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SUMMARY

There is lack of basic information about peripheral melatonin level  and its relationship with gestational hormones
i.e., estrogens and progesterone, in human females. The present study addressed this issue and aimed to find the
relationship between the levels of melatonin and estrogen and progesterone during different weeks of gestation,
during parturition and during post-partum. The data suggest that there is a definite ratio of melatonin with both
the steroids hormons before and during gestation as well as post-partum. An inverse relationship between the
levels of estrogen and melatonin was observed in non-pregnant and post-partum women, while a direct relationship
was observed during gestation. These two different types of hormonal relationships might be essential for
maintenance of pregnancy. The inverse relationship of melatonin with progesterone during parturition may serve
as a signal for parturition.
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Introduction

Melatonin, a pineal hormone, regulates the
reproductive and physiological adaptations that occur in
seasonally breeding mammals in response to changes in
day length, but its role in reproduction of humans is still
unclear (Reiter, 1998).  Investigations, in both animals
and humans, have provided evidences to the effect that the
pineal gland plays an important role in the endocrine control
of reproductive physiology (Matthews et al., 1993).

There is increasing evidences indicating that the
pineal gland is affected by hormonal signals in the body.
Some of the better-studied hormonal regulatory factors of
pineal secretory activity are gonadal steroids and
gonadotropins (Brzezinski et al., 1994). It is well
established that melatonin can influence gonadotrophs,
secreting LH and FSH (Morgan et al., 1991; Vanecek and
Klein, 1995; Hattori et al., 1995). However, there is also
evidence to suggest that melatonin acts at the level of the
ovary to modify ovarian functions in mammals (Murayama
et al., 1997). High levels of melatonin, which undergo
seasonal variation, were detected in human pre-ovulatory
follicular fluid (Brzezinski et al., 1987; Ronnberg et al.,
1990; Yie et al., 1995a). In the human, melatonin-binding
sites have been detected in granulosa-luteal cells (Yie et

al., 1995b; Niles et al., 1999; Michelle et al., 2001) and,
hence, melatonin can have a direct effect on ovarian
steroidogenesis (Martin et al., 1982; Webley et al., 1886;
Baratta et al., 1992; Brzezinski et al., 1992; Tamura et al.,
1998; Balik et al., 2004). The effects of gonadotropins on
follicular growth, ovulation and luteinization are associated
with differences in FSH receptor (FSHR) and LH receptor
(LHR) concentrations (Richards et al., 1995; Itoh et al.,
1999). Further, GnRH and its receptor have also been
detected in the ovary (Peng et al., 1994). Given that
melatonin can alter steroidogenesis, it is possible that
melatonin may be interacting with gonadotropins and
GnRH to modulate the amplitude of the transductive signal
(Silman, 1991; Morgan 1991). Further, melatonin is one
of the hormones that control the timing and release of female
reproductive hormones; thus, melatonin helps to determine
when menstruation begins, the frequency and duration of
menstruation cycles and when menopause sets in (Berga
and Yen 1990; Santoro et al., 1996).

Pineal HIOMT activity, melatonin content, and
serum and urine melatonin concentrations have been
reported to fluctuate during the estrous and menstrual cycles
(English et al., 1986; Berga et al., 1988; Helliwell and
Williams 1992; Joshi et al., 1994). There is lack of
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information on the effect of melatonin during gestation in
the human though it has been extensively studied in a rodent
(Bishnupuri and Haldar, 2000). In view of  lack of basic
information about the relationship between melatonin and
gestational hormones in women this study was undertaken
to assess the serum melatonin level in  women during
different months of pregnancy and after delivery, and was
correlated with estradiol and progesterone levels.

Material and Methods

The subjects

For the study on the relationship between hormones
samples were collected from following four groups to which
women were assigned on the basis of the period of their
gestation.

 Group 1: 20 non-pregnant women with ideal body
weight (50-60 Kg)

Group 2: 20 pregnant women examined from week
5 to delivery

Group 3: 20 women after 24 to 28 hr of delivery

Group 4: 12 women examined up to 5 weeks after
delivery.

Blood was collected from the women at 5-weeks
interval (for melatonin at 10.00 pm under dim red light
while for other hormones at 11am). Blood samples were
collected from non-pregnant women one week after
menstruation in a similar manner but sampling during
menstruation was avoided. Informed consent was obtained
from all subjects and guidelines from the ethical committee
of the University (IMS) were followed. The obstetrics staff
of the University collected the blood under the supervision
of a Senior Gynecologist (Prof. L.K. Pandey, a Co-author).
A further positive criterion was the good health of the
females (without maternal metabolic disorders and fetal
growth retardation). The age of the women was within the
range of 22 to 32 years. The hospital allowed all women
admitted (with labor pain and check up) with similar
artificial light condition during hospitalization. The blood,
after coagulation, was centrifuged at 1200 x g for 10 min.
The sera were frozen and stored at –20 0C until the assay
for melatonin, estradiol and progesterone.

Radioimmunoassay

Melatonin RIA was performed according to Rollag
and Niswender (1976), using Guildhey anti-melatonin
antibody (Guildhey, Surrey, UK). The recovery, accuracy
and sensitivity for the melatonin RIA were 92%, 0.987
and 10 pg/mL, respectively. Intra- and inter-assay

variations of melatonin were 9.0% and 15%. RIA of
estradiol was performed using a commercial kit purchased
from Leuco Diagnostics Inc. (Miss., USA). The recovery
and sensitivity for estradiol were 102.2% and 1-45pg/mL,
respectively. Intra- and inter-assay variations of estradiol
were 9.2% and 4.3%, respectively. Progesterone assay was
performed using a commercial RIA kit (Binax, Portland,
Maine, USA). The sensitivity of the assay was 50 pg/tube
and the intra- and inter-assay coefficients of variation were
6.5% and 8.7%, respectively.

Statistical analysis

Data were used to calculate the respective means
and standard deviations. One-way ANOVA was also
carried out.

Results

Levels of melatonin, estradiol and progesterone during
different weeks of gestation, during parturition and at
five weeks after delivery

The levels of estradiol and progesterone were low
during the 5th week of pregnancy. The level of progesterone
slowly increased from 10th week to 40th week while that of
estradiol changed non-significantly up to 25th week, but a
slight increase was observed after 30th week till 40th week.
On the other hand, high levels of melatonin were recorded
in pregnant women up to the 35th week. A sudden decrease
in the level of melatonin was noted on the 40th week in all
the women under observation around 39th to 40th week of
pregnancy. We found a sudden decrease in progesterone,
estradiol and melatonin levels immediately after the
delivery. While the levels of melatonin and progesterone
remained low thereafter, that of estradiol showed a slight
increase (Fig. 1).

We compared the levels of different hormones
between non-pregnant, pregnant (35th week), delivered (40th

week) and post-partum (5th week) women. We found that
estradiol level was high in non-pregnant women in
comparison to the other groups and was insignificantly
different in post-partum while the lowest level of estradiol
was noticed during the early days of delivery (Fig. 2).
Contrary to this, progesterone level was negligible in non-
pregnant and post-partum females while it was significantly
high in 35th week of pregnancy but decreased significantly
during delivery, but the level was still higher than in non-
pregnant women  (Fig. 3). In non-pregnant women
melatonin level was fairly low while it was significantly
high in pregnant women and decreased significantly during
delivery maintained low post-partum (Fig. 4).
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Fig. 1. Variation in the circulating levels of estradiol,
progesterone and melatonin during different weeks
of gestation, delivery and post-partum.

Fig. 2. Histogram showing the level of estradiol in non-preg-
nant (NP), pregnant (P; 35 week), delivered (D; within
24 hours of delivery) and post-partum (PP; 5 week)
females.** P< 0.001, when compared with NP.

Fig. 3. Histogram showing the level of progesterone in
non-pregnant (NP), pregnant (P; 35 week),
delivered (D; within 24 hours of delivery) and
post-partum (PP; 5 week) females.** P< 0.001,
when compared with NP.

Fig. 4. Histogram showing the level of melatonin in
nonpregnant (NP), pregnant (P; 35 week), delivered
(D; within 24 hours of delivery) and post-partum (PP;
5 week) females.** P< 0.001, when compared with
NP.

Discussion:

In the present study, we have shown for the first
time a relationship between serum levels of estradiol and
progesterone with melatonin from 5th week of pregnancy
till delivery after 40th week and post-partum up to 5 week.

Our study shows that high level of melatonin and
a moderately high level of estradiol are necessary for

maintenance of pregnancy in women, as we had shown
earlier in a seasonally breeding rodent Funambulus
pennanti (Bishnupuri and Haldar, 1999, 2000). During this
period there was a slow and steady increase of progesterone,
which was highest during the 40th week which is a requisite
for delivery. During the 40th week we found a sudden decline
of melatonin, which might have “triggered – on” the
parturition. Before delivery a direct relationship of estradiol
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and progesterone was noticed with that of melatonin, which
became once again inversely proportional following
delivery, as observed in normal non-pregnant women.

We further analyzed our data on the basis of
hormonal pattern. Beginning with estradiol, it was highest
in non-pregnant women but decreased significantly after
35th week of pregnancy up to delivery at 40th week and
was insignificantly different from non-pregnant women
after delivery.

Progesterone was extremely low in non-pregnant
females (mostly un-detectable). It increased slightly in 35th

week of pregnancy and was extremely high during delivery,
i.e., the 40th week. Post-partum level of progesterone was
insignificantly different from that of non-pregnant women.
Interestingly, melatonin was low in non-pregnant women
but increased significantly in pregnant women, became
extremely low during delivery, and increased post-partum.

This hormonal pattern points clearly to the
functional relationship between the three hormones at
different times (early, middle and late) of gestation and
supports our finding in mammals that high level of
melatonin might be responsible for maintenance of
pregnancy (Bishnupuri and Haldar, 2000; Nakamura et
al., 2001). The inverse relationship between gonadal
steroids and melatonin returned to normal after delivery,
from 5th week onwards, while there was a direct relationship
between these two hormones throughout pregnancy. In the
initial stage of human pregnancy, there was low level of
estrogen and progesterone and high level of melatonin in
circulation. Those hormonal levels gradually changed after
the first trimester with increasing progesterone so that in
later periods of gestation, there was a high level of
progesterone (Tulchinsky et al., 1972; Boroditsky et al.,
1978; Kivela et al., 1990; Kivela 1991). Gonadal steroids
and gonadotropins regulate pineal secretory activity;
therefore, fluctuations in melatonin level of pregnant
females are anticipated and it suggests a role for melatonin
in gestation (Bishnupuri and Haldar, 1999, 2000). In a
recent study, seasonal variations in human conception and
birth rates in different geographical areas were analyzed
(Roenneberg et al., 1990; Rozansky et al., 1992).

Although humans are not seasonal breeders,
seasonal trends in their reproductive function have been
ascribed, and the pineal gland appears to play an important
role in the neuro-endocrine regulation of human
reproductive physiology (Reiter et al., 1998). During short
day length season, reduced activity of anterior pituitary
and increased level of serum melatonin have been

documented in population studies in temperate zone
countries (Kauppila et al., 1987). Nocturnal plasma
melatonin concentration on day 10 of the menstrual cycle
has been found to be higher in winter than summer;
conversely, nocturnal plasma LH levels are higher in
summer than in winter (Kivela et al., 1988). In rats, the
maternal pineal influences the gonadal and genital
development and function of offspring, but this is yet to be
confirmed in the human (Colmenero et al., 1991). The
pineal, apparently, influences human reproductive function
not only at the hypothalamus-pituitary level by inhibition
of the hypothalamic pulsatile secretion of gonadotropins-
releasing hormone, but also at the gonadal level, where
melatonin receptors have been found (Niles et al., 1999).

The pineal appears to be involved in the
neuroendocrine regulation of puberty and reproductive
physiology (Colmenero et al., 2005); however, many
aspects of the role of pineal in human reproduction remain
obscure. The female reproduction, particularly the most
important phase, i.e., gestation, has never been considered
in this perspective. Further, it has not been clearly
demonstrated in women whether melatonin exerts these
effects by acting at the hypothalamic level or directly at
the pituitary level. There is evidence to suggest that the
inhibitory role of melatonin is exerted at the hypothalamic
level, influencing the pulsatile secretion of GnRH (Silman,
1991). In patients with functional hypothalamic
amenorrhoea, whose hormonal profile is decreased GnRH/
LH pulsatility, and a significant increase in the nocturnal
peak amplitude and duration of melatonin has been
documented (Silman et al., 1988; Brzezinski et al., 1988).

Studies have been carried out to investigate the
mechanism by which melatonin inhibits the hypothalamic
secretion of GnRH. Melatonin has been proposed to act
by directly suppressing the hypothalamic pulsatile secretion
of GnRH (Bittman et al., 1985). It has also been suggested
that this inhibition is mediated by a change in dopaminergic
and opioidergic activity (Rasmussen, 1993). However, the
mechanism by which melatonin inhibits GnRH pulsatile
release is not yet clear. In rats, melatonin has been observed
to inhibit the pituitary response to LHRH (Martin et al.,
1980; Vanecek and Klein, 1992; Hattori et al., 1995). The
influence of pineal on reproductive function, however, is
not limited to the hypothalamus–pituitary axis. Receptors
are present in uterine tissue as well.

Melatonin also enhances the stimulatory effect of
human chorionic gonadotrophin on progesterone production
by human granulosa lutein cells (Brzezinski et al., 1992).
These studies, therefore, suggest that melatonin may play
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a role in the modulation of luteal function and that an
abnormal melatonin concentration might result in altered
ovarian function. Till date hormonal correlation during
gestation has never been assessed.  Our data suggest that a
definite peripheral ratio of estradiol and melatonin levels
might be essential for maintenance of pregnancy, and level
of progesterone and melatonin ratio for delivery.

Acknowledgement:

We thank the Council of Scientific and Industrial
Research (CSIR), New Delhi, for financial support and
Alexander von Humboldt Foundation, Bonn, Germany, for
the equipment gift. The gift of RIA kit from Professor T.
G. Srivastava, National Institute of Health and Family
Welfare, New Delhi is also gratefully acknowledged.

References:

Balik A, Kretschmannova K, Mazna P, Svobodova I,
Zemkova H (2004) Melatonin action in neonatal
gonadotrophs. Physiol Res 53: S153–S166.

Baratta M, Tamanini C (1992) Effect of melatonin on the
in vitro secretion of progesterone and estradiol
17 beta by ovine granulosa cells. Acta
Endocrinol (Copenh) 127: 366-370.

Berga SL, Yen SS (1990) Circadian pattern of plasma
melatonin concentrations during four phases of
the human menstrual cycle. Neuroendocrinology
51: 606–612.

Berga SL, Mortola JF, Yen SS (1988) Amplification of
nocturnal melatonin secretion in women with
functional hypothalamic amnorrhea. J Clin
Endocrinol Metab 66: 242-244.

Bishnupuri KS, Haldar C (1999) Ultramorphometric
analyses of pineal organ from pregnant Indian
palm squirrel Funambulus pennanti. In: Gupta
PD, Yamamoto H., (Eds) Electron Microscopy
in Medicine and Biology, pp. 33-40. Oxford and
IBH, New Delhi.

Bishnupuri KS, Haldar C (2000) Profile of organ weights
and plasma concentrations of melatonin, estradiol
and progesterone during gestation and post-
parturition periods in female Indian palm squirrel
Funambulus pennanti. Indian J Exp Biol 38:
974-981.

Bittman EL, Kaynard AH, Olster DH, Robinson JE, Yellon
SM, Karsch FJ  (1985) Pineal melatonin

mediates photoperiodic control of pulsatile
luteinizing hormone secretion in the ewe.
Neuroendocrinology 40: 409-418.

Boroditsky RS, Reyes FI, Winter JS, Faiman C (1978)
Maternal serum estrogen and progesterone
concentrations preceding normal labor. Obstet
Gynecol 51: 686-691.

Brzezinski A, Seibel MM, Lynch HJ, Deng MH,  Wurtman
RJ (1987) Melatonin in human preovulatory
follicular fluid. J Clin Endocrinol Metab 64:
865-867.

Brzezinski A, Lynch HJ, Seibel MM (1988) The circadian
rhythms of plasma melatonin during the normal
menstrual cycle and in amnorrheic women. J Clin
Endocrinol Metab 66: 891-895.

Brzezinski A, Schenker JG, Fibich T, Laufer N, Cohen M
(1992). Effects of melatonin on progesterone
production by human granulosa lutein cells in
culture. Fertil Steril 58: 526–529.

Brzezinski A, Cohen M, Ever-Hadani P, Mordel N,
Schenker JG, Laufer N (1994) The pattern of
serum melatonin levels during ovarian
stimulation for in vitro fertilization. Int J Fertil
Menopausal Stud 39: 81-85.

Colmenero MD, Diaz B, Miguel JL, Gonzalez ML,
Esquifino A, Marin B (1991) Melatonin
administration during pregnancy retards sexual
maturation of female offspring in the rat. J Pineal
Res 11: 23-27.

English J, Poulton AL, Arendt J, Symons AM (1986) A
comparison of the efficiency of melatonin
treatments in advancing oestrus in ewes. J Reprod
Fertil 77: 321-327.

Hattori A, Herbert DC, Vaughan MK, Yaga K, Reiter RJ
(1995) Melatonin inhibits luteinizing hormone
releasing hormone (LH-RH) induction of LH
release from fetal rat pituitary cells. Neurosci
Lett 184: 109–112.

Helliwell RJA, Williams LM (1992) Melatonin binding
sites in the ovine brain and pituitary:
characterization during the estrous cycle. J
Neuroendocrinol 4: 287–294.

Itoh MT, Ishizuka B, Kuribayashi Y, Amemiya A, Sumi Y
(1999) Melatonin, its precursors, and
synthesizing enzyme activities in the human
ovary. Mol Hum Reprod 5: 402-408.

R. Yadav et al



85

Joshi BN, Manepalli SK, Saibaba P (1994) Melatonin in
the control of the estrous cycle of the Indian desert
gerbil (Meriones hurrianae: Jerdon). Biol
Signals 3: 288-295.

Kauppila A, Kivela A, Pakarinen A, Vakkuri O. (1987)
Inverse seasonal relationship between melatonin
and ovarian activity in human in a region with a
strong seasonal contrast in luminosity. J Clin
Endocrinol Metab 65: 823-828.

Kivela A (1991) Serum melatonin during human pregnancy.
Acta Endocrinol 124: 233-237.

Kivela A, Kauppila A, Ylostalo P, Vakkuri O (1988)
Seasonal, menstrual and circadian secretions of
melatonin, gonadotropins and prolactin in
women. Acta Physiol Scand 132: 321–327.

Kivela A, Kauppila A, Leppaluoto J, Vakkuri O (1990)
Melatonin in infants and mothers at delivery and
in infants during the first week of life. Clin
Endocrinol (Oxf.) 32: 593-598.

Lopez BD, Rodriguez ED, Urquijo C, Alvarez CF (2005)
Melatonin influences on the neuroendocrine-
reproductive axis. Ann NY Acad Sci 1057: 337–
364.

Martin JE, Mckeel DW, Sattler C  (1982) Melatonin
directly inhibits rat gonadotroph cells.
Endocrinology 110: 1079– 210.

Martin JE, McKellar S, Klein DC (1980) Melatonin
inhibition of the in vivo pituitary response to
luteinizing hormone releasing hormone in the
neonatal rat. Neuroendocrinology 31: 13–17.

Matthews CD, Guerin MV, Deed JR (1993) Melatonin
and photoperiodic time measurement: seasonal
breeding in the sheep. J Pineal Res 14: 105–116.

Morgan PJ, King TP, Lawson W, Slater D, Davidson G
(1991) Ultrastructure of melatonin-responsive
cells in the ovine pars tuberalis. Cell Tissue Res
263: 529–534.

Murayama T, Kawashima M, Takahashi T, Yasuoka T,
Kuwayama T, Tanaka K (1997) Direct action of
melatonin on hen ovarian granulosa cells to lower
responsiveness to luteinizing hormone. Proc Soc
Exp Biol Med 215: 386-392.

Nakamura Y, Tamura H, Kashida S, Takayama H,
Yamagata Y, Karube A, Sugino N, Kato H

(2001) Changes of serum melatonin level and its
relationship to feto-placental unit during
pregnancy. J Pineal Res 30: 29-33.

Niles LP, Wang J, Shen L, Lobb DK, Younglai EV (1999)
Melatonin receptor mRNA expression in human
granulosa cells. Mol Cell Endocrinol 156:107–
110.

Peng C, Fan NC, Ligier M, Vaananen J, Leung PCK (1994)
Expression and regulation of gonadotropin-
releasing hormone (GnRH) and GnRH receptor
messenger ribonucleic acids in human granulosa-
luteal cells. Endocrinology 135: 1740–1746.

Rasmussen DD (1993) Diurnal modulation of rat
hypothalamic gonadotropin-releasing hormone
release by melatonin in vitro. J Endocrinol Invest
16: 1–7.

Reiter RJ (1998) Melatonin and human reproduction. Ann
Med 30: 103-108.

Richards JS, Fitzpatrick SL, Clemens JW, Morris JK,
Alliston T, Sirois J (1995) Ovarian cell
differentiation: a cascade of multiple hormones,
cellular signals, and regulated genes. Recent Prog
Horm Res 50: 223-254.

Roenneberg T, Aschoff J (1990) Annual rhythm of human
reproduction: I. Biology, sociology, or both? J
Biol Rhythms 5: 195-216.

Rollag MD and Niswender GD (1976) Radioimmunoassay
of serum concentrations of melatonin in sheep
exposed to different lighting regimens.
Endocrinology 98: 484-489.

Ronnberg L, Kauppila A, Leppaluoto J, Martikainen H,
Vakkuri O (1990) Circadian and seasonal
variation in human preovulatory follicular fluid
melatonin concentration. J Clin Endocrinol
Metab 71: 493-496.

Rozansky N, Brzezinsky A, Schenker JG (1992)
Seasonality in human reproduction:   an update.
Hum Reprod 7: 735-745.

Santoro N, Brown JR, Adel T, Skurnick JH (1996)
Characterization of reproductive hormonal
dynamics in the perimenopause. J Clin
Endocrinol Metab 81: 1495–1501.

Silman RE (1991) Melatonin and the human
gonadotrophin-releasing hormone pulse
generator. J Endocrinol 128: 7–11.

Melatonin and reproductive hormones in human pregnancy



86

Tamura H, Nakamura Y, Takiguchi S, Kashida S,
Yamagata Y, Sugino N, Kato H (1998) Melatonin
directly suppress steroid production by
preovulatory follicles in the cyclic hamster. J
Pineal Res 25: 135-141.

Tulchinsky D, Hobel CJ, Yeager E, Marshall JR (1972)
Plasma estrone, estradiol, estriol, progesterone,
and 17-hydroxyprogesterone in human
pregnancy. I. Normal pregnancy. Am J Obstet
Gynecol 112: 1095-1000.

Vanecek J, Klein DC (1992) Melatonin inhibits
gonadotropin-releasing hormone-induced
elevation of intracellular Ca2+ in neonatal rat
pituitary cells. Endocrinology 130: 701–707.

Vanecek J, Klein DC  (1995) Melatonin inhibition of
GnRH-induced LH release from neonatal rat
gonadotroph: involvement of Ca2+ not cAMP. Am
J Physiol 269: 85–90.

Webley GE, Luck MR  (1986) Melatonin directly
stimulates the secretion of progesterone by
human and bovine granulosa cells. J Reprod
Fertil 78: 711–717.

Woo MM, Tai CJ, Kang SK, Nathwani PS, Pang SF, Leung
PC (2001) Direct action of melatonin in human
granulosa-luteal cells. J Clin Endocrinol Metab
86:4789–4797.

Yie SM, Brown GM, Liu GY (1995a) Melatonin and
steroids in human pre-ovulatory follicular fluid:
seasonal variations and granulosa cell steroid
production.  Hum Reprod 10: 50-55.

Yie SM, Niles LP, Younglai EV (1995b) Melatonin
receptors on human granulosa cell membranes.
J Clin Endocrinol Metab 80: 1747–1749.

Melatonin and reproductive hormones in human pregnancy


