C GEORG-AUGUST-UNIVERSITAT
~7J GOTTINGEN

Control of estrous cycle and
superovulation in goats

Department of Animal Science

Gearg-August University, Goettingen, Germany

Miguel Carmacho




Control of estrous cycle and superovulation in goats

Dissertation
to obtain the Ph. D. degree
in the International Ph. D. Program for Agricultural Sciences in
Goettingen (IPAG) at the Faculty of Agricultural Sciences,
Georg-August-University Gottingen, Germany

presented by
Miguel Angel Camacho Aranda

born in Monterrey, México

Gottingen, May 2020



D7
1. Name of supervisor: Prof.Dr.Dr. Matthias Gauly
2. Name of co-supervisor: Prof.Dr. Wolfgang Holtz

Date of dissertation: 12" May, 2016



Dedicated To

My beloved wife and sons



Acknowledgments

I would like to thank the Consejo Nacional de Ciencia y Tecnologia (CONACYT) and
the German Academic Exchange Service (DAAD) for their financial support during
my studies.

I would like to express my most sincere gratitude to my mentor Prof. Dr. Wolfgang
Holtz for providing me with guidance and knowledge throughout my studies, and for
his friendship.

I would also like to thank Prof. Dr. Dr. Matthias Gauly, for giving me the opportunity
to be a part of his work group, and Prof. Dr. Christoph Knorr, who kindly accepted to
be my third examiner.

| am thankful to my friends and senior colleagues Dr. Giirbuz Das, Dr. Morten
Friedrich and Dr. Moataz El-Gayar for their advices, invaluable help and friendship.

Extra thanks to Dieter, Jurgen, Christina, Ricarda and Louisa for their priceless
assistance with animal handling.

My most heartwarming appreciation goes to Elli, not only for her assistance with
hormone analyses, but also for her incomparable friendship.

Thanks to all my friends, Dr. Daisy, Dr. Daniela, Daniel, Dr. Mazhar, Dr. Shayan, Dr.
Abdussamad, Dr. Kalyakorn, Rania, Dr. Katrin, Dr. Kerstin, Dr. Sabrina, Dr. Vu, Dr.
Alex, Eugenia, Lupita, Jorge, Pablo, Monica, Ari, Mary, Ramon, Valeria, Jose, Anika,
Juan Ra, Ikal and Surem, for the family- like environment they created and for the
great moments together, which I will always cherish.

Last but not least, thanks to my favorite all-time life companion and colleague, my
wife, for her support, love that she has always given me, and for her calming words in
my most stressful moments, such as “don’t worry, next time you will get more
embryos”

To all whose names are inadvertently left out, please accept my sincere gratitude.



Table of contents

LiST OF TABDIES ... Vil
TS o) Yo U] =TSRSS iX
LiSt OFf ADDIEVIAtIONS .....oouiiiiicie e s X
RST8] > Y PSPPSR 1
Chapter 1
General introduction and [ItErature FEVIBW ............coooviiiieiiiiie e 6
1.1 General INEFOAUCTION .......coiiiiiiiiiie ettt 7
1.2 LITEIALUIE TEVIBW ...ttt bbbttt eb e e e 9
1.2.1 EStrus SYNCRIONIZAtION ......ccoviiiiiec ettt e tre e sre e saae e s 9
1.2.1.1 The use of Prostaglandin Faa............ccocoerrriirinnnecescese s eeseeeens 9
1.2.1.2 The use 0feX0gENOUS PrOZESTOZEIS . ... uvntertenteneeeteeneentareeneenneneeneeaneenns 9
1.2.2 INdUCtioN OF OVUIAEION ......viiiiiiicce e s 10
1.2.3 Superovulation andembryo COHECION ..........coooviiiii i 11
L3 RETEIBICES ...ttt bbbt o 12
Chapter 2

Superovulation of Boer goat with different synchronization regimes at different times

of the year in the northern temperate ZoONe..........coviiii i i, 20
ADSTIACT ... 21
2.1 INETOTUCTION ...ttt ettt b e e b 22
2.2 Material and MEthOdS ...........ooiiiiiii e 23
2.3 RESUIES ... 25
P B Lol T 1] (o] FO PPV P PRSP 29
2.5 CONCIUSTON ...ttt 31
2.6 ACKNOWIBUGMIBNLS. ...ttt e e e e e e e e 31
2.7 RETEIBNCES ...ttt b ettt ettt e e b 32



Chapter 3

Seasonality of Boer goats in northern Europe and induction of estrus out of season..41

ADSTFACT ..t b et s 42
S L INEFOAUCTION ..ttt b et b e e e b e e s 43
3.2 Material and METNOUS ........uvveiiiie e s 43
3.2.1 Experiment 1. Onset of seasonal CYCHCItY.........c.ooviiiiiiiiiiiii e 44
3.2.2 Experiment 2. Post-weaning induction of estrus out-0f-season..............cccocvevevvennen. 44
3.2.3 Experiment 3. Induction of estrus in nulliparous does out-of-season.............c.c........ 45
BB RESUILS ... 46
3.3.1 Experiment 1. Onset 0f seasonal CYClHCItY.........cooiviiiiiiiieiiciieeee e 46
3.3.2 Experiment 2. Post-weaning induction of estrus out-0f-season..............cccoevvveennen . 48
3.3.3 Experiment 3. Induction of estrus in nulliparous does out-of-season...............c........ 49
B2 DISCUSSION. ...tttk ettt b bbbt b e bt et b e e b e e e 51
3.5 CONCIUSTON ...t b ettt b et b e e s 54
3.6 ACKNOWIEAGMENTS ...ttt ettt s 54
BT RETEIEBNCES ..ttt b et b et b et s 55
Chapter 4

Temporal relationship between estrus, LH surge and ovulation in estrus induced

S ToTT gl oo =1 fe (o= SRR 63
P AN ] 1 7 (o1 A 64
I 1 (oY [ o3 A o) o HP TR 66
4.2 MALEIIAl AN IMETNOAS ...ttt ettt e e e et e e e e e e e e e een s 67
Z 3 RBSUIES ...ttt nnnnnnnnnnnn 69
A2 DIUSCUSSION. ettt e e e ettt et e ettt e et e e ettt e et e e e et e e et eeeeeeee s e eeeeeeeees e eeeeeeeennnannns 74
N 1o ] 4 1od (01 o] o TR 75
B8 RETEIBINCES ..oovveee ettt et et e e e e e ettt et e e e e et e e e e e e e e e 76
Chapter 5

5.1 GENEIAI GISCUSSION «.eevevttte e e ettt ettt ettt ettt et e et e ea e et e eee et ee st e s eeeeeeees s eeeeeeeesnnnanns 82
B2 RETBIBINCES ..covvee e ettt e et e e ettt et e e e e et e e e e e e e e e 85
(OF T T 0] [T 10 g IRYA] v LI TTTTRRTTRRT 86



List of Tables

Chapter 2

Table 1. Effect of type of pessary (Cronolone sponges vs. Eazy-Breed CIDR) and prostaglandin
administration relative to progestogen treatment on ovulatory response and embryo yield in
superstimulated BOET gOAS UOBS.......cviiuiiieiie ettt ste ettt et st e ste e ta e e steeteebesaesreeneenre e 24

Chapter 3

Table 1. Estrous-, pregnancy- and kidding rates in Boer goat does estrus induced during the non-
breeding season by sponge-eCG treatment conducted one (Group 1), seven (Group 2) or fourteen
days after weaning (Group 3) (EXPEeriment2)........ccciiiioiiiiiiie ettt st s 42

Chapter 4
Table 1. Temporal relationship between end of treatment and onset of estrus to preovulatory LH

surge and ovulation in Boer goats treated with dinoprost (group 1) or with the sponge-eCG regime
without (group 2) or with Buserelin (Qroup 3)......ccoiiiiiiiiee s 60

vii



List of Figures

Chapter 2

Figure 1. Mean (xSEM) number of small (3.0 - 3.9 mm, light bars), medium (4.0 - 4.9 mm,
shaded bars) and large follicles/doe (> 4.9 mm, dark bars) at different times of the year. *
denotes significant differences within days (P<0.05); a, b, c denotes significant differences
DEtWEEN daYS (P<O.05) ..t e e 25

Chapter 3

Figure 1. Incidence of first standing estrus at the onset of the breeding season in 22 does of a
Boer goat (75% t0 87.5%) Ccross (EXPeriment]).......c..ooviiiriiiiiii i 40

Figure 2. Characteristic progesterone patterns observed during the course of the experiment. The
percentage indicates the number of animals belonging to each characteristic pattern. Arrows
indicate standing estrus (EXPeriment 1) ... ..ot e e 41

Figure 3. Serum progesterone levels (mean + SE) in does pregnant (solid line) or not (dotted
line) up to 35 days after sponge withdrawal (Experiment3)..........ccoviiiiiiiiiiiiii s 43

Chapter 4
Figure 1. The preovulatory LH surges of individual goats treated with dinoprost (Group 1) and

with the sponge-eCG regime without (Group 2) or with buserelin (Group 3). “Time” refers to
hours after dinoprost treatment (Group 1) and sponge withdrawal (Groups 2 and

viii



List of Abbreviations

°C Celcius

pg/ml Micrograms per

milliliter ANOVA Analysis of
variance

AU Armour units

BSA Bovine serum albumin

CIDR Controlled internal drug release
cm Centimeters

eCG Equinechorionic
gonadotropin ELISA  Enzyme-linked
immunoassay FGA Fluorogestone
acetate

FSH Follicle stimulating hormone
g Force of acceleration

GnRH Gonadotropin releasing hormone
i.m. Intramuscular

ID Inner diameter

U International units

IU/ml International units per milliliter
kg Kilogram

LH Luteinizing hormone

MAP Medroxyprogesterone acetate
MHz Megahertz

min Minute

ml Milliliter

mm Millimeter

n Number of animals

ng/ml Nanogram per milliliter

oD Outer diameter

Ovsynch Ovulation

synchronization PProbability

PE Polyethylene

pFSH Porcine follicle stimulating
hormone PGF, Prostaglanfin F»,

PVP Polyvinilpyrrolidone

r Correlation coefficient

SE Standard error

VS. Versus



Summary

Summary

Estrous cycle control is a widely used reproductive biotechnology for controlled
breeding of small ruminants. Besides serving the purpose of synchronizing estrus, so that
breeding takes place at a particular time, it serves as basis for associated biotechnologies

such as fixed-time artificial insemination, superovulation and embryo transfer.

The first of three studies addresses a comparison of various estrous cycle control
protocols and the effect of season in the northern temperate zone on the superovulatory
response in Boer goats. Forty-eight pluriparous Boer goat does from our own breeding
flock were used in this study. Four groups of 12 does each were treated in February,
May, August and November, respectively. Estrus was synchronized by means of
progestagen impregnated vaginal pessaries. Half of the does of each group received
sponges impregnated with 20 mg fluorogestone acetate (FGA, Cronolone), while the
other half received Eazy-Breed CIDRs containing 0.3 mg progesterone. Intravaginal
pessaries remained in place for 7 days. Within each subgroup half the does were treated
with PGF2a (“Dinoprost™) at pessary insertion, the other half at pessary withdrawal.
Beginning 48 h before withdrawal, does were superovulated with six s.c. injection of 4, 4,
2, 2, 2. and 2 Armour Units (AU) of pFSH, supplemented with 40% pLH administered at
12 h intervals. Estrus detection was conducted at 8 h intervalas with the aid of an aproned
adult buck and ovarian activity was monitored daily by ultrasonography. Does were
mated and 7 days later non-surgical embryo collection was conducted. The type of
intravaginal pessary had no effect on the time passing between pessary withdrawal and
onset of estrus (sponge: 40.7 h vs. CIDR: 35.2 h), number of ovulations/doe assessed by
echographic counting of collapsed large follicles (7.2 vs. 7.6) or corpora lutea (7.1 vs.
9.8), embryo recovery rate (39 % vs. 41 %) and proportion of transferable embryos (66 %
vs. 65 %). The effect of PGF2a administration at insertion or at removal of intravaginal
pessaries and the effect of season were not significant, except for a shorter interval
between pessary removal and onset of estrus in August in comparison to the other months
(29.3 vs. 39.4, 40.6 and 42.1 h; P < 0.05). From these results it can be concluded that a
short (7 day) treatment with either Cronolone sponges or CIDRs as a part of a
superovulation protocol is equally effective in synchronizing estrus. The luteolytic

PGF2a treatment may be administered at the beginning or at the end of the progestogen
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treatment; the latter having the advantage that any corpora lutea present will be receptive.
Thus, superovulation and embryo collection may be performed throughout the year, i.e,

during and out of the breeding season.

In the second study seasonality in Boer goats in Northern Europe and attempts to
overcome it is addressed in three experiments. In the first experiment, estrus activity and
serum progesterone concentrations were monitored on sexually matured nulliparous
Boer goat crosses. Results indicated that ovarian activity ceased in February/March and
was resumed from August onward. In 63.7% of 22 does the first estrus of the season
was preceded by one or two ovulations, indicated by an increase in progesterone; in
22.7% first estrus and first ovulation coincided and in the remaining 13.6% the first
estrus was not succeeded by formation of a functional corpus luteum. In the second
experiment, 31 pluriparous Boer does that weaned between July and September, were
randomly allocated to three treatment groups. Does were treated with intravaginal
sponges impregnated with 20 mg of the synthetic progestagen fluorogestone acetate
(FGA, Intervet, France), either one (Group 1; n=11), seven (Group 2; n=10) or fourteen
days after weaning (Group 3; n=10). Sponges were withdrawn after 7 days and
simultaneously 250 IU equine chorionic gonadotropin (eCG, Intergonan, Intervet,
Unterschleissheim, Germany) was administered i.m. Does were tested for estrus with
the aid of an aproned adult buck at 8 h intervals, and on each day of standing estrus they
were naturally mated. Pregnancy was diagnosed by transrectal ultrasonography
(ALOKA-SSD 500, equipped with transrectal 7.5 MHz linear array transducer) 30 and
45 days after mating. The proportion of does exhibiting estrus was 91%, 100% and 90%
for Groups 1, 2 and 3, respectively. The overall average interval from sponge
withdrawal to onset of estrus was 33.0 h, ranging from 16 to 72 h, with no significant
difference among treatment groups (P>0.05). The overall proportion of pregnant does at
45days after mating was 42%. All of these carried to term (36% treated immediately
after weaning, 40% treated one week later and 50% treated two weeks later) and gave
birth to, on average, 2.1 kids. In the third experiment, 18 nulliparous does were
subjected to the same sponge-eCG protocol described in the second experiment out-of-
season between April and mid-June. Does were tested for estrus with the aid of an

aproned adult buck at 8 h intervals, and on each day of standing estrus they were
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naturally mated. Pregnancy was diagnosed 35 days after mating. Serum was analyzed
for progesterone content by ELISA. Of 18 does treated, 15 (83%) exhibited estrous
symptoms. The mean interval from sponge withdrawal to onset of estrus was of 44.3
(range 16 to 66 ) hours. One doe showed estrus but would not permit intromission. Of
the 14 goats mated, only 6 (43%) were diagnosed pregnant and none carried to term.
Serum progesterone concentration at insertion and withdrawal of sponges was less than
0.5 ng/ml. Thereafter, progesterone concentration increased to 5.0 ng/ml and 5.4 ng/ml
one week after sponge withdrawal in pregnant and non-pregnant does, respectively
(P>0.05). Maximum progesterone levels were reached two weeks after sponge
withdrawal in both pregnant and non-pregnant does (14.0 and 9.3 respectively; P>0.05).
A significant difference in progesterone concentration between pregnant and non-
pregnant does was recorded three weeks after sponge withdrawal (13.0 vs. 4.8; P<0.05).
From the fourth week after sponge withdrawal onward, in non-pregnant goats mean
progesterone levels had declined to basal level (less than 0.5 ng/ml); whilst in pregnant
goats only a slight, non-significant decline to 8.0 (SE 2.0) ng/ml was recorded by four
weeks and 7.4 (SE 2.0) ng/ml by five weeks after sponge withdrawal. From the present
study it may be concluded that in northern Europe Boer goats, albeit to a lesser degree
than most dairy breeds, undergo a period of ovarian inactivity, extending approximately
from April to August. The stage of ovarian quiescence may be overcome by
progestogen-eCG treatment. When mated at induced estrus, close to 50% of weaned
does produced, on average, 2.1 kids, whereas none of the young nulliparous does carried
to term. To what extent unfavorable environmental factors may have played a role is

open to conjunction.

The purpose of the third study was to determine temporal relationships between
estrus, preovulatory LH surge and ovulation in Boer goat does subjected to different
regimes for controlling estrus and ovulation. The study was conducted during the
breeding season (late August to December) on 28 pluriparous does. Does were
randomly allocated to three treatment groups. In Group 1 (n=8), blood samples were
drawn daily from day 5 to day 12 of the estrous cycle to be analyzed for progesterone
content. As soon as serum progesterone exceeded 5 ng/ml, two injections of dinoprost

were administered at 12 h interval. Does were tested for estrus with the aid of an
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aproned adult buck at 8 h intervals. Ovarian activity was monitored ultrasonographically
24, 72 and 96 hours after the first dinoprost injection. After the first dinoprost injection,
blood samples were drawn every 3 hours until 30 hours after the onset of behavioural
estrus. Does of Group 2 (n=10) were provided with intravaginal sponges impregnated
with 20 mg of the synthetic progestagen flurogestone acetate for a period of 11 days.
Forty-eight hours before withdrawal, does received two i.m. injection of 5 mg dinoprost
at 7 hour interval. Concurrent with the first dinoprost injection, 200 IU of eCG was
administered i.m. Does were tested for estrus with the aid of an aproned adult buck at 8
h intervals. Ovarian activity was monitored 24 and 48 hours after sponge withdrawal.
Does of Group 3 (n=10) were subjected to the same treatment as does of Group 2, with
the only difference that, 30 h after sponge withdrawal, they received an i.m. injection of
0.004 mg of the GnRH-analog buserelin. In Group 3 ovarian activity in the latter group
was not monitored. Blood plasma collected from does in the three treatment groups was
analyzed for luteinizing hormome (LH) content by ELISA. Ovulation was assumed to
have taken place halfway between the ultrasound measurements before and after
collapse of large follicles (Suyadi and Holtz, 2012). All does presented an estrous
response irrespective of the treatments applied. Estrus lasted 37.5, 40.8 and 44.8 hours
in Groups 1, 2 and 3, respectively (P>0.05). The interval to onset of estrus was
significantly longer in Group 1 in comparison to in Groups 2 and 3 (40.3 vs. 23.4 and
26.4; P<0.05). In Group 1, the interval from the first dinoprost injection to the LH peak
was significantly longer than the interval observed from sponge withdrawal in Groups
2 and 3 (44.7 vs. 34.5 and 32.0 h; P<0.05). The interval from the onset of estrus to the
LH peak was 7.2, 12.8 and 5.6 h for Groups 1, 2 and 3, respectively, being only
significantly different between Groups 2 and 3 (P<0.05). Does in Group 3 presented a
tightly synchronized LH peak 32.0 h after sponge withdrawal, and 2 h after the
administration of buserelin. In Groups 1 and 2, this peak was less synchronous, ranging
from 24 to 57 h in Group 1 (after the first dinoprost injection) and 27 to 45 h in Group 2
(after sponge withdrawal). The magnitude of the LH peak was significantly lower in
Group 1 as compared to Groups 2 and 3 (46.5, range 19.0-70.0 ng/ml vs. 59.6, range
32.0-96.0 ng/ml and 82.3, range 50-94.0 ng/ml; P<0.05). Based on the echographic
monitoring, ovulation occurred 47.9 and 37.5 h after the occurrence of the recorded LH

peak in Groups 1 and 2 (P>0.05). From the results obtained in the present study, iy may
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be concluded that a prostaglandin regime designed to synchronize estrus during the
breeding season is equally effective as a progestagen regime. Incorporating GnRH into
the sponge-eCG treatment will induce a highly synchronized preovultory LH peak. This

can be particularly useful when practicing fixed-time artificial insemination.
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General introduction and literature review



Chapter 1

1.1 General introduction

Controlling the estrous cycle serves the purpose of synchronizing estrus in groups
of females. Various estrus synchronization protocols have been suggested over the years,
involving the use of natural or synthetic progestagens and their combination with other
hormones such as eCG and prostaglandins. Moreover, estrus synchronization serves as
basis for other associated biotechnologies such as artificial insemination, superovulation
and embryo transfer. Traditionally, in goats progestagen treatment extended over a period
of 18 days. However, studies have shown that short progestagen exposure is sufficient to
induce a satisfactory estrus response. In contrast to the prolonged progestagen treatment,
in which the corpus luteum undergoes natural atresia, in short progestagen treatments the
administration of PGF2a to induce luteolysis is crucial for the treatment to be effective.
In some treatment protocols PGF2a is administered at the beginning of the progesterone
treatment (Martemucci and D”Alessandro, 2011b; Inya and Sumretprason, 2013) in
others at the end (Beck et al., 1993; Romano, 1996; Lehloenya and Greyling, 2010). The
objective of the first study of the dissertation was to assess the superovulatory response in
goats subjected to a short-term progestagen treatment with one of two different
progestagen releasing pessaries, and prostaglandin administration at the beginning or at

the end of progestagen treatment.

Ovarian activity in goats commences as daylight decreases during autumn and
winter and tends to cease when daylight increases (Shelton, 1978). There are reports
indicating that estrus and ovulation can be induced outside the breeding season with the
aid of progestagen-containing intravaginal pessaries or ear implants (Holtz and Sohnrey,
1992). The ability of the progestagen treatment to induce and synchronize estrus during
this period permits year-round availability of goat products, including the increase of
offspring/doe/year. At the end of progestagen treatment generally equine chorionic
gonadotropin (eCG) is administered to support resumption of ovarian activity. The
second study was an attempt to characterize the resumption of cyclicity with decreasing
daylight in autumn and attempts to overcome seasonal acyclicity by estrus induction and

insemination out-of-season.
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One of the most studied parameters in estrus-controlled females has been the
relative time of ovulation after synchronization treatment (Ritar et al., 1984; Holtz et
al., 2008; Martemucci and D" Alessandro, 2011; Cox et al., 2012). Knowing the exact
time of ovulation and other preovulatory events after estrus synchronization may
improve the conception rates especially if artificial insemination at a predetermined
time isi intended. Progestagen treatments in combination with GnRH analogs are
normally used to achieve synchrony in the occurrence of ovulation in estrus controlled
females. In order to pinpoint the exact time of ovulation several attempts have been
made, such as repeated laparoscopies (Chemineau, 1983 and Baril and Vallet, 1990),
ultrasonic monitoring of ovaries (Castro et al., 1999; Simdes et al., 2006; Zongo et al.,
2015) and determination of the preovulatory LH surge (Greyling and Van Nierkerk,
1991). In the third study of this dissertation it was attempted to determine the temporal
relationships between behavioral estrus, preovulatory LH surge and ovulation in Boer

goat does subjected to various regimes for controlling estrus and ovulation.
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1.2. Literature review
1.2.1. Estrus synchronization

The control of the estrous cycle serves the purpose of synchronizing estrus in
groups of females, so that breeding takes place at a predetermined time. Serving as basis
for other associated biotechnologies such as, artificial insemination, superovulation and
embryo transfer, estrus synchronization has become an important element in controlled

breeding of small ruminants.
1.2.1.1. The use of prostaglandin Fz,

Due to its luteolytic action a single prostaglandin F», injection at an appropriate
dose will induce luteolysis followed by estrus (Ogunbiyi et al., 1979; Bretzlaff et al.,
1983; Greyling and Van Niekerk, 1986). However, if groups of animals at different
stages of the estrous cycle are to be synchronized, a second injection administered 10 or
11 days apart is required (Ogunbiyi et al., 1980; Nandy et al., 1990; Beck et al., 1993;
Kusina et al., 2000; Menchaca and Rubianes, 2004; Fonseca et al., 2012). To be
effective prostaglandin treatment requires the presence of functional corpora lutea;
therefore, in periods of ovarian quiescence, characteristic of seasonal breeders, the

treatment is of no avail.
1.2.1.2. The use of exogenous progestagens

Estrus synchronization can be accomplished with the use of natural or synthetic
progestagens administered either as intravaginal pessaries (Dewesee et al., 1970; Baril
et al., 1993; Wildeus, 2000; Holtz, 2005; Rahman et al., 2008) or as subcutaneous
implants (Holtz and Sohnrey, 1992; Yuswiati and Holtz, 1996). The use of synthetic
progestagens such as FGA (fluorogestone acetate) or MAP (medroxyprogesterone
acetate) to synchronize estrus has been extensively reviewed in sheep (Dewesee et al.,
1970; Colas et al., 1973; Quirke, 1977; Thompson et al., 1990; Luther et al., 2005) and
goats (Puls-Kleingeld et al., 1991; Holtz and Sohnrey, 1992; Romano, 1994; Baril et
al., 1993; Greyling and van der Nest, 2000; Motlomelo et al., 2002; Holtz et al., 2008).
Steffan et al. (1983) and Motlomelo et al. (2002) report no differences in the

effectiveness between FGA and MAP sponges apart from the interval from withdrawal

9
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to estrus reported by Romano, 1996 and Ungerfeld and Rubianes, 2002,

The CIDR, a Y-shaped silicone-coated intravaginal device impregnated with
natural progesterone, has been described as an alternative to the sponge treatment.
Studies comparing the effectiveness of intravaginal sponges and CIDR devices, agree
that both devices are equally effective in synchronizing estrus (Rhodes and Nathanielsz,
1988; Motlomelo et al., 2002; Ungerfeld and Rubianes, 2002; Bitaraf et al., 2007).
Traditionally, the progestagen treatment extended over a period of 18 days, a period
long enough for the corpora lutea to undergo natural luteolysis (Hotlz, 2005). It was
suggested, however, that a short-term treatment of 5 to 7 days is enough to induce an
estrous response, provided existing corpora lutea are induced to regress. This is most
effectively accomplished by prostaglandinF., treatment (Christenson, 1976; Iglesias et
al., 1996). Equine chorionic gonadotropin (eCG) is normally administered upon
withdrawal or up to 48 hours before the end of the progestagen treatment (Cline et al.,
2001; Maurel et al., 2003; Holtz, 2005). The progestagen-eCG treatment has proved to
be effective in cycling as well as non-cycling animals (Leboeuf et al., 2003; Martemucci
and D"Alessandro, 2011) although, due to an immunological response to the
heterologous gonadotropin (Roy et al., 1999), the repeated use of eCG may result in
impaired fertility (Baril et al., 1992; Drion et al., 2001).

1.2.2. Induction of ovulation

In estrus controlled females the time of ovulation may be programmed by
administering a synthetic GnRH analog (Rubianes et al., 1997; Pierson et al., 2003). The
“Ovsynch” protocol, introduced for cows by Pursley et al. (1995), combines the action
of PGF,, with the ovulation inducing capacity of GnRH, thus allowing for fixed-time
insemination. This approach has been proven to be effective during the breeding season
in goats as well (Holtz et al., 2008). To pinpoint the time of ovulation, Chemineau
(1983) and Baril and Vallet (1990) conducted repeated laparoscopies. More recent
approaches to that end are the ultrasonic monitoring of ovarian functions (de Castro et
al., 1999; Simdes et al., 2006; Zongo et al., 2015) and determination of the preovulatory
LH surge (Greyling and Van Nierkerk, 1991; Holtz et al., 2008). According to Pierson
et al. (2003), an LH surge is observed at approximately 2 hours after GnRH

10
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administration. Based on several observations, ovulation is known to occur at
approximately 18-24 hours after the preovulatory LH peak (Baril and Saumande, 2000;
Hotlz, 2005; Martinez-Alvarez et al., 2007; Simdes et al., 2008a).

1.2.3. Superovulation and embryo collection

Superovulation is generally accomplished by a combination of estrus cycle
control with an elevated dose of gonadotropic hormones. Different regimens to induce
superovulation have been proposed by several authors, including different FSH/LH
ratios (Nowshari et al., 1995; D" Alessandro et al., 1997), the injection of a single FSH
dose combined with a single dose of eCG (PMSG) (Batt et al., 1993; Baldassarre et al.,
2002; Forcada et al., 2011), the injection of a single FSH dose dissolved in different
vehicles or adjuvants such as aluminium hydroxide gel (Kimura et al., 2007) and
polyvinylpyrrolidone (PVP) (D"Alessandro et al., 2001) or the stimulation of
superovulation through immunization against inhibin (Padilla et al., 2008; Wang et al.,
2009). The variability in ovarian response leading to unpredictable yields of viable
embryos (Holtz, 2005), and the incidence of premature luteal regression with the
consequence of unsatisfactory embryo recovery are major drawbacks associated with
superovulation (Armstrong et al., 1982; Stubbings et al., 1986; Battye et al., 1988;
Saharrea et al., 1998., Forcada et al., 2011). Different studies have suggested that
manipulation of the reproductive tract (Riesenberg et al. 2001), undernutrition, breed
(Forcada et al., 2011) and follicular status at the onset of superstimulatory treatment
(Cognie, 1999; Menchaca et al., 2002; Cognie et al., 2003; Menchaca et al., 2007b) are

possible reasons for this phenomenon.

The collection of embryos from superovulated animals and the subsequent
embryo transfer permits the dissemination of genetic traits from genetically superior
animals. The earlier techniques to collect embryos involved surgical interventions
(Moore, 1974; Armstrong et al., 1983). However, it presents several drawbacks, such as
the anesthetic and surgery related stress, post-operative adhesions and the high expenses
of the procedure itself (Holtz, 1996). The laparoscopic approach resulted in fewer
adhesions (Baril et al., 1989; Flores-Foxworth et al., 1992), but still, being a semi-

invasive procedure, requires the need of special equipment and trained personnel. The

11



Chapter 1

transcervical embryo collection technique, developed by Pereira et al. (1998), proved to

be an efficient and feasible technique to conduct.
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Abstract

The present study addresses a comparison of various estrous cycle control
protocols and the effect of season in the northern temperate zone on the superovulatory
response in Boer goats. Four groups of 12 does each were treated in February, May,
August and November, respectively. Does were provided with progestogen containing
intravaginal pessaries to synchronize estrus. Half the does of each group received
sponges impregnated with 20 mg fluorogestone acetate (“Cronolone”), the other half
“Eazy-Breed” CIDRs containing 0.3 mg progesterone. Pessaries remained in place for 7
days. Within each subgroup half the does were treated with PGF2a (“Dinoprost”) at
pessary insertion, the other half at pessary withdrawal. Beginning 48 h before pessaries
were removed does received i.m. injections of 4, 4, 2, 2, 2 and 2 Armour Units (AU)
FSH, supplemented with 40% LH, at 12 h intervals. Estrus detection was conducted at 8
h intervals and ovarian activity was monitored by daily transrectal ultrasonography.
Does were mated and 7 days later non-surgical embryo collection was conducted. It
transpired that the type of intravaginal pessary had no effect on the time passing between
pessary withdrawal and onset of estrus (sponge: 40.7 h vs. CIDR: 35.2 h), number of
ovulations/doe assessed by echographic counting of collapsed large follicles (7.2 vs. 7.6)
or corpora lutea (7.1 vs. 9.8), embryo recovery rate (39% vs. 41%) and proportion of
transferable embryos (66% vs. 65%). The number of collapsed large follicles was
significantly higher than that of corpora lutea on the day before embryo collection (7.4
vs. 8.5; P < 0.05), the correlation between the two being r=0.55 (P < 0.05). The effect of
PGF20 administration at the onset or at the end of progestogen treatment and the effect
of season were not significant, except for a shorter interval between pessary removal and
onset of estrus in August in comparison to the other months (29.3 vs. 39.4, 40.6 and 42.1
h; P < 0.05). In conclusion, Boer goats, although being seasonal breeders in the northern
temperate zone, will respond to superovulatory treatment and produce embryos of high
quality year round regardless of type of pessary and time of PGF2a administration.

Keywords: Goats, Synchronization, Superovulation, Intravaginal pessaries, Seasonality
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2.1 Introduction

Estrous cycle control in goats serves as the basis for biotechnological interventions
such as artificial insemination, superovulation and embryo transfer (Baril and Vallet,
1990; Baril et al., 1993; Baldassarre and Karatzas, 2004). During the breeding season
estrus may be induced by administration of prostaglandin F2a (PGF2a) in the presence of
a functional corpus luteum (Bretzlaff et al., 1983; Greyling and van Niekerk, 1986).
When intending to synchronize estrus in groups of goats two PGF2a injections at 10-12
d interval are required (Beck et al., 1993; Kusina et al., 2000). The ovsynch protocol,
combining the action of PGF2a and of ovulation inducing GnRH, originally introduced
for cows by Pursley et al. (1995), has been shown to be effective for implementing fixed-
time insemination in goats (Holtz et al., 2008). The most widely applied method of
controlling the estrous cycle in small ruminants is by administration of progesterone or a
synthetic progestogen via intravaginal pessaries (Wildeus, 2000; Holtz, 2005) or,
occasionally, via subcutaneous implant (Bretzlaff and Madrid, 1985; East and Rowe,
1989; Holtz and Sohnrey, 1992). The use of progestogenimpregnated intravaginal
pessaries is well documented for sheep but to a lesser degree for goats. Originally the
recommendation was to leave the pessaries in position for 18 days to allow all corpora
lutea to regress, regardless at what stage of the cycle treatment began (Holtz, 2005). This
long-term administration involves the risk of subluteal progestogen levels toward the end
of treatment, resulting in abnormalities in follicular development, ovulation time and
luteal function, as well as poor quality oocytes (Menchaca and Rubianes, 2004). In small
ruminants, just as in cows, follicles grow in waves recurring every 5-7 days (Evans,
2003; Rubianes and Menchaca, 2003). Therefore it is permissible to reduce the length of
progestogen treatment to 5-7 days, provided existing corpora lutea are regressed by
administration of PGF2o (Karaca et al., 2009). Whereas some researchers favor
administration of PGF2a at the time of pessary insertion (Menchaca et al., 2007a;
Martemucci and D”Alessandro, 2011b), others prefer treatment at the time of pessary
removal (Beck et al., 1993; Menchaca and Rubianes, 2004; Lehloenya and Greyling,
2010; Martemucci and D"Alessandro, 2011a). Superovulation is most commonly
accomplished by administration of high doses of gonadotropic hormone in association

with a means of estrus cycle control. Over the years various superstimulatory regimens
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have been proposed, including administration of equine Chorionic Gonadotropin (eCG)
(Holtz, 1996; Pintado et al., 1998; Saharrea et al., 1998), FSH with different admixtures
of LH (Nowshari et al., 1995), FSH followed by a single high dose of LH (Baril et al.,
1996; Suyadi, Beckers and Holtz, 1999), FSH dissolved in various vehicles or adjuvants
such as aluminum hydroxide gel (Kimura et al., 2007) or polyvinylpyrrolidone (PVP)
(D’Alessandro et al., 2001), FSH combined with eCG in a single dose (Batt et al., 1993;
Forcada et al., 2011) or active immunization against inhibin (Padilla et al., 2008; Holtz et
al., 2012). Most commonly FSH with an admixture of LH is administered by means of 6—
10 i.m. injections at 12 h intervals. This treatment, though being labor intensive, has been
shown to be most suitable (Nowshari et al., 1992; Mahmood et al., 1991; Pendleton et al.,
1992). An unsolved major obstacle hampering a reliable supply of embryos for transfer
purposes in goats is the unpredictability of the ovarian response to superstimulatory
treatment (Holtz, 2005). Factors suspected to be involved are age, season, health and
physiological and nutritional state (Cognié, 1999; Holtz, 2005). A frequent complication
with the superovulation of goats is the high incidence of premature luteal regression
(Armstrong et al., 1982, 1983; Chemineau et al., 1986; Stubbings et al., 1986; Battye et
al., 1988; Saharrea et al., 1998; Forcada et al., 2011). To date no plausible explanation for
this impediment has been found. The present study addresses the superovulatory response
to FSH administration of Boer goats in the northern temperate zone treated at various
times of the year in association with synchronization by two types of progestogen
releasing intravaginal pessaries and administration of PGF2o at pessary insertion or

withdrawal.

2.2 Materials and methods

The project was approved by “Niedersaechsisches Landesamt fuer
Verbraucherschutz und Lebensmittelsicherheit “(33.14-42502-04-14/ 1519). A total of 48
pluriparous Boer goat does from the breeding flock of Goettingen University in Germany
(9° 41°E, 51° 46°N), on average 3.7 (SD 0.3, range 2-7) years of age and weighing 60
(SD 4.5, range 46-79) kg were group-housed in open barns with straw-covered floor and

outdoor concrete runs. Does were fed a daily ration of 600 g concentrate consisting of
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equal parts of oats, dried sugar beet pulp and a pelleted lactation diet for breeding ewes
supplemented with selenium, zinc and iodine, and had free access to wheat or barley
straw, salt lick and water. Conditions were kept constant throughout the year. Does were
allocated at random with reference to age to four groups of twelve that were subjected to
superovulatory treatment in February, May, August and November, respectively. Each
group was subdivided into two subgroups; one provided with intravaginal polyurethane
sponges impregnated with 20 mg fluorogestone acetate (“Cronolone”, Intervet, Igoville,
France), the other two with “controlled internal drug release”- devices impregnated with
0.3 g progesterone (CIDR, “Eazy-Breed”, Zoetis, Berlin, Germany). Pessaries were
removed 7 days after insertion and, beginning 48 h before removal, porcine FSH,
supplemented with 40% porcine LH (Nowshari et al., 1995), was administered by six i.m.
injections of 4, 4, 2, 2, 2 and 2 Armour Units (AU) at 12 h intervals. One half of the goats
of each subgroup received two i.m. injections of 5 mg dinoprost (1 mL Dinolytic, Pfizer,
Berlin, Germany), administered at 12 h interval on the day of pessary insertion; in the
other half on the day of pessary withdrawal. Does were presented to an aproned adult
buck at 8 h intervals and naturally bred once daily when displaying standing estrus.
Ovarian activity was monitored by daily transrectal ultrasonography (ALOKA-SSD 500
equipped with a transrectal 7.5 MHz linear array transducer). Antral follicles were
classified as small (3.0-3.9 mm), medium (4.0-4.9 mm) and large (more than 4.9 mm).
Ovulation was assumed to have taken place halfway between the time when collapsed
large follicles were first observed and the previous measurement, as has been described
by Suyadi and Holtz (2012). Corpora lutea, visualized by ultrasound, were counted one
day before embryo collection. Seven days after the last mating, non-surgical embryo
collection was conducted, preceded by 16 h by an i.m. administration of 5 mg Dinoprost.
The procedure of embryo collection has been described in detail by Pereira et al. (1998)
and Suyadi Sohnrey and Holtz (2000). Briefly, animals were fixed on a restraining device
in upright position. With the aid of a duck-bill speculum and pen light the lip of the
external cervical os was grasped with a long sharp-pointed tenaculum forceps and gently
pulled toward the vulvar orifice. A catheter with a pliable stylet inserted was passaged
through the cervical canal and, after removal of the stylet, further advanced into one
uterine horn directed by a finger in the vaginal fornix. Eight flushes with 20 ml
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Dulbecco’s medium containing 0.06% bovine serum albumin (BSA; A9647-50 G,
Sigma-Aldrich, Steinheim, Germany), 100 1U/ml penicillin and 100 ug/ml streptomycin
(PAA P11-010, Darmstadt, Germany) were conducted. Thereafter the catheter was
partially withdrawn and advanced into the other uterine horn which was flushed in the
same way. The reflux of the flushings was collected via embryo filter (75 um Em Con
Embryofilter, Albrecht, Aulendorf, Germany) into a graduated 1000 mL cylinder. The
flushing procedure was terminated once all medium had been recovered. The filter was
thoroughly rinsed with Dulbecco’s medium and the eggs and embryos recovered under a
stereoscope at X20 to 40 were transferred to fresh Dulbecco’s medium supplemented
with 0.06% bovine serum albumin (BSA; A9647-50 G, Sigma-Aldrich, Steinheim,
Germany). They were counted under a stereoscope at X20 to 40 and classified from grade
1 to grade 4 depending on developmental stage and morphological appearance in
accordance with the gquidelines of the International Embryo Transfer Society
(Stringfellow and Givens, 2010). Data were analyzed by three-way analysis of variance
considering the effects “type of intravaginal device” (sponge or CIDR), “time of
dinoprost administration” (at pessary insertion or at pessary withdrawal) and “season”
(February, May, August or November) and the respective interactions. A paired samples
t-test was conducted comparing the number of ovulations assessed either by number of

collapsed follicles or number of corpora lutea counted one day before embryo collection.

2.3 Results

As shown in Table 1, 46 of 48 treated does (96%) came in estrus; one doe in each
of the two progestogen-groups did not respond. The interval between pessary withdrawal
and onset of estrus was numerically slightly longer and more variable after cronolone
treatment than after CIDR treatment (40.7 £ 2.6 vs. 35.2 £ 1.9 h; P > 0.05). With regard
to ovulation rate, recovery rate and proportion of transferable embryos there was no
difference between the two types of pessaries used. The number of ovulations deduced
from the number of collapsed large follicles viewed echographically was significantly
lower than the number of corpora lutea viewed one day before embryo collection (7.4 vs.
8.5; P < 0.05); the correlation between the two being r=0.55 (P < 0.05). Whereas there

was perfect agreement between the two parameters in 11 does (23%), in 12 does (25%)
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the number of collapsed follicles exceeded that of corpora lutea and in the remaining 25
does (52%) it was less. No significant difference existed between does in which
prostaglandin was administered at the beginning or at the end of the progestogen

treatment.

The number of small, medium and large follicles discernible at different stages of
treatment is depicted in Fig. 1. At pessary insertion (Day 0) small follicles dominated,
especially during the months when does were not cycling (February and May). At the
time of pessary removal, i.e. after four of six FSH injections (Day 7), there were
significantly fewer small follicles (P < 0.05), whereas the number of large follicles
dominated. This tendency persisted until one day after pessary removal (Day 8). The
number of medium-size follicles remained fairly constant throughout the year. In May
and August at the time of pessary withdrawal (Day 7) significantly more large follicles
were present than in February and November (10.8 and 11.5 vs. 6.4 and 4.6; P < 0.05), a
(non-significant) trend that persisted until the following day (Day 8). No effect of season
on superovulatory response, embryo recovery rate and embryo quality was detected with
the exception of a shorter interval between pessary withdrawal and onset of estrus in
August as compared to February, May and November (29.3 + 2.1 vs. 39.4 + 3.0, 40.6 +
3.4and 42.1 £ 3.6, P <0.05).
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Number of follicles/doe
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Fig. 1. Mean (+SEM) number of small (3.0-3.9 mm, light bars), medium
(4.0-4.9 mm, shaded bars) and large follicles/doe (> 4.9 mm, dark bars) at
different times of the year. * denotes significant differences within days
(P < 0.05); a,b,c denotes significant differences between days (P < 0.05).
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2.4 Discussion

The fact that 96% of the females had responded to superstimulatory treatment is
proof that the 7 day progestogen treatment with sponges containing as little as 20 mg
FGA is adequate, confirming the experience of Knights et al. (2001), Leboeuf et al.
(2003) and Karaca et al. (2009). The traditional long-term progestogen treatment
(Motlomelo et al., 2002; Karaca et al., 2009) is, thus, oblivious. According to Menchaca
and Rubianes (2001) the advantage of the short-term treatment is attributable to the high
progestogen concentration at the time of pessary removal, creating optimal conditions for
follicular turnover. With a sudden drop in progestogen concentration the amplitude of
FSH and LH episodes is known to increase, bringing about a “rebound effect” (Ireland
and Roche, 1982). Sponges and CIDRs proved to be equally effective in synchronizing
estrus. A drawback of the sponge treatment was that in several does adhesions formed
between sponge material and vaginal mucosa, leading to distress upon sponge removal.
This adverse effect, as well as the efflux of foul-smelling vaginal discharge
accompanying sponge withdrawal (Holtz and Sohnrey, 1992; Wheaton et al., 1993),
impairs the acceptance of the sponge treatment; although Branscheid et al. (1985) showed
in sheep that mucosal lesions and bacterial contamination associated with sponge

treatment were fully remedied by the time of mating or insemination 3—4 days later.

Administration of PGF2a at pessary insertion will lead to regression of existing
corpora lutea. The expectation is that the ovarian status of all females is standardized
before the superovulatory treatment. In the two non-responding goats of that treatment
group, in all likelihood, corpora lutea were at an early stage of development when they
are known to be non-receptive to PGF2a (Acritopoulou and Haresign, 1980; Wiltbank
and Niswender, 1992). When administering PGF2a at pessary removal, corpora lutea of
all animals are bound to be at an advanced stage of development, therefore all animals
are expected to respond, which was the case in the present study. As a rule a single
PGF2a injection will suffice but in the present study two injections were administered at
12 h interval. The reason is that in cows occasionally a single injection does not bring

about complete luteolysis (Stevenson et al., 1987; Martins et al., 2011). Therefore in our
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group the double injection regimen was adopted as a routine (Suyadi Sohnrey and Holtz,
2000). Premature luteal regression, a problem frequently encountered in superovulated
goats (Armstrong et al., 1982; Stubbings et al., 1986; Battye et al., 1988; Saharrea et al.,
1998; Espinosa-Marquez et al., 2004; Al Yacoub et al., 2011; Saleh, 2011) was,

inexplicably, not an issue in the present study.

The difference in number of ovulations deduced from collapsed large follicles vs.
corpus luteum count 5 d after ovulation may be explained by the difficulty to
echographically distinguish individual corpora lutea in superovulated does. Suyadi and
Holtz (2012) found that the number of collapsed large follicles and laparoscopic
ovulation count were highly correlated (r=0.82). The number of collapsed large follicles

was, therefore, considered to be the more reliable parameter.

Most goat breeds originating in the northern temperate zone are seasonal breeders
(Chemineau, 1992). As shown by Camacho et al. (2017) this does also apply to Boer
goats of our own flock, though not to the extent of most dairy goat breeds. Almost
complete arrest of ovarian activity was observed from April to August. This state of
ovarian dormancy may be overcome by progestogen/eCG treatment (Baril and Vallet,
1990; Lehloenya et al., 2008) although pregnancies are usually not attained. In the
present study it was possible to elicit an adequate superovulatory response at any time of
the year. During the months with little or erratic estrous cyclicity (February, May,
August) ovaries exhibited primarily small and medium sized follicles prior to hormonal
stimulation (Day 0); an observation corroborating findings by Nogueira et al. (2015) in
goats and others (Hutchinson and Robertson, 1966; Smeaton and Robertson, 1971; Noel
et al., 1993) in sheep. During seasonal anestrus ovarian activity does not altogether cease,
but follicles emerge and undergo atresia without ovulating owing to inadequate LH
pulsatility. After 4 of the 6 FSH injections on Day 7 a significant increase in number of
large follicles was observed, obviously a response to the superovulatory stimulation. This
was particularly evident during the off-season in May and August. The slightly lower
numbers of large follicles recorded during February and November can be explained by
the occurrence of ovulations since, during these months, does still presented sexual

behavior. Moreover, the echographically detected presence of corpora lutea at pessary
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insertion in the majority of does treated during these months indicate that, in fact,

ovulation had occurred before pessary insertion.

The low embryo recovery rate of merely 40% was traced back to the defective
mesh of the embryo filter as discovered under the stereoscope. With the same procedure
and similar equipment Pereira et al. (1998) and Suyadi Sohnrey and Holtz (2000)
achieved recovery rates of 78% and 62%, respectively. With few exceptions the
recovered blastocysts were morphologically intact; when transferred after several months

of storage in a vitrified state, a pregnancy rate of 55% was achieved (Garza et al., 2018).

2.5 Conclusion

To carry out a short (7 day) progestogen treatment as part of a superovulation
protocol, Eazy-Breed CIDRs and Cronolone sponges impregnated with 20 mg FGA
proved to be equally effective. From a practical and hygienic viewpoint the CIDR was
found to be preferable. The luteolytic PGF2a treatment may be administered at the
beginning or at the end of the progestogen treatment; the latter having the advantage that
any corpora lutea present will be receptive. Boer goats, although being seasonal breeders

in the northern temperate zone, may serve as embryo donors year round.
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Abstract

Seasonality in Boer goats in Northern Europe and attempts to overcome it is
addressed in three studies. In Experiment 1, monitoring of estrus and serum progesterone
concentration in sexually mature nulliparous Boer goat crosses indicated that ovarian
activity ceased in February/March and was resumed from August onward. In 63.7% of
22 does the first estrus of the season was preceded by one or two ovulations, indicated
by an increase in progesterone; in 22.7% first estrus and first ovulation coincided and in
the remaining 13.6% the first estrus was not succeeded by formation of a functional
corpus luteum. In Experiment 2, 31 Boer goats, weaned between July and September,
were treated with progestogen-containing intravaginal sponges and 250 IU eCG either
one (n =11), seven (n =10) or fourteen (n =10) days after weaning. All but two does
showed estrous symptoms and were naturally mated. Transrectal ultrasonography 45
days after mating revealed a pregnancy rate of 42%. All of these carried to term (36%
treated immediately after weaning, 40% treated one week later and 50% treated two
weeks later) and gave birth to, on average, 2.1 kids. In Experiment 3, of 18 nulliparous
does, 9-12 months of age, subjected to progestogen-eCG treatment out-of-season, 15
(83%) responded by showing estrous symptoms; 14 were naturally mated and six were
diagnosed as pregnant five weeks later. One of the pregnant does aborted two weeks
before parturition was due; in the others pregnancy had ceased at an earlier stage without
visible symptoms. In conclusion, in northern Europe, Boer goats undergo a period of
reduced ovarian activity, although to a lesser degree than dairy breeds. In most cases
acyclicity was overcome by hormonal stimulation and, if mated, part of the weaned does

carried to term, whereas in young nulliparous does pregnancy was not maintained.

Keywords: Seasonality, Goats, Estrus synchronization, Sponge treatment, Progesterone.
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3.1 Introduction

Boer goats were first brought to Germany in 1977 (Holtz, 2002). At present, the
breed constitutes approximately 25% of the German goat population and has gained
foothold in various other European countries. They are primarily kept for brush and
weed control, especially in the vicinity of cities and in regions where farmland has fallen
fallow. There is, also, an increasing demand for meat of young goats as a delicacy, thus
an incentive to obtain more offspring per doe by increasing the number of kiddings per
year and having young females kid at an early age. Whereas in South-Africa Boer goats
are considered “seasonally polyestrous with an extended breeding season” (Greyling,
2000), in our experience under the conditions prevailing in Germany there is a distinct
period of acyclicity. Kids are generally born in spring and weaned in summer. Weaning
thus occurs at the most inappropriate time for re-breeding. The same applies to young
females achieving sexual competence at the age of approximately one year. To breed
does out-of-season, most commonly progestogen-impregnated intravaginal pessaries
(Baril et al., 1993; Greyling and Van Niekerk, 1991) or ear implants (Bretzlaff et al.,
1992; Holtz and Sohnrey, 1992; Freitas et al., 1997; Avendafo et al., 2003) are
administered, usually in conjunction with the i.m. administration of the gonadotropic
agent eCG (Corteel et al., 1988; Baril et al., 1993; Leboeuf et al., 2003; Holtz, 2005).
Alternative approaches to overcome seasonality, such as the administration of exogenous
melatonin or of photoperiod programs are out of the question because the former is not
freely available and the latter is not practicable under extensive husbandry conditions
typical for meat goats. The present investigation, consisting of three experiments,
addresses seasonality in Boer goats under conditions in northern Europe and attempts to

overcome it in freshly weaned and nulliparous does.
3.2 Materials and methods

Three experiments were conducted in the Boer goat breeding flock of the
Department of Animal Science at Goettingen University, Germany (9° 41'E, 51° 46'N).

Animals of Experiment 1 were crossbred 75%-87.5% Boer goats; in Experiments 2 and
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3 purebred Boer goats were available. Does were group-housed in an open barn with
strawcovered floor and an outdoor concrete run. They were fed a daily ration of about
600 g concentrate, consisting of equal parts of a pelleted lactation diet for breeding ewes,
supplemented with selenium, zinc and iodine, oats and dried sugar beet pulp, and had

free access to wheat or barley straw, salt lick and water.

3.2.1. Experiment 1. Onset of seasonal cyclicity

To determine the end of the breeding season, weekly blood samples were
collected by jugular venipuncture from 11 cycling does, 9-25 mo of age and weighing
60 (46-79) kg, throughout February and March. Beginning in April, six of these goats
(five were assigned to another study) plus another 16 (in total 22 does), 9-41 mo of age
and weighing 45-79 kg, were sampled at weekly intervals, and from mid-August to
December, twice weekly. Blood was centrifuged for 15 min at 3000 x g after being kept
at 4 °C for 24 h. Serum was stored at —20 °C and analyzed for progesterone content by
ELISA (Van de Wiel and Koops, 1986, modified by Moeller, 1991). Assay sensitivity
was 0.4 pg; interand intraassay variance, averaged from determinations of serum with
progesterone concentrations 1.0, 5.0 and 25.0 ng/mL, were 12.0% and 16.1%,
respectively. Throughout the sampling period does were tested for estrus twice daily
with an aproned adult buck. When in estrus, they were naturally mated to fertility proven

bucks once per day as long as they would posture.
3.2.2. Experiment 2. Post-weaning induction of estrus out-of-season

Pluriparous does (n = 31), on average 3.7 (range 2—7) years of age and weighing
60 (46-79) kg, were weaned between July and September, a time when does are
generally not cycling. Does were provided with intravaginal polyurethane sponges of 40
mm diameter, impregnated with 20 mg of the synthetic progestogen fluorogestone
acetate (Cronolone®, Intervet, France), either one day (Group 1; n = 11), seven days
(Group 2; n = 10) or fourteen days after weaning (Group 3; n =10). Sponges were
withdrawn after 7 days and, concurrently, an i.m. injection of 250 IU equine chorionic

gonadotropin  (eCG, Intergonan®, Intervet, Unterschleissheim, Germany) was
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administered. Does were tested for estrous symptoms with an aproned adult male at 8 h
intervals. When displaying standing estrus they were naturally mated daily to one of two
fertility-proven breeding bucks. Pregnancy diagnosis was conducted 30 and 45 days after
mating by transrectal ultrasonography (ALOKA-SSD 500, equipped with transrectal 7.5
MHz linear array transducer) as described by Padilla-Rivas et al. (2005). The number of
goats exhibiting estrous symptoms as well as pregnancy and kidding rate were analyzed
by Chi square test. Interval from sponge withdrawal to estrus as well as litter size was
analyzed by one-way analysis of variance with “time of treatment after weaning” as

main effect.
3.2.3. Experiment 3. Induction of estrus in nulliparous does out-of-season

During the non-breeding season between April and mid-June, 18 nulliparous Boer
goat does, 11.0 (range 9-12) mo of age and weighing 55 (45-65) kg, received the similar
sponge/eCG treatment as the weaned does of Experiment 2. They were tested for estrus
with an aproned adult buck at 8 h intervals and naturally mated on each day of standing
estrus. Pregnancy was confirmed by transrectal ultrasonography 35 d after mating. From
sponge insertion until 35 d after mating weekly blood samples were drawn by jugular
venipuncture. Serum progesterone concentration was determined by ELISA as described
in Experiment 1. Differences in progesterone concentration between pregnant and non-
pregnant goats were subject to analysis of variance, followed by post hoc assessment of
differences at various weeks by the non-parametric (small number of degrees of freedom

did not permit assumption of normal distribution) Wilcoxon’s signed rank test.
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3.3. Results

3.3.1. Experiment 1

By monitoring progesterone profiles of 11 does to establish when cyclicity ceases,
it was found that estrus occurred last in one doe in February and in the remaining 10
does in March. Monitoring of 22 does from April onward revealed that neither
behavioral estrus nor a progesterone increase had occurred until the end of July.
Incidence and cumulative frequency of first standing estrus of the new breeding season
are presented in Fig. 1. A single doe (4.5%) exhibited standing estrus in August, seven
does (31.8%) in September, nine does (40.9%) in October and the remaining five does
(22.7%) in November. Once cyclicity had resumed, mean interestrus intervals were 24.0
(SE 2.0) days, ranging from 8 to 48 days. Does kidded between March and April,

indicating that none had conceived before October.
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Figure 1. Incidence of first standing estrus at the onset of the breeding season in 22 does of a
Boer goat (75% to 87.5%) cross (Experiment 1).

At the beginning of the mating season four characteristic progesterone patterns
were observed (Fig. 2). In 45.5% of the does the first behavioral estrus was preceded by

one ovulation, indicated by a subsequent increase in progesterone (Fig. 2a); in another
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18.2% it was preceded by two ovulations (Fig. 2b). In 22.7% of the does the first
standing estrus coincided with the first ovulation (Fig. 2c) and in the remaining 13.6% it
occurred after two previous behavioral estruses (Fig. 2d). Considering a concentration of
3 ng/mL as progesterone baseline, the corpus luteum phase in cycling does lasted, on
average, 12.0 d (SE 1.0), ranging from 4 to 28 d. Maximum progesterone levels of, on
average, 10.0 ng/mL (SE 0.4) were reached on d 10 of the cycle with range 5-19 (d 1
being the first day of standing estrus).
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Figure 2. Characteristic progesterone patterns observed during the course of the experiment. The percentage
indicates the number of animals belonging to each characteristic pattern. Arrows indicate standing estrus
(Experiment 1).
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3.3.2. Experiment 2

As shown in Table 1, 91%, 100% and 90% of the does treated one, seven and
fourteen days after weaning, respectively, exhibited estrus. The overall average interval
from sponge withdrawal to onset of estrus was 33.0 h (SE 2.2, range 16-72) with no
significant difference among the three groups. Pregnancy rate 30 days after mating,
across groups, was 58%. By 45 days it had decreased to 42%; all of these does kidded
with an average litter size of 2.1 kids. Kidding rates in does treated one, seven or
fourteen days after weaning, were 36%, 40% and 50%, respectively, the differences not
being statistically significant. All but four does (two had singlets, one each a triplet and a
quadruped) gave birth to twins. No effect of age or parity on pregnancy rate or litter size

was detected
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Table 1: Estrous-, pregnancy- and kidding rates in Boer goat does estrus induced during the non-
breeding season by sponge-eCG treatment conducted one (Group 1), seven (Group 2) or fourteen

days after weaning (Group 3) (Experiment 2).

Variable Group 1 Group 2 Group 3 Overall
Does treated 11 10 10 31
Does in estrus 10 10 9 29

Sponge withdrawal to estrus (h)

Mean 373 31.0 30.0 33.0

SE 5.0 3.0 4.0 22

Range 24-72 24-41 16-48 16-72
Pregnancy rate at 30 days (%) 55 60 60 58
Pregnancy rate at 45 days (%) 36 40 50 42
Does kidding (%) 36 40 50 42

Litter size
Mean 2.0 2.0 2.4 2.1

SE 0.2 0.4 0.4 0.2

No significant differences between groups were recorded

3.3.3. Experiment 3

Of 18 nulliparous goats subjected to sponge-eCG treatment out-of-season, 15
(83%) displayed estrus 44.3 (SE 3.0, range 16-66) h after sponge withdrawal. One doe
did not permit intromission. Six of 14 mated does (43%) were diagnosed as pregnant by
ultrasonography 35 days after mating. Eventually, with the exception of one doe that
aborted twins two weeks before the expected date of parturition, pregnancy was

terminated in all does; apparently at an early stage, because no signs of abortion were
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noticed. Serum progesterone concentration at insertion and withdrawal of sponges was
less than 0.5 ng/mL (Fig. 3). One wk after withdrawal it had increased to 5.0 (SE 1.4)
ng/mL in pregnant and 5.2 (SE 2.1) ng/mL in non-pregnant goats. A maximum of 14
(SE 1.3) ng/mL in pregnant and 9.3 (SE 4.0) ng/mL in non-pregnant does was reached
two wk after sponge withdrawal (P > 0.05). In non-pregnant does progesterone
concentration had returned to base level by 4 weeks after sponge withdrawal, whereas, in
pregnant does it remained high. Differences between pregnant and non-pregnant does
were significant from the third wk after sponge withdrawal onward (P > 0.05). No blood

samples were drawn at a later stage.
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Figure 3. Serum progesterone levels (mean = SE) in does pregnant (solid line) or not (dotted
line) up to 35 days after sponge withdrawal (Experiment 3).
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3.4. Discussion

The results of Experiment 1 clearly indicate that under conditions prevailing in
northern Europe reproductive activity of Boer goats follows a seasonal pattern. No
cyclicity was observed between March (day length 11.8 h) and July (16.2 h). With
decreasing daylight hours in August (14.8 h) one out of 22 does started cycling; in
September (12.8 h) 31.8% of the does had resumed cyclicity and by November (day
length 8.5 h) all does had displayed at least one standing estrus. In accord with findings
in other breeds (Chemineau et al., 1992; Delgadillo et al., 2007; Fatet et al., 2011),
reproductive activity culminated in autumn and winter, the season being slightly longer
than in French Alpine goats in which a complete lack of sexual activity prevails from
March to September (Chemineau et al., 1992), and substantially longer than in breeds
with extremely short breeding season such as Australian Cashmere goats (Restall, 1992),
Syrian Damascus goats (Zarkawi et al., 1999) and South African Angora goats (Shelton,
1978). According to Chemineau et al. (1992), goats originating from temperate regions
remain seasonal even when brought to the tropics. Goats from tropical or subtropical
regions, moved to temperate latitudes, are less seasonal than local breeds (Santa Maria et
al., 1990) or even lack seasonality (Chemineau, 1986). Boer goats, originally brought to
Germany in 1977, originate from latitudes in South-Africa south of 30°S where estrous
activity peaks in autumn but, according to Greyling (2000), never ceases completely.
Apparently the trend toward seasonality displayed by Boer goats under South African
conditions is maintained and expressed more distinctly in northern Europe. Even in Boer
goats kept at a more southerly latitude in Croatia, under husbandry conditions resembling
those of the present study, 76% of the kiddings occurred in winter and spring and
breeding activity was not resumed before August (DuriCi¢ et al., 2012). Very few
published investigations are available dealing with an interaction between nutrition and
photoperiodism in goats but, according to Scaramuzzi and Martin (2008) and Estrada-
Cortés et al. (2009), a causal relationship between nutritional state and duration of the
anovulatory period appears likely. Feed analyses we conducted in an attempt to explain
the extended period of acyclicity in our flock did not reveal qualitative deficiencies.

Serum progesterone concentration in weekly blood samples collected from twelve adult
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Boer goats, randomly chosen from a flock spending the summer months (May to August)
on pasture in the absence of males, remained constantly low. Thus, despite lush pasturage
there was a complete lack in cyclic activity. Nonetheless, in does running with a male
during summer occasionally pregnancies occur, presumably ascribable to the stimulatory
buck effect (Chemineau, 1987; Claus et al., 1990; Mellado et al., 2000; De Santiago-
Miramontes et al., 2008; Véliz et al., 2009). The occurrence of one or two ovarian cycles
preceding the first behavioral estrus of the season in nearly two thirds of 22 does
monitored in Experiment 1 corroborates observations by Thorburn and Schneider (1972)
and Kakusya (1980) who state that, at the onset of the breeding season, silent estruses are
the rule. The effect of estrogens on brain regions responsible for the expression of estrous
behavior is modulated by progesterone (Barraclough et al., 1986; Brown and MacLusky,
1994, Blaustein, 2004); consequently the first estrous symptoms of the season have to be
preceded by a functional corpus luteum. The few cases in which no rise in progesterone
occurred after a behavioral estrus conceivably result from failure of follicles to ovulate or
formation of functional corpora lutea. The latter is not uncommon in goats emerging
from seasonal anestrus (Chemineau et al., 1987; Agwu, 1988; Baird, 1992; Camp et al.,
1983).

The objective of Experiment 2 was to attempt to overcome seasonal acyclicity in
freshly weaned does by employing the worldwide commonly used sponge/eCG
treatment, expecting to exploit the rebound phenomenon following termination of
progestogen treatment. In accord with various recent studies (Rubianes and Menchaca,
2003; Karaca et al., 2010; Martemucci and D’Alessandro, 2011; Pietroski et al., 2013)
the duration of sponge residence was only seven days. Accordingly (Chronogest®)
sponges containing 20 mg of progestogen were used instead of 45 mg as used to be the
case in the past (Vinoles et al., 2001; Leboeuf et al., 2003). In cows (Smith et al., 1981;
Edwards, 1985) and ewes (Mandiki et al., 1990) it was found that pulsatile LH secretion,
inhibited during the suckling period, was immediately resumed upon weaning.
Apparently this applies to goats as well, inasmuch as virtually all does weaned responded
to treatment and could be mated. The numerically slightly lower pregnancy rate recorded

in does that were treated immediately after weaning might be explained by emotional
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and/or physiological stress associated with separation from the kids and drying off and
involution of the mammary gland. In conclusion, as in many other breeds (Allen and
Lamming, 1960; Robinson, 1971; Thimonier, 1981; Carnevali et al., 1997), in Boer goats
out-of-season breeding is feasible, even in freshly weaned does, though with suboptimal
kidding rates. There is, thus, a perspective for flock owners to achieve more than one

litter per year in at least part of their breeding does.

In Experiment 3, out-of-season breeding of nulliparous young Boer goat does was
attempted. Animals had reached 60-75% of their mature body mass, considered a
prerequisite (Smith et al., 1981). In accordance with findings by Fonseca and Torres
(2005) and Pietroski et al. (2013), almost all does treated showed estrous symptoms. The
time lapse between sponge withdrawal and onset of estrus agrees with findings by
Simdes et al. (2008), but was slightly less than reported by Souza- Fabjan et al. (2013).
Does in which serum progesterone concentration had returned to basal level within 3—4
weeks, apparently failed to conceive or had suffered early embryonic death. The initial
increase in serum progesterone followed the typical pattern (Braun et al., 1988;
Bauernfeind and Holtz, 1991) and did not resemble the weak transitory progesterone rise
described by Yuswiati (1991) and Al Yacoub et al. (2011) typical for corpus luteum
insufficiency occasionally observed after hormonal intervention (Armstrong et al., 1982;
Battye et al., 1988; Pintado et al., 1998; Espinosa-Marquez et al., 2004; Chao et al.,
2008). Nonetheless, except one doe that aborted two weeks before the expected date of
parturition, in all does positively diagnosed 35 days after mating pregnancy was
interrupted; presumably at an early stage because no abortion or bleeding was noticed
although the animals were under permanent close surveillance. Maternal recognition of
pregnancy occurs around days 15-17 (Gnatek et al., 1989) and the process of
implantation lasts until about seven weeks after conception. The findings of Experiments
2 and 3 suggest that embryonic loss may occur at some time during that critical early
stage of pregnancy. Pathological reasons may be ruled out because the flock was under
permanent veterinary control. A negative seasonal effect on the side of the males appears
unlikely because a study on Boer goat bucks from the Departmental flock showed that

during the non-breeding season only a moderate reduction in semen volume, proportion
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of live spermatozoa and progressive motility (Tuli and Holtz, 1992) as well as in
freezability (Tuli and Holtz, 1995) is observed. French studies (Corteel, 1975; Corteel et
al., 1987) show that out-of-season fertilizability of spermatozoa is not jeopardized.
Libido in males is maintained throughout the year as long as they are regularly collected.
Findings by Mani et al. (1992, 1994) indicate that underfeeding of pregnant females may
result in embryonic loss, usually preimplantatory. In the Departmental flock feed supply
was quantitatively modest. It may be surmised that, in view of group housing, young does
have suffered from competition for feed and also social stress exerted by domineering

older goats, which might have contributed to the poor results.

3.5. Conclusion

From the present study it may be concluded that in northern Europe Boer goats,
albeit to a lesser degree than most dairy breeds, undergo a period of ovarian inactivity,
extending approximately from April to August. The stage of ovarian quiescence may be
overcome by progestogen- eCG treatment. When mated at induced estrus, close to 50%
of weaned does produced, on average, 2.1 kids, whereas none of the young nulliparous
does carried to term. To what extent unfavorable environmental factors may have played

a role is open to conjunction.
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Abstract

The present study was conducted to determine the temporal relationships between
behavioral estrus, preovulatory LH surge and ovulation in Boer goats following
different estrus synchronization regimes. Twenty-eight Boer goat does were allocated
to three treatment groups.Does of Group 1 (n=8) received two i.m. injections of 5 mg
dinoprost (1 mL Dinolytic, Zoetis, Berlin, Germany) at 12 hour interval provided serum
progesterone concentration exceeding 5 ng/mL. Does of Group 2 (n=10) were
provided with intravaginal sponges impregnated with 20 mg of flurogestone acetate
that were left in place for 11 days. Forty-eight h after sponge withdrawal two i.m.
injections at 7 h interval of 5 mg dinoprost each were administered. Concurrent with
the first injection an i.m. injection of 200 IU eCG (Intergonan, Intervet,
Unterschleissheim, Germany) was administered. In Group 3 (n=10) does were treated
similar to Group 2 with the only difference that 30 h after sponge withdrawal an i.m.
injection of 0.004 mg of the GnRH-analog buserelin (1 mL Receptal, Intervet,
Unterschleissheim, Germany) was administered. In all treatment groups all does
showed an estrous response. In Group 1 the average interval from the first dinoprost
injection to the onset of estrus was 40.2 h. Significantly shorter intervals of 23.4 and
26.4 hours after sponge withdrawal were recorded in Groups 2 and 3 (P<0.05). The
duration of estrus in Groups 1, 2, and 3 was 37.5, 40.8 and 44.8 h (P>0.05),
respectively. In Group 1 the LH peak ocurred44.7 h after the first dinoprost injection;
in Groups 2 and 3, 34.5 and 32.0 h after sponge withdrawal. The magnitude of the LH
peak was significantly lower in Group 1 than in Groups 2 and 3 (46.5 vs. 59.6 and 82.3
ng/ml; P<0.05). The interval between onset of estrus and LH peak for Groups 1, 2 and
3 was 7.2 h, 12.8 h and 5.6 h, respectively. The only significant difference was between
Groups 2 and 3 (P<0.05). Ovulation occurred 53.5 h and 48. 6 h after the onset of
estrus in Groups 1 and 2, respectively 47.9 h and 37.5 h after the LH peak (P>0.05).
The results indicate that for the synchronization of estrus during the breeding season

the dinoprost treatment was equally effective as the progestagen treatment. Additional
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buserelin treatment will induce synchronicity of the preovulatory events facilitating

fixed-time artificial insemination programs.

Keywords: Estrus synchronization, breeding season, ovulation, LH, Boer goats
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4.1 Introduction

Controlling the estrous cycle by means of exogenous hormones serves the
purpose of breeding animals at a predetermined time. In small ruminants this is most
commonly accomplished by administering progesterone or a synthetic progestagen
(Wildeus, 2000; Holtz, 2005), combined with the administration of equine chorionic
gonadotropin (eCG) that augments the ovarian response following progestagen
withdrawal (Cline et al., 2001; Maurel et al., 2003; Holtz, 2005). The progestagen-eCG
treatment proved to be effective in cycling as well as non-cycling animals (Leboeuf et
al., 2003; Martemucci and D”Alessandro, 2011) although, due to an immunological
response to the heterologous gonadotropin (Roy et al., 1999), the repeated use of eCG
may result in an impairment of fertility (Baril et al., 1992; Drion et al., 2001). An
alternative to the progestagen-eCG treatment is the administration of prostaglandin F,
or one of its synthetic analogs (Beck et al., 1993; Kusina et al., 2000; Khanum et al.,
2006; Fonseca et al., 2012), often administered as two injections at 10 to 11 day
interval, to achieve complete synchronization in groups of animals (Beck et al., 1993;
Kusina et al., 2000). However, prostaglandin F2, treatment will only be effective during

the breeding season and if functional corpora lutea are present.

In estrus controlled females the time of ovulation may be terminated by
administration a synthetic GnRH analog (Rubianes et al., 1997; Pierson et al., 2003).
This measure facilitates the implementation of fixed-time artificial insemination and
may improve fertilization rates when using semen compromised by manipulations such
as cryopreservation or sex sorting. In an attempt to pinpoint ovulation time in goats,
Chemineau (1983) and Baril and Vallet (1990) conducted repeated laparoscopies, a
semi-invasive intervention requiring anesthesia and the availability of sophisticated
equipment as well as trained personnel. More recent approaches to that end are
ultrasonic monitoring of ovarian function (de Castro et al., 1999; Simdes et al., 2006;
Suyadi and Holtz, 2012; Zongo et al., 2015) and determination of the preovulatory LH

surge (Greyling and Van Nierkerk, 1991; Holtz et al., 2008).
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The present investigation is an attempt to determine temporal relationships
between behavioral estrus, preovulatory LH surge and ovulation in Boer goat does

subjected to various estrus and ovulation controlling regimes.
4.2 Materials and Methods

The experiment was conducted during the breeding season between late August
and December in Goettingen, Germany (9° 41°E, 51° 46"N) on 28 pluriparous Boer
goat does from our own breeding flock, on average, 3.7 (2 to 7) years of age and
weighing 60 (46 to 79) kg. Does were group-housed in open barns with straw-covered
floor and outdoor concrete runs and fed a daily ration of about 600 g concentrate,
consisting of equal parts of a pelleted lactation diet for breeding ewes, oats and dried

sugar beet pulp and had free access to wheat or barley straw, salt lick and water.

All animals were fitted with permanently indwelling jugular catheters consisting
of polyethylene (PE) tubing, 0.86 mm ID and 1.52 mm OD (Portex Hythe Telex, Kent,
England) as follows. The insertion site halfway between mandible and sternum was
shaved and disinfected. A jugular vein was manually occluded and punctured ventrad
with a Strauss cannula (2 mm OD; 43 mm in length). Polyethylene tubing, 15 cm in
length, was threaded through the Strauss cannula and advanced about 10 cm. Once
blood could be aspirated, the Strauss cannula was withdrawn and a short (1cm), blunted
20 gauge hypodermic needle was inserted into the free end of the polyethylene tubing.
After clearing the catheter of blood by infusing a small amount of sterile physiologic
saline the hub of the needle was stoppered with a closing cone (Braun, Melsungen, D-
34209, Germany). A narrow strip of leucoplast was wrapped around the free end of the
catheter close to the insertion site, forming a little “flag”. Two 10 cm strips of
leucoplast, 5 cm wide, were taped above and below the insertion site; a third strip was
taped across them covering the insertion site and fixing the protruding catheter in
position, leaving a few cm leeway to enable drawing of blood samples. Finally,
leucoplast was taped around the neck of the animal to secure and protect the catheter.

To draw blood samples, after removal of the stopper a small amount was aspirated to
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remove saline from the catheter before drawing 5 mL with another syringe, followed by
infusion of sterile physiologic saline containing 100ug/mL of the anticoagulant heparin
to clear the catheter of remaining blood before re-stoppering. On each occasion
fingertips, free end of the catheter and stopper were thoroughly wiped with 70%
ethanol. Blood samples were transferred to test tubes containing 4 drops of 38%
sodium citrate to prevent clotting. After 8 h at 4°C they were centrifuged at 3000 X g
for 15 min. Plasma samples were stored at -20°C and analyzed for progesterone content
by ELISA as described by van de Wiel and Koops (1986), modified by Moeller (1991)
and for LH content as described by Moeller (1991).

Catheterized does were randomly allocated to three treatment groups. In does of
Group 1 (n=8) daily blood samples were drawn beginning on d 5 of the estrous cycle (d
1 being the first day of standing estrus). Once serum progesterone concentration
exceeded 5 ng/mL, does were administered two i.m. injections of 5 mg dinoprost (1 ml
Dinolytic, Zoetis, Berlin, Germany) at 12 h interval and sampling frequency was
increased to once every 3 h until 30 h after the onset of behavioral estrus,. Estrus was
detected by introducing an aproned adult buck at 8 h intervals. Ovarian activity was
monitored by transrectal ultrasonography (ALOKA-SSD 500, equipped with a 7.5
MHz transrectal linear array transducer) conducted 24, 72 and 96 hours after the first

dinoprost injection.

The does of Group 2 (n=10) were provided with intravaginal polyurethane
sponges impregnated with 20 mg of the synthetic progestagen flurogestone acetate
(FGA; Cronolone, Intervet, France). Sponges were left in plaace for 11 days and 48
hours before withdrawal two i.m. injections of 5 mg dinoprost at 7 hour interval were
administered. Concurrent with the first dinoprost administration an i.m injection of 200
IU eCG (Intergonan, Intervet, Unterschleissheim, Germany) was administered. Estrus
detection with an aproned adult buck was carried out at 8 hour intervals and ovarian
activity was monitored 24, 48 and 72 h after sponge withdrawal. Blood was sampled

daily from 2 d before to 1 d after sponge withdrawal, and at 3 h intervals during the
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subsequent 48 h. Thereafter, until d 21 of the estrous cycle, sampling frequency was
reduced to twice daily. Does of Group 3 (n=10) received the identical treatment with
the only difference that 0.004 mg of the GnRH-analog buserelin (1 mL Receptal,

Intervet, Unterschleissheim, Germany) was administered 30 h after sponge removal.

Normally distributed data were analyzed by one-way analysis of variance
(ANOVA) with the respective treatments as main effects. Not normally distributed data

were analyzed by the non-parametric Kruskal-Wallis test.
4.3 Results

In Table 1 the temporal relationships between the onset of treatment (dinoprost
administration in Group 1 and sponge withdrawal in Groups 2 and 3), onset of estrus,
emergence of preovulatory LH surge and ovulation is shown. All does, irrespective of
treatment, showed an estrous response. The interval from the first dinoprost injection to
the onset of estrus in Group 1 was significantly longer than that between sponge
withdrawal and estrus in Groups 2 and 3 (40.2 vs. 23.4 and 26.4 h, P<0.05). The
duration of estrus did not differ among groups (37.5, 40.8 and 44.8 h, P>0.05). The
preovulatory LH surge emerged 40.3 h after dinoprost treatment in Group 1, as
compared to 31.6 h and 31.7 h after sponge withdrawal, respectively, in Groups 2 and
3.

The corresponding intervals to the LH peak were 44.7, 34.5 and 32.0 h, being
significantly longer in Group 1 than in Groups 2 and 3 (P<0.05). The LH peaks in
Group 1 ranged from 24 to 57 h after treatment; in Group 2 from 27 to 45 h; in Group 3
they were tightly synchronized at 32.0 h after sponge withdrawal, respectively 2 h after
buserelin administration (Figure 1). The amplitude of the LH peaks was significantly
lower in Group 1 than in Groups 2 and 3 (46.5 ng/mL vs. 59.6 ng/mL and 82.3 ng/mL),
the difference between Groups 1 and 3 being significant (P<0.05). The interval from

onset of estrus to the peak of the LH surge was 7.2 h, 12.8 h and 5.6 h for Groups 1, 2

69



Chapter 4

and 3, respectively; the difference between Groups 2 and 3 being significant (P<0.05).
Ultrasonic monitoring of ovarian activity indicated that ovulation in Groups 1 and 2
occurred, on average, 53.5 hours and 48.6 h after the onset of estrus, respectively 47.9
and 37.5 h after emergence of the LH peak (P>0.05).
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Table 1. Temporal relationship between end of treatment and onset of estrus to preovulatory LH
surge and ovulation in Boer goats treated with dinoprost (group 1) or with the sponge-eCG regime

without (group 2) or with buserelin (group 3)

Parameter Group 1 Group 2 Group 3
Number of does treated 8 10 10
Number of does in estrus 8 10 10
End of treatment to estrus (h)*
Mean 40.22 23.4° 26.4°
SE 4.7 2.6 1.2
Range 20-57 17-33 24-32
Duration of estrus (h)
Mean 375 40.8 448
SE 32 29 2.9
Range 24-48 24-56 24-56
End of treatment to emergence of preovulatory
LH surge (h)*
Mean 40.3 31.6 31.7
SE 58 1.7 0.3
Range 24-51 27-42 29-32
End of treatment to LH peak (h)*
Mean 4472 34.5° 32.0°
SE 54 1.9 0.0
Range 24-57 27-45 32%*
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Continued Table 1

Peak LH concentration (ng\ml)

Mean 46.52 59.6% 82.3P
SE 8.2 3 4.9
Range 19-70 32-96 50-94

Onset of estrus to LH peak (h)

Mean 7.16% 12.82 5.6°

SE 1.5 3 1.2

Range 4-13 3-30 0-8
Onset of estrus to ovulation (h)

Mean 535 48.6 -

SE 6.8 2.6 -

Range 27-76 39-55 -
LH peak to ovulation (h)

Mean 479 37.5 -

SE 6.7 1.9 -

Range 23-72 27-42 -

ab Within rows data with different superscript differed (P<0.05)

*Interval considered from the first dinoprost injection (Group 1), respectively sponge
withdrawal (Groups 2 and 3)

*# All does presented the LH peak at 32 hours after sponge withdrawal
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Figure 1. The preovulatory LH surges of individual goats treated with dinoprost
(Group 1) and with the sponge-eCG regime without (Group 2) or with buserelin
(Group 3). “Time™ refers to hours after dinoprost treatment (Group 1) and sponge
withdrawal (Groups 2 and 3).
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4.4 Discussion

The temporal relationships between estrus, associated preovulatory events and
ovulation were determined in does subjected to dinoprost treatment and a sponge-eCG
regime with or without administration of the owvulation inducing agent buserelin.
Estrous response was observed in all does regardless of treatment. Normally, to achieve
complete synchronization of estrus in groups of females by way of prostaglandin
treatment, due to the difference in ovarian status within the group two injections,
administered 10 to 11 days apart, are required. The proportion of animals responding in
the dinoprost group (Group 1) indicate that, once the corpus luteum has attained full
functionality (high plasma progesterone level), a single injection of prostaglandin or
one of its analogs will suffice to induce luteolysis followed by estrus. This confirms
findings by Greyling and Van Niekerk (1986) and Fonseca et al. (2012). In the present
study a second dinoprost injection was administered 12 hours after the first to ensure
the occurrence luteolysis (Suyadi, Sohnrey ahd Holtz, 2000). The estrous response
obtained with the sponge-eCG regime (Groups 2 and 3) confirms findings by
Motlomelo et al. (2002) and Martemucci and D’Alessandro (2011). The advantage of
the sponge treatment is that, contrary to the prostaglandin treatment, it can be applied
throughout the year by being able to overcome the seasonality factor (Camacho et al.,
2019). The interval from the end of treatment to the onset of estrus in the present study
was longer in does treated with dinoprost alone than in does treated according to the
sponge-eCG regime (40.2 vs 23.4 and 26.4 hours), consistent with studies by Romano
(1998) and Amarinditis et al. (2004). These differences might be due to the exogenous
progestagen itself in combination with eCG, which induce and augment the so-called

“rebound effect”, bringing about a faster estrous response.

As shown in Table 1 the emergence of the preovulatory LH surge following the

end of the respective treatment presents a high degree of variability in does of Groups 1

(22-51 h) and 2 (27-42 h) in comparison to does belonging to Group 3 (29-32 h).

Nevertheless, the means of the groups did not differ (40.3 h; 31.6 h; 31.7 h; P>0.05).

The peak of the LH surge occurred significantly earlier in sponge/eCG treated does
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than in dinoprost treated does (34.5 h and 31.7 vs. 44.7 h). The difference in emergence
of the preovulatory surge and the LH peak appears to be associated with the earlier
occurrence of estrus recorded after administration of exogenous progestagen, reducing
the interval from the end of treatment to the preovulatory LH events. In does of Group
3 emergence and peak of the preovulatory LH surge following the administration of
ovulation inducing buserelin were highly synchronized. The LH surge emerged as soon
as 2 h after buserelin administration. Concurring results have been reported by Pierson
et al. (2003). The magnitude of the LH peaks recorded in Groups 1 and 2 were
numerically, though not statistically different (46.5 and 59.6 ng/mL), were in accord
with the range of 40 to 60 ng/mL encountered by other researchers (Bono et al., 1983;
Ritar et al., 1984; Martinez- Alvarez et al; 2007; Simdes et al., 2008a; Simdes et al.,
2008b. The magnitude of the LH peak folowing ovulation induction with buserelin
(82.3 ng/mL) resembles findings in the context of an ovsynch protocol by Holtz et al.
(2008). Apparently the dose of buserelin administered was sufficient to induce a normal
LH surge. The prolonged interval from onset of estrus to LH peak in does of Group 2
(sponge/eCG), compared to that of does of Groups 1 (dinoprost) and 3 (sponge/eCG-
buserelin), and the variability of the interval from estrus and LH peak to ovulation
(Groups 1 and 2), are aspects that must be considered when conducting fixed-time

artificial insemination.

4.5 Conclusion

From the results of the present study it can be concluded that, for synchronizing
estrus during the breeding season, dinoprost treatment is equally effective as a
progestagen/eCG regime. Incorporating a GnRH-analog with the sponge/eCG treatment
will synchronize the emergence of the preovularory LH surge as well as ovulation. This
creates favorable conditions for practicing fixed-time artificial insemination. Further
studies need to be conducted to determine the temporal relationship between buserelin

administration and the exact time of ovulation.
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5.1 General discussion

The dissertation includes three studies addressing the control of the estrous cycle

in Boer goats.

In Study 1, two progestagen impregnated pessaries, Cronolone sponges and
CIDRs, were equally effective in synchronizing estrus. A functional difference,
however, was encountered between the two pessaries. Whereas the removal of CIDRs
was easy, causing less distress to the animals, in the case of Cronolone sponges it was
frequently associated with distress and foul-smelling vaginal discharge. Dinoprost
administration at the beginning or at the end of the progestagen treatment was equally
effective. It is to be expected, however, that treatment at the end would be more
effective because at an early stage of development corpora lutea are less responsive to
prostaglandin treatment as encountered in two does failing to show estrus in Chapter 2.
Furthermore, our results indicate that, apart from a successful estrous response,
superovulatory treatment can be induced at any time of the year, i.e. during and out of
the breeding season. This suggests that the number of embryos and ova recovered from
superovulated goats is independent of the season. The reason for the low recovery,
however, is not clear. As mentioned in several studies (Battye et al., 1988; Saharrea et
al., 1998), the incidence of early luteal regression in superovulated goats is a common
phenomenon, however, inexplicably it was not an issue in the present study. The
assessment of the ovulatory response by counting the number of corpora lutea in
superovulated goats proved to be difficult, therefore assessment on the basis of the
number of collapsing follicles between two successive ultrasound measurements
proved to be more reliable.According to this study a 7 day-progestagen treatment
proved to be an effective alternative to traditional long-term progestagen treatments. It
does, however, imply administration of. prostaglandin F,, preferably at the end of the
protocol. Seasonality did affect neither the estrous response of the does nor the
superovulatory response, leading to the conclusion that embryo collection out of season

may beconsidered a viable option.
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Study 2 consists of three experiments aimed at determining the degree of
seasonality in Boer goats in the northern temperate zone, assessing ovarian response
and conception rate after induced estrus in does weaned out of season and producing
offspring from nulliparous does estrus-induced out of season. The results of
Experiment 1 indicate that under the prevailing conditions Boer goat crosses display a
seasonal pattern being based on daylight length; with increasing daylight sexual activity
in does ceased, whereas reduction of daylight led to resumption of sexual activity. This
confirms findings by Chemineau et al. (1992) and Fatet et al. (2011) showing that
reproductive activity of goats in temperate regions is restricted to the autumn and
winter months. However, variation within geographic location and also within breed,
may be encountered (Chemineau et al., 1992; Restall, 1992). In Experiments 2 and 3
purebred Boer goats exhibited a seasonal pattern resembling that of the crossbreds in
Experiment 1. In the region of origin, estrous activity in Boer goats peaks in autumn
but, unlike the Boer crosses in the present study, complete acyclicity does not occur
(Greyling, 2000). This demonstrates that goats from our own flock have adapted to the
changing climatic conditions, although originating from the opposite hemisphere. In
Experiment 2 it was found that intervals between weaning and synchronization
treatment of zero, one or two weeks had no significant effect on estrous response, with
virtually all does responding. However, slightly better pregnancy rates appear to be
achievable when a resting period between weaning and insemination of one or two
weeks is allowed. This indicates the feasibility of inducing estrus and pregnancy in
weaned Boer goats out-of-season which might be relevant when attempting to increase
productivity of a flock by having does kid more than once every twelve months. In
Experiment 3 it was attempted to increase the productivity of the flock by subjecting
nulliparous goats to estrus inducing treatment and mating during the non-breeding
season. Results demonstrated that, although an estrous response was successfully
induced in a large proportion of young females, pregnancy was not maintained. Further
studies should be conducted to explain the failure to maintain pregnancy. From these

three experiments it may be concluded that, under the prevailing conditions, Boer
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goats, although less seasonal than dairy breeds, undergo a period of ovarian inactivity.
From an economic point of view it could be desirable to negotiate this drawback. By
employing the commonly applied 7 day-sponge-eCG treatment it was possible to
overcome seasonality in does weaned in summer, with little effect of the post-weaning
interval. In nulliparous does, even if these were old enough to be bred, estrus could be

induced, but pregnancies were not maintained.

Study 3 was an attempt to determine temporal relationships between behavioral
estrus, preovulatory LH surge and ovulation in Boer goat does subjected to various
regimes for controlling estrus and ovulation. All does presented estrous symptoms
regardless of treatment. Considering animals only treated with dinoprost it was found
that, once corpora lutea have attained full functionality, a single injection will suffice to
induce luteolysis followed by estrus. The reduced interval from the end of treatment to
preovulatory events in Groups 2 and 3 appeared to be associated with an earlier estrous
response. While a considerable variability was recorded regarding the occurrence of the
preovulatory surge in Groups 1 and 2, in Group 3, on account of treatment with the
GnRH analog buserelin, LH surges were highly synchronized. This is the reason why
GnRH-analogs are implemented in fixed-timed artificial insemination programs. Based
on the highest LH concentration recorded in does of Groups 1 and 2, it may be
concluded that the dose of buserelin administered in the present study was sufficient to
induce a suitable LH surge. The longer interval from the onset of estrus to the LH peak
in does of Group 2 (sponge/eCG), compared to that of does of Groups 1 (dinoprost) and
3 (sponge/eCG-buserelin), and the variability of the interval from estrus and LH peak
to ovulation (Groups 1 and 2), are aspects that must be considered when conducting
fixed-timed artificial insemination. From the results of the present study it can be
concluded that, for synchronizing estrus during the breeding season, dinoprost
treatment in the presence of functional corpora lutea is equally effective as a
progestagen regime. Incorporating a GnRH-analog with the sponge/eCG treatment will
synchronize the emergence of the preovularory LH surge, followed by ovulation. This

creates favorable conditions when intending to practice fixed-time artificial
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insemination. Further studies should be conducted to determine the temporal

relationship between buserelin administration and the exact time of ovulation.
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