UNIVERSIDAD AUTONOMA AGRARIA ANTONIO NARRO
SUBDIRECCION DE POSTGRADO

“Los machos cabrios fotoestimulados mantienen elevada la LH en las hembras
caprinas durante el anestro estacional, y los machos cabrios familiares
(conocidos) inducen la ovulacion en las cabras anéstricas”

TESIS

Que presenta ALFONSO LONGINOS MUNOZ BENITEZ

como requisito parcial para obtener el Grado de

DOCTOR EN CIENCIAS AGRARIAS

Torredn, Coahuila Diciembre de 2016



Los machos cabrios fotoestimulados mantienen elevada la LH en las
hembras caprinas durante el anestro estacional, y los machos cabrios

familiares (conocidos) inducen la ovulacion en las cabras anéstricas

TESIS

Elaborada por ALFONSO LONGINOS MUNOZ BENITEZ como requisito parcial
para obtener el grado de Doctor en Ciencias Agrarias con la supervision y

aprobacion del Comité de Asesoria

%_\__Q‘Ql
wmgé‘%]ﬂlﬁ‘ﬁlénchez

Asesor Principal

==

= (27 ‘(/’
Dr. Gerardo Duarte Moreno Dr. Matthieu KeIIer
Asesor . sor

i )

Dr. José A%}X s Cabrera
w%@f

Dr. Jesus Vielma Slfuentes
Asesor

: ?%Mz Rodrlguez
Subdirector de Postgrado Jefe def Departamento de Postgrado

Torreén, Coahuila , Diciembre de 2016



Agradecimientos

A Dios, por permitirme vivir para alcanzar las metas que me he planteado y por

todas las bendiciones que me da.

A mi asesor principal, el Dr. José Alberto Delgadillo por todas las ensefianzas a
lo largo de mi postgrado. Gracias por su paciencia y por su dedicacion al

transmitir sus conocimientos.

Al Consejo Nacional de Ciencia y Tecnologia (CONACyT) por la beca que se
me otorgo para mis estudios de Doctorado (CVU-372022).

A los programas CONACYT-Ciencia Basica (254176): “Control de la
reproduccion caprina por las interacciones socio-sexuales”; CONACYT
(México)- ANR (Francia; 159884; 11-ISV7-001-01): “El efecto macho en
ungulados: reproduccién aplicada y mecanismos neuroendocrinos”; SEP-
CONACYT-ANUIES (México)-ECOS (Francia; M13A01): “Regulacion de la
estacionalidad de la reproduccién por las interacciones sociales y el fotoperiodo
en los caprinos”, por el apoyo financiero que me otorgaron durante mis

estudios.

A mi comité particular de asesoria: Dr. Gerardo Duarte Moreno, Dr. Matthieu
Keller, Dr. Luis Angel Zarazaga Garcés, Dr. José Alfredo Flores Cabrera, Dr.
Horacio Hernandez Hernandez, Dr. Jesus Vielma Sifuentes, por todas las
aportaciones que tuvieron para mi formacién, y sobre todo por la amistad que

forjamos durante mi estancia en el postgrado.

A la Dra. llda Graciela Fernandez Garcia y al Dr. Gonzalo Fitz Rodriguez por su
valiosa aportacion en los trabajos experimentales, y los consejos que me

brindaron durante todo este tiempo.

A la Dra. Marie Bedos por su amistad, y por todas sus contribuciones que
amablemente me brind6 en los trabajos de campo, y en la preparacion de mis

publicaciones.



A Didier Chesneau, Anne-Lyse Lainé y a todos los miembros de la plataforma
de determinaciones hormonales del Laboratorio de Fisiologia de la
Reproduccion y del Comportamiento del INRA de Nouzilly, Francia, por realizar

las determinaciones hormonales de mis trabajos experimentales.

A todos y cada uno de mis compafieros y amigos, por brindarme su apoyo y por

poner todo su empefio al ayudarme en mis trabajos experimentales.

Al Sr. Enrigue Urquizo Sanchez, Ing. Enriqgue Antequera, y a la M.V.Z. Karla
Rios, por facilitarme sus animales para la realizacion de mis estudios

experimentales.

A los sefiores Jesus Garcia y Julio Zalazar por el cuidado y alimentacién de los
animales experimentales en la Universidad Autbnoma Agraria Antonio Narro,

Unidad Laguna.

A la familia Diaz Herrera por todo su apoyo y carifio que me brindan para poder

seguir adelante.

A la familia Martinez Benitez por todo el carifio y el ejemplo de lucha que me
han dado a lo largo de mi vida.



Dedicatoria

Para Ana Lucia, motor de mi lucha para ser mejor cada dia, y por permitirme

ser un ejemplo y guia en su vida. Te amo “Chila”.

Para Laura, fuente inagotable de amor y apoyo; gracias por ser mi amiga y mi
fortaleza en los momentos buenos, pero sobre todo en los momentos dificiles.

Te amo “Lau’”.

Para mi madre, la Sra. Quirina Benitez Guerrero, por ser mi mayor ejemplo de
lucha por la vida, y por haber sido siempre mi mejor amiga. Gracias por no dejar
gue me rindiera, por tantos consejos y momentos felices. Te extrafio y te amo

por siempre. “Llegara el dia en que pueda verte sin cerrar los 0jos”.

Para mi padre Longinos Mufioz Vazquez, por ser mi ejemplo para seguir

siempre hacia adelante, y de lucha incansable en la vida. Te amo “Pa’.

Para mis hermanos Luis y Ana Mufioz Benitez, por ser mis amigos, comparferos

y mi apoyo incondicional, los amo.

Para el Sr. Jesus Martinez Huerta y la Sra. Magdalena Benitez Guerrero, por
ser mis segundos padres y ejemplo para ser mejor cada dia. Gracias eternas

por su amor y apoyo.



Physiology & Behavior 158 (2016) 137-142

.
Phiolo
Behag

Contents lists available at ScienceDirect

Physiology & Behavior

journal homepage: www.elsevier.com/locate/phb

Efficiency of the male effect with photostimulated bucks does not depend @Cmsmm
on their familiarity with goats

A.L. Mufioz ?, M. Bedos ?, RM. Arofia ?, J.A. Flores %, H. Hernandez ?, C. Moussu °, E.F. Briefer ¢, P. Chemineau °,
M. Keller ®, J.A. Delgadillo **
2 Centro de Investigacién en Reproduccién Caprina, Universidad Auténoma Agraria Antonio Narro, Periférico Ratil Lépez Sdnchez y Carretera a Santa Fe, C.P. 27054 Torre6n, Coahuila, Mexico

b Physiologie de la Reproduction et des Comportements, INRA, CNRS, Université de Tours, IFCE, Agreenium, Nouzilly, France
© ETH Ziirich, Institute of Agricultural Sciences, Universitdtstrasse 2, 8092 Ziirich, Switzerland

HIGHLIGHTS

* We compared the sexual response of female goats exposed to familiar or novel bucks.
« These males were either sexually active or sexually inactive.

« Sexual active males stimulated sexual response in more goats than sexually inactive.
« Familiarity of sexually active males did not decrease the sexual response of goats.

* Novelty of sexually inactive males did not stimulate the sexual activity of goats.

ARTICLE INFO ABSTRACT
Article history: In ewes, the ovulatory response of females exposed to familiar rams is lower than the response of those exposed
Received 21 July 2015 to novel ones. In goats, males rendered sexually active by exposure to long days are more efficient to induce
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ovulation in seasonal anestrous females than untreated males. Two experiments were conducted to determine
1) whether male goats remain familiar to females after 45 days of separation; and 2) whether photostimulated
males are able to stimulate the sexual activity of females, independently of their familiarity with them. In
Experiment 1, three groups of goats (n = 10 goats per group) were put in contact with males (n = 2 per

é(zg:lo;:;gnition group) during 10 days in November (familiarization period). These males were called familiar males. After 15,
Familiarity 30 and 45 days of separation from the males, females of each group were exposed to familiar or novel males
Male effect during 10 min. In each test, goats in contact with novel males displayed more distress bleats, escapes, head
Anovulatory goats butts, and sniffing than those in contact with familiar males (P < 0.05). In Experiment 2, we used sexually inactive
Ovulation (n = 4 control males), and sexually active males (n = 4 photostimulated males). In February, two groups of goats

Photoperiodic treatment (n = 50 each) were put in contact with control or photostimulated males (n = 2 each) during 10 days (“familiar”

control or photostimulated male, respectively). After 45 days of separation from the males, both groups of
females were further divided into two groups (n = 25 goats per group). In April, two groups were re-exposed
to “familiar” control or “familiar” photostimulated males (n = 2 per group), whereas the other two groups
were exposed to “novel” control or “novel” photostimulated males (n = 2 per group). The photostimulated
males displayed a higher level of sexual behavior than the controls. The proportion of goats that ovulated and
displayed estrus was higher when exposed to the photostimulated males than when exposed to control ones
(280% vs. 0%; P < 0.05). These proportions did not differ between groups exposed to familiar or novel
photostimulated males (P > 0.05). We concluded that after 45 days of separation, males are still familiar to
females. The photostimulated males are able to induce the sexual activity of seasonally anestrous goats indepen-
dently of their familiarity with them.

© 2016 Elsevier Inc. All rights reserved.

1. Introduction

* Corresponding author at: Centro de Investigacion en Reproducciéon Caprina, . . .
Universidad Auténoma Agraria Antonio Narro, Periférico Rail Lopez Sanchez y Carretera I_n breeds _ofgoats and 'EWES that display reproductive seasonality,
a Santa Fe, 27054 Torreén, Coahuila, Mexico. the introduction of a male into a group of seasonal anovulatory females

E-mail address: joaldesa@yahoo.com (J.A. Delgadillo). induces an immediate increase in the secretion of LH, leading to

http://dx.doi.org/10.1016/j.physbeh.2016.02.037
0031-9384/© 2016 Elsevier Inc. All rights reserved.
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ovulation associated or not with estrous behavior. This phenomenon is
known as the “male effect” [1-3]. Many factors influence the endocrine
and ovulatory responses of females exposed to males, among which are
the intensity of the male's sexual behavior, the degree of familiarity with
males, and the previous period of separation between sexes.

In small ruminant females showing a strong seasonality, the endo-
crine and sexual changes associated with the male effect are low or
absent in most females during the mid-anestrus, probably due to a
decrease of the sexual behavior of males that are also in sexual rest
[4-6]. However, when bucks are submitted to artificial long days follow-
ed by natural photoperiod to stimulate their sexual behavior during the
natural sexual rest, these males become able to stimulate the secretion
of LH, estrous behavior and ovulation in most anestrous females [7-9].
These results suggest that the intensity of sexual behavior of males is
an important factor for the success of the male effect.

Another factor that could modify the effectiveness of the male effect
is the use of “familiar males”, i.e. males already known by females.
Indeed, different studies suggest that familiarity plays an important
role in social recognition. In fact, it was demonstrated that goats are
able to recognize group members relying on olfactory and visual cues
[10]. Interestingly, in sheep, females are able to remember familiar indi-
viduals over very long periods of time (>2 months; [11]). In addition,
Keller et al. [12] demonstrated that ewes were able to recognize familiar
flock partners in comparison to a completely unfamiliar female after
only 24 h of direct contact. More interestingly, it was shown that the
endocrine response of females is higher when they are exposed to
novel males in comparison to familiar ones. Indeed, when ewes were
exposed for 3 months to males (familiar males), and re-exposed to
familiar or novel males after 15 min of separation during the anestrus
season, only the novel males were able to increase the frequency of LH
pulses [13]. In another study, females remained with males during
3 months, and were then re-exposed to them (familiar males) or ex-
posed to novel males after 15 min or 1 month of separation [14]. This
study demonstrated that novel rams increase the pulsatile LH secretion
and stimulate LH surge in all females after either 15 min or 1 month of
separation, whereas familiar ones are able to increase pulsatile LH secre-
tion only after 1 month of separation and stimulate a preovulatory LH
surge in only a third of females [14]. Overall, these results suggest that
in ewes, the familiarity of males plays an important role in the response
of females to males. In addition, these results suggest that familiar males
may become novel again after about 1 month of separation of females.

For decades, it has been thought that females must be previously iso-
lated from males to respond to the male effect. In ewes, it was shown
that periods of 21 or 17 days of isolation were sufficient to ensure an
ovulatory response in females exposed to males [15,16]. Furthermore,
Cohen-Tannoudji and Signoret [17] found that ewes showed an increase
of LH pulsatility when they were re-exposed to males after 24 h of sep-
aration. Similarly, in goats, it was suggested that a period of at least
3 weeks of separation between sexes was necessary so that females
were able to display the male effect [2]. However, it was demonstrated
that previous separation between sexes is not necessary when males
are naturally sexually active or stimulated by exposure to artificially
long days [18,19]. In fact, in one of these studies, most females (9/11)
that remained during about three months with sexually inactive males
due to the seasonal quiescence, displayed estrous behavior and ovulated
when they were re-exposed to photostimulated bucks. In contrast, no
females displayed estrous behavior and only 1/11 female ovulated
when they were re-exposed to another sexually inactive buck [19].
These later results suggest that the sexual behavior of males plays an
important role in inducing the sexual activity of does. However, it is
difficult to interpret the results reported by Véliz et al. [19], because
the study does not mention if the sexually active or inactive males
that were re-introduced with females were familiar or novel bucks.

Considering that photostimulated bucks are very efficient in induc-
ing the sexual activity of seasonally anestrous females, we hypothesized
that sexually active bucks would be able to stimulate the estrus and

ovulatory activities of females, independently of their familiarity with
them. To test this possibility, we exposed females in seasonal anestrus
to a 10-days period of “familiarization” with males that were either sub-
jected to a photoperiodic treatment or kept under natural photoperiod,
and re-exposed them to either a familiar or novel male after 45 days of
separation.

2. Materials and methods
2.1. General

The procedures used in this experiment were in strict accordance
with the Official Mexican Rule for the technical specifications for the
production, care, and use of laboratory animals [20].

This study was conducted during the non-breeding season using
local goats from Laguna Region at the State of Coahuila, Mexico (latitude
26° 23’ N, longitude 104° 47’ W). The photoperiod in this region varies
from 13 h 41 min of light at the summer solstice to 10 h 19 min of light
at the winter solstice. The seasonal anestrus in females isolated from
males occurs from February-March to August-September; the sexual
rest in bucks isolated from females occurs from December-January to
May-June [21,22]. During the whole study, females and males were
fed with 2 kg of alfalfa hay (18% CP) and 200 g of commercial concen-
trate feed (14% CP; 1.7 Mcal/kg) with free access to water and mineral
blocks.

2.2. Experiment 1

2.2.1. Females and familiarization period

On November 15th, female goats were divided in three groups (n =
10 each), and kept in three, 10 x 10 m, different shaded open pens. The
distance between pens was at least 100 m. On November 20th, the
females of each group were put in direct physical contact with males
(n = 2) and remained with them during 10 days. The aim of this proce-
dure was that males become “familiar” to females. After the 10-days
period of contact, on November 30th, males were removed from the
three groups of females and put in another pen located at least 200 m
from the pens of females. Females of each group remained together
until the recognition tests were performed.

2.2.2. Measurements

With the aim to prove that females are able to recognize males after
a previous separation period of 15, 30 and 45 days, we used the paired
closed encounters test, which has been previously used to test the dis-
crimination between familiar or novel individuals in sheep [23,12].
Each doe was individually tested in two stages: for half of the females,
the test was performed first with a familiar male and second with a
novel male. By contrast, the other half of the females was tested first
with a novel male and second with a familiar male. The time between
the first test and the second test was around 2 h. Before starting the
test, each doe was removed from its pen and introduced into an
independent pen test (2 x 2 m) during 2 min. After this period, one
“familiar” or “novel” male (no prior contact with females) was intro-
duced during 10 min and the following behaviors displayed by the
doe were scored; the number of distress bleats, escapes, head butts,
and sniffing. After the tests, each doe was placed in a new independent
pen with the aim of avoiding the transmission of smell of the male to the
other females.

2.2.3. Statistical analyses

The Wilcoxon Signed-Rank test was used to compare the behaviors
displayed by each female in presence of familiar or novel males within
each test. The Kruskal-Wallis test was used to compare the behaviors
displayed by females in presence of familiar or novel males between
each test.
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23. Experiment 2

231. Stimulation of sexual behavior of males

We used eight adult bucks that had never been in contact with
the femades used in this experiment {see Section 2.33). Four bucks
were kept under natural variations of day-length during the whole
experiment. These males w ere the control males. Another four adult
male goats were subjected in a 10 m x 5 m shaded open pen to a
photoperiodic treatment to induce their sexual activity during the
non-breeding season as described previousy [24]. These bucks were
the photostimulated males. Briefly, males w ere exposed to artificial
long days {16 h of light/8 h of darkness) from November 1st to January
15th. From Jnuary 16th on, maes were exposed to natura variaions of
day-length until the end of the study. This photoperiodic treament
stimula es testosterone secretion in March and April and, as a conse-
quence, improves the intensity of sexual behavior and odor duringthe
months corresponding to the non-breeding season [24,25].

232 Females and familiarization period

On [Jbnuary 27th, non-pregnant female goats were divided in two
groups balanced for body condition score { BCS; [26]) and kept in two
different, 10 x 10 m, shaded open pens. On February 3rd, one group of
does{n= 50; BCS 20+ 02; mean + SEM) was put in dired physical
contact w ith the control males {n = 2), whereasanother group of does
{n= 50; BCS 21+ 0.1) was put in direct physical contact with the
photostimulated mdes {n = 2). The distance between these penswas
about 100 m. The photostimulated malesw ere put in contact w ith the
does 19 days after the end of the photoperiodic treatment, w hen they
w ere still sexudly quiescent, and the control maeswere already in sex-
ual rest [24]. The contact betw een femdes and mades lasted 10 days, n
order to expose both groups of femades to sexually inactive males. On
February 13th, control and photostimulated males were removed
from both groups of does. Fe les from both group:
in their respective open pens unti the males w ere re-introduced {see
below)_The objective of this pre-exposure period was that control and
photostimulated males became “familiar™ to does[11,12]_Thereatter,
the males used during the familiarization period were cadled familiar
control or familiar photostimulated maes.

dtoaeth

233.The male effect

On March 14th, 21st and 28th, all the multiparous goats {n = 100)
exposed in February to control or photostimulated malesw ere submiit-
ted to a transrectal ultrasonography to determ ine their ovarian cydicity
using an Aloka SSD-500 scanner connected to atransrectal 75 MHz
linear probe. None of the females p resented corpus luteum . Therefore,
all of them were idered in '] lation. On M arch 28th,
the tw o groups of goats were further divided {n = 25 each) according
to their BCS: goats exposed in February to control males were divided
in tw o groups. Thereafter, on April 2nd {day 0 at 08:00), one group
{BCS. 19 + 0.1) was re-exposed to the “familiar” control males
{n = 2), whereasthe other one {BCS. 19 + 0.3) was exposed to the
“novel” control males {n = 2). Females previously exposed to the
photostim ulated males w ere also divided in two groups: one group
{BCS: 19 + 03) was re-exposed to the “familiar” photostim ulated
males {n = 2), whereas the other one {BC5: 19+ 0.1) was exposed
to the “novel” photostimulated mdes {n = 2). Each group of females
exposed to mdes was divided into tw o sub-groups so that each buck
individually stimulated 12 or 13 females. The four groups of females
remained in contact w ith their respective males for 18 days. The dis-
tance betw een the four groups of females w as about 100 m to prevent
any visual or auditory contact betw een groups.

234 Measurements

Toensurethat bucksused inthisex periment displayed levels of sex-
ual behavior corresponding to their respective group, sexual behavior
w as individually recorded for 1 h by trained observers, from 08:00 to

09:00, on day 0 and 1 following their introduction into the groups of
females. One hour of observation in the first two days after male
introduction dlow ed to discriminate the differences in sexual behavior
betw een the sexudly active and inactive mde goats[27 28]. The follow -
ing behaviors were recorded; nudging, ano-genital sniffing, mount
intention movem ents, self-urination and flehmen [529 30].

The ovarian activity w as assessed by the presence of corpora lutea
observed in each female by transrectal ultrasonography 6 and
19 days after the introduction of males using the same equipment
{see Section 2.3.3). In addition, the presence of corpora lutea was
confirmed by progesterone levels. For this aim, blood samples were
obtaned daily from each femade from day 0 to day 9 and every 3 days
from day 12 to day 18 after the introduction of males. All 5-mL samples
w ere collected by jugular venipuncture in tubes containing 30 i of hep-
arin and centrifuged immediately at 3500 x g for 30 min; the obtained
plasmaw as stored at — 20 “Cunti progesterone concentrations were

ed by i zymatic assay as described by Canépaet a.
[31]. Sensitivity w as 025 ng/m L The intra- and inter-assay coefficients
of variation were 8 and 10% respectively. Females in w hich progester-
one increased to 21.0 ng/m L were considered to have ovulaed [32].

Estrous behavior of females was monitored twice daily {between
08:00 and 09:00 and between 18:00 and 19:00) during the 18 days of
the study. A female w as considered in estrus if she stood immobile
when mounted by the male [33]. A high percentage of female goats
displayed short estrous cycles when exposed to the sexually active
males. Therefore, in this study, the percentage of these cycles and
their duration were inferred from the monitoring of estrus, and duration
was defined as the number of days between the beginnings of two
consecutive estruses. Duration of short estrous cyde isb17 days[33].
In females that displayed short estrous cycles, the estrus-ovulation
associd ion w as determined at first and second ovulation, whereas in
femalesthat displayed d est| ydes, this idion wasdeter-
mined at the first ovulation. In both cases, results w ere reported as the
percentage of females that displayed estrus acce ied by ovulaion.

235 Sdtistical analyses
The percentages of females that show ed estrous and/or ovulation,
short or nommal ovulatory cycles and the association between estrous
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Familiar (w) o novel (o))

sexudlly artive by exposure to artifidal long days (16 h of light per day) from November 1st to Bnuary 13th follow ed

by ndurdl photoperiodic conditions Sexua behavior of maesw as observed fram 08:00 to 09:00 on day 0 and 1 fdllow ing their introdudtion in the groups of femdes.

and ovulation w ere compared by Chi-Square test. A two-sample t-test
was used to statistica differences betw een the duration of short
ovulatory cydes. Sexual behavior of bucks could not be statistically
andyzed due to the low number of mades in each group {n = 2).
Analyses were computed using the staistical package SYSTAT 13
[34]. Data w ere expressed asthe mean + standard error of the mean
and differences w ere considered significant at the level of P<0.05.

3_Results
3.1 Experiment 1

3.1.1. Behavior of females

Goats in contact with novel males displayed more distress bleats,
escapes, head butts, and sniffing at 15, 30, and 45 days than those in
contact with familiar males {Pb 005; Fig. 1). However, time did not af-
fect the evolution of these variables betw een successive expositions
{Pb 005), suggestinga strong and long-term mamntenance of this social
recognition.

3.2. Experiment 2

32.1.Sexual behavior of males

Sexudly active males seemed to display a higher level of sexual
behavior than sexually inactive ones. Indeed, the ocaurrences of dl the
behaviors considered, nd uding nudging, ano-genital sniffing, mounting
dtempts, self-urination and flehmen expressed by the photostimulated
mades were higher than those expressed by control ones {Fg.2).

322 Estrous and ovulatory responses of goats

The proportion of goatsthat ovulaed or showed estrous behavior &
least once was higher n the groups exposed to famiiar or novel
photostimulated males, than in the groups exposed to familiar or
novel control males {Pb 0.05; Table 1; Figs. 3 and 4). Indeed, during

the whole study, none of the goats in contact with familiar or novel
control males displayed estrous behavior or ovulation. In contrast,
most goas exposed to familiar or novel photostimulated maes showed
estrous behavior {=80% and ovulated {96% at least once during the
w hole study. The propoition of females tha showed estrous behavior
or ovulated did not differ among groups exposed to familiar or novel
photostimulated mdes {PN0.05). In addition, the proportion of goats
that displayed normal or short estrous cycles did not differ betw een
groups {P N 0.05). Finally, n femades exposed to familiar or novel
photostimulaed maes and displaying short estrous cydes, the estrus-
ovulation association at the first {75%vs. 70% and second {100%vs.
100%) ovulation did not differ between groups {PN0.05). Smilarly, n
females exposed to familiar or novel photostimulated males displaying
normal estrous cycles, the estrus-ovulaion association {67%vs. 100%
did not differ betw een groups{PN0.05)_After day 10, no estrous behav-
ior or ovulaionsw ere recorded {Ag 3).

4_Discussion

The aim of this dudy wasto determine whether maes remain fam liar
to females after 45 days of separaion, and to whether photostimulated
males are able to stimulae the sexud activity of femades, ndependently
of their fam liarity with them . Therefore, in this study we showed that
mades remain familiar to femdes after 45 days of separation, and that
photostimulated bucks are able to induce sexual actvity in seasonally an-
estrous goats, independently of w hether they are “familiar” or “novel”
mades. Indeed, the percentages of femdestha displayed estrous behavior
or ovulated when exposed to photostimulated maes was high and did
not differ betw een does exposed to the familiar or novel photostimulated
mades. In addition, the characteristics of the sexual responses tothe intro-
duction of males, such asthep of short or | estrous cy-
des, and the duraion of the short cycles did not differ betw een femdes
in contact with the familiar or novel photostimulated mdes. In contrast,
neither estrous behav ior nor ovulations were observed in goas exposed

Table 1
Esti atory r anestr i fliar or novel cantrdl, sexually inactive mdes that w ere kept under naturd day-length, or expx to
familiar or novd y artive by (16 h of light per day) fram November 1st to Jnuary 15th by natural i
conditions

Groups of femaes in contact with: n Femadles with Females with Femades with nama Femaes with short Durdtion of short estrous

ovuldions (%9 estrus (% estrous cycles (%N estrous cydes (%9 cydes (days)U

Familiar contrd maes 25 0* 0* - - -

Novel control maes 25 0* 0 - - -

Familiar photostimulated maes 25 26° a0® 27° 73° 591+ 02°

Novel photostimulated maes 25 06> 88> 23> 7™ 541+ 03°
abyaues with different letters within each cdumn are different (Pb 0.05).

o y to first est; t ion of shart ovaian oy expressed astl + arar oft
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Females displaying estru
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Lrays after infroduction of males

Fg. 3. Gtra respanse of goals exposed to males. Daily percentages of femaes tha
displayed estrous behavior afiter ntroduction of familiar (w; n= 25) ar novel (o; n=
25) photostimulated maes. Nane of the femaes exposed to familiar or novel control
mades showed est ior and are ot repr in the figure. The

C y active by to atifida long day
(16 h of light per day) franm November 1st to January 153h fdlowed by naturd
photaperiodic canditions.

to the familiar or novel control maes. Our results are in accordance with
previous studies that show ed tha photostimulated males are able to
nduce sexual activity in most ferndes, whereas the control budks are
ableto do soin dly anestrous goats [5,35 36]. Taken together,
these findings confirm our hypothesis tha sexudly active males are
able to stimulate the sexud activity of femde gods, independently of
their faniliarity with them . In addition, our results suppoit the hypothes

that in gods, the sexud behavior of mdes isakey factor to stimulate the
estrousand y activities of fema bjected to the male effect.

Our results showed that the exposition to novel mdes did not in-
crease the sexud resp f femdes,unl were y
active. Indeed, most fi des displayed estrous behavior and ovulated
when ex posed tothe photostimulaed males, independently of whether
they were familiar or novel. In contrast, no females displayed sexual
activity when in tact with trol mdes, independently of whether
they w ere familiar or novel. Our results are not consistent with those
repoited in sheep, in which novelty of male stimulus is considered to
be an important factor to stimulate the endocrine and sexud activities
n ewes[13,14]. In fact, all ewes displayed a LH surge w hen they w ere
exposed to novel males after 1 ith of sep ion,wh familiar
males were able to nduce a LH surge only in a third of femd es after
the same period of separation [14]. Based on these laer results, it was
suggested that familiar rams might have become unfamiliar agan
alter one month of separaion from fem des[14]. How ever, this hypoth-
esiswasnot vdidated here in goats, and seems in contradiction with re-
sults indicating tha ew es are able to remember familiar ndividuals
over very long periods of time {N2 months; [11]). In the present
study, even if males and femdes remained separaed for 45 days after
the familiarization period, control novel mades did not trigger a better
sex ud response in femaesthan famiiar ones. The reasonsfor the differ-
ence betw een our results and those reported in sheep arenot dear,but
this difference could be relaed to species, breeds or to the fact that we
used photostimulated males, which displayed an intense sexud adivity
[3637]

th A

Pragastzrone (ngiml) Progesterone (ngimlj

The mport: of mde sexud behavior in triggering endocrine and

laory resp in dly y female goats from sub-
tropicd regions has been well described in the literature. Indeed, this
postulate is supported by several studiespublished by our group. Firstly,
Delgadillo et al_[36] showed that females that remain with control
madesstart their ovulatory activity in une, when maesbecome sexudly
active. When fi des were d to ph lated males, they
started to ovulate before the onset of the naural breeding season,
when mades increased their sexud behavior. Secondly, it was shown
that gods that remained in contact with males during three months

lae when they are re-ex posed to photostimulated, sexudly active
bucks, but not w hen they are re-ex posed to control, sexually inactive
ones [19]. Thirdly, in another study using goats of the same breed as
used in the current study, fthem experi d a LH surg ovu-
posed to sedat ed, photostimulated maes, which emitted
a strong odor but did not display any sexud behavior. In contrast, does
exposed to intact, photostimulated maes, w hich emitted a strong odor
and displayed an intense sexual behavior, did so [38]. In the present
study, the sexual behavior of the photostimulated males was more
ntense than that displayed by the control ones. , W e Can sup-
pose that the photostimulated males were able to react vate GhRH/LH
secretion, thus dlow ing ovuld ion; w hereasthe control mdes did not
do so. Interestingly, the reactivation of the gonadotropic axis induced
by the photostimulated mades was independent of whether they were
familiar or novel . Altogether, our results and those mentioned above
ndica e thd, in gods, the sexual behavior displayed by males is more
mportant than the familiarity betw een mdes and femdes in nducing
the ovulatory activity in seasonally anestrous goats exposed to the

Therefo
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Abstract

In goats, the permanent presence of bucks rendered sexually active by
photoperiodic treatments, prevents the occurrence of seasonal anovulation, and
the introduction of these sexually active bucks, induce ovulations during the
seasonal anestrus. We used ovariectomized goats bearing subcutaneous
implants filled or not with estradiol to determine 1) whether the permanent
presence of sexually active bucks prevents the decrease of LH during the
seasonal anestrus, and 2) whether the introduction of photostimulated bucks
increases the plasma LH concentrations during the seasonal anestrus. In
Experiment 1, we used ovariectomized goats bearing 12-mm subcutaneous
implants containing estradiol (OVX+E2). One group of goats (n=13) remained in
permanent contact with naturally (November-January) or photostimulated,
sexually active bucks (February-May); the other group (n=13) remained in
permanent contact with control bucks which displayed intense (November-
January) or weak sexual behavior (February-May). Plasma LH concentrations
were high and did not differ between groups from November to January
(P>0.05), when control bucks displayed intense sexual behavior. Afterwards, LH
concentrations decreased from March (P < 0.05), and remained low until May,
when control males displayed weak sexual behavior. On the contrary, LH
concentrations did not decrease and remained high from March to May in goats
in contact with the photostimulated bucks (P > 0.05). In Experiment 2, two
groups of females (n=6 each) bearing 12-mm empty subcutaneous implants
were exposed, during the seasonal anestrus, to control or photostimulated

bucks; two other groups (n=6 each) bearing 12-mm subcutaneous implants filled



with estradiol, were also exposed to control or photostimulated bucks. Plasma
LH concentrations did not increase in goats bearing empty implants, when
exposed to control (from 2.01 + 0.26 to 1.98 + 0.31 ng/mL) or photostimulated
bucks (from 2.45 £ 0.29 to 2.42 = 0.21 ng/mL; P > 0.05). In contrast, plasma
LH concentrations increased (from 0.97 £ 0.41 to 2.80 + 0.62 ng/mL) in goats
exposed to the photostimulated bucks and bearing estradiol implants (P < 0.05).
We conclude that the permanent presence of sexually active bucks prevented
the decrease of plasma LH concentration in OVX+E2 goats during the seasonal
anestrus, and that the introduction of the photostimulated bucks increases the

plasma LH concentrations in OVX+E2 goats during the seasonal anestrus.

Keywords: Caprine, Reproductive seasonality, Estradiol feedback, Sexual

behavior, Photoperiod.



1. Introduction

Breeds of goats and sheep from subtropical and temperate latitudes
display a seasonality of their breeding season [1,2]. In these breeds, the
breeding season occurs in autumn and winter, whereas seasonal anovulation
occurs in spring and summer [3,4]. This seasonality of reproduction is controlled
by photoperiodic variations, which modify the estradiol negative feedback on LH
secretion. In fact, the estradiol negative feedback increases during long days,
reducing the secretion of LH, inhibiting ovulations to occur, or reducing the
plasma LH concentrations in ovariectomized females bearing subcutaneous

implants of estradiol-17 3 (OVX+EZ2) [3,5,6].

In seasonal breeds of goats and sheep, the introduction of males into a group of
seasonally anovulatory females reactivates the secretion of LH, leading to
ovulation within the first five days of contact [7-9]. A factor that can modify the
response of females exposed to males is the intensity of male sexual behavior.
Thus, males submitted to photoperiodic treatments to stimulate their sexual
behavior during the non-breeding season, are more efficient to stimulate LH
secretion and ovulations, than untreated males displaying low sexual behavior
[10,11]. Interestingly, in goats and ewes, the permanent presence of
photostimulated males, prevents the seasonal anovulation to occur, and extend
their estrus activity during the seasonal anestrus, respectively [12,13].
Considering that the permanent presence of the sexually active males prevents
the seasonal anovulation, and that the introduction of the photostimulated bucks

stimulates the ovulatory activity in goats during the seasonal anestrus, we



hypothesized that in both cases, the photostimulated bucks are able to reduce
or counterbalance the seasonal negative feedback of estradiol on LH secretion.
To test this possibility, we did two experiments. In Experiment 1, OVX+E2
remained in permanent presence with control or sexually active bucks from
November to May, and we monitored whether the permanent presence of the
photostimulated bucks could be able to maintain high LH plasma concentrations
despite the inhibitory effect of the increasing days, as it did for maintaining
ovulations in entire goats [12]. In Experiment 2, OVX female goats bearing
subcutaneous implants with or without estradiol, were suddenly exposed to
control or photostimulated bucks during the seasonal anestrus, and we
monitored whether the introduction of the photostimulated bucks could be able
to increase the plasma LH plasma concentrations despite the inhibitory effect of

the increasing days, as it did for inducing ovulations in entire goats [14,15].

2. Materials and methods

2.1 General conditions

The procedures used in these studies were in strict accordance with the
Official Mexican Rule for the technical specifications for the production, care,
and use of laboratory animals [16]. The two experiments were conducted in the
Laguna region (latitude 26° 23N, longitude 104° 47" W), State of Coahuila, in
northern Mexico. The photoperiod in this region varies from 13 h 41 min of light
at the summer solstice, to 10 h 19 min of light at the winter solstice. In both

studies, all females and males were fed with 2 kg of alfalfa hay (18% CP) and



200 g of commercial concentrate feed (14% CP; 1.7 Mcal/kg), with water and
mineral blocks ad libitum. Males and females were kept in shaded open pens.
All males used in this study had previous sexual experience. Female goats were
three-year old and multiparous. Females were ovariectomized in February to
standardize their physiological state according to the method described
previously [17,18]. Immediately following ovariectomy, each goat received a
silastic subcutaneous implant of 12-mm of long containing crystalline estradiol-
1718 (Sigma Chemical Co., Strasbourg; internal diameter 3.35 mm and external
diameter 4.65 mm) to avoid an increase of LH secretion due to the absence of

endogenous estradiol [3,19].

2.2 Experiment 1
The objective of Experiment 1 was to determine the plasma LH
concentrations in OVX+E2 goats that remained in continuous presence of

control or sexually active bucks from November to May.

2.2.1 Stimulation of sexual behavior of males by photoperiodic treatments
Control males were subjected to natural photoperiodic conditions (n=8).
These males displayed intense sexual behavior from November to January, and
low sexual behavior from February to May. Another two groups of males were
subjected to natural photoperiodic conditions, and received two subcutaneous
ear-implants containing 18 mg of melatonin (MELOVINE® CEVA Santé Animale,
France) from July 15th to September 15th (Photostimulated males-1; n=2), or

from September 1st to October 31st (Photostimulated males-2; n=2). After



removal of the subcutaneous implants of melatonin, these four bucks were
exposed to 2.5 mo of artificial long days as described previously [12]. These
photostimulated males displayed an intense sexual behavior 1.5 mo after the
end of artificial long days, and during about 2.5 mo [11,12]. Therefore, the
photostimulated males-1, were sexually active from mid-January until March,
whereas the photostimulated males-2, were sexually active from March until

May.

2.2.2 Preparation of females and experimental design

We used 26 OVX+E2 female goats. All these females received a silastic
subcutaneous implant of 12-mm containing estradiol. The females were divided
into two groups (n=13 each) balanced for body condition score (BCS: 1= very
thin, 4= fat; [20]; 3.0 £ 0.2 and 2.9 £ 0.1, respectively; Mean = SEM). From
November 5th to January 31st, both groups of females were in contact with
control males, which displayed intense sexual behavior (n=2 each). Then, on
February 1st, one group was put in contact with the photostimulated males-1
(n=2), and on March 29th, these males were replaced with the photostimulated
males-2, which remained with females until May 21st (n=2). In the other group,
control males were replaced by new control ones on the same dates as in the
other group, to avoid a possible effect of the introduction of novel males (n=2

each time).



2.2.3 Measurements

In females, plasma LH concentration was determined three times per wk. All
blood samples were collected by jugular venipuncture in tubes containing 30 uL
of heparin. After collection, the samples were centrifuged immediately at 3500 x
g for 30 min, and the plasma samples obtained were stored at -20°C until
assayed by RIA, according to Faure et al. [21]. All samples were run in a single
assay. Sensitivity was 0.1 ng/mL and the intra-assay CV was 6.2 %.

In bucks, sexual behavior was assessed by direct observation once a month at
from 8:00 to 8:15 [22,23]. However, we showed only the results of nudging,

because is a reliable variable of the sexual activity of bucks [15].

2.2.4 Statistical Analyses

LH concentrations were analyzed with an ANOVA for repeated measures
with two factors (sexual condition of males and time). Comparisons between
each point of sampling in females in contact with photostimulated or control
bucks in breeding season or seasonal anestrus were analyzed with a two-
sample t-test. Comparisons of mean LH plasma concentrations between
breeding season and seasonal anestrus periods in each group were made
through paired t-test. The analyses were computed using the statistical package
SYSTAT 13 [24]. Differences were considered significant at the level of P <

0.05.



2.3 Experiment 2

The objective of Experiment 2 was to determine the LH plasma concentration in
OVX female goats bearing 12-mm subcutaneous implants containing or not
estradiol-I7R and exposed to control or photostimulated bucks during the

seasonal anestrus.

2.3.1 Stimulation of sexual behavior of males by a photoperiodic treatment

The control bucks were subjected to natural photoperiodic conditions, and
displayed low sexual behavior during the study (n=2). The bucks were rendered
sexually active by exposure to long days as described previously (n=2) [11,25].
Briefly, these bucks were exposed to 2.5 mo of artificial long days (16 h of light/8
h of darkness) from November 1st to January 16th; then, they were exposed to
natural variations of day-length until the end of the study. This photoperiodic
treatment stimulates testosterone secretion during March and April and,
therefore, improves significantly the intensity of their sexual behavior during the

non-breeding season [11,25].

2.3.2 Preparation of females

We used OVX female goats (n=24). On April 1st, females were divided into
two groups (n=12 each) balanced for body condition score: i) females that
received an empty silastic subcutaneous implant of 12-mm (BCS: 2.8 + 0.1), and
i) females that received silastic subcutaneous implants of 12-mm filled with

crystallized estradiol-1713 (BCS: 2.9 £ 0.2; n=12).



2.3.3 Male effect

On April 11 at 13:00, females were exposed to males. Half of each female
group (empty or E2 implants) was exposed to control bucks (n=2) or to
photostimulated bucks (n=2), resulting on four subgroups: i) OVX goats + control
bucks; ii) OVX goats + photostimulated bucks; iii) OVX+E2 goats + control
bucks; iv) OVX+E2 goats + photostimulated bucks. Each subgroup was isolated
from the others (> 200 m). The bucks remained in contact with does until next

day at 19:00.

2.3.4 Measurements

In females, plasma LH concentrations were determined every 15 min
from 6 h before (7:00-13:00) to 6 h after (13:15-19:00) the introduction of bucks.
Plasma LH concentration was also measured the next day during 6 h every 15
min, from 13:00 to 19:00 to evaluate whether any effect occurring just after the
introduction of bucks would remain for a longer duration. All blood samples were
collected, and LH was determined as described in Experiment 1. The sensitivity
of the LH assay was 0.1 ng/mL and the intra-assay CV was 5.5 %. All samples
were run in a single assay.

In bucks, sexual behavior was individually recorded during 15 min (from
13:00 to 13:15) after their introduction into the groups of females, and the next

day at the same hour and for the same duration.



2.3.5 Statistical Analyses

With the aim to approximate data to a normal distribution, the statistical
analyses were made with logarithm values and presented in real values. Data of
plasma LH concentrations were analyzed by an ANOVA for repeated measures
with two factors. In addition, we calculated the mean concentration by time
windows of 6 h (6 h before introduction of males, 6 h after introduction of males,
and 6 h the next day after introduction of males) for each type of implant and
comparisons between types of males (control and photostimulated) within each
group were made by using an independent t-test. The evolution of mean plasma
LH concentrations within each group by type of male was analyzed by a paired
t-test. Mean LH concentrations before introduction of bucks were compared
between different types of implants and types of males using an ANOVA. When
significant differences were determined, comparisons between subgroups were
carried out using the Fisher LSD post-hoc test. The comparisons of the mean
LH concentration from the three time windows into each type of implant were
made through paired t-test. The analyses were computed using the statistical
package SYSTAT 13 [24]. Differences were considered significant at the level of

P <0.05.



3. Results

3.1 Experiment 1

3.1.1 Plasma concentrations of LH in goats permanently exposed to sexually

active vs. sexually inactive bucks

The plasma LH concentrations varied according to time (time effect: Fso,1920
= 12.095, P = 0.0001). In addition, there was an interaction between time and
groups of goats exposed to control or photostimulated males (Fso,1920= 7.822, P
= 0.0001). The plasma LH concentrations of goats were high and did not differ
from November to February, independently if they were exposed to control or
photostimulated bucks (F124 = 0.652, P = 0.428). On the contrary, the plasma
LH concentrations differed between groups from March 14th until the end of
study (F124=19.472, P = 0.0001). In fact, in goats in contact with control males,
plasma LH concentrations decreased from March to May (P = 0.001), whereas
in goats in contact with photostimulated males, plasma LH concentrations

remained high during the same period (P = 0.101; Figure 1).

3.1.2 Sexual behavior of males
Control males displayed high frequencies of nudging from November to
January. Thereafter, the number of nudging decreased in February and March,

and none nudging behavior was registered in April and May. On the contrary,



photostimulated males displayed high frequencies of nudging from February to

May (Figure 2).

3.2 Experiment 2

3.2.1 Plasma concentrations of LH in goats exposed to sexually active versus

inactive bucks

Prior to the introduction of bucks, mean plasma LH concentrations were
lower in goats bearing the implants with estradiol (around 2-2.5 ng/mL), than in
those bearing the empty implants (around 1 ng/mL, F320 = 4.370, P = 0.016;
Figure 3; Table 1).

During the first 6 h after male introduction, a strong effect of the type of
males on LH plasma concentration was observed (control vs photostimulated,
F315= 6.442, P = 0.020), but not with type of estradiol implants (Fsz15= 2.671, P
= 0.118). In fact, in goats bearing the empty implant, mean plasma LH
concentrations did not differ among those exposed to control or photostimulated
males (P = 0.187; Table 1). In contrast, in goats bearing estradiol implants,
plasma LH concentrations were higher in females exposed to photostimulated
males than in those exposed to control ones (P = 0.047; Table 1).

On the following day after male introduction, plasma LH concentrations in
goats bearing empty implant did not differ between females exposed to

photostimulated or control males (P = 0.072). In contrast, in goats bearing



estradiol implants, LH concentrations were higher in females exposed to
photostimulated males than in those exposed to control males (P = 0.039; Table
1).

In goats bearing the empty implants, the mean LH plasma concentrations did
not increase after the introduction of the control or photostimulated males
compared with levels registered prior the introduction of males (P = 0.652 and P
= 0.746 respectively). However, in these females, the plasma LH concentrations
decreased one day after the introduction of the control bucks (P = 0.01; Table
1). Finally, in goats bearing the estradiol implants, the mean LH plasma
concentrations were only increased after the introduction of photostimulated but
not after control ones (P = 0.047 and P = 0.062, respectively). Those
concentrations remained elevated 24 h later in goats exposed to
photostimulated males (P = 0.831) and unchanged in females exposed to

control males (P = 0.518).

3.2.2 Sexual behavior of males

Sexual behavior of males, appreciated by the mean number of nudgings,
when introduced in the groups of females and the following day to introduction,
was much higher in photostimulated bucks than in control ones (38 £ 5 vs. 0 in

both days).



4. Discussion

In the present studies, we hypothesized that the permanent presence of
the photostimulated buck or the sudden introduction of these bucks would
counterbalance the negative feedback of estradiol on LH secretion in seasonally
anestrus goats, resulting in the maintenance of high plasma LH concentrations,
or increasing plasma LH concentrations during the seasonal anestrus.
Therefore, in Experiment 1, the continuous presence of -naturally and
photostimulated- sexually active males enabled the females to maintain high
plasma LH concentrations from March to May, months corresponding to the
seasonal anestrus. In contrast, the LH concentrations decreased from March,
and remained low until May in females in contact with the control, and therefore,
sexually inactive males. In Experiment 2, the introduction of the photostimulated
bucks stimulated the LH secretion in OVX+E goats bearing a subcutaneous
estradiol implant, but not in those exposed to the control males. Taken together,
the present results confirm our initial hypothesis and strongly suggest that the
intensity of the sexual behavior of males is an important element to control the
seasonal variations of LH secretion in goats, probably by counterbalancing the
negative feedback exerted by estradiol on LH secretion.

In Experiment 1, the plasma LH concentrations decreased during the
seasonal anestrus in goats in permanent presence of the control bucks. This
decrease of LH concentrations occurred when the sexual behavior of control
males also decreased. Our findings coincide with previous ones described in
OVX+E goats and ewes in contact with males or isolated from them

[3,19,26,27]. In our study, the decrease of LH concentrations during the



seasonal anestrus, was probably induced by the installation of the estradiol
negative feedback on LH secretion, as reported previously in goats and ewes
[28—-30]. Contrary to what was observed in females in contact with control
males, the seasonal decrease of LH concentrations was prevented by the
presence of the photostimulated bucks, which displayed high sexual behavior
from February to May. Our findings strongly suggest that the permanent
presence of males displaying intense sexual behavior is an important key to
prevent the installation of the negative feedback of estradiol on LH secretion,
allowing LH concentrations to remain high during the anestrus season. This
hypothesis is supported by the fact that the permanent presence of the sexually
active males prevents the display of seasonal anovulation in intact goats,
whereas the presence of the sexually inactive males did not do so [12]. The
effect of permanent presence of the sexually active males is probably exerted at
the central level in the nervous system, downstream to the inhibitory effect of
photoperiod.

In Experiment 2, the patterns of plasma LH concentrations differed
between goats bearing estradiol o empty implants, and exposed to control or
photostimulated males. Prior the introduction of control or photostimulated
males, LH concentrations was lower in goats bearing the estradiol implants than
in those bearing empty implants. The difference between groups on LH
concentrations could be directly related to the presence of estradiol. Indeed, in
ovariectomized goats or ewes that did not receive any estradiol treatment, the
plasma concentrations of LH during the seasonal anestrus are higher than in

those bearing estradiol implants [3,30]. Therefore, our findings clearly indicate



that the estradiol implants of 12-mm released enough estradiol to reduce the LH
secretion during the seasonal anestrus.

In our study, plasma LH concentration increased significantly in goats
bearing the estradiol implants and exposed to the sexually active bucks, but not
to control males. The stimulation of LH secretion in goats exposed suddenly to
photostimulated bucks occurred probably because these males were able to
counterbalance the negative feedback of estradiol on LH secretion, whereas the
control males did not do so. Is important to notice that contrary to what was
observed in goats bearing the estradiol implants, in goats bearing the empty
implant, the LH concentration did not increase after introduction of control or
photostimulated bucks. Our results concerning goats bearing the empty implant
agree with those reported in ovariectomized ewes exposed to rams [31].
Therefore, it appears that in OVX goats or ewes bearing empty implant, the
introduction of males did not stimulate LH secretion because in these females
the LH concentrations are already high, due to the absence of a negative
feedback of estradiol on LH secretion.

Globally, our findings strongly suggest that only sexually active males can
inhibit or dramatically reduce the negative feedback of estradiol on LH secretion
during seasonal anestrus. Our results may also suggest that the sexually active
males reactivate the gonadotropic axis along the upstream steps of the GnRH
neurons, maybe via kisspeptin signaling which directly controls GnRH release in
various mammals [32]. Indeed, in goats, a pool of kisspeptinergic neurons
located in the arcuate nucleus acts like a pulse generator that controls the

release of GnRH at the level of the median eminence [33]. In ewes,



kisspeptinergic neurons of the preoptic area and arcuate nucleus express
estrogen receptor alpha [34]. Interestingly, it appears that the kisspeptinergic
neurons are implicated in the negative feedback of estrogens in seasonal ewes
[35]. Firstly, they observed that the expression of kisspeptin in the arcuate
nucleus is decreased when estrogens are administrated, suggesting that the
kisspeptinergic neurons mediate the negative feedback of estrogens on GnRH
secretion [35]. Secondly, they demonstrated that the expression of kisspeptin in
the arcuate nucleus of ewes is increased during the breeding season in
comparison with the anestrus season [35,36]. Finally, De Bond et al. [37]
demonstrated that the introduction of a ram among a group of anovulatory
females induces the activation of GnRH cells in the medial preoptic area and
kisspeptin cells in the arcuate nucleus as evidenced by the higher number of
cells that expressed the marker of cellular activation c-Fos in GnRH and
kisspeptin cells, respectively. A recent study in goats also observed that neurons
of the arcuate nucleus are activated by the introduction of a sexually active buck
[38]. As a whole, it is likely that the estrogen feedback takes place at the level of
kisspeptinergic neurons, and that sexually active bucks are able to activate this
pool of neurons to counterbalance the enhanced negative feedback of estrogens
during the seasonal anestrus in goats.

We conclude that in OVX+E2 goats, the permanent presence of the sexually
active males maintain high the plasma LH concentrations during the seasonal
anestrus, and that the sudden introduction of these sexually active males
increases the plasma LH concentrations during the seasonal anestrus. These

findings strongly suggest that the sexually active males can significantly



counterbalance the negative feedback of estradiol on LH secretion. The current
results and those of Delgadillo et al. [12] increase our knowledge concerning the
mechanisms involved in the control of the annual rhythm of reproduction of

goats, mainly, to the importance of the intensity of the sexual behavior of males.
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Table 1. Plasma LH concentrations (ng/mL; Mean + SEM) of OVX female goats
bearing subcutaneous implants containing or not estradiol 17-B estradiol, and
exposed to control or photostimulated bucks. Control bucks remained under natural
photoperiodic conditions and displayed low sexual behavior during the study.
Photostimulated bucks were rendered sexually active by exposure to 2.5 mo of long
days from November 1st (16 h of light per day), followed by natural photoperiodic
conditions, and displayed high sexual behavior during the study.

Group of G £ LH before LH after LH next day
fem;Ies :;’:I’;: introduction introduction after introduction
of males of males of males
(hour -6 to 0) (hour 0 to 6) (hour 24 to 30)
Control males a2.01+0.26 ©1.98 +0.31 146 +0.21*
Empty
implants .
Fhotostimulated 2245+ 0.29 ©2.42 +0.21 ©1.90 + 0.12
Control males 1.04+0.44 91.29 + 0.46 9129+ 0.45
Estradiol
implants Photostimulated *
otostimulate b0.97 + 0.41 ©2.80 + 0.62 ©2.58 + 0.60

males

*“*Different letters indicate significant difference between groups of femeales before
the introduction of bucks (P<0.05; Fisher LSD test).
““*Different letters indicate significant difference between groups of females bearing

different type of implants, and exposed to control or photostimulated bucks

(P<0.05; Two simple t-test)
*Indicate significant difference within the same rows (P<0.05; Paired t-test)



Figure legends

Figure 1. Plasma LH concentrations (ng/mL; Mean + SEM) of OVX goats
bearing 12-mm subcutaneous implants containing estradiol-17 (. Both
groups of goats remained in permanent contact with control bucks from
November to January, when displayed high sexual behavior. Afterwards,
from February to May, one group of goats continued in contact with control
bucks, which displayed low sexual behavior (o), whereas the other group
was put in permanent contact with the photostimulated bucks, which
displayed high sexual behavior from February to May (e). Photostimulated
received subcutaneous melatonin ear-implants during 2 months, followed by
exposure to 2.5 mo of long days from November 1st (16 h of light per day),
and natural photoperiod conditions.

*Indicate significant difference between groups in each sampling point.

Figure 2. Mean (+ SEM) monthly number of nudging per test of 15 min of
control and photostimulated bucks (n= 2 each month). Control males
displayed high sexual behavior from November to January, which decreased
from February to May (o). Photostimulated bucks displayed high sexual
behavior from February to May (m). Photostimulated bucks were rendered
sexually active by exposure to 2.5 mo of long days from November 1st (16 h

of light per day), followed by natural photoperiod conditions.



Figure 3. Plasma LH concentrations (ng/mL; Mean + SEM) of OVX female
goats bearing 12-mm subcutaneous implants containing or not estradiol-17
B, and exposed to control (o) or photostimulated bucks (e). Control bucks
remained under natural photoperiodic conditions and displayed low sexual
behavior during the study. Photostimulated bucks were rendered sexually
active by exposure to 2.5 mo of long days from November 1st (16 hours of
light per day), followed by natural photoperiod conditions, and displayed

high sexual behavior during the study.

' Indicate the moment of introduction of males in each group.
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