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Summary &horbar; The endocrine and ovarian effects of hypophysectomy (n = 5) and gonadotrophin-releas-
ing hormone (GnRH) antagonist administration (Antarelix) (n = 5) were studied in gilts by compari-
son with control animals (n = 6). All gilts were given Regumate (20 mg/d for 18 d). The last day of
Regumate was day 0. Hypophysectomy and initiation of Antarelix administration (0.6 mg iv twice daily
for 7 d) were performed on day 5. All ovaries were obtained at slaughter on day 12. Blood samples were
obtained daily from all Antarelix-treated and control sows to measure luteinizing hormone (LH) and fol-
licle stimulating hormone (FSH) concentrations. Frequent sampling was performed on day 10 on con-
trol and Antarelix-treated gilts to assess pulsatile LH secretion. Oestrus or LH surge was initiated
before the beginning of treatment in 2 hypophysectomized, 4 Antarelix-treated, and 4 control females.
Gonadotropins were undetectable in the blood of hypophysectomized sows on day 6. On day 10, pul-
satile LH release was blocked in Antarelix-treated gilts. At no time were FSH concentrations significantly
affected. Histological observation of the ovaries demonstrated that: (i) similar populations of healthy or
total (healthy + atretic) follicles < 1 mm were found in the 3 groups of females; (ii) healthy follicles 1 to
2 mm in diameter were present in Antarelix-treated but not in hypophysectomized gilts; and (iii) healthy
follicles > 2 mm were absent in Antarelix-treated and hypophysectomized gilts. The present study
suggests the existence of 3 subgroups amongst antral follicles (gonadotropin independent: 0.19 to
1.1 mm; FSH dependent: 1.1 to 2 mm; LH pulses dependent: > 2 mm in diameter).
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Résumé &horbar; Effets de la suppression des hormones gonadotropes endogènes sur les populations
folliculaires de truie. Les populations folliculaires de truie ont été comparées après hypophysectomie
(n = 5), administration d’un antagoniste de GnRH (n = 5) par rapport à des truies contrôles (n = 6). De
plus, les effets de l’administration de l’antagoniste de GnRH (Antarelix) sur l’hypophyse ont été carac-
térisés. Les 2 traitements (hypophysectomie et Antarelix) ont débuté à J5 (JO = fin du traitement de syn-
chronisation au Régumate). L Antarelix a été administré biquotidiennement (0,6 mg IV par injection) de
J5 à J11. Tous les animaux ont été abattus à J12. Les effets endocriniens de l’Antarelix ont été carac-
térisés par rapport aux truies contrôles par des prélèvements quotidiens (mesures de LH et FSH) et des
prélèvements sériés à J10 (mesure de la pulsatilité de LH). L’administration dAntarelix bloque totale-
ment la sécrétion pulsatile de LH sans affecter les niveaux de FSH de façon significative. L cestrus et/ou



une montée de LH étaient détectables à J5 chez 2, 4 et 4 truies des lots «hypophysectomie» «Anta-
relix» et «Témoin». À J12, des corps jaunes étaient présents chez 2/5, 4/5 et 6/6 truies des lots «hypo-
physectomie», «Antarelix» et «témoin». Dans tous les cas, ils paraissaient fonctionnels. L’étude des
ovaires montre que i) les effectifs de follicules < 1 mm sont identiques dans les 3 lots ; ii) les follicules
sains de taille comprise entre 1 et 2 mm ne se rencontrent que dans les ovaires des truies «Antarelix»
et «témoin» ; iii) des follicules sains > 2 mm sont totalement absents des ovaires de truies hypophy-
sectomisées ou traitées à I Antarelix. Ces résultats suggèrent l’existence de 3 types de follicules chez
la truie : i) indépendants de l’hypophyse (et donc des gonadotropines) : taille comprise entre 0,15 et 1,1 1
mm ; ii) FSH dépendants : taille comprise entre 1,1 et 2 mm ; et iii) dépendants des pulses de LH : taille
supérieure à 2 mm.
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INTRODUCTION

The main events of terminal follicular growth
and maturation have been described in pigs
(Britt et al, 1985; Foxcroft and Hunter, 1985;
Grant etal, 1989; Guthrie etal, 1993). Fur-
thermore, the changes in gonadotrophin
secretion occurring during the follicular
phase have also been documented (Van
de Viel et al, 1981; Foxcroft et al, 1987;
Prunier etal, 1987; Guthrie and Bolt, 1990;
Flowers et al, 1991 Study of coincidental
changes in follicular development and hor-
mones levels have demonstrated that (1)
an increase in follicle-stimulating hormone
(FSH) secretion may not be a prerequisite
for induction of follicular recruitment (Fox-
croft and Van de Viel, 1982; Shaw and Fox-
croft, 1985) and (2) increased basal luteiniz-
ing hormone (LH) levels and LH pulse
frequency may be the stimuli for follicular
recruitment towards ovulation.

However, it should be stressed that there
are large between-sow variations in effi-
ciency of these LH changes to trigger fol-
licular recruitment (Foxcroft et al, 1987).
Because there are also large between- and
within-sow variations in features of the
recruited follicles (Foxcroft and Hunter,
1985), these approaches have partly failed
to identify at which size/stage of maturation
follicles require FSH or LH.

Approaches whereby exogenous pure
gonadotrophins are provided at times or in

models where follicular recruitment is miss-

ing or incomplete have proved useful to
address this question. By injecting FSH
alone to prepubertal gilts, Guthrie et al
(1990) were unable to grow large ovulatory
follicles. Furthermore, stalk sectioned gilts,
whose LH pulsatility is abolished and FSH
concentrations are maintained, develop ovu-
latory follicles in response to PMSG only
when they are given pulsatile
gonadotrophin-releasing hormone (GnRH)
to restore LH pulsatility (Kraeling et al, 1986,
1990). However, because ovarian status
pretreatment was not closely characterized,
the above studies do not conclusively iden-
tify which follicles are dependent on a spe-
cific gonadotrophin (FSH or LH). Earlier
reports on the effects of hypophysectomy
(Anderson et al, 1967) have also failed to
provide detailed information on its effects
on follicle numbers in specific size classes
and their atresia.

Therefore, the aim of the present study
was to determine the influence of

gonadotrophin deprivation on antral follicu-
lar populations. Two models were used,
namely hypophysectomy and GnRH-antag-
onist administration. To our knowledge, with
the exception of a study using GnRH antag-
onist in neonatal pigs (Ziecik et al, 1989),
data on the effects of GnRH antagonist
administration on gonadotrophin secretion
and follicular growth in mature gilts are not
available.



MATERIALS AND METHODS

Animals and experimental design

Sixteen Large White gilts, with a mean body
weight of 181 ± 2.6 kg, were available for this
trial. All of them had demonstrated at least 3 con-
secutive oestrous cycles before being allocated to
the experiment. All gilts had their cycles syn-
chronized by daily feeding of 20 mg/d of Regu-
mate (Roussel-Uclaf, Romainville, France) for
18 d. Six days before the end of Regumate
administration, sows were allocated to 3 groups:
hypophysectomy (n = 5), GnRH antagonist
(n = 5), and control (n = 6). The GnRH antagonist
had the following structure (Deghenghi et al,
1993): Ac-D-Nal, D-cpa, D Pal, Ser, Tyr, D-Hci,
Leu, Lys-(iPr), Pro, D-Ala-NH2- On the following
day, gilts from the GnRH antagonist and control
groups were fitted with an indwelling Silastic R
(Dow Corning, Midland, MI) catheter that was
inserted into 1 jugular vein under general anaes-
thesia as described by Camous et al (1985). While
anaesthesia may influence gonadotrophin secre-
tion and hence follicular growth, it should be
stressed that it was conducted at a time when

gonadotrophin secretion was already low (dur-
ing Regumate administration). Thus, a possible
effect of anaesthesia may be masked by Regu-
mate administration. Moreover, in control gilts,
the time between the end of Regumate and the
LH peak appears to be similar (4-7 d) to that of
untreated gilts, showing no carry-over effect of
anaesthesia. Antibiotics (9 ml Ampicilin daily,
Schering Plough, France) were then given for 3 d.
Oestrus was detected in all gilts twice daily as
soon as day 4 (day 0 = last day of Regumate
feeding). All treatments (hypophysectomy, Antare-
lix or saline injections) were initiated on day 5.
This timing was selected to leave preovulatory
follicular growth progress entirely before starting
gonadotrophin deprivation. Oestrus and ovula-
tion usually occur, 5 to 8 d after the end of Regu-
mate administration (Kraeling et al, 1981; Van
de Viel et al, 1981 ).

Hypophysectomy was conducted using the
technique described by Du Mesnil du Buisson et
al (1964). Anaesthesia was induced by barbitu-
rates (Nesdonal, Rh6ne-Mdrieux, France) and
maintained by fluothane in oxygen. At the end of
surgery, hypophysectomized gilts were given
diurizone (Vetoquinol, France) to suppress the

side effects of hypophysectomy on water
metabolism. Durizone administration (5 ml daily)
was continued until slaughter.

From days 5 to 11, GnRH antagonist (Antare-
lix, Europeptides, Argenteuil, France) was
injected iv (0.6 mg per injection) twice daily at
0900 and 2100. The dosage used and the fre-
quency of injections were based on a pretrial
(see below). Blood samples were collected on
these gilts once daily at 0900 from days 1 to 4
and afterward (day 5) twice daily immediately
before Antarelix injection. Additionally, on day
10, treated gilts were bled at 20 min intervals
for 6 h (0900 to 1600) to assess LH pulsatility.
Control gilts received saline instead of Antarelix
and followed the same bleeding schedule. Blood
was collected by venipuncture from hypophy-
sectomized females only on days 6 and 12 to
minimize the stress on them.

On day 12, all gilts were slaughtered. The com-
pleteness of hypophysectomy was checked by
examination of the skull under a dissecting micro-
scope. The number of corpora lutea (if any) was
counted and ovaries were processed for histo-
logical examination (see below). Plasma was
stored at-20°C until analysis.

Histological techniques

Within 5 min of death, both ovaries were fixed in
Bouin Hollande’s solution. One ovary from each
sow was embedded in paraffin wax, and sec-
tioned at a 10 0 >m thickness. One section out of
10 was mounted and stained with haematoxylin.
The population of antral follicles was counted
using the oocyte as a marker to avoid counting
follicles twice and checked for atresia defined

by the presence of at least 5 pycnotic bodies
within or along the granulosa layer of the sec-
tion studied. Later stages of atresia were defined
according to Driancourt et al (1987). Terminal
stages of atresia where antrum is invaded by
fibroblasts were not taken into consideration.
Based on their diameter, non-atretic and atretic
follicles were grouped in the following 6 size
classes according to Dufour et al (1985): 1)
0.19-0.36 mm; 2) 0.37-0.62 mm; 3) 0.63-1.12 2
mm; 4) 1.13-2 mm; 5) 2-3.56 mm; and 6) more
than 3.56 mm. It should, however, be recalled
that histological processing induces tissue shrink-
age (Driancourt and Cahill, 1984) which almost
halves the in vivo sizes of follicles.



Pretrial to determine dose and frequency
of GnRH antagonist injection

The GnRH antagonist Antarelix has been shown
to be highly effective in rats (Deghenghi et al,
1993) and rams (Caraty, personal communica-
tion). However, an efficient regime of Antarelix
had to be determined for pigs. This was achieved
using 8 Large White and Pietrain gilts that had
been ovariectomized 10 d before treatment, to
raise endogenous gonadotropin secretion. Bilat-
eral ovariectomy and insertion of a jugular
catheter were performed simultaneously under
general anaesthesia as previously described (see
above). Four sows received 0.5 mg of Antarelix
and the 4 others 1.5 mg. Blood samples were
taken every 6 h during the 24 h preceding injec-
tion of Antarelix as well as 1, 2, 3, 4, 6, 12, 18, 24,
30, 36, 40 and 46 h after injection.

Hormone assays

Concentrations of plasma progesterone, LH and
FSH were measured with validated RIA methods

(Thibier and Saumande, 1975; Camous et al,
1985). All samples were analyzed in duplicate.
Samples of the pretrial were assayed separately
only for LH. Other samples were analyzed for the
3 hormones within single assays. For proges-
terone, sensitivity was 0.5 ng/ml and intraassay
CV was 9% at 5 ng/ml. For LH, sensitivity was
0.5 ng/ml and intraassay CV was 8.8% at 9 ng/ml.
For FSH, sensitivity was 1.5 ng/mi and intraassay
CV was 9% at 3.5 ng/ml.

Statistical analyses

Data were analyzed using SAS procedures
(1989). In the pretrial, differences between doses
of Antarelix were assessed by analysis of vari-
ance using the GLM procedures (SAS, 1989). A
split-plot model was used with dose, animal
nested within dose, time and time x dose as
sources of variation. The effect of dose was tested

using animal within dose as the error term. Con-
centrations of LH before and after Antarelix injec-
tion were compared to LH concentrations mea-
sured immediately before Antarelix treatment with
the Dunnett’s T-test (= time 0). In the following
experiment, concentrations of LH, FSH and pro-

gesterone measured at 0900 and 2100 from day
5 evening to day 11 were compared between
control and Antarelix-treated females using a sim-
ilar split-plot model of analysis of variance. On
day 10, profiles of LH were analyzed as previ-
ously described (Prunier et al, 1993). Number of
LH pulses, mean basal LH concentration and
mean FSH concentration were compared
between Antarelix and control gilts using t-tests.
Total follicular population and follicular popula-
tions within each specific size classes were ana-
lyzed by 1-way ANOVA on raw (number) on arc-
sin transformed (percentage of atresia) data.
All data are expressed as means ± sem.

RESULTS

Assessment of the dose/frequency
of GnRH antagonist administration

Both doses of Antarelix induced an imme-

diate decrease in plasma LH concentration
of ovariectomized gilts (fig 1 ). A significant
time effect (P < 0.001) was detected, but
no dose effect and no interaction between

time and dose were found. Concentration
of LH was lower 1-12 h after injection and
higher 36 h after injection than immediately
before (P < 0.05). Hence, the lower dosage
injected every 12 h appeared to be suitable
to inhibit LH secretion and was selected for
further use.

Hormonal effects of treatments

There were large individual variations in the
timing of estrus and the preovulatory LH
surge. Two hypophysectomized gilts had
already exhibited estrus before surgery.
Four control and 4 Antarelix-treated gilts
had initiated their LH surge before start of
treatment (fig 2). In all hypophysectomized
females, gonadotrophin levels were unde-
tectable on day 6. Concentrations of LH
measured at 0900 and 2100 from day 5 in
the evening to day 11 were lower in Antare-



lix-treated than in control females (0.92 ±
0.03 vs 1.49 ± 0.12 ng/ml, P < 0.01 As
regards FSH, there was only a trend for
lower concentrations in Antarelix-treated

gilts (2.01 ± 0.07 vs 2.27 ± 0.09 ng/ml,
P = 0.08).

Representative profiles of LH and FSH
concentrations during the frequent sampling
period on day 10 are shown in figure 3. Pul-
satility of LH secretion was completely
blocked (no pulse in any of the 5 gilts) in
Antarelix-treated females while control
females exhibited 1.8 ± 0.5 LH pulses per
6 h (P < 0.03). In contrast, basal LH con-
centration was not significantly altered by
treatment (control 1.14 ± 0.08 vs Antarelix
0.91 ± 0.06 ng/ml). There was also no sig-



nificant difference in FSH concentrations

measured in control (2.07 ± 0.18 ng/ml) and
Antarelix-treated sows (1.91 ± 0.09 ng/ml).

Ovarian effects of treatments

All the controls, 4 out of 5 Antarelix-treated

gilts and 2 out of 5 hypophysectomized gilts
were found to have corpora lutea when

slaughtered on day 12. The ovulatory
females in the Antarelix (No 7, 8, 10 and
11) and hypophysectomized groups were
those which exhibited oestrus or an LH

surge before treatment or whose surge was

only blunted by treatment. Mean ovulation
rates of these ovulatory gilts were 18.1 ± +
1.5 (n = 6), 18.0 ± 1.3 (n = 4), and 16.5 ± 0.4
(n = 2) in the control, Antarelix and hypophy-

sectomized groups, respectively. These cor-
pora lutea were all functional as shown by
the similarity of the progesterone increase



following the peak of LH in control and
Antarelix females (fig 4) and progesterone
concentrations at slaughter in hypophysec-
tomized gilts within the range of the other
gilts (37 and 47 ng/ml).

There was no significant effect of treat-
ment on the size at which an antrum was
first detectable (measured by the mean size
of the 5 smallest antral follicles). Hence, the
number of antral follicles coud be reason-

ably compared between treatments. Treat-
ment did not alter the total number of healthy
antral follicles (control 316 ± 28, Antarelix
258 ± 56, hypophysectomized 219 ± 58) or
the total number (healthy + atretic) of antral
follicles (control 504 ± 39, Antarelix 431 ±
63, hypophysectomized 412 ± 72).

There were no treatment effects on folli-
cle numbers in classes 1, 2 and 3 (fig 5). In
contrast, large differences were induced by
treatment for class 4 follicles (P < 0.001)
with hypophysectomized gilts having hardly
any healthy follicles of this size (0.8 ± 0.8),
whereas Antarelix and control sows exhib-

ited similar numbers (34.4 ± 6.8 and 26.6 ±
3.9 for control and Antarelix groups, respec-
tively). No or very few (2.0 ± 1.0) healthy
class 5 follicles were detected in hypophy-
sectomized and Antarelix-treated gilts,
respectively, as opposed to 9.6 ± 1.9 follicles
present in control gilts (P < 0.001 ). Control
females were the only ones which displayed
class 6 follicles on their ovaries (2.4 ± 0.8).
As a consequence, there were clear differ-

ences between groups in the size of the

largest healthy follicle (control 3.68 ± 0.16,
Antarelix 2.38 ± 0.44, hypophysectomized
1.0 ± 0.05 mm, P < 0.001 ).

Whatever the size class, treatment had
no significant effect on the percentage of
atresia. In class 2, 15.8, 15 and 22.6% of
the follicles were atretic for control, Antare-
lix and hypophysectomized gilts, respec-
tively. In class 3, these figures were 39.2,
49.4 and 51 %. In class 4, these figures were
42, 45.2 and 33%. Finally, 32.8 and 47% of
the class 5 follicles were atretic in control
and Antarelix-treated gilts, respectively. The



size of the largest atretic follicle was altered
by treatment (control 3.0 ± 0.1, Antarelix
2.35 ± 0.26, hypophysectomized 1.1 ± 0.06
mm) (P< 0.01). ).
Some of the females in the hypophy-

sectomized and Antarelix groups had ovu-

lated, and so animals could also be grouped
as ’ovulated’ (n = 6) and ’non-ovulated’
(n = 4) and their follicular populations com-
pared (fig 6). Whatever the size class and
the follicle status (healthy/atretic), follicular
populations were similar. There was also
no difference between these groups for the
size of the largest healthy follicle (ovulated
1.6 ± 0.2 vs non-ovulated 1.79 ± 1.51 mm)
and of the largest atretic follicle (ovulated
1.77 ± 0.22 vs non-ovulated 1.66 ±

0.55 mm). Hence, it is unlikely that treat-
ment effects are obscured by the occur-
rence of ovulation in some (but not all)
experimental animals.

DISCUSSION

The main conclusions of this study are that
1) twice daily administration of the GnRH
antagonist Antarelix can block pulsatile LH
secretion, while not markedly affecting FSH
levels; 2) follicular growth under 1.1 mm in
diameter appears to be independent of pitu-
itary function; 3) follicles 1.1-2 mm in diam-
eter were present in GnRH antagonist but
not in hypophysectomized gilts; 4) with-
drawal of LH pulsatility blocks growth of fol-
licles of more than 2.0 mm in diameter; 5)
atresia induced by blockade of ovulation
reduces size of the preovulatory follicles to
less than 1 mm in 6 d; and 6) corpora lutea,
despite gonadotrophin deprivation initiated
around ovulation, appeared to be functional.

This is the first study describing the
endocrine effects of GnRH antagonist admin-
istration to mature pigs. Antarelix was highly
effective in blocking pulsatile LH release. In
contrast, effects on FSH secretion were lim-
ited. Whether higher Antarelix dosages

would better control FSH secretion remains
to be investigated. These endocrine effects
of Antarelix are in good agreement with an
earlier report showing clear suppressive
effects of active immunization against GnRH
on LH secretion while effects on FSH were

more delayed and more limited in mature
gilts (Esbenshade and Britt, 1985). That
manipulation of GnRH secretion/action more
effectively disrupts LH than FSH secretion
in mature females is also in agreement with
numerous data in sheep following active
immunization against GnRH (Mc Neilly et
al, 1986), long-term GnRH agonist admin-
istration (Picton et al, 1990; Mc Neilly et al,
1992), or GnRH antagonist administration
(Campbell et al, 1993). This underlines the
different control mechanisms operating to
regulate FSH vs LH secretion/release in both
mature pigs and sheep.

This study also identified a fraction of fol-
liculogenesis (ie follicles from 0.2 to 1.1 mm
in diameter) which was not affected by
hypophysectomy or GnRH antagonist
administration. This is shown by the simi-
lar numbers of class 1, 2 and 3 follicles in the
3 experimental groups as well as the similar
extent of atresia in these classes. Further-

more, the proliferation of granulosa cells in
follicles of this size range was also similar

between treatments (MA Driancourt, unpub-
lished results). Hence, growth of follicles
from antrum formation to 1.1 mm appears to

be independent of pituitary function. Such
follicles form basal folliculogenesis, as
described previously for sheep and humans
(Driancourt etal, 1992). These results con-
trast however with a previous report (Tray-
wick and Esbenshade, 1988) when histo-
logical examination of the ovaries of gilts
actively immunized against GnRH demon-
strated that they were almost completely
devoid of healthy antral follicles. The differ-
ence between our results and these could

obviously be due to the short time lag
between treatment and observation of the

ovaries in the present study (7 d vs 12 2



weeks). However, it should be stressed that
in sheep, comparison of ovaries obtained
4 or 70 d after hypophysectomy did not
demonstrate major differences between
these timings in numbers and atresia of
antral follicles (Dufour et al, 1979).

Follicles with a diameter between 1.1 and
2 mm (ie 2-4 mm in vivo) in diameter were
present in GnRH-antagonist-treated gilts
but not in hypophysectomized ones. This
could be due to a number of reasons

because hypophysectomy not only removes
FSH and LH but also growth hormone (GH),
thyroid-stimulating hormone (TSH) and pro-
lactin, while GnRH antagonist treatment only
ablates LH pulses. Binding and action of
prolactin (Veldhuis etal, 1980), thyroid hor-
mones (Maruo et al, 1992) and of the
GH/IGF (insulin-like growth factor) complex
(Hsu and Hammond, 1987; Hammond et
al, 1993) on porcine ovarian cells have been
detected. However, IGFs and thyroid hor-
mones have a limited effect per se and by
preference affect FSH-induced cell differ-
entiation (Maruo ef al, 1992; Hammond et al,
1993). Prolactin is unlikely to explain the
difference in follicular growth observed
between the 2 models (hypophysectomized
or GnRH antagonist), as its main effects on
ovarian function are inhibitory (Veldhuis etal,
1980). Hence, it may be concluded that

growth between 1.1 and 2 mm in diameter in
gilts involves a major action of FSH (with
minor modulatory effects of IGFs and thyroid
hormones).

Suppression of follicles larger than 2 mm
in diameter (ie 4 mm in vivo) in the GnRH
antagonist-treated sows indicates that growth
from that size to ovulation seems to be con-
trolled mainly by LH pulses. This is in good
agreement with observations showing that in
situations where LH pulsatility is low (lactat-
ing sows, gilts given Regumate), follicular
growth stops at 4 mm (Britt et al, 1985; Dri-
ancourt and Terqui, manuscript submitted).

Because Antarelix treatment or hypophy-
sectomy were conducted in the presence

of large preovulatory follicles, insights on
the speed of atresia could be obtained by
trying to identify, in non-ovulating sows, the
ex-preovulatory follicles. In these sows, the
largest atretic follicles were 1.7 mm in dia-
meter (ie 3.4 mm in vivo). If it is assumed

that, as in sheep, follicles become atretic
around 36 h following gonadotrophin depri-
vation (Driancourt et al, 1987), then it takes
4 or 5 d for a follicle to regress from 7 to
3.4 mm. This regression rate (0.77 mm/d) is
very similar to the daily growth rate calcu-
lated by Morbeck et al (1992) (0.69 mm/d).
Such a conclusion is in good agreement
with a previous report in sheep (Driancourt
and Cahill, 1984).

Finally, the profile of progesterone
increase found in ovulatory Antarelix-treated
gilts was similar to that of the control gilts.
Additionally, progesterone concentrations
measured in blood of the ovulating hypophy-
sectomized gilts were also within the nor-
mal range. This shows that early corpus
luteum function in gilts may not require high
gonadotrophin support, a finding which con-
firms an earlier report (Du Mesnil du Buisson
and Leglise, 1963).

It can be concluded that the GnRH antag-
onist (Antarelix) used in the present study
effectively controls LH pulses. If higher
amounts of Antarelix or a longer duration
of treatment were to be effective in block-

ing FSH secretion, this model could be very
valuable in addressing questions regarding
the hormonal control of key maturational
events in gilts (aromatase, LH receptors on
granulosa cells, inhibin/activin production)
by immunohistochemistry, in situ hybridiza-
tion or in vitro culture as well as their mod-

ulation by local mechanisms.

ACKNOWLEDGMENTS

The authors wish to acknowledge R Deghenghi
(Europeptides, Argenteuil, France) for the gift of
Antarelix and H Demay, P Despres, JC Hulm, Y



Lebreton, AM Mounier, F Ravault and the staff
of the surgical facilities in Nouzilly for expert tech-
nical assistance.

REFERENCES

Anderson LL, Dyck GW, Mori H, Henrick DM, Melampy
RM (1967) Ovarian function in pigs following
hypophysial stalk transection of hypophysectomy.
Am J Physiol 212, 1188-1198

Britt JH, Armstrong JD, Cox NM, Esbenshade KL (1985)
Control of follicular development during and after
lactation in sows. J Reprod Fert (Suppl) 33, 37-54

Camous S, Prunier A, Pelletier J (1985) Plasma pro-
lactin, LH, FSH and estrogen excretion patterns in
gilts during sexual development. JAnim Sci60, 1308-
1317

Campbell BK, Gordon BM, Dobson H, Scaramuzzi RJ
(1993) The relative role of LH and FSH in the growth
and maintenance of preovulatory follicles. J Reprod
Fert Abst Ser 11, 21 1

Deghenghi R, Boutignon F, Wuthrick P, Lenarerts V
(1993) Antarelix (EP 24332), a novel water soluble
LH-RH antagonist. Biomed Pharmacother47, 107

Driancourt MA, Cahill LP (1984) Preovulatory follicular
events in sheep. J Reprod Fert71, 205-212 2

Driancourt MA, Fry RC, Clarke IJ, Cahill LP (1987) Fol-
licular growth and regression during the 8 days fol-
lowing hypophysectomy in sheep. J Reprod Fert79,
635-641

Driancourt MA, Gougeon A, Thibault C, Roy6re D (1992)
Ovarian function. In: Reproduction in Man and Mam-
mals (C Thibault, MC Levasseur, RHF Hunter, eds),
Ellipses, Paris, 273-298

Dufour J, Cahill LP, Maul6on P (1979) Short and long
term effects of hypophysectomy and unilateral
ovariectomy on ovarian follicular populations in
sheep. J Reprod Fert 57, 301-309

Dufour JJ, Fahmy MH, Flipot PM (1985) Follicular devel-
opment during the prepuberal period of different mor-
phological types of ovaries in Hampshire and York-
shire gilts fed 2 planes of nutrition. J Anim Sci 61,
1201-1210

Du Mesnil du Buisson F, Leglise PG (1963) Effet de I’hy-
pophysectomie sur les corps jaunes de la truie. R6sul-
tats pr6liminaires. CR Acad Sci, Paris 257, 261-263

Du Mesnil du Buisson F, Leglise PC, Chodkiewicz JP
(1964) Technique de I’hypophysectomie par voie
transfrontale sus-orbitaire chez le pore. Ann Biol
Anim Biochim Biophys 4, 229-235

Esbenshade KL, Britt JH (1985) Active immunization of
gilts against gonadotropin-releasing hormone: effects
on secretions of gonadotropins, reproductive func-
tions and responses to agonists of gonadotrophin-
releasing hormone. Biol Reprod 33, 569-577

Flowers B, Cautley TC, Martin MJ, Day BN (1991)
Episodic secretion of gonadotrophins and ovarian
steroids in jugular and utero ovarian vein plasma
during the follicular phase of the oestrus cycle in
gilts. J Reprod Fert 91, 101-112

Foxcroft GR, Van de Viel DFM (1982) Endocrine control
of the oestrus cycle. In: Control of Pig Reproduction
(DJA Cole, GR Foxcroft, eds), Butterworths, Lon-
don, 161-177

Foxcroft GR, Hunter M (1985) Basic physiology of fol-
licular maturation in the pig. J Reprod Fert Suppl33,
1-19 9

Foxcroft GR, Shaw HJ, Hunter MG, Booth PJ, Lancaster
RT (1987) Relationships between luteinizing hor-
mone, follicle stimulating hormone and prolactin
secretion and ovarian follicular development in the
weaned sow. Biol Reprod 36, 175-191

Grant SA, Hunter MG, Foxcroft GR (1989) Morphologi-
cal and functional characteristics during ovarian fol-
licular development in the pig. J Reprod Fert 86,
171-183

Guthrie HD, Bolt DJ (1990) Changes in plasma follicle
stimulating hormone, luteinizing hormone, estrogen
and progesterone during growth of ovulatory folli-
cles in the pig. Domest Anim Endocrinol7, 83-91

Guthrie HD, Bolt DJ, Cooper BS (1990) Effects of
gonadotrophin treatment on ovarian follicle growth
and granulosa cell aromatase activity in prepubertal
gilts. J Anim Sci 68, 3719-3726

Guthrie HD, Bolt DJ, Cooper BS (1993) Changes in fol-
licular estradiol 17!, progesterone and inhibin
immunoreactivity in healthy and atretic follicles dur-
ing preovulatory maturation in the pig. DomestAnim
Endocrinol 10, 127-140

Hammond JM, Samaras SE, Grimes E et al (1993) The
role of insulin-like growth factors and epidermal
growth factor related peptides in intraovarian regu-
lation in the pig ovary. J Reprod Fert Suppl48, 117-
125

Hsu DJ, Hammond JM (1987) Concomitant effect of
growth hormone on secretion of insulin like growth
factor 1 and progesterone in cultured porcine gran-
ulosa cells. Endocrinology 121, 1343-1350

Kraeling RR, Dziuk PJ, Pursel VG, Rampacek GB, Webel
SK (1981) Synchronization of estrus in swine with
allyl trenbolone (RU 2267). JAnim Sci 52, 831-841

Kraeling RR, Barb CR, Rampacek GB (1986) Ovarian
response of the hypophysial transected pig to preg-
nant mare serum. DomestAnim Endocrinol3, 177-
183

Kraeling RR, Kesner JS, Estienne MJ, Estienne CE,
Barb CR, Rampacek GB (1990) Follicle growth in
hypophysial stalk transected pigs given pulsatile
GnRH and pregnant mare serum gonadotrophin.
Domest Anim Endocrinol7, 395-402

Maruo T, Hiramatsu S, Otani T, Hayashi M, Mochizuki M
(1992) Increase in the expression of thyroid hor-



mone receptors in porcine granulosa cells early in fol-
licular maturation. Acta Endocrinol127, 152-160

McNeilly AS, Jonassen JA, Fraser HM (1986) Sup-
pression of follicular development after chronic LH-
RH immunoneutralization in the ewe. J Reprod Fert
76, 481-490

McNeilly AS, Crow W, Brooks J, Evans G (1992)
Luteinizing hormone pulses, follicle stimulating hor-
mone and control of follicle selection in sheep. J
Reprod Fert Suppl45, 5-22

Morbeck DE, Esbenshade KL, Flowers WL, Britt JH

(1992) Kinetics of follicle growth in the prepubertal gilt.
Biol Reprod 47, 485-491

Picton HM, Tsonis CG, McNeilly AS (1990) FSH causes
a time-dependent stimulation of preovulatory follicle
growth in the absence of pulsatile LH secretion in
ewes chronically treated with gonadotrophin-releas-
ing hormone agonist. J Endocrinol 126, 297-307

Prunier A, Martinat-Botte F, Ravault JP, Camous S
(1987) Perioestrous patterns of circulating LH, FSH,
prolactin and oestradiol 1 7fi in the gilt. Anim Reprod
Sci 14, 205-218 8

Prunier A, Chopineau M, Mounier AM, Mormede P
(1993) Patterns of plasma LH, FSH, oestradiol and
corticosteroids from birth to the first oestrus cycle in
Meishan gilts. J Reprod Fert 98, 313-319 9

SAS (1989) User’s guide: statistics (version 6), SAS Inst
Inc, Cary, NC

Shaw HJ, Foxcroft GR (1985) Relationships between
LH, FSH and prolactin secretion and reproductive
activity in the weaned sow. J Reprod Fert75, 17-28

Thibier M, Saumande J (1975) Oestradiol 17p, proges-
terone and 17 hydroxyprogesterone concentrations
in jugular venous plasma in cows prior to and during
oestrus. J Steroid Biochem 6, 1433-1440

Traywick GB, Esbenshade KL (1988) Pulsatile admin-
istration of gonadotrophin-releasing hormone agonist
to gilts actively immunized against gonadotrophin-
releasing hormone. JAnim Sci66, 2209-2215 5

Van de Viel DFM, Erkeus J, Koops W, Vos E, Van Lan-
deghem AAJ (1981) Perioestrus and mid-luteal time
courses of circulating LH, FSH, prolactin, estradiol
1713 and progesterone in the domestic pig. Biol
Reprod 24, 223-233

Veldhuis JD, Klase PA, Hammond JM (1980) Divergent
effect of prolactin upon steroidogenesis by porcine
granulosa cells in vitro: influence of cytodifferentia-
tion. Endocrinology 107, 42-46

Ziecik AJ, Esbenshade KL, Britt JH (1989) Effects of a
gonadotrophin-releasing hormone antagonist on
gonadotrophin secretion and gonadal development
in neonatal pigs. J Reprod Fert 87, 281-289


