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Melatonin as a new drug for improving oocyte quality
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Background: Although recent technical advances have bene-
fited infertile couples, inadequate embryo development as a
result of poor quality oocytes still contributes to infertility.
The purpose of the present study was to evaluate melatonin
as a drug for improving oocyte quality in such cases.

Methods: Twenty-seven women from whom fewer than three
fertilized embryos were grown and who failed to fall pregnant
in previous treatment cycles were enrolled in the current pro-
spective clinical study. Subjects took 1 mg or 3 mg tablets of
melatonin orally at 22:00 h from the fifth day of the previous
menstrual cycle to the day they were injected with human
chorionic gonadotropin. The numbers of mature follicles,
retrieved oocytes, degenerate oocytes, and fertilized embryos
were compared to their previous data without melatonin (the
control cycle).

Results: Intrafollicular melatonin concentrations were signi-
ficantly increased, and intrafollicular lipid peroxide concen-
trations showed a tendency towards lower levels in the 3 mg
melatonin treatment cycles compared with the control cycles.
The number of degenerate oocytes was significantly reduced,
and the number of fertilized embryos showed a tendency
towards an increase in the 3 mg cycle compared to the control
cycle. Three women succeeded in falling pregnant.

Conclusion: Melatonin is likely to become the drug of choice
for improving oocyte quality in women who cannot fall preg-
nant because of poor quality oocytes. (Reprod Med Biol 2003;
2: 139–144)
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INTRODUCTION

THE RECENT RAPID improvements in assisted
reproductive technology (ART) have benefited numer-

ous infertile couples; however, some couples, in particu-
lar older women, remain infertile because of only a
few fertilized embryos as a result of poor quality oocytes.
Although oocyte and embryo donations are provided
to infertile couples in some countries, legal, ethical,
and social prohibitions exist in countries such as Japan.

Defective oocyte cytoplasm as a result of injury by
oxygen-free radicals is likely to be the cause of poor
oocyte quality, resulting in inadequate embryo devel-
opment.1 Oxygen radicals and their scavengers are
produced in the follicles especially during ovulation,
and the normal balance between them is important

for healthy ova shed.2,3 The radical scavenger glutathione
can improve the in vitro embryo development from the
bovine oocyte.4

A higher concentration of melatonin is detected in
the human follicular fluid than in serum,5 melatonin is
also a potent radical scavenger,6,7 and its activity is stronger
than that of glutathione.8 Melatonin quenches oxygen
radicals, in particular the hydroxyl radicals, and prevents
the damage of biological membranes.8 Melatonin admini-
stration to pregnant rats protects fetal brain damage by
oxygen radicals,9 and melatonin inhibits vasospastic action
of hydrogen peroxide in the human umbilical artery.10

Clinically, melatonin administration to septic newborns
improves their clinical outcome.11 Addition of melatonin
may improve the quality of gathered oocytes by protect-
ing them from this radical cytotoxicity.

In the present study, we examined whether melatonin
administration would improve oocyte quality and result
in pregnancy in women who failed to fall pregnant in
previously repeated intracytoplasmic sperm injection
(ICSI)-embryo transfer (ET) treatment cycles as a result
of poor oocyte quality.
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MATERIALS AND METHODS

Patients and treatment

THE PRESENT STUDY was approved by the Ethics
Committee on Human Experiments of Saiseikai-

Shimonoseki General Hospital according to the Declara-
tion of Helsinki for Medical Research involving human
subjects. Twenty-seven women were enrolled in the
present study. We had obtained fewer than three fertil-
ized embryos from the women and they had failed to
become pregnant in previously repeated ICSI-ET cycles.
The effects of melatonin on the results of ART were exam-
ined. The causes of infertility of the couples and/or
women are shown in Table 1. All patients gave informed
consent to participate in the current clinical study.

The mean age and mean sterile period were 34.0 ± 4.4
years (mean ± SD) and 6.2 ± 3.2 years, respectively. All
women were treated according to a standardized ovarian
stimulation protocol, that is, nasal administration of
gonadotropin releasing hormone agonist (900 µg/day
buserelin acetate, Suprecur; Aventis Pharma, Tokyo, Japan)
from the previous mid-luteal phase, intramuscular admin-
istration of 225 IU of follicle stimulating hormone (Ferti-
norm P; Serono-Japan, Tokyo, Japan) on the third to fifth
days, and intramuscular administration of 150 IU of
human menopausal gonadotopin (Humegon; Orga-
non Pharmaceuticals, Tokyo, Japan) on the sixth day
and each day thereafter. When leading follicles reached
at least 18 mm in diameter, an intramuscular injection
of 10 000 IU human chorionic gonadotropin (hCG)
(Profasi; Serono-Japan, Tokyo, Japan) was given, and
oocyte retrieval was carried out 35 h later guided by
transvaginal ultrasonography. Patients took a 1 mg
tablet of melatonin (KAL, Park City, UT, USA; 1 mg cycle:
13 patients) or a 3 mg tablet (3 mg cycle: 23 patients)
orally at 22:00 h from the fifth day of the previous cycle
to the day they were injected with hCG; nine of 13 patients
in the 1 mg cycle were treated with 3 mg tablets in the next
ICSI cycle (Fig. 1). The retrieved oocyte was denuded by
exposure to hyaluronidase solution and was injected

with sperm. The numbers of mature follicles, retrieved
oocytes, degenerate oocytes,12 and fertilized embryos in
the melatonin treatment cycles were compared to their
previous data without melatonin (control cycle data).
The gonadotropin dosages consumed for follicle stimu-
lation and serum estradiol levels immediately before
hCG injection were also compared between the mela-
tonin treatment and the control cycles. Follicular fluid
was collected, and melatonin and lipid peroxide (LPO)
concentrations were determined in nine subjects who
took 1 mg and also 3 mg tablets of melatonin (Fig. 1).
The mean value of the melatonin or LPO concentra-
tions in mature follicles (more than 15 mm in dia-
meter) was considered the follicular melatonin or LPO
concentration in each patient.

Melatonin assay

Intrafollicular melatonin concentrations were deter-
mined by radioimmunoassay as reported previously.13

Briefly, 2 mL chloroform was added to 0.5 mL serum, and
1.5 mL organic phase was aspirated, evaporated, and
dissolved in the 250 µL of assay buffer (0.01 M sodium
phosphate, 0.15 M NaCl, 0.1% BSA, 0.1% NaN3). Mela-
tonin antiserum (100 µL, 1:30 000; HAC-AA 92–03RBP86,
Endocrinology Research Center, Gunma University,
Tsukuba, Japan) and [3H]-melatonin (5000 cpm/100 µL;
Du Pont, Wilmington, DE, USA) were added to the tubes
containing standards or samples, and they were incub-
ated for 24 h at 4°C. The bound/free separation was
carried out by the dextran-charcoal method, and the
radioactivity of supernatant was measured in a liquid
scintillation counter (LSC5100, Aloka). The lower limit
of the assay was 2.1 pg/tube, and the intra- and inter-
assay coefficients of variation were less than 10%.

Lipid peroxide and estradiol assay

Commercially available assay kits were used for meas-
uring LPO concentrations (LPO-test; Wako-Junyaku

Table 1 Causes of infertility in the present 27 subjects
 

 

Causes of infertility Number of subjects (%)

Male infertility 20 (74.1)
Tubal infertility 1 (3.7)
Ovarian poor responder† 17 (63.0)
Unknown infertility 8 (29.6)

†Patients with less than three matured follicles. Some patients 
have plural causes.

Figure 1 Number and relation of each treatment cycle.
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Industrial, Osaka, Japan)14 in follicular fluid and serum
estradiol concentrations (VIDAS Estradiol II, bioMérieux
SA, Marcy-l’Etoile, France).15 Assay ranges of LPO and
estradiol were 0–40 nmol/mL and 9–3000 pg/mL,
respectively, and the coefficients of variations in both
assays were less than 10%.

Statistical analysis

Intrafollicular melatonin or LPO concentrations were
analyzed by analysis of variance and Duncan’s new
multiple range test. Paired values in the numbers of
mature follicles, retrieved oocytes, degenerate oocytes,
and fertilized embryos between the control and mela-
tonin treatment cycles were analyzed by the Wilcoxon
rank sum test. Gonadotropin dosages consumed for
follicular stimulation and serum estradiol levels were
analyzed by paired Student’s t-test. Statistical signific-
ance was defined as P < 0.05.

RESULTS

IN COMPARISON TO concentrations in the control cycle
(130 ± 15 pg/mL, mean ± SEM), intrafollicular mela-

tonin concentrations were slightly increased in the 1 mg
cycle (237 ± 43 pg/mL), and concentrations were further
(P < 0.01) increased in the 3 mg cycle (468 ± 109 pg/
mL, Fig. 2). Intrafollicular LPO concentrations showed
a tendency towards lower levels, but not significant,
depending on the melatonin dosage (1.12 ± 0.16 nmol/
mL in the control cycle, 0.91 ± 0.06 nmol/mL in the
1 mg cycle, and 0.88 ± 0.03 nmol/mL in the 3 mg cycle;

mean ± SEM, Fig. 3). The number of degenerate oocytes
was significantly (P < 0.05) reduced in the 3 mg cycle
compared to those in the control cycle, which
decreased in nine subjects, increased in only one sub-
ject, and did not change in 13 of 23 subjects (Fig. 4).

Figure 2 Intrafollicular melatonin concentrations in the control,
the 1 mg, and the 3 mg cycles of nine subjects. Values are mean
± SEM of nine subjects. Data were analyzed by Duncan’s new
multiple range test. *P < 0.01, **P < 0.05, compared with the
control cycle and the 1 mg cycle, respectively.

Figure 3 Intrafollicular lipid peroxide (LPO) concentrations
in the control, the 1 mg, and the 3 mg cycles of nine subjects.
Values are mean ± SEM of nine subjects. Data were analyzed
by Duncan’s new multiple range test.

Figure 4 Effect of 3 mg melatonin on the number of degen-
erate oocytes. Data from 10 women are presented. The numbers
in the other 13 patients were zero in the control and melatonin
cycles. Paired data of all 23 patients were analyzed by the Wilcoxon
rank sum test. *P < 0.05, compared with the control cycle.
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The number of fertilized embryos showed a tendency
towards an increase in the 3 mg cycle compared to those
in the control cycle, which increased in 10 subjects,
decreased in five subjects, and did not change in eight
of 23 subjects (Fig. 5). The number of mature follicles
and retrieved oocytes did not differ between the 3 mg
cycle and the control cycle. The numbers of mature fol-
licles, retrieved oocytes, degenerate oocytes, and fertil-
ized embryos did not differ between the 1 mg cycle
and the control cycle. Neither 1 mg nor 3 mg mela-
tonin influenced the consumed gonadotropin dosages
and serum estradiol levels immediately before the hCG
injection (Table 2). From the present 27 patients, three
succeeded in falling pregnant in the 3 mg cycle; one
pregnancy resulted in abortion and two subjects gave
birth to healthy newborns. The number of degenerate
oocytes decreased in these three patients, but the
number of fertilized embryos increased in only one of
the three patients.

DISCUSSION

T HE PRESENT STUDY was the first clinical trial of
melatonin use for infertile couples who fail to

become pregnant through repeated ICSI-ET treatments.
Melatonin treatment with a 3 mg tablet, which increases
intrafollicular melatonin concentration four times more
than without treatment, is sufficient for improvement
of oocyte and embryo quality. Melatonin can enter all
tissues, however it concentrates only in the ovary, eye,
and pineal gland when injected systemically.16 The fol-
licular cells are unable to produce melatonin, as sug-
gested by the lack of N-acetyltransferase (a key enzyme
for melatonin production) messenger RNA in the
ovary.17 Active uptake by the ovary may explain why
melatonin levels are higher in preovulatory follicles.
How does melatonin improve oocyte quality?

Inadequate maturation of cytoplasm leads to defect-
ive oocyte, fertilization failure and impaired embryo
viability, even with complete nuclear maturation.18 The
recent reproductive strategy of oocyte cytoplasm trans-
fer has allowed such infertile couples to achieve preg-
nancy,19,20 supporting the above theory; however, an
unsolved problem of contaminating donor’s mitochon-
drial DNA exists with this treatment.21 In the present
study, melatonin administration reduced the lipid
peroxide concentrations in the human follicular fluid.
Lipid peroxidation in biological membranes is implic-
ated in free-radical reactions, and radical scavengers
can prevent the reaction.22,23 Melatonin treatment likely
prevents the injury in the biological membrane of oocytes,
resulting in an increase in embryo viability. Mitochon-
drial DNA is a main target for oxygen radicals because
of its location near the inner mitochondrial membrane
sites where oxidants are formed and DNA repair activity
is lacking.24 Melatonin is known to prevent ischemia/
reperfusion-induced oxidative damage to mitochondria
in fetal rat brain,25 kainic acid inducing mitochon-
drial oxidative phosphorylation enzyme dysfunction

Figure 5 Effect of 3 mg melatonin on the number of fertil-
ized embryos. Data from 23 women are presented. Paired
data were analyzed by the Wilcoxon rank sum test.

Table 2 Gonadotropin dosages consumed for follicle stimu-
lation and serum estradiol levels immediately before human
chorionic gonadotropin injection in the control, the 1 mg mela-
tonin, and the 3 mg melatonin cycles
 

 

Groups
Gonadotropin 
dosages (IU)

Estradiol 
levels 
(pg/mL)

Control cycle (n = 13) 1933 ± 907 1210 ± 838
1 mg melatonin cycle (n = 13) 1912 ± 953 1151 ± 756
Control cycle (n = 23) 1711 ± 740 1464 ± 937
3 mg melatonin cycle (n = 23) 1747 ± 935 1291 ± 1053

Data are the mean ± SD of patient numbers in the parentheses. 
Data were analyzed by paired Student’s t-test.
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in rat cerebellar granule neurons,26 and hepatic mito-
chondrial dysfunction in senescence-accelerated mice;27

and melatonin is also known to stimulate electron
transport and adenine triphosphate production in the
inner-mitochondrial membrane deferring age-related
degenerative conditions.6 Melatonin may prevent mito-
chondrial damages in oocytes, resulting in improvement
of oocyte quality.

Poor oocyte quality is the main cause of the age-related
decline in female fertility,28,29 and this age-related damage
of oocyte is also induced by oxidative stress.30 Mela-
tonin production is well known to decrease with age.31

However, the melatonin concentration in preovulat-
ory follicles shows increasing tendency depending on
age (Takasaki A, unpubl. data, 2002), which may be
a compensatory phenomenon against oxidative stress
increasing with aging. Melatonin treatment may
improve oocytes made defective by aging. In the pres-
ent study, eight of the 23 patients in the 3 mg mela-
tonin group were over 37 years old. Although oocytes
in five of the eight patients did not become fertilized in
the control cycle, oocytes in six of these eight patients
became fertilized; one woman then became pregnant in
the 3 mg melatonin treatment cycle when the women
underwent embryo transfer.

Intrafollicular melatonin concentrations are higher
in large preovulatory follicles than in small atretic fol-
licles. Furthermore, melatonin likely protects granulosa
cells from attack by oxygen radicals during ovulation,
increasing progesterone production.32 Melatonin is there-
fore needed and plays an important role in healthy
preovulatory follicles.

After the present study, four of the present 27 patients
succeeded in falling pregnant by repeated 3 mg mela-
tonin treatments: two women have given birth and the
other two women are now pregnant without any com-
plications. We also have used 3 mg melatonin tablets in
86 cycles of 61 additional women who were referred to
our hospital because of poor results with previous ART;
nine of these women became pregnant. Seven babies,
including babies from the women in the current study,
were born in association with the 3 mg melatonin treat-
ment. No baby showed any abnormality. We have con-
tinued to evaluate the effects of melatonin, not only on
the ART results but also on neonatal growth, although
melatonin is reported to give no negative conse-
quences.33,34 Moreover, further basic studies are needed
to reveal the mechanism of melatonin improving the
pregnant ability in those couples. Melatonin is likely to
become the drug of choice for improving oocyte quality
for women who can not get pregnant because of poor

quality oocytes. This new melatonin treatment strategy
may benefit infertile women with poor quality oocytes
or embryos.
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