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ABSTRACT We
cholinergic blockade with 0.5 mg methscopolamine
bromide, intramuscularly, on sleep-related and insulin-
induced growth hormone (GH) secretion. 17 normal
young men were studied; 8 had sleep studies, and
12 (including 3 who also had sleep studies) had insulin
tolerance tests (ITT) with 0.1 U/kg of regular insu-
lin. After an adjustment night in the sleep laboratory,
saline control night and methscopolamine night studies
were done in random sequence; study procedures in-
cluded electroencephalographic, electromyographic,
and electrooculographic recordings, and blood sam-
pling every 20 min for hormone radioimmunoassays.
Prolactin levels were also measured during sleep.
For methscopolamine night studies, the mean overall
control GH level of 2.89+0.44 ng/ml and the mean
peak control GH level of 11.09+£3.11 ng/ml were
dramatically reduced to 0.75+0.01 and 1.04+0.25 ng/
ml, respectively (P <0.0001 and <0.001). Despite
virtual absence of GH secretion during the night
in every study subject, no measured sleep char-
acteristic was affected by methscopolamine, including
total slow-wave sleep (12.1+2.6% control vs. 10.3
+2.5% drug, P > 0.2). Sleep prolactin levels were not
changed by methscopolamine. In contrast to the aboli-

tion of sleep-related GH secretion, administration of
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have examined the effects of
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methscopolamine had only a marginal effect on the GH
response to insulin hypoglycemia. None of nine time
points differed significantly, as was also the case with
peak levels, mean increments, and areas under the
curves (P > 0.2). Analysis of variance did, however,
indicate that the lower GH concentrations achieved
during ITT after methscopolamine (average 31.7%
below control) were significantly different than control
concentrations. We conclude that the burst of GH
secretion which normally occurs after sleep onset is
primed by a cholinergic mechanism which does not
influence slow-wave sleep. Cholinergic mechanisms
do not appear to play an important role in sleep-
related prolactin secretion. The contrast between the
complete suppression of sleep-related GH release
and the relatively small inhibitory effect on ITT-
induced GH secretion suggests that the neurotrans-
mitter mechanisms, and presumably the pathways,
which subserve sleep-related GH secretion in man may
be different from those which mediate the GH response
to pharmacologic stimuli such as insulin.

INTRODUCTION

The secretory patterns of growth hormone (GH)! and
of prolactin (PRL) are related to normal sleep. GH
secretion is enhanced during the 90-120 min immedi-
ately following sleep onset in temporal association
with periods of slow-wave sleep (1-3). As much as

' Abbreviations used in this paper: ANOVA, analysis of vari-
ance; GH, growth hormone; ITT, insulin tolerance test; PRL,
prolactin; REM, rapid-eye-movement.
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70-90% of the total 24-h production of GH in adults
may occur during these 2 h. Elevated PRL levels dur-
ing sleep do not occur in a well-defined major secre-
tory episode as is the case for GH; rather, substantial
episodic irregularity prevails throughout the night,

with highest levels occurring during the latter half of

sleep (4, 5). It has been reported (6), but not con-
firmed (7), that nocturnal elevations in PRL levels
are temporally related to the termination of periods
of rapid-eye-movement (REM) sleep. For both hor-
mones, a number of control experiments have indicated
that the enhanced nocturnal hormone secretion is
sleep-entrained, and not related to an intrinsic cir-
cadian rhythm or due to other sleep-associated param-
eters. These controls have included sleep depriva-
tion, and studies of interrupted or shitted sleep
(1,4, 5, 8).

A number of attempts have been made to modify
sleep-related GH secretion. No detectable effect occurred
with diphenylhydantoin, pentobarbital (1), chlor-
promazine (1), hyperglycemia (9-12), phentolamine 11,
or propranolol (11). However, a variety of factors has
been found to be capable of suppressing sleep-
related GH release, some without observable effect
on slow-wave sleep (1, 13-21). These include:
imipramine (1), medroxyprogesterone acetate (13),
clomiphene (14), cyproheptadine (15), somatostatin
(16), free fatty acids (17), relative obesity (18, 19),
advanced age with acromegaly (20), the dwarfism
associated with emotional deprivation (21), and
chronic alcoholism (22). In most of these instances,
no effect on slow-wave sleep was noted, and in one
study, the amount of slow-wave sleep increased on
nights when sleep-related GH secretion decreased
(15). Further, inhibition of slow-wave sleep with
flurazepam was not accompanied by any change in
sleep-related GH secretion (23). Thus, the association
of enhanced GH secretion at sleep onset with slow-
wave sleep appears neither causative nor obligate. The
same conclusion was reached by Martin in a recent
review (24).

Identification of factors capable of influencing cen-
tral neurotransmission which can also modulate sleep-
related GH secretion may help to establish the neural
pathways and mechanisms which subserve physiologic

GH release. Among the approaches to the study of

neuropharmacologic modification is the use of receptor
blocking agents. In previous work, we have demon-
strated the moderate stimulatory effect on sleep-
related GH secretion of the serotonin receptor-
blocking drug, methysergide (7). Sleep-related PRL
secretion was profoundly suppressed by methysergide.
In an ongoing study of the effects of neurotransmitter-
modulating agents on sleep-related pituitary hormone
secretion, we report in this paper the effect of choliner-
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gic receptor blockade with methscopolamine bromide
on sleep electroencephalogram (EEG) parameters, and
serum GH and PRL levels. Because of our previous
demonstration of antipodal effects of methysergide on
sleep-related and insulin-provoked GH release (7), and
therefore the probability that different stimuli to GH
release involve different neuropharmacologic path-
ways, we have also assessed the effect of this agent
on insulin-induced GH secretion.

METHODS

Subjects for the study on sleep-related secretion were eight
normal paid volunteers between the ages of 19-30 yr. Insulin-
provocative testing was also performed on 12 similar subjects,
including 3 who had participated in the sleep study. The
height/weight ratio of all subjects was 2.36+0.08 cm/kg (19).
All subjects had the following normal studies: medical history,
physical examination, complete blood count, blood chemistry
profile and chest Xray. Written informed consent was
obtained after a detailed verbal and written explanation of the
study.

Both the sleep and insulin studies were performed with a
double-blind crossover design; the drug and placebo were
administered in random sequence. For the sleep study, an ac-
climatization night without blood sampling preceded the two
study nights; subjects reported to the laboratory at 8:00 p.m., at
which time a catheter was inserted into a forearm vein. At
10:00 p.m., either 0.5 mg methscopolamine bromide or 0.5 cm?
normal saline was administered intramuscularly, and at 10:30
p.m., the subject went to bed. A unipolar EEG, horizontal
electrooculogram, and electromyogram were recorded from
10:30 p.m. until 7:30 a.m. Recordings were performed on a
model 7 polygraph (Grass Instrument Co., Quincy, Mass.) with
a paper speed of 10 mm/s, calibrated for 50 uV to produce a 7.5-
mm deflection. Recordings were read blindly by a single
investigator using sleep-stage criteria of Rechtschaffen and
Kales (25). During the night, 5-cm® samples of blood were taken
every 20 min from the venous catheter, for hormone analysis.
The catheter was kept open by slow infusion of 0.45% saline
containing 3,000 U of heparin/liter. The total amount infused
was up to 500 m! of this solution.

For the insulin tolerance tests, fasting subjects reported to
the laboratory at 8:00 a.m., at which time a scalp vein needle
was inserted into a forearm vein, and a slow infusion of 0.45%
saline was started. At 8:30 a.m. the subjects received 0.5 mg
methscopolamine or 0.5 em? saline intramuscularly, and at 9:00
a.m., 0.1 U/kg of regular insulin was administered intraven-
ously. 5-¢cm® blood samples were drawn for glucose and
hormone measurement every 15 min for 2 h. All specimens for
GH and PRL assay were allowed to clot, the serum was
promptly separated and stored at —18°C.

Determinations of GH and PRL were performed by radio-
immunoassay (26, 27). The antisera, standards and tracer, and
current details of the GH method have been recently de-
scribed (28). The usual sensitivities of the assays were 0.5
ng/ml of serum for GH and 1.5 ng/ml for PRL. Blood glucose
determinations were done using a glucose oxidase technique.
Hormonal data during sleep were processed by an analysis of
variance (ANOVA) derived from the Statistical Analysis Sys-
tem computer package (29). For the purposes of this analysis,
the data were divided into three time periods, hours 1 and 2,
hours 3 and 4, and hours 5-8 after the start of sleep. The data
were subjected to a logarithmic o transformation for normaliza-
tion (30), and partial sums of squares were employed because
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of the unbalanced, nonorthogonal design. This analysis al-
lowed separate examination of the contributions of the total
variance of differences between subjects, the effects of time
period, sleep stages, and drug treatment, and the interactions
between treatment and time period and between treatment
and sleep stage (Tables Il and V). For the purpose of statistical
analysis, all hormonal determinations which were undetectable
were assigned a value equal to the detection limit in the
particular assay in which they were included. All samples
from any one subject were included in the same assay.

As usual, the GH responses during ITT exhibited great
variability among subjects; a wide range of values was ob-
served for the magnitude, time of onset of rise, and time of peak
increment. Therefore, these data were analyzed in a variety of
ways, both before and after log,, transformation for each
method of analysis. Mean GH levels at each time point were
compared by paired and nonpaired t test. Peak GH levels,
maximum GH increments over base line, and areas under the
GH curves were subjected to paired t test. In addition, these
data comparisons were also evaluated by a two-way ANOVA in
the determination of a possible drug eftect (7). A table was
constructed by subtracting the GH value at each time during
the drug ITT from the corresponding GH value for the same
time and from the same subject during the placebo ITT. In this
table of differences, the 12 columns represented the 12 sub-
jects and the 9 rows represented the sampling times during
ITT (0,15,30,45,60,75,90,105, and 120 min). In addition, to
avoiding the problem of nonindependence of multiple time
points, this approach also permits the determination of whether
or not the two GH curves (Fig. 2) deviate from parallelism with
each other. Such a deviation is indicated if the effect of time is
significant in the ANOVA, since the difference between the
two curves is the data base. The effect of drug treatment is
determined by posing the question whether or not the overall
mean of these data is significantly different from zero. If not,
the treatment is indicated not to have affected the GH
response to ITT. For the purposes of statistical analyses, all
values of GH and PRL which were below the limit of detect-
ability were recorded as being equal to that value. The results
of all statistical analyses were similar whether original data or
log,, transformed data were used.

RESULTS

Sleep. Analysis of the sleep parameters is presented
in Table I. Methscopolamine did not affect the total
sleep time, percentage of any individual sleep stage, or
any other measured sleep parameter. In view of the
interest in the relation of GH secretion to slow-wave
sleep, it should be noted that total slow-wave sleep
(stages 3 and 4 combined) was also unchanged.

Growth hormone. Sleep-related GH levels are shown
in Fig. 1. The mean+SE GH values for each sleep stage
and time period on placebo and methscopolamine nights
are given in Table 11, and the results of the ANOVA for
GH levels are presented in Table I11. It is evident that
administration of methscopolamine was associated with
profound suppression of GH secretion. The overall mean
GH level of 2.89+0.44 ng/ml and the mean peak of 11.09
+3.11 ng/ml during the placebo night were reduced by
methscopolamine to 0.75x0.01 and 1.04+0.25 ng/ml,
respectively (P < 0.0001 and < 0.001). In fact, <3% of
samples obtained on the methscopolamine nights
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TABLE I
Sleep Parameters in Eight Normal Subjects Given
0.5 mg Methscopolamine*

Signifi-
cance

levelt

Methscopola-

mine Placebo

Total sleep time, min~ 390.6x13.5  353.0x27.3 NS

Stage 1, % 2.5+1.2 3.3x1.4 NS
Stage 2, % 64.9+3.0 61.0+2.3 NS
Stage 3, % 7.2x1.9 8.3+1.6 NS
Stage 4, % 3.1+x1.0 3.8+18 NS
Total slow-wave

sleep, % 10.3+2.5 12.1x2.6 NS
Stage REM, % 23.3x1.6 222+23 NS
REM latency, min 122.2+13.6 107.6+17.8 NS
REM density (0-8) 1.6+0.2 1.7+0.1 NS
Intermittent waking,

min 204=10.8 31.2+14.6 NS

* Values presented as mean=SE.
} Two-tailed paired t test with df = 7. Arcsine transtormation
was performed on data given as percentages.

contained detectable GH levels, and the highest value
recorded on all drug nights was 2.6 ng/ml. This virtual
absence of GH secretion after the administration of
methscopolamine contrasts with the normal GH
pattern on placebo nights, the highest values occurring
in a well-defined secretory episode during the first 2 h
of sleep. ANOVA revealed both time period alone and
time-drug treatment interaction to be highly significant
variables, reflecting the normal occurrence of hormone
secretion in early sleep (P < 0.0001 tor both parameters,
Table III). A significant treatment-sleep stage interac-
tion was also detected (P <0.02), reflecting the
dominant drug eftect on GH secretion during stage 4
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FIGURE 1 GH concentrations during the night are shown

(mean=SE). All data are synchronized according to sleep
onset, electroencephalographically defined. @, Control
nights; O, methscopolamine treatment nights.
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TABLE II

Effect of Methscopolamine on Sleep-Related GH Secretion

Hours 1 and 2

Hours 3 and 4

Hours 5to 8

Drog

Placebo

Drug

Placebo

Drug

Placeho

Total
(sleep stages?

Intermittent waking 0.70+0.00

0.70=0.00

(n (6 (h
Stage 1 0.50=0.00 0.30=0.00 —
(n (h (o
Stage 2 0.85x0.16 7.04=1.73 0.78+0.09
(29) (2h (25)
Stage 3 0.81+0.12 3.94+2.33 —
(7 (3) (0
Stage 4 083021  11.08+4.11 0.70=0.00
(3) (4 (2)
REM 0.80=0.08 0.70=0.00 0.70=0.09
(€2 (H (7

0.83+0.10
+5)

Total (treatment)

6.59=1.27

(38)

0.76 +0.07
(35)

20=0.63
3

(h
.53=0.62

(23)
3.30x2.45

(")

[

-~

(89

.90 x0.00
n

0.90=0.13
(7

[89)

24 +0.46
(39

0.64=0,11
(3

0.50+0.00
(h

0.70+0.04
(28)
(M
0.70+0.00
(h
0.65 £0.05
(18

0.68 +0.03
(53)

0.50=0.00
3

0.50+0.00
(n

0.74£0.05
(35)

0.50+0.00
(D

24T+ 147
1

0.50+0.00
H

1.84=0.29
(161}

2.36x0.87
(18)

2.03
1)

471
(

0.74+0.03
(5M

— 1t

Total (time) 3.47=0.66

(83)

1.5420.26
(74

0.70=0.02
(106)

Values represent mean=SEM in nanograms per milliliter. Parentheses refer to number of samples which were obtained

during indicated sleep stage and time period.

sleep (>10-told reduction, Table 1I). Due to the
similarity of all GH values during methscopolamine
study nights, the relation of individual sleep stages to
GH levels did not reach statistical significance in the
entire data set (P <0.08, Table III), but a highly

test reached apeak o 39.4+9.5 ng/ml at 75 min; the mean
of the individual peaks, 43.9+10.2 ng/ml, represented a
mean maximum increment over basal GH levels of 42.9
ng/ml. After methscopolamine, a similar GH peak of

significant relationship obtained when only the placebo 37 L
night GH data were considered. \E‘. 4 o \ é_/g
The GH response to insulin-induced hypoglycemia ~ 604 3\ ./‘#,/‘é/
after injection of saline or methscopolamine is shown in 8] \;\ //‘/
Fig. 2. The magnitude and duration of the hypo- S Ny
glycemia were virtually identical in both circumstances. § 201
The GH response during the control insulin tolerance ———r 77T T —
50 T
TABLE 111 > INSULIN
VNS . ’ . R E 0.1 U/ kg
ANOVA: Sleep-Related GH Secretion N i
g |
Partial ~
sum ot W 30 A
Source di squares ¥ P g
S
Subjects 7 1.0952 14.7416 <().0001 S i
Drug treatment | 10392 261875 <0.0001 *
Time period 2 2.2073 27.8097 <0.0001 N
Treatment-time % 10 4
period interaction 2 1.9010  23.9506 <0.0001 &
Sleep stage 5 0.3950 1.9908 <0.0799 ﬁ:—‘g_/_.:——‘d
Treatment-sleep —=r—=% 'O T 6|0 T 91' —
stage interaction 5 05552 27983 <0.0176 15 0 3 o 120
Error 238 9.4451 MINUTES
Total 260 23.5225 FIGURE 2 Concentrations of GH and glucose during ITT are
shown. @, Control studies; O, methscopolamine studies.
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Methscopolomine

4+ Salineg

SERUM PROLACTIN ng/ml
o

1 -
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FIGURE 3 PRL concentrations during the night are shown
(mean=SE). Data are synchronized according to sleep onset,
electroencephalographically defined. @, Control nights; O,
methscopolamine treatment nights.

30.0x6.4 ng/ml (P > 0.2) also occurred at 75 min; the
mean of the peaks, 35.6+6.1 ng/ml, and the mean
maximum increment, 34.2 ng/ml, were also not
significantly different from the control values (P > 0.2
for both). Similarly, the areas under the GH curves
were not significantly different. However, the rise in
GH during the control ITT occurred earlier than that

during the methscopolamine ITT; the mean control
GH at 30 min, 8.13+2.29 ng/ml, was higher than the
corresponding value during the methscopolamine ITT
(1.84=0.62 ng/ml), but this ditference fell short of
statistical significance (P > 0.05). Comparisons of the
other time points did not reveal any differences.
Despite the general lack of statistical significance by
the above tests, it should be noted that all mean GH
values after insulin are a bit lower after methscopol-
amine than after saline. In keeping with this fact, the
two-way ANOVA did show a significant difference
(F =971, P <0.01) between the two GH curves at-
tributable to a drug rather than a time ettect. The aver-
age reduction as a percentage of area under the curves
was only 31.6%, however.

PRL. Sleep-related PRL secretion is pictured in
Fig. 3. The PRL concentrations during the study nights
are presented in Table IV, and the results of the ANOVA
are found in Table V. As in the case of GH, there were
great differences between individuals. Neither sleep
stages, methscopolamine treatment, nor interaction ef-
fects had a significant influence on nocturnal PRL levels.
The concentrations of PRL were in fact nearly identical
through most of the observation period (Fig. 3). How-
ever, PRL levels were significantly related to the time
of night, with values increasing toward morning
(P <0.0001, Table V).

TABLE 1V

Effect of Methscopolamine on Sleep-Related PRL Secretion

Hours 1 and 2 Hours 3 and 4 Hours 5 to 8
Total
Drug Placebo Drug Placebo Drug Placebo (sleep stages)
Intermittent waking 4.80=x0.00 6.00=0.99 9.90+0.00  4.90x0.00 8.70£1.83 8.83+£2.60 7.13x£0.72
(1) (6) (D (3) (5) (3) (19)
Stage 1 5.70£0.00 5.20+0.00 —_— —_ 11.20+0.00 5.40=0.00 6.88+1.67
(1) (1 (0 0 (1) (1) )
Stage 2 6.03=0.41 5.39x0.55 6.46+0.36 6.36x0.60 7.52+0.50  7.93+0.62 6.73+0.22
(29) (21) (25) (23) (27) (35) (160)
Stage 3 4.98+0.90 5.28+1.68 — 8.80x1.22 — 7.20=0.00 6.25+0.71
(7) (3) (0 (3) 0) (1) (18)
Stage 4 6.93+3.30 3.95+0.38 5.30£0.00 9.20=0.00 12.80+0.00 — 6.29+1.10
3) 4) (2) (D (1) (0) (11)
REM 6.90+x0.99 2.20=0.00 7.16+0.87 581+1.23 7.02+0.66 6.61+0.39 6.66+0.33
) (D (7 (7 (18) (13) (50)
Total (treatment) 4.97+0.34 5.23+0.40 6.63+0.32 6.54+0.45 7.63x0.39 7.59+0.44
(45) (38) (35) (39) (52) (53)
Total (time) 5.63+0.26 6.58+0.28 7.61x0.29
(83) (74) (105)

Values represent mean=SEM in nanograms per milliliter. Parentheses reter to number of samples which were obtained
during indicated sleep stage and time period.

Methscopolamine and Anterior Pituitary Function
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TABLE V
ANOVA: Sleep-Related PRL Secretion

Partial
sum of
Source df squares F P
Subjects 7 2.9179 29.9325 <0.0001
Drug treatment 1 0.0441 3.1653 <0.0765
Time period 2 0.4638 16.6517 <0.0001
Treatment-time
period interaction 2 0.0171 0.6153 <0.5464
Sleep stage 5 0.0769 1.1048 <0.3584
Treatment-sleep
stage interaction 5 0.0929 1.3345 <0.2493
Error 238 3.3144
Total 260 7.1934
DISCUSSION

We have found that nocturnal administration of a single
0.5-mg dose of methscopolamine abolished. sleep-re-
lated GH secretion. This was a specific effect; sleep-
related secretion of PRL was unaltered, and GH secre-
tion provoked by insulin hypoglycemia was only mar-
ginally affected.

The effect of methscopolamine on insulin-induced
GH secretion was not significant by any of the methods
of statistical assessment employed save one, the ANOVA.
This was true whether the raw data or the log,, trans-
formed data were used. The difference in the magni-
tude of methscopolamine action in the two GH se-
cretory situations is so great that a qualitative difference
in the mechanisms of action must be one of the pos-
sibilities entertained to explain the discrepancy. We
have previously reported an even more marked dis-
sociation of pharmacologic effects on sleep-related
and insulin-induced GH secretion (7). In that case,
methysergide, a serotonin receptor blocker, was found
to produce increased sleep-related, but decreased in-
sulin-induced secretion. Thus, there is precedent for

TABLE VI
ANOVA: Insulin-Induced GH Secretion

Sum of
Source df squares F P
Subjects 11 28.9467 4.3417 <0.001
Time 8 3.5456 0.7312 NS
Drug treatment 1 5.8834 9.7069 <0.01
Error 88 53.3337
Total 108 91.7094

Two-way analysis of variance with replicates. Data were
subjected to log,, transformation before analysis. The data
base is the difference, at each time, for each subject, between
the GH values during the control test and those during the
methscopolamine test.
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the belief that the mechanisms, and probably the neural
pathways, involved in the control of physiologic sleep-
related GH secretion may well be different from those
which are involved in GH control in response to insulin
or other pharmacologic provocation. However, since
the ANOVA did indicate a significant suppressive ef-
fect during the ITT, it is possible in the case of meth-
scopolamine that the same pathway is differentially
sensitive to methscopolamine under the two different
study conditions, one during overnight sleep, and the
other in the morning.

We presume that the profound suppression of sleep-
related GH levels observed in this study after adminis-
tration of methscopolamine bromide is related to the
anticholinergic properties of this agent. The dose em-
ployed was relatively small, and the pharmacologic
specificity of action of the belladonna alkaloids is quite
good as long as very large doses are not used (31). Inas-
much as quaternary ammonium derivatives like meth-
scopolamine bromide do not readily cross the blood-
brain barrier (31-35), the site of drug action in the
studies reported here may well be in the median eminence
or its immediate environs, one of the few areas in the
central nervous system with an incomplete blood-brain
barrier, or possibly in the pituitary itself. However,
such putative sites of action cannot be in a main final
common neural pathway, since the drug was relatively
impotent in blocking the GH response to insulin hypo-
glycemia.

There are few data bearing on the possible role of the
cholinergic system in GH regulation in man. Salvadorini
et al. (36) have described increased daytime GH secre-
tion in response to intravenous administration of cytidine
diphosphate choline. These data, as well as those we
have obtained, suggest that the cholinergic system plays a
facilitatory role in GH secretion, assuming bioavailability
of choline from this agent to serve as an acetylcholine
precursor. If further data continue to support the interpre-
tation that cholinergic influences may stimulate GH secre-
tion, than an explanation for previous apparently dis-
crepant findings may emerge. We have reported in-
creased GH levels during sleep after methysergide, a
serotonin blocker of high pharmacologic specific-
ity (7). In contrast, Chihara et al. (15) have re-
ported suppression of GH levels during sleep after
cyproheptadine, a drug which has serotonin-, his-
tamine-, acetylcholine-, and dopamine-blocking prop-
erties (37, 38). Cyproheptadine is in fact a rather potent
anticholinergic, and its ability to suppress GH levels dur-
ing sleep may be related to its anticholinergic properties.
In this regard, it also seems plausible that the suppres-
sive effects of imipramine on sleep-related GH secre-
tion observed by Takahashi et al. a decade ago (1) were
caused by the substantial anticholinergic effects of this
drug rather than by its effects on amine re-uptake. There
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is no available information at present on the effects of
anticholinergic drugs on daytime GH responses to secre-
tagogues other than insulin.

Despite profound suppression of sleep-related GH
secretion, methscopolamine had no effect on sleep in
the present study (Table I). Failure of this drug to af-
fect sleep has been previously reported (39), and is
presumably due, at least in part, to its poor penetrance
of the blood-brain barrier (31-35). These considera-
tions suggest, as noted above, that the effects of meth-
scopolamine on sleep-related GH secretion are probably
exerted at the level of the hypothalamus or the pituitary.
Failure to block the GH response to insulin hypogly-
cemia makes it less likely, but not impossible, that the
somatotrope cell is directly responsive to the drug. Al-
though we do not know where methscopolamine is act-
ing to achieve the differential effects reported here on
sleep-related and insulin-induced GH secretion, we hy-
pothesize, based on knowledge of the drug’s inability
to cross the blood-brain barrier, that this action takes
place within the mediobasal hypothalamus. A neuronal
locus within this general area which is functionally
proximal to the final common pathway for GH secretion
is suggested. Thus, we would speculate, based on the
present results, that one or more pools of cholinergic
neurons may abut on portions of the ventromedial or
arcuate nuclei, or perhaps on neural elements of the
infundibulum, which participate critically in the final
common pathway for the regulation of GH secretion in
man. Methscopolamine is thus added to a growing list
of factors capable of dissociating sleep-related GH
secretion and slow-wave sleep (13-22). We conclude
that these two phenomena have no necessary neuro-
physiologic linkage.

Our data demonstrate no effect of methscopolamine
on sleep-related PRL secretion. Though an inhibitory
cholinergic influence on serum PRL levels in rats has
been suggested (40-43), there are no comparable pub-
lished data in humans. The data presented in this study
suggest that the cholinergic system does not play an
important role in the regulation of sleep-related PRL
secretion in man.

ACKNOWLEDGMENTS

The authors acknowledge with thanks the excellent assistance
of the technicians on the Unit for Sleep Studies and the staff of
Ward 2 West of the Clinical Center, National Institutes of
Health, the nursing staff of the Clinical Research Center and
the technical personnel of the Metabolism Division Labora-
tories and the Radioimmunoassay Facility, Diabetes and
Endocrinology Research Center, Washington University School
of Medicine.

This work was supported in part by research grant 5R01 AM
05105, Diabetes and Endocrinology Research Center grant
5P30 AM 17904, and Research Career Development Award
5K04 AM 70521 to Dr. Jacobs from the National Institute of
Arthritis, Metabolism, and Digestive Diseases, and by Clinical

Methscopolamine and Anterior Pituitary Function

Research Center grants RR 00036 and RR 00044 from the
Division of Research Resources, General Clinical Research
Centers Branch, National Institutes of Health, Bethesda, Md.

REFERENCES

1. Takahashi, Y., D. M. Kipnis, and W. H. Daughday. 1968.
Growth hormone secretion during sleep. J. Clin. Invest.
47: 2079—2090.

2. Honda, Y. K. Takahashi, K. K. Azumi, M. Irie, M. Sakuma,
T. Tsushima, and K. Shizume. 1969. Growth hormone
secretion during nocturnal sleep in normal subjects. J. Clin.
Endocrinol. Metab. 29: 20-29.

3. Parker, D. C,, J. F. Sassin, J. W. Mace, R. W. Gotlin, and
L. G. Rossman. 1969. Human growth hormone release
during sleep: electroencephalographic correlation. J.
Clin. Endocrinol. Metab. 29: 871-874.

4. Sassin, J. F,, A. G. Franz, E. D. Weitzman, and S. Kapen.
1972. Human prolactin:24-hour pattern with increased re-
lease during sleep. Science (Wash. D. C.). 177: 1205-1207.

5. Parker, D.C., L. G. Rossman, and E. F. VanderLaan. 1973.
Sleep-related, nyctohemeral and briefly episodic variation
in human plasma prolactin concentration. J. Clin.
Endocrinol. Metab. 36: 1119-1124.

6. Parker, D.C., L. G. Rossman, and E. F. VanderLaan. 1974.
Relation of sleep-entrained human prolactin release to
REM-non REM cycles. J. Clin. Endocrinol. Metab. 38:
646-651.

7. Mendelson, W. B., L. S. Jacobs, J. D. Reichman, E. Othmer,
P.E. Cryer, B. Trivedi,and W. H. Daughaday. 1975. Methy-
sergide: suppression of sleep-related secretion and en-
hancement of sleep-related growth hormone secretion. J.
Clin. Invest. 56: 690-697.

8. Sassin, J. F., A. G. Frantz, S. Kapen, and E. D. Weitzman.
1973. The nocturnal rise of human prolactin is dependent
on sleep. J. Clin. Endocrinol. Metab. 37: 436-440.

9. VanderLaan, W. P., D. C. Parker, L. G. Rossman, and E. F.
VanderLaan. 1970. Implications of growth hormone
release in sleep. Metab. Clin. Exp. 19: 891-897.

10. Parker, D. C, and L. G. Rossman. 1971. Human growth
hormone release in sleep: nonsuppression by acute hy-
perglycemia. J. Clin. Endocrinol. Metab. 32: 65-69.

11. Lucke, C., and S. M. Glick. 1971. Experimental modifi-
cation of the sleep induced peak of growth hormone se-
cretion. J. Clin. Endocrinol. Metab. 32: 729-736.

12. Schnure, J. J., P. Raskin, and R. L. Lipman. 1971. Growth
hormone secretion during sleep: impairment in glucose
tolerance and nonsuppressibility by hyperglycemia. J.
Clin. Endocérinol. Metab. 33: 234-241.

13. Lucke, C., and S. M. Glick. 1971. Effect of medroxypro-
gesterone acetate on the sleep induced peak of growth
hormone secretion. J. Clin. Endocrinol. Metab. 33: 851-
853.

14. Perlow, M., J. Sassin, R. Boyar, L. Hellman, and E. D.
Weitzman. 1973. Reduction of growth hormone secretion
following clomiphene administration. Metab. Clin. Exp.
22; 1269-1275.

15. Chihara, K., Y. Kato, Maeda, S. Matsukura, and H. Imura.
1976. Suppression by cyproheptadine of human growth
hormone and cortisol secretion during sleep. J. Clin. Invest.
57: 1393-1402.

16. Parker, D.C., L. G. Rossman, T. M. Siler, J. Rivier, S. S. C.
Yen, and R. Guillemin. 1974. Inhibition of the sleep-
related peak in physiologic human growth hormone re-
lease by somatostatin. J. Clin. Endocrinol. Metab. 38:
496-499.

1689



17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

1690

Lipman, R. L., A. L. Taylor, A. Schenk, and D. H. Mintz.
1972. Inhibition of sleep-related growth hormone release
by elevated free fatty acids.]. Clin. Endocrinol. Metab. 35:
592-594.

Quabbe, H-]., H. Helge, and S. Kubicki. 1971. Nocturnal
growth hormone secretion: correlation with sleeping EEG in
adults and pattern in children and adolescents with non-
pituitary dwarfism, overgrowth and with obesity. Acta
Endocrinol. 67: 767-783.

Othmer, E., W. R. Levine, W. B. Malarkey, J. C. Corvalan,
M. P. Hayden-Otto, P. M. Fishman, and W. H. Daughaday.
1974. Body build and sleep-related growth hormone secre-
tion. Horm. Metab. Res. 5: 156-166.

Carlson, H. E., J. C. Gillin, P. Gorden, and F. Snyder.
1972. Absence of sleep-related growth hormone peaks in
aged normal subjects and in acromegaly. J. Clin. Endocrinol.
Metab. 34: 1102-1105.

Powell, G. F., N.]. Hopwood, and E. S. Barratt. 1973. GH
studies before and during catch-up growth in a child with
emotional deprivation and short stature. J. Clin. Endo-
crinol. Metab. 37: 674-679.

Othmer, E. D., D. Goodwin, W. Levin, W. Malarkey, F.
Freemon, J. Halikas, and W. Daughaday. 1972. Sleep-
related growth hormone secretion in alcoholics. Clin. Res.
20: 726. (Abstr.)

Rubin, R. T., P.R. Gouin, A. T. Arenander, and R. E. Poland.
1973. Human growth hormone release during sleep fol-
lowing prolonged flurazepam administration. Res. Commun.
Chem. Pathol. Pharmacol. 6: 331-334.

Martin, J. B. 1976. Brain regulation of growth hormone
secretion. In Frontiers of Neuredocrinology. L. Martin
and W. F. Ganong, editors. Raven Press, New York. 4:
129-168.

Rechtschaffen, A., and A. Kales. 1968. A Manual of Stand-
ardized Terminology, Techniques, and Scoring System
for Sleep Stages of Human Subjects. Brain Information
Service/Brain Research Institute, Los Angeles, Calit. Na-
tional Institutes of Health Publication 204. 1-14.
Schalch, D. S., and M. L. Parker. 1964. A sensitive double
antibody immunoassay for human growth hormone in
plasma. Nature (Lond.). 203: 1141-1142.

Sinha, Y. N, F. W. Selby, U. J. Lewis, and W. P. Van-
derLaan. 1973. A homologous radioimmunoassay for human
prolactin. J. Clin. Endocrinol. Metab. 36: 509-516.
Herington, A. C.,, L. S. Jacobs, and W. H. Daughaday.
1974. Radioreceptor and radioimmunoassay quantitation
of human growth hormone in acromegalic serum: over-
estimation by immunoassay and systematic differences
between antisera. J. Clin. Endocrinol. Metab. 39: 257-
262.

Barr, A. ], and J. H. Goodnight. 1972. In Users Guide to

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

Mendelson, Jacobs, Sitaram, Wyatt, and Gillin

Statistical Analysis System. North Carolina University
Press, Raleigh, N. C. 94-154.

Winer, B. J. 1971. In Statistical Principles in Experimental
Design. McGraw-Hill Book Company, New York. 2nd
edition. 347-402.

Innes, . R., and M. Nickerson. 1970. Drugs inhibiting the
action of acetylcholine on structures innervated bv
postganglionic parasympathetic nerves. In The Pharma-
cologic Basics of Therapeutics. L. S. Goodman and A. Gil-
man, editors. Macmillan Inc., New York. 4th edition. 524
548.

Domino, E. F., and G. Corssen. 1967. Central and periph-
eral effects of muscarinic cholinergic blocking agents in
man. Anesthesiology. 28: 568-574.

Malick, J. B., and A. Barnett. 1975. Central versus periph-
eral anticholinergic activity as assessed by two in tivo
procedures in mice. J. Pharm. Sci. 64: 1066-1068.
Donoso, A. O., and ]J. C. Bacha. 1975. Role of the blood-
brain barrier in the anticholinergic differential effects on
LH and prolactin release in proestrous rats. J. Neural
Transm. 37;: 155-164.

Granacher, R. P., and R. J. Baldessarini. 1975. Physostig-
mine: its use anticholinergic syndrome with antidepres-
sant and antiparkinson drugs. Arch. Gen. Psychiatry. 32:
375-380.

Salvadorini, F., F. Galeone, M. Nicotera. M. Ombrato, and
P. Saba. 1975. Clinical evaluation of CDP-choline
(Nicholin): efficacy as antidepressant treatment. Curr. Ther.
Res. Clin. Exp. 18: 513-520.

Stone, C. A, H. C. Wenger, C. T. Ludden, ]J. M. Stavorski,
and C. A. Ross. 1961. Antiserotonin-antihistaminic prop-
erties of cyproheptadine. J. Pharmacol. Exp. Ther. 131:
73-84.

vanRiezen, H. 1972. Ditfferent central etfects of the 5-HT
antagonists mianserine and cyproheptadine. Arch. Int.
Pharmacodyn. Ther. 198: 256-269.

Sagales, T., S. Erill, and E. F. Domino. 1969. Differential
effects of scopolamine and chlorpromazine on REM and
NREM sleep in normal male subjects. Clin. Pharmacol.
Ther. 10: 522-529.

Grandison, L., M. Gelato, and J. Meites. 1974. Inhibition
of prolactin secretion by cholinergic drugs. Proc. Soc. Exp.
Biol. Med. 145; 1236-1239,

Libertun, C., and S. M. McCann. 1974. Further evidence
for cholinergic control of gonadotropin and prolactin secre-
tion. Proc. Soc. Exp. Biol. Med. 147: 498-504.

McLean, B. K., and M. B. Nikitovitch-Winer. 1975. Cho-
linergic control of the nocturnal prolactin surge in the
pseudopregnant rat. Endocrinology. 97: 763-770.
Grandison, L., and J. Meites. 1976. Evidence for adrenergic
mediation of cholinergic inhibition of prolactin release.
Endocrinology. 99: 775-779.



