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Abstract

This study was designed to evaluate the reprodugierformance of lactating dairy cows
(Holstein Friesian) following the injection of PgFanalogue on Day 15 postpartum and
gonadotropin releasing hormone (GnRH) analogue @y PR3 post-Al with Presynch (2
injections of PGE,, administered 14 d apart starting at 30—-35 daygpaotum) + Ovsynch-
based (GnRH-7 d- PGF-2 d—-GnRH-16-20 h-TAl) treatment during the warnd aool
periods. All cows (n = 313) were assigned to on®of groups: M (n=72): PGEk, on Day 15
postpartum + Presynch-Ovsynch + GnRH on Day 23-pgsM, (n= 41): PGk, on Day 15
postpartum + Presynch-Ovsynchz h= 100): Presynch-Ovsyngchnd control (n= 100): cows
were not treated and were inseminated at natutals®regnancy diagnosis was performed
using ultrasonography technique within 28-35 daystyinsemination. Statistical analyses were
performed with the procedures GLM and GENMOD of 8&S program. Results showed that
treatment with PGE on Day 15 postpartum significantly decreased days to qotiwe and the
number of S/CRK < 0.01) and improved the FSCR € 0.1) only in those cows that were treated
with M, protocol. Whereas, the days to first service wasinfluenced by treatment with P&GF
on Day 15 postpartunP(> 0.05). Therefore, treatment with P£&Bn Day 15 postpartum had a
beneficial effect on the reproductive performanad/ an those cows that were treated with M
protocol. In contrast, administration of GNnRH onyDa3 post-Al increased the days to
conception and the number of SIE< 0.01) and decreasede FSCR P < 0.1) in those cows
treated with M compared to M protocol. Therefore, it has been concluded thasyirch-
Ovsynch protocol could be more reproductively bemefwhen a single treatment with P&F
was administered at 15 d postpartum (15 days #feePGF2, Presynch-Ovsynch protocol was
initiated). Furthermore, administration of a GnRgbaist on Day 23 after Al did not improve
reproductive performance for cows receiving firgisgpartum TAI after Presynch-Ovsynch
protocol.

Keywords. Dairy cow; Presynch-Ovsynch; Postpartum; Reprode@erformance; Timed Al.
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Chapter 1

| ntroduction



Reproductive efficiency in dairy cows has declirmer the last several years and is
considerably lower than desired (de Vries and Ris2@05). Decreased reproductive
efficiency is due to many factors including ineiiocy and inaccuracy of estrous detection,
improper timing of insemination, delayed ovulati@mnd anovulation, management,
negative energy balance and nutrition, genetics and inbreeding (Lucy, 2001; Chagas et al.,
2007). Detection of estrus is an essential compgosiepostpartum breeding programs that
depend on overt signs of estrus for optimal tinohgsemination. About 50% of standing
heats are undetected during the postpartum péfitasitburn et al., 2002)imed artificial
insemination (TAI) has been advised to overcome gheblem of inefficient estrous
detection. The purpose of successful estrous synchronizatimh ttmed insemination
program in dairy cows is to precisely control estand breeding without the need for
estrous detection. Potential benefits from estrsyrechronization in dairy cattle include
reduced time devoted to estrous detection and eeduariability in days from parturition
to first service, leading to reduced variabilityddangth of calving intervals within a herd.

Use of Presynch (postpartum regimen using two figas of PGE, to synchronize
estrous cycles before applying Ovsynch (Navanuletal., 2004)) + Ovsynch (GnRH-7
d— PGR, —2 d-GnRH-16-20 h-TAl) effectively synchronizesulation for first
postpartum TAI, and Presynch + Ovsynch has beeelwiadopted by the dairy industry
based on a survey in which 75% of dairy produceported use of synchronization for
submitting cows for first postpartum TAI (Caraveekt al., 2006). This Presynch-Ovsynch
program enhanced fertility to first service in ktatg cyclic cows (Moreira et al., 2001).

Uterine involution or follicular development may lmastened which may advance
ovarian cyclicity. Evidence exists that P£#5 involved in short luteal phases, which often
accompany postpartum return to ovarian cyclicitp &ddition, PGE stimulates
myometrial contractility and has been suggestethtoease pituitary responsiveness to
GnRH to release luteinizing hormone (LH) in postpar cows (Randel et al., 1996),
thereby stimulating follicular growth and enhanciovulation (Weems et al., 2006). Due
to its various biological actions, P@Fand its analogues have been used for a multitide o
purposes in cattle reproduction, including the ctthn of parturition, synchronization of
estrus, and treatmeanf uterine and ovarian diseases (Weems et al., 2006; Richterich and
Wehrend, 2009). Administration of P&Hn the early postpartum period would be more
consistently effective in increasing motility andaeuation of bacterial contamination of
the postpartum uterusit was administered when there is a CL in thargv On the other
hand, Young et al., (1984) indicated that a singleamuscular injection of PGEin the
early postpartum period reduced the postpartunnvakéo conception.

For conception rates to increase, embryo survi improved as a result of additional
progesterone resulting from accessory CL (Stevergdoal., 2007). The importance of
adequate progesterone secretion for early embrydevelopment, including embryonic
secretion of interferon-which prevents the regression of the CL, has h@ewiously
clearly demonstrated in cattle (Mann, 2002). Oneppsed method to increase luteal
concentrations of progesterone is to increase #te of growth of the corpus luteum
(Binelli et al., 2001). Administration of hCG or 8Hl after insemination at specific times
coincident with the presence of the dominant ftdliE of the first and second follicular



waves may stimulate CL function, induce accessdryfd@mation, increase progesterone
and reduce estrogen production with a consequesitiy® effect on embryo survival
(Thatcher et al., 2003; Stevenson et al., 2007). According to the distidoutof return
estruses after insemination, giving GnRH 23 d gitervious service may be appropriate to
induce an ovulation and synchronize follicular depenent (Bartolome et al., 2005).
However, treatment with GnRH is followed by a ramdcretion of LH, and is also
associated with a transitory increase in plasma@isi (Stevenson et al., 1993). Estradiol
is a component of the process that leads to endi@mnséction of PGk (Silvia et al.,
1991). In sheep, McCracken et al., (1984) suggetsigprior to luteolysis, progesterone
action on the uterus declines and permits estradic$timulate synthesis of oxytocin
receptors. Binding of oxytocin to its receptor stlates secretion of PGHrom the uterus.
PGk, stimulates release of oxytocin from the corpusuut (Flint and Sheldrick, 1982).
All these events may stimulate the secretion of RG#hich could result in luteolysis and
terminate pregnancy. Chebel et al. (2003) indicdbed the administration of GnRH on
Day 21 after Al to lactating dairy cows of unknowregnancy status did not affect pre-
enrollment pregnancy rates determined on Days #84&nafter insemination. Therefore,
the potential use of GnRH in the early post-Al peénwvarrants further investigation.

The objectives of this study were (1) to compapraductive parameters in dairy cows
subjected to a Presynch-Ovsynch protocol, with ghout a PGE, treatment at 15 d
postpartum (15 days after the PGF2resynch@vsynch protocol was initiated); and (2) to
determine the effect of administration of GnRH-agbat 23 d after insemination on the
reproductive parameters in dairy cows subjected ®resynch-Ovsynch protocol during
the warm and cool periods of the year.



Chapter 2

Literature Review



2.1. The estrous cycle

The estrous cycle represents the cyclical pattérovarian activity that facilitates
female animals to go from a period reproductive-regeptivity to receptivity ultimately
enabling mating and subsequent establishment ginprey. The onset of estrous cycles
occurs at the time of puberty. In heifers pubedguss at 6 to 12 months of age, generally
at a weight of 200 to 250 kilograms. The normaladion of an estrous cycle in cattle is 18
to 24 days. The cycle consists of two discrete gdathe luteal phase (14 to 18 days) and
the follicular phase (4 to 6 days). The luteal ghssthe period following ovulation when
the corpus luteum (CL) is formed (often furtherideated as metestrous and diestrous),
while the follicular phase is the period followirthe demise of the corpus luteum
(luteolysis) until ovulation (often further desided as proestrous and estrous). During the
follicular phase, final maturation and ovulationtbé ovulatory follicle occurs, the oocyte
is released into the oviduct allowing the poterfaalfertilization.

2.1.1. Endocrine regulation of the estrous cycle

Cattle are polyestrous animals and display esthmisviour approximately every 21
days. The estrous cycle is regulated by the horsiofi¢he hypothalamus (gonadotrophin
releasing hormone; GnRH), the anterior pituitagilifle-stimulating hormone; FSH and
luteinising hormone; LH), the ovaries (progesterddé, esadiol, E2 and inhibins) and
the uterus (prostaglandin,f PGR,). These hormones function through a system of
positive and negative feedback to govern the estoyale of cattle (Roche, 1996). GnRH
was first isolated from the hypothalamus of pigd @a decapeptidBaba et al., 1971;
Schally et al., 1971a). Its control of the estroysle is mediated via its actions on the
anterior pituitary which regulates the secretiorihef gonadotrophs, LH and FSH (Schally
et al., 1971b). The pulsitile secretion of basaéle of GnRH from the tonic center of the
hypothalamus and the pre-ovulatory surge of GnRéinfrthe surge center of the
hypothalamus prevents the desensitisation of theHGreceptor on the gonadotroph cells
of the anterior pituitary. After transportation @RH from the hypothalamus to the
pituitary gland via the hypophyseal portal bloodteyn (Moenter et al., 1992), GnRH
binds to its G-protein coupled receptor on the setface of the gonadotrophs cells (Kakar
et al., 1993). This binding releases intracell@alcium which activates intermediaries in
the mitogens activated protein kinases (MAPK) diggapathway culminating in the
release of FSH and LH from storage compartmenthancytoplasm (Weck et al., 1998).
FSH is only stored in secretory granules in theoglsm for short periods of time,
whereas LH is stored for longer periods duringgsieous cycle (Farnworth, 1995).

During the follicular phase of the estrous cycleréhis a hormonal environment of basal
progesterone due to the regression of the corpteurtu (CL). The increased E2
concentrations, derived from the rapid proliferatimf the pre-ovulatory dominant follicle
(DF), concomitant with the decrease in circulat@ogicentrations of progesterone, induces
a surge in GnRH and allows the display of behawbastrous during which heifers/cows



are sexually receptive and will stand to be mourfteéndson, 2003). This preovulatory
GnRH surge induces a coincidental LH and FSH s@8yederland et al., 1994). Only
when serum progesterone concentrations are leasLEnpulses occur every 40 to 70
minutes for 2 to 3 days does the DF ovulate (Ro&®86). Ovulation occurs 10 to 14
hours after estrous and is followed by the lutdage of the estrous cycle. The beginning
of the luteal phase is also known as metestroustgpidally lasts 3 to 4 days. It is
characterized by the formation of the CL from th@lapsed ovulated follicle (corpus
haemorragicum). Following ovulation, progesteronacentrations begin to increase due
to the formation of the CL in which the granulosad aheca cells of the ovulated DF
luteinize and produce progesterone in readinesthiestablishment and maintenance of
pregnancy and/or resumption of the estrous cycisw@hder, 1981). During the diestrous
phase, progesterone concentrations remain elevated recurrent waves of follicle
development continue to be initiated by releaseF8H from the anterior pituitary.
However, these DFs that grow during the luteal phafsthe estrous cycle do not ovulate.
This progesterone dominant luteal phase of th@estcycle, through negative feedback,
only allows the secretion of greater amplitude lasser frequency LH pulses that are
inadequate for ovulation of the DF (Rahe et al8Q)9 Finally, during the proestrous
period, progesterone concentrations begin to deeredien the CL regresses in response
PGk, secretion from the uterus in the postpubertal ahihaving typical reproductive
cycles (Hansel and Convey, 1983) (Fig.2-1).
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Fig.2.1. Changes in hormone concentrations during the cesti®us cycle. (After Peters, 1985)

2.1.2. Ovarian follicular dynamics during the estrous cycle

The growth, development and maturation of ovaraiictes are fundamental processes
for high reproductive efficiency in farm animalsfifed number of primordial follicles are
established during foetal development with ovafalicle growth taking a period of 3 to 4
months and categorised into gonadotrophin indepgndad gonadotrophin dependent
stages (Webb et al., 2004). Gonadotrophin dependéitle growth in cattle occurs in
waves with 2 to 3 waves per estrous cydevio et al., 1988; Fig.2-2). Each wave of
growth involves emergence, selection and domingiotiewed by either atresia or
ovulation of the DF.



As mentioned above both FSH and LH have a promimele in ovarian follicle
development. Given that follicles are involved imetpositive and negative feedback
mechanisms of the hypothalamic-pituitary-gonadaP@) axis (estradiol and inhibins),
these hormones have a governing role in the raguolatf the estrous cycle of cattle. The
beginning of gonadotrophin dependent follicle depehent is typified by the emergence
of a follicle cohort typically consisting of 5 t@Zollicles>5mm and is correlated with a
transient increase in FSH concentrations (Adams et al., 1992; Sunderland et al., 1994).
This marks the beginning of dependency of folligtewth on FSH (Ginther et al., 2002)
with FSH receptors (FSH-R) localised to the grasaloells of the follicles by Day 3 of the
follicle wave (Evans and Fortune 1997). This emsbléSH to perform its required
downstream signaling effects including promotindlutar growth and proliferation
(Richards et al., 1998). This transient increase§$H concentrations also leads to an
increase in aromatase enzyme activity (P450arom; CYP19), in the granulosa cells of
ovarian follicles, which converts androgen to eg&mo (Hillier, 1994). As the DF emerges
from the cohort of follicles, the diameter incremsnd it is recognized as the largest
healthy follicle in the cohort (Gougeon and Lefevi883). This increase in size leads to
an increase in follicular fluid estradiol and ininilbconcentrations (Hillier, 1994). This
increase in estradiol concentrations in concert wihibin suppresses FSH concentrations
from the anterior pituitary gland via negative feadk reducing FSH to basal
concentrations (Sunderland et #194; Ginther et al., 2000a; b). The selected DF becomes
increasingly responsive to LH (Ginther et al., 2808nd continues growth in the face of
decreasing FSH concentrations.

Irrespective of the stage of the estrous cyclenduwhich follicles develop, the switch
from FSH (Adams et al.,, 1992) to LH dependency i&ukt al., 1999) is propagated
through the presence of LH receptors (LH-R) ondgfaulosa cells (Xu et al., 1995). LH-
R are localized to the theca and granulosa cellseafthy follicles, at different stages of
follicle development (Camp et al., 1991). As thdlidte grows, the theca cell LH-R
increases and LH-R is acquired by the granuloda oélthe follicle undergoing selection
to become the DF (Bao et al., 1997; Braw-Tal and Roth, 2005). Moreover, evidence
suggests transient increases in circulating LH eotrations that occur at or around the
time of follicle selection (Ginther et al., 2003)lows the DF to continue E2 production
and grow in a lesser FSH environment (Ireland aochi, 1983).

During the early luteal phase lesser amplitude gredter frequency (20 to 30 pulses /
24 h) LH pulses occur, in the mid-luteal period pHises are of greater amplitude and
lesser frequency (6 to 8 pulses/24 h) both of whach of insufficient amplitude and
frequency for final maturation and subsequent diaraof the DF (Rahe et al., 1980).
Thus, the DFs produced during the luteal phasén@festrous cycle undergo atresia, E2
and inhibin production decreases, and removes rhigative feedback block to the
hypothalamus/pituitary, FSH secretion can increas® a new follicle wave emerges. The
production of high concentrations of estradiol @edining characteristic of the DF (Ireland
and Roche, 1982; 1983) and prior to visible differences in follicle diameter; the putative
DF has greater follicular fluid concentrations sfradiol compared with other follicles in
its cohort (Sunderland et al., 1994; Mihm et al., 2000). The synthesis of estradiol is
dependent on the production of androgens in theatleells and subsequent aromatization
of these androgens to estrogens in the granuloBs keown as the two cell/two
gonadotrophin model (Fortune, 1988). The bindingilafto its receptors in the theca cells
drives the conversion of cholesterol to testosterttmough a series of catalytic reactions
(Dorrington et al., 1975).

Testosterone, once produced in the theca cellkjseg out into the granulosa cells
where it is converted to estrogens by the aromatizeyme (Dorrington et al., 1975).



Estradiol not only has a local effect on folliclev&élopment, but it also has a systemic role
via a positive feedback mechanism to the hypothataand pituitary gland. During the
follicular phase of the estrous cycle, when progresie concentrations are basal, this large
concentration of estradiol produced by the predenjaDF induces a GnRH surge from
the hypothalamus. The resulting LH surge is of isigiit amplitude and frequency to
stimulate final maturation and ovulation of the (Bunderland et al., 1994). The increased
estradiol concentration also induces expressionesifrous behaviour required for
successfully mating (Ireland, 1987).

Other intra-ovarian produced factors play a roleggulating the estrous cycle either
indirectly by altering the synthesis of estradioh@ direct negative feedback mechanisms
to the hypothalamus and the anterior pituitary dlarhe insulin like growth factor (IGF)
super-family consisting of its two ligands IGF-IdahGF-1l (Spicer and Echternkamp,
1995), two receptors IGFR-1 and IGFR-Il, (Hammorndak, 1991) and it numerous
binding proteins and proteases (IGFBP 1-6, pregnaaxsociated plasma protein-A:
PAPP-A) are responsible for the bioavailability IGF-1 in the ovarian follicle. The
bioavailability of IGF-I contributes to the growtproliferation and steroidogenic capacity
of the futue DF (Mihm et al., 2000; Rivera and Fortune, 2003; Canty et al., 2006),
indirectly affecting the estradiol induced negatifeedback mechanism to the
hypothalamus and pituitary. This in addition tolgacquisition of LH receptors by the
granulosa cell layer of the follicle undergoingestion are considered to be the main
mechanisms facilitating the process of follicleeséibn (Lucy, 2007). The transforming
growth factor beta (TGF) super-family contains oB€r structurally related proteins
including ligands (TGF, anti-mullerian hormone, ilwihs, activins, and bone
morphogenetic proteins (BMP’s), receptors (TGF-Rdl &l, activin receptor-like kinases;
ALK’s, accessory receptors ( TGF-RIII) and downatresignaling molecules (similar to
mothers against decapentaplegic; SMADS). The ligarthbers of this super-family were
first identified in follicular fluid through theimodulation of secreted FSH (Knight, 1996).
Activin can increase the production of estradiolfaflicular fluid (Knight and Glister,
2003) whereas follistatin impedes activins’ positisteroidogenic effects, both of which
can alter the estradiol feedback mechanism to ypethalamus and pituitary (Phillips and
de Kretser, 1998). Inhibins which have been deteicigranulosa cells in cattle play a role
in the suppression of FSH secreted in the antpriaitary also regulating the estrous cycle
(Findlay et al., 2002).
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Fig.2.2. Schematic depiction of the pattern of secretioRr®H, LH, P4 and E2; and the pattern of
growth of ovarian follicles during the oestrous leyin cattle. Each wave of follicular growth is
preceded by a transient rise in FSH concentratidaalthy growing follicles are shaded in yellow,
atretic follicles are shaded red. A surge in LH &%H concentrations occurs at the onset of
estrous and induces ovulation. The pattern of Sear@f LH pulses during an 8-hour window
early in the luteal phase (greater frequency, tessaplitude), the mid-luteal phase (lesser
frequency, lesser amplitude) and the follicular gghéhigh frequency, building to the surge) is
indicated in the inserts in the top panel.

2.1.3. Corpus luteum function during the estrous cycle

The CL originates from the cells of the ovulatoofli€le. LH, the major luteotrophic
hormone in cattle (Hansel, 1966), is responsibfestonulating luteinization of the theca
and granulosa cells of the pre-ovulatory folliahoi luteal cells (Alila and Hansel, 1984).
The function of the CL is to produce sufficient centrations of progesterone throughout
the luteal phase of the estrous cycle to maintaegmancy (if a conceptus is present) and
during pregnancy, to decrease gonadotrophin searetnd prevent behavioural estrous
occurring.

Moreover, sustained increased concentrations gfgsterone during the luteal phase of
the estrous cycle alter the expression patterneagg in the uterus (Forde et al., 2009).
During the mid luteal phase, these sustained higihcentrations of circulating
progesterone down regulate the nuclear progestesmeptor in the luminal epithelium of
the endometrium (Kimmins and MacLaren, 2001). Tia critical switch in allowing the
synchronous increase or decrease in genes of tlwersirium that are required to initiate
uterine receptivity — regardless of the pregnanatus of the animal (Spencer et al., 2008).
If, by Day 16 of the estrous cycle, the maternabgmition of pregnancy signal (interferon
tau) has not been detected in sufficient quantifiggolysis of the CL occurs. P@Hs
secreted by the uterus in the bovine (Lamothe .et18I77) and is the major luteolytic
hormone in ruminants (Kindahl et al., 1976; Nett et al., 1976). Oxytocin receptors in the
uterus bind oxytocin which propagates the episséicretion of PGE from the uterus.
PGk, then mediates the luteolytic mechanism via coucterent exchange between the
uterine vein and the ovarian artery (Fig. 2-3)uicidg regression of the CL. This reduces
circulating progesterone concentrations, estramiotentrations increase and GnRH in the
hypothalamus is stimulated as the animal enterfotheular phase of the estrous cycle.



