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Insulin-induced hypoglycemia suppresses pulsatile LH secretion
and arcuate Kiss1 cell activation in female mice.

Richard B. McCosh, Michael J. Kreisman, Katherine Tian, Bryan S. Ho, Varykina G.
Thackray, Kellie M. Breen

Department of Obstetrics, Gynecology and Reproductive Sciences, University of California, San
Diego, 9500 Gilman Drive, La Jolla, CA 92093-0674

Abstract

Stress suppresses pulsatile LH secretion in a variety of species, however the mechanism
underlying this inhibition of reproductive function remains unclear. Metabolic stress, particularly
hypoglycemia, is a clinically-relevant stress type that is modeled with bolus insulin injection
(insulin-induced hypoglycemia). The present study utilized ovariectomized C57BL/6 mice to test
the hypothesis that acute hypoglycemia suppresses pulsatile LH secretion via central mechanisms.
Pulsatile LH secretion was measured in 90-min sampling periods immediately prior to and
following an intraperitoneal (i.p.) injection of saline or insulin. The secretion of LH was not
altered over time in fed animals or acute fasted (5 h) animals following an i.p. saline injection. In
contrast, insulin elicited a robust suppression of pulsatile LH secretion in fasted animals,
preventing LH pulses in 5 of 6 mice. To identify the neuroendocrine site of impairment, a
kisspeptin challenge was performed in saline or insulin pre-treated animals in a cross-over design.
LH secretion in response to exogenous kisspeptin was not different between animals pre-treated
with saline or insulin, indicating normal GnRH cell and pituitary responses during acute
hypoglycemia. Based on this finding, the effect of insulin-induced hypoglycemia on arcuate
kisspeptin (Kiss1) cell function was determined using c-Fos as a marker of neuronal activation.
Insulin caused a significant suppression in the percentage of Kiss1 cells in the arcuate nucleus that
contained c-Fos, compared to saline-injected controls. Together these data support the hypothesis
that insulin-induced hypoglycemia suppresses pulsatile LH secretion in the female mouse via
predominantly central mechanisms, which culminates in suppression of the arcuate Kissl
population.
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Introduction:

Acute stress threatens homeostasis and therefore initiates specific physiologic responses to
enable survival (1). One common result of the body’s response to acute stress is a disruption
of reproductive function mediated, in part, by the suppression of gonadotropin secretion.
Luteinizing hormone (LH) is secreted in an episodic or pulsatile pattern in males and in
females throughout most of the ovarian cycle, which supports steroidogenesis and
gametogenesis from the gonads. Suppression of pulsatile LH secretion has been described
during a variety of stress types in both males and females across multiple mammalian
species, however the underlying mechanism(s) remain unclear.

Acute hypoglycemia is a type of metabolic stress that has been examined largely using two
models, either insulin-induced hypoglycemia (11H) or administration of glucose anti-
metabolites (2-deoxyglucose [2-DG] or 5-thioglucose [5-TG]). During IIH, an acute
decrease in blood glucose is typically induced by coupling a brief fast (4-12 hrs) with a
bolus insulin injection. 11H has been demonstrated to suppress LH secretion in rats (2),
sheep (3), monkeys (4) and humans (5). Administration of 2-DG or 5-TG inhibits glycolysis
causing cellular glucoprivation. Similarly, these anti-metabolites have been demonstrated to
inhibit pulsatile LH secretion in rats (2), goats (6), and sheep (7).

It is now generally agreed that the GnRH pulse generator is formed by neurons in the arcuate
nucleus (ARC) that contain Kisspeptin (Kiss1), neurokinin B (NKB), and dynorphin (DYN),
and are termed KNDy neurons (8). Indeed, activation of Kiss1 cells in the ARC (ARCKiss1)
induces LH secretion (9), and silencing of this cell population inhibits LH pulses in mice
(10). These cells cause the release of GnRH from neuron terminals in the median eminence
which then elicit the release of LH from gonadotrope cells in the anterior pituitary. Thus,
stress-induced impairment of pulsatile LH secretion could be mediated by any of these cell
types (i.e. KNDy neurons, GnRH neurons, or gonadotropes). Evidence that multi-unit
activity (a correlate of GnRH pulse generator activity) is suppressed during 11H in monkeys
(4) and rats (11), and that K7ssZ transcript abundance is reduced following I1H in rats (12),
support the hypothesis that metabolic stress suppresses LH secretion via central regulation of
the GnRH pulse generator. However, hypoglycemia may directly inhibit GhnRH neurons as
they have been reported to be glucose sensitive via AMPK, an exquisitely sensitive
intracellular energy sensor (13-15). AMPK signaling is also necessary for GnRH-stimulated
Lhb gene transcription in primary pituitary cell culture (16), and inhibition of pituitary
responsiveness has been reported during other stress types (17), suggesting direct inhibition
of gonadotrope function by hypoglycemia. Though, it should be noted that LH responses to
exogenous GnRH during I1H were normal in rats (18) and monkeys (19), diminishing
support for a direct action upon the gonadotrope. Clearly, identifying which portion(s) of the
gonadotropin secretion pathway (i.e. KNDy neurons, GnRH neurons, or gonadotropes)
is/are targeted is necessary to understand how metabolic stress impedes gonadotropin
secretion.

Our objective in the current study was to identify the endocrine and/or neural pathways by
which metabolic stress impairs gonadotropin secretion using acute hypoglycemia induced by
I1H as a model. We used the mouse as an experimental model as pulsatile LH secretion can

J Neuroendocrinol. Author manuscript; available in PMC 2019 December 27.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

McCosh et al.

Methods:

Animals

Page 3

be assessed in this species (20) and complex molecular and transgenic approaches are
available that will be useful for future work investigating this neural response. In this study,
we tested the hypothesis that metabolic stress suppresses pulsatile LH secretion via
suppression of the activity of ARCKISSL jn female mice. We first demonstrated that 11H
suppresses pulsatile LH secretion in ovariectomized (OVX) mice. Next, we tested the
possibility that metabolic stress impairs the LH response to exogenous kisspeptin (an
assessment of GnRH neuron and gonadotrope function). Finally, we examined activation of
ARCKIssl cells during I1H using c-Fos as marker for neuronal activation.

Adult female C57BL/6 (Envigo; Experiments 1-2) or Kiss1CreGFP (Cravo et al.(21);
Experiment 3) mice were housed under standard conditions with a 12-h light, 12-h dark
cycle (lights on at 0600 h) at a University of California, San Diego vivarium. Animals had
free access to feed (Harlan irradiated chow #2920X) and water unless noted otherwise.
Animals were OV X at approximately 8 wk of age via lumber laparotomy under isoflurane
anesthesia with aseptic technique. Mice were acclimatized to tail handling for blood sample
collection and intraperitoneal (i.p.) injection for 5 wk before the experimental day, as
described previously (22). Frequent blood samples were collected between 1030 h and 1300
h. All animal procedures were performed in accordance with the University of California,
San Diego Institutional Animal Care and Use Committee regulations and in accordance with
the National Institute of Health guidelines for the care and use of research animals.

Experiment 1: Does IIH inhibit pulsatile LH secretion?

Mice were randomly assigned to receive one of three treatments: normal feed and an i.p.
injection of saline (fed + saline; n = 6), 5 h fast and i.p. saline (fast + saline; n=7),0r5h
fast and an i.p. injection of insulin (0.75mU/g; Humilin R; NDC 0002-8215-01; fast +
insulin; n = 6). Blood samples were collected for LH quantification at 6-min intervals from
the tail, for 90 min before and after i.p. injection, as described previously (22, 23). Blood
glucose concentrations were determined with handheld glucometer (OneTouch Ultra mini;
Life Scan) at 0, 45, and 90 min relative to injection.

LH pulses were determined by established criteria (24). Briefly, a pulse was confirmed by
three criteria: the peak LH value occurred within 3 samples of the preceding nadir, the
difference between peak and preceding nadir was greater than the sensitivity of the assay,
and the peak exceed the 95% confidence limit of the variability in the assay. For both of the
pre and post injection sampling periods, mean LH (mean of all LH values), pulse frequency
(number of pulses per 90 min), and pulse amplitude (mean amplitude of all pulses [peak
value minus value of preceding nadir]) was calculated. Two-way analysis of variance
(ANOVA) was used to assess differences across time (pre vs. post) and treatment (fed, fast +
saline, fast + insulin). Tukey honestly significant difference post-hoc test was applied as
appropriate and p < 0.05 was considered statistically significant. All statistics were
performed with JMP Version 13 (Cary, NC).

J Neuroendocrinol. Author manuscript; available in PMC 2019 December 27.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

McCosh et al.

Page 4

Experiment 2: Does IIH inhibit the LH response to kisspeptin?

The LH response to exogenous kisspeptin was assessed in a cross-over design, such that
each animal was administered kisspeptin following insulin and on a separate day kisspeptin
following saline, in a randomized order separated by one wk. On the experimental day, mice
(n = 8) were fasted for 5 h, administered an i.p. injection of either saline or insulin, and then
45 min later challenged with i.p. kisspeptin as described previously (25) (2 ug/g; rat
Kisspeptin-10; Cat: 4243, Tocris). Blood samples were collected at 6-min intervals for 30
min before and after kisspeptin injection for LH assay. Blood glucose was determined at 0
and 75 min relative to insulin or saline injection.

The LH response to kisspeptin was quantified multiple ways. Mean LH was compared
across sampling periods (before or after kisspeptin injection) and between treatments (saline
vs. insulin) with two-way ANOVA. The amplitude of the response was defined as the
difference between the peak LH value following kisspeptin and the LH value immediately
before injection. The area under the curve (AUC) for LH values following kisspeptin was
calculated by the trapezoidal method. The amplitude, AUC and time from Kisspeptin
injection to the peak LH value were each compared between treatments with paired t-tests.

Experiment 3: Does IIH inhibit ARC Kiss1 cell activation?

Immunohistochemistry (IHC) for detection of c-Fos, a marker of neural activation (26), was
performed to assess ARCKiss! cell activation. Kiss1CreGFP mice (n = 6 per group) were
fasted for 5 h and randomly assigned to receive an i.p injection of saline or insulin. Two h
following treatment, mice were deeply anesthetized, the tail was cut for blood glucose
measurement, and perfused with heparinized saline and 4% paraformaldehyde in phosphate
buffered saline. The brain was removed, stored in 4% paraformaldehyde overnight, then
placed in 30% sucrose for 3 d. A cryostat was used to cut 40um sections in 3 series (tissue
sections in each series were 120um apart). This time point was selected based on maximal
suppression of LH observed by 1 h in Experiment 1 and convention that changes in c-Fos
protein are observable about 1 h after stimulus (26).

IHC was performed on a series of tissue including the complete ARC nucleus. All steps
were performed at room temperature with gentle agitation unless noted otherwise. Tissue
was rinsed in phosphate buffer (PB) 12 times, for 10 min each and stored overnight in PB at
4°C. Tissue was rinsed 12 times, for 10 min each in PBS, then incubated in boiling antigen
retrieval solution (Citra Buffer, Fisher Scientific) for 10 min, twice. Tissue was rinsed in
PBS (4 times for 5 min each; typical rinsing step) and incubated in 1% H,0O5 for 10 min.
Tissue was rinsed and incubated in blocking solution containing 4% normal goat serum
(NGS; Jackson Labs) in PBS with 0.4% TritonX-100 for an hour. Tissue was incubated in
rabbit anti-c-Fos antiserum (1:15:000; MilliporeSigma, Cat # ABE45; AB_2631318) for 18
h at 4°C. Tissue was rinsed and incubated in biotinylated goat anti-rabbit antiserum (1:500;
BA-1000, Vector Laboratories) for 1 h, ABC amplification kit (1:500; Vector Laboratories,
PK-6100) for 1 h, biotinylated tyramide (1:250; Perkin Elmer, SAT70001EA) for 10 min,
and streptavidin conjugated to Alexa 647 (1:100; Life, S32357) for 1 h, with intervening
rinsing steps. Tissue was then incubated in blocking solution for 1 h and then incubated in
blocking solution containing rabbit anti-GFP conjugated to Alexa 488 (1:1000, Life, Cat #
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A-21311; AB_221477) for 18 h at 4°C. Finally, tissue was rinsed in PB, mounted on
SuperFrost slides (Fisher), cover slipped with gelvatol (27), and stored in the dark at 4°C
until microscopy. Both antisera have been validated for use in neural tissue (28, 29).

Images were collected with a Nikon Ti2-E inverted microscope with DS-Qi2 monochrome
CMOS camera controlled by NIS-elements. For each animal, 2-6 hemi-sections
encompassing each of the rostral ARC (rARC), middle ARC (mARC) or caudal ARC
(cARC) were imaged and analyzed by an observer blinded to treatments using ImageJ
software (30) following minor adjustments to brightness and contrast. Images from the
CcARC of 2 saline-treated mice were not analyzed, due to poor tissue quality. The total
number of GFP-labeled Kissl cells and the portion of GFP-labeled Kiss1 cells that
contained c-Fos were counted and averaged per animal for each region of the ARC and
compared between treatments using t-tests.

Ultrasensitive mouse LH enzyme-linked immunosorbent assay

Results:

Whole blood (3pL) samples collected from the tail-tip were immediately mixed into assay
buffer and placed on ice until frozen (-20°C). LH was measured in singleton at the
University of Virginia Ligand Assay Core based on the protocol by Steyn et al. (20). The
functional sensitivity (i.e. lowest concentration that demonstrates accuracy within 20% of
expected values and intraassay coefficient of variation <20%) was 0.32 ng/mL. The intra-
and interassay coefficient of variation was 2.2% and 7.6%, respectively.

Experiment 1: Does IIH inhibit pulsatile LH secretion?

Representative LH profiles are depicted for two fed + saline, two fasted + saline, and four
fasted + insulin mice in Figure 1. Mean values for all animals and the results of the statistical
analysis are presented in Figure 2. LH pulses were clearly evident in all animals during the
pre-injection sampling period. By two-way ANOVA, there was a significant sampling period
by treatment interaction effect for the number of pulses per 90 min (/16 = 10.19, P=
0.0014; Fig 2A) and mean LH (#, 16 = 7.60, 2= 0.0048; Fig 2B). Of interest, fasted animals
tended to have fewer LH pulses in the pre-injection period compared to the fed animals; a
significant reduction was identified only in saline-treated animals (pre period: fed + saline
vs. fasted + saline). In animals injected with saline (either fed or fasted), LH pulses were
clearly evident post-injection and neither the frequency nor mean LH concentration differed
across sampling periods in either group (Fig 2A and 2B). In contrast, insulin induced a rapid
and robust suppression in the number of LH pulses as well as a significant reduction in mean
LH during the post-injection period (Fig 2A; and 2B). No detectable LH pulses were
identified in five out of six mice treated with insulin. Two pulses were identified toward the
end of the sampling period in the remaining insulin-treated animal (Fig 1C); the amplitude
of these pulses (2.9 + 3.2 ng/mL) was comparable to those of both groups of saline-injected
animals, which did not differ across sampling periods or treatments (/~ 1= 1.97, P=0.18,
Fig 2C).
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As expected, blood glucose values were not altered by saline injection in either fasted or fed
animals. In contrast, insulin caused an 81.2% and 59.7% reduction in blood glucose 45 and
90 min after injection, respectively (Fig 2D; £4 35 =18.76, < 0.0001).

Experiment 2: Does IIH inhibit GhRH cell or gonadotrope secretion?

Representative LH profiles and mean LH concentrations before and after kisspeptin
injection, either following saline or insulin pre-treatment, are displayed in Figures 3A
(individual cross-over profile) and 3B (group means). Following saline pre-treatment, mean
LH increased from 3.87 £ 0.6 ng/mL to 7.86 + 0.47 ng/mL in response to kisspeptin (Fig
3B); there was a significant (/1 21 = 58.71, £< 0.001) effect of time, but no time x treatment
interaction (£ 1= 0.40, P> 0.40). Similarly, following pre-treatment with insulin,
kisspeptin increased mean LH from 3.17 + 0.65 ng/mL to 6.36 £ 0.31 ng/mL. The amplitude
of the response (peak LH value minus time 0 LH value) was similar between saline and
insulin pre-treatment (Fig 3C). Neither the time of the maximum LH value (Fig 3D), nor the
AUC for LH values following kisspeptin injection (Fig 3E), significantly differed between
saline and insulin pre-treatment.

Experiment 3: Does IIH inhibit ARC Kiss1 cell activity?

Representative images of IHC for Kiss1 (GFP) and c-Fos in an animal treated with saline
(A-C) or insulin (D-F) are shown in Figure 4. In saline-treated animals, 11-18% of GFP-
labeled Kiss1 cells contained c-Fos. Insulin caused a significant reduction in the percentage
of GFP-labeled Kissl cells that contained c-Fos in each of the rostral (7{10) = 3.48, P=
0.012), middle ( 7{20)= 3.00, £=0.028), and caudal (7{8) = 2.68, £=0.0328) aspects of the
ARC (Fig 4H). As expected with this animal model in which GFP is permanently expressed
in Kiss1 cells under the CAG promoter, the total number of Kiss1 cells was not different
between treatments in each region of the ARC. At the time of euthanasia, blood glucose
values were lower in animals treated with insulin compared to values in control animals (P <
0.05; saline: 207.6 + 11.2 mg/dL, insulin: 127 + 12.5 mg/dL).

Discussion:

The objective of the present study was to test the hypothesis that acute metabolic stress
suppresses pulsatile LH secretion via impairment of KNDy cell activity in female mice.
First, we demonstrated that acute metabolic stress diminishes LH secretion in OVX females
via a robust suppression in detectable LH pulses following I11H. Next, we determined that
I1H does not alter the LH response to kisspeptin. Further supporting the hypothesis that I1H
suppresses KNDy cell activity, we showed that I1H reduces the percentage of ARCKIsSI cells
that contain c-Fos. Taken together, these data support the hypothesis that acute
hypoglycemia suppresses LH via central mechanisms in female mice.

One unresolved point regarding our study as well as reports in humans (5), monkeys (4),
sheep (3) and rats (2), is whether hypoglycemia or hyperinsulinemia is the causal agent
during lIH-induced suppression of LH. Several lines of evidence support the hypothesis that
this suppressive effect is mediated by hypoglycemia per se, as opposed to direct actions of
insulin. First, in men, insulin infusion during a euglycemic clamp did not alter LH pulses

J Neuroendocrinol. Author manuscript; available in PMC 2019 December 27.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

McCosh et al.

Page 7

(5). Second, in rats (11) and sheep (3), glucose infusion following 11H almost immediately
restores LH pulses, and in monkeys, also restores corresponding MUA volleys (31). Finally,
glucose anti-metabolites, 2-DG and 5-TG (i.e. no insulin administration) similarly suppress
pulsatile LH secretion in numerous species (2, 6, 7). Thus, it is likely that hypoglycemia, as
opposed to hyperinsulinemia inhibits LH pulses in mice, but euglycemic clamp studies will
be necessary to test this hypothesis.

Conceptually, the suppression of pulsatile LH secretion that we and others have documented
in response to acute metabolic stress could be mediated by inhibition of either KNDy cells,
GnRH cells, or gonadotrope cells of the pituitary, or some combination of these
neuroendocrine sites. We measured LH concentrations following kisspeptin administration
to determine if GnRH cell or gonadotrope function is impaired during I1H. We found no
significant difference in the magnitude of the LH response, the timing of the increment in
LH, nor the area under the curve following kisspeptin during 11H, as compared to control
conditions. Therefore, we conclude that impairment of GnRH cells or gonadotrope cells
during I1H has only a minor role in the suppression of pulsatile LH secretion. There are two
caveats to this interpretation. First, endogenous pulsatility may cause a reduced response to
kisspeptin, and second is the possibility that the high dose of kisspeptin used here stimulated
maximal GnRH release that masked a subtle reduction in responsiveness to physiological
doses of kisspeptin. Despite these possibilities, the likely cause of suppression of GnRH
secretion is impaired Kisspeptin secretion from KNDy cells. Our finding that 1I1H reduces the
percentage of ARCKISSL cells expressing c-Fos supports the hypothesis that acute
hypoglycemia impairs KNDy cell activity. Although it is unknown whether the insulin-
treated animals resumed LH pulses at the time of neural tissue collection (2 h post injection),
the reduction in c-Fos co-expression provides evidence for a suppression in KNDy cell
activation as a result of insulin treatment. These findings are in line with reports from
monkeys (4) and rats (11) which showed IIH inhibits MUA volleys recorded from the
mediobasal hypothalamus, a corelate of the GnRH pulse generator, now presumed to arise
from KNDy neurons. Thus, our data extend the current literature to support the hypothesis
that I11H suppresses pulsatile LH secretion primarily by inhibition of KNDy cells in mice.

The molecular mechanism for suppression of KNDy cell activity is unknown, but one
intriguing possibility includes dysregulation of NKB or dynorphin signaling. Though these
molecules have not been studied in the context of acute hypoglycemia, there are some
limited data in a more chronic starvation model that cast doubt on their involvement. For
example, administration of either a tachykinin receptor agonist or kappa opioid receptor
antagonist stimulate LH secretion during starvation as they do in fed animals (32, 33),
indicating that effects of these signaling molecules is not altered during starvation.
Moreover, starvation does not alter 7ac2 or pDyn transcript abundance in the hypothalamus
(32, 33), suggesting that alteration in KNDy peptides gene expression is not involved in the
suppression of LH during chronic metabolic stress. With regard to our study, the rapid
suppression of LH secretion observed during acute hypoglycemia (<30 min) is unlikely to be
is mediated by changes in gene expression, within KNDy cells or elsewhere, as these
changes typically occur over the course of hours.
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The mechanism by which acute hypoglycemia (or any other acute stress type) inhibits
KNDy cell function is a major outstanding question. Though KNDy cells themselves could
be directly glucose sensitive as reported for some other ARC populations (34), the more
likely possibility is that hypoglycemia is detected in the area postrema of the brainstem. The
area postrema contains glucose sensitive cells (35) and rats with surgical ablation of the area
postrema display completely normal LH pulses during I1H (36). These data indicate a
critical role for the area postrema during LH suppression in response to I1H, and also
suggest that the pulse generator, GnRH cells and gonadotropes can function normally during
hypoglycemia, and are therefore not directly impaired by low blood glucose. Whether the
area postrema directly or indirectly innervates the ARC remains an open question. A recent
tracing study revealed neural connections between hindbrain epyndomocytes (including the
cells of the area postrema) and ARCKIissI cells (37). However, cells in the brainstem were not
labeled by a mono-synaptic anterograde tracer delivered to ARCKisSI neurons (38),
implicating a multi-synaptic pathway. Of interest, several signaling molecules including
corticotropin releasing hormone receptor agonists (31, 39), CGRP (40) and RFRP-3 (41),
have each been implicated in this neurocircuit. Clearly, considerable work is necessary to
elucidate the neural pathway underlying the reproductive impairment by acute
hypoglycemia, as well as to determine whether this pathway is unique to metabolic stress or
a common response to different stress types.

Though our data complement and extend the findings of many published studies, by
indicating impairment of pulsatile LH secretion via suppression of KNDy cells, our data
raise several questions. First, fasting has been reported to attenuate the testosterone response
to kisspeptin in male monkeys (42), which would be unexpected based on our finding that
I1H does not reduce the LH response to kisspeptin. Although our study differed in numerous
ways, including species, sex, gonad status, and response variable, the metabolic stress model
employed may be the critical difference. In our Kisspeptin challenge study (Exp 2), animals
were fasted for 5 h before they received bolus injection of insulin, as compared with the
monkey study in which animals were fasted for 48 h. Thus, these models are substantially
different in that our control animals were briefly fasted so that we could asses the effect of
the acute decrement in blood glucose (induced by insulin injection) as opposed to a
starvation model which would include a myriad of physiological responses (43). Second,
Fergani et al. reported an increase in the percentage of ARCKiss! cells that contained c-Fos
following insulin injection in mid-follicular phase ewes (44), a treatment previously
demonstrated to blunt and delay the LH surge (45). An intriguing possibility for these
differences may concern the seemingly contradictory actions of the norepinephrine neurons
in the A2 region of the brainstem which have been implicated in both the inhibition of LH
during metabolic stress (46, 47) and the stimulation of surge-type LH secretion (48, 49).
Much is still to be learned about these brainstem neurons in the control of LH. One final
question raised by our study is the observation that brief fasting (5 h) decreased LH pulse
frequency, which was significant in saline-injected fasted controls. We were surprised to see
such an effect in mice because our experiment was conducted during lights-on when
nocturnal species typically consume little feed (43). Whether this effect is mediated by
nutritional deficiency, as reported in monkeys during a one-day fast (50), or the
psychological effects of missing feed (i.e. psychological stress) remains to be determined.

J Neuroendocrinol. Author manuscript; available in PMC 2019 December 27.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

McCosh et al.

Page 9

Ultimately, these findings underscore the importance of utilizing defined stress models with
careful attention to potential species differences and the modulating role of ovarian cycle
stage or gonadal steroid status.

In summary, we demonstrate that acute metabolic stress suppresses pulsatile LH secretion in
female mice. Moreover, this impairment in LH secretion is likely mediated by inhibition of
ARCKIssl neyron function. These data provide strong rational for the investigation of neural
populations afferent to ARCKiss! cells that may be responsible for the suppression of
pulsatile LH secretion during acute metabolic stress.
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Figure 1:

Representative LH pulse profiles in OVX female mice from each group: Fed + Saline (A),
Fasted + Saline (B), and Fasted + Insulin (C). Filled data points represent pulses. Time of
injection with saline or insulin is designated by the arrow (0 min).
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Figure 2:

Mean (xSEM) number of LH pulses (A), mean LH concentrations (B), LH pulse amplitude
(C), blood glucose concentrations (D). A-C) Open bars and data points indicate pre-injection
sampling period, filled bars and data points indicate post-injection period (n=6 or 7/group).
D) A Fed + Saline, O Fasted + Saline, @ Fasted + Insulin. Unique letters signify significant
differences between values (P < 0.05).
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Figure 3:

Representative LH concentration profile from one OV X mouse challenged with kisspeptin,
following saline (left) or insulin (right) pretreatment in a cross-over design (A). Mean
(xSEM) LH concentrations prior to and in response to kisspeptin challenge following saline
(left) or insulin (right) pre-treatment (B) in OV X mice (n=8; cross-over design). Arrows
indicate the time of saline or insulin pre-treatment (=45 min) or the time of kisspeptin
challenge (0 min). Mean LH before (white bars) and after (black bars) kisspeptin injection
(C), change in LH concentration (D), time of maximal LH concentration after kisspeptin
injection (E), and area under the curve (AUC) following kisspeptin injection (F).
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Figure 4:

Representative photomicrographs of dual-labeled Kiss1CreGFP and c-Fos cells in the rostral
ARC of an OV X female mice treated with saline (A-C) or insulin (D-F). GFP-labeled Kiss1
cells (A,D), c-Fos (B, E), and merged images (C, F). White boxes indicate location of

zoomed panels. White arrows indicate dual labeled cells, main panel scale bar = 50um, inset

panel scale bar = 10um. Mean (xSEM) Total number of KissCreGFP cells (G) and

percentage of KissCreGFP cells that contain c-Fos (H); n=6/group except for saline-treated
CcARC (n=4). White bars indicate saline-treated animals, black bars indicate insulin-treated

animals. Dagger (1) indicates significant difference between treatments (P < 0.05).
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