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STRATEGIC PROGESTERONE TESTING AS A METHOD TO PREDICT CONCEPTION AND MANAGE 

REPRODUCTION IN DAIRY COWS 

Laura J. Wilsdorf 

Dr. Matthew C. Lucy, Thesis Supervisor 

Timed AI (TAI) programs have increased reproductive efficiency in dairy herds, 

but conception rates to TAI remain below 50% for most herds. The low TAI pregnancies 

per AI (P/AI) is partially explained by cows that do not have a CL when PGF2α is 

administered, fail to undergo luteolysis after PGF2α or fail to ovulate after GnRH and TAI. 

Cows falling into one of these three categories are known to have low fertility after TAI. 

We hypothesized that testing milk progesterone concentrations on-farm would provide 

information on predicting pregnancy. 

The objective of the first experiment was to validate the milk progesterone auto 

analyzer (FT Multilyser; Förster Technik). The milk auto analyzer was subjected to trials 

for validation including milk added mass, serial dilution, comparing 2 auto analyzers, 

comparing with a radioimmunoassay, validation with biology, validation with PAGs and 

progesterone, and testing how quickly PGF2α takes effect. We found that the milk auto 

analyzer is a valuable tool in assessing milk progesterone. 

Next a modified, extended 7 day CIDR program was tested compared with 

Presynch Ovsynch56. Cows in the treatment group with low progesterone before the 

final PGF2α injection had a CIDR inserted and were inseminated 1 week later. There was 

a numerical increase in P/AI for CIDR treated cows, but additional tests are needed. 
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ROC (Receiver Operator Characteristic) curves for predicting conception or 

pregnancy were then tested. We found milk progesterone ROCs (-3 and +7 d) and blood 

plasma (-3 and +25 d) had some capacity to predict pregnancy to timed AI. 

We concluded most cows not responding to a TAI protocol could be identified 

and may benefit from an alternative program. The milk auto analyzer may be a useful 

on-farm tool and ROC curves have some capacity to predict pregnancy based on 

progesterone concentrations around TAI. 
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Chapter I 

Literature Review 

 

Introduction: Challenges in Dairy Reproduction 

 Despite the improvement in reproductive efficiency through implementation of 

timed AI programs, the dairy industry continues to face ongoing challenges with 

improving overall pregnancies per AI (P/AI) and maintenance of pregnancy to term. 

Management decisions and genetic selection play an important role in overall 

reproductive efficiency. Single trait selection for greater milk production can reduce 

fertility (Rodrigues-Martinez et al., 2008). Greater herd size, housing challenges, and 

variation in AI technique can also compromise reproductive efficiency (Rodrigues-

Martinez et al., 2008).  High milk producing cows mobilize adipose tissue to increase 

substrates for milk synthesis. Implementing proper nutrition and management practices 

is imperative for successful reproduction (Walsh et al., 2011; LeBlanc, 2010). 

Consequently, recent studies have demonstrated that greater reproductive 

performance in herds with high milk production is a result of improved nutritional and 

reproductive management practices (LeBlanc, 2010).  

 In the early 1990’s dairy genetics shifted from a milk emphasis to an emphasis on 

health and reproduction through a genetic selection approach. This has resulted in 

steadily increasing milk production per cow and also healthier cattle (Lucy, 2001).  A 

study done by Miglior et al. (2005) surveyed 15 countries to evaluate selection indices in 

Holsteins based on production, durability, and health and reproduction. Selection 
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indices have changed worldwide to focus on production with a balanced breeding goal 

emphasizing longevity, udder health, conformation, and reproduction. Studies indicate 

selection for production alone has negative effects on udder health and reproductive 

performance (Heringstad et al., 2003; Kadarmideen et al., 2003), suggesting a need for 

balance in selection traits.  

Although selection indices have changed over the last two decades, 

management is the key to success. Management during the transition period, 3 weeks 

before to 3 weeks after parturition, is essential for maintaining adequate milk 

production, reducing metritis and endometritis, increasing the speed of uterine 

involution, resuming cyclicity, and avoiding culling (Walsh et al., 2011). Delayed 

resumption of cyclicity is associated with periparturient disorders such as metritis, 

endometritis, mastitis, lameness, and body condition score loss (Garnsworthy et al., 

2008). Postpartum cows need a timely return to estrus to improve subsequent 

conception and maintenance of pregnancy. All of these factors contribute to the interval 

from calving to pregnancy, which has a substantial impact on profitability (Holmann et 

al., 1984; Groenendaal et al., 2004). 

 Reproductive failure in high producing cows may be caused by inadequate 

concentrations of plasma estradiol due to increased metabolism of steroids 

(Sangsritavong et al., 2002). Ovarian follicular quality and estradiol synthesis is also 

compromised by negative energy balance. Many studies have confirmed the difficulty in 

detecting estrus in dairy cows (Senger, 1994; Walsh et al., 2011). Low rates of estrus 

detection, followed by low fertility, are correlated with anestrus, milk production, 
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health, parity, housing, nutrition, and season of the year (Roelofs et al., 2010). Low 

concentrations of estradiol in follicular fluid are associated with a poor quality follicle, 

yielding a compromised oocyte and reduced pregnancy rates (Walsh et al., 2011). 

Increases in plasma estradiol correspond with increased pulsatility and amplitude of 

luteinizing hormone (LH), coinciding with the development of a dominant follicle (Savio 

et al., 1990). The increase in estradiol and subsequently LH, control the interval to first 

ovulation postpartum. 

 Health of the reproductive tract, follicle quality, estrus detection, and 

management are the major components that effect reproductive efficiency. Current 

research programs have focused on identifying the underlying issues so that greater 

pregnancy rates can be achieved. Continuing to identify the problems and developing 

tools for reproductive success are essential to increase the adoption of new 

technologies in U.S. dairy herds. The following review of the literature will briefly 

summarize the physiological mechanisms that lead to ovulation, the role of 

progesterone in regulating the estrous cycle, and current protocols for estrous 

synchronization.  

 

Estrous Cycle 

The bovine estrous cycle is defined as the period from the first expression of 

estrus to the next (Senger, 2005). The estrous cycle consists of follicular and luteal 

phases through which gonadotropins regulate folliculogenesis, ovulation, and CL 

function. The average estrous cycle length in beef or dairy cattle is 21 days and can 
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range from 17 to 24 days (Trimberger and Hansel, 1955; Nellor et al., 1956; Woody et 

al., 1967; Martin et al., 1978).  The variation in the length of the bovine estrous cycle is 

related to the number of follicular waves (2 is shorter vs 3) that occur in each individual 

animal. The follicular phase consists of 20% or less of the cycle’s duration, encompassing 

regression of the CL to ovulation. The luteal phase is from ovulation to CL regression, 

comprising about 80% of the estrous cycle (Senger, 2005). 

 

Estrus 

Estrus is defined as the period of mating receptivity in the female characterized 

by expression of specific female behaviors (Taylor, 1995). The length of estrus in 

lactating dairy cows was characterized by Lopez et al. (2003) as 5.7-11.6 hours, using a 

radiotelemetry system.  Estradiol-17β (E2), a steroid hormone, arises from the growth 

and development of the dominant follicle on the ovary, causing the behavioral 

expression of estrus. In the absence of an active CL, circulating concentrations of E2 

reach a peak threshold of 27.29±0.79 pg/mL in plasma (Mondal et al., 2006) followed by 

a decrease in E2 as a result of the preovulatory surge of luteinizing hormone (LH) 

stimulated from the anterior pituitary (Wettemann et al., 1972; Martin et al., 1978). 

Positive feedback of E2 increases gonadotropin releasing hormone (GnRH) from the 

hypothalamus, consequently increasing the release of gonadotropins, LH and follicle 

stimulating hormone (FSH), from the anterior pituitary (Padmanabhan et al., 1982; 

Hansel and Convey, 1983). The preovulatory LH surge is necessary for maturation of the 

oocyte, ovulation, and luteinization of follicular cells.  
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Metestrus 

During the luteal phase of the cycle, the dominant Graafian follicle becomes LH 

dependent and secretes inhibin, which negatively feeds back on the anterior pituitary 

reducing FSH release, thus suppressing the growth of subordinate follicles during the 

estrous cycle (Hansel and Convey, 1983). The frequency of pulsatile FSH and LH are 

approximately equal during the early luteal phase (Walters et al., 1984). The 

preovulatory LH surge during estrus causes the follicular wall of the dominant follicle to 

break down and rupture. Ovulation occurs 24 to 32 hours after the onset of estrus 

(Trimberger and Hansel, 1955; Armstrong and Hansel, 1959). During metestrus, plasma 

concentrations of estradiol, progesterone and inhibin are low.  The decrease in inhibin 

secretion from the dominant follicle allows recruitment of follicles for the next follicular 

wave following ovulation. The ovulated follicle undergoes luteinization and the corpus 

luteum (CL) is formed and produces progesterone (P4). Luteinizing hormone causes 

follicle granulosa and theca cells to differentiate into large and small luteal cells, 

respectively (Fritz and Fitz, 1991). Large and small luteal cells produce P4 (Niswender, 

2002). Increasing P4 from the CL negatively feeds back on GnRH to reduce LH secretion 

and prevent ovulation until the CL has regressed (Hansel and Convey, 1983; Savio et al., 

1993). 

 

Diestrus 
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Following ovulation, granulosa and theca cells differentiate into luteal cells that 

form the CL. The CL is an endocrine structure that secretes progesterone and is required 

for the establishment and maintenance of pregnancy. Progesterone functions to block 

estrus, inhibits the LH surge, and prepares and maintains the uterus for pregnancy 

(Wettemann et al., 1972; Allrich, 1994; Senger, 2005). Early in diestrus, progesterone 

inhibits the expression of estrogen and oxytocin receptors in the endometrial surface 

and glandular epithelium. The presence of progesterone exerts a negative feedback on 

the hypothalamus, decreasing GnRH and subsequently LH and FSH (Walters et al., 1984). 

Progesterone synthesis by the CL prevents adequate release of LH during the luteal 

phase to inhibit ovulation, thus a mechanism to regress the CL is necessary, if a 

pregnancy has not been established and the animal has a chance to return to estrus. 

Plasma progesterone concentrations are elevated by d 4 of the estrous cycle, reaching 

maximum concentration by d 7 to 12, which is maintained until d 18 or 19 when 

luteolysis occurs (Hansel and Convey, 1983).  

At the time of luteolysis, endometrial release of prostaglandin F2a (PGF2a) causes 

structural and functional regression of the CL. Progesterone stimulates a down-

regulation of progesterone receptors in the uterine epithelium during later diestrus, 

which allows up regulation of estrogen receptors (Zollers et al., 1993). Follicular 

estradiol from the dominant follicle increases, stimulating an increase in oxytocin 

receptors in the uterine epithelium.  Estrogen positively feeds back on the 

hypothalamus and stimulates the release of oxytocin from the posterior pituitary. 

Greater concentrations of oxytocin from the luteal cells of the CL are released with 
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initial luteolysis from the CL, in which increased pulsation is essential to aid in the 

regulation of luteolysis (Armstrong and Hansel, 1959). Oxytocin stimulates the uterus to 

secrete low levels of PGF2a which intensify with the release of oxytocin from large luteal 

cells (McCracken et al., 1999). Increased concentration of circulating oxytocin results 

from the functional regression of each luteal cell. Prostaglandin F2α reaches the CL by 

means of vascular countercurrent exchange to successfully cause luteolysis (Senger, 

2005). Luteolysis results in the intermittent cessation of P4 production, structural 

regression of the CL, and follicular development at the start of a new follicular phase 

(Hansel and Convey, 1983; Roberson et al., 1989). Plasma progesterone concentrations 

decrease and remain low until after the subsequent dominant follicle is ovulated by the 

LH surge in the next follicular phase. Collectively, metestrus and diestrus comprise the 

luteal phase of the bovine estrous cycle. 

 

Proestrus 

            With the decrease in circulating progesterone in diestrus, negative feedback on 

the hypothalamus is withdrawn (Roberson et al., 1989). A transient increase of estrogen 

concentrations from 3 to 10 pg/mL during the first 3 days of proestrus (Henricks et al., 

1971) allow for high frequency pulses of GnRH from the hypothalamus, causing release 

of LH and FSH from the anterior pituitary (Hansel and Convey, 1983). Luteinizing 

hormone stimulates estradiol secretion from preovulatory follicles (Walters et al., 1984), 

while FSH promotes follicular development. Follicle stimulating hormone decreases 

after selection of the dominant follicle, where the follicle becomes LH dependent. Three 
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days following a decrease in progesterone, estrogen reaches peak threshold of 15-25 

pg/mL (Bergfeld et al., 1996; Henricks et al., 1971). Continued positive feedback of 

estrogen on the hypothalamus sustains further follicular development. Collectively, 

proestrus and estrus mark the follicular phase of the bovine estrous cycle.  

 

Folliculogenesis 

            Folliculogenesis is the process wherein pools of ovarian primary follicles initiate 

development to secondary stages ultimately transforming into antral (tertiary) follicles 

that become suitable for ovulation. Various sizes of follicles are present on each ovary, 

emerging individually in response to changing plasma concentrations of LH and FSH 

(Driancourt, 2001). Primordial follicles transition through waves of primary, secondary, 

and tertiary stages prior to ovulation. At birth, the heifer’s ovaries contain about 

150,000 primordial follicles, which decline to approximately 3,000 by 15 to 20 years of 

age (Erickson, 1966). During the estrous cycle of mature cows, pools of secondary 

follicles will be recruited into 2 or 3 follicular waves, wherein a single selected dominant 

follicle usually emerges during a follicular wave (Ginther et al., 1997). The development 

of follicles during a follicular wave are classified into the following stages: recruitment, 

selection, dominance, and atresia (Hodgen et al., 1985; Lucy et al., 1992).  

 

Recruitment 

            Recruitment is the biological process where a cohort of primary follicles begins to 

develop and mature through pituitary gonadotropic stimulation (Lucy et al., 1992). 
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During recruitment, the developing follicle cohorts are primordial follicles that are FSH 

responsive (Fortune, 2003). Developing follicles recruited from the cohort reach 4 to 6 

mm in diameter before selection and produce low amounts of E2.  The biological 

pathway that regulates emerging primordial follicles is not fully understood, but it has 

been hypothesized that follicles capable of activation are released from the inhibition of 

a circulating or local factor (Fortune et al., 2010). The primordial follicles are FSH 

dependent until they undergo atresia or reach dominance (Adams et al., 2008). 

Concentrations of plasma FSH peak at approximately 12-24 h before the emergence of 

the follicular wave (Adams et al., 2008). The transient increase in FSH is triggered by the 

low levels of follicle E2 and inhibin. During each follicular wave, follicles undergo 

recruitment, selection, and dominance. Without sufficient endocrine conditions to 

ovulate, the dominant follicle will undergo atresia. For cows with two follicular waves, 

the first cohort of follicles is recruited around d 2 and the second cohort around d 11, 

where the dominant follicle then has the ability to ovulate. For three-wave cows, 

follicular recruitment occurs first around d 2, the second wave is recruited 

approximately d 9, and the third recruitment about d 16 (Sirois and Fortune, 1988; 

Ginther et al., 1997; Adams et al., 2008).      

 

Selection 

            Selection is the process wherein a single follicle from the cohort (3 to 5) of 4 to 6 

mm follicles becomes LH dependent and has the capability to reach ovulatory size (Lucy 

et al., 1992; Savio et al., 1993). Thirty six to forty eight hours following the initiation of 
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the follicular wave, the largest follicle is selected when it has reached approximately 6-8 

mm in diameter (Sirois and Fortune, 1988; Bao et al., 1997). The selected follicle 

produces moderate levels of E2, while the remaining subordinate follicles undergo 

atresia. The “two-cell, two-gonadotropin model” states that the binding of the LH to its 

receptors on follicular theca cells initiates a cascade of intracellular events that result in 

the conversion of cholesterol to testosterone. Testosterone diffuses out of the theca 

interna and into the granulosa cells that contain FSH receptors. When FSH binds to its 

receptors, testosterone is converted to E2. (Fortune and Quirk, 1988). This pathway 

continues until E2 concentrations increase to threshold that initiate the preovulatory LH 

surge (Wettemann et al., 1972).  Theca cells secrete androgen which increases with 

greater concentrations of LH. Thecal cell production of androgen enhances secretion of 

pregnenolone by the granulosa cells. Granulosa cells can also convert exogenous 

androgens to E2 (Fortune, 1986). Further E2 production is synthesized through granulosa 

cells that aromatize androgens (Dorrington et al., 1975; Fortune and Armstrong, 1977). 

The largest increase in E2 occurs 12-24 h after the start of luteolysis (Fortune and Quirk, 

1988).  

         Two models for selection of the dominant follicle have been proposed.  According 

to the Missouri model, selection of the follicle is initiated by an increase in the LH 

receptors in the granulosa cell layer (Lucy, 2007). Luteinizing hormone receptors 

thereafter continue to increase with the progression of the follicular wave and 

dominant follicle size (Bao et al., 1997). Whereas the Cornell model concludes the 

initiating event for follicle selection is the increase in pregnancy-associated plasma 
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protein-A (PAPP-A) which increases with elevated FSH levels (Lucy, 2007). The PAPP-A 

degrades insulin-like growth factor binding protein 5 (IGFBP-5), resulting in an increase 

of unbound IGF-I in follicular fluid. Insulin-like growth factor-I coupled with FSH 

promotes E2 synthesis in the follicle (Rivera and Fortune, 2002). With an increased 

production of E2, FSH decreases. Insulin-like growth factor-I appears to be imperative in 

regulating the microenvironment of the early stages of folliculogenesis (Fortune et al., 

2004). It has been hypothesized that both the Missouri and Cornell models occur in the 

selected follicle at approximately the same time (Beg and Ginther, 2006). Continued 

research on the mechanisms that control either model are ongoing. In both models, 

increases in E2 and inhibin feedback negatively on FSH secretion at the 

hypothalamopituitary axis (Lucy, 2007). Luteinizing hormone receptors are found in 

granulosa cells of follicles greater than or equal to 8 mm in diameter (Bao et al., 1997). 

With declining FSH levels, the selected follicle shifts to LH dependency. Selection occurs 

around d 3 and 12 for two-wave cows and d 3, 10, and 17 for three-wave cows (Adams 

et al., 2008). 

 

Dominance 

Dominance is the stage within a wave in which a selected follicle gains and 

maintains its supremacy over other follicles by preventing the recruitment of a new 

cohort of follicles and suppresses growth of subordinate follicles (Lucy et al., 1992). The 

dominant follicle reaches a maximum of 10 to 20 mm in diameter (Sirois and Fortune, 

1988; Savio et al., 1993) and will ovulate in the event of luteolysis or will undergo atresia 
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in the presence of an active CL. If luteolysis does not occur, progesterone levels remain 

high, inhibiting ovulation and causing atresia (Lucy, 2007). In two-wave cows, 

dominance occurs around d 6 and 15 and d 7, 14, and 21 in three-wave cows, 

respectively (Lucy et al., 1992; Savio et al., 1993; Adams et al., 2008). 

 There are two main factors that allow the dominant follicle to persist while the 

subordinate follicles become atretic. First, the dominant follicle continues to secrete E2 

and inhibin, which decreases FSH secretion and causes the smaller antral follicles to 

undergo atresia. Second, the dominant follicle responds to LH despite the decreasing 

concentrations of FSH. With LH receptors expressed in the granulosa and theca cell 

layers and increased blood flow, it allows the dominant follicle to become LH dependent 

(Bao et al., 1997; Bao and Garverick, 1998). However, with low frequency pulses of LH 

and high progesterone concentrations, the dominant follicle cannot sustain its 

dominance and becomes atretic, ushering in a new follicular wave (Savio et al, 1993). 

The dominant follicle can sustain its dominance with high frequency pulses of LH and 

low concentrations of progesterone in the event of luteolysis. Continued elevated E2 

allows for estrus behavior in the bovine in preparation for the preovulatory LH surge 

and ovulation (Roelofs et al., 2010). 

 

Progesterone Regulation of the Estrous Cycle 

Progesterone is the steroid hormone that is produced by the CL and placenta to 

maintain pregnancy. Progesterone can be used as an indicator of reproductive status 

and receptivity to breeding. Understanding progesterone’s role in the estrous cycle, its 
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impact on other gonadotropins, and how it can be monitored is essential in developing 

protocols for estrous synchronization which can maximize reproductive efficiency.  

 By mid-20th century, many researchers were helping advance the control of 

reproduction through administration of progesterone. Ulberg et al. (1951) first 

demonstrated that progesterone injections inhibit ovulation and the maturation of the 

ovarian follicles in cattle. Daily injections of progesterone delay estrus behavior and 

control the estrous cycle length (Trimberger and Hansel, 1955) which helped lead to the 

initial protocols developed for estrous synchronization in cattle. 

 

Synthesis of Progesterone by Corpus Luteum 

 Progesterone is comprised of four hydrocarbon rings, two oxygenated groups, 

and two methyl groups. During steroidogenesis, progesterone is synthesized from 

pregnenolone and may be produced in the adrenal gland, brain, CL, and placental cells. 

The luteal cells of the CL convert cholesterol into progesterone through several steps 

during steroidogenesis. The length of progesterone synthesis during the estrous cycle 

depends upon the timing for the formation of a dominant follicle wave, which occurs 

about d 15 in two-wave and d 21 in three-wave cows (Savio et al., 1993).  Steroid 

hormones are synthesized through a sequence of complex pathways encompassing 

many enzymatic conversions. Cholesterol is the basis for any steroid hormone. 

Cholesterol can be obtained from the diet or can be produced within the endoplasmic 

reticulum from acetyl CoA (Bloch, 1965). Lipoproteins carry cholesterol in the blood to 

luteal cells where free cholesterol, unbound by the hydroxyl group, can begin 
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steroidogenesis. Cholesterol is transported across the mitochondrial bilayer membrane, 

a rate-limiting event, by Steroidogenic Acute Regulatory Protein (StAR). StAR interacts 

with the outer mitochondrial membrane causing a conformational change, and creates 

StAR’s cholesterol binding region (Rekawiecki et al., 2005). Progesterone can regulate its 

own synthesis by limiting cholesterol through the actions of StAR. By cleaving the side 

chain via cytochrome P450scc, cholesterol forms pregnenolone. Pregnenolone is 

transported out of the mitochondria and then converted to progesterone through 3β-

hydroxysteroid dehydrogenase-isomerase (3β-HSD) by way of the smooth endoplasmic 

reticulum. Progesterone is free to leave the cell and enter the blood stream through 

diffusion (Rekawiecki et al., 2005). Luteinizing hormone increases the expression of 

genes encoding for StAR, cytochrome P450scc and 3β-HSD (Niswender et al., 2000). 

 

Receptors 

Progesterone receptors are comprised of three protein isoforms, PR-A, PR-B, and 

PR-C which differ due to posttranscriptional processing of the same gene. Progesterone 

receptor A and PR-B are commonly known for their function in the endometrium, but 

PR-C’s full function is not well understood, but may play a role in modulating 

transcriptional activity (Wei et al., 1998). The difference between PR-A and PR-B is PR-B 

contains an N-terminal fragment of 164 amino acids not present in PR-A. Three 

transcription-activating domains are present in PR-B (Activation function-1 [AF-1], AF-2, 

and AF-3) whereas PR-A contains two (AF-1 and AF-2) (Chabbert-Buffet et al., 2005). A 

study done by Conneely et al. (2002) found that PR-A is necessary for ovarian and 
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uterine function, whereas PR-B is for normal proliferative responses of the mammary 

gland. Henceforth, progesterone receptors within the following review refer to both 

isoforms A and B, unless otherwise noted.  

 

Actions 

Progesterone receptors not only play a role in the establishment and 

maintenance of pregnancy, but are pivotal in regulating pleiotropic events as described 

by Lydon et al. (1995). Male and female knockout mice with a null mutation of the PR 

gene developed normally to adulthood. However, the females exhibit substantial 

abnormalities in reproductive tissue including the inability to ovulate, extreme limitation 

in mammary development, uterine hyperplasia and inflammation, and the inability to 

exhibit sexual behavior (Lydon et al., 1995).  

Interaction between estrogen receptors (ER) and progesterone receptors (PR) 

direct the temporal and spatial alterations of the estrous cycle and early pregnancy 

(Lydon et al., 1995; Spencer and Bazer, 1995). The precise effect in the endometrium 

may rely upon the ratio of PR-A:PR-B, as PR-B increases and PR-A decreases estradiol 

responsiveness in the uterus (Chabbert-Buffet et al., 2005). In a bovine model, PR mRNA 

expression in the CL was analyzed throughout the estrous cycle, showing clear 

expression of PR in both the small and large luteal cells and vascular endothelial cells. 

Progesterone receptor mRNA was significantly abundant (P<0.01) in the early estrous 

cycle and progressively decreased in the mid and late luteal stages to near depletion at 

regression. Decreased levels of PR mRNA may contribute to apoptosis of endothelial 
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cells and degeneration of the CL for regression (Sakumoto et al., 2010). These 

observations used in situ hybridization and immunocytochemical analysis to provide 

evidence that distinct tissue- and cell- specific amendments occur in uterine ER and PR 

mRNA. The alterations in ER and PR expression in the uterus likely complement the 

regulation of uterine physiology, development of the luteolytic mechanism, uterine 

growth and development, and myometrial quiescence (Spencer and Bazer, 1995; 

Chabbert-Buffet et al., 2005). 

Studies agree that there are no differences in the number of ER and PR present 

in non-pregnant and pregnant animals until the time of luteolysis (Wathes and Hamon, 

1993; Robinson et al., 2001). Estrogen and progesterone receptors are expressed in 

different cell layers of the uterus depending on the time of the estrous cycle. 

Progesterone receptors were present in the luminal epithelium and glandular 

epithelium during the luteal phase, with concentrations in the stroma and myometrium 

reaching a maximum during the early luteal phase in sheep. After the early luteal phase 

PR are lost on the surface epithelium and upper glands initiating the end of an estrous 

cycle or the time for implantation (Spencer et al., 2004). Progesterone receptors are 

sustained in the deep glands of the uterus throughout the estrous cycle or pregnancy 

(Johnson et al., 2000). In a study conducted by Robinson et al. (2001), the increase in PR 

occurred after estrous in cattle, suggesting ER are needed prior to PR and PR 

concentrations are controlled by post-transcriptional processes.  

Interferon-tau (IFN-Ƭ) secreted from the trophectoderm of the conceptus 

requires progesterone to signal the maternal environment of the conceptus’ presence 
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and block luteolysis. Interferon-tau depends on the effects of progesterone to regulate 

the expression of a number of genes through the luminal epithelium, glandular 

epithelium, and the stroma (Johnson et al., 2000). In an ovine model, IFN-Ƭ induced the 

expression of ubiquitin cross-reactive protein (UCRP) in overectomized ewes treated 

with recombinant ovine INF-Ƭ (Johnson et al., 2000). In progesterone treated ewes IFN-

Ƭ increased UCRP. Thus, the study concluded progesterone is essential in regulating IFN-

Ƭ induction and IFN-responsive genes in the ruminant uterus. It is speculated that in the 

ovine uterus there is signaling interaction between intracellular pathways of INF-Ƭ and 

progestamedins, a protein that mediates progesterone effects on a cell without 

progesterone receptors, from the PR rich stroma to regulate interferon stimulated 

genes (Spencer and Bazer, 2002). Genes encode proteins to serve antiviral, 

antiproliferative, immunomodulatory, and antiluteolytic actions (Mamane et al., 1999). 

An increase in ER is followed closely by a down regulation of the PR (McCracken 

et al., 1999; Spencer et al., 2004). During the estrous cycle ER and PR regulate oxytocin 

receptor gene expression by controlling luteolytic PGF2α release (Fincher et al., 1986). 

Progesterone alone can suppress the oxytocin receptor as demonstrated by 

ovariectomized animals in several studies (Vallet et al., 1990; Wathes et al., 1996). 

Conceptus survival depends upon suppressing the estradiol- and oxytocin- induced 

production of PGF2α which is accomplished by suppressing the up-regulation of the ER 

followed by the oxytocin receptor in the endometrial luminal epithelium by interferon-

tau (Mann et al., 1999; Robinson et al., 2001). Interferon-tau sustains synthesis of 

progesterone by the corpus luteum. Significantly fewer pulses and smaller amplitude of 
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PGF2α were observed in sheep and coincided with oxytocin pulses. In contrast, oxytocin 

continued to pulse regardless of whether or not it was accompanied by PGF2α (Hooper 

et al., 1986). These data suggest the suppression of uterine PGF2α release is not due to a 

lack of stimulation by oxytocin, but rather inhibited by another source. This cascade of 

events relies on the up-regulation of estrogen receptors prior to luteolysis (Spencer et 

al., 1995). A study done by Choi et al. (2001) concludes that interferon regulatory factor 

two (IRF-2) can act as a negative transcription factor to silence genes including ER and 

oxytocin genes by displacing IRF-1 and preventing luteolysis.  

Conceptus secretory proteins found in sheep and cattle override the effects of 

PGF2α by down-regulating and inhibiting the effect of estradiol- and oxytocin- induced 

PGF2α (Fincher et al., 1986; Bazer et al.,1986; Robinson et al., 2001). In an environment 

without PGF2α, the embryo may continue to develop. Conceptus secretory proteins 

suppress PGF2α pulsatility and thus effect, while working in conjunction with maternal 

recognition to prepare the maternal environment to carry the fetus to term. In addition 

to PGF2α suppression, the conceptus produces steroids, proteins, and potentially other 

factors which allow for the establishment and maintenance of pregnancy (Bazer et al., 

1986). 

 

Synchronization of the Estrous Cycle in Dairy Cows 

Estrous detection in dairy cows is not an easy task. Synchronization protocols, 

therefore, have been developed to condense the time of estrus for breeding and 

management purposes. Various approaches to synchronization have been developed 
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based on bovine physiology. Common dairy synchronization programs are discussed in 

this section. 

 

Presynch-Ovsynch56 

 Today the most common AI protocol for postpartum dairy cows is the Presynch-

Ovsynch56 regimen. The original protocol started with Ovsynch as a sequence of 

hormonal treatments (GnRH, 7 day interval, PGF2α injection, 2-3 days, GnRH injection, 0-

24 hour interval, and AI) which served to synchronize a follicular wave, regress the CL, 

and cause ovulation. The program was more successful for pregnancies per AI (P/AI) if 

the program commenced between day 5 and 10 of the estrous cycle, to properly 

respond to the injection of GnRH (Moreira et al., 2001). The Presynch step was added to 

bring cows into estrus prior to Ovsynch with two treatments of PGF2α 14 days apart. 

With this protocol, Ovsynch is started 10-14 days after the second injection of PGF2α to 

insure the optimal timing, with the assumption of a 3-5 day interval to estrous after 

PGF2α. In addition, it was discovered by Brusveen et al. (2008) that 56 hours after the 

last PGF2α injection and AI 16 hours thereafter generated additional pregnancies. 

ThePresynch-Ovsynch56 protocol is used today as a reproductive tool to increase P/AI. 

Presynch-Ovsynch56 is practiced and/or modified by the studies contained within.  

 

G6G 

 The G6G presynch, developed by Dr. Richard Pursley, replaces the Presynch 

portion of Presynch-Ovsynch. Cows are administered PGF2α to induce luteolysis, 
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followed by an injection of GnRH 2 days later to induce ovulation and the formation of a 

new CL. Six days later another injection of GnRH is administered, that is the first 

injection of Ovsynch. New recruitment of follicles in combination with the initial CL from 

the first GnRH injection increase concentrations of progesterone (P=0.007) before timed 

AI. High progesterone concentrations before the final PGF2α treatment in timed AI 

programs are associated with greater P/AI (Pursley et al., 2012; Wiltbank et al., 2012). 

Six days between GnRH injections allows for initiation of a new follicular wave to a 

responsive dominant follicle that is capable of ovulation (Bello et al., 2006). The 

standard Ovsynch protocol is completed by administering PGF2α 7 days after the second 

GnRH, followed in 48-56 hours with GnRH and timed AI 16 hours later. In the study 

conducted by Bello et al. (2006) the percentage of cows that ovulated in response to the 

first GnRH injection of Ovsynch was greater (P<0.03) in G6G than controls, suggesting a 

higher response to presynch G6G and timed AI. Cows receive injections 2-3 times per 

week, minimizing handling time. 

 

Double Ovsynch 

 Double ovsynch was developed by Milo Wiltbank to better synchronize follicular 

waves before the CL is regressed. An initial injection of GnRH is administered followed 7 

days later by PGF2α for CL regression and ovulation. Three days later a second injection 

of GnRH is given and is administered again in 7 days. The third injection of GnRH is the 

traditional first injection of the Ovsynch protocol. At this time the cow likely has 2 CLs, 

one from the second GnRH and one as a result of the third injection of GnRH. As such, 
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the future egg to be fertilized then develops in a higher progesterone environment 

(Souza et al., 2008), associated with greater P/AI. After 7 days PGF2α is administered, 

regressing the 2 CLs. In 48-56 hours GnRH is given to induce ovulation followed by AI in 

16 hours. Cows receive injections 1 to 2 times per week for Double Ovsynch, minimizing 

handling. 

 A study conducted by Astiz and Fargas (2013) compared P/AI between 

primiparous and multiparous dairy cows on either double ovsynch or G6G. The study 

concluded there was no difference in P/AI between the programs. However, there was a 

significant difference (P=0.03) when comparing parity and synchronization treatment. 

When the programs were evaluated individually it was noted that P/AI were significantly 

better in primiparous than multiparous cows on double ovsynch and P/AI were 

comparable between parities on G6G. This result may be due to double ovsynch’s 

effectiveness in anovulatory cows, which are more often primiparous. 

 

14 day CIDR or “Show-Me-Synch” program 

 A Controlled Internal Drug Release (CIDR; Zoetis, New York, NY, USA) device is an 

intravaginal progesterone releasing device used in conjunction with AI programs to aid 

in synchronizing estrus. The CIDR is used to suppress estrus, stop ovulation, and allow 

for a persistent dominant follicle to develop, which will ovulate after CIDR removal 

(Sirois and Fortune, 1990). The 14 day CIDR program is also referred to as the “Show-

Me-Synch” program and is used for beef and dairy heifers. A CIDR is inserted and 

remains for 14 days, the CIDR is removed and after 16 days a PGF2α injection is 



22 
 

administered. In 48-72 hours GnRH is given and timed AI is performed (Escalante et al., 

2013). 

A study done by Escalante et al. (2013) compared P/AI for postpartum 

primiparous and multiparous dairy cows administered a 14 day CIDR and traditional 

Presynch-Ovsynch56 program. The P/AI for cows that responded to either treatment 

was greater than unresponsive cows. There was no significant difference of P/AI 

between the treated groups. Cows that did not respond appropriately to either protocol 

had a failed presynchronization, luteolysis before or after PGF2α, were not cycling before 

or after AI, or were not cycling before Ovsynch. This study agrees that high circulating 

progesterone concentrations prior to the luteolytic dose of PGF2α are imperative for 

greater P/AI (Pursley et al., 2012; Wiltbank et al., 2014). The traditional Presynch-

Ovsynch56 program or modifications of the program continue to be effectively used 

today. 

 

Cows Unresponsive to Synchronization Programs 

 Cows can be unresponsive to synchronization programs for multiple reasons. 

Known factors that contribute to conception success include precise timing in ovulation 

and fertilization of a healthy oocyte, low progesterone at the time of fertilization, an 

early increase in progesterone secretion from the CL, and a healthy uterine 

environment, among other physiological factors (Walsh et al., 2011; Wiltbank et al., 

2014). It was found in a study conducted by Lopez et al. (2005) that double ovulation, 

increasing the incidence of twinning in dairy cattle, occurred in nearly half of the cows 
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with high milk production compared to those with lower milk weight production (Fricke 

and Wiltbank, 1999).  Twinning in high milk producing dairy cows arises from the same 

follicular wave in 92% of the cases. Studies done by Wiltbank et al. (2000) indicate 

twinning may be caused by lack of follicular deviation between a dominant and 

subordinate follicle. This may be caused by elevated concentrations of FSH that do not 

diminish enough to prevent the subordinate follicle from dominance. The study agrees 

with Sangsritavong et al. (2002) that elevated FSH levels are likely initiated by increased 

blood flow to the liver and subsequently increased steroid metabolism. Consequently, 

high milk producing cows have lower circulating concentrations of progesterone and 

estradiol than heifers (Sartori et al., 2002). Lactating cows maintaining low 

concentrations of progesterone have a prolonged growth and dominance of the 

dominant follicle (Sirois and Fortune, 1990), an increase in the frequency of LH pulses 

(Roberson et al., 1989), and continued maturation of the oocyte within the persistent 

dominant follicle (Revah and Butler, 1996). The contribution of low circulating 

progesterone concentrations prior to PGF2α-induced luteolysis may result in ovulating 

co-dominant follicles, early embryonic mortality, and an overall decrease in conception 

rates. A study done by Fonseca et al. (1983) found high progesterone concentrations 12 

days prior to the first AI had a positive relationship with conception rates. Cunha et al. 

(2008) supported the finding in a Double Ovsynch trial concluding that cows with lower 

progesterone before AI had much lower fertility.  Likewise progesterone concentrations 

on the day of PGF2α had a positive linear correlation with fertility (Diskin et al., 2006). 

Failure of cows to maintain <0.4 ng/mL progesterone near the time of the second GnRH 
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of the Ovsynch protocol resulted in reduced P/AI (Souza et al., 2007; Brusveen et al., 

2009) 

Cows may not follow synchronization programs because they fail to respond to 

pre-synch programs, are not cycling prior to Ovsynch or AI, undergo luteolysis prior to a 

PGF2α injection, fail to go through luteolysis after a PGF2α injection, or are not cycling 

following AI (Escalante et al., 2013). A singular conclusive reason explaining the origin of 

cows responding abnormally was not found. A study done by Martins et al. (2011) found 

that 80% of cows underwent complete luteolysis (<0.4 ng/mL of P4) on the first AI but 

only 71% completed luteolysis on the second or additional AI. Greater probability for 

complete luteolysis was linked with greater concentrations of progesterone at the PGF2α 

injection. It is clear that additional research is needed to understand why and how cows 

respond abnormally to synchronization programs. The research presented in this thesis 

was undertaken to study the relationship between abnormal responses to 

synchronization and conception by using milk and blood progesterone samples. 

 

Conclusion 

Dairy cows balance metabolism and reproduction. Management plays a pivotal 

role in success. Extensive research has been conducted on the estrous cycle, from the 

onset of estrus to detection of ovulation and breeding. The waves of follicular growth 

must be understood in conjunction with the hormonal profiles to appropriately 

manipulate the physiology in order to fit the needs of timed AI. Progesterone has many 

functions from preparing for conception through maintaining pregnancy. Progesterone 
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is an important tool in understanding reproductive biology and striving for greater P/AI. 

Progesterone may be used to manage reproduction by separating and not breeding 

cows that have low progesterone concentrations before timed AI or high progesterone 

at the time of breeding. Artificial insemination programs have been put into place to 

increase management and profitability, but monitoring progesterone may be key to 

their increasing success. Reproduction in the dairy cow can continually be improved 

upon whether in understanding or practice, wherein these pages take mere steps in that 

direction. 
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Chapter II 

Validation of the FT Multilyser for Milk Progesterone Analysis 

Introduction 

The FT Multilyser (milk progesterone auto analyzer) is manufactured by Fӧrster 

Technik in Germany. The machine is designed to measure milk progesterone on-farm. 

Progesterone is measured by using a fluorescent antibody and competitive binding to a 

progesterone-coated fiber. Preliminary analyses were conducted to validate the 

machine before its use in Chapters 3 and 4. 

Materials and Methods 

Animals 

 Validation experiments were done by using milk collected from cows at the 

University of Missouri Foremost Dairy Research and Teaching Farm (Midway, Missouri). 

Cows were either Holstein or Guernsey. The cows were housed in a free stall barn and 

were managed using typical procedures for confinement housing and TMR feeding. 

Cows were treated with the Presynch-Ovsynch56 AI protocol for timed AI. Experiments 

were done throughout the year.  

Milk Progesterone Auto Analyzer 

The FT Multilyser can hold 40 milk samples with an additional 2 sample positions 

for a high and low progesterone control. There was a rack for an equal number of 

antibody tubes. Each milk sample was collected into a green top tube that contained a 

pellet of Bronopol preservative that stabilized the sample for at least 24 hours. The 

sample was vortexed before placement in the machine. The milk progesterone auto 
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analyzer contained a sampling needle that controls mixing and the input and output of 

the buffer solution, detergent solution, and waste (Figure 2.1 A and B). 

A buffer solution (1.5 mm Bronopol, 0.2% Tween20 in PBS) was used to dilute 

the milk sample and to decrease adhesion of the milk sample to the tubing in the 

progesterone auto analyzer. An acidified detergent solution (0.5% SDS, 7.4% HCL in H20) 

was used to clean the system after each sample and to regenerate the fiber. 

The auto analyzer performed the following steps for progesterone detection in the milk: 

1) The fluorescent antibody within individual tubes was re-suspended and pooled 

to create an antibody pool.  All tubes containing diluted antibody were combined 

into a single vessel. 

2) The standard curve consisted of low and high progesterone controls. The 

antibody solution was mixed with the standard solution and incubated for 

approximately 1 minute. The fluorescent antibody bound progesterone in 

solution during this incubation. 

3) The antibody/sample solution was then transported to the progesterone-coated 

fiber to be analyzed by competitive binding reaction. Unbound fluorescent 

antibody bound to the fiber. 

4) The antibody/sample solution was then washed from the fiber. 

5) Following the competitive binding reaction, the amount of progesterone in the 

sample was estimated by reading the laser-induced fluorescence on the fiber. 

a. Greater progesterone in the sample resulted in less antibody binding to 

the fiber because most of the antibody was bound to progesterone in the 
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sample. Conversely, less progesterone in the sample resulted in more 

antibody binding to the fiber because less of the antibody was bound to 

progesterone in the sample. An increase in progesterone in the sample 

resulted in less antibody binding to the fiber and a decrease in fiber 

florescence.  

6) After reading the fluorescence, the system was flushed with detergent solution. 

7) The milk progesterone auto analyzer repeats steps 2-5 for each individual 

standard or milk sample to determine progesterone ng/mL. 

8) Results for individual samples were calculated based on a two-point standard 

curve (high and low progesterone included in each assay) (Figure 2.0). Results 

are recorded on the machine output and a USB jumpdrive. 

Experiment 1: Milk Added Mass 

Known amounts of purified progesterone were pipetted into tubes and dried at 

room temperature (Table 2.1). 25 mL of milk from a cow in estrus was placed in each 

respective tube, held at room temperature for greater than 5 minutes, and vortexed. Six 

mL was aliquoted into a green top milk tube with the Bronopol preservative and 

refrigerated at 4˚ C overnight until tested on the milk progesterone auto analyzer. The 

added mass validation was repeated 4 times on Machine X and the mean, standard 

deviation, and coefficient of variation (CV) were calculated (Table 2.1).  

Experiment 2: Serial Dilution 

2.5 µg of purified progesterone was placed in a tube and slowly dried in a 

laboratory hood. Milk was obtained from a cow in estrus. 25 mL of milk was added to 
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the tube containing the progesterone and added to 6 subsequent tubes without 

progesterone. An additional 25 mL of milk was added to the tube with progesterone and 

mixed by pipetting (final concentration 50 ng/mL). Then 25 mL of the mixed milk was 

removed and added to the next tube and a dilution series was created by serial dilution 

(50, 25, 12.5, 6.25, 3.125, and 1.56 ng/mL of progesterone). The open control tube 

contained whole milk without added progesterone. The serial dilutions were analyzed in 

duplicate on the day of milk collection, 24 hours later (milk sample remained in the auto 

analyzer at room temperature) and 3 days later (milk samples remained in the auto 

analyzer at room temperature shaken or not shaken to test whether the separation of 

milk fat affected the progesterone result).  

 

Experiment 3: Validation Comparing Two FT Multilyser Milk Progesterone Auto Analyzers 

Milk Samples were tested on machines E and X. Milk samples were collected 

from 26 cows 2 weeks before testing and kept at 4˚ C. The samples were put in green 

top tubes with Bronopol preservative, vortexed, and tested on the progesterone auto 

analyzers. Controls were tested alongside the milk samples.  

The milk progesterone auto analyzer comparison was repeated. The complete 

study using the same cows can be found in Escalante et al. (2013). All cows sampled 

were on the Presynch-Ovsynch56 AI protocol. Milk samples were collected from 22 

cows in the morning before the PGF2α injection (day -2) and 48 hours later before the 

GnRH injection (day 0).  At both time points, milk samples were tested on Machine E 

and X.  
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Experiment 4: Coat-a-Count vs Milk Progesterone Auto Analyzer  

The Coat-a-Count radioimmunoassay is the gold-standard for progesterone 

measurement. The objective was to compare the results of a Coat-a-Count and those of 

the milk progesterone auto analyzer. Milk samples were collected from 26 cows 2 weeks 

before testing and kept at 4˚ C. The samples were put in green top tubes with Bronopol 

preservative, vortexed, and tested on both machines E and X (Figure 2.5).  

The samples were tested on the Coat-a-Count radioimmunoassay (Seimens, 

Malvern, PA). 100 µl of each milk sample or a control were placed in a tube. One mL of 

radiolabeled progesterone was added to each tube containing a sample and incubated 

at 37˚ C for 3 hours. The samples were then inverted and aspirated. Samples were 

counted for 1 minute.  

 

Experiment 5: Validation of Bovine Physiology and Milk Progesterone Auto Analyzer 

The objective was to evaluate known biology for bovine progesterone with the 

output of the progesterone auto analyzer. Milk samples were collected from 22 cows on 

day -2 (prior to PGF2α injection), 0 (+ 48 hours), 7, 14, 21, and 28 days to test for 

pregnancy based on progesterone. All cows were on the Pre-synch Ovsynch56 AI 

protocol. Data were collected for pregnancy at day 28 when a PAG test was completed, 

and ultrasound was performed on day 33 and 60.  

 

Experiment 6: Validation of PAGs and Milk Progesterone 
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Milk samples were taken from 44 cows at 24, 27, and 32 days after insemination. 

Progesterone was analyzed using the milk progesterone auto analyzer. The pregnancy 

associated glycoproteins (PAGs) were analyzed using the IDEXX Milk Pregnancy Test 

(IDEXX Laboratories, Westbrook, ME) that is a sandwich ELISA kit with standard positive 

and negative controls.  25 µl of sample diluent were pipetted into each well used for a 

sample or control. Two positive controls, two negative controls, and milk samples of 100 

µl each were pipetted into the wells. The plate was tapped to mix, covered, and placed 

in an incubator for 60 ± 5 minutes at 37˚C ± 2 degrees. Contents were aspirated and 

washed 3 to 5 times with approximately 300 µl of wash solution, aspirating the contents 

after each wash, respectively. 100 µl of detection solution were added to each well, 

covered, and incubated for 30 ± 2 minutes at 18-26˚C. Liquid solution was aspirated and 

washed, then 100 µl of conjugate was added to each well, covered, and incubated for 30 

± 2 minutes at 18-26˚C. Contents were aspirated and washed, 100 µl of TMB Substrate 

N. 12 was dispensed into each well and incubated, uncovered, for 15 ± 1 minute at 18-

26 ˚C. 100 µl of Stop Solution N. 3 was distributed into each well to stop the reaction 

and results were recorded.  

 

Experiment 7: Progesterone Analysis for PGF2α Biological Response 

The objective of this study was to determine how quickly a PGF2α injection 

decreased progesterone concentrations in the milk. Milk samples were collected from 

34 cows at -4, 8, 20, 32, and 44 hours from the PGF2α injection during the final week of 
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the Presynch-Ovsynch56 AI protocol (Figure 2.11). The study was conducted within 2 

weeks, sampling cows at 5 consecutive milkings. Samples were analyzed on the 

progesterone auto analyzer within 3 hours of collection. 

 

Results  

Experiment 1: Milk Added Mass 

The progesterone result from Machine X and the known added progesterone 

mass were highly correlated (Figure 2.2). The R2 value was 0.9957 with the linear 

equation of y=0.5265x +2.7377 The coefficient of variation (CV) averaged 11.5% from 4 

replicates of 10 samples that were analyzed on the progesterone auto analyzer (Table 

2.1). 

 

Experiment 2: Serial Dilution 

The results of the serial dilution are shown in Figures 2.3 A, B, C, and D. In each 

case the machine result and the expected progesterone concentration were highly 

correlated. The original serial dilution had an R2 of 0.997 with a linear equation of 

y=1.302x + 4.6906. Samples that remained at room temperature for 24 hours before 

analysis had an R2 of 0.9978 and a linear equation of y=0.7294x + 3.6. Samples that 

remained at room temperature for 3 days, unshaken before analysis had an R2 of 0.9892 

and a linear equation of y=0.5967x + 4.038. Samples that remained at room 

temperature for 3 days and then shaken before analysis had an R2 of 0.9973 and a linear 

equation of y=0.9371x + 2.8934. Individual samples were compared to determine how 
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the progesterone concentration changed through the 4 separate trials (Figures 2.4). The 

amount of assayable progesterone decreased over time (slope was less). Among 

samples, the 3 day old sample that was shaken before analysis had progesterone 

concentrations closest to the initial dilution. 

 

Experiment 3: Validation Comparing Two FT Multilyser Milk Progesterone Auto Analyzers 

When the same samples were analyzed in each machine both machines 

demonstrated similar results (Figure 2.5). The data were highly correlated with a slope 

of approximately 1 from each respective analysis. The R2 value for samples collected in 

the first analysis was 0.8926. The R2 value for samples for the second analysis was 

0.9536.  

 

Experiment 4: Coat-a-Count vs Milk Progesterone Auto Analyzer 

Results for the Coat-a-Count assay and each respective machine are shown 

(Figures 2.6 A and B). The progesterone auto analyzer estimates were approximately 

53% of the Coat-a-Count value with an R2 of 0.7167 and a linear equation of y=0.5333x + 

3.1438 (Figure 2.6 A). The second trial estimates of the progesterone auto analyzer were 

approximately 58% of the Coat-a-Count value with an R2 of 0.6373 with a linear 

equation of y=0.5822x + 3.7954 (Figure 2.6 B). 

 

Experiment 5: Validation of Bovine Biology and Milk Progesterone Auto Analyzer 
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Based on expected bovine hormone profiles progesterone should be elevated on 

day -2 (time of PGF2α), low on day 0 (day of AI), and increase thereafter. Pregnant cows 

should continue to have elevated progesterone. Cows that are not pregnant should 

have a decrease in progesterone at some time after breeding. Individual pregnant cows 

are shown in Figures 2.7 A-F representing the pregnant cow curve. The pregnant cow 

curve has high progesterone concentrations at d -2, low concentrations at d 0 (AI), and 

increasing or high progesterone concentrations thereafter. Figures 2.8 A-F represent 

non-pregnant cow curves when analyzing progesterone for pregnancy. Non-pregnant 

cow curves do not follow a consistent pattern because cows return to estrus after AI. 

 

Experiment 6: Validation of PAGs and Milk Progesterone 

Progesterone curves for pregnancy associated glycoprotein (PAG) positive and 

PAG negative cows are presented on days 24, 27, and 32 after AI (Figure 2.9 A and B). 

PAG positive cows (pregnant) generally did not have concentrations below 10 ng/mL of 

progesterone. In contrast, PAG negative cows (not pregnant) had progesterone 

concentrations above and below 10 ng/mL because cows were in different stages of the 

estrous cycle after breeding. 

 

Experiment 7: Responsiveness of PGF2α 

 Progesterone concentrations of cows were assayed for 5 consecutive milkings 

close to the final PGF2α injection (Figure 2.10). All cows were evaluated collectively. A 
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cut-off point of 10 ng/mL of progesterone was established indicative of the presence or 

absence of a CL. There were 11 cows below 10 ng/mL for progesterone 4 hours before 

PGF2α (Figure 2.11 A) and 23 cows above 10 ng/mL (Figure 2.11 B). A statistical analysis 

indicated there were no statistical significance in a progesterone change between -4 and 

8 hours or 32 and 44 hours (Figure 2.13). Progesterone decreased from 8 to 20 to 32 

hours from PGF2α. 

 

Discussion 

We found that the milk progesterone auto analyzer is a valuable tool in assessing 

progesterone in milk. In the added mass experiments (Figure 2.2) the milk progesterone 

auto analyzer demonstrated accuracy with an extremely high R2 of 0.9957 with the 

added mass of progesterone. The slope of the regression (0.5265) indicated that the 

machine estimate is approximately 50% of the expected value. The y-intercept (2.7377) 

indicated that the auto analyzer over estimates low progesterone values. In Table 2.1 

the mean, standard deviation, and coefficient of variation were calculated from 4 

repetitions of added mass. The CV was 11.5%, an average value calculated from the 

individual CVs for all of the quadruplicates. A CV at less than 15% would be considered 

acceptable in most assay systems. The CV did not appear to change appreciably from 

lowest to highest value.  

The serial dilution trials conducted at different time points also demonstrated 

that the milk progesterone auto analyzer was consistent and the results were 

repeatable. Samples were analyzed in duplicate and averaged. The rationale for this 
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work was to understand how time, temperature, and mixing affected the progesterone 

auto analyzer result. The output was consistent at each time point that was analyzed 

(Figures 2.3 A, B, C, D). When comparing samples against themselves vortexing the 

sample and analyzing the sample on the day of collection resulted in the greatest 

progesterone concentrations. When comparing a sample with itself at the 4 time points 

(Figure 2.4) the 3 day old, unshaken sample achieved nearly half the progesterone 

concentration of the original serial dilution. The sample that was vortexed prior to 

analysis 3 days after the original was most similar to the original. Whereas the sample 

analyzed 24 hours after the original was intermediate. Samples left unshaken reached 

lower progesterone concentrations across all dilutions. Samples should be vortexed and 

analyzed on the same day of collection to reach the greatest progesterone 

concentrations. The varying results may have occurred due to separation of the fat layer 

to the top of the sample, full equilibration and separation within the sample, or 

metabolism that reduced the progesterone concentrations. Vortexing may be important 

to homogenize the progesterone within the sample to achieve a representative sample. 

The milk progesterone auto analyzer may underestimate progesterone because the fat – 

containing progesterone had separated to the top of the test tube. Unshaken samples 

did not provide a true representation of progesterone in the sample. 

Two milk progesterone auto analyzers were tested in the assays for comparison. 

The first trial (Figure 2.5 A) had an R2 of 0.8926 and a linear equation of y=0.933x + 

1.189. Machine E read slightly greater in progesterone concentrations than machine X. 

The second trial (Figure 2.5 B) yielded an R2 of 0.9536 and a linear equation of 1.1692x -
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2.1671. Machine X read slightly greater in progesterone concentrations than machine E. 

Both sets of data were highly correlated with a slope of approximately 1. The machines 

were generating consistent progesterone concentrations.  

A Coat-a-Count comparison was conducted to compare a known method of 

progesterone analysis with the new method of the progesterone auto analyzer. Figure 

2.6 compare 2 machine outputs with a Coat-a-Count. The first compare the assays with 

an R2 of 0.7167and a linear equation of y=0.5333x + 3.1438. The second compare the 

assays with an R2 of 0.6373 and a linear equation of y=0.5822x + 3.7954. The 

progesterone auto analyzer underestimated the progesterone value on average by 

about 55% compared with the radioimmunoassay.  The added mass experiment 

compliments this work with the progesterone auto analyzer underestimating the 

progesterone value by 52%. The machines were consistent in the output with respect to 

R2 values.  

A biological validation (Figure 2.7 and 2.8) was conducted that followed cows at 

day -2, 0, 7, 14, 21, and 28 days after AI. Based on cows that were pregnant versus cows 

that were non-pregnant, the milk progesterone auto analyzer generated expected 

progesterone profiles.  Pregnant cows generally had a decrease in progesterone 

concentration at day 0 and continued to increase or maintain progesterone levels 

thereafter. In some non-pregnant cow profiles it appears that cows re-cycled, indicative 

of a non-pregnant status. If cows can be identified that re-cycle before ultrasound on 

day 32, the milk progesterone auto analyzer may be a valuable tool in management for 

rebreeding. 
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Another validation (Figure 2.9 A and B) for the milk progesterone auto analyzer 

included a comparison between progesterone values and pregnancy associated 

glycoproteins (PAGs). The design of this experiment was to test how early PAGs could be 

detected in bovine pregnancy using the IDEXX milk kit at day 24 and 27 before 

ultrasound at day 32. Secondly, it validated the milk progesterone auto analyzer values 

compared with PAGs qualitative assay. PAG positive pregnant cows (Figure 2.9 A) had 

for the most part progesterone concentrations >10 ng/mL and maintained the 

concentration throughout the study. PAG negative non-pregnant cows (Figure 2.9 B) did 

not have a defined pattern and had varying levels of progesterone. Non-pregnant cows 

do not have consistent progesterone concentrations because they are usually at 

different points in the estrous cycle and may be anestrous or have a cystic follicle. Cow 

946 was used twice in the PAG negative data because she re-cycled during the study. 

This experiment generated progesterone curves that followed closely with the pregnant 

or non-pregnant status of the cow.  

The final study was to determine how quickly PGF2α decreased milk 

progesterone (Figure 2.10). This information was needed for Chapter III. Cows had a 

significant (P<0.05) decrease in progesterone between 8 and 20 hours post-injection 

followed by a further significant decrease (P<0.05) between 20 and 32 hours. A cut-off 

of <10 ng/mL of progesterone was established and compared with cows that had >10 

ng/mL of progesterone at -4 hours. Cows below 10 ng/mL (Figure 2.11 A) did not have a 

CL to regress at the time of PGF2α and were likely unresponsive to the injection. In 

contrast, cows above 10 ng/mL at -4 hours (Figure 2.11 B) correctly responded to the 
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Presynch portion of the protocol with a CL to regress at the time of PGF2α. Factors that 

may contribute to unresponsive cows, include recent ovulation, anestrus, cystic, did not 

receive a full dose of PGF2α, uterine infection, or another reproductive problem.   

 

Conclusion 

 The milk progesterone auto analyzer, as shown in these experiments, provides 

ample evidence of a sound experimental method for testing progesterone in milk. The 

machine can be used to monitor reproduction in dairy cows along with modifying 

management practices, such as using a CIDR or not breeding on a predetermined day, if 

the likelihood of pregnancy is low. It may also prove useful with a pregnancy associated 

glycoprotein (PAG) test or ultrasound for pregnancy diagnosis. The milk progesterone 

auto analyzer proved efficient at obtaining accurate results wherein it is used in the 

following trials. 
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Figure 2.0 Standard curve generated from the progesterone auto analyzer. The red 
squares are the high (20 ng/mL) and low (5 ng/mL) progesterone controls that were 
provided with the progesterone auto analyzer. The blue circles are results for milk 
samples whose concentrations were estimated based on the standard curve. 
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Figure 2.1 A: The FT Multilyser uses the measuring cell (A) to detect the concentration of 
progesterone in a sample through fluorescence on the fiber. The pump (B) controls 
mixing of the milk sample with the antibody and also cleaning the machine with 
detergent solutions. 
 

 
 

Figure 2.1 B: The buffer and detergent solutions enter the FT Multilyser and waste is 
deposited through a portal (A). The sampling needle (B) is used in the mixing process. 
Antibody tubes are placed in the left hand rack (C). Green top tubes containing the milk 
samples and a high and low control are placed in the right hand rack (D). Progesterone 
(ng/mL) concentration output is read on the hand-held terminal (E). 
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Figure 2.2 Regression of the progesterone result for machine X on to known added mass 
of progesterone. This figure depicts the mean of progesterone data from Table 2.1. The 
regression was significant at P<0.0001. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

y = 0.5265x + 2.7377 
R² = 0.9957 

0.0

5.0

10.0

15.0

20.0

25.0

0 10 20 30 40 50

P
4

, n
g/

m
L 

Added P4, ng/mL 

Series1

Linear (Series1)



43 
 

 
 
 
 

 
 
 
 
 
 
 
 
 

y = 1.302x + 4.6906 
R² = 0.997 

0

10

20

30

40

50

60

70

80

0 5 10 15 20 25 30 35 40 45 50

P
4

 n
g/

m
L 

Spiked Amount of P4 (ng/mL) 

Series1

y = 0.7294x + 3.6 
R² = 0.9978 

0

10

20

30

40

50

60

70

80

0 5 10 15 20 25 30 35 40 45 50

P
4

 n
g/

m
L 

Spiked Amount of P4 (ng/mL) 

Series1

A 

B 



44 
 

 
 

 
 
 

 
Figure 2.3 Serial dilution of two milk samples spiked with 50 ng/mL of progesterone. The 
data represent the average for the two samples. Samples were either analyzed 
immediately (A), after 24 hours at room temperature (B), unshaken at room 
temperature for 3 days (C), or shaken at room temperature for 3 days (D). 
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Figure 2.4 Serial dilutions of samples spiked with 50 ng/mL of progesterone and the 
corresponding estimate that tested time as well as shaking of the sample of milk 
progesterone made by the auto analyzer from 4 separate experiments. The figure is a 
compilation of the data in Figure 2.3. 
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Figure 2.5 Regression of the progesterone result for machine E on to the progesterone 
result for machine X. The data are for samples collected at two times (A and B). The 
regressions were significant at P<0.0001. 
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Figure 2.6 Regression of the result for progesterone concentrations using machine E 
onto progesterone concentration using a Coat-a-Count radioimmunoassay. Results for 
two separate experiments are shown (A and B). 
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Figure 2.7 Individual cow progesterone curves to validate the milk progesterone auto analyzer 
with respect to bovine pregnancy. Samples were collected at day -2, 0, 7, 14, 21, and 28 from AI. 
All cows were determined pregnant on 28 days by using a pregnancy associated glycoprotein 
assay. The expected profile of low progesterone at AI followed by sustained elevated 
progesterone was observed. 
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Figure 2.8 Individual cow progesterone curves to validate the milk progesterone auto analyzer 
with respect to non-pregnancy after AI. Samples were collected at day -2, 0 7, 14, 21, and 28 
from AI. All cows were determined non-pregnant at 28 days by using pregnancy associated 
glycoprotein assay. With the exception of 2538, all cows have a period of low progesterone after 
AI. 
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Figure 2.9 Progesterone concentrations for individual cows that were positive (A) and 
negative (B) for pregnancy associated glycoproteins at day 24, 27, and 32 after AI. With 
the exception of 2675 for PAG positive, all pregnant cows remained above 10 ng/mL. Non-
pregnant (PAG negative) cows were inconsistent in terms of progesterone concentrations. 
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Figure 2.10 Progesterone concentrations of individual cows for 5 milkings before and 
after the PGF2α injection. Most cows responded to PGF2α and decreased in progesterone 
20 hours afterinjection, reaching the lowest concentration at 32 hours after injection. 
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Figure 2.11 Progesterone concentrations of individual cows with less than (A) or greater 
than 10 ng/mL (B) at -4 hours from the PGF2α injection of the Ovsynch protocol.  
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Figure 2.12 Least square means and standard error of the mean for milk progesterone after the final luteolytic injection of PGF2α. 
Bars with different superscripts denote P<0.05. Compared with -4 h, milk progesterone was lowest at 32 h and remained at the same 
concentration at 44 h.
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Table 2.1 Added mass validation of the progesterone auto analyzer with mean, standard deviation, and coefficient of 
variation(CV) for 4 replicates of 10 samples. 
                                                                  
                                                                                                 Replicate (ng/mL) 

Mass of Added P4 (ng/mL) 1 2 3 4 Mean SD CV 

0 3.1 2.6 3 3.3 3.0 0.3 9.8 

2 3.4 3.5 2.7 4.1 3.4 0.6 16.8 

4 5.7 3.6 4.8 4.8 4.7 0.9 18.2 

6 5 4.8 5.9 6.6 5.6 0.8 15.0 

8 7.4 6.2 6.6 7.7 7.0 0.7 10.0 

10 7.5 7.3 8 7.9 7.7 0.3 4.3 

15 9.6 11 10 12.9 10.9 1.5 13.5 

20 13 14.2 13.6 16.3 14.3 1.4 10.1 

30 16.7 17.8 18.4 21.8 18.7 2.2 11.8 

40 22.3 22.7 23 25 23.3 1.2 5.2 

 
Added mass validation was repeated 4 times, represented by replicate 1, 2, 3, and 4. Mean and standard deviation were calculated. 
The average CV was 11.5%.

5
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Chapter III  

Modified Presynch-Ovsynch56 AI protocol for lactating dairy cows using milk 

progesterone 

 

Abstract 

Timed artificial insemination (AI) programs have been used to ensure eligible 

dairy cows are serviced at the appropriate time in the estrous cycle. The most common 

protocol in dairy cows is Presynch-Ovsynch56. Some dairy cows do not respond to the 

protocol as expected and do not have the chance to conceive due to high levels of 

progesterone at timed AI. If a cow does not fully undergo luteolysis and has elevated 

progesterone then the elevated progesterone will compromise oocyte transport in the 

oviduct. High concentrations of progesterone during the cycle before breeding are 

associated with greater conception. By measuring milk progesterone concentrations it 

can be determined which cows are not responding to the protocol and have low 

progesterone concentrations on the day of PGF2α treatment. These cows can 

theoretically be put on a modified, extended 7 day CIDR (Controlled Internal Drug 

Release, Zoetis, New York, NY) protocol to increase the chance of conception and 

pregnancy by breeding one week later. Cows were divided into control (n=53) and 

treatment (n=49) groups. Control cows remained on Presynch-Ovsynch56 regardless of 

progesterone concentrations at sampling. Treatment cows either remained on 

Presynch-Ovsynch56 if progesterone concentrations followed the protocol or were put 

on a 7 day CIDR program if they had low concentrations of progesterone at the first 
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sample. Milk samples were collected on day -4 and -2 before timed AI and measured for 

progesterone concentrations. Cows with low concentrations of progesterone on day -4 

were put on the 7 day CIDR program (n=10). Cows that were pregnant to first 

insemination for control were 19/53 (35%), for treatment cows without a CIDR were 

19/39 (48%), and for treatment cows with a 7 day CIDR were 5/10 (50%) (Table 3.2).  

Introduction 

Timed AI programs have improved reproductive efficiency in dairy herds. 

Refinements to existing programs have increased their effectiveness, but conception 

rates to timed AI remain below 50% for most herds. The low timed AI conception rate is 

partially explained by cows that either do not have a corpus luteum (CL) when PGF2α is 

administered or, for cows with a CL, failure to undergo complete luteolysis after PGF2α 

is administered (Escalante et al., 2013). Cows falling into one of these two categories 

rarely become pregnant to timed AI. We hypothesized that testing cows for milk 

progesterone before timed AI could be used as a method to identify cows that will 

respond poorly to timed AI. Furthermore, reassigning poor-responders to an alternative 

program before timed AI could increase pregnancy rates.  

Materials and Methods 

Animals and Management 

First insemination lactating Holstein and Guernsey cows (n= 102) from the 

University of Missouri Foremost Dairy Research and Teaching Farm (Midway, Missouri) 

were treated with the “Presynch-Ovsynch56” protocol (Figure 3.0 A) for timed AI. Cows 
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were given 2 injections of PGF2α (25 mg Lutalyse/dose; Zoetis) 14 days apart, followed by 

an injection of GnRH (100 µg Factrel/dose; Zoetis) 14 days later. At 7 days after GnRH, 

another injection of PGF2α was administered followed by a second injection of GnRH at 

56 hours, and then timed AI 16 hours later. In this trial the final morning injection of 

PGF2α was administered on d -3 and GnRH was given in the afternoon of d -1 prior to 

timed AI (Table 3.1). Progesterone concentrations in milk were collected and measured 

in the evenings 4 and 2 days (day -4 and -2, respectively) before timed AI using the FT 

Multilyser manufactured by Forster Technik® (Engen, Germany). Control cows (n=53) 

continued on Presynch-Ovsynch56 regardless of the progesterone concentrations in the 

milk samples. Treatment cows that had luteal concentrations of progesterone at the 

first sample remained on Presynch-Ovsynch (identical to control; n=39). Treatment cows 

that had low progesterone concentrations on day -4 (n=10) were treated with an 

injection of GnRH and a 7 day CIDR in the morning of day -3 (Figure 3.0 B). In the 

morning one week later the CIDR was removed and cows were treated with PGF2α 

followed by an injection of GnRH at 56 hours, and then timed AI 16 hours later. Cows 

were diagnosed for pregnancy at day 32 after AI using an ultrasound. 

 

Results 

 Ultrasound was completed at 32 days to determine pregnancy. The total cows 

pregnant to first insemination for controls were 19/53 (35%). Control cows with 

progesterone concentrations at or above 15 ng/mL had a pregnancy rate of 17/42 

(40%). Control cows with progesterone concentrations below 15 ng/mL had a pregnancy 
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rate of 2/11 (18%). Treatment cows without a CIDR that remained on the Ovsynch 

protocol had a pregnancy rate of 19/39 (48%). Treatment cows that were assigned to 

the 7 day CIDR had a pregnancy rate of 5/10 (50%). The total P/AI for the treatment 

group was 24/49 (48%) (Table 3.2). A Chi-square test was conducted between CIDR 

treated cows and low progesterone control cows at day -4 that yielded a 2.39 with a P-

value of 0.12. A second chi-square test between treatment totals and control totals was 

1.80 with a P-value of 0.17. Progesterone concentrations between pregnant and non-

pregnant cows at each sampling are depicted graphically (Figure 3.1, 3.2, and 3.3). The 

least square means and standard error of the mean comparing treatment and control, 

pregnant and non-pregnant, and sample time (day -2 or -4, respectively) was calculated 

(Figure 3.4). There was no difference (P>0.05) between group or pregnancy status on 

day -2, but day -2 was statistically different then day -4 (P<0.05). On day -4, there was a 

statistical difference between pregnant and non-pregnant cows in the control group 

(P<0.05). In contrast, there was no difference between pregnant and non-pregnant cows 

in the treatment group (P>0.05). Non-pregnant control cows and non-pregnant 

treatment cows were statistically different (P<0.05). 

 

Discussion 

 The rationale for this study was to identify cows that would respond poorly with 

respect to conception rate to timed AI, reassign them to a 7 day CIDR program, and 

inseminate one week after the original AI date to attempt to increase conception rates. 

Cows that conceived to the first insemination had similar progesterone curves. Cows 
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had elevated progesterone concentrations on day -4 of milk sampling and a decrease by 

day -2, indicative of a luteolytic response to the PGF2α injection. Cows that became 

pregnant exhibited the expected progesterone curve before AI. Pregnant and non-

pregnant cows are shown for the control (Figure 3.1) and treatment (Figure 3.2) groups. 

As expected, control cows exhibited progesterone curves that both followed and 

deviated from the timed AI protocol. Control cows may have remained non-pregnant 

because they did not ovulate or did not have high enough concentrations of 

progesterone prior to PGF2α. Reassigning these cows to the 7 day CIDR may have 

increased conception rates by eliminating the predicted non-response to timed AI.  

  Treatment cows enrolled in the 7 day CIDR program were inseminated 1 week 

after the original AI date. GnRH is administered at the time of CIDR insertion to release 

LH from the anterior pituitary and induce ovulation of a dominant follicle if present. By 

inserting the CIDR, progesterone is released. The CIDR causes blood concentrations of 

progesterone to increase and stay elevated until removal, that caused an increase 

between the first and second sample (Figure3.3). Removal of the CIDR and an injection 

of PGF2α decreases progesterone and allows for synchronization. The cow receives an 

injection of GnRH 56 hours after PGF2α to cause the LH surge, followed by AI 16 hours 

later. By waiting one week after the original AI date, it was projected there would be an 

increase in P/AI. There was a numeric increase in pregnancy rate in 7 day CIDR cows that 

illustrated better conception rates by removing cows that did not respond to the 

protocol.  
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 Milk progesterone concentrations were analyzed between days, treatment or 

control, and pregnancy status (Figure 3.4). There was no statistical difference between 

treatment or control groups or pregnancy status. However, there was an effect of day 

(P<0.0001). This result was expected because cows should decrease after the injection 

of PGF2α (d -3). 

 Chi-square tests were performed to test for treatment effects. Low progesterone 

7 day CIDR cows were compared with low progesterone control cows at day -4, yielding 

a X2 of 2.39 and a P-value of 0.12. Likewise, the total number of treatment and total 

number of control cows were analyzed with a X2 of 1.80 and a P-value of 0.17. Neither p-

value generated from the chi-square test was significant. If we assume a 50% 

conception rate for cows with appropriate timed AI response and 20% non-responders 

then managing cows to a 7 day CIDR program would increase the P/AI by 6 percentage 

points.  The apparent numeric differences will need to be retested in a larger trial. 

 In conclusion, a single time point to best test progesterone that is indicative of 

pregnancy has not been established. However, cows that have low progesterone 

concentrations at PGF2α can be identified. There was a numeric increase in pregnancy 

rates for cows put on the 7 day CIDR program. Although the CIDR program increased 

pregnancy rate, greater numbers of cows are needed to continue testing the 7 day CIDR 

hypothesis. When the percentage of non-responding cows is small the progesterone 

testing may not yield a large benefit to P/AI.



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.0 The standard (A) Presynch-Ovsynch56 protocol for all control cows and treatment cows with high progesterone (>15ng/mL) at the first 

milk sample (day -4). The modified (B) Presynch-Ovsynch56 protocol with a 7 day CIDR for treatment cows with low progesterone concentrations 

at the first milk sampling (day -4). * denotes sample time. PGF2α is 25 mg of Lutalyse/dose and GnRH is 100 µg Factrel/dose, both manufactured 

by Zoetis.

PGF2α PGF2α GnRH PGF2α GnRH AI 

Day 0 14 28 35 
+56 h +16 h 

+56 h 
hhhrs 

+16 h 

PGF2α PGF2α

α 

GnRH 

 7 d CIDR 

Day 0 14 28 35 42 

PGF2α 
GnRH AI 

GnRH 

A 

B 

*

 

 * 

 * 

* 

*

 

 * 

 * 

* 

6
2 



63 

 

 

Figure 3.1 Pregnant (solid line) and non-pregnant (dashed line) cows assigned to the 
control group. 
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Figure 3.2 Pregnant (solid line) and non-pregnant (dashed line) cows assigned to the 
treatment group that did not receive a CIDR. 
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Figure 3.3 Pregnant (solid line) and non-pregnant (dashed line) cows assigned to the 7 
day CIDR program.
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Figure 3.4 Least square means and standard error of the mean for treatment and control cows, pregnant and non-pregnant, at day -

2 and -4 before timed AI. Bars with different superscripts denote P<0.05. Cows were equal among treatment and controls at d -2. 
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Table 3.1 Milk sample collection time relative to Ovsynch and timed AI. 

 

 

  

Day -4 -3 -2 -1 0 
 Monday Tuesday Wednesday Thursday Friday 

AM  PGF2α   AI 
PM Milk Sample  Milk Sample GnRH  
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Table 3.2 P/AI for treatment and control cows based on high or low progesterone at day -4. The cut-off for high progesterone was ≥ 

15 ng/mL and low progesterone was <15 ng/mL. 

 

Treatment N P/AI % 

     High P4             Remained on Ovsynch protocol 39 19/39 48% 

     Low P4              7 d CIDR 10 5/10 50%a 

     Total 49 24/49 48%b 

    

Control    

     High P4             Remained on Ovsynch protocol 42 17/42 40% 

     Low P4              Remained on Ovsynch protocol 11 2/11 18% 

     Total 53 19/53 35% 

a X2=2.39 (P<0.12) for comparison with low progesterone CIDR treated cows and low progesterone control cows. 

B X2=1.80 (P<0.18) for comparison with totals of treatment and control cows.
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Chapter IV 

Receiver Operating Characteristic (ROC) Curve for a Pregnancy Test Based on Milk 

Progesterone Concentration Before or 1 Week After Timed AI 

Abstract 

An experiment was conducted to test the hypothesis that milk progesterone 

before or 1 week after timed AI could be used to identify cows that will not become 

pregnant. Holstein cows (n=223) that were either first AI or greater were treated with 

the “Ovsynch56” protocol for timed AI.  Milk progesterone concentrations were 

measured -3, 0, and +7 d relative to timed AI by using an automated analyzer (FT 

Multilyser; Förster Technik; Engen, Germany). Compared with nonpregnant (NP; n=141) 

cows, pregnant (P; n=82) cows had greater milk progesterone on d -3 (15.7+0.7 vs. 

12.3+0.5 ng/mL; P<0.001) and d +7 (17.2+0.8 vs. 13.4+0.6 ng/mL; P<0.001). Milk 

progesterone on d 0 was similar for pregnant and non-pregnant cows (8.5+0.3 ng/mL). 

ROC (Receiver Operating Characteristic) curves were generated to test true positive rate 

versus false positive rate for predicting pregnant cows. When milk progesterone 

concentrations were used as a test to predict pregnancy, the area under the ROC was 

0.64+0.04 for d -3 and 0.67+0.04 for d +7. Both ROC curves were different (P<0.05) from 

0.5 meaning that milk progesterone around timed AI was predictive of pregnancy. The 

usefulness of the test was low, however, because the area was well less than the ideal 

1.0. 
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Introduction 

Timed AI (TAI) programs have increased reproductive efficiency in dairy herds. 

Refinements to existing programs have increased their effectiveness but conception 

rates to timed AI remain below 50% for most herds. The low timed AI P/AI is partially 

explained by cows that do not have a CL when PGF2α is administered, fail to undergo 

luteolysis after PGF2α or fail to ovulate after GnRH and timed AI. Cows falling into one of 

these three categories are known to have low fertility after timed AI. We hypothesized 

that testing cows for milk progesterone before and within one week after timed AI could 

be used as a method to identify cows that will have low fertility following timed AI. The 

objective of the study was to measure milk progesterone before, at the time of, or 1 

week after timed AI and create ROC curves for a pregnancy test based on milk 

progesterone. 

Materials and Methods 

Lactating Holstein cows (n = 223) in a confinement-style dairy (Heartland Dairy, 

La Belle, Missouri) were used. Cows were treated with the “Presynch-Ovsynch56” 

(PGF2α, 14 d, PGF2α, 14 d, GnRH, 7 d, PGF2α, 56 h, GnRH, 16 h, timed AI) program. All 

inseminations were performed at timed AI; no cows were inseminated at other times. 

Milk samples were collected on day -3 (day of PGF2α), day 0 (timed AI) and +7 days later. 

Samples were collected, kept on ice in a cooler, transported 2 hours to the lab, vortexed, and 

analyzed the same day by using an automated analyzer (FT Multilyser; Förster Technik; 

Engen, Germany). There were first service timed AI and resynchronized timed AI cows in 
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the data set. The resynchronization began with a GnRH treatment 32 d after the first 

timed AI and followed the Ovsynch protocol the following week. The cows were 

administered PGF2α at 39 d, GnRH at 41 d, and concluded with a timed AI on d 42. The 

cows were diagnosed for pregnancy by the herd veterinarian at d 38 after timed AI using 

an ultrasound.  

 

Receiver Operating Characteristic (ROC) Curves 

 Receiver operating characteristic curves are a plot of the true positive rate 

against the false positive rate for different cut-off points of a parameter. The true 

positive rate is also known as the sensitivity and the false positive rate is known as 1-

specificity. ROCs were generated to determine if a suitable cut-off could be determined 

for predicting pregnant cows from progesterone concentrations in the milk samples. 

The sensitivity [(number of cows correctly diagnosed with a positive progesterone milk 

sample/the number of cows with a positive ultrasound pregnancy test) x 100], 

specificity [number of cows correctly diagnosed with a negative progesterone milk 

sample/number of cows with a negative ultrasound pregnancy test) x 100] and 1-

specificity were calculated for a series of cut-off values to generate the ROC curve. 

The following SAS code was used to generate the ROC curves:  
data one;input id status $ milk_1 milk_2 milk_3; 

cards; 17 1 29 8    16  

Etc. Data ROC1; title 'milk_1'; set one; lowlim = 1; uplim=100; ninc = 100; do I = 1 to 

ninc+1; 
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cutoff = lowlim + (I-1); if milk_1 > cutoff then test = "R"; else test = "N"; output; end; 

drop I; 

 

 proc sort; by cutoff; proc freq; by cutoff; 

table test*status/out=pcts1 outpct noprint; 

 

data truepos; set pcts1; if status ="1" and test="R"; tp_rate = pct_col; drop pct_col;  

 

data falsepos; set pcts1; if status = "0" and test = "R"; fp_rate=pct_col; 

drop pct_col;  

 

data roc1; merge truepos falsepos; by cutoff; 

if tp_rate = . then tp_rate = 0.0; if fp_rate = . then fp_rate = 0.0; 

proc print;  

 

proc gplot data = roc1;plot tp_rate*fp_rate=cutoff; run; 

 

The following SAS code was used to test ROC curves for significance: 

proc logistic data=roc plots=roc(id=prob); 

      model status(event='1') = milk_1 milk_2 milk_3 / nofit; 

      roc 'PGF' milk_1; roc 'AI' milk_2; roc 'plus7' milk_3; 

      roccontrast reference('PGF') / estimate e; run; 

Results 

 Ultrasound was completed at 38 days to determine pregnancy. There were 

82/223 (36%) cows that were pregnant. Progesterone concentrations between 
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pregnant and non-pregnant cows at each sampling are depicted graphically (Figure 4.0 

and 4.1). The cut-off for day -3 was determined at 12 ng/mL where approximately 70% 

of the pregnant cows could be predicted and 45% of non-pregnant cows were mis-

diagnosed as pregnant.  Cows greater than 12 ng/mL of progesterone on d -3 had 46% 

P/AI.  A cut-off for day 0 was not established. The cut-off for day +7 was 13 ng/mL 

where approximately 80% of the pregnant cows could be predicted and 40% of the non-

pregnant cows were mis-diagnosed as pregnant. The P/AI for cows above 13 ng/mL of 

progesterone on d +7 was 52%. When compared with non-pregnant cows, pregnant 

cows had greater milk progesterone on d -3 (15.7+0.7 vs. 12.3+0.5 ng/mL; P<0.001) and 

d +7 (17.2+0.8 vs. 13.4+0.6 ng/mL; P<0.001).  

Discussion 

 The goal of this study was to determine if cows unresponsive to timed AI could 

be identified by milk sampling before or 1 week after insemination. The study found 

measuring milk progesterone concentrations at d -3 and +7 were predictive of cows that 

would likely conceive versus those that would not. A sampling of pregnancy 

progesterone curves from the data (Figure 4.0) show the responses. For pregnant cows 

with the expected progesterone curve (high, low, high), the progesterone concentration 

achieved low levels and increased rapidly within 7 days. These data agree with Souza et 

al. (2007) and Brusveen et al. (2009) that progesterone concentrations must significantly 

decrease to increase P/AI. Interestingly, some cows with an inverted curve also 

conceived. Reasons for an abnormal progesterone curve in pregnant cows could be due 
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to the milk progesterone auto analyzer malfunctioning, mislabeling a tube, or 

misdiagnosis of pregnancy. Cows that were non-pregnant (Figure 4.1) may not have 

achieved low enough levels of progesterone, despite many following the expected 

progesterone curve. There were more cows with progesterone concentrations below 10 

ng/mL on d -3 in the non-pregnant group, suggesting the absence of a CL to regress in 

response to PGF2α. Additionally, non-pregnant cows with abnormal curves may be 

unresponsive to the PGF2α injection, be cycstic or anestrus, have an infection, or have 

another reproductive problem. 

 If a milk sampling time could predict cows unresponsive to timed AI then a 

suitable testing time and/or modified protocol could be developed. To assess milk 

progesterone concentrations at the respective collection time, ROC curves were 

generated (Figure 4.2).The ROC curve is a visual depiction of the true positive rate and 

false positive rate when an increasing cut-off for the test is used. The cut-off point is 

applied to establish true evaluation of the data. If the cut-off is too low, the true positive 

rate is 100% and the false positive rate is also 100% because all of the non-pregnant 

cows are called pregnant. Moving the ROC curve to the left on the graph and increasing 

the cut-off will decrease the false positive rate. The ideal ROC curve is 100% true 

positive rate and 0% false positive rate, pushing the curve to the left boundaries of the 

graph. ROC curves falling below the 50% true positive and 50% false positive diagonal 

line on the graph indicate relatively lower true positive rates and higher false positive 

rates at a given cut-off. Milk progesterone concentrations were indicative of pregnant or 

non-pregnant cows on d -3 (P<0.5) with a cut-off of 12, indicating cows above the cut-
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off had a true positive rate of 70% and a false positive rate of 45%. Likewise, the cut-off 

for d +7 (P<0.5) was 13 with a true positive rate of 80% and a false positive rate of 40%. 

The day of timed AI (d 0) did not have a significant ROC curve (P>0.5). The data indicate 

progesterone milk sampling at d -3 and +7 relative to timed AI with cows on the 

Presynch-Ovsynch56 protocol has some ability to predict cows that may conceive versus 

those that will not.  

 In conclusion, ROC curves can be used as a tool to help determine pregnancy 3 

days before and 7 days after timed AI. However, the test is not 100% accurate and 

leaves room for error despite its statistical significance. The study may be useful as a 

stepping stone in developing a milk progesterone test before and after timed AI to 

increase pregnancy rates.  

 



  

 

Figure 4.0 Representation of progesterone curves for half of the cows that conceived to timed AI. The majority of cows followed the 

expected progesterone curve (high, low, high).  

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

30

32

34

36

38

-3 0 +7

P
4

 n
g/

m
L 

Days from AI 

17 76

81 118

322 336

385 425

668 702

1189 1462

1468 1548

1695 1861

1881 1982

2165 2547

2903 2959

2984 2987

3401 3614

3627 3729

3750 4484

4489 4556

4596 7854

7890 7909

7939 7951

34135 34649

36094 39037

39289 39731

40675 41036

7
6

 



  

 

Figure 4.1 Representation of progesterone curves for half of the cows that were non-pregnant to timed AI.
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Figure 4.2 Receiver operating characteristic (ROC) curves for milk progesterone 

concentrations -3 (A), 0 (B), and +7 (C) days from timed AI. Day -3 and +7 had a 

significant ROC curve (P<0.05) where d 0 did not (P>0.05). 
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Chapter V 

Receiver Operating Characteristic (ROC) Curve for a Pregnancy Test Based on Plasma 

Progesterone Concentration at d -3, 0, +7, and +25 

Abstract 

A study was conducted to test the hypothesis that blood progesterone before, 1 

week after, or 25 days after timed AI could be used to identify cows that will not 

become pregnant. Holstein and Guernsey cows (n=179) that were first AI or greater 

were treated with the “Ovsynch56” protocol for timed AI. Blood plasma progesterone 

concentrations were measured -3, 0, +7, and +25 d relative to timed AI the MP 

Biomedical Double Antibody 1251 Kit (Laboratory of Duane Keisler, University of 

Missouri). There were 87/179 (48%) cows that conceived to timed AI. ROC (Receiver 

Operating Characteristic) curves were generated to test true positive rate versus false 

positive rate for pregnant cows. When blood plasma progesterone concentrations were 

used as a test to predict pregnancy, the area under the ROC was significant (P<0.05) 

meaning that blood plasma progesterone concentrations around timed AI were 

predictive of pregnancy at 0.66±.04 for d -3 and 0.86±.03 for d +25. The area under the 

ROC was not significantly different (P>0.05) at 0.52±0.5 for d 0 and 0.56±0.5 for d +7. 

The timing of the test relative to PGF2α and timed AI may be critical toward the 

development of a test to predict pregnancy outcome. 
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Introduction 

Timed AI (TAI) programs have increased reproductive efficiency in dairy herds. 

Refinements to existing programs have increased their effectiveness but conception 

rates to timed AI remain below 50% for most herds. The low timed AI P/AI is partially 

explained by cows that do not have a CL when PGF2α is administered, fail to undergo 

luteolysis after PGF2α or fail to ovulate after GnRH and timed AI. Cows falling into one of 

these three categories are known to have low fertility after timed AI. We hypothesized 

that testing cows for blood plasma progesterone concentrations before timed AI could 

be used as a method to identify cows that will respond poorly to timed AI. We 

hypothesize that measuring blood plasma progesterone before, at the time of, 1 week 

after timed AI, or 25 days after timed AI could be used to identify cows that will become 

pregnant to timed AI. The data collected can be compared to milk progesterone data 

analyzed in Chapter 4. 

Materials and Methods 

 Lactating Holstein and Guernsey cows (n=179) in two confinement-style dairies 

(University of Missouri, Foremost Dairy, Midway, MO and Heartland Dairy, La Belle, MO) 

were used. Cows were first or greater in lactation, and on a total mixed ration diet. 

Cows were treated with the “Presynch=Ovsynch56” (PGF2α, 14 d, PGF2α, 14 d, GnRH, 7 d, 

PGF2α, 56 h, GnRH, 16 h, timed AI) program. All inseminations were performed at timed 

AI; no cows were inseminated at other times. There were first service timed AI and 

resynchronized timed AI cows in the data set. The resynchronization began with a GnRH 
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treatment 32 d after the first timed AI and followed the Ovsynch protocol the following 

week. The cows were administered PGF2α at 39 d, GnRH at 41 d, and concluded with a 

timed AI on d 42.  The cows were diagnosed for pregnancy by the herd veterinarian 38 d 

or by a theriogenologist from the University of Missouri College of Veterinary Medicine 

at 32 d after timed AI using an ultrasound. 

 Blood samples were collected from the coccygeal vein into vacutainer tubes 

containing EDTA (ethylenediamine tetraacetic acid) that serves as an anticoagulant. 

Samples were put on ice until they reached the laboratory where they were centrifuged 

at 1500 x g for 15 minutes and the plasma was stored at -20˚ C until analysis. Plasma 

progesterone concentrations were measured at -3, 0, +7, and +25 d relative to timed AI 

using the MP Biomedical Double Antibody 125I Kit (Laboratory of Duane Keisler, 

University of Missouri). 

 

Receiver Operating Characteristic (ROC) Curves 

 Receiver operating characteristic curves plot the true positive rate against the false 

positive rate for different cut-off points of a parameter. The true positive rate is also 

known as the sensitivity and the false positive rate is known as 1-specificity. ROCs were 

generated to determine if a suitable cut-off could be determined for predicting pregnant 

cows from the progesterone concentration in milk. The sensitivity [(number of cows 

correctly diagnosed with a positive progesterone milk sample/the number of cows with 

a positive ultrasound pregnancy test) x 100], specificity [number of cows correctly 

diagnosed with a negative progesterone milk sample/number of cows with a negative 



82 

ultrasound pregnancy test) x 100] and 1-specificity were calculated to generate the ROC 

curve.  

The following SAS code was used to generate the ROC curves:  
data one;input id status $ milk_1 milk_2 milk_3; 

cards; 17 1 29 8    16  

Etc. Data ROC1; title 'milk_1'; set one; lowlim = 1; uplim=100; ninc = 100; do I = 1 to 

ninc+1; 

cutoff = lowlim + (I-1); if milk_1 > cutoff then test = "R"; else test = "N"; output; end; 

drop I; 

 

 proc sort; by cutoff; proc freq; by cutoff; 

table test*status/out=pcts1 outpct noprint; 

 

data truepos; set pcts1; if status ="1" and test="R"; tp_rate = pct_col; drop pct_col;  

 

data falsepos; set pcts1; if status = "0" and test = "R"; fp_rate=pct_col; 

drop pct_col;  

 

data roc1; merge truepos falsepos; by cutoff; 

if tp_rate = . then tp_rate = 0.0; if fp_rate = . then fp_rate = 0.0; 

proc print;  

 

proc gplot data = roc1;plot tp_rate*fp_rate=cutoff; run; 
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Results 

 There were 87/180 (48%) cows that were pregnant at the time of ultrasound and 

93/180 (52%) that were non-pregnant. ROC curves were generated to establish if testing 

blood plasma progesterone concentrations generated similar results to milk 

progesterone concentrations. The area under the curve for d -3 was 0.66 but there was 

no obvious cut-off value for d -3. At d 0 the cut off of 0.63 ng/mL was 100% predictive 

for pregnant cows and 85% of non-pregnant cow were called pregnant. The cut-off for d 

+7 was 1.5 ng/mL of progesterone where 100% of pregnant cows could be predicted but 

80% of non-pregnant cows were considered pregnant. Cows below 1.5 ng/mL had 0.06 

P/AI. For samples taken at d +25 the cut-off was 3.6 ng/mL of progesterone where 

approximately 98% of pregnant cows were predictable and 30% of non-pregnant cows 

were misdiagnosed as pregnant. The area under the ROC curve for d -3 (0.66±.04; 

P<0.05) and d +25 (0.86±.03; P<0.05) were significant. Data collected on d 0 (0.52±0.5; 

P>0.05) and d +7 (0.56±0.5; P>0.05) were not significantly different from chance. Blood 

plasma progesterone concentrations for pregnant (Figure 5.0) and non-pregnant (Figure 

5.1) are illustrated.  

 

Discussion 

 The objective of this study was to identify cows that were non-responsive to 

timed AI by using blood plasma progesterone levels -3, 0, +7, and +25 d relative to timed 

AI. We found that measuring blood plasma progesterone levels at d -3 and +25 were 

predictive of cows that would or had conceived versus non-pregnant cows. When 
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compared with milk progesterone concentrations, it was surprising that d +7 samples 

did not yield a significant ROC curve. Likewise, d 0 was not statistically significant 

(P>0.05). Pregnant cows (Figure 5.0) had a decrease in progesterone concentrations 

after PGF2α, were under 1 ng/mL at day 0, and increased thereafter. Outliers may be due 

to misidentification of a sample or treating a cow with PGF2α that was already pregnant. 

Cows following the expected curve were below 1 ng/mL of blood plasma progesterone. 

Cows were expected to maintain or increase progesterone concentrations at and 

following sample collection on d +7, but some decreased in progesterone by day +25. 

This could be due to embryonic loss. Non-pregnant cows (Figure 5.1) were less uniform 

in blood plasma progesterone concentration curves. More cows re-cycled between 

samples at d +7 and +25. Non-pregnant cows did not achieve the low levels of 

progesterone at d 0 compared with pregnant cows. Likewise, there were more cows 

that were unresponsive to the injection of PGF2α that may be due to the absence of a CL 

to regress or the inability to achieve low enough progesterone concentrations. 

 If blood plasma progesterone sampling could predict cows unresponsive to 

timed AI then a suitable testing time could be developed. To assess blood plasma 

progesterone concentrations at the respective collection time, ROC curves were 

generated (Figure 5.2).The ROC curve is a visual depiction of the true positive rate and 

false positive rate when an increasing cut-off for the test is used. The cut-off point is 

applied to establish true evaluation of the data. If the cut-off is too low, the true positive 

rate is 100% and the false positive rate is also 100% because all of the non-pregnant 

cows are called pregnant. Moving the ROC curve to the left on the graph and increasing 
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the cut-off will decrease the false positive rate. The ideal ROC curve is 100% true 

positive rate and 0% false positive rate, pushing the curve to the left boundaries of the 

graph. ROC curves falling below the 50% true positive and 50% false positive diagonal 

line on the graph indicate relatively lower true positive rates and higher false positive 

rates at a given cut-off. Blood progesterone concentrations were indicative of pregnant 

or non-pregnant cows on d -3 (P<0.05) with an area under the curve of 0.66±.04. 

Likewise, progesterone concentrations were significant (P<0.05) at d +25 with an area 

under the curve of 0.86±.03 and a cut-off of 3.6 ng/mL with a true positive rate of 

approximately 98% and a false positive rate of 30%. The day of timed AI or d 0 and d +7 

did not have a significant ROC curve (P>0.5). The cut-off point for d +7 was 1.5 ng/mL of 

progesterone with a true positive rate of 100% but a false positive rate of 80%. Cows 

that had less than 1.5 ng/mL of progesterone had a less P/AI. Interestingly, d +7 was 

significant (P<0.05) when sampling milk progesterone concentrations but not for blood 

progesterone. Evenso, the ROC curve for d 0 may suggest cows above 0.63 ng/mL are 

unlikely to conceive compared to those that achieve below 0.13 ng/mL of progesterone. 

Similarly, the ROC curve for d +7 may suggest cows must have at least 1.5 ng/mL of 

progesterone to be pregnant at this timepoint. The data indicate that blood plasma 

progesterone sampling at d -3 and +25 relative to timed AI with cows on the Presynch-

Ovsynch56 protocol can predict conception or pregnancy versus cows that were non-

pregnant.  

A comparison of progesterone concentrations between pregnant and non-

pregnant cows is depicted in Figure 5.3 and 5.4. The data points for pregnant cows on d 
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-3 are below 15 ng/mL of progesterone and most cows achieve above 0. Non-pregnant 

cows have a broader range of numbers with 3 cows above 15 ng/mL and 23 cows 

between 0 and 1 ng/mL. Non-pregnant cows that achieved elevated levels of 

progesterone on d -3 were likely unresponsive to PGF2α and unable to regress the CL. 

Cows with low levels of progesterone would be unlikely to conceive and would 

candidates for a 7 d CIDR program as discussed in Chapter 3. Progesterone 

concentrations for pregnant cows at d 0 were uniform with the exception of 1 outlier, 

likely due to mislabeling. Fourteen non-pregnant cows on d 0 had elevated 

progesterone concentrations and would be candidates for an alternative CIDR program 

since they cannot conceive to this AI.  Pregnant cows on d +7 had progesterone 

concentrations above 1.5 ng/mL that complement the ROC curves in Figure 5.2 but 

remain statistically insignificant (P>0.05). There were 11 non-pregnant cows below the 

cut-off of 1.5 ng/mL and could potentially be put on an alternative breeding schedule as 

they were unlikely to be pregnant at ultrasound. On d +25 progesterone concentration 

cluster above 3.6 for pregnant cows which agrees with the ROC curve of significance. 

Many non-pregnant cows were below the cut-off as they were re-cycling or at different 

stages of the estrus cycle at d +25. The time point at which blood plasma progesterone 

is collected relative to timed AI may be indicative of pregnant and non-pregnant dairy 

cows. 

 In conclusion, the progesterone radioimmunoassay provided evidence that 

pregnancy could be predicted against chance at -3 days and +25 days in blood plasma. 

The radioimmunoassay could detect lower levels of progesterone compared to the milk 
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auto analyzer. However, the radioimmunoassay must be conducted in a laboratory 

setting after collecting blood samples. The advantage of the milk auto analyzer is that it 

is an on-farm test that provides progesterone results at routine milkings.  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure 5.0 Blood plasma progesterone concentrations for cows that were pregnant to timed AI. 
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Figure 5.1 Blood plasma progesterone concentrations for cows that were non-pregnant to timed AI.
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Figure 5.2 Receiver Operating Characteristic (ROC) Curves for blood plasma 

progesterone at day    -3 (A), 0 (B), +7 (C), and +25 (D) relative to timed AI. 
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Figure 5.3 Comparison of blood plasma progesterone concentrations of pregnant and 

non-pregnant cows at samplings d -3 (top) and d 0 (bottom). 
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Figure 5.4 Comparison of blood plasma progesterone concentrations of pregnant and 

non-pregnant cows at samplings d +7 (top) and +25 (bottom). 
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Summary 

 Can cows be identified that do not respond to the Presynch-Ovsynch56 protocol in 

both milk and blood? Validations of the milk progesterone auto analyzer were done 

with milk added mass, serial dilution, comparing two milk progesterone auto analyzers, 

Coat-a-Count analysis, biological validation, and PAG results. The milk progesterone 

auto analyzer provided ample evidence of a sound experimental method for testing 

progesterone in the milk.  

 The subsequent chapter focused on milk progesterone testing at -2 and -4 days 

before timed AI. Treatment cows were put on a modified 7 day CIDR Presynch-

Ovsynch56 program if they exhibited low progesterone concentrations at day -4. There 

was a numeric increase in pregnancy rates for cows put on the 7 day CIDR program. 

Cows could be identified that exhibited low progesterone concentrations at PGF2α, but a 

greater number of cows are needed to further test the 7 day CIDR hypothesis. 

 In the following two chapters, milk samples, analyzed on the milk progesterone 

auto analyzer, and blood samples, analyzed by radioimmunoassay, were tested. ROC 

curves were generated to plot true positive rate against false positive rate of pregnancy 

at various cut-off points. In the milk sample study progesterone concentrations at d -3 

and +7 had some ability to predict cows that may conceive versus those that would not. 

Likewise, in the blood sample study progesterone concentrations at d -3 and +25 had 

some ability to predict cows that may conceive versus those that would not. 

Interestingly, the blood samples did not show significance at d +7 compared with the 

milk samples.  Although ROC curves yielded a response in both milk and blood samples, 
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the test is not 100% true positive and 0% false positive. Nonetheless, cows that were 

unresponsive to the Presynch-Ovsynch56 protocol could still be detected based on their 

progesterone concentrations in the milk and blood samples. 

 Overall, progesterone concentrations are vital to pregnancy success in dairy 

cows. These studies validate the ability to detect cows that do not respond to the 

Presynch-Ovsynch56 protocol based on progesterone concentrations. In a large dairy 

system it may be economical to test progesterone concentrations in the milk to increase 

pregnancy rates, although additional research is needed. Knowledge of individual cow 

progesterone concentrations and history are valuable in preparing for timed AI or 

testing for pregnancy before ultrasound. 
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