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a b s t r a c t

The kisspeptin (metastin) is an endogenous peptide, which regulates human reproduction by modulating
gonadotropin-releasing hormone (GnRH) secretion. Kisspeptin was detected in peripheral blood,
although GnRH was not. Previously, we measured plasma kisspeptin levels in male healthy subjects and
patients with hypogonadism using enzyme immunoassay (EIA) to elucidate a normal range in healthy
males and clinical implications of kisspeptin in male hypogonadism. We suggested that the plasma
kisspeptin levels were received feedback from testosterone. In this study, we focused female subjects and
elucidated the relationship between menstrual cycle and plasma kisspeptin levels to understand
kisspeptin-hypothalamic-pituitary-gonadal axis. We measured plasma kisspeptin levels in eight female
volunteers. The plasma kisspeptin levels in female are significantly higher than those in male. There are
no significant correlation between plasma kisspeptin levels and sexual hormones. We revealed that the
kisspeptin might stimulate a start of menstruation as a trigger, and progress menstruation covered for
weakened ovarian function. We suggest that kisspeptin may be closely related with menstrual cycle and
that the measurement of plasma kisspeptin levels is useful for understanding of reproductive system.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Kisspeptin (metastin) has been identified as an endogenous
ligand for orphan G protein-coupled receptor GPR54 [1,2]. Recently,
the physiological activities come to be revealed that kisspeptin
plays an important role for reproduction [3]. In the brain, kisspeptin
is secreted by hypothalamus, and modulates gonadotropin-
releasing hormone (GnRH) secretion, and known to be related
with gonadal maturation [4]. Previously, we measured plasma
kisspeptin levels in seven healthy male subjects and in four male
cases with hypogonadism to understand the clinical implications of
peripheral kisspeptin in hypogonadism [5]. The plasma kisspeptin
levels were different in the each case with underlying illness [5-9].
Although the GnRH cannot be detected in the circulating blood
from its short half-life, kisspeptin in plasma (serum) can be

measured [10] and expected to be a biomarker for some of diseases
[8,11,12]. The kisspeptin is known to be secreted from peripheral
organs such as placenta, pancreas, testis, liver and small intestine
[1,2]. The plasma kisspeptin levels in pregnant women are much
higher than non-pregnant women [13]. However, the peripheral
kisspeptin levels in female are not known well, especially for
relationship with menstrual period. The purpose of this study is to
measure plasma kisspeptin levels in healthy female subjects with
normal menstrual cycle, in order to understand the physiological
activities of peripheral kisspeptin and to identify normal range in
healthy female.

2. Materials and methods

2.1. Subjects

Eight healthy female volunteers (subject AeH), aged 33e43
years old (median, 38 years old), with normal menstrual cycle
(28e30 days) (Table 1), and 8 healthy post-menopausal female
volunteers (subject aeh), aged 60e72 years old (median, 64 years
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old) (Table 2), participated in the study. The study was approved by
the ethical committee of Fujieda Municipal General Hospital
(Fujibyou 823) and registered in UMIN Clinical Trials Registry
(000012579) [14]. Each subject received information on the sci-
entific purposes of the study, and gave written informed consents.
The subjects did not suffer from gynecological disorders.

2.2. Study schedule

Venous blood samples were drawn from a forearm vein at the
first day of menstrual period (Day 1), Day 2e11 (follicular phase),
12e16 (periovulatory period), 17e26 (luteal phase). The sampling
was carried out in the afternoon.

2.3. Materials

Synthetic human kisspeptin-10 was purchased from the Peptide
Institute (Osaka, Japan). Antiserum to kisspeptin-10 (G-048-56)
was purchased from Phoenix Pharmaceuticals (Belmont, CA, USA).
Goat affinity-purified antibody to rabbit IgG (whole molecule)
(55641) was purchased from ICN Pharmaceuticals (Aurora, OH,
USA). EMC-succinimide was purchased from Sigma (St. Louis, MO,
USA). b-Galactosidase was purchased from Roche Diagnostics
GmbH (Mannheim, Germany). All other reagents were analytical
grade reagents from commercial sources. Serum sexual hormones
were measured by widely-used methods.

2.4. Preparation of plasma extracts for kisspeptin measuring

After collecting blood, the plasma fractionwas rapidly separated
by a centrifuge at 4 �C and frozen at �20 �C until use. Each plasma
aliquot was diluted five-folds with 4% acetic acid (pH 4.0), and
loaded onto a C18 reversed-phase cartridge (Sep-Pak C18; Merck
KGaA, Darmstadt, Germany). After washing with 4% acetic acid,
peptides in plasma were eluted with 70% acetonitrile in 0.5% acetic
acid (pH 4.0). The eluted samples were concentrated by spin-
vacuum evaporation, lyophilized, and stored at �40 �C until
assayed. Assays were performed within 72 h.

2.5. Enzyme immunoassay (EIA) procedures for kisspeptin

Peptide levels in plasma were measured using highly sensitive
EIA for kisspeptin-like immunoreactive substance (LI) which was
developed by us and has been described previously [10]. Assays
were performed using a delayed-addition method. Separation of
bound and free antigens was performed on anti-rabbit IgG-coated
immunoplates (Nunc-Immuno Module Maxisorp F8; InterMed,
Denmark). Human kisspeptin-10 was conjugated with b-D-galac-
tosidase using EMC-succinimide according to the methods previ-
ously reported. The EIA for kisspeptin-LI were specific and highly
sensitive. The detection limit was 0.52 fmol/mL and the coefficient
of variance was not exceed 10%. The EIA showed complete cross-
reactivity with synthetic kisspeptin-13, -14, and -54, and no
cross-reactivity with neuropeptide FF (NPFF), NPAF, prolactin-
releasing peptide (PrRP), and RFamide-related peptide-3 (RFRP).

2.6. Statistical analysis

The some results are expressed asmean± SD. Comparison of the
results was made by F test. p < 0.05 indicated statistical
significance.

3. Results

3.1. The serum sexual hormones levels in female volunteers

The serum sexual hormones levels were shown in Fig. 1 and 2.
All volunteers except subject F had normal sexual hormones cycles.
Because serum FSH levels were high and serum estradiol levels
were low in subject F, she was suspected to approach menopause.
In general, LH surge is occurred just prior to ovulation, furthermore,
serum estradiol levels were high before LH surge. We could not
catch the elevation of estradiol and the LH surge in subject B that
she seemed to have irregular menstrual cycle by overwork.

3.2. The plasma kisspeptin levels in female volunteers

The plasma kisspeptin levels were shown in Fig. 3. The plasma
kisspeptin levels at Day1 indicated a significant correlation with
age (p¼ 0.030, R2 ¼ 0.573). The plasma kisspeptin levels in younger
volunteers (subject AeD) did not vary enormously, while the
plasma kisspeptin levels in volunteers over age 38 (subject EeH)
showed an elevation corresponding to LH surge. The ovarian
function was weakened with increasing age. The stimulation from
the hypothalamus might come to be strong in women approached
menopause, as a result of weakened ovarian function. Therefore,
the stimulation by a large amount of kisspeptin might be required
for start of menstruation as a trigger, and the profile of plasma
kisspeptin levels in volunteers over age 38 might be sharpened. On
the other hand, menstrual cycle in younger women with normal
ovarian function might make progress in a straightforward manner
without strong hypothalamus stimulation.

3.3. The serum sexual hormones levels and the plasma kisspeptin
levels in post-menopausal female volunteers

The serum sexual hormones levels and the plasma kisspeptin
levels in post-menopausal female volunteers were shown in
Table 2. Serum gonadotropins levels were high (LH < FSH), and
serum estradiol and progesterone levels were very low, caused by
suppression of ovarian function. Plasma kisspeptin levels showed
between 14.2 and 27.4 fmol/mL (20.5 ± 4.7 fmol/mL).

Table 1
Characteristics of the healthy subjects.

Subject Age [yr.] BMI [kg/m2]

A 33 18.1
B 33 20.6
C 35 20.0
D 36 20.7
E 38 23.4
F 41 27.0
G 42 19.3
H 43 17.6

Table 2
Sexual hormones and kisspeptin levels in the post-menopausal subjects.

Subject Age
[yr.]

BMI
[kg/m2]

LH
[mIU/mL]

FSH
[mIU/mL]

Estradiol
[pg/mL]

Progesterone
[ng/mL]

Kisspeptin
[fmol/mL]

a 60 21.6 38.0 102.2 5 <0.1 14.2
b 61 19.0 22.3 44.2 <5 <0.1 18.6
c 62 26.7 27.5 49.8 7 0.3 24.0
d 64 19.3 29.7 68.0 <5 <0.1 19.2
e 65 22.1 26.8 47.4 <5 0.2 27.4
f 65 25.8 22.5 56.8 <5 <0.1 18.6
g 71 19.7 35.8 59.2 <5 0.2 25.8
h 72 20.3 25.2 51.9 <5 <0.1 16.1
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