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Abstract

The current study aimed to determine the effect of hormonal treatment with kisspeptin, GnRH
and hCG on plasma testosterone concentration and semen characteristics in buck Cyprus
goats during non-breeding season as compared with breeding season. This study was
executed at the Ruminant Researches Station pertaining to the Directorate of Agricultural
Researches, Ministry of Agriculture, Abu-Ghraib, Baghdad (latitude 33°20' N) for the period
from November 15", 2012 to December 315t 2013. A total of 20 buck Cyprus goats 2 years
old and averages 55 kg body weight. During non-breeding season bucks were randomly
divided into five equal groups (4 bucks / group). The first group (Al) was regarded as a control
group, i.m injected with normal saline, whereas, the second (A2) and third (A3) groups were i.v
injected with 4 and 8 ug / kg body weight of Kisspeptin-10 respectively. The fourth (A4) and
fifth (AS) groups were i.m injected with hCG (250 IU / buck) and GnRH (20 pg / buck)
respectively. Plasma testosterone concentrations were significantly (P< 0.01 and P< 0.05)
increased at 20, 30, 40 and 50 min post-treatment in A5, A2 and A3 groups as compared with
control A1. Mass motility and individual motility were significantly (P< 0.01) in A5, A4, A2 and
A3 as compared with control during non-breeding season. In conclusion, our results show
that Kisspeptin-10, GnRH and hCG can stimulate the quiescent hypothalamic—pituitary—
gonadal axis of bucks during non-breeding season by increasing plasma testosterone
concentration post treatment that leads improving some semen characteristics during non-
breeding season.
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Introduction

Goat breeds living in subtropical, middle
and high latitudes regions show seasonal
changes in reproductive activity (1).
Photoperiod is an important environmental
factor that controls the timing of sexual
activity may have occurred through
changes in the endogenous annual
rhythm of reproduction by photoperiod (2).
Consequent occurred the increase of
testosterone concentration during the
natural breeding season (summer and
autumn), followed by a significant
decrease during the non-breeding season
(winter and spring) ( 3,4,5) indicating
ability to use bucks for semen collection
and for natural breeding due to the most
semen quality parameters were better
during breeding season (6). The
seasonality of reproduction in the herd is
dependent on both bucks and does.
Therefore, attempts to control sexual
activity in goats during non-breeding
season based on simulating activity of
hypothalamic-pituitary-gonadal (HPG) axis
by manipulation of sexual activity to offer
meat and milk over the year and increase
the income of farmers.

Nowadays, researchers are using
kisspeptin which is considered gatekeeper
of the hypothalamic-pituitary-gonadal
(HPG) axis in which the hypothalamic
GnRH plays a crucial role. Kisspeptin-10
can stimulate this axis of ewes in anestrus
(7) consequently the release of LH and
FSH (8) at 20- 30 min after the second
injection in anestrus does (9). On the
other hand, kisspeptin -10 studied in men
(10) monkey (11) rats (12) mice (13,14)
calves ( 8,15) to stimulate secretion of LH
and testosterone. There is no available
information about the effect of hormonal
treatments kisspeptin10, GnRH and hCG
on testosterone concentrations and
improving semen characteristics in buck
Cyprus goats during non-breeding as
compared with the breeding season.

75

Materials and methods

Animals: The present study was
conducted at Ruminant Research in the
Department of Agricultural Research
Station / Ministry of Agriculture, Abu
Ghraib /Baghdad (latitude 33 20 © N). A
total of 20 buck Cyprus goats 2 years old
and averages 55 kg body weight.

Bucks were trained to collect semen for
45 days before starting the experiment
(mid-November-end of December in 2012)
using an artificial vagina. The process of
collecting semen from all bucks until has
stopped at the end of the breeding
season, giving conclusive evidence of the
start of the animal non-breeding season.
Bucks were kept indoors at night and
outdoors most of the day, and allowed
field grazing pasture near the station on
day. Indoors, bucks were fed hay and
concentrated diet. All males had free
access to water and trace mineral salt
blocks.

Experimental design: The study period
which extended from June 15t 2013 to
December 315t 2013. During non-
breeding season in June 15t 2013 bucks
were divided randomly into five groups (4
bucks /group). The First group (67.8 +
14.14 kg) control (Al) injected i.m. (0.9%
NaCl) is divided into two doses (2 ml /
animal / dose). A second group (64.5%
1.55kg) (A2) injected i.v. Kisspeptin-10
(Ana Spec, Inc., USA) (4 ug / kg/ animal).
A third group (55.3+ 2.05kg) (A3) injected
i.v. Kisspeptin-10 (8 ug / kg/ animal).
Divided doses based on preliminary
results (8.9). Fourth group (62.3+ 6.22kg)
(A4) injected i.m. hCG (Chorulon, Intervet
International BV, Boxmeer, Holland) 250
IU / animal, divided two doses. A fifth
group (58.0+ 2.54kg) (A5) injected i.m.
GnRH (Receptal, Intervet International
BV, Boxmeer, Holland) 20 ug/ animal and
divided two doses. All bucks received two
doses 2h intervals.
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Blood sampling and assay: Blood
samples collected 0 (pretreatment) and
20, 30, 40 and 50 min after the second
dose injected by the recommendations
of (9). The blood samples collected from
the jugular vein using vacutainer tubes,
container inhibitor coagulant (EDTA) for
testosterone. The blood sample
immediately (10 ml) collected Vvia
vacutainer tubes, and plasma was
harvested following centrifugation of the
samples (3000 RPM for 20 minutes) and
stored under -20°C until assay. Enzyme-
linked immunosorbent assay, ELISA used
to measure the plasma testosterone
concentration (ng/ml). The kit provided by
Kit (Testosterone AccuBind ELISA from
producer Monobind Inc. Company Lake
Forest, USA). Inter- and intra-assay
coefficients of variation (CV %) were 9.7%
and 4.8% respectively.

Semen collection and evaluation:
During non-breeding season (June, July,
August and September) and breeding
season  (October, November and
December). Semen collected from each
buck twice a month, with an artificial
vagina and at a temperature of 41 °C at
(8.00h). Immediate examinations,
ejaculate volume recorded using a
graduated collection tube. pH measured
directly using indicator papers range 5.6 -
8.0 (Madaus GmbH, Koeln, Germany).
Microscopic examinations included mass
motility (16,17) individual motility (18),
dead sperm percentage (19), sperm
concentration (20) was determined using
a haemocytometer following dilution of an
aliquot of semen with 0.05% formal saline
(1:400). The overall number of sperm per
ejaculate calculated (volume x
concentration). Abnormal sperm
percentage (21) classified to sperm head
abnormalities, sperm tail midpiece
abnormalities and sperm tail principal and
terminal abnormalities (22).

Statistical analysis: The statistical
analysis system —SAS 2012 program was
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used (CRD) to study the effect of
hormonal treatments on plasma
testosterone concentrations for different
periods and comparison semen
characteristics between two seasons.
Duncan's multiple range tests were used
for significant differences between means
in this study (23).

Results and Discussion

Plasma testosterone concentrations
The results showed the plasma
testosterone concentrations in Cyprus
bucks in different times during non-
breeding season (Table 1). There were no
significant differences pretreatment in
different groups. Plasma testosterone
concentrations were significantly (P <
0.01) higher in A5 group after 20, 30, 40
and 50 min as compared to Al group.
These results agreed with findings (25) in
male Japanese Shiba goats and with (25)
in Damascus, Mountain and hybrid bucks
and agree with (26).

Increased testosterone concentration in
A5 group after treated GnRH due to
increase steroidogenic capacity regulatory
(StAR) protein and steroidogenic enzymes
in testis that it responsible for producing
steroid hormones such as Cholesterol
Side -chain cleavage cytochrome P450
and 3 beta-hydroxysteroid dehydrogenase
/ delta in the Leydig cells (27) or increased
ICSH receptors ( 28) and
increase GnRH receptors on the pituitary
gland lead to stimulate secretion
of ICSH and affect to release
testosterone greater amounts.

Plasma  testosterone  concentrations
increased in bucks treated with kisspeptin-
10 in different times (Table 1). However,
highest concentrations of testosterone in
A2 group at 50 min and A3 group at 40
min. These results agreed with (13,24,15).
The effect of kisspeptin increased
testosterone concentration due to it
stimulate secretion of GnRH neurons
synthesis in the hypothalamus as
observed in humans (29), mice (30), rats
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(31, 32), monkeys (33), Sheep (34) and
Goats (9), because of exist receptors of
Kisspeptin in neurons synthesis GnRH in
the hypothalamus (35, 36, 37) that
reflected to increase secretion of ICSH
from the pituitary gland (38, 39,40) which
effect on Leydig cells and
stimulating  secretion of testosterone
(41).0On the other hand, Zhang et al (42)
reported that kisspeptin depolarizes GnRH
neurons from 5 to 22 mv and making it
more permeable to Kisspeptin and led to
increase GnRH firing rates (43, 44).
Depolarization process may last for 30
minutes after the disappear of the effect
of Kisspeptin, that explains concentration
of testosterone is high in groups A2 and
A3 as compared with Al during 20-50
minutes after treatment. In the present
study, increase concentration testosterone
(Table 1) in A4 group treated hCG at 30
minutes (7.58 + 0.49 ng / ml) and 40
minutes (8.02 £+ 0.26 ng / mL) as
compared with Al due to the role
of hCG in stimulating leydig cells  on
secretion larger amounts of testosterone
into the blood stream, because of LH and
hCG are closely related in sequence, and
these two hormones bind to the same
receptor and elicit identical biological
responses (45, 46).

Semen

A clear effect of hormonal treatment to
improve some semen characteristics
observed during non-breeding season as
compare with control, mass motility (Table
4) individual motility (Table 5) sperm
concentration (Table 7) in bucks. On the
other hand, bucks treated GnRH (A5)
distinguished that better results in semen
characteristics as compare with groups.
These results agree with (47) who found
that injection Nili-Ravi buffalo bulls 2 ml of
GnRH (Dalmarelin-Fatro) at weekly
interval, 12 hours prior to semen
collection. Similarly, Azawi et al (48) in a
study with Awassi rams in Irag found
injection 50 ug im of GnRH (Cystorelin)
weekly for 3 months lead to improve
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semen quality after GnRH treatment. The
dose used in our current study (20 ug /
animal) was lower than that used in
previous studies. Therefore, a cost-
effective method for owners that can use
to improve the sperm quality of bucks
during non-breeding season. In addition,
that using different GnRH analogues in
the different studies may give different
results to semen quality studied due to the
different effectiveness of their effect (49).

Results of the present study showed that
bucks treated kisspeptin (4 and 8 ug / kg/
animal) during non-breeding season led to
improve mass motility (Table 4) individual
motility (Table 5) and sperm concentration
(Table 7). The role of kisspeptin and its
receptor play in the regulation of the
reproductive axis (35, 36, 37) and
necessary for GnRH secretion and
release of luteinizing hormone (LH) and
follicle stimulating hormone (FSH) (38,
39,40) affecting the cells of Leydig and
stimulating to secrete testosterone (41)
and activate spermatogenesis process
(50) On the other hand, there were no
significant  difference between bucks
treated kisspeptin as compare with control
(Al) in dead sperm percentage (Table 6),
sperm head abnormalities (Table 9),
sperm tail midpiece abnormalities (Table
10) and percentage sperm total
abnormalities (Table 12) may have not
affected treatment due to the low dose of
kisspeptin-10 In the current study,
Which selected based on a few previous
studies, focused mostly on the study of
the effect of kisspeptin in the
concentrations of LH and testosterone
exclusively did not treat the role in
improving the characteristics of sperm of
any farms animal, and the use of high
doses in future studies may give better
results in improving quality of sperm of
bucks in the non-breeding season without
adversely affecting the body's hormonal
system. (51) Reported that High doses
(50 nmol / day) of Kisspeptin-54 for three
consecutive days lead to desensitization
of hypothalamus-pituitary-testis axis to the
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negative feedback of testosterone, as a
result of the significant increase in its
secretion, thus a decrease GnRH and
subsequent  reduction LH and FSH from
the pituitary gland. The negative feedback
of testosterone plays a significant
regulatory role to secrete GnRH from
neurons produced by the hypothalamus
(52). Our results showed that sperm tail
principal and terminal abnormalities (P<
0.05) starts to increase in A3 group as
compare with Al during non-breeding
season as well increased in Al as
compare with A 5 and A3 during breeding
season (Table 11). On the other hand,
sperm tail principal and terminal
abnormalities showed difference
significance (P< 0.01) in A3, A2 and A5
groups during non-breeding season as
compare with breeding season (Table 11).
However, the hormonal treatments did not
effect on percentage sperm total
abnormalities and others during non-
breeding season and breeding season. In
addition the percentage of sperm head

abnormalities and sperm total
abnormalities remained  within  their
acceptable natural range agricultural
animals 20% (53). On the other

hand, absence significant differences in
most of the sperm abnormalities during
non-breeding season and breeding
season confirms the effectiveness of
hormonal factors in
sustaining seminiferous tubules in  the
testis for a long period until they enter the
breeding season. These results agree with
(54) who found that a greater number of
natural sperm are available to fertilize the
female reproductive system so that they
can penetrate the ova and fertilize in a
natural way. In addition, applicable to the
percentage of sperm abnormalities applies
to all the characteristics of semen
microscopic, whose values did not differ
between the non- breeding season and
breeding season showing the role of long-
term factors maintenance good quality of
the sperm. In conclusion, our results show
that Kisspeptin-10, GhRH and hCG can
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stimulate the quiescent hypothalamic—
pituitary—gonadal axis of bucks during
non-breeding season by increasing
plasma testosterone concentration post
treatment that leads
improving some semen characteristics
during non-breeding season.



RESEARCH PAPER

AL-ANBAR JOURNAL OF VETERINARY SCIENCES

Vol. 12

issue: 1

2019

L- IS5H :1999-6527

Table 1. The effect of hormonal treatments on plasma testosterone concentrations (ng / ml)
in bucks for different periods during non-breeding season (mean % S.E.).

Period Pre 20 min 30 min 40 min 50 min Level of
treatment after after after after significance
treatment | treatment | treatment | treatment
Treatment
Al 5.73+1.90 | 1.45+0.61 | 0.9410.41 | 0.941+0.38 | 3.67+1.51 P< 0.05
A a B c B d B d AB b -
A2 2.20+0.43 | 5.37+0.67 | 5.30+0.62 | 5.81+0.50 | 5.95+0.45
B a A b A ¢ A ¢ A ab P<0.05
A3 2.50+1.04 | 5.26+0.31 | 6.03£0.57 | 7.181£0.69 | 6.95+0.63
C a B b B ¢ AB b AB ab P<0.01
A4 3.34+1.82 | 6.49+0.93 | 7.5810.49 | 8.02+0.26 | 6.35%£1.48
B a AB ab AB b A ab AB ab P=<0.05
A5 4.06£1.35 | 8.31+0.65 | 9.34+0.16 | 9.18+0.20 | 8.17+1.05
B a A a A a A a A a P< 0.01
Level of NS P<0.01 P< 0.01 P<0.01 P<0.05
significance
a,b,c  Among columns, comparison between treatments.

A,B,C Among rows, comparison between periods within treatment.
Al = 2ml (0.9% NaCl) (control), A2 (4 ug / kg/ animal) kisspeptin, A3(8 ug / kg/ animal) kisspeptin

A4 (250 IU hCG / animal) and A5 (20 pg/ animal GnRH).

Table 2. The effect of hormonal treatments on ejaculate volume (ml) in bucks during
two seasons (mean * S.E.).

a,b,c

season Non-breeding : Level of significance
Breeding season

season

Treatment
1.58+0.25 1.64+0.42

Al A 2 A a NS
1.86+ 0.18 1.70+£ 0.21

A2 A a A a NS
1.68+ 0.29 1.62+ 0.19

A3 A a A 2 NS
0.13+1.92 1.50+£ 0.19

A4 A a A a NS
1.60+ 0.20 1.56+ 0.22

AS A a A a NS

Level of significance | NS NS

Among columns, comparison between treatments.
A,B,C Among rows, comparison between seasons

Al = 2ml (0.9% NaCl) (control) ,A2 (4 pg / kg/ animal) kisspeptin, A3(8 ug / kg/ animal)
kisspeptin ,A4 (250 IU hCG / animal) and A5 (20 pg/ animal GnRH).
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Table 3. The effect of hormonal treatments on pH of semen in bucks during two
seasons_(mean % S.E.).

a,b,c

Al = 2ml (0.9% NaCl) (control) ,A2 (4 pg / kg/ animal) kisspeptin, A3(8 ug / kg/ animal)

son . Level of
Non-breeding . L
S Breeding season significance
eason
Treatment
6.72+0.04 6.80+ 0.03
Al A a A a NS
AD 6.77+0.04 6.75+ 0.03 NS
A a A a
A3 6.63+0.07 6.77+0.02 NS
A a A a
6.64+ 0.06 6.77+ 0.01
A4 A a A a NS
6.63+ 0.09 6.80+ 0.03
AS A a A a NS
Level of NS NS
significance

Among columns, comparison between treatments.
A,B,C Among rows, comparison between seasons

kisspeptin ,A4 (250 IU hCG / animal) and A5 (20 ug/ animal GnRH).

Table 4. The effect of hormonal treatments on mass motility in bucks during two
seasons (mean = S.E.).

a,b,c

Al = 2ml (0.9% NaCl) (control) ,A2 (4 pg / kg/ animal) kisspeptin, A3(8 ug / kg/ animal)

ason . Level of
Non-breeding . o
Breeding season significance
Season
Treatment
47.91+ 10.27 68.33+ 3.81
Al A b A a NS
AD 75.00+ 2.21 7291+ 2.71 NS
A a A a
A3 7227+ 2.72 67.91+ 3.91 NS
A a A a
A4 78.18+ 1.54 72.08+ 1.78 P< 0.01
A a B a
AS 80.00+ 1.82 72.08+ 3.56 NS
A a A a
Level of P< 0.01 NS
significance

Among columns, comparison between treatments.
A,B,C Among rows, comparison between seasons

kisspeptin ,A4 (250 IU hCG / animal) and A5 (20 ug/ animal GnRH).
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Table 5. The effect of hormonal treatments individual motility in bucks during two
seasons (mean * S.E.).

eason . Level of
Non-breeding . o
Breeding season significance
season
Treatment
51.25£10.97 75.41+2.78
Al B b A a P<0.05
AD 80.83+2.11 79.58+2.25 NS
A a A a
A3 78.63+2.34 74.58+3.56 NS
A a A a
A 84.54+ 1.84 77.91+ 1.68 P< 0.01
A a B a
A5 85.00+1.82 78.33+3.44 NS
A a A a
Level of P< 0.01 NS
significance

a,b,c

Among columns, comparison between treatments.

A,B,C Among rows, comparison between seasons

Al = 2ml (0.9% NaCl) (control) ,A2 (4 ug / kg/ animal) kisspeptin, A3(8 ug / kg/ animal)

kisspeptin ,A4 (250 IU hCG / animal) and A5 (20 pg/ animal GnRH).

Table 6. The effect of hormonal treatments on dead sperm percentage in bucks

during two seasons (mean * S.E.).

Season . Level of
Non-breeding . o
Breeding season significance
season
Treatment
Al 19.25+ 4.41 29.66+2.57 NS
A a A a
AD 25.00+3.90 28.00+2.97 NS
A a A a
A3 25.54+3.32 30.75+4.16 NS
A a A a
A4 22.54+2 .42 27.41+£2.75 NS
A a A a
AS 18.10+£1.88 27.50+ 4.34 NS
A a A a
Level of NS NS
significance

a,b,c

Among columns, comparison between treatments.

A,B,C Among rows, comparison between seasons

Al =2ml (0.9% NaCl) (control) ,A2 (4 ug / kg/ animal) kisspeptin, A3(8 pg / kg/ animal)

kisspeptin ,A4 (250 IU hCG / animal) and A5 (20 pg/ animal GnRH).
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Table 7. The effect of hormonal treatments on sperm concentration (x 10° /ml) in

bucks during two seasons (mean £ S.E.).

a,b,c

son . Level of
Non-breeding . e
Breeding season significance
season
Treatment
6.41+£1.62 8.68+ 1.24
Al A b A a NS
8.72+0.88 10.66% 1.76
A2 A ab A a NS
8.82+0.64 10.14+£1.38
A3 A ab A a NS
8.05+0.95 10.161£1.24
Ad A ab A a NS
AS 10.071£0.65 7.42+0.81 P< 001
A a B a
Level of P<0.05 NS
significance

Among columns, comparison between treatments.

A,B,C Among rows, comparison between seasons
Al = 2ml (0.9% NaCl) (control) ,A2 (4 ug / kg/ animal) kisspeptin, A3(8 ug / kg/ animal)
kisspeptin ,A4 (250 IU hCG / animal) and A5 (20 ug/ animal GnRH).

Table 8. The effect of hormonal treatments on the overall number of sperm per
ejaculate (x 10”in bucks during two seasons (mean * S.E.).

a,b,c

Al = 2ml (0.9% NaCl) (control) ,A2 (4 pg / kg/ animal) kisspeptin, A3(8 ug / kg/ animal)

ason . Level of
Non-breeding . o
Breeding season significance
season
Treatment
Al 14.31+3.44 12.60+2.00 NS
A a A a
AD 15.47+2 .57 18.97+3.38 NS
A a A a
A3 14.04+1.93 16.80+3.59 NS
A a A a
A4 12.23+2.06 19.80+2.83 P<0.05
B a A a
A5 16.24+2 .95 11.33+1.52 NS
A a A a
Level of NS NS
significance

Among columns, comparison between treatments.
A,B,C Among rows, comparison between seasons

kisspeptin ,A4 (250 IU hCG / animal) and A5 (20 pg/ animal GnRH).
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Table 9. The effect of hormonal treatments on sperm head abnormalities in bucks

during two seasons (mean * S.E.).

season . Level of
Non-breeding . o
Breeding season significance
season
Treatment
Al 6.08+1.38 13.081£2.62 P< 0.01
B a A a
8.58+£1.73 12.621+3.33
A2 A a A a NS
A3 6.50+£1.05 14.16% 3.14 P<0.05
B a A a
8.18+£1.25 8.37+1.41
A4 A a A a NS
AS 5.85+£0.95 16.7914.20 P< 0.05
B a A a
Level of NS NS
significance

a,b,c

Among columns, comparison between treatments.

A,B,C Among rows, comparison between seasons

Al = 2ml (0.9% NaCl) (control), A2 (4 ug / kg/ animal) kisspeptin, A3(8 ug / kg/ animal)

kisspeptin ,A4 (250 IU hCG / animal) and A5 (20 pg/ animal GnRH).

Table 10. The effect of hormonal treatments on sperm tail midpiece abnormalities in

bucks during two seasons (mean  S.E.).

Season . Level of
Non-breeding . o
Breeding season significance
season
Treatment
0.25+ 0.16 0.16+0.12
Al A 2 A a NS
0.16+0.09 0.20+0.14
A2 A a A a NS
0.09+0.06 0.12+0.08
A3 A a A a NS
0.22+0.18 0.25+0.13
A4 A a A a NS
0.15+£ 0.10 0.08+0.08
A5 A a A a NS
Level of NS NS
significance

a,b,c

Among columns, comparison between treatments.

A,B,C Among rows, comparison between seasons

Al = 2ml (0.9% NaCl) (control) ,A2 (4 pg / kg/ animal) kisspeptin, A3(8 ug / kg/ animal)

kisspeptin ,A4 (250 IU hCG / animal) and A5 (20 pg/ animal GnRH).
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Table 11. The effect of hormonal treatments on sperm tail principal and terminal

abnormalities in bucks during two seasons (mean t S.E.).

a,b,c

Al = 2ml (0.9% NaCl) (control) ,A2 (4 ug / kg/ animal) kisspeptin, A3(8 ug / kg/ animal)

eason . Level of
Non-breeding . o
Breeding season significance
season
Treatment
8.25+2.19 11.08+1.63
Al AD A a NS
10.75+1.17 6.16+1.36
A2 A ab B b P<0.01
14.40+2.30 7.04+2.02
A3 A 2 B ab P< 0.01
9.50+1.57 8.29+1.44
Ad A ab A ab NS
11.70+1.80 5.12+0.95
A5 A ab B b P< 0.01
Level of P<0.05 P<0.05
significance

Among columns, comparison between treatments.
A,B,C Among rows, comparison between seasons

kisspeptin ,A4 (250 IU hCG / animal) and A5 (20 pg/ animal GnRH).

Table 12. The effect

of hormonal

treatments on percentage sperm

abnormalities of semen in in bucks during two seasons (mean * S.E.).

a,b,c

Al = 2ml (0.9% NaCl) (control) ,A2 (4 ug / kg/ animal) kisspeptin, A3(8 pg / kg/ animal)

eason , Level of
Non-breeding . o
Breeding season significance
season
Treatment
Al 14.58+ 3.54 24.33+ 2.60 P< 005
B a A a
AD 19.50+ 2.41 19.00+£ 3.17 NS
A a A a
A3 21.00+ 3.04 21.33£ 3.10 NS
A a A a
A 17.90% 2.54 16.91% 1.86 NS
A a A a
AS 17.70+£ 2.29 22.00£ 4.09 NS
A a A a
Level of NS NS
significance

Among columns, comparison between treatments.
A,B,C Among rows, comparison between seasons

kisspeptin ,A4 (250 IU hCG / animal) and A5 (20 pg/ animal GnRH).
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