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Abstract 
 

The objectives of the present studies were to determine if chronic 

administration of a gonadotropin-releasing hormone (GnRH) agonist, Deslorelin, would 

increase circulating progesterone (P4) concentrations and subsequently increase 

pregnancy rates in dairy cattle. Administration of Deslorelin for 12 days increased 

luteal volume and circulating P4 concentrations in primiparous dairy cows, but 

increased only luteal volumes in multiparous cows. Treatment with Deslorelin 

increased day 45 pregnancy rates in cows compared to untreated controls. Chronic 

treatment with Deslorelin in dairy cattle: 1) increased luteal volume of the primary CL; 

2) induced accessory CL; 3) increased circulating P4 concentration; 4) did not lengthen 

the estrous cycle; and 5) increased pregnancy rates. This hormonal strategy may 

represent a suitable model to address local effects of P4 and GnRH/luteinizing hormone 

on uterine environment and embryonic survival. 

  



 

 

iv

Acknowledgements 
 

 Firstly, I would like to thank my major professor, Dr. Tracy L. Davis for providing 

me this opportunity to learn and grow, not only as a researcher, but as a person as well. 

You have given me the chance to travel the US and present my research and network 

with individuals I would not have otherwise met. We have struggled at times with our 

lab research, but have persevered and succeeded. Cheers! 

 I would like to thank my committee, Dr. Joe Dalton and Dr. Tom Spencer for their 

support and guidance. I would also like to thank the farm managers, Mr. Josh Peak, Mr. 

Jason Campbell, and Mr. Dave Casebolt, for putting up with my many calls to line up 

research and transport of animals to and from research facilities.  

 Next, I would like to thank my fellow graduate students. I am especially grateful 

for all of the dinners and nights out where we could all blow off steam and bond over 

common problems and successes. Without these nights, I think none of us would be 

able to make it through graduate school! 

 Finally, I would like to thanks my family for everything they have done for me. 

To my brother Cody, I know we didn’t always get along growing up, but now that we are 

both in college, we have grown closer. Thank you for all of your help. To my mother 

Mary Anne, thank you for always being there for me. I know there is never a problem 

we cannot figure out. You are there for me when I need to make tough decisions and 

when things fall through, there are never too many “I told you so’s”. To my father Gary, 

thank you for teaching me how to be the man I am today.  You have always pushed me 

towards education; you made sure I experienced hard manual labor and where it would 

get me without an education. With your guidance and support, you have shown me 



 

 

v 

what I can achieve through hard work and determination; all those years of growing up 

on our ranch have paid off. We may have never seen eye to eye all of the time, we are 

both strong willed, stubborn people, but I know you will always have my back and 

support me with what ever I decide to do. Thank you all.  



 

 

vi

Dedication 
 

This is dedicated to my family; without all of their love and support I would not be who 
and where I am today 

 



 

 

vii

Table of Contents 
 

Authorization to Submit Thesis ..................................................................................................................ii 

Abstract ................................................................................................................................................................iii 

Acknowledgements .........................................................................................................................................iv 

Dedication ...........................................................................................................................................................vi 

Table of Contents ............................................................................................................................................vii 

List of Tables ......................................................................................................................................................ix 

List of Figures .....................................................................................................................................................x 

Chapter 1: Review of Literature .................................................................................................................1 

 Introduction ..........................................................................................................................................1 

 Overview of the Estrous Cycle ......................................................................................................2 

 Estrous Synchronization Techniques ........................................................................................4 

 Development of the Embryo and Associated Membranes ...............................................6 

 Early Embryonic Loss ......................................................................................................................8 

 Maternal Recognition of Pregnancy and Role of INFT and P4 ......................................11 

 Methods of Increasing Circulating P4 ......................................................................................12 

 Conclusion ..........................................................................................................................................15 

References ..........................................................................................................................................16 

Chapter2: Effect of Chronic Administration of a GnRH Agonist on  
Luteal Function and Pregnancy Rates in Dairy Cattle.....................................................................24 
 

Abstract ................................................................................................................................................24 

 Introduction .......................................................................................................................................24 

 Materials and Methods ..................................................................................................................26 

 Results ..................................................................................................................................................33 



 

 

viii

 Discussion ...........................................................................................................................................35 

 References ..........................................................................................................................................41 

 Tables  ..................................................................................................................................................47 

 Figures ..................................................................................................................................................51 

Chapter 3: Limitations of Present Research and Future Research Direction ..............................55 

References...........................................................................................................................................58 

Appendices ........................................................................................................................................................59 

 Appendix A: Approval from Animal Care and Use Committee from the  
University of Idaho .........................................................................................................................59 
 
Appendix B: Ovarian Follicular Waves and Hormone Profiles for  
Experiments 1 and 2.......................................................................................................................61 
 
Appendix C: Table A.1 Number of Animals in Experiments 1 and 2  
with 2 or 3 Ovarian Follicular Waves......................................................................................75 
 
Appendix D: Table A.2 Number of Follicles per Follicular Wave  
Based on Size for Experiments 1 and 2...................................................................................77 
 
Appendix E: Table A.3 Average Number of Follicles on CL-bearing 
 and non-CL-bearing Ovary Throughout the Estrous Cycle...........................................79 
 
Appendix F: Effects of Chronic Administration of Deslorelin Treatment  
on Concentrations of P4 in Milk in Primiparous Cows.....................................................81 
 
Appendix G: Effects of Chronic Administration of Deslorelin Treatment  
on Concentrations of E2 in Milk in Primiparous Cows.....................................................83 
 

 
 

  



 

 

ix

List of Tables 
 

Table 2.1: Distribution of Dairy Cattle by Parity in the Untreated Controls and Cattle  
 Treated with Deslorelin for 7 or 12 Days for Experiment 3 .......................................47 
 
Table 2.2: Development of Accessory CL in Deslorelin-Treated Cows in  
 Experiment 1 and 2 .....................................................................................................48 
 
Table 2.3: Pregnancy (Day 45) and Calving Rates for Untreated Control Animals  

and Animals Treated with Deslorelin for 7 days (Days 3 – 10) or  
12 days (Days 3 – 15) .................................................................................................49  

 
Table 2.4: Pregnancy Rates Based on Parity ..........................................................................50 
 

 
  



 

 

x 

List of Figures 
 

Figure 2.1: Experimental design for experiment 1 using primiparous animals,  
experiment 2 using multiparous cows, and experiment 3 using animals of  
various parity to determine effects of Deslorelin treatment on pregnancy rates.........51 
 

Figure 2.2: Effects of chronic administration of Deslorelin treatment on luteal  
volumes (a) and circulating concentrations of P4 (b) in primiparous cows................52 
 

Figure 2.3: Effects of chronic administration of Deslorelin treatment on luteal  
volumes (a) and circulating concentrations of P4 (b) in multiparous cows................53 
 

Figure 2.4: Effects of chronic administration of Deslorelin treatment (open circles)  
for 7 days on circulating P4 concentrations (a) or 12 days (b)....................................54 

 



 

 

1 

Chapter 1: Review of Literature 

 
Introduction 

Reproductive efficiency is a contributing factor of economic profitability in most 

production livestock systems. Over the last four decades, milk production has increased 

in lactating dairy cattle; however, fertility has greatly declined (Faust et al., 1988; Nebel 

and McGilliard, 1993; Butler, 1998; Diskin and Morris, 2008). The value of a pregnancy 

is estimated to range between $300-$650 with an average of $450; factors influencing 

this value include future expected milk production, current days in milk, price of milk, 

age of the cow, stage of pregnancy, disease status, the value of cull cows, and cost of 

replacement heifers (Fricke et al., 2010). As milk prices are currently high and feed 

costs are low, milk production is expected to rise. In order to meet the demand in 

production, alternative reproductive management strategies are needed to increase 

pregnancy rates and the number of calves produced, thereby increasing the number of 

lactating animals. Although not all producers may need to implement reproductive 

management strategies, producers who struggle with reproductive efficiency in their 

dairy herds may benefit economically when using alternative reproductive 

management strategies.  

 Reasons for this decline in fertility are multifaceted. Dystocia, retained placenta, 

uterine infections, season of calving and subsequent rebreeding, lactation, and stress 

affect the fertility of dairy cows (Thatcher et al. 2006; Moore and Thatcher, 2006). 

Metabolic diseases, like ketosis and milk fever, and poor body condition may also factor 

into the decline. Nutrition, metabolic status, environment, age, parity, and lactation all 

play pivotal roles in the ability of the cow to reproduce efficiently (Moore and Thatcher, 



 

 

2 

2006; Sartori et al., 2002; Lucy, 2001, 2007). Four primary components of infertility in 

dairy cows are: 1) anovulatory or behavioral anestrous; 2) suboptimal progesterone 

(P4) concentrations and irregular estrous cycles; 3) abnormal embryo development; 

and 4) uterine and placental incompetence (Lucy, 2007). Low circulating P4 

concentrations are of special concern as a potential cause of decreased pregnancy rates 

in lactating dairy cows. This literature review will provide further insight on reasons for 

low fertility and potential strategies to increase circulating P4 during early embryonic 

development to overcome suboptimal P4 concentrations and increase pregnancy rates 

in lactating dairy cattle. 

Overview of the Estrous Cycle 

The normal length of the bovine estrous cycle is 21 days. Recruitment of a cohort 

of follicles on the ovary consistently occurs around day 0 to 1 of the cycle, and again on 

day 10 with two follicular waves or days 9 and 16 with three follicular waves (Savio et 

al., 1988; Sirois and Fortune, 1988; Ginther et al., 1989). Recruitment of follicles is 

initiated by an increase of follicle stimulating hormone (FSH) from the anterior 

pituitary (Richards, 1980) 1 to 2 days preceding the emergence of a new wave (Adams 

et al., 1992). As this cohort of follicles begins to develop on the ovary, stimulated by FSH 

and luteinizing hormone (LH) from the anterior pituitary, follicles begin to produce 

estradiol-17β (E2). Estradiol-17β, produced and secreted from the dominant follicle, 

feeds back in a negative manner to the anterior pituitary to suppress the secretion of 

FSH (Channing et al., 1982; Burger, 1988). Selection of a dominant follicle is preceded 

by the presence of luteinizing hormone receptors (LHR) expressed on the granulosa 

cells of the follicle (Xu et al., 1995). The shift in gonadotropin dependence, from FSH- to 
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LH-dependence, is a pivotal event in selection of the dominant follicle; by producing and 

secreting Inhibin, the dominant follicle disrupts FSH secretion from the anterior 

pituitary, suppressing growth of subordinate follicles (Xu et al., 1995; Pawson and 

McNeilly, 2005). Upon selection of the dominant follicle, follicles recruited within the 

cohort undergo atresia. In a three-wave cycle, the dominant follicle from the third wave 

becomes the pre-ovulatory follicle. Around day 17 to 18 of the estrous cycle, P4 begins 

to fall as the corpus luteum (CL) undergoes luteolysis, induced by pulsatile release of 

prostaglandin F2α (PGF2α) from the uterine endometrium (McCracken et al., 1999). With 

the demise of the CL, P4 negative inhibition on the hypothalamus is removed, allowing 

for stimulation of GnRH release by E2 secreted from the dominant follicle. As the 

dominant follicle continues to develop, E2 feeds back to the hypothalamus in a positive 

manner to increase the release of GnRH (Imakawa et al., 1986). Estradiol-17β increases 

until a threshold is met and initiates the preovulatory surge of GnRH. This leads to a 

surge of LH and subsequent ovulation of the dominant ovarian follicle roughly 24 to 34 

hours later (Walker et al., 1996). Upon ovulation, granulosa and theca interna cells of 

the follicle differentiate into large and small luteal cells, respectively (O’Shea et al., 

1987). Steroidogenic luteal cells, under the stimulation of pulsatile LH, begin to 

synthesize and secrete P4 as the CL develops (Armstrong and Black, 1966). Fully 

functional around day 8 to 9, size of the CL and P4 production plateaus and remains 

relatively constant until day 16 to 17. If the signal for maternal recognition of 

pregnancy (MROP) from the conceptus is not present, luteolysis will occur. Oxytocin 

(OT) released episodically from the posterior pituitary, binds to its receptor, up 

regulated by E2 in the uterus, inducing PGF2α release (McCracken et al., 1999). Binding 
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of PGF2α to its receptor in the CL also induces the release of oxytocin from large luteal 

cells (Silvia et al., 1991). With the demise of the CL, P4 negative inhibition on the 

hypothalamus is removed. Estradiol-17β induces the preovulatory surge of GnRH, and 

the estrous cycle begins again. 

Estrous Synchronization Techniques 

Understanding the series of time sensitive events that occur in follicular 

development has led to major advancements in reproductive management, including 

manipulation of the estrous cycle. One of the major synchronization protocols is 

Ovsynch, which can be initiated at any stage of the estrous cycle (Pursley et al., 1997). 

Ovsynch consists of administration of 100 μg of GnRH intramuscularly (i.m.), followed 

by an injection of 25 mg of PGF2α i.m. after seven days. Animals receive 100 μg GnRH 

i.m. 30-36 hours following PGF2α and are timed artificially inseminated (TAI) 16-20 

hours later (Pursley et al., 1997). In a comparison of control cows receiving only 

injections of 25 mg of PGF2α i.m. and receiving AI upon detection of estrus and cows 

receiving Ovsynch and TAI, Pursley et al (1997) reported no difference in pregnancy 

rates in lactating dairy cows. This protocol has allowed producers to synchronize 

ovulation without estrus detection and without detriment to pregnancy rates, as more 

cows synchronized at the same time, which reduces labor required for heat detection. 

Since the development of the Ovsynch protocol, numerous other protocols have been 

developed to synchronize ovulation. Peters and Pursley (2003) reported shortening the 

duration, from 36 to 0, 12, or 24 hours, between PGF2α and final GnRH lowered 

pregnancy rates as smaller ovulatory follicles were induced to ovulate. Brusveen et al 

(2008) reported an increase in pregnancy rates when extending the time between 
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PGF2α injection and final GnRH from 30 hours to 56 hours with TAI occurring at 72 

hours after PGF2α. Due to the increase in pregnancy rates, this is the estrus 

synchronization protocol that is most widely used.  Presynchronization consisting of 

two injections of 25 mg of PGF2α i.m. fourteen days apart, prior to initiation of Ovsynch, 

increased pregnancy rates between presynchronized cows (46.9%) and untreated 

controls (34.4%; Moreira et al., 2001; Navanukraw et al., 2004). Synchronization rates 

were increased with the inclusion of a progesterone-releasing intravaginal device 

(PRID) from initial GnRH injection to PGF2α in the Ovsynch protocol; however, 

pregnancy rates were no different in cows receiving a PRID compared to untreated 

control cows (Xu et al., 1996).  

Fertilization rates in heifers, non-lactating, and moderate yielding dairy cows are 

between 90 to 100% (Maurer and Chenault, 1983; Wiebold, 1988; Sartori et al., 2002; 

Diskin and Morris, 2008); however, conception rates are approximately 45% following 

AI after observed spontaneous estrus (Lucy, 2001). Previously, incorporation of TAI 

into a majority of synchronization protocols may have contributed to even lower 

conception rates, as low as 35% (Pursley et al., 1997; Lucy, 2001). Currently, better 

manipulation of the estrous cycle, more specifically follicular waves, may result in 

increased conception rates.  Double Ovsynch, consisting of the Ovsynch protocol 

without TAI followed by Ovsynch with TAI 7 days later, increased conception rates 

(49.7% vs. 41.7%) as more cows were at the same stage of the estrous cycle at the 

initiation of Ovsynch in which TAI was performed (Souza et al., 2008). 

Ovulation of the dominant follicle occurs between 24 and 34 hours after onset of 

detectable estrus (Walker et al., 1996; Pursley et al., 1997). Cattle bred on detection of 
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estrus have greater conception rates (Kasimanickam et al., 2005). When breeding on 

estrus detection, cows are provided semen at the more appropriate time relative to 

when ovulation will occur. In a TAI situation, cattle are not always observed to be in 

estrus; this may be due to a small, less estrogenic dominant follicle in which the cow 

fails to show behavioral estrus (Brantmeier et al., 1987). Response to the initial GnRH 

injection of the Ovsynch protocol varies by day of the estrous cycle in which Ovsynch is 

began, with greatest rates of ovulation on days 5 to 9 of the estrous cycle due to 

presence of a dominant follicle (Vasconcelos et al., 1999). When follicles are induced to 

ovulate, smaller sized follicles may be induced to ovulate when compared to follicles 

that ovulate spontaneously (Vasconcelos et al., 1999). Smaller ovulatory follicles 

develop into smaller sized CL, which leads to decreased concentrations of circulating P4 

(Vasconcelos et al., 2001; Peters and Pursley, 2003). Although there is no set threshold 

of P4 that will maintain a pregnancy, researchers consider a successful CL to secrete >1 

ng/ml; not all cows have the same threshold and it may even differ in an individual 

animal between estrous cycles. 

Development of the Embryo and Associated Membranes 

 Diskin and Morris (2008) report fertilization rates between 90 to 100% when 

semen from high fertility bulls is used in AI of heifers and moderate-producing dairy 

cows. Similar fertilization rates occur in high-producing lactating dairy cows (Wiebold, 

1988; Ryan et al., 1993; Sartori et al., 2002); however, at higher ambient temperatures, 

fertilization rates are lower with 55% in lactating cows compared to 100% in heifers 

(Sartori et al., 2002). The zygote is formed shortly after fertilization and develops into a 

morula embryo. The embryo at the morula stage enters the uterine lumen between 
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days 5 or 6 with formation of the blastocyst on day 7 or 8 (Guillomot, 1995). The 

blastocyst consists of the inner cell mass, which develops into the fetus, the 

trophectoderm that develops into the extraembryonic membranes, and the fluid filled 

blastocoele. After hatching, around day 9, the blastocyst grows from a round cluster of 

cells into an elongated filamentous structure (Dorniak et al., 2013). By day 15 to 16 the 

filamentous conceptus (the embryo and associated extraembryonic membranes) will 

occupy the full length of the ipsilateral uterine horn to the CL and extend into the 

contralateral horn (Guillomot, 1995).   

The trophectoderm, a single-cell layer that forms the extraembryonic 

membranes, elongates and plays a pivotal role in maternal-fetal communication that is 

critical for the establishment and continuance of pregnancy (Bazer et al., 1991). 

Interaction between the conceptus and the uterus prior to implantation is initiated by 

P4 and is mediated through differential gene expression (Spencer et al., 2004). 

Expression of P4-stimulated endometrial genes promotes survival, growth, and 

development of the blastocyst (Spencer et al., 2008). Translated proteins from these 

stimulated genes from the endometrium regulate conceptus growth and elongation 

(Forde et al., 2012). As the conceptus begins to grow and develop, the trophoblast layer 

synthesizes and secretes interferon tau (IFNT), prostaglandins (PG), and cortisol, which 

regulate expression of elongation- and implantation-related genes in the endometrial 

epithelia (Bazer et al., 2009; Dorniak et al., 2011; Spencer et al., 2013; Dorniak et al., 

2013). Implantation of the conceptus in cattle is initiated by day 25 when trophoblast 

cells come in close contact with uterine epithelium sites, known as caruncles. Adhesion 
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is the final step, which gives rise to the cellular structure of an epithelio-chorial placenta 

(Guillomot, 1995). 

Early Embryonic Loss 

As stated previously, there is no one cause of decreased pregnancy rates in 

lactating dairy cattle. The Committee on Bovine Reproductive Nomenclature (1972) 

defines embryonic mortality to losses during the embryonic period, which extends from 

conception to differentiation, approximately 45 days of gestation. Early embryonic loss 

in cattle is approximately 40%, with 80% occurring between days 8 and 16 post-

insemination (Dunne et al., 2000).  Reasons for early embryonic mortality in dairy cattle 

are multifaceted. Oocyte quality is a major indicator of future embryonic development. 

Oocytes flushed from cows of low body condition score, an indicator of metabolic 

status, had lower rates of cleavage and blastocyst formation compared to cows with 

higher body condition scores (Snijders et al., 2000). Lactation may also affect 

embryonic quality. Embryos collected from heifers graded higher and had fewer 

degenerate embryos when compared to embryos recovered from lactating cows 

(Sartori et al., 2002). Sartori et al. (2002) reports higher body temperatures in lactating 

cows compared to heifers when exposed to similar environments. Lenz et al. (1983) 

reports oocytes exposed to high temperatures in vitro lowered oocyte maturity and 

capacity of the oocyte to become fertilized. Lactation also increases nutrient demand 

and metabolism to meet the increase in production. 

Dry matter intake (DMI) by the cow must increase to meet energy and nutrient 

requirements as milk production increases. Metabolism of steroid hormones occurs in 

the liver, which is the major site of P4 clearance from circulation (Parr et al., 1993). As 
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the plane of nutrition increases, liver blood flow (LBF) increases dramatically in sheep 

(Burrin et al., 1989). Dunne et al. (1999) reports in beef heifers, an increase in feed 

intake before AI decreased embryonic survival. Sangsritavong et al. (2002) reports an 

increase in LBF in lactating dairy cows increased metabolic clearance rate of P4. 

Lactating dairy cows may have an increased risk of early embryonic loss due to a 

decrease in circulating P4 concentrations resulting from increased P4 clearance 

(Sangsritavong et al., 2002). Embryonic mortality is greater in cows when compared to 

heifers, a reason for lower fertility in cows (Sartori et al., 2002; Diskin et al., 2006; Berg 

et al., 2010). High milk producing cows have an increased risk of early embryonic 

mortality than moderate- and low-producing cows and non-lactating heifers (Sartori et 

al., 2002; Diskin et al., 2006; Moore and Thatcher, 2006; Diskin and Morris, 2008); as 

milk production increases, nutrient metabolism must increase to meet the nutrient 

demand, thereby lowering circulating P4 concentrations due to increased P4 

metabolism.  

Lesser circulating concentrations of P4 in cows might contribute to subfertility or 

infertility (Ahmad et al., 1996; Butler et al., 1996; McNeill et al., 2006; Stronge et al., 

2005).  McNeill et al. (2006) shows a positive correlation between milk P4 

concentrations as early as day 4 post-ovulation and embryo survival in dairy cattle.  

Similar findings of early embryonic loss likely due to luteal insufficiency have been 

reported in beef cows and heifers (Hill et al., 1970; Maurer and Echternkamp, 1982).  

Sheep with greater P4 concentrations before day 5 resulted in increased conceptus 

development, with 78% of conceptuses at the filamentous stage on day 13, when 

compared to ewes with lesser P4 concentrations before day 5 (0%; Nephew et al., 
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1991).  The use of a P4 receptor antagonist, RU486, in sheep results in lack of recovered 

blastocysts, indicating P4 is critical during early embryonic development (Satterfield et 

al., 2006).  Not only do lesser P4 concentrations presumably contribute to fertility 

issues, but the rate at which P4 concentrations increase during the post-conception 

period does as well.  A delayed rise in P4 concentrations after ovulation delays 

embryonic development in cattle (Ahmad et al., 1996; Green et al., 2005; Henricks et al., 

1971; Mann et al., 2006; Mann and Lamming, 2001; McNeill et al., 2006). 

Pre-implantation development of the conceptus plays a major role in survival of 

the pregnancy.  Embryonic development is dependent on circulating P4 concentrations, 

which regulate gene expression and uterine secretions (Spencer and Bazer, 2004). A 

delayed rise in P4 after ovulation may delay the required down-regulation of the 

progesterone receptor (PGR) in the endometrium, altering embryonic development 

(Ahmad et al., 1996; Mann et al., 1998; Spencer et al., 2007). Lesser concentrations of 

circulating P4 seem to contribute to infertility, but the rate at which P4 increases after 

ovulation during the early luteal phase may have the greatest impact. A delayed rise in 

P4 after ovulation during the early luteal phase delays embryonic development in cattle 

(Henricks et al. 1971; Ahmad et al. 1996; Mann and Lamming, 2001; Green et al. 2005; 

Mann et al. 2006; McNeill et al. 2006). Slow developing embryos may not be able to 

inhibit luteolysis and resumption of the estrous cycle; because an underdeveloped 

embryo might not produce adequate amounts of INFT to signal MROP and prevent 

luteolysis. 
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Maternal Recognition of Pregnancy and Role of IFNT and P4 

Maternal recognition of pregnancy is the physiological process by which the 

conceptus signals its presence to the maternal system (Bazer et al., 1991). The 

conceptus secretes IFNT for maintenance of CL function and establishment of 

pregnancy in ruminants (Bazer et al., 1991). Secretion of IFNT from the trophectoderm 

occurs between days 10 to 25 with maximal secretion around days 14 to 16 of 

pregnancy (Roberts et al., 1999). Interferon tau is the antiluteolytic signal that acts in a 

paracrine manner between the trophectoderm and the endometrium to prevent 

pulsatile release of PGF2α from the endometrium, which initiates luteolysis and 

subsequently lowers circulating concentrations of P4 in cattle (Thatcher et al., 1989; 

Spencer et al., 2007). Oxytocin, released from the posterior pituitary, binds to the 

oxytocin receptor (OTR) in the endometrium and induces the pulsatile release of PGF2α 

from the uterine endometrium, which initiates luteolysis (McCracken et al., 1999). The 

antiluteolytic role of IFNT is to inhibit transcription of estrogen receptor alpha (ESR1), 

which subsequently inhibits the expression of OTR in the endometrium (Dorniak et al., 

2013). Thus, the endometrium cannot produce luteolytic pulses of PGF2α in response to 

oxytocin (Spencer et al., 2004); therefore, the CL and pregnancy are sustained.  

Interferon tau regulates endometrial gene expression within the luminal 

epithelium (LE), glandular epithelium (GE), and stroma (Spencer et al., 2004). Genes 

stimulated by IFNT, known as IFN-stimulated genes (ISGs), are presumed to play a 

major role in endometrial differentiation and conceptus implantation (Spencer et al., 

2008). Many ISGs, like ISG15 and WNT7A, are expressed in early pregnancy, day 10, 

become down-regulated around days 12 to 13, and are then stimulated by the presence 
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of IFNT after day 13 (Spencer et al., 2008). Some genes are induced by P4 in the LE and 

GE and further stimulated by IFNT (Spencer and Bazer, 2004; Dorniak et al., 2013) all of 

which apparently aid in the preservation and continuance of pregnancy. All of the 

positive actions towards maintenance of pregnancy depend on development and ability 

of the conceptus to prevent luteolysis. Lesser growth of the conceptus reduces IFNT 

production, maintenance of the CL and P4 production, and viability of the conceptus and 

continuance of pregnancy. 

Methods of Increasing Circulating P4    

 Enhancing P4 concentrations either through administration of exogenous P4 or 

induction of accessory CL to increase endogenous P4 are strategies that have been 

examined. Garrett et al. (1988) administered daily injections of P4 early in the cycle, 

days 1 through 5, and increased circulating P4 concentrations and advanced conceptus 

development and subsequent IFNT production.  Insertion of a controlled internal drug 

release (CIDR) to non-lactating dairy cows on day 5 (Mann et al., 2006) or a PRID on 

day 3 in beef heifers (Carter et al., 2008; Clemente et al., 2009) has similar results as 

daily injections of P4 (Garrett et al., 1988).  Others using CIDRs (Rhodes et al., 2001) or 

PRIDs (Hanlon et al., 2005a) after insemination of cows did not improve pregnancy 

rates.  Insertion of a CIDR on day 2 of pregnancy is detrimental to embryo survival (Van 

Cleeff et al., 1996), likely due to alterations in oviductal transport of embryo and 

potential incidence of short-cycling. Ottobre et al. (1980) reported injections of P4 eight 

hours after detection of estrus shortened cycle length (12.5 days) when compared to 

untreated controls (16.3 days) likely due to P4 negative inhibition on the hypothalamus 

and release of GnRH. Development of embryos treated with P4 in vitro and implanted 
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into recipient cows is not altered, indicating an effect of P4 on the uterine environment 

and not on the embryo (Clemente et al., 2009).  Morula and blastocysts recovered from 

cows receiving a CIDR beginning day 3 of pregnancy were not altered in terms of the 

morphology of the embryos recovered (Carter et al., 2008). It is hypothesized that early 

exposure to P4 following ovulation alters endometrial transcriptome and uterine 

luminal protein content that provides an adequate environment for development of the 

embryo (Forde and Lonergan, 2012).  Lesser concentrations of P4 during this same 

period alter the endometrial transcriptome as well, resulting in an inadequate uterine 

environment to support conceptus development and elongation (Forde et al., 2011; 

Dorniak et al., 2013).   

 Human chorionic gonadotropin (hCG) induces accessory CL and increases P4 

concentrations, but has inconsistent effects on pregnancy rates in cattle (Kerbler et al., 

1997; Santos et al., 2001; Rizos et al., 2012; Maillo et al., 2014).  Administration of hCG 

on day 5 after AI increased pregnancy rates in dairy cows with those losing body 

condition being most responsive (Moore and Thatcher, 2006).  Santos et al. (2001) 

reported that treatment with hCG (3,300 IU i.m.) on day 5 after AI induced an accessory 

CL, increased P4 concentrations, and improved conception rates in lactating dairy cows 

by 7.1% on day 28.   Human chorionic gonadotropin treatment on day 5 after TAI 

improves pregnancy rates in primiparous cows compared to controls, whereas older 

cows receiving hCG did not differ in pregnancy rates when compared to controls 

(Nascimento et al., 2013).  Further, use of hCG 5 days after insemination does not 

improve pregnancy rates in anovulatory anestrous dairy cows (Hanlon et al., 2005b).  

Use of hCG on day 5 after AI or estrus requires a dominant follicle to be present on the 
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ovaries to respond to hCG, which has LH-like activity, for ovulation to occur and 

subsequent formation of an accessory CL. 

 Numerous studies using a GnRH agonist during different days of the estrous 

cycle or pregnancy have been conducted to determine the subsequent effects of the 

treatment on P4 concentrations and embryonic loss in dairy cows.  Use of a GnRH 

agonist, Deslorelin, in estrous synchronization programs to induce ovulation has shown 

to have little to no effect on circulating P4 concentrations (Bartolome et al., 2004) or 

decrease pregnancy rates depending on the dose of Deslorelin (Santos et al., 2004). 

Pregnancy rates in cows treated with a 450μg implant of Deslorelin 48 hours past PGF2α 

injection of the Ovsynch protocol to induce ovulation were similar to untreated controls 

(41.3% and 39%, respectively). Conversely, cows implanted with 750μg had lower 

pregnancy rates (27.5%; Santos et al., 2004).  Use of GnRH agonist implants in Holstein 

cows to induce accessory CL, increases P4 concentrations, but does not increase 

pregnancy rates (Rajamahendran et al., 1998).  Insertion of a 2.1 mg Deslorelin implant 

on day 27 of pregnancy results in the formation of an accessory CL, increased P4 

concentrations, but no reduction in pregnancy loss between days 45 and 90 compared 

to controls (Bartolome et al., 2006). Administration of GnRH 5 days after AI induces 

accessory CL, increases P4, but does not improve pregnancy rates (Howard et al., 2006).  

Similar to hCG, use of GnRH or an agonist of GnRH on day 5 requires a dominant follicle 

responsive to LH for ovulation to occur and form an accessory CL.  Chronic 

administration of a GnRH agonist, beginning day 3 (Day 0 = estrus) of the estrous cycle 

at a dose of 1μg/kg of body weight-1 per day-1, increases basal LH secretion, area of the 
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CL, and circulating P4 concentrations in beef heifers (Davis et al., 2003).  Further 

investigation of this hormonal strategy is the focus of the thesis. 

Conclusion 

 The success of a pregnancy is determined by many factors, however, Lucy 

(2007) has stated four primary components contributing to lower pregnancy rates in 

lactating dairy cows; 1) anovulatory or behavioral anestrous; 2) suboptimal P4 

concentrations and irregular estrous cycles; 3) abnormal embryo development; and 4) 

uterine and placental incompetence. Of these four components, circulating 

concentrations of P4 are of special concern in lactating dairy cattle. Progesterone is 

required for preparation of the uterine environment for pregnancy by altering 

endometrial gene expression and stimulating synthesis and secretion of histotroph. A 

later or lesser rise in P4 will lead to delayed growth of the conceptus as the uterine 

environment may not be conducive to pregnancy. An underdeveloped conceptus may 

secrete inadequate amounts of IFNT to inhibit luteolysis and maintain the pregnancy. 

The objectives of the current study were to implement the model developed by Davis et 

al. (2003) to overcome sub-luteal function during this period of critical embryonic 

development, increase luteal volume and subsequent circulating P4 concentrations, and 

improve pregnancy rates in dairy cattle. 
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Chapter 2: Effect of Chronic Administration of a GnRH Agonist on Luteal Function 

and Pregnancy Rates in Lactating Dairy Cattle 

 

Abstract 

Increased embryonic losses may be associated with inadequate progesterone 

(P4) concentrations in high-producing lactating dairy cattle. The objectives of the 

present studies were to determine if chronic administration of a gonadotropin-

releasing hormone (GnRH) agonist, Deslorelin, would increase circulating P4 

concentrations and subsequently increase pregnancy rates in dairy cattle. 

Administration of Deslorelin for 12 days increased (P < 0.05) luteal volume and 

circulating P4 concentrations in lactating dairy cows. Treatment with Deslorelin 

increased Day 45 pregnancy rates in cows as compared to untreated controls. Chronic 

treatment with Deslorelin in dairy cattle: 1) increased luteal volume of the primary CL; 

2) induced accessory CL; 3) increased circulating P4 concentration; 4) did not lengthen 

the estrous cycle upon removal of treatment; and 5) increased pregnancy rates. This 

hormonal strategy may represent a suitable model to address local effects of P4 and 

GnRH/luteinizing hormone on uterine environment and subsequent embryonic 

survival. 

Introduction 

 In cattle, maternal recognition of pregnancy (MROP) must occur by day 16 to 

inhibit luteolysis so P4 production and pregnancy is maintained. The elongating 

conceptus must secrete interferon tau (IFNT) for MROP (Spencer et al., 2007). It has 

been speculated that fertilization rates are greater than 90% in cows (Kidder et al., 

1954; Bearden et al., 1956; Hill et al., 1970; Diskin et al., 2006; Diskin and Morris, 2008) 

and early embryonic loss is 40% with approximately 80% of embryonic loss occurring 
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primarily between days 8 and 16 post-insemination (Dunne et al., 2000). Early 

embryonic loss is considered loss of the embryo before day 16, while embryonic loss is 

during the embryonic period. Maurer and Chenault (1983) reported 67% of embryonic 

loss occurs by day 8, and 33% of the loss occurs between days 8 and 16 in both parous 

and non-parous beef cattle. It has been speculated that the oviductal and uterine 

environments on Days 3 to 7 post-conception are important for embryonic 

development and survival (Stronge et al., 2005; McNeill et al., 2006; Diskin and Morris, 

2008). The Committee on Bovine Reproductive Nomenclature (1972) defined the 

embryonic period of gestation as conception to 42 days of gestation, or end of 

differentiation.   

 Lesser concentrations of circulating P4 in lactating dairy cows might be one 

component of infertility (Ahmad et al., 1996; Butler et al., 1996; Stronge et al., 2005; 

McNeill et al., 2006; Starbuck et al., 2006). McNeill et al. (2006) showed a positive 

correlation between milk P4 concentrations as early as day 4 post-ovulation and 

embryo survival in dairy cattle. Early embryonic loss likely due to luteal insufficiency 

occurs in beef cows and heifers (Henricks et al., 1971; Maurer and Echternkamp, 1982). 

The importance of P4 during early embryonic development was confirmed when 

administration of RU486, a P4 receptor antagonist, resulted in lack of recovery of 

blastocysts from ewes (Satterfield et al., 2006). Lesser concentrations of circulating P4 

seem to contribute to infertility, but the rate at which P4 increases during the early 

luteal phase may have a greater impact. A slow increase in P4 after ovulation during the 

early luteal phase delays embryonic development in cattle (Henricks et al., 1971; 

Ahmad et al., 1996; Mann and Lamming, 2001; Green et al., 2005; Mann et al., 2006; 
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McNeill et al., 2006). Garrett et al. (1988) showed that daily injections of P4 on Days 1, 2, 

3, and 4 of pregnancy increased circulating concentrations of P4 on Days 2 thru 5, 

conceptus length on Day 14, and subsequent uterine concentrations of IFNT.  

 Chronic administration of a GnRH agonist increases basal and mean 

concentrations of luteinizing hormone (LH) in beef heifers (Davis et al., 2003). Elevated 

concentrations of LH provided greater luteotropic support and the CL in GnRH agonist-

treated heifers was greater in size with subsequent greater concentrations of P4 in 

circulation (Davis et al., 2003). This impact of a GnRH agonist on the CL is evident only 

when the agonist is administered when the CL is developing, rather than once the CL is 

fully developed (Davis et al., 2003). The present objective was to determine if chronic 

administration of a GnRH agonist will alter luteal function and initiate an increase in P4 

concentrations in lactating dairy cattle. The hypothesis was that chronic administration 

of a GnRH agonist would increase circulating progesterone concentrations earlier in the 

estrous cycle and improve pregnancy rates in dairy cattle. 

Materials and Methods 

Experiment 1: Alteration of Luteal Size and Function by Chronic Administration of a GnRH 

Agonist in Primiparous Lactating Dairy Cows 

 All animal experimentation was performed in compliance with regulations by 

the Office of Research Assurances, Institutional Animal Care and Use Committee, 

University of Idaho, Moscow, Idaho (Appendix A). Primiparous Holstein and Holstein x 

Jersey cows (476.7 ± 12.8 kg) from the University of Idaho Dairy Center were randomly 

assigned to this experiment. Cows were housed in a tie-stall barn and fed 35 kg of a 

total mixed ration diet twice daily after milking. Cows were milked at 0600 and 1800 
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daily with samples taken at each time, placed on ice to be transported to the laboratory 

and frozen at -20oC until time of analysis for P4, E2, and Deslorelin quantification. Daily 

blood samples were taken and plasma frozen at -20oC until analysis for P4 and E2. The 

average days in milk at the time of the experiment were 72.8 ± 2.8 and milk production 

throughout the experiment averaged 32.0 ± 1.2 kg. The experimental design is shown in 

Figure 2.1. Animals were synchronized using the Ovsynch protocol (Pursley et al. 1997). 

Cows were not inseminated, however, the day TAI would have occurred was considered 

day 0 of the experiment. Cows were randomly assigned as untreated controls (n = 6) or 

treated (n = 6) with a GnRH agonist (Deslorelin, [Pyr-His-Trp-Ser-Tyr-D-Trp-Leu-Arg-

Pro-NHEt]) administered beginning on day 3 following observation of ovulation and 

continuing through day 15 via an osmotic pump placed under the skin near the seventh 

rib. Size of the ovulatory follicle and changes in luteal volume were determined by 

trans-rectal ultrasonography conducted from day -3 through the ovulation of the 

following estrous cycle (Figure 2.1). 

Experiment 2: Alteration of Luteal Size and Function by Chronic Administration of a GnRH 

Agonist in Multiparous Lactating Dairy Cows 

 Lactating multiparous cows (n = 18; 6 second lactation, 8 third lactation, 3 fourth 

lactation, 1 fifth lactation) were used for the second experiment to determine if 

Deslorelin would alter the size and function of the CL. Cows were managed as described 

in experiment 1. The cows were of similar body weight (602.1 ± 12.7 kg) and were 129 

± 11 days in milk with milk production averaging 22.9 ± 0.9 kg throughout the 

experiment. Estrus was synchronized using the Ovsynch protocol (Pursley et al., 1997). 

Timed artificial insemination (day 0) 24 hours after final GnRH injection was done by a 
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single technician using semen from the same sire to reduce variability. Daily blood and 

milk samples were taken as described previously and frozen at -20oC until analysis. Size 

of the ovulatory follicle and changes in luteal volume were determined by trans-rectal 

ultrasonography from day -3 to day 0 and day 3 through the subsequent ovulation, 

except on day 14 (Figure 2.2). Cows were evenly distributed by parity and then 

randomly assigned by parity to untreated controls (n = 9) or Deslorelin-treated (n = 9) 

between days 3 and 15. On day 15 the conceptuses were recovered by flushing both 

uterine horns to measure conceptus development and interferon-tau quantification. 

Uterine flushings were immediately examined for conceptus tissue. All cows received 

an injection of prostaglandin F2α (PGF2α; 25 mg i.m., Lutalyse, Pharmacia & Upjohn Co., 

Kalamazoo, MI) following the uterine flush.  

Experiment 3: Effects of Chronic Administration of a GnRH Agonist on Pregnancy Rates  

 Holstein and Holstein x Jersey cows at the University of Idaho Dairy Center were 

used to determine if Deslorelin treatment would increase pregnancy rates in dairy cows 

in a small pilot study. Lactating multiparous, primiparous, and non-lactating nulliparous 

animals (Table 2.1, n = 30) were used in this experiment. Animals were synchronized 

using a modified Ovsynch protocol (Pursley et al. 1997). The protocol was the initial 

administration of GnRH (100 μg) followed seven days later with two administrations of 

PGF2α (25 mg each dose) 12 hours apart, followed by administration of GnRH (100 μg) 

36 hours later. Animals were TAI at 16 hours following the 2nd GnRH injection and 

administered a second dose of GnRH (100 μg) was at TAI.  A second TAI was performed 

again 12 to 16 hours later (GnRH-7d-PGF2α-12h-PGF2α-36h-GnRH-16h-TAI+GnRH-12-

16h-TAI). This synchronization protocol is routinely used at the university dairy, 
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developed by the herd manager. The semen used was chosen by the herd manager as 

part of the routine management of the herd. The herd manager, who is normally 

responsible for AI, performed artificial insemination. Animals were randomly assigned 

as untreated controls (n = 10), 7 days of Deslorelin treatment (Days 3 – 10; n = 10), or 

12 days of Deslorelin treatment (Days 3 – 15; n = 10). Ultrasonography was conducted 

on day 45 to determine pregnancy. 

Administration of GnRH Agonist 

Deslorelin was graciously provided by Dr. Paul Schober (Peptech Animal Health 

Pty Limited, Australia). Cows were treated with Deslorelin at a concentration of 1-μg/kg 

body weight-1 day-1 using Alzet osmotic pumps (DURECT Corp., Cupertino, CA). 

Lyophilized Deslorelin was re-suspended in sterile 0.15 M NaCl (J.T. Baker, VWR 

International) at 0.01 mg/μl for a stock solution. The Deslorelin stock solution was filter 

sterilized. The 14-day Alzet 2ML2 osmotic pump model was used with an average 

pumping rate of 4.96 μl/h (12 days of treatment). The 7-day Alzet 2ML1 osmotic pump 

model was used for 7 days of Deslorelin treatment in the pregnancy study (experiment 

3) with an average pumping rate of 10.0 μl/h. Filled pumps were incubated at 37oC in 

sterile 0.15 M NaCl overnight prior to implantation into the cows to initiate delivery of 

Deslorelin at the onset of insertion. Osmotic pumps were inserted subcutaneously near 

the seventh rib using a local anesthetic of lidocaine. Pumps were implanted on day 3 

and removed on day 10 (7 days of treatment) or day 15 (12 days of treatment) of the 

experiment. The remaining volume of solution was aspirated from the pumps to ensure 

that the appropriate amount of Deslorelin had been delivered to the animal. 
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Ultrasonography  

Transrectal ultrasonography was performed using an Aloka 500 V ultrasonographic 

monitor and 7.5-MHz linear probe (Corometrics, Wallingford, CT). Using a frozen image 

of the maximal size of ovarian follicles and CL, agreed upon by the person conducting 

the ultrasonography and another experienced with the procedure, the largest diameter 

(mm) was recorded for follicles. Size of the ovulatory follicle was the last recorded 

measurement for the structure before ovulation and followed for subsequent presence 

of luteal tissue in the same location on the ovary. Size of the CL was calculated using the 

maximal area measurements converted to volume using the formula V = 4/3 x π x R3 

with the radius being calculated by the formula R= √area/π. Presence of a cavity within 

the luteal tissue was subtracted from the total volume. Palpation of the reproductive 

tract causes release of PGF2α and decreases embryo viability (Green et al., 2005; Looney 

et al., 2006). Others have reported release of PGF2α and loss of pregnancy due to 

manipulation of the reproductive tract (Wann and Randel, 1990; Vaillancourt et al., 

1979). Starbuck et al. (2004) reported no detriment to pregnancy with frequent 

manipulation of the reproductive tract. Daily palpation and ultrasonography of the 

reproductive tract was not performed in experiment 3 to prevent the potential release 

of PGF2α. 

Blood Sampling 

Jugular blood samples were collected daily for experiments 1 and 2 and 

coccygeal venipuncture was conducted for experiment 3. Blood samples were collected 

in Vacutainer tubes containing sodium heparin (BD Diagnostics, Franklin Lakes, NJ). 

Samples were immediately placed on ice to be transported to the laboratory. Samples 
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were centrifuged at 1,500 x g for 15 min, plasma collected, and stored at -20oC until 

assayed for hormone concentrations. Blood samples were collected daily beginning on 

day 0 and continued until ovulation occurred for the next estrous cycle (experiment 1). 

Sampling began on day -3 and continued until animals returned to estrus after 

discontinuation of treatment in experiment 2. Blood samples were collected from day -3 

through day 21 and day 45 in experiment 3.  

Radioimmunoassays 

 All assays were completed at the Endocrine Laboratory, Animal Reproductive 

and Biotechnology Laboratory, Colorado State University. Concentrations of P4 in 

plasma for all experiments were determined by RIA (Niswender, 1973). Intra-assay 

coefficients of variation (CV) averaged 4.0%, and the inter-assay CV was 13.2%. 

Sensitivity averaged 50.7 pg/ml. Steroid hormones were extracted from milk collected 

in experiment 1 using 5 ml of petroleum ether (Sigma Aldrich, St. Louis, MO). Samples 

sat for 5 min to allow phase separation and then were frozen in a dry-ice methanol 

bath. The solvent was decanted into another glass tube and dried under nitrogen. Lipid 

precipitation of the sample was performed using 2 ml of HPLC grade methanol. Samples 

were vortexed for 2 min and incubated for 60 min at -80oC. Lipids were pelleted by 

centrifugation for 10 min at 1,500 x g at 0oC in pre-chilled carriers (-20oC). The 

supernatant was decanted carefully into a fresh glass tube so not to disrupt the lipid 

pellet. Removal of methanol was done by drying in a heating block (45oC) under 

nitrogen. The sample was reconstituted with 1.0 ml 0.01 M PBS (pH 7.0) containing 

0.01% gelatin, vortexed for 2 min, and allowed to set overnight at 4oC before being 

assayed. Bulk tank milk samples were spiked with either [3H]-E2 or [3H]-P4 overnight at 
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4oC to determine recovery of steroid hormones following lipid extraction. Progesterone 

recovery was 65%, and E2 recovery was 77%. Concentrations of P4 in milk were then 

determined by RIA (Niswender, 1973). The intra-assay CV was 3.3 %. Concentrations of 

E2 in milk were determined by RIA as previously described (Thompson et al., 1978). 

The intra-assay CV for E2 was 3.2% and sensitivity was 1.4 pg/ml. Deslorelin 

concentrations were determined in milk samples for experiment 1. An initial extraction 

using methanol was done followed by incubation of samples for 24 hours at -20oC to 

precipitate and remove remaining lipid in samples. Samples were centrifuged for 15 

min at -5oC at 1,500 x g in chilled carriers (-20oC). Supernatant was decanted into fresh 

glass tubes and the lipid extraction was repeated. Following the second centrifugation 

and pour off, methanol was removed by drying under nitrogen in a heated block (45oC). 

Deslorelin was measured using an anti-rabbit leuprolide primary antibody (CSU R7), 

anti-rabbit gamma globulin as the secondary antibody, and the radiolabeled hormone 

was 125I-DAla6-GnRH. The intra-assay CV averaged 2.6% and the inter-assay CV was 

11.9%. 

Statistical Analysis 

 Plasma P4 and CL volume were examined by analysis of variance (ANOVA) using 

repeated measures of the mixed procedure of Statistical Analysis System (SAS; SAS 

Institute Inc., Cary, NC version 9.3).  The statistical model included the treatment, the 

repeated factor day, and the treatment x day interaction. Cow within treatment was 

designated as a random effect and the covariance structure used was heterogeneous 

autoregressive, as it offered the best-fit statistic. Differences in least square means 

between the control group and treatment groups were determined using PDIFF 
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statement of SAS. Pregnancy status at day 45 was evaluated using Chi-square, 

procedure frequency, of SAS. Size of ovulatory follicle and length of estrous cycle, as 

determined from ovulation to ovulation, were analyzed by Student T-test. Two cows in 

the Deslorelin treated group were removed from the analysis for experiment 1, as the 

osmotic pump for one cow failed to deliver the GnRH agonist, and the other cow had a 

short-lived CL that was the first CL post-partum. In experiment 2, two control cows 

were removed from the analysis as double ovulation occurred; two Deslorelin-treated 

cows were removed from the analysis due to treatment for mastitis; one Deslorelin-

treated cow was removed from the analysis as the pump failed to deliver the GnRH 

agonist. 

Results 

Experiment 1: Alteration of Luteal Size and Function by Chronic Administration of a GnRH 

Agonist in Primiparous Lactating Dairy Cows 

 The size of the ovulatory follicle did not differ between the untreated control 

(16.9 ± 1.3 mm) and Deslorelin-treated cows (17.5 ± 1.4 mm).  Luteal volume in cows 

treated with Deslorelin was greater (P < 0.5) on days 5 through 18 compared to 

untreated controls (Figure 2.2a). Circulating concentrations of P4 tended (P = 0.06) to 

be greater on days 8 through 10 for the Deslorelin-treated cows and were greater (P < 

0.05) on days 11 thru 15 (Figure 2.2b). All Deslorelin-treated cows developed accessory 

CL (Table 2.2). The size of the ovulatory follicle for the subsequent estrous cycle upon 

removing treatment was 13.1 ± 1.0 mm for untreated controls and 12.8 ± 1.3 for 

Deslorelin-treated cows. The duration of the estrous cycle as determined from 
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ovulation to ovulation was 20.5 ± 0.9 days for untreated control cows and 23.0 ± 0.7 

days (P = 0.08) for Deslorelin-treated cows. 

 Steroid hormones and Deslorelin concentrations were measured in daily milk 

samples to determine if treatment had any residual effect on hormone concentrations 

in milk. Progesterone concentrations were greater (P = 0.03) on day 8 in milk from 

Deslorelin-treated cows (6.6 ± 0.9 ng/ml) compared to untreated controls (4.0 ± 0.8 

ng/ml). Estradiol-17β concentrations were greater (P < 0.05) on day 10 in untreated 

controls (1.0 ± 0.1 pg/ml) compared to Deslorelin-treated cows (0.5 ± 0.06 pg/ml). 

Deslorelin was undetectable in milk samples.  

Experiment 2: Alteration of Luteal Size and Function by Chronic Administration of a GnRH 

Agonist in Multiparous Lactating Dairy Cows 

 Volume of the CL was greater (P < 0.05; Figure 2.3a) for the Deslorelin-treated 

cows compared to untreated controls days 7 and 9-13. Circulating P4 concentrations 

were greater on days 8, 10, and 13 (P = 0.05; Figure 2.3b) and tended to be greater on 

days 9, 11, and 12 (P < 0.10; Figure 2.3b) for the Deslorelin-treated cows compared to 

untreated controls. All Deslorelin-treated animals developed accessory CL (Table 2.2). 

Conceptus tissue was collected from four (4/7, 57%) control and three (3/6, 50%) 

Deslorelin-treated cows; the conceptuses collected were multiple fragments of 

filamentous tissue and were unable to be measured. 

Experiment 3: Effects of Chronic Administration of a GnRH Agonist on Pregnancy Rates  

 Circulating P4 concentrations did not differ in cows treated with Deslorelin for 7 

days (days 3 through 10; Figure 2.4a) compared to controls. Circulating P4 

concentrations were greater on days 10, 11, 12, 14, and 15 in cows treated with 
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Deslorelin for 12 days (days 3 through 15; P < 0.05; Figure 2.4b) compared to controls. 

Day 45 pregnancy rates were increased in animals treated with Deslorelin for 7 days 

(9/10, 90%) compared to control animals (4/10, 40%; P = 0.02; Table 2.3). Day 45 

pregnancy rates were no different in animals treated with Deslorelin for 12 days (6/10, 

60%) compared to untreated controls (4/10, 40%; P = 0.37; Table 2.3). Calving rates 

tended to be different in animals treated with Deslorelin (7/10, 70%) compared to 

controls (3/10, 30%; P = 0.07; Table 2.3). Calving rates did not differ between 12-day 

Deslorelin-treated animals (6/10, 60%) compared to controls (3/10, 30%; P = 0.18; 

Table 2.3). Pregnancy losses occurred after 45 days in one control animal and in two 7-

day Deslorelin treated animals. Pregnancy losses were assumed to have occurred 

through abortion and resorption of the fetal tissues. One cow in the Deslorelin-treated 

group was not rebred and was removed from the herd at the herd manager’s discretion. 

The control cow and the other Deslorelin-treated cow were rebred and became 

pregnant after the first breeding following the loss of their previous fetus. Parity 

differences for pregnancy rates are shown in Table 2.4. 

Discussion 

 The experiments presented were designed to determine if chronic 

administration of a GnRH agonist, Deslorelin, beginning early in the estrous cycle would 

alter luteal volume, circulating P4 concentrations, or pregnancy rates in lactating dairy 

cattle. The main findings from the present experiments were that chronic 

administration of Deslorelin: 1) increased luteal volume of the primary CL; 2) induced 

accessory CL in experiments 1 and 2; 3) increased circulating P4 concentrations when 
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treated through day 15; and 4) increased pregnancy rates on Day 45 with short 

duration of treatment.  

  Administration of an agonist of GnRH beginning on day 3 or day 12 of the 

estrous cycle (day 0 = estrus) increased basal and mean concentrations of LH in beef 

heifers (Davis et al., 2003). Luteal area was increased only when GnRH agonist was 

administered chronically beginning on day 3. Luteal weights were nearly doubled when 

cows were treated chronically with a GnRH agonist beginning day 3 of the estrous cycle, 

although luteal cell size and ratio of steroidogenic cells were not altered (Davis, 

unpublished data).  

 The same method, chronic administration of a GnRH agonist, Deslorelin, was 

examined in the present experiments in both lactating and nonlactating dairy cattle 

relative to circulating P4 concentrations and pregnancy rates. In experiment 1, chronic 

administration of Deslorelin increased luteal volumes, induced the formation of 

accessory CL, and increased circulating P4 concentrations in primiparous lactating dairy 

cows as reported previously for beef heifers (Davis et al., 2003). Numerous scenarios to 

increase circulating P4 concentrations have been performed to overcome luteal 

insufficiency, which is thought to be an important contributor to early embryonic loss 

(Lucy, 2007). Most of the efforts have focused on providing exogenous P4 to supplement 

endogenous P4 concentrations from the cow’s CL. Daily progesterone injections 

beginning on day 1 of pregnancy advanced the development of the conceptus and 

increased IFNT concentrations (Garrett et al., 1988). Addition of Deslorelin into estrous 

synchronization programs to induce ovulation had little to no effect on circulating P4 

concentrations (Bartolome et al., 2004) or had no effect or even decreased pregnancy 



 

 

37

rates depending on the dosage (Santos et al., 2004). Implantation of Deslorelin on day 

27 of pregnancy resulted in the formation of an accessory CL and increased circulating 

P4 concentrations, but did not reduce pregnancy loss between days 45 and 90 

compared to controls (Bartolome et al., 2006). Deslorelin implants administered on day 

5 of the estrous cycle increased circulating P4 concentrations by induction of an 

accessory CL (Rajamahendran et al., 1998). 

 Other efforts to enhance circulating P4 concentrations include inducing 

accessory CL early in the estrous cycle. Administration of GnRH on day 5 to cause 

ovulation of a dominant follicle during the first ovarian follicular wave and subsequent 

formation of an accessory CL has been tried numerous times with various responses 

(Sreenan and Diskin, 1983; Santos et al., 2001; Starbuck et al., 2006). Human chorionic 

gonadotropin (hCG) has been used to increase circulating P4 concentrations and 

subsequent pregnancy rates. Administration of hCG on day 5 of the estrous cycle in 

cattle induced accessory CL and increased circulating concentrations of P4 (Kerbler et 

al., 1997). Progesterone concentrations increased with the presence of the accessory CL 

and improved pregnancy rates on days 28, 42, and 90 (Santos et al., 2001). Rizos et al. 

(2012) administered hCG on day 5 after estrus; that treatment induced formation of 

accessory CL, hypertrophy of the primary CL, increased circulating P4 concentrations 

from day 7 onward, increased size of the conceptus, and increased IFNT production by 

conceptus tissue in vitro. The use of hCG or GnRH agonist to induce an accessory CL 

depends upon the presence of a dominant follicle responsive to LH; therefore, the 

timing of administration is critical and may require ultrasonography to examine 

ovarian structures for the greatest efficacy of either hormone to induce accessory CL. 
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 Elevated concentrations of circulating P4 in the immediate post-conception 

period (days 3 thru 5) are associated with advanced embryonic development as 

determined by greater elongation of the conceptus, greater IFNT production, and 

pregnancy rates in cattle (Garrett et al., 1988; Mann and Lamming, 2001; Inskeep, 2004; 

Stronge et al., 2005; McNeill et al., 2006; Carter et al., 2008) and sheep (Ashworth et al., 

1989; Satterfield et al., 2006). Beltman et al. (2009) reported that early P4 

supplementation increased circulating P4 concentrations and embryo survival, but did 

not alter conceptus size in beef heifers. Overall, the crucial period to elevate circulating 

P4 concentrations to avoid early onset of luteolysis and to advance conceptus 

development by insertion of a CIDR or PRID was day 3 in cattle (Carter et al., 2008; 

Forde et al., 2009; Forde et al., 2011). Earlier exposure to P4 alters the endometrial 

transcriptome and components of uterine secretions (McNeill et al., 2006; Forde et al., 

2009; Carter et al., 2010; Forde et al., 2011) likely providing a more conducive 

environment for advancement of embryo development and survival. In the present 

studies, circulating P4 concentrations were increased, but did not begin to deviate until 

day 8, several days past the immediate post-conception period that seems critical to 

alter endometrial transcriptome and uterine environment. 

 Circulating P4 concentrations were similar in beef heifers classified as infertile, 

subfertile, or high fertile providing evidence that P4 in circulation may not have a direct 

role in embryonic loss (Minten et al., 2013). Beef heifers, however, do not have fertility 

issues the same as lactating dairy cows. Decreased P4 concentrations are of special 

concern for lactating dairy cows, which would be expected to require greater dry 

matter intake.  Increased dry matter intake by dairy cows results in greater liver blood 
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flow and P4 and E2 metabolism (Sangsritavong et al., 2002).  Lactating cows have an 

increased risk of early embryonic death due to decreased circulating P4 concentrations 

as a result of increased liver blood flow leading to greater metabolic clearance of P4 

(Diskin et al., 2006). No measurement has been identified to indicate the systemic P4 

threshold to sustain pregnancy. Luteal insufficiency did not appear to be an issue in the 

present studies because circulating P4 concentrations were greater than 1 ng/ml 

(<1ng/ml typically concentration to indicate no functional CL present) in all the animals 

used.  

 Progesterone concentrations were not elevated during the critical post-

conception period. A direct effect of an agonist of GnRH or LH on the uterus cannot be 

dismissed. Gonadotropin-releasing hormone receptor mRNA and protein has been 

identified in luminal and glandular endometrial epithelium and oviductal epithelial cells 

(Singh et al., 2008). The presence of GnRH has been described in pig, rat, and human 

endometrial tissue (Li et al., 1993a, b; Ikeda et al., 1996; Dong et al., 1998; Raga et al., 

1998) and oviducts (Casan et al., 2000). However, the Type I GnRH receptor has not 

been examined in the bovine uterus. The Type II GNRH receptor mRNA has been 

identified in bovine endometrium (Thomas E. Spencer, personal communication), but 

these receptors are non-functional due to a frameshift giving rise to a stop codon 

(Millar, 2003). The presence of LH receptors and its mRNA have been described in 

bovine endometrium (Shemesh et al., 2001; Fields and Shemesh, 2004). Luteinizing 

hormone receptor numbers increased during the luteal phase and binding of LH to its 

receptor, increased endometrial cAMP and inositol phosphates, which further 

stimulated prostaglandin H-synthase 2 and PGF2α synthesis (Shemesh et al., 2001). The 
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potential direct role of Deslorelin or LH on early embryonic development, oviductal 

tissue, or uterine endometrial tissue requires further exploration. 

 The implications of the present studies include: 1) chronic treatment with 

Deslorelin increased luteal volume of the primary CL; 2) induced accessory CL 

formation; 3) increased circulating P4 concentrations with treatment for 12 days; 4) did 

not lengthen the estrous cycle upon removal of treatment; 5) did not alter steroid 

hormone concentrations in milk (nor was Deslorelin detected in milk); and 6) increased 

pregnancy rates. Although luteal insufficiency appears to be a highly probable reason 

for early embryonic loss, luteal insufficiency did not seem to be an issue among any of 

the animals across the three experiments. Finally, it is understood that too few animals 

were used in the present studies. Further, heifers should not have been included in 

experiment 3, because these animals do not have reproductive inefficiencies as do 

mature cows. However, these pitfalls do not take away from the apparent increase in 

pregnancy rates with chronic treatment with a GnRH agonist. This data is exciting and 

provides adequate evidence that more research should be conducted to determine the 

mechanisms by which Deslorelin treatment, increased LH, or increased P4 potentially 

alters endometrial genomics, composition of histotroph, and development and 

elongation of the conceptus and subsequent IFNT production. Discretion in interpreting 

the pregnancy results due to low animal numbers is expected; however, the impacts of 

the hormonal strategy to control luteal function without altering length of the estrous 

cycle are promising. 
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Tables 
 

Table 2.1: Distribution of Dairy Cattle by Parity i n the Untreated Controls and Cattle 
Treated with Deslorelin for 7 or 12 Days for Experiment 3.  

 Parity Untreated Controls 
7 Day Deslorelin 
Treatment 

12 Day Deslorelin 
Treatment 

Nulliparous N = 4 N = 3 N = 3 
Primiparous N = 2 N = 3 N = 3 
Multiparous N = 4 N = 4 N = 4 
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Table 2.2: Development of Accessory CL in Deslorelin-Treated Cows in Experiment 1 
and 2.  
 Experiment 1 Experiment 2 
Day of estrous cycle of first 
    observation of first  
    accessory CL** Day 11 – 12 Day 7 – 8 
Maximal size of first  
    accessory CL 269.2 ± 64.8 mm3 121.0 ± 27.8 mm3 
Incidence of first accessory CL 4/4 cows 7/7 cows 
Day of estrous cycle of first 
    observation of second  
    accessory CL Day 15 Day 13 
Maximal size of secondary 
    accessory CL 140.3 ± 30.9 mm3 84.6 ± 0.0 mm3 
Incidence of secondary  
    accessory CL 3/4 cows 2/7 cows 
Side of accessory CL relative 
    to primary CL 

5/7 CL same 
2/7 CL opposite  

5/9 CL same 
4/9 opposite 

** Day of first observation is when the CL was definitively confirmed as luteal tissue following 
observation of an ovulated follicle and ability to acquire an accurate measurement done by 
ultrasonography. 
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Table 2.3.  Pregnancy (Day 45) and Calving Rates for Untreated Control Animals and 
Animals Treated with Deslorelin for 7 days (Days 3 – 10) or 12 days (Days 3 – 15).  

Treatment Groups 
Day 45   
Pregnancy Rates Calving Rates 

Untreated Controls 4/10 (40%)a 3/10 (30%)c 

Deslorelin-treated 
7 days 9/10 (90%)b 7/10 (70%)d 

Deslorelin-treated 
12 days 6/10 (60%)a.b 6/10 (60%)c,d 

Differences in column are denoted by superscript. 
a,b indicates P = 0.02. 
c,d indicated P = 0.07 
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Table 2.4. Pregnancy Rates Based on Parity. 
 
 Untreated Control 7 Day Deslorelin 12 Day Deslorelin 
 N per 

group Pregnant N per group Pregnant N per group Pregnant 
Nulliparous 4 2 3 3 3 3 
Primiparous 2 1 3 3 3 1 
Multiparous 4 1 4 3 4 2 
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Figure 2.1: Experimental design for experiment 1 using primiparous cows, experiment 2 
using multiparous cows, and experiment 3 using animals of various parity to determine 
effects of Deslorelin treatment on pregnancy rates. 
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Figure 2.2: Effects of chronic administration of Deslorelin treatment on luteal volumes (a) 
and circulating concentrations of P4 (b) in primiparous cows. Cows were left untreated (n = 
6; closed circles) or treated with Deslorelin for 12 days beginning day 3 (n = 4; open circles). 
Data are represented as mean ± SEM. *P < 0.05; **P = 0.06 
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Figure 2.3: Effects of chronic administration of Deslorelin treatment on luteal 
and circulating concentrations of P4 (
7; closed circles) or treated wi
represented as mean ± SEM. *P < 0.05
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: Effects of chronic administration of Deslorelin treatment on luteal 
and circulating concentrations of P4 (b) in multiparous cows. Cows were left untreated (n = 
; closed circles) or treated with Deslorelin for 12 days (n = 6; open circles). Data are 

represented as mean ± SEM. *P < 0.05, **P <0.10. 
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: Effects of chronic administration of Deslorelin treatment on luteal volumes (a) 
Cows were left untreated (n = 
; open circles). Data are 
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Figure 2.4: Effects of chronic administration of Deslorelin treatment (open circles) for 7 
days on circulating P4 concentrations (a) or 12 days (b). The same controls (closed circles) 
are shown in figure a and b. Data are represented as mean ± SEM. *P < 0.05 
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Chapter 3: Limitations of Present Research and Future Research Direction 

When performing research, there is no such thing as a perfect study, there are always 

limitations. It is understood that too few animals were used in these studies as funding 

and animals available were restricted. Although statistical significance was found in 

increasing P4 concentrations in Deslorelin-treated animals, luteal volumes in 

Deslorelin-treated primiparous and multiparous cows, and pregnancy rates in 7-day 

Deslorelin-treated animals when compared to controls, an increase in animal numbers 

would provide for a stronger foundation on which to base results. In experiment 3, the 

pregnancy study, heifers were included to increase numbers in treatment groups. 

Heifers have higher pregnancy rates when compared to lactating dairy cows (Lucy. 

2007) and should not have been included. Another downfall in both experiment 2 and 3 

were the use of TAI. Cows bred at detection of estrus have increased conception rates 

when compared to cows bred at TAI (Pursley et al., 1997; Lucy, 2001). Animals should 

have been AI at estrus rather than TAI to ensure the animals were bred at the proper 

time relative to ovulation. Albeit, the pregnancy rates for the control animals in 

experiment 3 were similar to national pregnancy rates (Lucy, 2007) and the 5 year herd 

average at the University of Idaho Dairy Facility. This could also explain the lack of 

conceptuses collected in experiment 2. These pitfalls however, do not take away from 

the overall increase in pregnancy rates observed in the third experiment; these 

experiments provide a foundation for future research. 

To strengthen statistical difference, I would perform another pregnancy study. 

Pregnancy rates in both primiparous and multiparous cows were increased with 

chronic GnRH agonist treatment; however, P4 was not increased during the critical 
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post-conception period. A direct effect of a GnRH agonist or LH on the uterus cannot be 

dismissed. Gonadotropin-releasing hormone receptor mRNA and protein has been 

identified in luminal and glandular endometrial epithelium and oviductal epithelial cells 

(Singh et al. 2008). Type I GnRH receptor has not been described in the bovine uterus; 

the type II GnRH receptor mRNA has been identified in bovine endometrium (Thomas 

E. Spencer, personal communication), but these receptors are non-functional due to a 

frameshift, giving rise to a stop codon (Millar, 2003).  

The presence of LH receptors and its mRNA have been described in bovine 

endometrium (Shemesh et al. 2001; Fields and Shemesh, 2004). Luteinizing hormone 

receptor numbers are increased during the luteal phase and binding of LH to its 

receptor, increased endometrial cAMP and inositol phosphates, which further 

stimulated prostaglandin H-synthase 2 and PGF2 synthesis (Shemesh et al. 2001).  The 

increase in mean and basal LH concentrations may increase PGs important in 

histotroph and growth and development of the conceptus. The potential direct role of 

Deslorelin or LH on early embryonic development, oviductal tissue, or uterine 

endometrial tissue requires further exploration. 

Finally, another area that might benefit from the use of Deslorelin would be 

embryo transfer (ET). In ET, donor cows are superovulated to increase the number of 

follicles that ovulate and potentially fertilized. This results in multiple CL and a large 

increase in P4 production (Forde et al., 2012). These embryos are collected on day 6 

from a uterine environment exposed to higher than normal P4 concentrations. Embryos 

are then frozen for later use or implanted into recipient cows, in the same stage of the 

estrous cycle as donor cows.  These cows only have one CL; their uteri may not be at the 
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same developmental state as that from the donor cow. Use of Deslorelin in recipient 

cows to increase luteal volume and P4 concentrations may alter the uterine 

environment to be more conducive to pregnancy and increase pregnancy rates. 
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Appendix B: Ovarian Follicular Waves and Hormone Profiles for Experiments 1 

and 2 
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Appendix C: Table A.1 Number of animals in experiments 1 and 2 with 2 or 3 

ovarian follicular waves 
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Table A.1 Number of animals in experiments 1 and 2 with 2 or 3 ovarian follicular 

waves 
 

Parity 
2 Ovarian Follicular 

Waves 
3 Ovarian Follicular 

Waves 
Primiparous 
CONT (n=6) 
TRT (n=4) 

 
4 
2 

 
2 
2 

Multiparous 
CONT (n=9) 
TRT (n=7) 

 
5 
4 

 
4 
3 
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Appendix D: Table A.2 Number of follicles per follicular wave based on size for 

experiments 1 and 2 
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Table A.2 Number of follicles per follicular wave based on size for experiments 1 

and 2  
 1st Follicular Wave 2nd Follicular Wave 3rd Follicular Wave 

 
Parity 

5-9 
mm±SEM 

10-15 
mm±SEM 

>15 
mm±SEM 

5-9 
mm±SEM 

10-15 
mm±SEM 

>15 
mm±SEM 

5-9 
mm±SEM 

10-15 
mm±SEM 

>15 
mm±SEM 

Primiparous          
CONT (n=6) 7 4 3 3 11 3 5 3 1 
TRT (n=4) 5 9 0 7 5 4 0 2 1 

Multiparous          
CONT (n=9) 8 12 9 8 5 5 7 1 1 
TRT (n=7) 18 9 6 22 12 4 3 2 1 
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Appendix E: Table A.3 Average number of follicles on CL-bearing and non-CL-

bearing ovary throughout the estrous cycle 
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Table A.3 Average number of follicles on CL-bearing and non-CL-bearing ovary 

throughout the estrous cycle 
Parity CL-bearing ovary 

Number of follicles ± SEM 
Non-CL-bearing ovary 

Number of follicles ± SEM 
Primiparous 
CONT (n=6) 
TRT (n=4) 

 
3.3 
4.7 

 
3.3 
3.5 

Multiparous 
CONT (n=9) 
TRT (n=7) 

 
3.2 
6.3 

 
4.2 
4.1 
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Appendix F: Effects of Chronic Administration of Deslorelin Treatment on 

Concentrations of P4 in Milk in Primiparous Cows 
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Figure A.1  
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Figure A.1: Effects of chronic administration of Deslorelin treatment on concentrations of P4 
in milk in primiparous cows. Cows were left untreated (n = 6; closed circles) or treated with 
Deslorelin for 12 days beginning day 3 (n = 4; open circles). Data are represented as mean ± 
SEM. *P = 0.03 
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Appendix G: Effects of Chronic Administration of Deslorelin Treatment on 

Concentrations of E2 in Milk in Primiparous Cows 

 

  



84 
 

 

Figure A.2 
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Figure A.2: Effects of chronic administration of Deslorelin treatment on concentrations of E2 
in milk in primiparous cows. Cows were left untreated (n = 6; closed circles) or treated with 
Deslorelin for 12 days beginning day 3 (n = 4; open circles). Data are represented as mean ± 
SEM. *P < 0.05 
 


