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Abstract

Long days (LDs) stimulate and short days (SDs) inhibit reproduction in photoperiodic rodents by
modifying nocturnal pineal melatonin secretion. In LD Turkish hamsters, unlike other rodents,
pinealectomy induces reproductive quiescence comparable to that produced by SDs. We assessed
whether SDs and pinealectomy induce similar or different patterns of kisspeptin and gonadotropin-
inhibitory hormone (also known as RFamide-related peptide-3 [RFRP-3] in mammals) expression,
important mediators of seasonal reproductive changes in other species. Brains were harvested from
sham-operated female Turkish hamsters maintained in LDs and SDs and LD-pealectomized (pinx)
females, all housed in their respective photoperiods for 12 weeks. Uterine weights were
substantially higher in LD-sham than in LD-pinx and SD-sham females. RFRP-3-
immunoreactive(-ir) cells in the dorsomedial hypothalamic nucleus were greater in number and
size in the reproductively competent LD-sham hamsters than in both reproductively suppressed
SD-sham and LD-pinx hamsters. LD-sham hamsters had more kisspeptin-ir cells in the
anteroventral periventricular nucleus than did LD-pinx hamsters. Reproductive quiescence,
whether induced by short-day lengths or pinealectomy, was generally accompanied by comparable
changes in RFRP-3 and kisspeptin, suggesting that long-duration melatonin signaling and
withdrawal of melatonin by pinealectomy may act through the same neural substrates to induce
gonadal quiescence.
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The Turkish hamster, Mesocricetus brandlti, a cricetid rodent indigenous to Turkey, northern
Syria, and Iraq, has been a useful model species for studies of hibernation and
photoperiodism (Lyman and Obrien, 1977; Hall et al., 1982; Carter and Goldman, 1983;
Batavia et al., 2013a, 2013b). In common with all other photoperiodic rodents (Bartness et
al., 1993; Prendergast et al., 2002), Turkish hamsters cease reproductive activities when day
lengths fall below a critical minimum; values below the critical duration induce the short-
day reproductive phenotype (Hong et al., 1986). In Syrian and Siberian hamsters, all day
lengths longer than the critical day length support reproduction (Elliott, 1976; Hoffmann,
1982); in marked contrast, only a narrow range of long photoperiods (15-17 h light per day)
sustains the long-day reproductive phenotype in Turkish hamsters; day lengths outside this
range, whether longer or shorter, induce reproductive arrest (Hong et al., 1986).

Day length is transduced into a pineal melatonin signal that acts on neural substrates to
control reproduction (Carter and Goldman, 1983; Goldman, 2001). Long durations of
nightly melatonin secretion are associated with short, winter-like days, whereas short
melatonin durations accompany long, summer-like photoperiods. In photoperiodic rodents,
removal of the pineal gland sustains the long-day reproductive phenotype. Pinealectomy
accelerates recrudescence or premature growth of the quiescent gonads of adult and juvenile
short-day individuals, respectively (Syrian hamsters, Siberian hamsters, meadow voles;
Bartness et al., 1993; Kelly et al., 1994; Smale et al., 1988); activation of the reproductive
axis in long days does not require pineal mediation in these species. In sharp contrast,
suppression of melatonin secretion by pinealectomy or constant light induces testicular
regression in long-day Turkish hamsters (Carter et al., 1982; Butler et al., 2008; Jarjisian and
Zucker, 2011); pineal melatonin is necessary to sustain reproduction in long day lengths.
The neural circuits and neurochemical systems underlying this atypical response to the
absence of melatonin have not been explored.

Gonadotropin-releasing hormone (GnRH) neurons represent the final common pathway at
which internal and external reproductively relevant stimuli converge to control reproduction
(Bronson, 1989). In most rodents, GnRH cell bodies reside most densely in the nucleus of
the diagonal band of Broca (NDB) and medial preoptic area (mPOA). GnRH neurons
stimulate pituitary gonadotropin secretion that maintains gametogenesis and sex steroid
secretion. Short days inhibit the release of GnRH, but not its synthesis, leading to increased
numbers of GnRH-immunoreactive neurons in short-day Syrian hamsters (Ronchi et al.,
1992a; Shiotani et al., 1985), white-footed mice (Glass, 1986), and prairie voles (Kriegsfeld
and Nelson, 1999); some studies report no differences in the number of these neurons in
short-day (SD) versus long-day (LD) Syrian hamsters (Urbanski et al., 1991) and Siberian
hamsters (Yellon, 1994).

Two RFamide (Arg-Phe-NH5) neuropeptides upstream of the GnRH system, kisspeptin and
gonadotropin-inhibitory hormone (also known as RFamide-related peptide-3 [RFRP-3] in
mammals), drive seasonal changes in reproduction (Greives et al., 2008; Simonneaux et al.,
2013; Tsutsui et al., 2013). During the reproductive season, RFRP-3 potently inhibits the
reproductive axis across most species and conditions (Kriegsfeld et al., 2006; Ubuka et al.,
2012; Tsutsui et al., 2000; but see Caraty et al., 2012). Interestingly, exogenous RFRP-3
administration during reproductive quiescence stimulates reproductive behavior and
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physiology (Ancel et al., 2012; Ubuka et al., 2012). In fitting with this stimulatory effect,
RFRP-3 peptide and mRNA expression are reduced in Syrian and Siberian hamsters exposed
to SDs or long-duration melatonin signals (Mason et al., 2010; Revel et al., 2008; Ubuka et
al., 2012).

Kisspeptin, on the other hand, stimulates gonadotropin secretion during both short and long
day lengths (de Roux et al., 2003; Funes et al., 2003; Seminara et al., 2003; Gottsch et al.,
2004; Navarro et al., 2005). The primary populations of kisspeptin neurons reside in the
anteroventral periventricular (AVPV) and arcuate (ARC) nuclei (reviewed in Lehman et al.,
2013). A long-duration melatonin signal induced by short day lengths reduces kisspeptin
MRNA and the number of kisspeptin-positive cells in the ARC in male Syrian hamsters; this
effect is eliminated by pinealectomy (Revel et al., 2006a; Simonneaux et al., 2013). In male
and female Siberian hamsters, kisspeptin-ir is reduced in the AVPV and increased in the
ARC of SD compared to LD hamsters (Greives et al., 2007; Mason et al., 2007). Kisspeptin
replacement reactivates the reproductive axis and breaks photoinhibition in male Syrian
hamsters (Revel et al., 2006a; Ansel et al., 2011).

We determined the pattern of neuropeptide expression in reproductively competent and
quiescent female Turkish hamsters; few studies have addressed this question in female
photoperiodic rodents (but see Ansel et al., 2010; Mason et al., 2007; Shahed and Young,
2009). We assessed whether reproductive quiescence following removal of melatonin in
long-day females is accompanied by changes in kisspeptin and RFRP-3 comparable to those
associated with short day lengths. The withdrawal of melatonin via pinealectomy could
result in a pattern of neuropeptide expression similar to that of intact SD hamsters,
suggesting that the neural mechanism(s) that decodes day length in Turkish hamsters lies
upstream of hypothalamic neuropeptides that control the reproductive axis. By contrast, in
the Syrian hamster (Revel et al., 2006a), pinealectomy and the absence of melatonin
counteract the effects of short days on RFRP-3 and kisspeptin neurons, sustaining the long-
day phenotype. Alternatively, RFRP-3 and kisspeptin patterns may be controlled by day
length in a pineal-independent manner and remain unchanged in pinealectomized Turkish
hamsters, with unspecified neuroendocrine mechanisms overriding the effects of kisspeptin
and RFRP-3. To evaluate these possibilities, we manipulated photoperiod and melatonin and
found that, as in other species, GnRH, RFRP-3, and kisspeptin are affected by photoperiod,
with similar change in these neuropeptides in long-day Turkish hamsters with complete
melatonin withdrawal and in SD females. The complete withdrawal of melatonin after
pinealectomy and increased duration of melatonin signaling in short days appear to act
through similar neural substrates to inhibit reproduction.

MATERIALS AND METHODS

Animals

Twenty-four female Turkish hamsters (M. brandti) from our colony, between 120 and 150
days of age at the start of the experiment, were housed individually in translucent
polypropylene cages (48 x 27 x 20 cm) on Tek-Fresh Lab Animal Bedding (Harlan Teklab,
Madison, WI) at 22 + 2 °C in an LD 16:8 light:dark (L:D) cycle (lights on at 0200 h PST).
Some hamsters were transferred to SD lengths at the start of the experiment (8:16 L:D).
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Harlan 8664 Teklad Rodent Diet and tap water were available ad libitum throughout the
study. All procedures were approved by the Animal Care and Use Committee of the
University of California at Berkeley and conformed to principles enunciated in the National
Institutes of Health (NIH) guide for the use and care of laboratory animals.

Experimental Procedures and Design

Estrous cycles were monitored by gently palpating the hamster’s vagina to detect the sticky
vaginal discharge also characteristic of cycling Syrian hamsters (Orsini, 1961). Only females
that displayed at least 3 consecutive 4-day estrous cycles immediately prior to the beginning
of the experiment were retained for study.

Hamsters were either pinealectomized (pinx; 7= 11) or sham-pinx (n = 13) and remained
housed in LD or were transferred to SD photoperiod to form LD-sham (7= 5), LD-pinx (n=
11), or SD-sham (/7= 8) groups. Twelve weeks after surgery, brains were collected as
described below.

Surgical Procedures

Pinealectomies were performed under isoflurane vapor anesthesia (Baxter Healthcare,
Deerfield, IL) by exposing the skull and drilling a small opening above the bregma. The
pineal gland was excised with fine forceps and examined under a surgical microscope to
verify completeness of the pinealectomy. The skull opening was filled with Gelfoam
(Upjohn Company Kalamazoo, M), the skin sutured, and wound clips applied (Mikron
Auto Clip 9 mm; Becton Dickinson, Franklin Lakes, NJ). Hamsters were injected
subcutaneously with the analgesic buprenorphine (5.0%, 0.2 mL/animal) postoperatively
(Hospira, Inc., Lake Forest, IL). For the first week after surgery, the diet was supplemented
with fresh fruit and mush made from the daily feed. All hamsters were inspected during
daily monitoring of estrus for the duration of the experiment.

Perfusion and Histology

Hamsters were deeply anesthetized with sodium pentobarbital solution (200 mg/kg) and
perfused transcardially with 150 mL 0.9% saline followed by 300 mL 4% paraformaldehyde
in 0.1 M PBS (pH 7.4). Brains were postfixed for 6 h in 4% paraformaldehyde followed by
cryoprotection in 30% sucrose in 0.1 M PBS for 2 days and then frozen at —80 °C until
processing.

Coronal brain sections 40 um thick were collected on a cryostat at —20 °C. Slices were
stored at —20 °C in an ethylene glycol/sucrose-based antifreeze until immunohistochemistry
was performed. Each brain was labeled for GhnRH, RFRP-3, and Kisspeptin in separate series
of brain slices. Within each series, every fourth slice was washed in phosphate buffer (PB),
followed by 0.5% hydrogen peroxide. Brain sections were then washed in PB before
incubating for 1 h in normal goat serum in PB with 0.1% Triton X-100 (PBT). For
kisspeptin-labeled brains, sections were incubated for 48 h at 4 °C in rabbit polyclonal
antikisspeptin-10 antiserum (Abcam, Cambridge, MA) at a concentration of 1:4000 for ARC
sections and 1:1000 for AVPV sections. To label RFRP-3 and GnRH, brains were incubated
in either white crown sparrow polyclonal anti-RFRP-3 antiserum (1:10,000; gift from Dr.
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George Bentley) or rabbit anti-GnRH antiserum (1:10,000; LR5, gift from Dr. Robert
Benoit) diluted in PBT for 48 h at 4 °C. After incubation with the primary antibody, sections
were washed in PBT followed by 1 h in biotinylated goat-anti-rabbit serum (1:300 Vector
Laboratories, Burlingame, CA), washed in PBT, and incubated in avidin—biotin— horseradish
peroxidase complex (ABC Elite Kit; Vector Laboratories). Brains were then washed in PBT
and labeled cells visualized with 3,3’ -diaminobenzidine. Slices were mounted onto gelatin-
coated slides, dehydrated in a graded series of ethanol, and cleared in xylenes before
coverslips were applied.

Light Microscopy

Statistics

RESULTS

Brain sections were examined under bright-field illumination on a Zeiss Axioimager M1
microscope (Carl Zeiss, Oberkochen, Germany) by observers uninformed about the
hamsters’ treatments. All cells in every fourth section were counted. Kisspeptin expression
was quantified in the AVPV and ARC, RFRP-3 in the dorsomedial nucleus of the
hypothalamus (DMH), and GnRH in the NDB and mPOA. Soma size and optical density
measurements were determined for each positively labeled neuron from the slice expressing
the highest number of labeled cells for each brain region. Each cell was photographed with a
Zeiss Axiocam Cooled CCD camera at 400x magnification. A single mean optical density
and cell size was calculated by taking the mean value of all measured neurons for each
hamster and brain region. Cell bodies were outlined and the 2-dimensional area calculated
using ImageJ, version 1.45s (NIH, Bethesda, MD). Each pixel in the grayscale image
capture has a measurable specific intensity. The mean value for all pixels in an outlined area
defined the mean intensity of staining for a given region of the image. Optical density
measures were normalized by taking a background measurement by placing a square outline,
4 times, on nonoverlapping, nonspecifically labeled areas of each section. The mean of these
4 measures provided the background optical density for each section. The optical density for
each cell body was assessed by outlining the cell body, obtaining a density measure using
ImageJ, and subtracting the background optical density from the optical density of each cell.

Our a priori hypotheses allowed for individual 1 degree-of-freedom comparisons between
each of the 3 groups, resulting in 3 comparisons per measure. These were conducted with a
between-groups ttest. All analyses were conducted in R (R 2.12.1; R Foundation for
Statistical Computing, Vienna, Austria). Results were considered significant if p < 0.05, 2-
tailed tests.

Reproductive Measures

Whereas most female Turkish hamsters exposed to short day lengths or melatonin
withdrawal become acyclic (e.g., Okulicz et al., 1988; Ogilvie et al., 1992) and uterine
weights decrease (Darrow et al., 1986), a subset continues to undergo estrous cycles
(Okulicz et al., 1988; Ogilvie et al., 1992). In the present study, 4 of these so-called
nonresponders in the SD-sham group and 2 in the LD-pinx group were eliminated from
further consideration. In the remaining hamsters, uterine weights were significantly higher in
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the LD-sham than in both the SD-sham (& = 4.3; p < 0.05) and LD-pinx groups (#2 = 4.13;
p<0.05) (Fig. 1). The SD-sham and LD-pinx groups did not differ from each other (1 =
1.57; p>0.05).

GnRH Cell Counts, Size, and Optical Density

In the mPOA, there was not a significant difference between LD-sham hamsters and SD-
sham hamsters (& = -2.16; p = 0.068). Likewise the LD-sham and LD-pinx groups (#2 =
-1.06; p> 0.05) exhibited similar numbers of cells. Finally, the SD-sham and LD-pinx
groups did not differ (1 = 1.10; p> 0.05) (Fig. 2A). In contrast, the number of GnRH cells
in the NDB did not differ between LD-sham and SD-sham hamsters (& = —1.26; p> 0.05)
(Fig. 2C), whereas LD-sham hamsters had fewer cells than did LD-pinx hamsters (£, =
-2.59; p<0.05); SD-sham and LD-pinx groups did not differ (41 = —-1.85; p> 0.05) (Fig.
2C).

In the mPOA, GnRH immunoreactive cells of LD-sham females were significantly larger
than those of SD-sham (# = 4.45; p < 0.05) and LD-pinx hamsters (4o = 2.35; p< 0.05).
Cell size did not differ between SD-sham and LD-pinx hamsters (#q = 0.69; p> 0.05) (Fig.
2B). In the NDB, there were no significant differences among groups in GnRH cell size (o>
0.05 for all comparisons) (Fig. 2D). Likewise, GnRH cells in the mPOA and NDB did not
differ among groups in optical density (o> 0.05 for all comparisons; data not shown).

RFRP-3 Cell Counts, Size, and Optical Density

The number of RFRP-3 DMH immunoreactive cells in the LD-sham group was greater than
in both SD-sham (% = 4.13; p< 0.05) and LD-pinx hamsters (#, = 2.39; p < 0.05); SD-sham
and LD-pinx groups did not differ (#, = 0.99; p> 0.05) (Fig. 3A). In common with RFRP-3
cell numbers, RFRP-3 immunoreactive cells were larger in LD-sham than in SD-sham (% =
5.07; p<0.05) and LD-pinx groups (4, = 3.79; p < 0.05) but did not differ between SD-
sham and LD-pinx hamsters (#1 = 0.59; p> 0.05) (Fig. 3B). Unlike cell numbers and size,
RFRP-3 cellular optical density in LD-sham hamsters was significantly higher than that of
the SD-sham group (% = 2.43; p <0.05) but not the LD-pinx group (4, = 1.12; p> 0.05).
RFRP-3 optical density in the SD-sham group was lower than in the LD-pinx hamsters (1 =
3.19; p< 0.05) (Fig. 3C).

Kisspeptin Cell Counts, Size, and Optical Density

The LD-sham group had more kisspeptin-positive cells in the AVPV than did the LD-pinx
hamsters (£ = 2.65, p< 0.05) but not the SD-sham animals (& = 0.71; p> 0.05). SD-sham
and LD-pinx groups did not differ on this measure (£1 = 0.04; p> 0.05) (Fig. 4A). Groups
did not differ from each other with respect to the number of kisspeptin-ir cell numbers in the
ARC (p> 0.05 for all comparisons) (Fig. 5A).

AVPV kisspeptin neurons of LD-sham hamsters were also larger than those of SD-sham
hamsters (% = 2.66; p< 0.05) (Fig. 4B). In contrast to findings for AVPV Kkisspeptin cells,
there were no significant differences among groups in cell size in ARC kisspeptin cells (o>
0.05 for all comparisons) (Fig. 5B). Likewise, there were no significant differences among
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the groups in cellular optical density in either AVPV or ARC Kisspeptin-ir cells (p > 0.05 for
all comparisons) (Fig. 4C and Fig. 5C).

DISCUSSION

Turkish hamsters are unique in that gonadal function is maintained only by a narrow range
of day lengths (15-17 h), signaled by nocturnal melatonin secretion of 3 to 4 h duration
(Darrow et al., 1986); withdrawal of melatonin via pinealectomy or by long durations of
nocturnal melatonin in SDs induces gonadal quiescence (Carter et al., 1982). Whether these
two contrasting melatonin profiles act through the same effector systems to inhibit
reproduction was unknown. We found that reproductive quiescence, whether induced by
short day lengths or pinealectomy, induced parallel changes in some measures of GnRH,
RFRP-3 and kisspeptin expression. These peptide changes may be causally related to the
reproductive responses, but we cannot discount the possibility that they are a consequence
rather than a cause of reproductive arrest; nor can we discount the possibility that there may
be direct effects of day length independent of melatonin. In Turkish hamsters, 3 quite
different melatonin profiles (either very short or very long pulses each night, or the complete
absence of melatonin) produce the same effects on the reproductive axis. We tentatively
conclude that long-duration melatonin signaling as day lengths decrease in the late summer
and early autumn in the field, and withdrawal of melatonin by pinealectomy, act through the
same neural substrates to induce gonadal quiescence. As noted (Jarjisian and Zucker, 2011),
the biological meaning of the absence of melatonin after pinealectomy remains obscure and
unlikely to be encountered in nature, except during hibernation (Darrow et al., 1986).

Across species, GnRH, kisspeptin, and RFRP-3 exhibit predictable changes in response to
photoperiod or melatonin-induced gonadal quiescence, implicating these neuropeptides as
key mediators of seasonal reproduction (Simmonneaux et al., 2013). In the present study,
GnRH expression in the NDB exhibits a pattern of expression consistent with that noted for
other photoperiodic rodents (Syrian hamsters, white-footed mice, prairie voles; Ronchi et al.,
1992b; Shiotani et al., 1985; Glass, 1986; Heideman et al., 2010; Kriegsfeld and Nelson,
1999). Specifically, in the NDB, pinealectomy induced an increase in the number of GnRH-
ir cells but did not affect cell area. In Syrian hamsters and prairie voles, GhnRH mRNA
production is unchanged by photoperiod (Kriegsfeld et al., 2000; Ronchi et al., 1992b),
whereas GnRH-ir cell numbers are increased (Kriegsfeld and Nelson, 1999; Rochi et al.,
1992a), suggesting that reproductive regression results from inhibited GnRH release, rather
than reduced synthesis. Likewise, pituitary responsiveness to GnRH is unchanged in SD
relative to LD animals across rodent species (Pickard and Silverman, 1979; Ansel et al.,
2011; Kriegsfeld et al., 1999), further implicating reduced GnRH signaling in the transition
to reproductive quiescence and its maintenance. In the mPOA, in contrast, the total number
of immunoreactive cells was not affected by melatonin manipulation, but cell size was
decreased in reproductively quiescent hamsters. Whether this pattern of labeling represents a
decrease in GNRH production or accelerated release remains to be determined. The
differential effect of photoperiod and pinx on NDB and mPOA populations of GhRH
neurons suggests that these 2 cell populations might serve distinct roles in basal GnRH
secretion and luteinizing hormone surge induction, as in Syrian hamsters (Berriman et al.,
1992).
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In reproductively active hamsters, RFRP-3 inhibits reproductive behavior (Piekarski et al.,
2013) and GnRH release (Kriegsfeld et al., 2006; Ubuka et al., 2012). However, RFRP-3
peptide and mRNA were reduced in SDs in Syrian and Siberian hamsters (Mason et al.,
2010; Revel et al., 2008; Ubuka et al., 2012), and central administration of RFRP-3 is
stimulatory to the reproductive axis of SD hamsters (Ubuka et al., 2012; Ancel et al., 2012;
Tsutsui et al., 2013). In the present study, SDs or pinealectomy led to decreased RFRP-3-ir
cell numbers and size, suggesting a reduction in RFRP-3 release, consistent with previous
findings in other hamster species.

The present findings reveal a unique pattern of kisspeptin expression compared to those seen
in Syrian and Siberian hamsters. In male and female Syrian hamsters, SDs decrease the
number of cells expressing KiSS-I mRNA in the ARC and AVPV; this decrease is prevented
by pinealectomy (Revel et al., 2006a; Ansel et al., 2010), suggesting that melatonin mediates
the SD-induced downregulation of KiSS-1 expression. Additionally, injection of estradiol to
photoregressed female Syrian hamsters leads to an increase in the humber of kisspeptin cells
in the AVPV but a reduction in the ARC (Ansel et al., 2010). In contrast to Syrian hamsters,
kisspeptin is reduced in the AVPV and increased in the ARC of SD male and female
Siberian hamsters, compared to LD animals (Greives et al., 2007; Mason et al., 2007,
respectively); this effect is abolished in hamsters unresponsive to short day lengths (Greives
et al., 2007). Kisspeptin replacement restores the LD phenotype in photoregressed male
Syrian hamsters (Revel et al., 2006a; Ansel et al., 2011) but not male Siberian hamsters
(Greives et al., 2008), with the latter finding presumably due to kisspeptin receptor
downregulation following continuous peptide infusion. In the present investigation, SDs
decreased AVPV Kkisspeptin cell area but not cell number in Turkish hamsters. However,
pinealectomy significantly reduced AVPV kisspeptin cell number and size. Additionally, in
contrast to other hamster species, ARC kisspeptin cells are not affected by melatonin
signaling in Turkish hamsters. Future studies investigating the means by which these 2
populations of kisspeptin cells respond to melatonin and resulting changes in gonadal
steroids will help to elucidate the species differences herein identified.

In the current study, GnRH, RFRP-3 and kisspeptin profiles matched reproductive
phenotype more closely than did the melatonin profile. Because hamsters with either long-
duration melatonin profiles or complete absence of melatonin display comparable neural
changes, decoding of the melatonin signal likely occurs upstream of these neuropeptidergic
systems. The specific loci contributing to seasonal changes in reproduction vary across
species. Siberian hamsters exhibit strong melatonin binding in the suprachiasmatic nucleus,
paraventricular nucleus, and nucleus reuniens of the thalamus; each of these sites can act
independently to regulate gonadal responses to photoperiod (Badura and Goldman, 1992;
Freeman and Zucker, 2001; Kriegsfeld and Bittman, 2010). In Syrian hamsters, the DMH is
essential for the transition to reproductive quiescence following SD or long-duration
melatonin (Maywood et al., 1996; Lewis et al., 2002). In Syrian and Siberian hamsters,
melatonin also acts on the pars tuberalis to alter thyroid-stimulating hormone (TSH)
secretion, which, in turn, acts on tanycytes in the hypothalamic ependymal layer to alter
deiodinase activity and, consequently, the conversion of local thyroxine (T4) to
triiodothyronine (T3) (Barrett et al., 2007; Hanon et al., 2008; Revel et al., 2006b; Stevenson
and Prendergast, 2013). Additionally, chronic central administration of TSH to SD Syrian
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and Siberian hamsters for several weeks restores the LD pattern of RFRP-3 and kisspeptin
expression (Klosen et al., 2013). Whether or not long-duration melatonin signaling or its
withdrawal acts to induce similar patterns of pars tuberalis TSH expression represents an
intriguing possibility for future exploration. Most rodents are long-day breeders and respond
to long-duration melatonin signals with reproductive arrest, whereas the reproductive axis of
SD breeders, such as sheep, is stimulated by long-duration melatonin (Wagner et al., 2008;
Malpaux et al., 1997). These differences in melatonin decoding strategies serve to phase
breeding to the appropriate time of year. The means by which different species interpret the
same melatonin signal differentially remain to be deciphered. That Turkish hamsters respond
to both signaling events with alterations in kisspeptin, RFRP-3, and GnRH signaling, and
that these neuropeptides exhibit marked seasonal changes in both LD and SD breeders,
suggests an important role for their collective contribution to reproductive axis regulation
downstream of melatonin signaling.

In summary, 3 reproductively relevant neuropeptides are affected similarly by SD treatment
and pinealectomy. This suggests that these effectors of photoperiod-induced reproductive
quiescence are not controlled by melatonin directly; rather, mechanisms upstream of these
substrates decode melatonin-signal durations and relay information to hypothalamic
neuropeptidergic systems that control seasonal rhythms of reproduction.
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Figure 1.
Mean + SEM of uterine weights. LD-sham hamsters had significantly higher uterine weights

than either SD-sham or LD-pinx hamsters, verifying that both short photoperiod and
pinealectomy induced the short-day phenotype. Letters different from each other denote
significant differences (p < 0.05).
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Figure 2.

Mean £ SEM GnRH-ir cell numbers in the (A) mPOA and (C) NDB and GnRH-ir cell areas
in the (B) mPOA and (D) NDB. Representative photomicrographs of GnRH-ir cells are
above each bar. LD-sham hamsters displayed a trend toward fewer GnRH cells in the mPOA
compared to SD-sham but not LD-pinx hamsters. LD-sham hamsters exhibited a larger cell
area in the mPOA than either SD-sham or LD-pinx hamsters. LD-sham hamsters displayed a
lower number of immunoreactive cells in the NDB than did LD-pinx hamsters, but SD-sham
hamsters did not differ from either group. Letters different from each other denote
significant differences (p < 0.05).
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Figure 3.
Mean £ SEM (A) number of RFRP-3-ir cells (B) area of RFRP-3-ir cells and (C) optical

density of RFRP-3-ir cells in the DMH. Representative photomicrographs of RFRP-3-ir cells
are at the top of the figure. LD-sham hamsters had significantly more RFRP-3-ir cells and a
larger cell area than both the SD-sham and LD-pinx hamsters. LD-sham hamsters also had a
significantly higher optical density than SD-sham but not LD-pinx hamsters. Letters
different from each other denote significant differences (p < 0.05).
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Figure 4.

Mgan + SEM (A) kisspeptin-ir cells in the AVPV and (B) area of kisspeptin-ir cells in the
AVPV. Representative photomicrographs of kisspeptin-ir cells at the top of the figure. LD-
sham hamsters had more kisspeptin cells than did LD-pinx hamsters, but not SD-sham
hamsters. However, LD-sham hamsters had significantly larger kisspeptin cells than both
SD-sham and LD-pinx hamsters. Letters different from each other denote significant
differences (p < 0.05).
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Figureb.

Mean + SEM (A) kisspeptin-ir cells in the ARC, (B) area of Kisspeptin-ir cells, and (C)
optical density in the ARC. Representative photomicrographs of kisspeptin-ir cells are at the
top of the figure. No differences were observed among groups for any measure.
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