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SUMMARY

Neuropeptide Y (NPY) is a putative mediator of many physiological pro-
cesses in the central nervous system including reproductive functions. In this
study we examined the effect of NPY on the GnRH/LH secretory activity
in early anoestrous ewes. Crossbreed ewes one week (group 1w, n=7) and
six weeks (group 6w, n=7) after the last oestrous cycle were infused with
Ringer solution (control) or 50 mg of NPY to the third ventricle for 5 min.
Blood samples were collected during the days of infusion over 6 h at 10
min intervals and then the ewes were slaughtered and their brains yxed In
situ. Immunoreactive (ir) GnRH in the median eminence and LH cells in
the adenohypophysis were localised by immunohistochemistry technique.
Data were generated using computer analysis to determine the optical
density for immuno-staining and the proportion of ir LH cells. Plasma
LH was determined by radioimmunoassay. It was found that investigated
anoestral groups differed only in the optical densities of ir GnRH and ir
LH, which were lower in group 6w compared to group 1w (p<0.001). LH
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concentrations and parameters of pulsatile LH secretion were similar in both
anoestral groups. Acute NPY infusions in ewes from group 1w decreased
ir GnRH and ir LH optical densities as well as area fraction for ir LH cells
(p<0.001) whilst it increased plasma LH concentration (p<0.05) compared
to vehicle infused animals. There was no changes in the secretory activity of
the GnRH/LH axis following NPY infusion in group 6w. In conclusion, we
suggest that NPY may be involved in the central regulation of reproductive
function in ewes, however, the sensitivity of the GnRH/LH axis to NPY
modulation declines throughout the early anoestrous period. Reproductive
Biology 2003 3 (1): 29-46.
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INTRODUCTION

Neuropeptide Y (NPY), 36-amino acid peptide is an important hormonal
component of feedback loop, which regulates the processes involved in
the feed intake, energy metabolism, and reproduction. It has been proved
that NPY participates in the regulation of gonadotrophic hormone secre-
tion [11, 13, 14, 20]. The speciyc effects of NPY on the reproductive
hypothalamo-pituitary axis appear to depend on species, the endocrine
status and the mode (acute or chronic) of administration. Intracerebroven-
tricular (icv) infusions of NPY in ovariectomized rats [20], rabbits [14]
or monkeys [13] resulted in the suppression of the episodic release of LH
presumably through the inhibition of GnRH. In contrast, the stimulatory
effect of NPY was demonstrated in OV X animals treated with ovarian
steroids [11, 14]. Several studies with rats have conyrmed that NPY
is involved in the stimulation of LH secretion during the preovulatory
period [4, 10, 11, 14]. NPY potentates GnRH-stimulated LH secretion
only under the neuroendocrine conditions, which lead to the induction
of the LH surge. In this period the sensitising action of NPY on the pi-
tuitary gland seems to be an indispensable component of the LH surge
generating process [2].

The results obtained after NPY administration in the sheep are contra-
dictory and depend on a physiological model used. NPY suppressed LH
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release in both, ovariectomized [19, 21] and ovariectomized, oestrogen-
treated sheep [21]. By contrast, Porter at el.! failed to observe any effects
of icv NPY infusions on concentration and LH pulse parameters in cycling,
ovariectomized or ovariectomized - oestrogen treated sheep. However, in
cycling ewes the central administration of anti-NPY serum delayed the
onset of the preovulatory LH surge [25], implying its stimulatory role in
this process.

There is morphological evidence indicating the co-localisation of NPY
and GnRH neurons in the area preoptica - the principal site of GhnRH syn-
thesis, and in the median eminence (ME) - the site of GnRH release [17,
26, 30]. Microinjection of NPY to the area preoptica did not modulate the
frequency and amplitude of LH pulses, suggesting that the modulatory ac-
tion of NPY in sheep affects rather the level of GnRH release. A stimulatory
effect of NPY on GnRH release was noted after its infusion into the ME
in intact, sexually active ewes [1]. This effect was observed only in the
follicular phase but not in the luteal phase of the oestrous cycle or during
the non-breeding season. The results of our previous study on prepubertal
female lambs conyrmed that, during the period of high ovarian activity,
acute icv infusions of NPY stimulated the synthesis and storage of LH in
the pituitary gonadotrophs but not its release [33].

To sum up, the results concerning the site and period of reproduction
cycle of exogenous NPY action on GnRH/LH release in sheep are ambigu-
ous. Some general effects of exogenous NPY on GnRH/LH are obvious but
its precise action seems unpredictable as it is conditioned by a number of
interacting factors.

The objective of the present study was to examine the effect of NPY
on the storage of the GnRH in the nerve terminals in the ME and storage
and release of LH in the pituitary gonadotrophs in ewes during the early
anoestrous period. The infusions of NPY into the third ventricle of the brain
were performed in ewes during two periods of early anoestrus i.e. one and
six weeks after the last oestrous cycle.

'Porter DWF Naylor AM McNeilly AS Lincoln DW 1991 Passive central administration with ant-
NPY antibodies delayes onset of pre-ovulatory LH surge in ewes. Journal of Reproduction and
Fertility Abst. Ser. 7 (abstr.) 61.
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MATERIALS AND METHODS
Animals

The study was performed on fourteen ewes [(Merino X Romanov) X
Suffolk] born in the second half of March (Kojuda Farm, Poland; 52 N,
21 E). At six months of age the animals were transported to the Institute
of Animal Physiology and Nutrition (Jabjonna, Poland). The experiment
was started at the end of their yrst reproductive season (January). Ani-
mals were kept indoors in individual pens. Photoperiod, light intensity,
temperature and airpow were similar to the natural climate and changed
seasonally. Animals had free access to water and were fed on a diet
containing a mixture of meadow hays, oat straw, dried sugar beet pulp
and soybean complemented with iMicrofoso (a mixture of minerals and
vitamins for growing sheep). The daily food allowance was 9.8% of the
metabolic body weight (BW-kg®") adjusted every two weeks for the
actual body weight.

Control of the oestrous cycle

The control of the oestrous cycle was performed in all ewes by contact
with a vasectomized ram. Additionally, plasma progesterone concentra-
tion was measured from the beginning of January up to the end of the
experiment every three days and also on the day of the experiment. The
obtained data were marked on the graph, for each ewe individually, and
the course of each curve allowed determining properly the day of the
oestrous cycle. In the follicular-phase, the concentration of plasma pro-
gesterone was close to zero, and in the luteal-phase progesterone values
ranged between 2 and 4 ng/ml per sample. The animals were regarded as
anoestral when concentrations of plasma progesterone were close to zero
throughout one week. These animals were then divided into two groups:
group 1w (n=7) T sheep one week after the last oestrous cycle (3" week
of January) and group 6w (n=7) T sheep six weeks after the last oestrous
cycle (4" week of February).
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Surgical procedure

Cannulae were implanted performed at least three weeks prior to the yrst
infusion. Animals were injected s.c. with 0.05 mg/kg of body weight atropine
(Polfa, Warsaw, Poland). Fifteen minutes later pentobarbital (iVetbutalo
Biowet, Pulawy, Poland) was given i. v. at a dose of 10-20 mg/kg of body
weight until surgical levels of anaesthesia were reached. The anaesthe-
tised animals were yxed in a stereotaxic apparatus using the procedure of
Traczyk and Przekop [31]. Briepy, a permanent stainless-steel guide can-
nulae (0.6 mm) were yxed over the third ventricle of the brain (position
antero-posterior 31 mm, lateral 0.5 mm along saggital plane 0.10) using
the stereotaxic coordinate system of Welento et al. [34]. The cannulae were
secured to the skull with dental cement and screws. Each guide tube was
ytted with an indwelling stylette to prevent a backpow of the cerebrospinal
puid. The correct placement of the guide cannula was established by the
efpux of cerebral spinal puid upon removal of the guide tube stylette after
the surgery and before each infusion. Additionally, the placement of the
guide cannulae was checked by inspections of the brain after decapitation.
After the surgery, penicillin-streptomycin (Scan-Vet Poland) 0.04 ml/kg
of body weight was given s.c. over four consecutive days. One day before
each infusion a jugular venous catheter was inserted into each sheep and
kept with heparinized saline (50 units heparin/ml in 0.9% w/v NaCl). In
addition, post-mortem inspection of ovaries was performed.

Infusion procedure and blood sampling

Control and experimental infusions to the third ventricle of the brain were
performed in animals representing both anoestral groups. Immediately be-
fore each infusion, the stylette was removed from the guide cannula and the
injector needle connected to a length of tubing (Hythe, Kent, England) with
the solution to be injected was lowered to a depth of approximately 2.5 mm
above the base of the brain at the level of the medial basal hypothalamus
[31]. Control infusions with Ringer-Locke solution (n=3 in group 1w, n=3
in group 6w) and experimental infusions with 50 mg NPY dissolved in 2 ml
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Ringer-Locke solution (n=4 in group 1w, n=4 in group 6w) were applied
at 12.00 h at a bow rate of 40 ml/min for 5 min using calibrated 1.0 ml gas-
tight syringes and a microinjection pump CMA/100 (CMA/Microdialysis
AB, Stockholm, Sweden). During the experiment, the animals were kept in
comfortable cages where they could lie down and had unrestrained access to
the hay. Blood samples were taken on the day of infusion at 10 min intervals
over a 6 h period, 3 h prior to infusion and 3 h after infusion. Samples were
centrifuged and collected plasma was stored at T20 AC until analysis. Sheep
were slaughtered 3 h after infusion by decapitation under pentobarbital
anaesthesia in the local licensed abattoir. All described procedures were
approved by the Ethics Committee at the Kielanowski Institute of Animal
Physiology and Nutrition in Jabjonna, according to the Polish Guide for
the Care and Use of Animals (August 2, 1997).

Immunohistochemistry

Immediately after decapitation, each brain was perfused via both carotid ar-
teries with 1500 ml 0.1 M phosphate buffered saline (PBS) and subsequently
with 2000 ml 0.1 M PBS containing 4% (w/v) paraformaldehyde and 15%
saturated picric acid solution (w/v), pH 7.4. The hypothalami and pituitaries
were dissected 20 min after the beginning of perfusion and postyxed for 72
h by immersion in the same yxative. Hypothalami were formed in blocks
of the same dimension and cutting face. Pituitaries were cut in the sagittal
plane at two parts. The tissues were washed with 0.01 M PBS. Tissues were
dehydrated in graded alcohols, embedded in paraplast and then cut at 7 mim
(hypothalami) and 3 imm (pituitaries). The medial basal part of the hypo-
thalami including ME and the pituitary stalk were cut in frontal planes. Sec-
tions were processed for immunohistochemistry. All sections were washed
in 0.01 M PBS and then incubated for 30 min in 0.1% hydrogen peroxide
in 0.01 M PBS and 30 min in 2 % preimmune lamb serum in 0.01 M PBS.
The pituitary sections were incubated with primary antisera: anti-pLHb No.
19526 diluted 1:400; hypothalamic section with anti- (2-10) GnRH No0.1900
diluted 1:2000 for 48 h at 4 AC. Antibodies were kindly donated by Dr. M.P.
Dubois, INRA, Nouzilly, France. Metodological details and the speciycity of



W-jcik-Gjadysz et al. 35

these antibodies were described by Dubois and Barry [5] and Hurbain et al.
[6]. The sections were rinsed in PBS and incubated for 2 h at room tempera-
ture with a secondary antibody (sheep anti-rabbit Ig [H + L] labelled with
peroxidase; Institute Pasteur, Paris, France), dilution 1: 40 in 0.1% normal
lamb serum in PBS. The colour reaction was developed by incubating sec-
tions with 0.05% 363-diaminobenzidine tetrachloride chromogen (Sigma)
and 0.001% hydrogen peroxide in 0.05 M Tris buffer. Selected material
was additionally stained by the silver intensiycation method of Lipolits et
al. [18]. As a control reaction, the inhibition of anti-hormone serum with
its homologous antigen was used. Preincubation of GnRH antisera with 10
mg/ml synthetic GnRH (UCB Belgium) and the LH antisera with 4 mg/ml
synthetic rLH32V02 (National Hormone and Pituitary Program, Torrance,
CA, USA) blocked the immunostaining. Antigens and antisera were mixed
and pre-incubated for 24 h at 4 C before used. Both control staining did
not exhibit any speciyc staining (data not shown).

Image and statistical analyses

A projection microscope Nikon type 104 (Nikon Corporation, Yokohama,
Japan) was used to analyse hypothalamic and pituitary sections. Staining
was analysed using the iLuciao image analysis computer system, version
3.51ab (Laboratory Imaging Ltd, Prague, Czech Republic). Immunos-
tained sections were projected by camera (Panasonic KR222, Matsushita
Electric Industrial Co, Osaka, Japan) to a colour monitor. Pictures were
adjusted for optimal contrast, yxed at the same brightness levels and saved
in a buffering system. The analyses were performed under X 4 objective
for GnRH containing nerve terminals in the ME and x 40 objective for
gonadotrophs in the adenohypophysis. Two parameters were analysed: 1/
integral density (the sum of individual optical densities of each pixel in
the area being measured, indicates the amount of substance in tissue sec-
tions, expressed in relative units) for nerve terminals in the ME expressing
immunoreactive (ir) GnRH and for adenohypophyseal cells expressing
ir LHb subunit; 2/ area fraction (percentage of total area that exhibited
positive staining, indicates percent of stained cells) for ir LHb expressing
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cells. Quantitative analyses were performed for each hypothalamus and
each pituitary gland in the subarea of interest using a threshold function
to select a range of grey values that was identiyed as positive staining.
All other values were referred to as nonstaining. Before measurements,
the images were processed by substraction of background and removal of
artifacts. The frame size was kept constant for the duration of the image
analysis. The analyses of optical densities of immunoproduct in the ir
GnRH nerve terminals were estimated in the delineated area containing
the structure of the ME extending from its rostral to cadual aspects. Meas-
urements were performed in every 4" section of each hypothalamus (~ 20
sections per animal). The analyses of immunoreacted cells were made in
fourth sections of each adenohypophysis, using every 40" mounted and
stained sections (16 yelds of 0.5595 mm? measured in each section). The
data from each section were averaged to obtain a mean estimate for each
ME and adenohypophysis within each animal.

Determination of LH and progesterone in peripheral blood plasma

The concentration of LH was determined by routine double antibody ra-
dioimmunoassay using anti-bovine-LH and anti-rabbit globulin antisera
and bovine LH standard (NIH-LH-B6) according to Stupnicki and Madej
[28]. The assay detection limit was 0.0625 ng/sample and the intra- and
inter-assay coefficients of variation were 4% and 10%, respectively.
The concentration of progesterone was assayed by a direct radioimmuno-
assay method routinely used in our laboratory according to a procedure
described by Stupnicki and Kula [27] with a sensitivity of 6.2 pg/sample.

Statistical analysis

The mean data from immunohistochemistry analyses were pooled to represent
treatment group means. The signiycance of differences between groups (1w vs.
6w) was analysed by the non-parametric Mann-Whitney test and within groups
(vehicle vs. NPY) by the non-parametric Wilcoxon test using the Statistica
computer program (StatSoft Inc., Tulsa, OK., USA). The data are reported as
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the mean percentage N SEM of the total area that exhibited positive staining
and mean relative units N SEM of integral density of immunoproduct.

The mean concentration of LH is expressed as a mean N SEM. The
parameters of LH pulses (frequency and amplitude) were determined by
the PC -PULSAR computer program according to the method of Merriam
and Wachter [22] with G parameters: G1 = 3.98; G2 = 2.40; G3 = 1.68;
G4 =1.24 and G5 = 0.93. Every ewe was analysed individually during the
entire sampling period. The frequency of LH pulses measured before and
after the infusion was deyned as a number of identiyed pulses per equal 3
h collecting periods and are expressed as a mean N SEM. The effect of the
treatments on LH concentration was analysed by the one-way analysis of
variation (ANOVA), and on frequency of LH pulses was calculated using the
non-parametric Kruskal-Wallis test, using the Stastistica computer program
(StatSoft Inc., Tulsa, OK, USA).

RESULTS
First and sixth weeks of anoestrus: control group

Immunoreactive GnRH in the nerve terminals in the ME was present in the
sheep from both groups. However the ir GnRH material was more abundant
in sheep one week after the last oestrous cycle (group 1w) than in ewes six
weeks after expiration of reproductive function (group 6w; ygs. 1A and
2A\). This was repected by the higher (p<0.001) density of ir GnRH within
the ME of sheep from group 1w compared to group 6w (5241.0 © 66.0 vs.
2707.0 © 590.0 relative units- r.u.). The number of cells stained positively
for the presence of LHb was the same in both groups but the intensity of
staining differed (ygs. 1C and 2C). This was repected by the lack of changes
in the percentage area occupied by the ir LH cells between the groups (11.4
< 0.4 vs. 10.7 © 0.7%) and higher density (p<0.001) of the ir LH within
adenohypophyses of sheep from group 1w compared to group 6w (32928.0
©1958.0 vs. 25790.0 © 1707.0 r.u.).

Mean LH concentration, amplitude and the number of LH pulses did
not differ between group 1w and 6w (yg. 3).



38 NPY and GnRH/LH axis in anoestral ewes

Fig.1. Immunoreactive GNRH in the median eminence of the hypothalami (A, B)
and ir LHD in the cells of the adenohypophyses (C, D) of two representative sheep
from group 1w after vehicle (A, C) and NPY (B, D) infusions. Note the decrease
of content of ir GNRH and ir LHb material after NPY infusions.

NPY infusions

First week of anoestrus. In group 1w NPY infusions affected the immuno-
reactivity of GnRH and LH. Generally, the diminishing of ir GhRH material
within the ME and ir LH within the adenohypophyses was observed (yg. 1A-B
and C-D). Microscopic observations were supported by a quantitative com-
puter estimation of the density of ir GhnRH and ir LH material, which were
signiycantly lower (p<0.001) within both the ME and adenohypophyses of
the NPY infused ewes compared to the vehicle infused animals (yg. 4A).
Also a percentage of the area occupied by ir LH cells signiycantly decreased
(p<0.001) after NPY infusions (yg. 4B).



