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STELLINGEN

Verandering van huisvestingscondities kan de timing van de pre-ovulatiore
Luteiniserend Hormoon (LH) piek bij het varken beinvloeden. (Dit proefschrift}

Endogene Opioide Peptiden (EOP) zijn betrokken bij de regulatie van de timing van
de pre-ovulatoire LH piek. (Dit proefschrift)

Bij studies met naltrexon dient men er rekening mee te houden dat de gevoeligheid
van varkens voor deze opiaat-receptor antagonist een aanzienlijk individuele variatie
vertoont. {Dit proefschrift)

Bij het plaatsen van een intracerebroventriculaire canule in dieren die een
voorhoofdsholte ontwikkelen kan men zich het beste oriénteren op het neurocranium
in plaats van op de externe schedelbeenderen. (Dit proefschrift)

Met transrectale echografie kan naast het moment van ovulatie (Soede ef ol., 1992)
ook de folliculaire ontwikkeling nauwkeurig worden bepaald, waarmee deze methode
een belangrijke bijdrage kan leveren aan onderzoek naar factoren die invloed hebben
op deze processen bij varkens. (Soede NM, Noordhuizen JPTM, and Kemp B 1992
The duration of ovulation in pigs, studied by transrectal ultrasonography, is not
retelated to early embryonic diversity Theriogenology 38 653-666)

The dissociation of peptides with the modified and, more generally, subobtimal
anchor residue side chains, may explain the presence of empty Major
Histocompatibility Complex (MHC) class I molecules and free MHC class I heavy
chains at the cell surface. (Neefjes et al., 1993 European Journal of Immunology 23(4)
840-845)

Een perfecte beheersing van taal is nog geen garantie voor een goede communicatie

Het cerste axioma van Watzlawick "Men kan niet niet beinvioeden”, geeft aan dat bij
proefdierkundig onderzoek het onmogelijk is de proefdieren naief te houden.
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Bij de interpretatie van onderzoek is de waarde van "het gemiddelde" weliswaar
belangrijk doch relatief nietszeggend zonder de waarde van de afzonderlijke
samenstellende componenten te weten.

Het inkoppen van een voorzet is vaak moeilijker dan op het eerste oog lijkt en hangt
niet alleen af van de inkopper maar ook van de voorzetter.

Het bezuinigen op onderwijs en gezondheidszorg getuigt van een evengrote
intelligentie als het afzagen van de tak waar men op zit. In beide gevallen hangt de
afloop af van de ondergrond waarop men denkt terecht te komen.

Het geven van kleuren aan een kabinet wekt ten onrechte de indruk dat politiek

kinderspel is.
Men wordt groot door klein te blijven.

Het begeleiden van studenten is als bakken in Croma®: Je moet er even bij blijven
door het beste resultaat.

De ironie van het leven: De belangrijkste levenslessen worden gedoceerd door hen die
zijn overleden.

Met de invoering van het basisonderwijs is de negatieve spiraal van de kwaliteit van
het totale onderwijsstelsel ingezet.

Stellingen bij het proefschrift: Neuro-Endocrine Regulation of LH Secretion in Cyclic Pigs
van John Dierx, 15 januari 1999
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GENERAL INTRODUCTION

Sexual reproduction is one of the most conserved features during evolution and it is one of
the most important activities for the survival of animal species. When organisms of a certain
species don't reproduce, this species will soon be extinct. In general, reproduction appears to
be as normal and essential as eating and both processes are postponed when survival of the
organism is threatened e.g. by predators or catastrophes of nature. In reproduction in
vertebrates it usually takes two to tango, meaning that the eventual production of offspring is
the result of a complicated interplay between two organisms of different sexes. Since in the
present thesis attention will be focused on neuro-endocrine processes in reproduction in the
female gender, this introduction will be restricted to this side of the interplay.

The Reproeductive Axis

The ability to reproduce depends on the presence of the organs that constitute the
reproductive axis or hypothalamo-pituitary-gonadal (HPG) axis. The neurones containing the
decapeptide gonadotropin releasing hormone (GnRH), also known as luteinizing hormone
releasing hormone (LHRH), are dispersed throughout the ventral forebrain with a majority
located in the medial preoptic area (MPOA) and mediobasal hypothalamus (MBH) in a
variety of species (Halasz ef al., 1989; Kraeling and Barb, 1990; Levine et al., 1991;
Herbison et al., 1993, Jarry et ai., 1995). Most of these neurones project to the median
eminence {ME), where GnRH is secreted directly in the pituitary portal circulation {(Lehman
and Karsch, 1993). Subsequently, GnRH selectively stimulates the gonadotrophic cells in the
anterior pituitary gland to secrete and synthesise the gonadotropins luteinizing hormone (LH)
and follicle stimulating hormone (FSH){Clayton and Catt, 1981). Both FSH and LH are
glycoproteins, that share the same & unit but have a different § subunit accounting for the
biologic difference in hormonal action (Franz, 1988). These gonadotropins affect the gonads
by promaoting cell proliferation, synthesis and secretion of gonadal steroids (oestrogens,
progesterone and testosteronc), gametogenesis and eventunally trigger ovulation. The gonadal
steroids, in turn, exert a feedback at the level of the pituitary and hypothalamus, direct or
mndirect on the gonadotrophic cells and GnRH neurones respectively (Figure 1).

Oestrus cycle

The hormonal profiles show periodic changes that are repeated over and over again during
reproductive life. These menstrual (in humans and non-human primates) or oestrous cycles
{other mammals), refer to the shedding of uterine endometrium and the accompanying
bleeding or to the cyclic occurrence of increased activity (oestrum is Greek for "gadfly™)
shown by the female during the period of increased receptivity to the sexual advances of the
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male (Fink, 1988). These reproductive cycies can be devided in a luteal and follicular phase
(Figure 2). Roughly, the phase of the cycle from ovulation of the oocyte(s) until menstrual
bleeding or breakdown of the corpus luteurn (remainder of ovarian follicle(s)) is termed the
luteal or secretory phase. The phase from cessation of menstrual bleeding or breakdown of
corpus luteum ending with the ovulation of the matured cocyte(s), is termed the follicular or
proliferative phase (Franz, 1988).

. External
influences

7 LH/FSH

Figure 1: Schematic representation of the reproductive axis in the female. GnRH (W) is secreted from the
hypothalamus into the portal blood vessels and stimulates the secretion of the gonadotropic hormones (LH and FSH:
@) from the pitwitary. LH and FSH increase synthesis and secretion of ovarian steroids (E2f8 and P), which, together
with several internal and external influences, exert a divect or indirect "positive” and negative feedback on the
secretion of GhRH, GnRH-receptors ( nd} and/or gonadotropins.

Pulsatility of GnRH and Gonadotrophin Release

It is now well established that GnRH is released in rhythmic secretory bursts and that this
pulsatile pattern of secretion functions as the primary neuro-endocrine determinant of
pituitary pulsatile LH secretion (Yen et al., 1972; Carmel et al, 1976; Levine ef af., 1982).
Temporal association between GnRH and gonadotropin pulses has been confirmed in a
variety of species (Levine et al., 1985; Pau et al., 1986; Karsch et al., 1987; Urbanski ef al.,
1988), though less compelling for FSH than for LH. The physiological mechanism of the
pulsatile pattern of gonadotropin secretion was discovered by Yen ef a/. and his group (1972).
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They have reported data indicating that the pulsatile retease of endogenous GnRH must be a
consequence of a synchronous discharge of GnRH containing neurones effected by some
neural signal generator or oscillator, referred 1o as the "GnRH pulse generator" (Yen ef af.,
1972). Furthermore, the physiological importance of the pulsatile GnRH secretion has been
shown by several groups (Yen ef al., 1972, Santoro et al., 1988; Levine et al., 1991;
Rossmanith, 1991; Kotsuji ef al., 1992). They have reported that qualitative and quantitative
differences in the pulsatile pattern, as observed between different phases of the cycle and
between subjects with and without ovarian function, are essential for an accurate regulation of
all kinds of events determining female fertility. For example, the number of GnRH receptors
on and the LH secretion from pituitary gonadotropic cells are decreased after continuous
infusion of GnRH, but increased after intermittent administration of GnRH (Pickering and
Fink, 1976, De Koning et al, 1978). Thus, pulsatile secretion of GnRH can lead to a "self-
priming" effect of GnRH, which appears to be necessary for induction of the preovulatory LH
surge.

The pulsatile pattern of GnRH and LH secretion, reflected by frequency and amplitude of
pulses, changes during the oestrous and the menstrual cycle. During the huteal phase, pulses are
of low frequency and high amplitude. This pattern changes to one of high frequency and low
amplitude pulses at the start of the follicular phase. At the end of the follicular phase, pulses of
high frequency and high amplitude preceed and constitute the preovulatary 1LH surge, that induces
ovulation (Genazzani et af., 1992). These dynamics of LH secretion are mainly determined by the
hypothalamic GnRH pulse generator (Knobil, 1990; Veldhuis, 1990). However, there is some
evidence that the pituitary LH response to GnRH changes during the oestrous and the menstrual
cycle (Apfelbaum, 1981, Rossmanith, 1991).

Gonadal Steroids in Regulating Pulsatile GnRH and LH Secretion

The changes in the pulsatile GnRH and LH secretion during the oestrous cycle are, amongst
others, regulated by the gonadal steroids progesterone (P} and 178-cestradiol (E2f3) through a
feedback mechanism. During the luteal phase, P is produced in large amounts by the corpus
luteum, with very low production of E2B and androgens (Franz, 1988). The major effect of P
is decreasing the LH pulse frequency by decreasing the GnRH pulse frequency (Bouchard er
al., 1988, Couzinet and Schaison, 1993). The high LH pulse amplitude during the futeal
phase is thought to be related to the low GnRH pulse frequency at the level of the
hypothalamus. However, Couzinet and Schaison(1993) speculate that P might also increase
LH release at the pituitary level. The significance of the very low concentration of E23 and
androgens under these conditions are not understood. The decrease of P from luteal tissue at
the end of the luteal phase leading to the start of the follicular phase coincided with an
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Figure 2: Profiles of the concentrations (mean + SEM) of the pituitary hormones LH, FSH, PRL and the ovarian
sterolds E2j3 and P during the follicular and luteal phase of the oestrus cycles of 19 female pigs (modified after
Helmond, F.A., unpublished observations)
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increase in pituitary FSH secretion which induces the development of ovarian follicles for the
next cycle and stimulates the biosynthesis of E28 in the steroid-producing cells of the ovarian
follicles (Franz, 1985, Bouchard er al., 1988). E2B is reported to have both stimulatory and
inhibitory actions on the GnRH and gonadotropin secretion, with FSH having a higher
sensitivity for E2[3 than LH (Couzinet and Schaison, 1993). In early and mid follicular phase,
E2B exerts a negative feedback by inhibiting the LH pulse frequency, reducing multi-unit
activity in the mediobasal hypothalamus, which is thought to be part of the "GnRH pulse
generator” (Kesner ef gl., 1987, Tanaka ef al., 1992; O’ Byrne et al., 1993). However, other
studies also suggest a pituitary site of action for the negative feedback of oestradiol by
blocking I.H and FSH secretion (March ef /., 1981, Knobil and Hotchkiss, 1988).

During late follicular phase, E2B switches to a "positive feedback” which is mainly exerted at
the level of the pituitary as demonstrated by Knobil and Hotchkiss (1988) in ovariectomized
monkeys with hypothalamic lesions. In vitro studies of rat pituitary cells in culture
demonstrate an increase in the response of the pituitary to GnRH administration following
administration of E2B (Drouin ef al., 1976; Kamel and Krey, 1982). Furthermore, the number
of GnRH receptors on gonadotropic cells, and transcription and storage of gonadotrophin
subunits is increased by E2B (March ef al., 1981; Bouchard et al., 1988).

The follicular phase ends with the preovulatory LH surge, which occurs within hours after
peak levels of E2B have been reached. Studies in a variety of species have shown that a
preovulatory LH surge can be triggered if plasma levels of E2B are maintained high enough
for a certain amount of time (dependent on the species) and as long as GnRH is present
(Knobil et al., 1980, Fink, 1988; Karsch et a/., 1992). Other studies have demonstrated that
plasma P and 170H-P start to increase 12 h before a detectable rise in LH in women, and 6-
12 h before a mid-cycle rise in LH in monkeys, which might suggest that progesterone is
required to establish a preovulatory surge to its full magnitude (Bouchard erf @/., 1988,
Mahesh et o, 1996). Such a synergy between the "positive feedback” of P and E2 has also
been described in vitro (Karsch, 1987).

The mechanism by which gonadal steroids exert their feedback on the level of the
hypothalamus is still subject of many studies. Both P and E2 do not seem to affect the
GnRH secretion by directly inhibiting the GnRH neurones in the hypothalamic nuclei, since
these GnRH neurones do not posses receptors for P and E2B (Shivers et al., 1983; Herbison
and Theodosis, 1992). Although, recently functiona! receptors for E2f3 have been found in
immortalised mouse GnRH neurones (GT1-7 cells; Shen er al., 1998), it is likely that gonadal
steroid signals are relayed to GnRH cells by other neurones. Indeed, steroid receptors have
been found on a variety of neurones, ranging from gamma aminc-butyric acid (GABA,
Fliigge et al., 1986} and neurotensin neurones (Axelson et af., 1992; Herbison and Theodosis,
1992) in the preoptic area, to neuropeptide Y and -endorphin containing neurones in the
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arcuate and periarcuate region (Sar et al., 1990, Lloyd ef al., 1991; Leshin et af., 1992), the
norepinephrin-containing systems originating in the brainstem (Heritage et al., 1977, Zhen
and Gallo, 1995) and the tubero-infundibular dopaminergic neurones {Merchenthaler et af.,
1995). In addition, changes in norepinephrine, dopamine and B-endorphin secretion have
been shown to be related to stage of the oestrous cycle (Di Paolo et al., 1988; Lévesque et al.,
1989, Lloyd et al., 1991, ThyagaRajan et af., 1995). In particular B-endorphin, an
endogenous opioid peptide, is of interest because besides its direct inhibitory action on GnRH
secreting cells in the periarcuate region (Blank ef al., 1985; Horton et al., 1987, Rodriguez
and Wise, 1989), it may inhibit GnRH secretion through direct actions on norepinephrenic
neurcnes in the preoptic area (Mallory ef al., 1989, Chang et al., 1993).

Endogenous Opioid Peptides

Endogenous opioid peptides (EOP) have {ong been implicated in the control of female
reproduction, based on the clinical observation of profound disturbances in the menstrual
regularity of morphine addicted women. Since Hughes et al. (1975) first described
endogenous peptides with opiate-like actions, numerous investigations have provided
evidence for the pivotal role of EOP's in the neuro-endocrine control of gonadotropin
secretion in a variety of animals (Barb et al., 1985; Nanda et a/., 1991; Currie et al., 1992;
Aurich et al., 1995) and humans (Genazzani et /., 1993). Before going into the role of EOP's
in the regulation of LH and GuRH secretion, the nature and origin of these peptides will be
described.

As yet, three major groups of opioid peptides have been identified (Lord et al., 1977,
Guillemin, 1980; Akil ef al., 1984, Yen, 1991): the endorphins (B-endorphin and related
peptides), the enkephalins (met- and leu-enkephalin and related peptides) and the dynorphins
{dynorphin A and B and related peptides). B-Endorphin as a 31-amino acid sequence derived
from the proopiomelanocortin (POMC) precursor (Eipper and Mains, 1980) is considered the
most impoertant opioid peptide for the neuro-endocrine regulation of reproduction
{Rossmanith, 1992). The pentapeptides Met- and Leu-enkephalin, originate from
proenkephalin A (Lazarus ef al., 1976, Lowry ef al., 1980; Akil e al., 1984), and the
pradynorphin precursor peptide is cleaved into dynorphin A, dynorphin B (also known as
rimorphin) and - and B-neo-endorphin (Akil et al., 1984; Rossier, 1988). All three types of
EOP's are widespread in the brain, mainly localised in hypothalamic areas. In addition,
enkephalins and B-endorphin are found in the anterior pituitary and other organs.
Pharmacological investigations have permitted identification of at least five distinguishable
opioid receptor types: the p-, &-, 8-, x- and o-receptors (Paterson et al., 1983; Akil ef al.,
1984, Ferin et al., 1984; Yen et al., 1991). All EQOP's share similar peptide sequences, and
they may therefore be functionally active at more than one of the distinct receptor types
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(Rossmanith, 1992). In neuroendocrine processes, opioids thus may operate as
neurotransmitters or neuromodulators. Since EQP's are locally secreted within the anterior
pituitary, they may also exert paracrine effects locally (Barkin et a/., 1983; Rossmanith,
1992).

High densities of opioid receptors are found in a wide variety of nuclei throughout the brain
(Pfeiffer et al., 1982), and EQP's play a role in the regulation of various vegetative and
behavioural functions and the neuroendocrine control of hormone release. Opioids have been
implicated in functions such as pain, temperature perception, hunger and thirst control, sexual
behaviour and adaptation to different environmental inputs (Guillemin, 1980, Akil et al.,
1984; Grossman, 1988; Rossmanith and Lauritzen, 1991; Armeanu, 1991). In addition, it has
been observed that endorphins are activated during the response to stress (Akil er al., 1984,
Bloom, 1980; Grossman et al., 1982; Rivier and Rivest, 1991, Dobson and Smith, 1995),
defined by Selye (1973) as "a non-specific response of the body to any demand (usually
noxious) or to any stimulus cavsing an alteration in homeostatic processes". For example, in
pigs, it has been shown that tethered housing -a chronic stressor- increases adrenocortical
sensitivity to ACTH, its stercidogenic capacity and plasma concentrations of cortisol and
prolactin (PRL; Janssens, 1994, Janssens et al., 1994; Janssens et al., 1995a). Furthermore,
tethered housing increases endogenous opioid activity (Janssens et al., 1995b) and the number
of p-opioid receptors in the brain (Zanella ef al., 1996). In addition, tethered housing leads to
opioid dependent stereotyped behaviour (Cronin, 1985; Schouten en Wiepkema, 1991), with
a negative correlation between both u and k receptor densities and duration of stereotypies
(Zanella et al., 1996).

Opioidergic Control of Gonadotropin Release During The Qestrus Cycle

Numerous studies have shown that the expression of endogenous opioid activity plays a
pivotal role for gonadal steroids feedback during the oestrous cycle in a variety of species
(Haynes et al., 1989, Weiland and Wise, 1990; Schwarz and Pohl, 1994, Simpkins, 1994). As
ovarian steroid concentration changes during the transition from the follicular to the luteal
phase, opioid tone is subsequently altered (Lloyd et al., 1991, Thom ez al., 1996). During the
P dominated luteal phase, EOP's exert a tonic inhibition on LH pulse frequency resulting in
decreased plasma LH concentration as has been shown in rat (Higuchi and Kawakami, 1982),
sheep (Montgomery ef al. 1985), pig (Barb ef al., 1988} and humans (Rossmanith et al., 1989).
Treatment with the opioid receptor antagonist naloxone or naltrexone during the luteal phase,
increases plasma LH concentration. The involvement of EOP's in regulating pulsatile LH release
during the E213 dominated follicular phase is not clear. 1t seerns that EOP's are not involved in the
negative feedback of E26 on the pulse amplitude and mean plasma concentration of LH during the
early follicular phase. However, during the late follicular phase and the presumed positive
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feedback of E2B increases of these parameters of LH release were found after treatment with
opioid receptor antagonists in humans (Rossmanith et al., 1989), rats (Piva ef al., 1985) and pigs
(Okrasa et al., 1992). Prolonged opioidergic blockade elicits a markedly enhanced LH pulse
amplitude but not pulse frequency (Rossmanith ef ¢/., 1989). In addition, there is increasing
evidence that EOP's might play a role in the generation and timing of the preovulatory LH surge
and oestrus (Massotto ef al., 1990; Kraeling ef al., 1992; Walsh and Clarke, 1996; Smith and
Gallo, 1997). Armstrong et al. (1988) reported that chronic administration of morphine (sc) to
sows for 5 days after weaning delayed the onset of oestrus, and other studies (Ziecik et al,,
1994; Kraeling ez al., 1992) reported a delayed preovulatory LH surge in E28 primed OVX
gilts after iv and ICV morphine treatment with no effect on the height of the surge.

Aims And Qutline Of The Thesis

LH secretion during the oestrous or menstrual cycle, and the [uteal phase in particular, has been
studiéd in a variety of species as sheep (Whisnant et al., 1991), hurnan (Fillicori ef al., 1986,
Rossmanith ef al., 1990}, pig (Okrasa and Tilton, 1992) and primate (Norman et al., 1994). During
the luteal phase, plasma LH concentration has been shown to be decreased by endogenous opioid
peptides (EOP's), mediating the negative feedback of progesterone (P; Yang ef al., 1988; Barb, et
al., 1992, Kaynard ef al., 1992). However, relatively few data are available on the pattern of
pulsatile LH release during the E2} dominated follicular phase, in particular with regard to pulse
frequency, pulse amplitude and timing of the preovulatory LH surge, events that participate in, and
possibly determine, the timing of ovulation and therefore fertility and success of fertilisation. In
addition, stressful conditions have been shown to have adverse effects on LH secretion
{(Brann and Mahesh, 1991; Dobson and Smith, 1995) and hormones of the hypothalamus-
pituitary-adrenal (HPA)-axis and EOP's released during stress have been shown to inhibit the
hypothalamus-pituitary-gonadal (HPG) axis.

The aim of the present thesis was to gain insight in the neuroendocrine regulation of the LH
secretion during the follicular phase, and in particular to determine whether EOP's also play a role
in the pulsatile LH release and the timing of events leading to the preovulatory LH surge and
oestrus. The female pig was used as experimental animal for a number of reasons. In modem
intensive pig breeding where tethered housing is common practice, a large percentage of the sow
population shows reduced fertility and has to be replaced. Insight in the mechanisms underlying
reduced fertility could contribute to effective pig breeding. Furthermore, in pigs, like in primates
and humans, opioid modulation of the IH secretion is dependent on the gonadal steroid
environment which is, although predominantly at the hypothalamic level, also regulated at the
level of the pituitary (Knobil, 1980). Thus the tethered pig would render an excellent animal
model for studying the effects of chronic stress, and possible increased opioid activity, on LH
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secretion during the oestrous cycle at the hypothalamic and pituitary level (Cronin, 1985,
Schouten en Wiepkema, 1991, Janssens, 1994; Zanella ef al., 1996).

Since it is extremely difficult to determine the transition from the luteal into the follicular phase,
the oestrous cycles of all animals that were studied during the follicular phase, were synchronised
using the progesterone agonist altrenogest.

Before studying the possible effects of EOP's during the follicular phase in detail, it was
investigated whether a change in housing condition, from life long tethered housing to a loose
housing system in individual pens, affects the LH pulse characteristics during altrenogest
treatment, the timing of the preovulatory LH surge and the LH secretion during the following
oestrous cycle (Chapter 1I). The change in housing condition appeared to advance the
preovulatory LH surge and to decrease mean plasma LH concentration, which could not be
explained with differences in activation of the HPA system. The question arose whether these
effects could be ascribed to a change in the reactivity of the EOP-system, which has been
shown to occur in tethered housing (Janssens et al., 1995b; Zanella ef al., 1996; Loyens,
Schouten and Wiegant, unplublished observations). To address this question, we decided to
use the potent and long acting opioid receptor antagonist naltrexcne. This drug had not been
used in pig before, and therefore we first designed a study with the objective to investigate
the possible individual variability in the response of the reproductive axis by determining the
increase in mean plasma LH concentration after intravenous administration of saline or 5
doses of naltrexone (Chapter III),

Subsequently, we determined the pulsatile pattern of LH release, and the possible role of EOP's in
modulating this pattern, during 4 days of the follicular phase in Chapter I'V. Furthermore, the
effect of EOP's on the occurrence of the first day of cestrus was investigated. The results from this
experiment suggested that BOP's do not inhibit the pulsatile LH secretion as such, but might affect
the events leading to the timing of oestrus and possibly the preovulatory LH surge.

A pilot study, described in Chapter V, was designed to investigate changes in the responsivity
of the pituitary gonadotrophs in vitro to GnRH changes during the follicular phase. In
addition, the possible role of EOP's therein was studied.

A novel intracerebroventricular (ICV) cannulation technique for pigs was developed (Chapter
VI). This technique, was used to treat freely moving intact gilts (nuliiparous pigs) with repeated
ICV injections of naltrexone on multiple days during the follicular phase of the oestrous cycle
(Chapter VII) to determine whether the shift of oestrus (as found in Chapter TV) or the
preovulatory LH surge (as found in Chapter 11} was a consequence of changing opioid
activity in the brain.

In Chapter VIII, the results of the present thesis are summarised and discussed.
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Abstract

The effect of housing conditions on the pulsatile LH secretion during the oestrous cycle were
investigated in stress-adapted sows. Multiparous sows with a history of long term tethered
housing either remained tethered housed (N=10; TETHER pigs) or were individually loose
housed (N=12; LOOSE pigs). The oestrous cycles of the pigs were synchronized by
altrenogest treatment during 21 days (first day following treatment: Day 0). Blood samples
Jor hormone determinations were collected with 12 minutes intervals on Days -3, 2, 4 and 19,
and every 4 hours from Day 4 until the preovulatory LH surge had occurred.

During Day -3, Day 19 (luteal phase), mean plasma LH was lower in LOOSE than in
TETHER animals, but LH pulse frequency and amplitude were not different befween housing
conditions. The preovulatory LH surge and oestrus occurred later in LOOSE than in
TETHER animals (116 £ 5 vs 91 £ 3 h, respectively 6.7 = 0.4 vs 5.3 £ 0.2 days after
terminating altrenogest treatment). LH surge height and duration of oestrus were not
different between housing conditions. During the follicular phase, the LH pulse frequency was
lower, and pulse amplitude and mean plasma LH were higher on Day 2 than on Day 4.
Housing condition had no effect on these parameters.

The present data suggest that a change in housing condition affects LH secretion in pigs with
a history of tethered housing. Conversely, this suggests that chronic stress leads to alterations

in the mechanisms regulating LH secretion.

Introduction

Reproductive processes, like [LH secretion, follicle development and ovulatory activity, are
influenced by stressful conditions (Dobson and Smith, 1988; Brann and Mahesh, 1991). As
reviewed by Brann and Mahesh (1991), the effects of stress on the reproductive axis seem to
depend on whether the stressor is acute or chronic. Acute stress can stimulate LH release and
enhance ovulatory activity (Higuchi ef al., 1986; Armario et ol., 1987, Briski and Sylvester,
1988), whereas chronic stress can inhibit LH secretion, cyclicity and follicle development
{Gray et al., 1978, Taché er al., 1978; Rasmussen and Malven, 1983; Moberg, 1987). It is
thought that the effects of stress on reproductive processes are brought about by altered
activity of mediators of the stress response. Indeed, hormones of the hypothalamus-pituitary-
adrenal (HPA)-axis and endogenous opioid peptides (EQOP's) can inhibit the hypothalamus-
pituitary-gonadal {(HPG)-axis (Naylor et al., 1990, Norman et al., 1994; Akema et al., 1995).
In pigs, it has been shown that long term tethered housing induces symptoms typical of
chronic stress that are generally thought to relate to adverse effects on physiological
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functions, welfare and health of the animals. Thus, tethered housed pigs show increased
adrenocortical steroidogenic capacity and sensitivity to adrenocorticotropin {ACTH), elevated
plasma cortisol and prolactin concentrations and a flattened diurnal rhythm of cortisol
(Janssens ef al., 1994, 1995a). interestingly, there is evidence for stress-adaptive changes in
long-term tethered housed pigs. These include an increase in the endogenous opioid activity
that mitigates harmonal and autonomic responses to acute challenges (Janssens ef al., 1995b,
Zanella et al., 1996, Loyens, Schouten and Wiegant unpublished observations). Increased
activity of endogenous opioids also underlies the behavioural stereotypies that are frequently
observed in tethered pigs, particularly when the animals are aroused and that are associated
with de-arousal and diminished autonomic and pituitary-adrenocortical responsivity (Cronin,
1985, Schouten en Wiepkema, 1991). Adaptive changes in regulation of behaviour and
physiology become most evident under conditions of environmental demand. In commercial
breeding farms, tethered housing is frequent practice, but there is no evidence sofar for
impaired reproductive performance of the animals, suggesting that adaptive mechanisms
counteract the detrimental effects of stress on reproductive regulation.

The present study is designed to investigate whether chronic tethered housing of sows affects
the LH pulse characteristics during the oestrous cycle and the timing of the preovulatory LH
surge after oestrus synchronisation with the progesterone analogue altrenogest.

Materials and methods

Animals and housing

Twenty six commercial, multiparous (parity 2-7), crossbred sows (F1, Great Yorkshire x
Dutch Landrace) were obtained from a Dutch breeding company and had a history of long
term tethered housing. On arrival, they were randomly assigned to tethered housing with a
neckchain, or loose housing in individual pens of 6 m® with a concrete floor covered with
woodshavings, except for a slatted dunging area at the rear of the pen. Lights were on from
7.30 h to 19.30 h and ambient room temperature ranged from 15 °C to 25 °C. At 800 hours
and 1600 howrs the animals were fed 1.25 kg of dry sow feed (12.2 MJ of metabolizable
energy per kilogram containing 15.4% crude protein) by hand. Water was available ad
libitumn through a nipple drinker.

Surgery

In order to collect frequent bloodsamples, the sows were surgicaily fitted with a permanent
jugular vein catheter (Silastic® medical grade tubing, 0.040 in. i.d., 0.085 in. 0.d.; Dow
Comning, Michigan U.S.A.} under sterile conditions and under general anaesthesia with
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inhalation of O,/N,Q, enflurane Ethrane®, Abott B.V., The Netherlands) as described
previously (Janssens et al., 1994). The animals were equipped with a harness to protect the
cannula, which was externalized between the scapulae. The harness (23 cm x 20cm; polyvinyl
chloride with nylon; Bizon Chemie, The Netherlands) was fixed at the back of the animals
with a belt around the chest during the week before surgery in order to habituate to the
harness. All animals were treated with antibiotics (12 ml of T.S. Sol®, containing
trimethorprim and sulfamethoxazoi, orally; Dopharma, The Netherlands) once daily from 3
days prior to 3 days after surgery. To prevent obstruction by bloodclots, the catheters were
flushed with saline once weekly and filled with heparinized saline (25 TU heparin/ml of 0.9%
saline; Leo Pharmaceutical Products, The Netherlands) when not in use. When catheter
patency was reduced, obstructions were removed as described by Leuvenink and Dierx
(1997). In short, the catheter was filled with a solution of 25000 IU kabikinase (Kabi
Pharmacia, Sweden), 2500 TU heparin and 0.2 ml Ticarpen® (Beecham, England) to 25 ml
sterile 25% polyvinylpyrrolidone/saline (Merck, Germany), and after | week, flushed with a

2% heparine/saline solution.

Experimental design

On arrival at the facilities of the Wageningen Agricultural University, 13 animals were
housed tethered (TETHER) with a neck chain and 13 animals were housed loose (LOOSE) in
individual pens. After 1 week, surgery was performed and the animals were allowed
approximately 1 week for recovery during which they were frequently handled and habituated
to the bloodsampling procedure. Then, the oestrous cycles of all animals were synchronized
by daily oral administration of 20 mg of the progesterone agonist altrenogest (Regumatcc)) for
21 days (day 9). The day of altrenogest withdrawal was designated Day 0. On Day -3 (the
19th day of the altrenogest treatment) and at Day 2, 4 (both follicular phase) and 19 (luteal
phase) after altrenogest withdrawal, frequent bloodsamples were taken (every 12 minutes
during 12 hours) from 8.30 h until 20.30 h. After Day 4, bloodsamples were taken every 4
hours until the preovulatory LH surge had occurred as determined by a fast LH
radivimmunoassay. Of all 22 animals the peak value of preovulatory LH surge was detected.

Bloodsampling

Blood samples were taken according to the procedure as described previously (Janssens ef al.,
1994). Immediately after collection, the blood samples (approximately 5 ml) were transferred
to ice-cooled polypropylene tubes containing 50 pl EDTA solution (144 mg EDTA/ml of
saline, Triplex®HI, Merck Nederland BV, The Netherlands). The tubes were shaken, kept on
ice and subsequently centrifuged at 3000xg for 15 minutes at 4 °C. Plasma was collected and
stared at -20 °C until hormone analysis.
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Hormone analysis

LH. Plasma samples were analysed for LH using a double anti-body radioimmunoassay
(RIA) as described by Niswender et al. (1970), using porcine LH (pLH iodination grade
batch 004/3; potency, 0.85 x NIH LH-819; UCB bioproducts, Brussels, Belgium) as a
standard and for radioiodination (specific activity, 38 pCt/ug). Anti-porcine LH batch 004
(UCB bioproducts, Brussels, Belgium) was used at a final dilution of 1:360 000, which gave
an initial binding of the labeled hormone of approximately 39%. The main cross reacting
peptides were pFSH (2.7%), pLHa (1.1%), pTSH (0.5%) and pTSHa, pTSHB and pLHB
(all<0.1%). Sac-Cel® was used as the second antibody, (donkey anti-rabbit, Wellcome Reagents,
Beckenham). The minimal detectable concentration at the 90% B:B, was 0.1 ng/ml. The
interassay coefficient of variation was 14.4 % and the intra-assay coefficient of variation was 7.2
%. The fast LH RIA was performed according to the same method but with slight modifications of
incubation time and temperature (2 hours at 37 °C).

Cortisol. Hourly samples on Day -3 and 19, were analysed for cortisol. After extraction of plasma
with dichloromethane (DCM, Merck, Darmstadt, Germany), cortisol concentration was
determined using a single anti-body radioimmunoassay. For estimation of procedural losses, S00
cpm of [1,2,6,7—3H]cortisol (TRK407, specific activity 80.5 Ci/mmol, Amersham Int.,
Amersham U.K.) was added to 1 ml plasma sample and mixed with 3 mi DCM. The organic
phase of the mixture was evaporated under a stream of nitrogen and redissolved in 500 ul
phosphate buffer with 1% BSA. An aliquot of 150 ul was taken to determine the recovery of
{*Hcortisol. Cortisol concentrations were measured in duplicate (2 aliquots of 50 ul) using a
single-antibody radioimmunoassay (RIA) technique, previously described by Janssens et al.
(1994). The main crossreacting steroids were 21-desoxycortisol (72%), cortisone (59%),
prednisolone (53%), 11 desoxycortisol (43%), corticosterone (10%), progesterone (2.3%),
estradiol-178, dexamethasone, and triamcinolone acetonide {all <0.1%). The sensitivity of the
assay was 0.5 1-1g.n'11'1 at the 90% B/B, level. The intra- and inter-assay coefficients of variation
were 8.2 % and 14.7 % respectively. The amount of cortisol was expressed in ng.ml’I after
correction for procedural losses.

Detection of oestrus

Oestrus detection was performed by a back-pressure test in the presence of a vasectomized
boar once daily in the moming on all days until 1 month after withdrawal of altrenogest
treatment. The time of oestrus was defined as the first day the sow showed a standing
response. When animals had not shown oestrus before day 7, ultrasound was performed as
described by Soede et al. (1991) to determine whether ovulation had occurred.
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LH Pulse detection

The profiles of the pulsatile LH release were analysed using the pulse analysis program of
Maxima/Chromcard (Fisons Instruments,Interscience, Breda, Holland) with baseline calculated
according to an allgorithm taking into account the total LH profile. A pulse was defined by a
baseline-peak ratio of 0.5 or higher and a minimal area under the pulse of 6.0 x 10°ng.ml™ min.

Data analysis and statistics

Data of pulse frequency, pulse amplitude and mean plasma LH concentration of LH during
and after altrenogest withdrawal, time and height of the preovulatory LH surge and the first
day of oestrous, obtained after altrenogest withdrawal, were analysed using SAS statistical
analysis system (1990). In addition, to determine whether effects found in pulse frequency,
pulse amplitude and mean plasma LH were due to differences in the timing of the
preovulatory LH surge, data were analysed relative to the day of preovulatory LH surge. By
synchronising the data, the number of animals per housing condition is reduced. On Day -2
and -3, most animals had data on pulse frequency, pulse amplitude and mean plasma LH, and
were used to analyse possible effects of housing conditions on pulsatile LH release relative to
the preovulatory LH surge. The effect of tethering on these parameters, and on hourly
samples of cortisol and on the daily mean plasma level of cortisol on Day -3 and Day 19, was
tested using the GLM procedure using the model: Yj=p + T;+ey;+ D; HTxD); +ey;; Where
Y;= value of parameter in a sow (n=22) receiving treatment i on sampling day j; p = overall
mean; T;= fixed effect of treatment 1 (1,2); e;;= error term 1, which represents the random
effect of sow within treatment i; D;= fixed effect of sampling day j (1,..,4); €;;= error term 2,
which represents the random effect of treatment i between sampling days j. The effect of
tethering treatment was tested against error term [. The other effects were tested against error
term 2. Differences were considered significant when P<0.05. Pulse amplitude and mean
plasma LH did not have a normal distribution and were therefore subjected to non-parametric
analysis using the Kruskal-Wallis test from the NPARIWAY procedure of the SAS
progranime.

Resnlts

General

Of the 13 TETHER and 13 LOOSE sows, 3 TETHER animals and 1 LOOSE animal did not
show oestrous behaviour after altrenogest treatment was terminated. Ultrasound with the sows
that did not show oestrous behaviour showed that 1| TETHER and 1 LOOSE animal had
developed cystic ovaries. The other 2 TETHER scws had corpora lutea and were therefore
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classified as having displayed silent oestrus. Data of all 4 animals were excluded from
statistical analysis and, as a consequence, 12 LOOSE and 10 TETHER sows were used to
assess LH pulse characteristics.

Plasma LH and cortisol concentration during the luteal phase with and without altrenogest
No differences were found in number of LH pulses (p=0.50) and LH pulse amplitude
{p=0.61) between endogenous (Day 19) and exogenous (altrenogest period; Day -3)
progesterone dominance (Table 1), or between LOOSE and TETHER sows (p=0.40 and
p=0.83 respectively). Furthermore, no interaction between housing conditions and altrenogest
treatment was found {p=0.60 and p=0.50 respectively).

Mean plasma LH was not different between Day -3 and Day 19 (p=0.57). However, a
significantly higher mean plasma LH was found in TETHER than in LOOSE animals
(p=0.005), with no interaction between housing condition and altrenogest treatment (p=0.80).
In plasma cortisol, no differences were found (p=0.24) between LOOSE and TETHER sows,
nor between Day -3 and Day 19 (p=0.09). Furthermore, no significant interaction between
housing and day was found(p=0.99). In addition, there was no indication for the presence of a
diurnal rhythm in cortisol in of both LOOSE and TETHER sows. The daily mean plasma
concentration of cortisol of LOOSE respectively TETHER animals on these days was: 15.2 +
2.0 ng/ml versus 20.2 £ 2.6 ng/ml (mean + SEM; n=12 versus n=10) on Day -3 and 25.1 +
6.5 ng/ml versus 29.1 + 5.0 ng/ml (mean + SEM; n=12 versus n=9) Day 19.

Table 1: Pulsatile LH release during progesterone dominance in the luteal phase and under
altrenogest treatment in LOOSE and TETHER sows.

Day -3 Day 19

LOOSE TETHER LOOSE TETHER
(n=12) (n=10) (p=12) (n=9)

number of pulses (#/12h)  6.08+041  610+061 617053  678+0.74
pulse amplitude (ng. ml™") 8.54+160 141560 10.5+1.78 12.6 +4.13
mean plasma LH (ngmi')  9.44+205  159+268% 755+074  15.4+3.76*

Data of animals during altrenogest treatment (Day -3) and the luteal phase of the oestrous cycle (Day 19) are
presented as means = SEM.
* = significantly different from loose housed (p<0.05}.

Oestrus

LOQOSE sows came in oestrus on average at 6.7 £ 0.4 days after termination of altrenogest
treatment, which was significantly (p=0.002) later than TETHER sows that came in oestrus
after on average at 5.3 = 0.2 days. The duration of oestrus was not different (p=0.47) in
LOOSE compared to TETHER sows (2.2 = 0.2 days and 2.2 + 0.4 days respectively).
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Preovulatory LH surge

The peak value of the preovulatory LH surge in the TETHER animals (n=10) occurred on
average at 91 + 3 (mean + SEM) hours after altrenogest withdrawal (see Figure 1). This is
significantly (p=0.001) earlier than in the LOOSE animals (n=12), in which the preovulatory
LH surge peaked at 116 + 5 hours after altrenogest withdrawal. There was no significant
difference in the height of the preovulatory LH surge between LOOSE and TETHER sows
(36.7 £ 5.3 ng/ml versus 49.5 + 6.3 ng/ml; mean = SEM; p=0.16).

Day of Preovulatory LH Surge

B oos n-12) L1 tethered (n=10)

number of animals
L= BT S R PR S ¥ = TR B~ =Y = B e ]

5 B 7

day after altrenogest withdrawal

Figure 1. Time of the preovulatory LH surge (days afler altrenogest withdrawal) in LOOSE and TETHER
sows. Distribution of number of LOOSE (closed bars, total n=12) and TETHER (open bars; total n=10)
animals, that kave their preovulatory LH surge, over the period afier altrenogest withdrawal.

Pulsatile LH release on Day 2 and 4 after altrenogest withdrawal

In pulse frequency a significant day effect (p=0.007; Table 2} was found. Pulse frequency on
Day 2 after altrenogest withdrawai was significantly higher compared to Day 4. No housing
effect (p=0.40} was found, and no significant interaction between housing and day was found
in pulse frequency (p=0.39).

A significant day effect (p=0.01) was found for LH pulse amplitude, with the amplitude on
Day 4 being significantly higher than on Day 2 (table 2). Yet, no differences in pulse
amplitude were found between LOOSE and TETHER housing (p=0.35), and there was no
significant interaction between housing and day in pulse amplitude (p=0.13).

In mean plasma LH, a significant day effect (p=0.02) was found. Mean plasma LH on Day 4
was significantly higher than on Day 2. No housing effect (p=0.34) nor a significant
interaction between day and housing (p=0.08) was found.
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Table 2: Pulsatile LH release on Day 2 and 4 after altrenogest withdrawal in LOOSE and

TETHER sows.
Day 2 after altrenogest Day 4 after altrenogest
LOOSE TETHER LOOSE TETHER
(n=12) (n=10) (n=12) (n=10)

puise frequency (#/12h) 8.17+0.37 8.10x0.31 6.67+0.40 7.30+ 0.54
pulse amplitude (ng. ml™) 523+ 0.51 B88+289  7.58+1.35 24.3+5.62
mean plasma LH (ng.ml") 825+ 1.62 145264 10.0+2.00 26.4+ 504

Data are presented as mean £ SEM. A day effect was found with LOOSE and TETHER animals having
significantly higher pulse frequency but lower pulse amplitude and mean plasma LH on Day 2 than on Day 4
{p<0.03).

Since the occurrence of the preovulatory LH surge on Day 4 in 8 out of 22 animals could
have interfered with data on LH pulse frequency, pulse amplitude and mean plasma LH, data
were synchronized on the day of the preovulatory LH surge (Day 0) and analysed on Day -2
and -3. As a consequence, the number of animals per treatment group decreased. No
differences were found in LH pulse amplitude between Day -2 and -3 (p=0.64}, nor between
TETHER and LOOSE animals (p=0.21), nor an interaction between day and housing
(p=0.92). However, LH pulse frequency tended to be higher on Day -3 than on Day -2
(p=0.08), with no effect between housing conditions (p=0.75), nor an interaction between day
and housing conditions (p=0.96). Mean plasma LH was lower on Day -3 compared to Day -2
{(p=0.03) relative to the preovulatory LH surge. No effact of housing nor an interaction
between day and housing was found in mean plasma LH on these days (p=0.78; p=0.14).

Table 3: Pulsatile release of LH on Day -2 and -3 relative to the preovulatory LH surge in
LOOSE and TETHER sows
Day -3 relative to LH surge Day -2 relative to LH surge

LOOSE TETHER LOOSE TETHER
(n=6) (n=3) (n=6) (n=7)

pulse frequency (#/12h) 8.00£0.58 9.00<+ 0.00 6.83+0.75 771+£0.36
pulse amplitude (ng. ml™")  4.88 +0.75 515+1.56  6.86+2.35 10.5+4.01
mean plasma LH (ngml'’)  6.91£0.73 7.79+£2.22 10.6+ 4.02 17.4+ 3.10

Data are presented as mean = SEM. No day or housing effects are found in LH pulse frequency and pulse
amplitude. Mean plasma LH in LOOSE and TETHER animals is significantly lower (p<0.05)on Day -3 than on
Day -2 rvelative to the preovulatory LH surge
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Discussion

Long-term tethered housing induces chronic stress in pigs, and leads to stress-adaptive
changes in physioclogical regulation that may become apparent upon environmental challenge.
In the present study, we have investigated the effect of a change in housing conditions on the
hypothalamus-pituitary-gonadal (HPG) axis in multiparous stress-adapted female pigs.
During the luteal phase, the LOOSE group of animals showed lower mean plasma LH levels
than the THETHER animals, whereas LH pulse frequency and amplitede were not affected
by housing condition. Sofar, no overt effects of chronic tethered housing on plasma LH
concentration in females have been reported. Studies in rats and rhesus monkeys showed
decreased plasma LH concentrations after restraint stress (Taché, ef al., 1978; Goncharov et
al., 1984; Lopez-Calderon et al, 1987), however, they used male subjects and chronic
intermittent immobilisation stress.

Both groups of sows used in the present study had a history of long term tethered housing
during which adaptational processes in the regulation of the hypothalamus-pituitary-adrenal
(HPA) axis, autonomic nervous system and behaviour occur, rendering the pigs more reactive
to changes in environmental conditions (Schouten ez ol., 1991; Janssens ef al., 1994; Janssens
et al., 1995a; Clark ef al., 1997). The change in housing conditions of the LOOSE sows, that
were able to move freely from approximately 6 weeks before the start of the experiment
onwards, likely was a challenge for the animals, inducing changes in mean LH concentration .
In a study by Rampacek et al. (1984), a change from confined to non-confined housing also
resulted in a change in LH plasma concentration. The fact that they found an increase in
plasma LH concentrations in the non-confined group, whereas our results show decreased LH
levels in the LOOSE animals may be explained by the fact that, apart from methodological
differences, they used prepubertal pigs, that is animals in which the regulation of LH differs
considerably [rom that in multiparous sows as used in the present study.

LOOSE pigs showed a significant delay of the preovulatory LH surge with 25 hours. It could
be argued that this was caused by a difference in activation of the HPA-axis. Janssens et al.
{1995a) reported a flattened diurnal rhythmicity of cortiso! and a hypercortisolemia during
long-term tethering. These changes, however appeared to be of a transient nature, indicating
development of adaptational changes in the HPA system at least in part of the animals. In the
present study, plasma cortiscl concentrations were not different between housing conditions,
but, relatively high when compared to those of the loose housed controls in studies by
Janssens et al. (1994; 1995a). In addition, there was no indication of a diurnal cortisol rhythm
in both the LOOSE and the TETHER animals. Therefore, the shift in the preovulatory LH
surge cannot be explained by a difference in activation of the HPA axis. Furthermore, from
the present data together with those from the literature, it might be suggested that LOOSE
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animals are in a transitional state, during which changes in the HPG- but not the HPA-system,
induced by previous long term tethered housing, are reversed towards pretethering levels.
Pulse frequency decreased while pulse amplitude and mean plasma LH increased from the
early (Day 2 after altrenogest withdrawal) towards the late follicular phase (Day 4 after
altrenogest withdrawal) irrespective of housing condition. When data were lined up to the day
of the preovulatory LH surge, this pattern was still largely present with a significant time
effect in mean plasma LH concentration and a trend in pulse frequency. These findings are in
line with other studies showing higher pulse frequency with low amplitude in early follicular
phase compared to mid- and late follicular phase (Kesner et 2l., 1989; Messinis ef al., 1992;
Matt et al., 1993) depending on the presence of gonadal steroids.

In summary, the present study shows that a change in housing conditions delays the
preovulatory LH surge and decreases the mean LH concentration during the luteal phase, but
has no effect on LH pulse frequency and pulse amplitude under progesterone dominance with
altrenogest and during both phases of the oestrus cycle after termination of altrenogest
treatment.
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Abstract

The response of the reproductive axis to endogenous opioid peptides (EOP) was investigated
by determining the increase in mean plasma LH concentration after intravenous
administration of 5 doses of the opioid antagonist naltrexone using PRL as a positive control,
Cyclic gilts received iv treatment with saline or 0,125, 0.25, 0.5, 1 or 2 mg/kg naltrexone
during the luteal phase of the oestrous cycle and frequent bloodsamples were taken. On
average, plasma LH and PRL concentrations increased with increasing dose of naltrexone in
the first hour postinjection. Plasma LH concentration was increased (P<0.05) after 0.25 and
2 mgrkg naltrexone compared to control, whereas plasma PRL concentration was increased
after all doses used. However, a considerable variation between animals was found in the
response of both hormones with 2 animals showing no response to the doses used, 2 animals
responding to 0.25 mgtkg and higher, and 3 animals vesponding to all doses. The 5
"responders” showed increased plasma LH concentrations during the first hour postinjection
after 0.25, 0.5 and 2 mg/kg naltrexone. Over the total postinjection period 2 mgrkg naltrexone
increased plasma LH concentration compared to all other doses (P<0.05) except 0.5 mg/kg.
During the first hour postinjection, the 5 "responders” showed increased (P<0.05) plasma
PRL concentration after all doses used

In conclusion, naltrexone dose dependently increased the mean plasma LH and PRL
concentration with a considerable variation between animals. Furthermore, it is suggested
that the LH and PRL response differ in sensitivity to inhibition by EOP's.

Introduction

Endogenous opioid peptides (EQOP’s) are involved in the regulation and the pulsatile secretion
of luteinizing hormone (LH). Intravenous treatment with opioid receptor antagonists has been
shown to increase plasma LH concentration in primates (Mello et al., 1988), sheep (Whisnant
et al., 1991), humans (Gindoff et la., 1988, Remorgida et al., 1990), rat (Babu ef al., 1988)
and pig (Barb er a/., 1985). In the pig, intravenous infusion with a met-enkephalin anatog
decreased mean LH concentration (Okrasa and Tilton, 1992). Furthermore, B-endorphin and
leu-enkephalin have been reported to inhibit the LH release from rat pituitaries in vitro (Leiva
and Croxatto,1994). Studies by Barb et a/. (1986) in pigs and by Stumpf et al. (1993) in
ovatiectomised beef cattle have shown that the reduction of plasma LH concentration by
progesterone was counteracted by the administration of the opioid receptor antagonist
naloxone. This strongly suggests that the inhibition of plasma LH concentration by
progesterone is mediated by an opioidergic mechanism.
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A technical problem in studying effects of EQP's on the plasma LH concentrations is the
pulsatile pattern which might obscure the response to opioid antagonists. The concentration of
PRL in plasma, like that of LH, is under inhibitory controt of EOP and has been reported to
increase after naloxone treatment (Snowden et al., 1984; Barb ef al., 1986). This together
with the fact that PRL release does not follow pulsatile kinetics, makes the plasma PRL
concentration suitable as a positive contral for the effect of drugs that interfere with the
opioid regulation of LH secretion system.

A considerable variation between individual animals in the response to opioid receptor
agonists and antagonists appears to exist. Deroche ef al. (1993) showed differences in
lacomotor response to morphine treatment between individual rats. Martin del Campo ef al.
(1992) reported large individual differences in naloxone induced rise in plasma cortisol in
humans, and Raevskaia, (1992) has shown in rabbits that the naloxone induced hyperalgesic
effect depended on individual properties of the animals. Therefore, it might be useful to
check whether individual variability in response to opioid agonist and antagonists is related to
the plasma concentrations of the drugs used.

The aim of the present study was to investigate the response of the reproductive axis to EOP's
by determining the increase in mean plasma LH concentration after intravenous
administration of saline or 5 doses of naltrexone in gilts. Mean plasma PRL concentration is
used as a positive control and plasma concentrations of naltrexone were determined to check
adequacy of treatment.

Materials and methods

Animals

Seven crossbred cyclic gilts (Great Yorkshire X British Landrace, Pig Improvement
Company, Oxfordshire, United Kingdom) which had shown two or more normal oestrous
cycles were used in this study. At the start of the experiment, mean body weight of the
animals was 192.6 £ 6.1 kg (mean + SD). All animals were housed loose in individual pens
with a concrete floor that was covered with woodshavings, except for a slatted dunging area
at the rear of the pens. Lights were on from 7.30 h to 19.30 h and ambient room temperature
ranged from 15°C to 25 °C. At 8.00 h and 16.00 h the gilts were fed 1 kg of a pelleted, dry
sow feed (12.2 MJ of metabolizable energy per kilogram containing 15.4% crude protein) by
hand. Water was available ad libitum through a drinking nipple.
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Surgery

In order to collect frequent blood samples, the gilts were surgically fitted with a permanent
jugular vein catheter {Silastic® medical grade tubing, 0.040 in. i.d., 0.085 in. o.d; Dow
Coming, Michigan U.8.A)) under sterile conditions, and under general anaesthesia with
mnhalation of 02/N20, enflurane Ethrane®, Abott B.V., The Netherlands) as described
previously (Janssens et al., 1994) with slight modification in the attachment of the catheter to
the jugular vein. The animals were equipped with a harness to protect the cannula, which was
externalized between the scapulae. The harness (23 cm x 20 cm, polyvinyl chloride with
nylon;, Bizon Chemie, The Netherlands} was fixed at the back of the animals with a belt
around the chest during the week before surgery in order to habituate to the harness. All
animals were treated with antibiotics (12 mi of T.S. Sol®, containing trimethorprim and
sulfamethoxazol, orally; Dopharma, The Netherlands) once daily from 3 days before surgery
until 3 days after surgery. The animals were allowed to recover from surgery and anaesthesia
for at least 10 days. _

To prevent obstruction by bloodclots, the catheters were flushed with saline once weekly and
filled with heparinized saline (25 IU heparin/ml of (.9% saline; Leo Pharmaceutical Products,
The Netherlands) when not in use. When catheter patency was reduced, obstructions were
removed as described by Leuvenink and Dierx (1997). In short, a solution of 25000 IU
kabikinase (Kabi Pharmacia, Sweden), 2500 IU heparin and 0.2 ml Ticarpen® (Beecham,
England} was added to 25 ml sterile 25% PVP/saline (Merck, Germany) solution. After 1
week, the catheter was flushed with a 2% heparine/saline solution.

Experimental procedure

In ail 7 gilts, the effect of 5 doses of naltrexone (0.125 mg/kg, 0.25 mg/kg, 0.5 mg/kg, [
mg/kg and 2 mg/kg) on the plasma concentration of LH was tested and compared to § ml
saline (control) with a washout period of 7 days. Each animal received all doses in a random
order over a total period of 4 oestrus cycles (2 doses/ cycle) and each animal served as its
own control. The first day of oestrus was designated as Day 0. On Days 7 and 14 (luteal
phase), blood samples were collected every 12 minutes for 8 hours (from 9.00 h until 17.00
h) according to the procedure described previously (Janssens ef al., 1994). The samples of the
tirst two hours (9.00 h - 11.00 h) were used to determine the basal 1.H release and at 11.00 h,
saline or one of the doses naltrexone (Sigma Chemicals, St Louis, U.S.A.) was injected given
as an iv. bolus via the catheter.

Blood sampling procedure
Before the experiment, the animals were frequently handled and habituated to the blood
sampling procedure. Immediately after collection, the blood samples (approximately 5 ml)






