods of REM sleep with peaks--of plasma cortisol. It is noteworthy that during the later hours of
sleep when cortisol secretion was increasing, the
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likelihood of GH peaks decreased. Thus, upon
awakening, at a time when cortisol levels were
highest, plasma GH levels were uniformly low.
The lack of a positive correlation between cortisol
and GH secretion is evidence that GH secretion
is not in response to nonspecific stress. Support
for the notion that there may be a relative inhibition of the GH secretory mechanism during the
period of adrenocorticotropin (ACTH)-adrenal
cortical activation is provided by the experiment
with delayed sleep. In these subjects, the peak of
plasma GH which followed the delayed onset of
sleep was lower than that which occurred after the
onset of sleep earlier in the night. While the evidence is compatible with an inhibition of sleeprelated GH secretion by the circadian activation
of the adrenal cortex, this is probably not caused
by a direct effect of corticosteroids on GH secretory mechanism. In the experiment of Frantz and
Rabkin (21), large doses of corticosteroids were
ineffective in blocking the insulin induced secretion of GH when administered immediately before challenge. At present it would appear more
likely that the basic circadian rhythm in hypothalamic function which results in adrenal activation is
in some way inhibitory to the secretion of the
growth hormone-releasing factor. Other equally
plausible interpretations are possible.
The electrocephalographic and oculomyographic
monitoring of these patients was performed in an
attempt to correlate hypothalamic endocrine activities of the brain with the electrical manifestations of -sleep. No correlation could be demonstrated between the GH peaks and periods of rapid
eye movement sleep. These sleep intervals are associated with dreaming and circulatory changes
(22). It is also characteristic of rapid eye movement intervals to occur more frequently later in
the sleep period. The correlation of onset of GH
peaks with the level of sleep appeared to favor an
association of GH peaks with the deeper encephalographic stages of sleep (stages 3 and 4).
This correlation, however, may be fortuitous since
the early hours of sleep are more commonly characterized by periods of the deeper stages of sleep
which become less common as the period of sleep
continues.
Blood glucose and insulin concentrations fell in
an irregular pattern during the night and were
lowest at a time when GH peaks rarely occurred.

These findings confirm similar findings by Quabbe
et al. (9), and provide additional evidence against
the view of Hunter, Friend, and Strong (7) that
the secretion of GH during sleep is primarily determined by the need to mobilize stored nutrients
during night fasting. Likewise, we have also failed
to observe acute changes in plasma free fatty acids
which correlated with the major peaks of GH secretion during sleep (unpublished observations).
The appearance of a plasma GH peak associated with the onset of sleep was not influenced by
most of the medications administered. Chlorpromazine and phenobarbital seem to permit the secretion of more GH peaks in certain subjects. The
only drug which appeared to have an inhibitory
effect on GH secretion during sleep was imipramine. This agent completely abolished the sleep
related peak of growth hormone in two subjects.
In one other subject, inhibition of secondary GH
peaks was readily demonstrated. In only one of the
four subjects was no effect observed. The mechanisms by which imipramine might affect GH secretory mechanisms are not clear. The drug is
known to produce anticholinergic effects within
the central nervous system (23), and it is possible that such an action might be significant in
blocking hypothalamic secretion of growth hormone-releasing factors. Experiments are underway in our laboratory to establish the suppressive
effect of imipramine on sleep induced GH secretion.
While these experiments were in progress, we
learned of similar observations of Honda et al.,
described in abstract form (24). The pattern of
GH secretion during sleep which has been described in this paper was also found by these
workers. In addition, they also found that a delay
in the onset of sleep for 3 or more hr was associated with a delay in the appearance of the initial GH peak until after the onset of sleep was
permitted. It would appear that in every way these
observations are in agreement with ours.

ACKNOWLEDGMENTS
This work was supported in part by U. S. Public
Health Service (National Institute of Arthritis and Metabolic Diseases) research grant 5 R01 AM 05105, U. S.
Public Health Service (Clinical Research) grant FR-36
and The Frances Griesedieck Diabetes Research Fund.

Growth Hormone 'Secretion during'- Sleep

2089

1.
2.

3.

4.

5.

6.

7.
8.

9.

10.

11.

12.

REFERENCES
Glick, S. M., J. Roth, R. S. Yalow, and S. A. Berson.
1965. The regulation of growth hormone secretion.
Recent Progr. Hormone Res. 21: 241.
Knopf, R. F., J. W. Conn, J. C. Floyd, Jr., S. S.
Fajans, J. A. Rull, E. M. Guntsche, and C. A. Thiffault. 1966. The normal endocrine response to ingestion
of protein and infusions of amino acids. Sequential
secretion of insulin and growth hormone. Trans.
Assoc. Am. Physicians. 79: 312.
Roth, J., S. M. Glick, R. S. Yalow, and S. A. Berson.
1963. Secretion of human growth hormone; physiologic and experimental modification. Metab. Clin.
Exptl. 12: 577.
Schalch, D. S. 1967. The influence of physical stress
and exercise on growth hormone and insulin secretion
in man. J. Lab. Clin. Med. 69: 256.
Frohman, L. A., E. S. Horton, and H. E. Lebovitz.
1967. Growth hormone releasing action of a pseudomonas endotoxin (Piromen). Metab. Clin. Exptl. 16:
57.
Greenwood, F. C., and J. Landon. 1966. Assessment
of hypothalamic pituitary function in endocrine disease.
J. Clin. Pathol. 19: 284.
Hunter, W. M., J. A. R. Friend, and J. A. Strong.
1966. The diurnal pattern of plasma growth hormone
concentration in adults. J. Endocrinol. 34: 139.
Hunter, W. M., and W. M. Rigal. 1966. The diurnal
pattern of plasma growth hormone concentration in
children and adolescents. J. Endocrinol. 34: 147.
Quabbe, H-J., E. Schilling, and H. Helge. 1966.
Pattern of growth hormone secretion during a 24hour fast in normal adults. J. Clin. Endocrinol. 26:
1173.
Glick, S. M., and S. Goldsmith. 1967. The physiology
of growth hormone secretion. International symposium
on growth hormone. Excerpta Med. 142: 5.
Dement, W., and N. Kleitman. 1957. Cyclic variations
in EEG during sleep and their relation to eye movements, body motility and dreaming. Electroencephalog.
Clin. Neurophysiol. 9: 673.
Schalch, D. S., and M. L. Parker. 1964. A sensitive
double antibody immunoassay for human growth
hormone in plasma. Nature. 203: 1141.

2090

13. Morgan, C. R., and A Lazarow. 1963. Immunoassay of
insulin: two antibody system. Diabetes. 12: 115.
14. Murphy, B. E. P., and C. J. Pattee. 1964. Determination of plasma corticoids by competitive proteinbinding analysis using gel filtration. J. Clin. Endocrinol. 24: 919.
15. Murphy, B. E. P. 1967. Some studies of the proteinbinding of steroids and their application to the
routine micro and ultramicro measurement of various
steroids in body fluids by competitive protein-binding
radioassay. J. Clin. Endocrinol. 27: 973.
16. Williams, R. L., H. W. Agnew, Jr., and W. B. Webb.
1964. Sleep patterns in young adults: an EEG study.
Electroencephalog. Clin. Neurophysiol. 17: 376.
17. Parker, M. L., J. M. Hammond, and W. H. Daughaday. 1967. The arginine provocative test: an aid in
the diagnosis of hyposomatotropism. J. Clin. Endocrinol. 27: 1129.
18. Frantz, A. G., and M. T. Rabkin. 1965. Effects of
estrogen and sex difference on secretion of human
growth hormone. J. Clin. Endocrinol. 25: 1470.
19. Perkoff, G. T., K Elk-Nes, C. A. Nugent, H. L.
Fred, R. A. Nimer, L. Rush, L. T. Samuels, and
F. H. Tyler. 1959. Studies of the diurnal variation
of plasma 17-hydroxycorticosteroids in man. J. Clin.
Endocrinol. 19: 432.
20. Weitzman, E. D., H. Schaumburg, and W. Fishbein.
1966. Plasma 17-hydroxycorticosteroid levels during
sleep in man. J. Clin. Endocrinol. 26: 121.
21. Frantz, A. G., and M. T. Rabkin. 1964. Human
growth hormone: clinical measurement, response to
hypoglycemia and suppression by corticosteroids. New
Engl. J. Med. 271: 1375.
22. Mandell, A. J., and M. P. Mandell. 1965. Biochemical
aspects of rapid eye movement sleep. Am. J. Psychiat.
122: 391.
23. Cairncross, K. D., S. Gershon, and I. D. Gust. 1963.
Some aspects of the mode of action of imipramine.
J. Neuropsychiat. 4: 224.
24. Honda, Y., S. Takahashi, K. Takahashi, and K.
Azumi, K. Shizume, M. Iriye, M. Sakuma, and T.
Tsushima. 1967. Time course of changes of plasma
growth hormone and cortisol levels during nocturnal
sleep in normal human subjects. 16th Annual Meeting
of the Japanese EEG Society. (Abstr.)

Y. Takahashi, D. M. Kipnis, and W. H. Daughaday

