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Abstract

Neurokinin B (NKB) is essential for human reproduction and has been shown to stimulate LH
secretion in several species, including sheep. Ewes express the neurokinin-3 receptor (NK3R) in
the retrochiasmatic area (RCh) and there is one report that placement of senktide, an NK3R
agonist, therein stimulates LH secretion that resembles an LH surge in ewes. In this study, we first
confirmed that local administration of senktide to the RCh produced a surge-like increase in LH
secretion, and then tested the effects of this agonist in two other areas implicated in the control of
LH secretion and where NK3R is found in high abundance: the preoptic area (POA) and arcuate
nucleus (ARC). Bilateral microimplants containing senktide induced a dramatic surge-like
increase in LH when given in the POA similar to that seen with RCh treatment. In contrast,
senktide treatment in the ARC resulted in a much smaller, but significant, increase in LH
concentrations suggestive of an effect on tonic secretion. The possible role of POA and RCh
NKS3R activation in the LH surge was next tested by treating ewes with SB222200, an NK3R
antagonist, in each area during an Ex-induced LH surge. SB222200 in the RCh, but not in the
POA, reduced LH surge amplitude by about 40% compared to controls, indicating that NK3R
activation in the former region is essential for full expression of the preovulatory LH surge. Based
on these data, we propose that NKB actions in the RCh are an important component of the
preovulatory LH surge in ewes.
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INTRODUCTION

Although more than twenty years have passed since the initial study linking neurokinin B
(NKB) to luteinising hormone (LH) secretion in women (1) and more recent evidence
clearly demonstrated that NKB is critical for reproduction in humans (2), the details of how
and where NKB acts to influence LH release remain largely unknown. Most work on NKB
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has focused on its possible roles in controlling tonic, episodic LH secretion. Low levels of
tonic secretion of GnRH/LH are maintained during the luteal phase and early follicular
phase by the negative feedback actions of oestradiol (E,) and progesterone (3, 4). However,
these feedback actions of ovarian steroids on GnRH likely occur via interneurones since
GnRH neurones do not express progesterone receptors (PR) (5, 6) or ERa (7), the ER
isoform responsible for regulating GnRH secretion (8). NKB-containing neurones in the
arcuate nucleus (ARC) are candidates for these steroid-responsive interneurones because
they highly express ERa (9) and PR (10, 11).

Interest in NKB as a regulator of GnRH release began with the discovery that a subset of
neurones coexpressing NKB and ERa in the infundibular nucleus undergo hypertrophy in
postmenopausal women, suggesting that NKB is under E,-negative feedback control (1).
These investigators further postulated that this hypertrophy was indicative of increased
activity and thus NKB may contribute to the menopause-associated increase in LH release.
Subsequent studies confirmed that E; inhibits NKB as removal of steroid negative feedback
via ovariectomy (OVX) increased NKB gene expression in the ARC of female monkeys (12,
13), sheep (14), rats (15), and mice (16, 17), while E, treatment of OV X animals suppressed
NKB gene expression in these same species (12, 15, 17-20). Furthermore, stimulation of LH
secretion by NKB or senktide, a neurokinin-3 receptor (NK3R) agonist, has been described
in non-rodent species including adult sheep (21, 22), prepubertal ewes (14) and prepubertal
male monkeys (23). In rodents, the effects of NKB or senktide on GnRH/LH secretion
appear to be dependent on steroid milieu (24). Thus in most reports, NK3R agonists
stimulate LH secretion in gonadally-intact mice (25, 26) and rats (24, 27), but that they
inhibit LH secretion in OVX mice (17) and rats (24, 27). In contrast, inconsistent effects of
NKS3R agonists have been observed in oestrogen-treated OV X rodents, with either inhibition
or stimulation of LH release in rats (24, 27, 28) and no effect in mice (17).

While NKB is clearly an important regulator of LH secretion, it is unclear where NKB
specifically acts to control GnRH release. The discovery that most ARC NKB neurones in
ewes coexpress Kisspeptin and dynorphin (thus named KNDy neurones) suggests that NKB
closely interacts with kisspeptin (29), which is a potent stimulator of GnRH/LH secretion
(30). More recently, NK3R was found to colocalize with a majority of NKB neurones in rats
(31), mice (17), and sheep (32), while few or no GnRH cell bodies were found to express
NKS3R in rats (33) and sheep (32), respectively. In contrast, the vast majority of GnRH
neurones express the kisspeptin receptor, Kisslr, in both rodents (34, 35) and sheep (36),
indicating that Kisspeptin, but not NKB, directly affects GnRH neurones. These data, as well
as others, have led to the hypothesis that NKB, acting via kisspeptin, is responsible for
driving episodic GnRH secretion via a reciprocal KNDy neurone network while dynorphin
acts as a brake to this system (17, 37, 38).

Although most NKB studies to date have focused on control of tonic GnRH secretion, this
peptide may also be involved in the GnRH/LH surge. The initial report of NKB expression
in sheep noted that females have twice as many NKB-positive ARC neurones than males
and thus suggested a role in the preovulatory LH surge (9), but expression of mRNA for this
peptide did not increase before or during the LH surge (9). Both injection of senktide in the
third ventricle and placement of senktide-containing microimplants in the retrochiasmatic

J Neuroendocrinol. Author manuscript; available in PMC 2015 November 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Porter et al.

Page 3

area (RCh) of the hypothalamus significantly stimulate LH secretion in ewes, with the high
LH levels and pattern of secretion more closely resembling an LH surge than tonic LH
secretion (21). However, it is unclear whether NK3R agonists have similar effects in other
areas of the hypothalamus or if endogenous NKB plays a role in the LH surge. This work
tested these important questions in three experiments. We first confirmed that local
administration of senktide into the RCh induces a prolonged increase in LH secretion. We
next tested effects of this agonist in two areas implicated in the control of GnRH that also
contain neurones expressing NK3R: the preoptic area (POA) and ARC (32). Finally, based
on the results of these experiments, we determined whether activation of NK3R in the RCh
or POA is necessary for a normal LH surge.

MATERIALS AND METHODS

Animals

Surgeries

All experiments used adult ewes of predominantly Suffolk breeding that were housed
indoors under a controlled photoperiod simulating natural outdoor day length. Ewes were
fed a pelleted alfalfa diet and provided free access to water and supplemental minerals. The
anoestrous experiment (Exp. 1) was performed in June in the middle of the anoestrous
season (March through August), and breeding season experiments (Exps. 2 and 3) were done
from October to mid-February. Blood samples (4 mL) were taken by jugular venipuncture,
collected in heparinized tubes, and plasma stored at -20 C until assayed. All procedures were
approved by the West Virginia University Animal Care and Use Committee and conducted
in accordance with NIH guidelines on the care and use of animals in research.

All surgeries were performed under sterile conditions using isofluorane anaesthesia.
Bilateral chronic 18-gauge guide cannulae were stereotaxically inserted into either the RCh,
POA, or ARC as previously described (39). Ovariectomies were performed via midventral
laparotomy (40). Ewes were treated with dexamethasone and penicillin pre- and post-
operatively, and daily with analgesic (Banamine, Phoenix Pharmaceutical, St. Joseph, MO;
125 mg/sheep) starting at the time of anaesthesia to 5 days after surgery.

Experimental Approach

To determine whether the NK3R agonist senktide or the NK3R antagonist SB222200 (both
obtained from Tocris Bioscience, Ellisville, MO) altered LH secretion, we administered the
drugs by microimplantation into the RCh, POA or ARC as we have done with numerous
receptor agonists and antagonists (21, 41). Microimplants were constructed from 22-gauge
stainless steel tubing and cut to extend to the tip of the guide cannulae for ARC experiments
or 1.5 mm beyond the tip for the RCh and POA. Our previous work showed that extending
empty microimplants beyond the end of the guide tube within the ARC influenced LH
release (41). Microimplants were filled by tamping at least 40 times in crystalline senktide
or SB222200. As a control, empty microimplants were used.
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Experiment 1: Effect of NKB or senktide in the RCh of anoestrous ewes

Because of the variability in response to senktide in rodents (24-28), we tested the
repeatability of senktide actions in the RCh before embarking on extensive work exploring
other possible sites of action of senktide in the ewe. This experiment was performed in
anoestrous ewes to allow for data analysis to be completed before the start of Exp. 2 in the
next breeding season; treatments of senktide in the RCh produced similar effects during both
the breeding season and anestrus (21). Starting approximately two weeks after implantation
of chronic guide tubes, blood samples were collected every 12 min for 24 min before and 4
h after insertion of senktide-filled or empty microimplants. Samples were then taken every
30 min for an additional 4 h, after which microimplants were removed and obturators
replaced to occlude the guide cannulae. One week later, this protocol was repeated with
ewes that had received senktide previously now receiving empty microimplants and vice
versa. Animals were then Killed and location of microimplants determined histologically
(see below).

Experiment 2: Effect of senktide microimplants in the POA and ARC on LH release in
follicular phase ewes

Based on the results of Exp. 1, we next proceeded to test the actions of senktide in the POA
and ARC in the follicular phase of the cycle (18) during the subsequent breeding season.
Bilateral guide tubes were implanted aimed at the ARC (n=6) or POA (n=6), and ovarian
cycles synchronised as previously described (21). Briefly, two intramuscular (im) injections
of prostaglandin F,., (5 mg/mL, Luteolyse, Pharmacia & Upjohn Co., NY, NY) were given
3 h apart, and this regimen was repeated seven days later. At this time two progesterone-
containing controlled internal drug-releasing devices (CIDRs; Eazi-Breed, Pharmacia &
Upjohn, New York, NY) were inserted intravaginally to produce luteal phase levels of
progesterone. Seven days later PGF,., was again injected and CIDRs were removed. Starting
18 h after CIDR removal in the early follicular phase, blood samples were collected every
12 min from 24 min before to 4 h after insertion of senktide-filled or empty microimplants
and less frequent sampling continued for another 4 hrs as in Exp. 1. Microimplants were
then replaced with obturators and two CIDRs inserted intravaginally. Seven days later,
CIDRs were removed, PGF2a was injected, and the treatment protocol repeated using a
cross-over design so that all ewes received both treatments in a random order. Tissue was
then collected to determine microimplantation sites (see below).

Experiment 3: Effect of SB222200 in the RCh or POA on the Ex-induced LH surge

Based on the results of Exps 1 and 2, we next tested whether the actions of endogenous
NKB in either the RCh or POA played a role in the oestrogen-induced LH surge. To do so,
we used a protocol to produce an artificial follicular phase in OV X ewes in which
exogenous E; treatment simulates the normal preovulatory rise in circulating E, (42, 43).
Ewes were OV X and chronic guide cannulae were implanted aimed at the RCh (in
September) or POA (in January). At the time of OV X, one short (1 cm) E,-containing
Silastic implant was inserted subcutaneously (s.c.) and two CIDRs were inserted
intravaginally. CIDRs were removed 10-14 days later. Twenty-four hours post-CIDR
removal, four long (3 cm) E,-containing Silastic implants were inserted s.c., to establish an
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artificial follicular phase and produce an LH surge (43). This protocol has been used
extensively by several different laboratory (42-45) and results in very consistent E,
concentrations in replicates and regardless of time of year (42, 45, 46). Either empty or
SB222200-containing microimplants were inserted into the RCh or POA just before
insertion of the long E, implants. Starting 8 h later, jugular blood samples were taken every
2 h for 24 h then continued every 4 h for an additional 12 h. New SB222200-containing
microimplants were inserted 24 h after original microimplants were inserted to maintain
SB222200 delivery. At the conclusion of the sampling period, microimplants and the longer
E, implants were removed. SB222200 powder was still visible in the lumen of the
microimplants at removal. CIDRs were reinserted 3 days later to reestablish an artificial
luteal phase. Eight days after CIDR insertion, CIDRs were removed and the experiment was
repeated with a crossover design so that each ewe received both control and SB222200
treatment. Thus the two replicates occurred two weeks apart, in November for RCh
treatments and late January-early February for POA treatments.

Tissue collection

Assays

One or two days after conclusion of the final blood sampling period in all experiments, ewes
were euthanised via an overdose of sodium pentobarbital (8-12 ml of Euthasol; 390 mg
pentobarbital sodium/mL; Webster Veterinary, Devens MA). Two iv injections of heparin
(25,000 U) were given 10 minutes prior to, and immediately before, pentobarbital. The head
was quickly removed and perfused via the carotid arteries with 6 liters of 4%
paraformaldehyde in 0.1 M phosphate buffer containing 0.1% NaNOs. After perfusion, a
block of tissue containing the POA and hypothalamus was dissected from the brain and
stored in paraformaldehyde overnight at 4 C. The tissue was then infiltrated with 30%
sucrose, and coronal sections (50 um thick) were cut on a freezing microtome. A series of
every fifth section was mounted on slides and stained with cresyl violet to evaluate cannulae
placement.

Using an RIA which has previously been validated in sheep (47), LH was measured in
duplicate using 25-200 pl of plasma and expressed in terms of NIH-LH-S12. The minimal
detectable concentration of LH in these assays averaged 0.10 ng/tube; intra- and interassay
coefficients of variation were 15.0% and 18.2%, respectively. To confirm stage of the
oestrous cycle in Exp. 2, circulating progesterone was measured in duplicate aliquots of 150
ul plasma with a commercially available solid-phase RIA kit (Coat-A-Count Kit,
Diagnostics Products Corporation, Los Angeles, CA), which has been validated in sheep
(39). All follicular-phase ewes had plasma progesterone concentrations less than 0.3 ng/ml;
intra- and interassay coefficients of variation were 2.3% and 1.2%, respectively.

Statistical analysis

To distinguish between “surge-like” secretion and an increase in tonic (pulsatile) LH
secretion we used two criteria: 1) once an LH increase began it had to be continuous until
peak concentrations were reached, with no fall in LH concentrations between samples
consistent with the metabolic half-life of LH and 2) peak concentrations had to be greater
than ten-times basal LH concentrations. Differences in LH concentrations were analyzed by
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the Holm-Sidak one-way repeated measures ANOVA with post hoc analyses of pair-wise
comparisons completed using paired t-tests. Data are reported as mean + SEM. Differences
were considered significant when P < 0.05.

Experiment 1: Effect of senktide treatment in the RCh on LH secretion in anoestrous ewes

Five of the seven ewes had correctly-placed microimplant sites in the RCh (Fig. 1A). They
were within 0.5-1.5 mm of the base of the brain and at the posterior end of the optic chiasm
(Fig. 1A, left panel). Placement in two ewes was posterior to the RCh (Fig. 1A, right panel).
The five ewes with appropriate placements responded to senktide microimplants with a
significant and sustained increase in LH secretion (Fig. 1BC), a response similar to that
which we previously reported (21). LH concentrations in response to senktide were first
significantly higher than in control treatments at about 1.5 hrs after the start of treatment and
remained significantly elevated for a total of 4.5 h. The average of peak LH concentrations
in individual ewes was 16.9 + 3.4 ng/mL and occurred on average 3 h after microimplant
insertion. The observed elevation in LH secretion was continuous in all ewes, with peak
concentrations ranging from 12.5 to 54 fold greater than basal levels. The two ewes with
misplaced cannulae had a much lower LH peak (~3.5 ng/mL), which was not significantly
different than peak control values. Occasional LH pulses were observed during treatment
with empty microimplants (Fig. 1B) as expected for ovary-intact anoestrous ewes.

Experiment 2: Effect of senktide microimplants in the POA or ARC on LH secretion in
follicular phase ewes

Five of six ewes had correct microimplant placements in the POA (Fig. 2A); placement in
the other ewe was posterior to the POA (data not shown). Insertion of empty microimplants
had no obvious effects on LH secretion. All five ewes with correct cannulae placement
responded to senktide microimplants with a sustained increase in LH secretion (data from
two ewes shown in Fig. 2B). The average peak LH concentration (22.4 £ 9.1 ng/mL) was
similar to that seen with RCh treatments. The rise in LH was first significant 2 h after
microimplant insertion and remained significantly elevated throughout the sampling period
(Fig. 2C). The observed elevation in LH secretion was continuous (Fig. 2B) and peak LH
concentrations were greater than ten-fold baseline levels in all five ewes (range: 10.3 to 31).
The ewe with cannulae placement posterior to the POA had a lower maximum LH level of
~2.8 ng/mL, similar to that seen with control treatment.

Four of six ewes had correctly placed microimplant sites in the ARC (Fig. 3A, grey
symbols); in each of the other 2 ewes, one guide cannula was placed within the third
ventricle (Fig. 3A, black symbols). All four ewes with correct cannulae placement
responded to senktide microimplants with an increase in LH secretion as compared to empty
implants (Fig. 3 B-C). However, the average peak LH secretion (5.8 + 2.5 ng/mL) was much
lower than that observed in the POA group and in no case was it 10 fold above basal
concentrations (range: 3.7-6.1). In one ewe, the increase was continuous, but in the other
three clear episodic secretion, indicative of tonic LH secretion, was evident. Each of the two
ewes with one of the guide cannulae in the third ventricle had much higher peak LH values,
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averaging 52.2 ng/mL (20 and 80 fold greater than baseline), as expected based on previous
work (21).

Experiment 3: Effect of SB222200 in the RCh or POA on the Es-induced LH surge

Four of the five ewes in the RCh group had correct placement of guide cannulae (data not
shown), while the end of the guide tubes rested within the optic chiasm of the fifth ewe. LH
surges are shown for two representative ewes with guide cannulae targeting the RCh in Fig.
4A. LH surges occurred in all five ewes, regardless of treatment, with peak LH release after
insertion of the four E, implants occurring at 24.5 + 2.6 h in controls and 27.7 £ 2.8 hin
SB222200-treated ewes (P > 0.05). All four ewes with correct placement of cannulae
exhibited blunted LH surge amplitudes when treated with SB222200 in the RCh so that
mean amplitude was significantly less compared to that during treatment with empty
microimplants (108.4 £ 17.5 vs. 185.1 + 10.2 ng/mL, respectively; Fig. 4B). In the ewe with
missed cannulae placement, LH surge peak amplitude was higher during SB222200
treatment than during control treatment (232.2 ng/mL vs. 132.2 ng/mL, respectively).

All six ewes in the POA group had accurate guide cannulae placement and all exhibited
E,.induced LH surges regardless of treatment, with peak LH values post-E, treatment
occurring at 23.6 = 1.0 h in controls and at 25.0 + 0.9 h in SB222200-treated ewes, which
did not differ significantly. Average peak LH concentrations were not different between
treatments (Fig. 4C).

DISCUSSION

Several lines of evidence, including the presence of NK3R and kisspeptin in KNDy
neurones has led to the hypothesis that NKB elicits LH release by autocrine or paracrine
actions on ARC KNDy neurones to cause kisspeptin release which in turn stimulates GnRH
release (17, 22, 37, 48). However, NK3R expression is also relatively high in other areas of
the hypothalamus (e.g., the POA and RCh). This raises the possibility that NKB may also
act in these areas to influence GnRH/LH release. We found that senktide stimulated surge-
like LH secretion when administered within the ovine RCh or POA but produced a more
modest increase in the ARC. These results point to both the POA and RCh as possible sites
for NKB action during the GnRH/LH surge, but only blockade of NK3R in the RCh reduced
LH surge amplitude. This confirms and extends previous data from our laboratory that
demonstrated stimulatory effects of senktide in the RCh (21), and demonstrates for the first
time in any species that endogenous NKB signalling contributes to the oestrogen-induced
LH surge.

The increase in LH release following administration of senktide in the RCh and POA
resembled surge-like LH secretion, suggesting that NKB may be involved in the GhRH/LH
surge, a hypothesis that until now has not been directly tested. Thus, although a number of
studies have demonstrated stimulatory effects of NK3R agonists on LH secretion, this is the
first to show, using a receptor antagonist, that NK3R activation is essential for the full LH
surge. This effect seemed specific to the RCh as SB222200 placed in the POA, or in the one
RCh ewe with misplaced guide cannulae, did not alter the Ep-induced LH surge. In contrast,
senktide treatment in both areas stimulated surge-like LH secretion. There are, however,
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several caveats that should be kept in mind in interpreting these data. First, amplitudes of
LH surges during treatment with empty implants were noticeably higher in ewes of the RCh
group compared to those in the POA group. This difference is likely due to the fact that the
RCh work was carried out in the middle of the breeding season whereas the POA
experiment was performed near the end of the breeding season. Previous work has shown
that the amplitude of the LH surge using this surge-inducing paradigm is greater in
November than in February (42). This seasonal difference also raises the possibility that the
apparent effects of SB222200 in the RCh could reflect the order of treatment, since by
chance three of these four ewes received SB222200 in the second replicate. However, both
replicates were done in November and there is no evidence for changes in the amplitude of
the estrogen-induced LH surge within the same month (43). Moreover, the percent decrease
in LH surge amplitude for the ewe that received SB222200 first (32.5%) was within the
range of those that received it second (27.4-63.3%). It is thus very unlikely that the order of
treatment can explain the significant decrease in LH surge amplitude produced by the NK3R
antagonist in the RCh.

While the lack of effect of SB222200 would appear to rule out a role for POA NK3R in the
endogenous GnRH surge, it is important to note that neurones expressing NK3R in the POA
are more widely scattered than NK3R-positive neurones in the RCh (32). This difference
provides a possible alternative explanation for these data. Senktide, which is highly soluble
in water, may have diffused far enough to reach sufficient receptors in both areas to
stimulate surge-like LH release, while SB222200, which is relatively insoluble in water,
may not have reached enough NK3R-positive cells in the POA to affect the LH surge, but
did so when placed in the RCh. We also cannot rule out the possibility that the incomplete
blockage of the LH surge is a result of the SB222200 treatment not fully blocking all NK3R
in the RCh. Moreover, NK3R in multiple areas (other than just RCh) may need to be
blocked in order to completely prevent the LH surge because several hypothalamic areas
appear to participate in the LH surge in ewes. For example, in addition to the RCh, the POA
and MBH are involved because Fos expression in kisspeptin (49) and GnRH (50) neurones
in both the POA and MBH is increased at the time of surge.

The identity of neurones in the RCh that express NK3R is unknown, but they do not appear
to be the A15 population of dopamine neurones (21) that are prominently involved in
seasonal breeding (51, 52). Likewise, the pathway through which activation of RCh NK3R
acts to stimulate LH secretion is yet to be identified, but may well involve kisspeptin
neurones. The importance of Kisspeptin to the LH surge in ewes has previously been
demonstrated with intracerebroventricular administration of a Kiss1r antagonist suppressing
the LH surge amplitude by ~50% in ewes (36). Our data showing a similar degree of
suppression of the LH surge raise the possibility that the NK3R antagonist is blocking the
same neural pathway as the Kiss1r antagonist in that study. Neither SB222200 treatment nor
the Kisslr antagonist (36) altered the timing of the surge, which may indicate that NKB and
kisspeptin act only to ensure the full expression of the LH surge, but do not act to initiate the
surge.

In contrast to the effects of senktide treatments in the RCh and POA, the significant but
small LH response to ARC senktide treatment indicates that ARC NK3R are likely not
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involved in LH surge regulation. The relatively modest increase in mean LH concentrations
(compared to senktide effects in the RCh and POA) and the presence of pulsatile LH
patterns in most ewes point to a primary role for ARC NKB signalling in governing tonic
LH secretion. This is consistent with several previous studies implicating NK3R in ARC
neurones in the control of episodic GnRH secretion (22, 37, 38, 41). Thus there appear to be
site-specific roles for NK3R in the regulation of tonic and surge secretion of LH.

While these data indicate that NKB contributes to the LH surge in sheep, their applicability
to other species is unclear. There is currently no evidence that NKB plays a role in the LH
surge in rodents, and this would be consistent with known differences in the mechanisms
responsible for the LH surge in sheep and rodents. Oestrogen acts in the mediobasal
hypothalamus (MBH) of sheep to induce the LH surge (53), but in the rostral periventricular
area of the third ventricle (RP3V) in rodents (54-56). There are no reports of NKB-
containing neurones in the RP3V and the population of kisspeptin neurones in this area is
thought to mediate the positive feedback actions of oestrogen (57-59). Since the oestrogen-
induced LH surge in sheep in independent of time of day (3), perhaps an NK3R-dependent
signal from the RCh in sheep has replaced the afternoon signal from the SCN in rodents (60)
as the trigger for kisspeptin release that drives the GnRH surge. In this regard, primates are
similar to sheep in that the preovulatory LH surge is not tightly coupled to time of day and
oestrogen positive feedback occurs in the MBH (61). These similarities raise the possibility
that NK3R signalling may be important to the LH surge in primates, as it is in sheep. This
possibility is consistent with the genetic data indicating that NKB/NK3R interaction is
essential for reproduction in humans (2). In contrast, NK3R knockout mice remain fertile
(62), albeit with some deficits in reproductive function (63).

In summary, we show herein that administration of the NK3R agonist senktide in either the
POA or RCh stimulates surge-like LH secretion and that blockade of NK3R in the RCh
attenuates the amplitude of the LH surge. In contrast, stimulation of NK3R in the ARC
produced a much smaller increment in LH concentrations, which is more consistent with a
role in regulation of tonic LH secretion. While it is clear that E; acts in the MBH to induce a
GnRH/LH surge in sheep, the neural mechanisms that transmit this signal to GhnRH
neurones are not well understood. Based on these data we hypothesize that activation of
NK3R by NKB is an important part of this pathway.
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Figure 1.
Effect of microimplants of senktide in the RCh on LH secretion in anoestrous ewes. Top

panel (A) depicts microimplant placement within the RCh, with bilateral placements in the
same animal connected by a dashed line. The middle (B) and bottom (C) panels depict LH
patterns in two representative ewes and the mean (+ SEM) LH concentrations for the group
(n=5), respectively, during treatment with senktide-containing (red triangles) or empty (open
circles) microimplants. Red bars indicate the time period of microimplant treatment.
Asterisks in panel C indicate the first point at which LH concentrations in senktide-treated
ewes was significantly greater than in controls.
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Figure 2.
Effect of microimplants of senktide in the POA on LH secretion in follicular phase ewes.

Top panel (A) depicts microimplant placement within the POA. The middle (B) and bottom
(C) panels depict LH patterns in two representative ewes and the mean (+ SEM) LH
concentrations for the group, respectively, during treatment with senktide-containing (red
triangles) or empty (open circles) microimplants. Red bars indicate the time period of
microimplant treatment. Asterisks in panel C indicate the first point at which LH
concentrations in senktide-treated ewes was significantly greater than in controls.
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Figure 3.
Effect of microimplants of senktide in the ARC on LH secretion in follicular phase ewes.

Top panel (A) depicts microimplant placement within the ARC. The middle (B) and bottom
(C) panels depict LH patterns in two representative ewes and the mean (+ SEM) LH
concentrations for the group, respectively, during treatment with senktide-containing (red
triangles) or empty (open circles) microimplants. Red bars indicate the time period of
microimplant treatment. Asterisks in panel C indicate the first point at which LH
concentration in senktide-treated ewes was significantly greater than in controls. Note that
the scale of the y-axis is the same as Figs 1 and 2 to facilitate comparisons of the responses
to senktide in all three areas.
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Figure4.
Effect of microimplants of SB222200 in the RCh and POA on the oestrogen-induced LH

surge. The top panel (A) depicts LH profiles from two representative ewes from the RCh
group with (blue triangles) or without (open symbols) SB222200 treatment during an E,-
induced LH surge. The middle panel (B) shows the mean (= SEM) LH concentrations from
all ewes (n=4) before and after the LH surge with SB222200-containing (blue symbols) or
empty (open symbols) microimplants in the RCh. Asterisk: LH surge amplitude in the
presence of SB222200 was significantly lower than the amplitude observed with empty
microimplants. The bottom panel (C) presents the mean (+ SEM) LH concentrations from
all ewes (n=6) treated with SB222200-containing (blue symbols) or empty (open symbols)
microimplants in the POA during an Ep-induced surge. Note that time on the X-axis in panel
A is from insertion of 4 E, implants, while time in panels B and C is normalized to the peak
of the LH surge. Time to LH peak did not differ by treatment in either the RCh or the POA
groups.
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