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Objective: To evaluate the presence of a spontaneous pulsatile release of kisspeptin and whether it is temporally coupled to LH pulses.
Design: Experimental study.
Setting: Academic medical center.
Patient(s): Thirty young healthy eumenorrheic women aged 20–37 years were included in the study group. All subjects were white
women admitted to the Department of Gynecological Endocrinology, Poznan University of Medical Sciences, Poznan, Poland.
Intervention(s): Kisspeptin, FSH, LH, E2, PRL, and insulin were evaluated in all subjects at baseline.
Main OutcomeMeasure(s): All women underwent a pulsatility studymeasuring LH and kisspeptin plasma concentrations to assess the
spontaneous episodic secretion of both hormones, sampling every 10 minutes for 2 hours from 9:00 to 11:00 a.m. for a total of 12 blood
samples. Detection and specific concordance (SC) algorithms were used to detect pulses and their concordance.
Result(s): A significant endogenous secretory pattern was demonstrated for both LH and kisspeptin over the 2-hour duration of the
study (2.4 � 0.1 peaks/2 h). The computation of the SC index showed for the first time that kisspeptin and LH are cosecreted and
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temporally coupled at time ‘‘0,’’ and their peaks occur at the same point in time.
Conclusion(s): The present study provides evidence supporting the hypothesis that kisspeptin
is highly relevant in the regulation and modulation of reproductive functions in humans. (Fertil
Steril� 2016;105:1345–50. �2016 by American Society for Reproductive Medicine.)
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K isspeptin is the main factor con-
trolling gonadotropins secre-
tion. Identified for the first time

in 1996 as a suppressor of the malignant
melanomametastasis process inhumans
(1, 2), it is considered to be a relevant
factor for initiating puberty, regulating
sex steroid feedback, and controlling
fertility in adults. Kiss1 is the gene
responsible for encoding kisspeptin.
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In 2001 kisspeptin was identified as
a ligand for G protein–coupled receptor
54 (GPR54), which was first described
in rat brains and later in humans,
Kiss-1 mRNA expression has been
demonstrated in the placenta and
throughout the central nervous system
(CNS), including the hypothalamus.
Endogenous fragments of kisspeptin
54, 14, and 13 amino acids in length
; accepted January 20, 2016; published online

isclose. A.P.-S. has nothing to disclose. A.C. has
ose.
ant no. DEC-2011/01/B/NZ7/00616).
partment of Gynecologic Endocrinology, Poznan
nan, Poland (E-mail: blazejmeczekalski@yahoo.

5-0282/$36.00
Medicine, Published by Elsevier Inc.
were isolated from the human placenta.
The common C-terminal decapeptide
shared by these forms was identified
as kisspeptin-10. All kisspeptin frag-
ments, including kisspeptin-10, have a
similar affinity and efficacy at the pre-
viously identified GPR54 receptor (3).

Human kisspeptin neurons are
located primarily in two areas: the pre-
optic area and the hypothalamic
arcuate nucleus (ARC), also known as
the infundibular nucleus. Kisspeptin
modulation of GnRH secretion has
been demonstrated to be dependent
on sex steroid concentrations. In fact,
E2 and P modulate kisspeptin activity
both in the preoptic area and in the
ARC receptors. In rodents it has been
shown that preoptic kisspeptin neurons
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Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://fertstertforum.com/meczakalskib-release-kisspeptin-healthy-women/
http://fertstertforum.com/meczakalskib-release-kisspeptin-healthy-women/
mailto:blazejmeczekalski@yahoo.com
mailto:blazejmeczekalski@yahoo.com
http://dx.doi.org/10.1016/j.fertnstert.2016.01.029
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fertnstert.2016.01.029&domain=pdf


ORIGINAL ARTICLE: REPRODUCTIVE ENDOCRINOLOGY
modulate periovulatory positive estrogen feedback to
GnRH (4). A limited number of functional studies in humans
suggest that both groups (preoptic and ARC) of neurons are
involved in this process (5). During the periovulatory period,
it is thought that GnRH neurons directly transmit a
kisspeptin-controlling signal to the pituitary, understood to
be the pulsatile secretion of GnRH, thus stimulating LH and
FSH pulsatile release. The negative feedback of E2 in the
follicular phase and of P in the luteal phase on GnRH secretion
appears to depend mainly on ARC kisspeptin neurons (5). The
role of other kisspeptin neurons identified in some brain re-
gions remains unknown. GnRH neuronal axons lead from
the arcuate nucleus to the median eminence, where GnRH
is released in a pulsatile manner into portal circulation (5).
These findings point to the direct involvement of kisspeptin
in GnRH neurosecretion (Supplemental Fig. 1, available on-
line at www.fertstert.org). However, in humans, not all
GnRH neurons receive kisspeptin contact (6–9) which may
suggest that kisspeptin action/regulation of GnRH secretion
involves a more complex mechanism.

Although some studies indicate that kisspeptin directly
stimulates the pituitary secretion of LH and FSH based on
gene expression and kisspeptin-1 receptor, kisspeptin-
induced GnRH secretion appears to be the main physiologic
mediator of gonadotropin secretion. Indeed, the role of
kisspeptin in the regulation of GnRH secretion was demon-
strated in studies using kisspeptin antagonists: Kisspeptin
antagonist administration inhibited GnRH production/
secretion.

Direct kisspeptin action on GnRH neurons is supported by
rodent and primate studies. Humans who develop ‘‘inactivat-
ing’’ mutations of the gene encoding kisspeptin and/or its re-
ceptor show the occurrence of hypogonadotropic
hypogonadism (10). However, in patients in whom ‘‘acti-
vating’’ mutations were found, precocious puberty is
observed, suggesting that kisspeptin is an important modu-
lator of pubertal maturation and of the pulsatile GnRH secre-
tion (11). Interestingly, in humans, although kisspeptin
release stimulates the release of both gonadotropins, the ac-
tivity for LH is more pronounced.

GnRH secretion models, followed by secretion of LH in
different phases of the menstrual cycle, are modulated by a
feedback of gonadal steroid hormones. During the follic-
ular phase of the menstrual cycle, GnRH activity and LH
secretion are limited by negative feedback effects deter-
mined by E2. The reversal of negative to positive feedback
regarding the midcycle LH surge is not yet well under-
stood. Because GnRH neurons do not express estrogen re-
ceptors (ERs), the transmission of the ovulation trigger
signal, forwarded from the gonads to the hypothalamic
GnRH neurons, is likely mediated by a different, distinct
neuronal population. Evidence obtained in recent studies
indicate that kisspeptin neurons are the putative ‘‘missing
link,’’ mediating both negative and positive feedback of
sex steroids (5).

On such basis, we aimed to evaluate whether a temporal
couplingmight bemeasured in plasma concentrations of kiss-
peptin and LH in a group of eumenorrheic young women,
with the use of a simple pulsatility study.
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MATERIALS AND METHODS
Study Group

Thirty young healthy women were included in the study
group. All of the women were white and admitted to the
Department of Gynecological Endocrinology, Poznan Univer-
sity of Medical Sciences, Poznan, Poland.

Inclusion criteria were age 20–35 years (mean 25.6� 6.1),
regular ovulatory menstrual cycle (28 � 5 days) during
past year, and two recent ovulatory cycles documented with
the use of hormonal evaluation (P level in luteal phase
>9 ng/mL).

Before her enrollment, each subject gave written
informed consent. The protocol was approved by the local
Ethics Committee of the Poznan University of Medical Sci-
ences. This study was not registered as a clinical trial,
because it was an observational study.
Clinical Evaluation

Each subject was interviewed by a physician, who obtained
data on past and current diseases, allergies, family history
of endocrinologic, psychiatric, or neurologic illnesses, weight
changes, and complete menstrual and medication histories.

No subjects were under hormone treatment during the
6 months before the study, and none were receiving hormone
therapy at the time of the study. No subjects had chronic dis-
eases requiring continuous therapy, and all subjects denied
recent weight loss, eating disorders, or excessive physical ac-
tivity. No mood or behavior disturbances were reported at the
time of the enrollment; psychiatric disorders were excluded
with the use of DSM V criteria. No signs of hyperandrogenism
(i.e., hirsutism, acne, or balding/alopecia, or a scoreR8 on the
modified Ferriman-Gallwey scale) were observed at the onset
of the study. Patients with current or past infertility and
miscarriage diagnoses were excluded. Eleven patients re-
ported at least one pregnancy ending with live term birth,
and the other 19 patients were nulliparous with no desire
for pregnancy at the time of the evaluation.

The following clinical characteristics were recorded in all
subjects: age, age at menarche, history of menstrual cycles,
intermenstrual interval length, weight, height, body mass
index.
Study Protocol

All subjects underwent a pulsatility study to determine kiss-
peptin and LH plasma concentrations. The pulsatility study
was performed during the middle follicular phase of the men-
strual cycle, days 8–10 from the reported onset of last men-
strual period. The midfollicular state was confirmed with
the use of transvaginal ultrasound, showing the presence of
a dominant follicle measuring 10–17 mm, the lack of a luteal
body, and serum E2 concentrations in the range of 100–200
pg/mL. Only patients who ovulated during the studied cycle
and whose P concentrations measured >9 ng/mL from day
16–20 of the cycle were included in the study. A heparin-
containing intravenous line was placed in the antecubital
vein 45–60 minutes before commencing venous sampling,
and blood was withdrawn every 10 minutes for 2 hours
VOL. 105 NO. 5 / MAY 2016
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TABLE 1

Hormonal characteristics of the patients included in the study
(mean ± SD).

Hormonal characteristic Value

LH (mIU/mL) 11.20 � 6.56
FSH (mIU/mL) 5.82 � 3.67
PRL (ng/mL) 10.52 � 5.34
E2 (pg/mL) 251.30 � 156.87
Kisspeptin (ng/mL) 1.42 � 0.50
T (ng/mL) 0.40 � 0.24
17OH-P (ng/mL) 0.69 � 0.54
DHEAS (mmol/l) 5.67 � 1.23
SHBG (nmol/l) 91,35 � 45.78
Glucose, fasting (mg/dL) 81.4 � 8.34
Insulin, fasting (mU/mL) 5.44 � 2.45
Meczekalski. Kisspeptin release in healthy women. Fertil Steril 2016.
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(from 09.00 a.m. to 11.10 a.m.) to measure LH and kisspeptin
plasma concentrations. Hormone evaluations were performed
in the morning to minimize environmental stressors related to
daily activity. Patients were asked to fast on the morning of
the study.

Additionally, on the morning of the study, a blood sample
was drawn to establish baseline hormone parameters of
kisspeptin, LH, FSH, E2, PRL, and insulin.

Blood samples used for kisspeptin assays were collected
in EDTA tubes and centrifuged at 1,600g for 15 minutes at
4�C. For other hormones, blood was allowed to clot before
the serum was centrifuged at 1,500g for 5 minutes. The ob-
tained plasma and serum was stored at �70�C until analysis.

Assays

Kisspeptin was measured with the use of ELISA and a Kiss-1
(112–121) Amide/Kisspeptin-10/Metastin (45–54) Amide
(Human) EIA Kit 1 (Phoenix Pharmaceuticals). This
ELISA kit provides 100% cross-reactivity with longer kisspep-
tin 1–54 forms, so it detects both forms of active kisspeptin.

Kisspeptin samples from each subject's visits were
analyzed together for comparison. The interassay coefficient
of variation for all hormonal assays was <9% at the concen-
trations measured. Intra-assay coefficient of variation for LH
was 6.8% with a sensitivity of 0.8 ng/mL.

Serum FSH, LH, PRL, E2 and insulin concentrations were
determined by means of electrochemiluminescence immuno-
assay (Roche Diagnostics). Concentrations of various serum
hormones were measured with the use of a Cobas E601
analyzer (Roche Diagnostics).

Insulin resistance was checked by means of the homeo-
stasis model (HOMA-IR) with the use of the formula fasting
glucose (mmol/L) � fasting insulin (mU/L)/22.5, and a
HOMA-IRR2.5 threshold was interpreted as a measure of in-
sulin resistance (12).

Pulse Detection and Estimation of Degree of
Concordance

Pulse detection. Time series of LH and kisspeptin were first
evaluated separately to estimate the randommeasurement er-
ror on the duplicates of the time series with the use of the pro-
gram Predetec.WK1. This is a specific program of the Detect
software. Predetec is incorporated into a spreadsheet for Lotus
123 and calculates the mean (X) and variance (s2x) for each
set of replicates in the time series. It plots s2x or sx versus
X, or log(s2x) versus log(X) and then fits five different models
to this relationship, including linear, parabolic, and power
function models, selecting the best model in terms of the
smallest root-mean-square error for sx. The program is sub-
ject to the constraint that the predicted sx can not be negative
for the observable range of the data. Finally, the program pro-
vides coefficients for the variance model to be used in the
Detect program for pulse detection analysis (13).

After calculating the above estimations and using the
coefficients of the best model selected, the secretory episodes
on each time series were identified with the use of the Detect
program as previously described (13), with a P value equal to
0.01 (1%) for the nominal false-positive rate.
VOL. 105 NO. 5 / MAY 2016
Estimation of degree of concordance. The presence of any
significant concomitance between the secretory events of
LH and kisspeptin was assessed by computing the specific
concordance (SC) index (13), interposing various lags be-
tween each time series couplet under analysis. The time series
of each hormone (A and B) was converted into a ‘‘quantized’’
time series, where only the first sample (onset) of each de-
tected peak was taken to represent the occurrence of that
peak (13). These quantized data series were then matched,
and quantized values for hormone A were compared with
the corresponding values for hormone B. The presence or
absence of an event (onset) in either or both series was
counted and then the SC index was computed. A spectrum
of SC values can be constructed by sliding the two series,
interposing integral multiples of the sampling interval as
the lag. The presence of a positive lag time indicates that an
event in A preceded the secretion event in B.

SC spectra were evaluated for each subject and the mean
SCs over each group of patients were calculated at each lag
time, obtaining a mean SC spectrum. The location of the
maximum of the mean SCs for each group of women was
also noted.

Monte Carlo simulations were then performed to study
the frequency distribution of the SC index under the null hy-
pothesis of random concordance, as previously described (13).

For each of the two pairs of clinical data for each subject,
500 simulated pairs of simulated series were created and fre-
quency distributions of SC obtained. An SC value above the
95% percentile of the frequency distribution generated for
that individual or group of subjects resulted in rejection of
the null hypothesis at the P< .05 confidence level (13).

RESULTS
The hormonal characteristics of the patients studied are sum-
marized in Table 1. In analysis of the time series, all subjects
showed the presence of both LH and kisspeptin pulses
throughout the 2-hour pulsatility study. Table 2 summarizes
the integrated plasma levels and the number of pulses de-
tected for LH and kisspeptin for the subjects. LH and kisspep-
tin integrated concentrations were computed as the mean of
the 12 points of the pulsatility series.
1347



TABLE 2

Correlation between number of pulses of LH and kisspeptin over 2-hour period, and integrated mean concentrations of LH and kisspeptin.

Variable LH Kisspeptin Correlation coefficient

No. of pulses/2 h 2.0 � 0.6 2.5 � 0.9 P¼ .0028
Integrated mean concentration 11.20 � 6.56 mIU/mL 1.42 � 0.50 ng/mL P¼ .0032
Meczekalski. Kisspeptin release in healthy women. Fertil Steril 2016.
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Kisspeptin and LH concentrations showed a positive cor-
relation (Fig. 1). Indeed, a significant positive correlation was
also demonstrated between kisspeptin and LH numbers of
pulses/2 h (Table 2) and frequencies (Supplemental Fig. 2,
available online at www.ferstert.org) thus confirming that a
correlation exists between the occurrence of the secretory
events of kisspeptin and those of LH. Mean duration observed
for LH and kisspeptin pulses were 39.9 � 18.2 minutes and
32.9 � 12.7 minutes, respectively.

After detection of spontaneous episodic kisspeptin secre-
tory events, we evaluated if any temporal coupling was pre-
sent between kisspeptin and LH pulses. We studied such
temporal coupling through the computation of the SC index.
This index does not consider the plasma concentrations but
the occurrence of the secretory event, as described in the
Materials and Methods section.

SC computation facilitated identification of a significant
degree of concordance between kisspeptin and LH pulses at
time ‘‘0.’’ The program computation did not recognize any
other moments of concordance between the two hormones
when expanding the time series from �100 to þ100 mi-
nutes, thus reinforcing the finding that kisspeptin and LH
are cosecreted; the two hormones have concomitant occur-
rences of their secretory events. The SC index computed
for kisspeptin and LH secretory pulses is shown in
Figure 2. The SC index above the threshold of significance
(P< .05) is at time lag ‘‘0,’’ and the P< .01 is missed for min-
imal values.
FIGURE 1
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DISCUSSION
The kisspeptin system has been extensively studied in both
nonhuman and human models (14–16) which show
kisspeptin's pivotal role in the reproductive system as well
as in central regulation of puberty and hypothalamic GnRH
secretion (17).

Performing a pulsatility study over a span of 2 hours in a
group of young healthy eumenorrheic women, our study
captured groundbreaking evidence suggesting that kisspeptin
has a spontaneous pulsatile secretory pattern. Additionally,
we were able to demonstrate that kisspeptin's pulsatile release
is temporally coupled with LH secretory pulses without any
lag time: The secretory peaks of the two hormones occur at
the same time, i.e., at time ‘‘0.’’ The statistically based comput-
erized algorithms used (7, 8) add credibility to the results of
this study as in many other studies that used the same
analytic methods (6,18–21).

The fact that kisspeptin pulsatile secretion is coupled with
LH secretion supports the hypothesis that kisspeptin is deeply
involved in the regulation of LH secretion through the
kisspeptin-induced GnRH release. This fact appropriately
aligns with all previous data showing that peripheral admin-
istration of kisspeptin induces LH secretion (14).

A number of studies have shown that intravenous or sub-
cutaneous administration of kisspeptin stimulates LH release
in healthy women, as well as in women suffering from
FIGURE 2

Specific concordance (SC) index computed after analysis of LH and
kisspeptin time series. The SC index was statistically significant
(P<.05) at time ‘‘0,’’ thus demonstrating that the two hormones
are cosecreted at the same time. No significant SC index was
present at any lag of time (delay or anticipation).
Meczekalski. Kisspeptin release in healthy women. Fertil Steril 2016.
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hypothalamic amenorrhea. In a series of papers, Jaysena et al.
(22, 23) reported that bolus administration of kisspeptin in the
follicular or preovulatory phase is related to a significant
(50%–300%) increase in LH secretion. Similarly, Chan et al.
(24) reported a stimulatory effect of kisspeptin on LH
release during the luteal phase. A single administration of
kisspeptin in healthy women seems to influence higher LH
pulse frequency, rather than LH pulse secretory mass (22).
The data concerning chronic administration of kisspeptin in
healthy women is still limited. Chronic kisspeptin
administration causes deep tachyphylaxis in women in
functional hypothalamic amenorrhea (23). However, the
relationship between pulsatile kisspeptin release and LH
pulsatility in healthy women remain partly unknown.

Obviously, we were not able to assay and detect hypo-
thalamic secretory GnRH pulses, because it is released into
portal hypothalamopituitary circulation. Therefore, based
on current evidence, it is inferred with high probability
that kisspeptin-LH pulse coupling is mediated by GnRH
secretion. However, according to previous data, although
kisspeptin may have a direct stimulatory action on gonado-
tropes, indirect stimulation through the enhancement of
GnRH secretion appears to be the principal physiologic
pathway for the kisspeptin stimulation of gonadotropin
secretion.

Nevertheless, the data in the present study show for the
first time that there is a detectable kisspeptin secretory pattern
and that kisspeptin and LH pulses are temporally coupled dur-
ing the midfollicular/preovulatory phase in healthy women.

It is relevant to state that an assay was used for the most
active form of kisspeptin, with ten amino acids (kisspeptin-
10), which detects 100% cross-reactivity with the longer
kisspeptin 1–54 forms. Chan et al. (24) observed that
kisspeptin-10 stimulated peak LH secretion within an hour
of administration in healthy men. Some authors speculate
that kisspeptin-10 acts differently than kisspeptin-54, stimu-
lating a readily releasable pool of GnRH stored within nerve
terminals of the median eminence (25). Kisspeptin-54 might
act more proximally in the GnRH neuron to stimulate de
novo GnRH synthesis (26). On such basis, more precise studies
on the physiologic roles of kisspeptin-10 and kisspeptin 1–54
are needed to differentiate their role in stimulating a fast LH
response in the preovulatory phase of the menstrual cycle.

Of note, this study was conducted with a relatively large
sample size, and it would be valuable to assess whether such
temporal coupling exists between kisspeptin and LH secretory
episodes during other phases of the menstrual cycle, such as
the early follicular and luteal phases. The results in this study
can not be generalized to the entire ovarian cycle, because this
study was designed to evaluate kisspeptin spontaneous pulsa-
tile release and its coupling with LH during the late follicular
phase.

Another relevant point to include is that this study did not
evaluate FSH pulsatile secretion. Though FSH is cosecreted
with LH during the follicular phase of the menstrual cycle,
FSH has a longer half-life than LH, owing to a different meta-
bolic clearance mechanism. Such differences do not permit an
optimal determination of FSH pulse frequency on short-term
pulsatility studies such as this one (8).
VOL. 105 NO. 5 / MAY 2016
In conclusion, this study demonstrated the presence of
spontaneous kisspeptin pulsatile release in eumenorrheic
women and that its episodic release is temporally coupled
with simultaneous LH secretory episodes. The highly relevant
results of this study affect future studies on specific diseases
involving abnormal kisspeptin secretion and/or abnormal
kisspeptin-induced GnRH release, thus affecting pituitary
secretion of gonadotropins in various subtypes of primary
amenorrhea, hypothalamic amenorrhea, or anovulation in
polycystic ovary syndrome patients.
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SUPPLEMENTAL FIGURE 1

The schematic representation of kisspeptin neurons' role in regulation of the menstrual cycle. Kisspeptin neurons are located in two hypothalamic
nuclei: preoptic and arcuate (ARC). Both nuclei modulate GnRH secretion and indirectly drive the FSH and LH pituitary secretion. Downstream
ovarian E2 secretion controls the kisspeptin release. Estrogens can up-regulate kisspeptin expression in the preoptic nucleus (grey arrow) and
probably the ARC nucleus (light grey). The negative E2 feedback is mediated mainly by the ARC nucleus (black arrow). KISS1R ¼ kisspeptin-1
receptor; GnRHR ¼ GnRH receptor.
Meczekalski. Kisspeptin release in healthy women. Fertil Steril 2016.
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SUPPLEMENTAL FIGURE 2
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The correlation of the number of LH and kisspeptin pulses in the study
group over 2 hours. Correlation index R ¼ 0.1666; P¼.0028.
Meczekalski. Kisspeptin release in healthy women. Fertil Steril 2016.
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