6. This new species of the worldwide genus
Actinostola has been identified by C. E. Cutfess
of the Institute of Marine Biology, University
of Puerto Rico. Until it has been formally
described, a specific name cannot be given.
We thank Dr. Cutress for permission to use
his unpublished identification of this species
in reporting our observations of its behavior,
observations that were meaningless while the
animal continued to be wrongly identified as
Stomphia coccinea.
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Circadian Pattern of Plasma 17-Hydroxycorticosteroid:
Alteration by Anticholinergic Agents

Abstract. Atropine, administered to cats just prior to the time of the expected
circadian rise in levels of 17-hydroxycorticosteroid in plasma, blocks this rise.
Atropine does not alter this circadian pattern when administered at other times in

- the circadian cycle. Results similar to those obtained with atropine have been ob-
served with short-acting barbiturates. Dibenzyline administered just prior to the
time of the expected circadian rise is ineffective in blocking this rise. These findings
support the hypothesis that the circadian pattern of plasma 17-hydroxycortico-
steroid levels reflects activation, by the central nervous system, of the hypothalamic-
pituitary-adrenal axis during a “‘critical time period” in the circadian cycle.

The occurrence of a circadian pattern
in levels of plasma 17-hydroxycortico-
steroids (17-OHCS) and in other param-
eters of adrenal cortical function has
been well documented in man (Z),
monkeys. (2), rats (3, 4), and mice
(5). The constancy of this pattern in
man during illness (6, 7), night work
(1), and total bed rest (8). as well as
the difficulty of altering this pattern
with change in activity-sleep routine (9),
have been commented upon. Alterations
in this pattern have been reported in
patients with chronic, diffuse, central
nervous system disease accompanied by
impairment of consciousness and by
delirium or restlessness (2). Alterations
in this pattern have also been reported
in our studies (/0) which described
such abnormalities in patients with cen-
tral nervous system disease localized in
the temporal lobe or in pretectal or
hypothalamic areas. These observations
suggest that the central nervous system
plays a dominant role in determining
this daily variation in plasma 17-OHCS
levels.

The phenomenon of sleep, and its
accompanying rapid-eye-movement pe-
riods (I1), suggest circadian function
of the nervous system (12), as does the
circadian variation of the human elec-
troencephalogram (Z3). Central nerv-
ous system regulation of pituitary
adrenocorticotropin (ACTH) secretion
is well established (/4). Integrity of
some portion of the hypothalamus
seems to be a necessary factor in this
regard (10, 15). There is preliminary

17 MARCH 1967

evidence from the mouse (5) and from
the rat (3) of circadian variation in the
hypothalamic content of pituitary cor-
ticotrophic stimulatory factor.

The nature of the mechanisms initiat-
ing the release or elaboration, or both,
of hypothalamic releasing factors has
still to be elucidated. Some workers
(16) have introduced the concept of a
“variable set point” component in the
central nervous system. It is possible
that this set point, in addition to being
“reset” by steroid levels, may also be

reset by a variety of changes in the in-
ternal or external milieu acting on the
central nervous system, as well as by
the state of synaptic activity at the hy-
pothalamic secretory cell involved. We
have demonstrated (/7) that implanta-
tion of minute amounts of cholinergic
and adrenergic agents in certain areas
of the hypothalamus is capable of elicit-
ing an abrupt, prompt rise in plasma

‘17-OHCS levels in the cat. Similar re-

sults have also been reported by En-
droczi (18).

Our hypothesis in the present investi-
gation is that the observed circadian
pattern in levels of plasma 17-OHCS
reflects the release of corticotrophic-re-
leasing factor, and consequently ACTH,
at one critical period in the 24-hour
cycle, immediately preceding the period
when levels of plasma 17-OHCS begin
their circadian rise. If we accept the
findings that activity of the nervous sys-
tem is circadian, and that pituitary
adrenal activation can be effected by
synaptically active agents, then it should
be possible to abolish the circadian rise
in plasma 17-OHCS levels by adminis-
tering, just prior to the postulated
“critical period,” drugs which can block
synaptic transmission and thereby block
release of corticotrophic-releasing factor.

This concept is analogous to the
“critical period” described for release
of luteinizing hormone in the rat (19).
Such release can be blocked by the ad-
ministration of anticholinergic and anti-
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Fig. 1. Effect of atropine administered in different dosages and at different times of
day on circadian pattern of plasma 17-OHCS in a cat (No. 224). Arrows indicate
time of administration of drug. Key: O——Q, control day; []- - - - [], atropine, 1.2
mg subcutaneously (0.4 mg/kg) at 6 p.m.; M
(0.2 mg/kg) at 6 p.m.; @ ——— @, atropine, 1.2 mg subcutaneously at 8 a.m.

----- M, atropine, 0.6 mg subcutaneously

1421



adrenergic drugs, as well as by barbitu-
rates, just prior to or during this period
(20).

To test our hypothesis, we first dem-
onstrated the occurrence and constancy
of a circadian pattern in plasma 17-
OHCS levels in ten cats. Figures 1 and
2 (solid line) show this pattern to con-
sist of a peak level occurring between
8 p.m. and 4 am., with lower levels
occurring during the remainder of the
24-hour cycle.

Atropine was selected for its anticho-
linergic action. Six animals received
atropine subcutaneously at 6 p.m. in
amounts varying from 0.4 to 0.6 mg/
kg. Systemic manifestations of atropine
effect were present in all instances.
Figures 1 and 2 show that such a dose
abolished the nocturnal rise in plasma
steroid levels. Doses of 0.2 mg/kg, ad-
ministered at a similar time, were in-
effective (Figs. 1 and 2) in suppressing
this nocturnal rise. Administration of
0.4 to 6.6 mg/kg at 8 a.m. was also
ineffective in suppressing the nocturnal
rise in plasma 17-OHCS levels.

Dibenzyline was used as an anti-
adrenergic drug. Six animals received
10 to 20 mg/kg in the form of an intra-
venous infusion over a 1-hour period
from 6 to 7 p.m. During the infusion,
all animals developed prominence of the
nictitating membranes. In the animals
receiving the higher doses, flaccid weak-
ness of the posterior extremities oc-
curred. Figure 2 illustrates the ineffec-

tiveness of dibenzyline (administered at
6 p.m.) in blocking the evening rise in
plasma steroid levels. This is in marked
contrast to the effect of atropine when
administered at a similar time.

Sodium pentobarbital (30 mg/kg in-
traperitoneally), administered to four
cats at 6 p.m., completely suppressed
the circadian rise in plasma 17-OHCS
levels. A similar suppression was ob-
served, however, when this dose was
administered at 8 a.m. These observa-
tions, therefore, could not be used to
determine whether or not barbiturates
blocked at a “critical period” prior to
release of ACTH. For this reason, sodi-
um thiamylal, a much shorter acting
barbiturate, was studied. Intravenous
administration (from 6 to 7 p.m.) of
10 to 20 mg/kg of freshly prepared
solutions of sodium thiamylal was ef-
fective in blocking the circadian rise
in plasma 17-OHCS levels. In contrast,
the same, as well as larger (25 mg/kg),
doses were ineffective when similarly
administered at 8 a.m.

In discussing drug blockage of re-
lease of luteinizing hormone, Sawyer
(20) suggested that this phenomenon
might be secondary to the increase in
the threshold of electroencephalographic
arousal in cortex and brain stem, on
direct -stimulation of the midbrain re-
ticular formation, brought about by
these drugs. The reticular formation
has been postulated to be part of the
central nervous system pathway regulat-
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Fig. 2. Comparison of effects of atropine and dibenzyline on circadian pattern of
plasma 17-OHCS in a cat (No. 232). Arrows indicate time of administration of

drug. Key: O————(Q, control day; @ ——— @, atropine, 1.2 mg subcutaneously
(0.4 mg/kg) at 8 am.; [] - - - - [], atropine, 1.2 mg subcutaneously at 6 p.m.;
A ---- A, dibenzyline, 50 mg -(17 mg/kg) intravenously at 6 p.m.
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ing release of ACTH (21). His results
and ours might also be understood in
terms of alterations in synaptic trans-
mission in the pathways converging in
the hypothalamus, as well as in the neu-
rons of the hypothalamus itself.

Our findings lend credence to the
hypotheses that (i) cholinergic mecha-
nisms are involved in release of ACTH,
and (ii) these are effective over a rela-
tively discrete, brief period in the 24-
hour cycle in initiating the circadian
rise in levels of plasma 17-OHCS. The
ability of short-acting barbiturates in
this regard also provides evidence for
central nervous system mechanisms in
the regulation of the circadian pattern
of levels of plasma 17-OHCS. Further
studies with drugs affecting levels of
other postulated central neurotransmit-
ters would help to delineate the nature
of the pathways involved.

Dororny T. KRIEGER
Howarp P. KRIEGER
Mount Sinai School of Medicine,
New York 10029
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