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Context: Kisspeptin is the most powerful known stimulus of GnRH-induced LH secretion across
mammalian species. However, the effects of kisspeptin are just being explored, and the dynamics
of kisspeptin responsiveness across the menstrual cycle are incompletely understood.

Objective: The objective of the study was to characterize the effects of kisspeptin on GnRH secre-
tion in healthy women in different phases of the menstrual cycle.

Participants and Intervention: Ten women in the early follicular phase, three women in the late
follicular (preovulatory) phase, and 14 women in the midluteal phase received a bolus of kisspeptin
112–121 0.24 nmol/kg iv. An additional four women in the early to midfollicular phase received
kisspeptin 112–121 0.72 nmol/kg iv.

Results: The response to kisspeptin varied depending on the phase of the menstrual cycle. LH pulses
were observed immediately after kisspeptin administration in all luteal and preovulatory women.
However, only half the women in the early follicular phase had unambiguous kisspeptin responses.
Increasing the kisspeptin dose did not increase the LH response in early to midfollicular phase
women. Kisspeptin did not appear to reset the GnRH pulse generator in women as it does in men.

Conclusions: Differences in responses to exogenous kisspeptin across the menstrual cycle suggest
that kisspeptin tone is higher in the early follicular phase compared with other cycle phases. The
mechanisms that determine the timing of GnRH pulse generation in men and women appear to
be distinct. (J Clin Endocrinol Metab 97: E1458–E1467, 2012)

Pushed into the spotlight in 2003 by the discovery of
inactivating mutations of the kisspeptin receptor in

patients with absent pubertal development (1, 2), kiss-
peptin is now accepted as a critical regulator of sexual
maturation across mammalian species. Kisspeptin is a
powerful stimulus for GnRH-induced gonadotropin re-
lease (3, 4), and just as exogenous GnRH has been used
for decades to understand the control of pituitary go-
nadotropin secretion, the use of exogenous kisspeptin

allows investigation of GnRH neuronal physiology.
There is a growing literature regarding the administra-
tion of kisspeptin to humans (5–12) using different iso-
forms [kisspeptin 68 –121 (54-mer), kisspeptin 112–
121 (decapeptide)]; methods of administration (iv, sc);
types of exposure (single bolus, continuous); chronicity
of administration (single bolus, multiple doses); and
study populations (healthy volunteers, patients with re-
productive disorders).
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This rapidly evolving repertoire of tools and techniques
has contributed to an increasingly nuanced understanding
of how kisspeptin stimulates the reproductive endocrine
cascade. For example, by analyzing the morphology of
kisspeptin-induced, GnRH-induced LH pulses in healthy
men, our group deduced that a single bolus of kisspeptin
112–121 (0.24 nmol/kg, iv) induces 17 min of GnRH se-
cretion (9), a duration that is strikingly concordant with
that of kisspeptin-induced GnRH neuronal activation in
rodent ex vivo experiments (13–17). In addition, by ex-
amining the timing of endogenous pulses after kisspeptin
administration, we found that kisspeptin resets the GnRH
pulse generator, such that the kisspeptin-induced pulse,
rather than being an extra secretory event wedged between
endogenous LH pulses, is somehow detected by the GnRH
neuronal network and used to recalculate the timing of the
subsequent endogenous pulse (9).

It is unknown whether similar responses occur in
women and how these responses are influenced by the
hormonal changes that occur across the menstrual cycle.
Using the same protocol as our prior study in men, we have
now examined the responses to kisspeptin 112–121 in
healthy women in the early follicular phase, the preovu-
latory period, and the midluteal phase. These studies have
allowed us to determine the effects of kisspeptin on en-
dogenous GnRH pulse generation and to compare these
effects between the different phases of the menstrual cycle
and between women and men. Furthermore, because the
same dose of kisspeptin was used in all groups, compar-
ison of the size of endogenous pulses with that of pulses
elicited by this fixed dose of kisspeptin could be used to
infer the relative amounts of kisspeptin being secreted, i.e.
the kisspeptin tone, across the menstrual cycle.

Materials and Methods

Subjects
Healthy adult women who received kisspeptin met the fol-

lowing inclusion criteria: 21–40 yr old; self-reported history of
normal timing and pace of puberty; regular menstrual cycles of
25–35 d duration with no more than 5 d variability in cycle
length; no use of prescription medications (including hormonal
contraception) for at least 2 months before the study; body mass
index 18.5–30 kg/m2; blood pressure less than 140/90 mm Hg;
normal physical examination; normal white blood cell and plate-
let counts; hemoglobin 11 g/dl or greater in the follicular phase
of the menstrual cycle or 12 g/dl or greater in other phases; no
elevation of creatinine, blood urea nitrogen, or prolactin; aspar-
tate aminotransferase and alanine aminotransferase no more
than twice the upper limit of the reference range; normal TSH;
and FSH, LH, and estradiol normal for the phase of the men-
strual cycle. Exclusion criteria were the presence of a chronic
medical condition, a history of a food or drug allergy, consump-

tion of more than 10 alcoholic drinks per week, and self-reported
use of illicit drugs.

Women in the early follicular phase who received the 0.24
nmol/kg dose of kisspeptin 112–121 were studied on d 2–5 of the
menstrual cycle. Early to midfollicular-phase women who re-
ceived the 0.72 nmol/kg dose were studied on d 4–7 of the cycle.
Women in the preovulatory period were studied 11–16 d before
the start of the next menstrual cycle, and women in the midluteal
phase were studied 5–10 d before the start of the next menstrual
cycle (estimated prospectively and confirmed retrospectively).
Measurements of progesterone were consistent with the ex-
pected phase of the menstrual cycle for all subjects.

All protocols were approved by the Institutional Review
Board of the Massachusetts General Hospital (MGH) and the
U.S. Food and Drug Administration, and all subjects gave
written informed consent before participation in these studies.
The study was registered with www.ClinicalTrials.gov
(NCT00914823).

Materials
Kisspeptin 112–121 and GnRH were synthesized using

good manufacturing practices by NeoMPS (PolyPeptide Lab-
oratories, San Diego, CA) under contract to the Eunice Ken-
nedy Shriver National Institute of Child Health and Human
Development. Resuspended aliquots underwent additional
tests for sterility, pyrogenicity, purity, and concentration as
previously described (9).

Kisspeptin administration and frequent blood
sampling

Subjects were admitted to the Harvard Catalyst Clinical Re-
search Center of MGH. Blood sampling was performed every 10
min for 6 h before kisspeptin administration to establish baseline
secretory patterns. Kisspeptin 112–121 was given as a single iv
bolus at a dose of 0.24 nmol/kg (0.313 �g/kg) at the 6-h time
point to 10 early follicular-phase women and all preovulatory
and midluteal-phase women. Four women in the early to mid-
follicular-phase underwent the same protocol but received a
higher dose of kisspeptin 0.72 nmol/kg (0.94 �g/kg). Blood sam-
pling continued for 6 h after kisspeptin administration to chart
the response to kisspeptin.

Laboratory assays
Measurements of LH for each sample, FSH and estradiol on

2-h pools, and progesterone on the first study sample were per-
formed by the MGH Clinical Laboratory Research Core as pre-
viously described (9).

Pulse identification and calculated pulse
characteristics

LH pulses were identified using a validated modification of
the method of Santen and Bardin (18, 19) augmented by a de-
convolution algorithm as previously described (9). Pulse ampli-
tude was calculated as the difference between the nadir and peak
of the pulse. An amplitude of zero was assigned for three subjects
in whom LH decreased after kisspeptin. Results of statistical
analysis did not differ if data from these three subjects were
omitted. Area under the curve (AUC) for each pulse was calcu-
lated as previously described (20). For these calculations, the
time of kisspeptin administration was always considered the

J Clin Endocrinol Metab, August 2012, 97(8):E1458–E1467 jcem.endojournals.org E1459

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/97/8/E1458/2823063 by guest on 20 August 2022



start of a pulse, even if no pulse was present. This produced an
AUC close to zero in subjects in whom kisspeptin did not elicit
an immediate LH pulse. Subjects without an immediate pulse
after kisspeptin were omitted from analysis of time from nadir to
peak.

Statistical analysis
Data are presented in text and figures as mean � SEM. To

examine the effects of kisspeptin on GnRH-induced LH secre-
tion, one-way, repeated-measures ANOVA was used to compare
LH at time points in the 1 h before vs. the 1 h after kisspeptin
administration, and Dunnett’s post hoc analysis was used to
compare all LH values with the LH level just before kisspeptin
administration; because not all subjects had data for all time
points, analysis was performed either after removing data from
that subject or after removing data from that time point, with
similar results. To further examine the effects of kisspeptin on
GnRH-induced LH secretion, paired t tests were used to compare
mean LH in the hour before vs. the hour after kisspeptin admin-
istration. The binomial probability was used to calculate the
likelihood of pulses occurring immediately after kisspeptin to
determine whether kisspeptin administration may have coin-
cided with endogenous pulses by chance. Individual paired t tests
were also used for each phase of the menstrual cycle to compare
LH pulse characteristics such as amplitude, AUC, and time from
nadir to peak of kisspeptin-induced pulses to the mean of the
values for each individual’s endogenous pulses before kisspeptin.
An unpaired t test was used to compare the mean time from nadir
to peak in the early follicular vs. midluteal phase.

To examine effects of kisspeptin on FSH and estradiol, re-
peated-measures, one-way ANOVA was used to compare mea-
surements for 2-h pools after kisspeptin administration (i.e. the
6–8, 8–10, and 10–12 h pools) to the mean of the three pools
before kisspeptin (i.e. the 0–2, 2–4, and 4–6 h pools). To ex-
amine the effects of kisspeptin on the timing of endogenous
pulses, paired t tests were used to compare pulse intervals. For
women who did not exhibit an endogenous pulse in the 6 h before
or the 6 h after kisspeptin administration, a pulse interval of 360
min was assigned; time-to-event analysis was also performed and
did not change the conclusions of analysis. Because endoge-
nous pulses could either be concealed by or be mistaken for
kisspeptin-induced pulses, the likelihood of this occurring was
calculated as described in Supplementary Materials, pub-
lished on The Endocrine Society’s Journals Online web site at
http://jcem.endojournals.org; correction for these potential
issues did not change the results of analysis. All tests were two
tailed, and P � 0.05 was considered significant (all P values
� 0.05 are given in the text). Statistical calculations were
performed using GraphPad Prism (La Jolla, CA).

Results

Subject characteristics
Ten healthy adult women in the early follicular phase,

three women in the preovulatory period, and 14 women in
the midluteal phase of the menstrual cycle received a single
iv bolus of 0.24 nmol/kg of human kisspeptin 112–121 in
the context of frequent blood sampling to establish base-
line secretorypatternsaswell as the response tokisspeptin.
Subject characteristics are summarized in Table 1.

Effects of kisspeptin in healthy women across the
menstrual cycle

Figure 1 shows LH pulse profiles from representative
women as well as data averaged across all women stud-
ied in each part of the menstrual cycle. Individual LH
pulse profiles for all women are shown in Supplemental
Figs. 1– 4. Data from all groups are summarized in Table
2 along with previously published data in which the
same dose of kisspeptin was administered to men (9).

Responses in the early follicular phase
In the early follicular phase, LH increased significantly

after kisspeptin administration (P � 0.01; Fig. 1C), with
significant elevations at 20 and 30 min after kisspeptin
compared with the time just before kisspeptin (3.83 �
0.54 and 3.60 � 0.48 vs. 2.88 � 0.40 mIU/ml, P � 0.05).
Furthermore, mean LH was significantly higher across the
1 h after kisspeptin administration than across the 1 h
before kisspeptin administration (3.41 � 0.47 vs. 2.93 �
0.34 mIU/ml, P � 0.04).

Despite the significant increase in mean LH, kisspeptin
induced immediate LH pulses in only five of 10 early fol-
licular-phase women (Supplemental Fig. 1). The lack of a
consistent LH response to kisspeptin in the early follicular
phase raised the possibility that these LH pulses could
have coincided with kisspeptin administration simply by
chance. However, when the endogenous pulse frequency
was examined in the 6 h before kisspeptin administration,
a mean of five pulses per 6 h was found (range three to
seven pulses per 6 h). With this mean pulse frequency of
five pulses per 6 h, the probability of having five or more
LH pulses coincide with kisspeptin administration in 10

TABLE 1. Subject characteristics at screening

Characteristic
Early follicular

(n � 10)
Early/midfollicular

(higher dose, n � 4)
Preovulatory

(n � 3)
Midluteal
(n � 14)

Age (yr) 25.9 (22–35) 25.3 (22–35) 25.0 (24–26) 27.8 (21–38)
Menstrual cycle length (d) 28.1 (25–30) 29.0 (27–31) 28.7 (28–29) 28.4 (26–31)
Gravidity 0.4 (0–4) 0.3 (0–4) 0.3 (0–1) 0.3 (0–2)
Body mass index (kg/m2) 24.0 (19.5–27.4) 20.7 (19.9–27) 21.2 (20.5–21.6) 24.9 (19.7–29.6)

Data are shown as mean (range).
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women is P � 0.007. Even when conservatively calculated
using the fastest pulse frequency of seven pulses per 6 h, the
probability is P � 0.03. Thus, it is highly unlikely that the
LH pulses observed immediately after kisspeptin admin-
istration were unrelated to kisspeptin.

The amplitude and AUC of kisspeptin-induced GnRH-
induced LH pulses in early follicular-phase women were
not significantlydifferent fromthoseof endogenouspulses
(amplitude 1.1 � 0.3 vs. 1.2 � 0.2 mIU/ml, P � 0.8; AUC
161 � 83 vs.163 � 41 min/mIU � ml, P � 1; Fig. 2, A and
B). However, kisspeptin-induced pulses were more pro-
longed than endogenous pulses (time from nadir to peak
22.9 � 3.6 vs. 15.8 � 0.8 min, P � 0.048; Fig. 2C). No
significant changes in FSH or estradiol were observed after
kisspeptin in the early follicular phase (Fig. 3).

To determine whether a higher dose of kisspeptin
would elicit a more robust LH response, four women in the
early to midfollicular phase underwent the same protocol
using a 3-fold higher dose of kisspeptin (0.72 nmol/kg, iv).
Even with this higher dose, kisspeptin elicited an imme-
diate LH pulse in only half of the women (Supplemental
Figure 2).

Responses in the preovulatory period
Kisspeptin consistently elicited a robust LH pulse in

preovulatory women (n � 3; Fig. 1, D and E, Supplemental

Fig. 3), with LH peaking at 61.3 � 16.7 mIU/ml 40 min
after kisspeptin, compared with the prekisspeptin baseline
of 34.7 � 9.7 mIU/ml (Fig. 1F, P � 0.01). The AUC of
kisspeptin-induced pulses was more than twice that of
endogenous pulses (4528 � 1143 vs. 1723 � 578 min/
mIU � ml, P � 0.04). No significant changes in FSH or
estradiol were seen after kisspeptin (Table 2).

Responses in the midluteal phase
As in preovulatory women, kisspeptin consistently elic-

ited an immediate LH pulse in all 14 luteal-phase women
(Fig. 1, G and H, and Supplemental Fig. 4). LH peaked at
7.13 � 0.73 mIU/mL 30 min after kisspeptin, compared
with the prekisspeptin baseline of 3.39 � 0.87 (P � 0.01;
Fig. 1I). The AUC of kisspeptin-induced pulses was twice
as large as that of endogenous pulses (593 � 58 vs. 285 �
46 min/mIU � ml, P � 0.04; Fig. 2B). In contrast to the
early follicular phase, kisspeptin-induced LH pulses in the
luteal phase were not significantly more prolonged than
endogenous pulses (time from nadir to peak 24.3 � 2.0 vs.
22.1 � 2.0 min, P � 0.7; Fig. 2C). The duration of kiss-
peptin-induced pulses did not differ between the two
phases (follicular 22.9 � 3.6 min, luteal 24.3 � 2.0 min,
P � 0.7), whereas the duration of endogenous pulses was
longer in the luteal phase than in the early follicular phase
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FIG. 1. Effects of kisspeptin on LH secretion. Representative patterns of LH secretion from two women each in the follicular (A and B),
preovulatory (D and E), and luteal phases (G and H) of the menstrual cycle. Mean � SEM serum LH for all women in the early follicular (C),
preovulatory (F), and luteal phases (I), aligned to the time of kisspeptin administration. Note the different y-axis in panels D–F. Arrows indicate time
of kisspeptin administration; arrowheads indicate peaks of pulses.
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(22.1 � 2.0 vs. 15.8 � 0.8 min, P � 0.01). In the luteal
phase, kisspeptin administration resulted in significant in-
creases in FSH (Fig. 3A, baseline, 2.70 � 0.35 mIU/ml;
0–2 h after kisspeptin, 2.88 � 0.36 mIU/ml; P � 0.05) and
estradiol (Fig. 3B, baseline, 117 � 9 pg/ml; 2–4 h after
kisspeptin, 123 � 9 pg/ml; P � 0.05).

Effects of kisspeptin on the timing of endogenous
pulses

To determine whether kisspeptin delays the appearance
of the next endogenous pulse in women, as it does in men,
two intervals were compared: the interval from the pulse
immediately preceding the kisspeptin bolus to the time of
kisspeptin administration (the Pre-to-Kiss interval � in-
terval B1 in Fig. 4), and the interval from the time of kiss-
peptin administration to the pulse immediately after kiss-
peptin (the Kiss-to-Post interval � interval B2). In men,
these two intervals were significantly different, demon-
strating that kisspeptin delayed the appearance of the next
endogenous pulse (9). However, no significant differences
were seen between these intervals in either the early fol-
licular phase or the midluteal phase (early follicular B1,
60 � 12 min; B2, 78 � 19 min, P � 0.4; midluteal B1,
155 � 37 min; B2, 130 � 19 min, P � 0.5; Fig. 4); there
were not enough data from preovulatory women for this

analysis. Thus, the observed intervals do not support re-
setting by kisspeptin in women.

Further evidence of resetting in men came from the
observation that the time from kisspeptin administration
to the next pulse (“Kiss-to-Post” � B2) was no different
from the normal resting interpulse interval (A) (9). How-
ever, in the midluteal phase, the time from kisspeptin ad-
ministration to the next LH pulse was significantly shorter
than the endogenous pulse interval (130 � 19 vs. 213 � 33
min, P � 0.008), a result again inconsistent with resetting.
In the early follicular phase, these intervals appeared sim-
ilar (78 � 19 vs. 71 � 7 min, P � 0.2).

Discussion

Although the ability of kisspeptin to potently and selec-
tively stimulate GnRH-induced LH secretion is well
known, detailed quantification of the neuroendocrine re-
sponses of healthy women to exogenous kisspeptin in this
study has led to novel insights regarding kisspeptin-GnRH
secretory dynamics. Understanding how kisspeptin stim-
ulates GnRH pulses in varying sex-steroid milieus is crit-
ical to understanding how kisspeptin or its analogs might
be used to modify GnRH pulses in reproductive disorders.

TABLE 2. Summary of responses to kisspeptin 112–121 0.24 nmol/kg, iv, � 1

Women

Men
(n � 13) (9)

Early follicular
(n � 10)

Preovulatory
(n � 3)

Midluteal
(n � 14)

Percentage exhibiting an LH pulse immediately
after kisspeptin

50% 100% 100% 100%

LH pulse amplitude (mIU/ml)
Endogenous 1.2 � 0.2 10.4 � 2.4 3.0 � 0.4 2.1 � 0.3
Kisspeptin-induced 1.1 � 0.3 28.6 � 5.1a 4.0 � 0.8 5.0 � 1.0a

LH pulse AUC (min/mIU � ml)
Endogenous 163 � 41 1723 � 578 285 � 46 312 � 52
Kisspeptin-induced 161 � 83 4528 � 1143a 593 � 58a 684 � 118a

Time from nadir to peak (min)
Endogenous 15.8 � 0.8 19.2 � 2.2 22.1 � 2.0 22.8 � 1.4
Kisspeptin-induced 22.9 � 3.6a 36.7 � 3.3a 24.3 � 2.0 27.7 � 1.7a

FSH on 2-h pools (mIU/ml)
Endogenous 5.8 � 0.3 9.8 � 1.9 2.7 � 0.3 2.9 � 0.4
Kisspeptin-induced 5.9 � 0.4 10.7 � 1.4 2.9 � 0.4a 3.3 � 0.5a

Estradiol on 2-h pools (pg/ml)
Endogenous 35 � 3 145 � 36 117 � 9 ND
Kisspeptin-induced 34 � 3 128 � 34 123 � 9a ND

Endogenous interpulse interval, A (min) 71 � 7 73 � 9 213 � 33 130 � 8
Interval between kisspeptin-induced pulse and

previous endogenous pulse, B1 (min)
60 � 12 40 � 15 155 � 37 62 � 14

Interval between kisspeptin-induced pulse and
next endogenous pulse, B2 (min)

78 � 19 107 � 23 130 � 19a 141 � 21b

Data are shown as mean � SEM. ND, Not determined.
a P � 0.05 compared with endogenous.
b P � 0.05 compared with interval B1.

E1462 Chan et al. Kisspeptin Responses across the Menstrual Cycle J Clin Endocrinol Metab, August 2012, 97(8):E1458–E1467

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/97/8/E1458/2823063 by guest on 20 August 2022



Compared across women in various phases of the men-
strual cycle and men, the response to kisspeptin 112–121
(as measured by amplitude and AUC of the kisspeptin
induced, GnRH induced LH pulse) was largest in preovu-
latory women, intermediate in men and luteal-phase
women, and smallest in follicular-phase women. Dhillo et
al. (6) similarly observed the largest LH responses in pre-
ovulatory women after sc administration of kisspeptin
68–121 compared with the follicular and luteal phases,
and more recently Jayasena et al. (11) found that preovu-
latory women had a large LH response to iv kisspeptin
112–121 but early to midfollicular-phase women did not.
These findings are also concordant with studies in rats (21)
and sheep (22), in which the largest LH response to kiss-
peptin was seen just before ovulation.

The size of the LH pulses induced by a fixed dose of
exogenous kisspeptin was also compared with that of en-
dogenously generated LH pulses, a comparison enabled
by the 6-h interval of frequent blood sampling before kiss-
peptin administration. If each pulse of GnRH secretion is
driven by a pulse of kisspeptin, as has been suggested (23),
and if the size of endogenous LH pulses is determined
primarily by the amount of kisspeptin secreted, compar-
ison of kisspeptin-induces pulses with endogenous pulses
allows an estimate of the relative amounts of kisspeptin
secreted in different phases of the cycle. In early follicular-
phase women, endogenous LH pulses were comparable in
size with those induced by kisspeptin 0.24 nmol/kg, iv,
suggesting that endogenous kisspeptin secretion is ap-
proximately equivalent to that achieved by this dose of
exogenous kisspeptin. In contrast, in preovulatory women
and luteal-phase women and men (9), endogenous pulses
were smaller than those induced by the same dose of kiss-
peptin. This suggests that more kisspeptin is secreted in the
early follicular phase than in other phases of the menstrual
cycle and in men.

Not only were kisspeptin-induced pulses smallest in the
early follicular phase, only half of early follicular-phase
women exhibited an LH pulse in response to kisspeptin.
These findings mirror those of a recent study in female
rhesus monkeys by Guerriero et al. (24), who performed
hypothalamic administration of kisspeptin and direct
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measurement of GnRH to demonstrate that kisspeptin
stimulates GnRH secretion in intact animals. In contrast,
they found that kisspeptin administration did not enhance
GnRH secretion in ovariectomized animals, much as our
study observed dampened responses to kisspeptin in the
early follicular phase, when estradiol levels are relatively
low. Guerriero et al. further found that the GnRH re-
sponse to kisspeptin in ovariectomized monkeys was re-
stored by estradiol replacement, pinpointing estradiol as a
key modulator of the GnRH neuronal response to kiss-
peptin and paralleling our observation that kisspeptin ro-
bustly stimulated LH secretion in women in the late fol-
licular phase just before ovulation, when estradiol is high.
Consistent with these collective findings, estradiol has
been shown to enhance GnRH secretion in response to
kisspeptin in GnRH neuronal cell lines (25, 26).

There are a number of potential explanations for the
lack of a consistent response to kisspeptin in low-estradiol
states such as the early follicular phase. One possibility is
that the dose of kisspeptin used in this study (0.24 nmol/
kg) was close to the threshold required to induce LH
pulses. However, even with a 3-fold higher dose of kiss-
peptin, a consistent LH response to kisspeptin was not

observed in early follicular-phase women. Furthermore,
Jayasena et al. (11) reported no evidence of an augmented
LH response to kisspeptin at doses up to 10 nmol/kg, iv.
A second possibility is that there is a refractory period to
kisspeptin after endogenous pulses, an effect that would be
particularly relevant in the follicular phase when the pulse
frequency is high. However, consistent responses to kiss-
peptin were seen in the preovulatory period, when the
pulse frequency is higher than in the early follicular phase.
In addition, even when kisspeptin was given shortly after
an endogenous pulse in luteal-phase women and in men
(9), there was unequivocal evidence of an LH response,
arguing against a significant refractory period. A third
possibility for the inconsistent response to kisspeptin in
the early follicular phase is that GnRH secretion is largely
kisspeptin-independent in the early follicular phase. How-
ever, there were more LH responses to kisspeptin in early
follicular-phase women than would be expected by chance
alone. Thus, it is unlikely that GnRH neurons are univer-
sally unresponsive to kisspeptin in the early follicular
phase.

This leaves a fourth possibility: that stimulation of
GnRH neurons by kisspeptin in the early follicular phase
is close to saturation, such that administration of addi-
tional kisspeptin has little or no effect (and could even
cause desensitization of the kisspeptin receptor). This pos-
sibility offers an alternative explanation for the observa-
tion that kisspeptin-induced pulses are larger than endog-
enous pulses in the preovulatory and luteal phases but not
in the early follicular phase: the endogenous response to
kisspeptin may already be maximal in the early follicular
phase, and higher doses would therefore have little addi-
tional effect. This possibility could be tested by blocking
kisspeptin signaling either through continuous adminis-
tration of kisspeptin (27–29) or through the use of kiss-
peptin receptor antagonists (30).

The LH response to exogenous kisspeptin was observed
to be smallest in the early follicular phase (both in absolute
measurements and relative to endogenous pulses), yet we
postulate that GnRH neurons are close to maximally stim-
ulated by kisspeptin in the early follicular phase. This sug-
gests that there is a limit on the ability of GnRH neurons
to be stimulated by kisspeptin, and potentially a limit on
GnRH secretion more generally, in the follicular phase.
Why would such a limit exist? Any answer to this question
is speculative, but one possibility is that this may be a
physiological mechanism to ensure singleton pregnancies.
Studies in GnRH-deficient women have demonstrated a
very precise requirement for GnRH stimulation in the fol-
licular phase, such that inadequate doses fail to achieve
ovulation reliably, whereas supraphysiological doses re-
sult in overproduction of FSH, driving multifollicular de-

A

A A B

B1 B2

C C

Time (h)
0 1 2 3 4 5 6 7 8 9 10 11 12

No resetting

B

A B B1 B2 C A B B1 B2 C
0

100

200

300

400

500

600

pu
ls

e 
in

te
rv

al
 (m

in
)

follicular luteal

NS

NS

p < 0.01
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velopment and increasing the risk for multiple gestation
(31). The results of the current study raise the possibility
that such precise regulation of GnRH secretion may be
achieved through maximal kisspeptin drive to GnRH neu-
ronal secretion combined with a limit on the amount of
GnRHthat canbe secreted in response. Suchamechanism,
in conjunction with other modulators of FSH secretion
(e.g. estradiol and inhibin) (32), would ensure that only
single follicle is selected for ovulation.

Because kisspeptin stimulates LH secretion indirectly
through GnRH (3, 33–35), the differences in the LH re-
sponse to kisspeptin across the menstrual cycle could be
due to changes in GnRH neuronal sensitivity, changes in
pituitary sensitivity to GnRH, or both. These possibilities
can potentially be resolved by comparing the LH re-
sponses to kisspeptin observed in this study to the LH
responses to GnRH observed in prior studies. The average
size (amplitudeandAUC)ofkisspeptin-inducedLHpulses
is 3- to 4-fold greater in the midluteal phase than in the
early follicular phase. Similarly, the LH response to GnRH
has been shown to be 3- to 4-fold greater in the midluteal
phase than in the early follicular phase (36–41). These
differences in LH responsiveness are attributable to higher
estrogen concentrations in the luteal phase because they
can be mimicked by exogenous estrogen (42) and abol-
ished by the estrogen antagonist clomiphene (41). Thus,
the LH response to kisspeptin mirrors the LH response to
GnRH. This comparison is complicated by the fact that
only half of early follicular-phase women had a measur-
able LH pulse after kisspeptin, and it assumes that kiss-
peptin acts by simply inducing a single burst of GnRH
secretion. With these caveats in mind, our results suggest
that the difference in the size of the LH response to kiss-
peptin in the early follicular vs. midluteal phase can be
attributed mainly to changes in pituitary sensitivity. Stated
alternatively, the amount of GnRH secreted in response to
a fixed dose of kisspeptin does not appear to differ be-
tween these phases of the cycle, but the response of the
pituitary to GnRH does. This conclusion is concordant
with prior findings that changes in pituitary responsive-
ness to GnRH, not the amount of GnRH secreted, pri-
marily account for the changes in gonadotropin secretion
across the human menstrual cycle (43).

In addition to stimulating GnRH secretion, kisspeptin
was found in our studies of men to reset the GnRH pulse
generator (9), with the interval from the kisspeptin-in-
duced pulse to the next endogenous pulse being indistin-
guishable from the endogenous interpulse interval. In the
current study, kisspeptin did not appear to reset the GnRH
pulse generator in the luteal phase because these two in-
tervals were significantly different. (In the early follicular
phase, these two intervals appeared similar, but this may

have been due to difficulty in distinguishing kisspeptin
induced pulses from endogenous pulses; see Supplemental
Materials.) By suggesting differences in the mechanisms of
GnRH pulse generation between men and women, this
conclusion is consistent with previous work that demon-
strated that GnRH pulse generation is a renewal process in
men but may not be in luteal-phase women (44, 45). Our
results further suggest that the two effects of kisspeptin on
GnRH secretion, induction of an immediate pulse (seen in
both men and luteal phase women) and resetting of the
pulse generator (seen in men but not in luteal phase
women), are not obligately linked and thus are likely to
involve separate mechanisms.

By characterizing the effects of kisspeptin in women in
different phases of the menstrual cycle and by comparing
these effects to endogenous patterns of reproductive en-
docrine activity, we are beginning to garner insight into
the fundamental physiology of kisspeptin across the hu-
man menstrual cycle. Our results suggest that endogenous
kisspeptin secretion, GnRH neuronal sensitivity to kiss-
peptin, and the maximal GnRH response to kisspeptin all
vary across the menstrual cycle. Specifically the early fol-
licular phase appears to have the highest kisspeptin tone
yet also appears to have a maximal limit on how much
GnRH can be secreted in response to kisspeptin. Further-
more, our results demonstrate differences in the effects of
kisspeptin in women vs. men, with kisspeptin resetting the
GnRH pulse generator in men but not women. The phys-
iological basis for these differences may be determined by
future studies administering kisspeptin under conditions
where the sex-steroid milieu and other factors are directly
controlled and manipulated.
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