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In Vitro Effects of Melatonin and Serotonin on Adrenal Steroidogenesis' (40000)
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Removal of the ovaries in rats results in
increased adrenal secretion of the principal
metabolites of corticosterone (Sa-dihydro-
corticosterone, DHB; and 38,5a-tetrahy-
drocorticosterone, THB) with a proportion-
ate fall in the production of corticosterone
(1). We recently reported that the pineal
gland modifies the elevated rate of DHB
and THB formation observed after ovariec-
tomy (2). Secretion of these metabolites
declines after pinealectomy and proportion-
ate output of corticosterone is restored in
vivo and in vitro. Administration of mela-
tonin in vivo reverses the effects of pineal-
ectomy by stimulating the secretory rate of
DHB and THB with a concomitant decline
in proportionate output of corticosterone
from adrenal effluent (3). These changes
are mediated by changes in adrenal Sa-
reductase activity. Pinealectomy suppresses
reductase activity whereas melatonin stimu-
lates activity of the enzyme. The indole is
equally effective in hypophysectomized and
pinealectomized rats (3). Thus, melatonin
apparently does not require participation of
the anterior pituitary gland or the pineal
gland for its effects on adrenocortical func-
tion as has often been presumed (4). The
present investigation defines more clearly
the direct action of melatonin by incubating
isolated adrenal tissue with the indole.

Materials and methods. Female Long-Ev-
ans rats were maintained under a constant
photoperiod of 12-hr light: 12-hr dark. A
temperature of 22 * (.5° was maintained.
On Day 42 of age rats were rapidly decapi-
tated between 0830 and 0930 hr, adrenals
were removed and placed in ice-cold Krebs—
Ringer bicarbonate solution (KRB). Adre-
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nal Sa-reductase activity was assayed in
whole adrenal homogenates. Adrenal tissue
was incubated in air at 37° with 25 ug of
corticosterone in a final volume of 0.25 ml
for 60 min. Details of reaction mixture and
other procedures have been presented (4).
Rate of disappearance of added steroid was
determined by the loss of fluorescence,
shown previously to coincide with the for-
mation of Sa-reduced metabolites (1, 6).
Adrenal slices were incubated at 37° in 2
ml of KRB under an atmosphere of 95%
0,-5% CQO,. After a 30-min preincubation
period, the medium was discarded. Fresh
KRB was added for a final incubation of 60
min.

Melatonin and serotonin was added to
incubation media to achieve a final concen-
tration of 45 nmole/ml. A corresponding
volume of saline vehicle was added to the
control incubates. After incubation, media
of both homogenates and slices were ex-
tracted with chloroform, and corticosterone
was measured by acid fluorescence (7). To-
tal corticosteroid production was evaluated
by the blue tetrazolium reaction which is
positive for steroids and an a-ketol side
chain (8). In one experiment corticosterone
and its principal metabolites, 5a-dihydro-
corticosterone (DHB) and 38,5a-tetrahy-
drocorticosterone (THB), were measured
specifically by competitive protein binding
assay (9) subsequent to isolation by paper
chromatography (10). Identification and
homogeneity of these compounds have been
established by paper chromatography, thin-
layer chromatography, infrared spectros-
copy (1), and mass spectrometry (10).

Procedures of statistical analysis were se-
lected according to comparisons planned for
each experimental design (11). Bartlett’s
test was used to evaluate homogeneity of
variance and log transformations were made
when indicated. Multiple comparisons with
control values were made by the Dunnett
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test, and single comparisons, by Student’s ¢
test. The Behrens-Fisher modification of
the latter was used when heterogeneity of
variance was encountered.

Results. Adrenal Sa-reductase activity
(Table I} is stimulated by incubating adrenal
homogenates in the presence of melatonin.
Total steroid secretion by adrenal slices is
also enhanced without a specific change in
corticosterone secretion. Consequently pro-
portionate secretion of corticosterone de-
clined.

The next experiments were designed to
ascertain whether serotonin mimicked the
in vitro effects of melatonin. Table II indi-
cates that serotonin has no effect on adrenal
Sa-reductase activity but the stimulatory
effect of melatonin is reproduced. Mela-
tonin specifically enhances adrenal slice se-
cretion of the principal reduced metabolites
of corticosterone (DHB and THB) with a
concomitant decline in corticosterone out-
put (Table III). Proportionate secretion of
corticosterone is likewise reduced. Sero-
tonin is entirely ineffectual in altering these
parameters.

Discussion. In 1970 Giordano et al. (12)
found that the melatonin impaired adrenal
homogenate production of A4-3-ketoste-
roids. Although the mechanism mediating
this defect was unclear, they determined
that it was not due to alterations in A5,33-
hydroxysteroid dehydrogenase activity. Our
findings extend these observations to pro-
vide the mode of action. Melatonin enhances
secretion of A ring-reduced metabolites by
direct stimulation of Sa-reductase activity.
This can account for the observed decline
in A4-3-ketosteroids without corresponding
alterations in A5,33-hydroxysteroid dehy-
drogenase activity. However, in our hands
the effect of melatonin on corticosterone

ADRENAL FUNCTION

production per se is variable; corticosterone
output was not altered by melatonin in one
experiment (Table I) but was greatly dimin-
ished in another (Table III). The basis for
the variability is unclear. Nevertheless,
presence of melatonin consistently resulted
in decremental changes in proportionate
output of corticosterone which are specifi-
cally associated with increased secretion of
DHB and THB. The identical alterations in
corticosteroidogenesis also occur when me-
latonin is administered in vivo to intact rats
or subsequent to pinealectomy, ovariec-
tomy, or hypophysectomy (3). Thus, mela-
tonin exerts its effects directly on the adre-
nal cortex rather than being mediated by
secondary influences. This implies that me-
latonin-specific receptors may exist in the
adrenal. Kopin and co-workers (13) found
the turnover rate of melatonin in the adre-
nal to be about one-half that of other organs
which is consistent with existence of specific
receptors. In addition 90-95% of the mela-
tonin taken up by the adrenal is localized in
the microsomal-cell sap fraction. Such con-
ditions provide adequate opportunity for
melatonin-reductase interaction since the
enzyme is specifically localized in the micro-
somal fraction (14). The mechanism by
which melatonin stimulates activity of this

TABLE 11. IN VITRO EFFECTS OF MELATONIN AND
SEROTONIN ON ADRENAL 5a-REDUCTASE ACTIVITY.?

Reductase activity®

Saline (7) 0.06 + 0.20
Melatonin (8) 2.01 + 0.56*
Serotonin (8) 0.22 +0.51

% Values are means = SE. Number of animals
indicated within parentheses.

® Micrograms of corticosterone reduced per 10 mg
adrenal weight per hour.

* Mean differs from control value, P < 0.05.

TABLE 1. IN ViITRO EFFECTS OF MELATONIN ON ADRENAL STEROIDOGENESIS®

Corticosterone se-  Total steroid secre-  Corticosterone/to-
Reductase activity® cretion® tion® tal steroids (%)
Saline (10) 0.55 £ 0.28 3106 6.9x0.9 55333
Melatonin (10) 2.12 £ 0.40*** 4.6 0.5 124 = 2.6* 35.3 + 8.3**

¢ Values are means + SE. Number of animals indicated within parentheses.
* Micrograms of corticosterone reduced per 10 mg adrenal weight per hour.

¢ Micrograms per mg adrenal weight per hour.

* Means differ from control value, P < 0.05.

** Means differ from control value, P < 0.01.
*** Means differ from control value, P < 0.001.
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TABLE III. IN ViTRO EFfFECTS OF INDOLEAMINES ON STEROIDOGENESIS IN ADRENAL SLICES.?

Corticosterone/total
Corticosterone se-  Dihydrocorticoster-  Tetrahydrocorticos- steroids
Treatment cretion® one secretion? terone secretion® (%)
Saline (8) 3.90 = 0.81 2.72 £ 0.37 0.35 £ 0.03 47.7x3.1
Melatonin (8) 1.95 = 0.26** 3.51 = 0.29* 0.50 = 0.07* 33.1 & 2. 7%
Serotonin (8) 3.41 £ 0.81 2.11 £ 0.31 0.43 + 0.06 54.8+3.2

® Values are means + SE. Number of animals indicated within parentheses.

® Micrograms per 100 mg adrenal weight per hour.
* Mean larger than control value, P < 0.05.

** Mean smaller than control value, P < 0.025.
*** Mean smaller than control value, P < 0.005.

enzyme is unknown. It probably involves
enhancement of protein synthetic mecha-
nisms since cycloheximide prevents the rise
in reductase activity after -hypophysectomy
(14). Melatonin appears to be a potent
stimulator of adrenal Sa-reductase activity.
Its stimulatory effect stands in striking con-
trast with all other hormones so far studied.
ACTH, prolactin, GH, testosterone, and
estradiol inhibit Sa-reductase activity (1, 6,
15-18), whereas melatonin is the only hor-
mone known to exert a stimulatory influ-
ence.

Summary. The effects of melatonin and
serotonin on adrenal steroidogenesis were
studied. Adrenals were obtained from 42-
day-old intact female Long-Evans rats
maintained under a photoperiod of 12-hr
light:12-hr dark. Tissue slices and homoge-
nates were incubated in the presence of 45
nmole/ml of melatonin or serotonin. Mela-
tonin stimulates reductase activity. As a
consequence secretion rates of dihydrocor-
ticosterone and tetrahydrocorticosterone in-
crease with a concomitant decline in propor-
tionate secretion of corticosterone. Sero-
tonin does not alter any of these parameters
of adrenal steroidogenesis. ACTH, prolac-
tin, GH, testosterone, and estradiol have
long been known to inhibit 5Sa-reductase
activity. The stimulatory influence of mela-
tonin stands in striking contrast to the ef-
fects of these hormones.
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