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SUMMARY

This study examines the role of endogenous
opiaids in control of the estradiol-induced luteinizing
hormone (LH) surge. In the experiment (Exp.) 1,
fifteen Duroc gilts were ovariectomized at the age
of 5 1o 6 months and one month later challenged
with estradiol benzoate (EB; 25 pg/kg im.) at 0 h
of the experiment. Control animals (n=5) received
continuos iv. infusion of saline solution (5 mi/h)
from 30 to 34 h and from 60 1o 64 h preceded by
single i.v. injection of 10 ml of saline in each case.
The naloxone group (n=5) received naloxone (1 mg/
kg) continuously between 30 to 34 h after injection
of EB, preceded by a single i.v. administration of
the same amount of the drug. The morphine group
(n=5) was given morphine (1 mg/kg) continuously
from 60 to 64 h after EB preceded by a bolus i.v,
injection of the same dose of opioid. In Exp.2 ten
Duroc gilts ovariectomized at the age of 6 months
were prepared and challenged with EB in the same
way as in Exp.1. The control group (n=5) received
saline infusion from 54 to 60 h after the EB
treatment while the naloxone group (n=5) received
naloxone between 54 1o 60 h.

Palabras clave adicionales

LH. Opioides. Cerdo.

In Exp.1 EB alone suppressed LH values
(pmol/l) from 28.1 - 36.910 2.2 - 4.4 during 6 1o 48
h in all groups (negative feedback phase). In
controls and NAL groups LH increased to 67.7+6.7
and 56.7+7.3 between 54 to 96 h (positive feedback
phase), respectively (p>0.05). Hovewer, the
beginning of LH surge was delayed for 6 h in
naloxone given animals. LH in morphine treated gilts
was lower between 54 1o 96 h than in controls and
naloxone gilts (p<0.05).

These data show that while endogenous opioid
peplides may not be involved in EB inhibition of LH
secrelion, exogenous opioids suppresses the EB-
induced LH surgein gilts.

RESUMEN

Esle estudio examina el papel de los opicides
endagenos en el control del estradiol en lainduc-
cion de la curva de la hormona luteinizante (LH) en
cerdas.

En el experimento 1 (Exp.1), quince cerdas
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nuliparas puberes, raza Duroc, fueron
ovariectomizadas alos 5-6 meses de edad. Un mes
mas tarde (a la hora 0 del experimento), se les ad-
ministré benzoato de estradiol ( EB; 25 mg/kg i.m.)
yseasignaron tres grupos. El control recibio (n=5)
en forma confinua una infusién salinaiv. (5 mih),
entre las 30-34 h y 60-64 h de iniciado el Exp.,
precedida en ambos casos por una inyeccion (i.v.)
de 10 ml de solucion salina. El grupo tratado con
naloxona (NAL; n=5 ), recibio NAL (1 mg/kg )
continuamente entre las 30-34 h después de lain-
yeccion i.m. de estradiol, precedida por una dosis
unica ( 1 mg/kg ) de NAL. El tercer grupo (n=5) se
inyectd continuamente con morfina (1 mg/kg ) en-
tre las 60-64 h a partir de la 0 h, precedida por una
dosis i.v. del mencionado opioide. En el Exp.2, diez
cerdas nuliparas puberes, raza Duroc,
ovariectomizadas y tratadas con EB en la misma
forma que en el Exp.1, se agruparon en hembras
control (n=5), que recibieron solucion salina de 54
a 60 h después de la dosis de EBy un grupo tra-
tado con naloxona (n=5) entre las 54-60 h des-
pués de la dosis de EB .

En el Exp.1, el tratamiento solo con EB supri-
me los valores (pmoll) de LH de 28,1- 36,9 a
2.2-4 4, durante 6-48 h en todos los grupos (fase
feedback negativo). En el grupo confrol y tratado
con NAL los valores de LH aumenta a 67,7+6,7 y
a 56,7473 entre las 54 a 96 h (fase de feedback
positivo), respectivamente (p>0,05). Sin embargo,
el comienzo de la curva de LH fue retrasado por 6
horas en el grupo tratado con NAL. En las cerdas
tratadas con morfina los valores de LH fueron mas
bajos entre las 54-96 h, comparados con el grupo
contral y las tratadas con NAL ( p<0,05).

Estos datos muestran que mientras los pepti-
dos-opioides enddgenos pueden no estar
involucrados en la accion inhibitoria del EB en la
secrecion de la LH, los opioides exdgenos supri-
men la curvade LH inducida por EB en cerdas.

INTRODUCTION

The increasing serum concen-
tration of estradiol secreted by

developing preovulatory follicles
stimulates the preovulatory luteini-
zing hormone (LH) surge and
subsequent ovulation. Estradiol
exerts biphasic actions of LH in the
ovariectomized female pig (Dial et
al; Foxcroft et al., 1985). Initially
there is a period of negative fee-
dback followed by an LH surge that
is indistinguishable from the natu-
ral one (Foxcroft et al., 1985;
Stevenson et al.,, 1981). Estrogen
inhibits or greatly reduces the
release of LH for a period of approxi-
mately 48 to 60 hours. Apart from
the initial 12 h of this period, the
pituitary is able to respond to LH
releasing hormone (LHRH) during
the negative phase (Britt et al,
1991). It is suggested than the
negative and positive feedback
effect of estrogen in pigs is predo-
minantly at the hypothalamus
rather that at the pituitary gland
(Britt et al, 1991; Kesner, 1988;
Kesner et al. 1987; Ziezic et al.,
1988). The fact that only a few LHRH
neurons have estrogen receptors
suggests that estrogen does not act
directly on LHRH neurons but
rather inhibits or triggers LHRH
release by acting on other types of
neurons which terminate on and
then affect the activity of LHRH
neurons (Shivers et al., 1983).
Naloxone, an endogenous opioid
peptides (EOP) antagonist, stimula-
ted LH release in the luteal phase
of the pig estrous cycle when pro-
gesterone secretion was high but
not during follicular phase of the
estrous cycle (Barb et al., 1986).
Secretion of LH was suppressed
after the injection of the EOP
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agonist morphine into the lateral
cerebral ventricle of both ovariecto-
mized prepubertal and ovariectomi-
zed mature gilts (Barb et al., 1989;
Estienne et al., 1990). However,
there are not many reports on the
effects of EOP antagonist and
agonist on the estrogen induced
preovulatory - like surge in pigs and
other species. This study examines
LH secretion in ovariectomized,
estradiol-primed gilts when EOP
activity is suppressed during the
negative and positive feedback
phase by infusion of naloxone
during positive feedback or when
opioid activity is enhanced by
exogenous opioid agonist-morphine
delivered during positive feedback.

MATERIALS AND METHODS

ANIMALS AND EXPERIMENTAL PROCE-
DURE

Experiment 1. Experiment 1 was
designed to examine LH secretion
when endogenous opioids are
suppressed by naloxone during
negative feedback and when opioids
activity is increased by morphine
during positive feedback. In this
experiment fifteen prepubertal
Duroc gilts weighing about 75 kg
were ovariectomized at the age of 5
to 6 months and challenged with
estradiol benzoate (EB; Polfa;
Kutno, Poland 25ug/kg i.m.) one
month later at O h of the ex-
periment. Two days before the
injection of EB each gilt was fitted
under general anaesthesia with an
indwelling catheter in the anterior

vena cava via a cephalic vein
(Kotnica et al., 1978). It was exterio-
rized by a passage under the skin
to the back to facilitate blood collec-
tion and infusion of an agonist and
an antagonist of opioids. Gilts were
assigned to three treatment groups.
Control animals (n=5) received
continuous pomp i.v. infusions of
saline solution (5 ml/h) from 30 to
34 h and from 60 to 64 h after
injection of EB preceded by single
i.v. injection of 10 ml saline in each
case. The naloxone (NAL) group
(n=5) received single 10 ml injection
of NAL (1 mg/kg: Sigma Chemicals.,
St.Louis, MO, USA) at 30 h and then
NAL (20 ml) was infused by pomp
continuously at rate 1 mg/kg/4 h
until 34 h after the EB treatment.
An intention was to maintain
naloxone in circulation during part
the negative feedback phase.

The morphine (MORPH) group
(n=5) were given MORPH (1 mg/kg)
in 10 ml bolus injection at 60 h and
then continuously (20 ml) from 60
to 64 h in dose of 1 mg/kg/4 h. The
application design was intended to
maintain MORPH in the circulation
during the first part of expected LH
surge. NAL or MORPH was dissol-
ved in 0.9 p. 100 saline solution and
continous infusions were performed
through PVC extension tubings (2.5
to 3 min length) at a rate of 5 ml/h.
Heparinized blood samples (5 ml) for
analyses of LH were collected every
6 h from O h, i.e. immediately before
EB injection, to 96 h after EB, with
hourly collection between 30 to 42
h for NAL and control groups and
from 60 to 72 h for the MORPH and
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control groups.

Experiment 2. Experiment 2 was
designed to study LH secretion
when endogenous opioids are
suppressed by naloxone during a
positive feedback phase. Ten Duroc
gilts weighing about 80 kg and
ovariectomized at the age of 6
months were prepared and challen-
ged with EB in the same way as in
Experiment 1 and assigned into two
equal groups (n=5). The control
group received continuous i.v.
infusion of saline solution (5 ml/h)
from 54 to 60 h after the injection
of EB while the NAL group received
i.v. infusion of NAL (1 mg/kg/6 h)
continuously between 54 to 60 h
after EB preceded by bolus i.v.
injection of 1 mg/kg of this EOP
antagonist. Blood samples for radio-
immunoassay of LH were collected
every 6 h from O to 96 h after EB
with an hourly collection between
54 to 60 h for the control and NAL
group. In both experiments blood
samples were centrifuged for 15
min at 1000 x g immediately after
the collection and the plasma stored
at -20°C until analysis.

HORMONE ANALYSIS

Serum concentrations of LH were
determined by a homologous radio-
immunoassay (Ziezic et al., 1992).
Purified porcine LH (USDA-pLH-1-
1) was used for preparation of the
radio-iodinated antigen and USDA-
pLH-B-1 as a standard. The assay
sensitivity at 95 p. 100 binding was
1.7 pmol/l. Samples were quanti-
fied in two assays with average intra
and inter-assay coefficients of

variation of 8 and 14 p. 100 respec-
tively. Gilts from different treatmen-
ts were represented in each assay.

STATISTICAL ANALYSIS

Data was analysed by analyses
of variance for repeated measures
(Gill and Hafs, 1971). To facilitate
comparison of LH responses to EB,
the period during which suppres-
sion of LH occurred, was defined as
the negative feedback phase (period
1; O to 48 h), and the period during
which LH secretion patterns
changed to produce an increase in
LH levels in individual gilts, was
defined as the positive feedback
phase (period 2; 54 to 96 h). Sources
of variation included treatment
(control, morphine, naloxone),
period (negative feedback phase,
positive feedback phase) and
interaction of treatment and period.
The treatment by period interaction
was significant, so subsequent
analyses were performed separately
for periods 1 and 2. To characterize
an estradiol induced LH surge the
following parameters were esta-
blished: a) time to emergence of LH
surge was estimated by the LH sur-
ge initiating rise (LH - SIR) para-
meter proposed by Testart et al.
(1982). In our studies, LH - SIR co-
rresponded to the time when the
plasma LH amplitude was three ti-
mes the mean of four preceding
values and the surge had to
encompass al least 3 samples
collected at 6 h intervals. To be
defined as a surge of LH, the change
in LH during the period of positive
feedback had to meet the following
criteria: 1) the peak of LH had to be
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Figure I. Concentrations of LH (pmol/l) in plasma of gilts given naloxone
(n=5) during negative feedback, morphine (n=5) during positive feedback and
saline (control; n=5). Standard errors for period of negative and positive fee-
dback are in table I. Morphine inhibited LH release p<0.05) during the positive
Jeedback phase. (Concentraciones plasmaticas de LH (pmol/l), en hembras nuliparas puberes tra-
tadas con naloxona (n=5) durante la fase de feedback negativo, morfina (n=5) durante la fase de feedbak
positivo y solucion salina (control; n=5). Los errores tipicos en los periodos de feedback negativo y positivo
se sefialan en la tabla |. La morfina inhibid la secrecion de la LH (p<0,05) durante la fase de feedback

positivo).

at least fivefold the value calculated
for SIR and duration of LH release
was longer than 12 h and 2) the
increasing and decreasing phases
had to occur during 54 to 96 h. The
criteria were similar to those
described previously (Ziezic et al.,
1987; Britt et al., 1991); b)
maximum serum LH concentration
after EB (amplitude of LH surge); ¢)
time to the maximum plasma LH
concentration after EB injection
(time of greatest surge); d) total LH
secreted during the surge. The to-
tal amount of LH released was
calculated by measuring, with a

planimeter the total area under the
LH curve during the surge. Analyses
not involving repeated measures e.i.
concerning parameters a, b, ¢ and
d were performed utilizing one way
analysis of variance (ANOVA).

RESULTS

Experiment 1. In Experiment 1
oestradiol benzoate caused
suppression of LH values (pmol/1)
from 28.1 - 36.9 to 2.2 - 4.4 within
the first 6 h after the administration
(figurel). In control females the ave-
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rage concentration of LH decreased
to 6.5+0.6 (mean + SEM) during the
negative feedback phase and then
increased to 67.7+6.7 during the
positive feedback phase. The
maximum concentration of LH
(132.2+20.5) occurred at 67.413.1
h (table I). NAL treatment did not
affect the average LH concentration
during the negative and positive
phase compared with controls but
the onset of the LH surge was 6 h
delayed (p<0.05). Also the total LH
secreted (measured under the curve
for the LH surge) during the surge
did not differ significantly between
the control and NAL treated groups
(table I). In contrary LH concentra-
tions (26.0+1.9) in MORPH treated
gilts were lower between 54-96 h
than in controls and NAL treated
gilts (p<0.05). The time to emergen-
ce of the LH surge and the time of
the greatest surge were also

significantly delayed when compa-
red to both the control and NAL
groups (table I). The total LH
secreted in the MORPH treated
group was about 60 per cent lower
than in both remaining groups
(p<0.05).

Experiment 2. The results of
Experiment 2 are shown in figure
2. In this study the onset of the
preovulatory - like surge of LH in
control and NAL treated gilts
occurred at 57.5+1.2 and 53.5+3.2
h after EB administration, respecti-
vely. There were also no significant
changes in the pattern of the LH
surges during the positive phase of
feedback. The mean time of the
greatest surge was registered at
66.3+5.6 h in the control and at
64.2+1.7 h in the NAL treated group.
The peak level of the NAL treated
group (184.4+23.8) was slightly

Table I. Concentrations of LH (mean+SEM) during the periods of negative (0-
48 h) and positive (54-96 h) feedback phase, time to emergence of LH surge,
time and amplitude of the greatest surge and total LH secreted during surge.
(Concentraciones plasmaticas de LH (X +ETX), durante la fase de feedback negativo (0 - 48 h) y positivo
(54 - 96 h), tiempo de aparicion de la curva de LH, tiempo y amplitud de la curva y tolal de LH secretada
durante la curva).

Treatment n  Negative Positive Time o Time of Amplitude Total LH
group feedback feedback emergence  greatest of greatest  secreted
concentrations concentrations  of LH surge surge surge (arbitary

(pmol/) (pmal/l) (h) (h) (pmol/) units})
Control 5 6.5:0.6 67.746.7 54.0+1.8a 67.4t3.1a 13224205 3.5%0.7a
Naloxone 5 6.510.6 56.7+7.3 60.0+0.0b 69.0+1.7a 130.7+329 3.8+1.0a
Morphine 5 5.4+06 26.0+1.9p 71.0+0.9c 82.4+3.3b 707+8.8 1.420.2b

a, b, ¢ - Means with a different superscripts within a column are different (p<0.05)
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Figure 2. Concentrations of LH (pmol/l) in plasma of gilts given naloxone
(n=5) and saline (control; n=5) during the positive feedback phase. Standard
errors were generally proportional to the mean. Naloxone did not affect (p>0.05)
LH release during the positive feedback phase. (Concentraciones plasmaticas de LH
(pmol/l en hembras nuliparas puberes tratadas con naloxona (n=5) y solucion salina {control; n=5) durante
la fase de feedback positivo. Los errores tipicos fueron generalmente proporcionales ala media . La naloxona
no afecté (p>0.005) la secrecién de LH durante la fase de feedback positivo).

lower when compared with controls
(221.3+283.1). The total LH under the
curve for the LH surge (arbitrary
units) was similar in the control and
NAL treated groups (5.3+0.9 vs
5.040.8) respectively.

DISCUSSION

Endogenous opioid peptides
(Kraeling et al., 1992) are strongly
involved in the regulation of LHRH
and consequently LH secretion in
the pig. The experiments presented
in this paper have asked two
questions - is the estrogen-induced

negative feedback of LH secretion
caused by a high opioid tone?; can
increased OR decreased opioid
activity during the positive feedback
phase affect the LH surge?

In our study the endogenous
peptide antagonist - NAL applied
from 30 to 34 h after EB injection
did not influence LH secretion
during the negative feedback phase
but did influence the timing of the
LH surge onset during the positive
phase. It is interesting that Kraeling
et al. (1992) have shown that
intravenous infusion of NAL 42 to
66 hours after estradiol injection
also delayed the emergence of the
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LH surge in ovariectomized gilts.
Such along term effect of naloxone
found in our study is difficult to
explain. It may mean that opioid
receptors are present during
negative feedback but the inhibition
of LHRH by EOP is overridden by
other neurochemical regulators.
Alternatively, EOP do not partici-
pate in the inhibition of LHRH/LH
release during the negative fee-
dback phase in gilts.

Barb et al. (1988) were able to
stimulate LH secretion by NAL in
ovariectomized and progesterone
treated mature but not prepubertal
gilts. On the other hand, in an in
vitro study examining LHRH release
from the median eminence of
ovariectomized gilts primed with
estradiol benzoate or progesterone
or estradiol benzoate and proges-
terone, the highest LHRH release
was recorded after the estrogen
treatment (Okrasa et al., 1990).
These data also indicated that the
inhibition of endogenous opioid
action at the median eminence
stimulated LHRH release depended
on both progeste-rone and estradiol
milieu.

Infusion of MORPH during 60-64
hours after EB in our study not only
delayed the estradiol-induced sur-
ge but also decreased LH secretion
for 60 percent during the positive
feedback phase. A delay in the
emergence of the estradiol-induced
LH surge in prepubertal ovariecto-
mized gilts was also found where
MORPH was intracerebroven-
tricularly injected at 40 and 48
hours after estradiol but magnitu-
des of the LH surge and total LH

secreted were not different among
MORPH and saline-treated pigs
(10). In contrast, MORPH given s.c.
at 8 h intervals was unable to affect
the characteristics of the estradiol
induced LH surge in ovariectomized
miniature pigs as reported by
Kuneke et al. (1993) although the
doses used were adequate enough
to delay the onset of estrus after
weaning (Armstrong et al., 1988).
The differences between the
experiments relating to the effect of
morphine on the estradiol-induced
LH surge in ovariectomized pigs
may be explained by the manner of
MORPH administration (intracere-
broventricularly, s.c. and i.v.) or
time of opioid agonist infusion or
injections (40 to 48, O to 72 and 60
to 64 hours after estradiol injection,
respectively).

The administration of naloxone
during the beginning of the positive
feedback phase did not affect the
amount of LH released during the
infusion period. There is an
explanation that EOP activity is
suppressed during the positive fee-
dback phase so that LHRH release
from the median eminence during
the positive feedback surge has an
all or none effect on LH secretion.
In the study presented by Kuneke
et al. (1993) when immature 60 - day
-old gilts were challenged with NAL
for 6 to 48 h during the expected
estradiol-induced LH surge NAL
also did not influence LH secretion.
However, in these animals LH
concentrations did not decrease to
negative feedback levels in the post
surge period.

Collectively, this paper demons-
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trates that while opioids may not be
involved in the EB inhibition of LH
secretion during the negative fee-
dback phase, exogenous opioids
suppresses the EB-induced LH sur-
ge during the positive phase in gilts.
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