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Abstract

OBJECTIVES: It has been well-documented that serum melatonin levels are insensi-
tive to estrous or menstrual ovarian steroid variations in the female rat or the human.
However, a negative coupling has been already demonstrated between the nocturnal
serum melatonin peak and serum E, concentration during the late premenopausal
period in the woman. The objection of the present study was designed to determine
if diurnal serum melatonin values can be also lowered by a single administration
of estrogen. METHODS: We performed a detailed analysis of variations of serum
estradiol, LH, FSH, melatonin and cortisol after one single I.M. injection of 2 mg of
a conjugated estrogen, delestrogen (estradiol valerate) in 0.1 ml of oil. A 15 ml blood
collection was done at 8:00 a.m. before the injection, and at 8:30 a.m., 9:00 a.m.,
10:00 a.m., 12:00 noon, and 4:00 p.m. 17B-estradiol, LH and FSH were determined
by microparticle enzyme immunoassays kits. Melatonin determination was made
using a RIA kit and cortisol was assayed by a RIA method.

RESULTS: A significant rise in serum 17B-estradiol was already seen by one hour
after the injection of estradiol valerate. Then, an almost linear increase was observed
up to at last eight hours after the injection of estradiol valerate. A significant decrease
in serum LH was not seen before four hours after the injection of estradiol valer-
ate. Overall, there was a trend toward a decline in serum melatonin and cortisol
concentration. The decreasing trend of cortisol serum level was tested as significant
over time (p< 0.001). However, the decrease in serum concentration did not reach
a significant level for melatonin.

CONCLUSION: Overall, these results show that after menopause an acute adminis-
tration of estrogen during the early diurnal period of the day leads to a significant
rapid decrease in cortisol serum values, but to only a partial non significant decrease
in melatonin serum values.
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Introduction

The relationship between the steroidal environment
and the circadian secretion of melatonin and cortisol has
been the subject of many studies in the human.

For serum melatonin, despite well-characterized
menstrual phases and ovarian hormone variations char-
acteristic of ovulatory cycles, consistent variations in the
plasma melatonin circadian rhythm by menstrual phase
has not been found in the human [4,5,8,18]. Similarly,
pineal melatonin synthesis and release are not altered
throughout the estrous cycle in female rats [19]. These
findings suggest that circadian melatonin secretion is
not modulated by physiological variations of sex steroids
and that melatonin secretion may not be necessary for
estrogen cyclicity.

Nevertheless, a significant negative correlation
was observed between the peak of serum melatonin
concentration and the serum estradiol concentration in
premenopausal women aged 40-50 years, but not before
[18]. Also, daily oral administration of conjugated estro-
gen to postmenopausal women markedly suppressed
nocturnal melatonin secretion [17,18]. However, it has
been reported that both transdermal and oral estradiol
treatment led to an increase, as well as a decrease of
melatonin secretion in different postmenopausal women
2]

However, the influence of the hypothalamic-pituitary-
adrenal axis on the menstrual cycle has been well-estab-
lished [13], as well as the influence of ovarian steroids on
hypothalamic-pituitary-adrenal regulation [1,6,14].

Serum cortisol values exhibited, during each phase of
the menstrual cycle, a marked circadian rhythm, with val-
ues 2-3 fold higher during the morning than during the
afternoon. Maximum cortisol values occurred between
4:00 a.m. and 8:00 a.m. and there was a strong coupling
between the onset of the surge and the acrophase of
the cortisol circadian rhythm. Maximal plasma cortisol
values were seen at 4:00 a.m. when the preovulatory LH
surge started at 4:00 a.m. and at 8:00 a.m. when it started
at 8:00 a.m. [15]. However, morning maximal plasma cor-
tisol values were higher during the follicular phase than
during the luteal phase [15]. Furthermore, the activity of
the adrenocortical axis appears to be more pronounced,
with higher morning maximal values and higher evening
minimal values, during the follicular phase than during
the luteal phase. High cortisol values can be observed up
to the day of the LH peak; then there is a decrease in the
activity of the adrenocortical axis [16].

The present study was undertaken to establish the
short term kinetics of the change in melatonin and corti-
sol secretion after one single administration of estradiol
to postmenopausal women.

Materials and methods

Subjects

The experimental study was performed in 10
menopausal women aged 52+1.3 years. Each had had
regular ovulatory reproductive cycles before menopause,
and none had used hormonal medication for at least
six months before the study, nor were they on other
medications known to interact with the neuroendocrine
reproductive or adrenal axis. All women were of normal
weight and height. Their body mass index was 28.2£1.7.
The project was approved by the Institutional Review
Board of the Eastern Virginia Medical School, and a writ-
ten informed consent was obtained from each woman.

Study Protocol

A 15 ml blood collection was done at 8:00 a.m.
immediately followed by an intramuscular injection of
2 mg of delestrogen (estradiol valerate) in 0.1 ml of oil.
Then, additional blood samples of 15 ml were collected
at 8:30 a.m., 9:00 a.m., 10:00 a.m., 12:00 noon and 4:00
p-m. Blood samples were spun at room temperature
and at 1,500 g for E,, LH, FSH, melatonin, and cortisol
determination.

Serum E,, LH and FSH Assay

E, LH and FSH concentrations were determined by
microparticle enzyme immunoassays using the IMX
analyzer (Abbott Laboratories, Abbot Park, III, USA).
The intra- and interassay coefficients of variation were
6.3 and 6.7% respectively for E,; 3.1 and 5.6% respectively
for LH; and 4.7 and 7.6% respectively for FSH.

Serum Melatonin

Melatonin determination was made using a radioim-
munoassay (RIA) kit. The detection limit was 1 pg/ml
and the intra- and interassay coefficients of variation
were less than 3 and 4% respectively.

Serum Cortisol Assay

Plasma samples were assayed by a previously published
RIA method [16]. Briefly, plasma samples (50 ul) were
extracted with 1 ml of absolute ethanol. The medium was
vortexed and 10 minutes later centrifuged at 4°C for 15
minutes. Then, 50 and 100 pl of the supernatant were
removed and evaporated using a Speed Vac concentrator.
The dry residue from the 50 and 100 pl extracts was dis-
solved in 300 pl of the RIA buffer. The rabbit polyclonal
cortisol antiserum was a generous gift from Drs. C.
Delarue and H. Vaudry (INSERM u413, Mont Saint-
Aignan, France). The specificity of the antibody was
previously published. The antiserum was used at a final
dilution of 1:40,000 in a total volume of 500 pl. Cortisol
used as standard was from Sigma. The detection limit
was 6 ng/ml (with the 50 pl extract) and the intra- and
interassay coefficients of variation were less than 4 and
6% respectively.
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Figure 1. Pattern of mean of eight subjects (+SEM) of estradiol-17 (part A), LH (part B)
and FSH (part C) in blood samples taken at 8:00 a.m. before the administration of 2
mg of delestrogen in 0.1 ml of oil, and at 8:30 a.m., 9:00 a.m., 10:00 a.m., 12:00 noon

and 4:00 p.m., thereafter.

Statistical Methods

Friedman test was used to test the time effect over
Estradiol 17, LH, FSH Melatonin and Cortisol. Fried-
man test is a nonparametric version of repeated measure
analysis of variance (ANOVA). This test was used to test
the difference of outcomes at 6 time points. Post-hoc
Wilcoxon rank sum T-tests was performed if signifi-
cance was found. Bonferroni-corrected alpha was used
to evaluate the pair-wise significance. The significance
level was set at 0.05. Data analysis was performed with
SAS9.1.3 (Cary, NC, USA).

Results

17B3-Estradiol, LH and FSH

Figure 1 shows the pattern of E,, LH and FSH serum
concentrations during the 8 hours which follow the
administration of delestrogen at 8:00 a.m. A significant
rise over time was observed for serum E, (p-value<0.001).
The increase from 8:00 a.m. to 12:00 noon and 4:00 p.m.
was significant. Overall, an almost linear increase was

observed for the rise in serum E, between 1 hour and 8
hours after treatment.

The decrease of level of LH over time was significant
(p-value<0.001). A significant decrease in serum LH
was not observed before 4 hours after treatment. Then,
a linear decrease was seen up to 8 hours after treatment.
The change from 8:00 a.m. to 4:00 p.m. and 10:00 a.m. to
4:00 p.m. was significant.

The level change of SFH over time was not significant
at any time after treatment even if there was a trend for
a very slow decline.

Melatonin and Cortisol

Figure 2 shows the pattern of E,, Melatonin and
Coristol serum concentrations during the 8 hours which
follow the administration of delestrogen at 8:00 a.m.

Overall, there was a trend toward a slow constant
decline for both hormones during the experimental
period. However, the decrease in serum concentration
was more pronounced for cortisol than for melatonin.
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Figure 2
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Figure 2. Pattern of mean of eight subjects (+SEM) estradiol-17f (part A), melatonin (part
B) and cortisol (part C) in blood samples taken at 8:00 a.m. before the administration
of 2 mg of delestrogen in 0.1 ml of oil and at 8:30 a.m., 9:00 a.m., 10:00 a.m., 12:00

noon and 4:00 p.m., thereafter.

The level change of Melatonin over time was not
significant (p-value=0.1135).

The decreasing trend of Cortisol level was tested as
significant over time (p-value<0.001). The trend getting
slow after 10:00 a.m. and the difference between 8:00
a.m. and 4:00 p.m. was significant (p-value=0.0008).

Values at eight hours post-treatment were 45% of
initial values for cortisol, but only 65% of initial values
for melatonin.

Discussion

This study confirms the estrogen negative feedback
for LH but not for FSH. The negative feedback effect of
estrogen on LH secretion has been already well-docu-
mented in the menopausal woman [9,10,12,20,21]. Also,
the influence of estrogen on the circadian rhythm of
serum cortisol has been documented [7,11].

Overall, our results show a decrease in the serum
concentration of cortisol and melatonin after one single
administration of conjugated estrogen to postmeno-
pausal women. These results were observed during the
morning and early afternoon, when the synthesis and
secretion of melatonin and of cortisol are low after the
nocturnal circadian peaks.

In humans, the effect of gonadal steroid on pineal
secretion of melatonin is not fully understood. However,
it seems that endogenous or exogenous ovarian hormones
do not influence melatonin secretion during the time of
estral or menstrual cyclicity.

Several groups of investigators [4,5,8,18] did not find
changes in plasma melatonin levels during the menstrual
cycle, which represents a situation of large variations of
concentrations of 17p-Estradiol, as well as progesterone
or a combination of concentrations or both steroids.
However, changes in plasma melatonin levels were
seen during the perimenopause. Very interestingly, a
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significant correlation was noted between the serum E,
concentration and the peak of serum melatonin concen-
tration in premenopausal women close to the menopause
(aged 40-50 years), but not in younger women (less than
40 years old) [18].

These results suggest that the sensitivity of the pineal
gland to E, is developing with age being present close
after the cessation of menstrual cyclicity. Also, an age-
related decline in nocturnal melatonin secretion was
found up to 15 years postmenopause, followed by an
extremely gradual decline thereafter [18].

Also, after oral administration of conjugated estro-
gens for 8 weeks, there was a marked reduction of the
nocturnal serum melatonin peak [18].

Our findings show that diurnal serum melatonin
concentrations are also sensitive to estrogen admin-
istration. Similar observations were done throughout
the estrous cycle in the female rat. In that species, the
endogenous release of melatonin, followed by transpi-
neal microdialysis, displayed no significant variation in
cycling female rats. Similarly, neither 17f-estradiol, nor
progesterone or a combination of both steroids were able
to modify melatonin secretion in an in vitro perifusion
system of the pineal gland. However, when the cycling
female rats were exposed to a mammary carcinogen, the
7,12-dimethylbenz(a) anthracene (DMBA), E, treatment
leads to a complete blunting of the isoproterenol-induced
stimulation of melatonin secretion, far before the occur-
rence of mammary adenocarcinoma [3].

Our results also show that there is an almost parallel
decline in serum cortisol concentration after administra-
tion of estradiol valerate. However, the decline in serum
melatonin did not reach a significant level.

In summary, our results show that estradiol adminis-
tered after the nocturnal serum melatonin surge is also
able to significantly lower the diurnal cortisol and to a
slight non significant extent melatonin secretion in the
healthy postmenopausal woman.
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