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ABSTRACT 

 

 

 Exposing cows to bulls or excretory products of bulls stimulates resumption of 

ovarian cycling activity in postpartum, suckled, anestrous cows.  This biostimulatory 

effect may be mediated by pheromones produced by bulls that stimulate physiological 

changes in metabolic regulation of the hypothalamic-pituitary-ovarian (HPO) axis of 

cows.  In Experiment 1, the hypotheses tested were that concentrations of glucose, 

NEFA, thyroxine (T4), tri-iodothyronine (T3), and T3:T4 ratios do not differ between 

cows exposed to bulls or steers.  The biostimulatory effect of bulls was associated with 

lower mean concentrations of NEFA in postpartum cows.  Experiment 2 was designed to 

determine if continuous (24-h daily) bull exposure alters temporal patterns of leptin 

concentrations in postpartum, anestrous cows.  Cows exposed to bulls that resumed 

cycling activity after the start of the experiment tended to have higher leptin 

concentrations by the end of the 30-d exposure period than cows not exposed to bulls.  

However, it was not known if these changes were related to resumption of ovarian 

cycling activity in postpartum, anestrous cows.  Experiment 3 tested the hypothesis that 

temporal leptin concentrations may depend upon duration of daily bull exposure.  Cows 

had higher daily leptin concentrations and resumed ovarian cycling activity sooner as 

duration of daily bull exposure increased.  In conclusion, as duration of daily bull 

exposure increases, the biostimulatory effect of bulls alters temporal leptin concentrations 

and this change may facilitate or support the function of the HPO axis and accelerate 

resumption of ovarian cycling activity in primiparous, postpartum, suckled, anestrous 

cows.  
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

 The goal of cow-calf operations is to wean one calf per cow per year (Yavas and 

Walton, 2000).  This can be referred to as reproductive efficiency.  Postpartum anestrus, 

or the time after calving during which cows do not exhibit estrus and cannot become 

pregnant, decreases reproductive efficiency in beef cattle.  Generally, after a gestation of 

approximately 280 d, cows are required to establish a pregnancy within 80 to 85 d after 

calving.  This problem is more pronounced in first-calf suckled beef cows that require 15 

to 25 d longer to resume ovarian cycling activity than multiparous cows (Short et al., 

1994).  Many management strategies have been developed to help reduce the interval of 

postpartum anestrus.  Unfortunately, these strategies can be costly, labor intensive, 

unsustainable, and socially unacceptable.  The use of the biostimulatory effect of bulls 

may be an effective management strategy to reduce postpartum anestrus that is cost 

effective, labor saving, sustainable, and socially acceptable to both producers and 

consumers.  Although, implementation of the use of the biostimulatory effect of bulls in 

practical situations and the mechanism by which this effect is mediated is not well 

understood. 

The biostimulatory effect of bulls involves interactions between bulls and cows in 

which the physical presence of bulls stimulates the resumption of ovarian cyclic activity 

in multiparous and primiparous suckled beef cows (Zalesky et al., 1990; Custer et al., 

1990).  Berardinelli and Joshi (2005) reported that more cows exposed to bulls 55 d 
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postpartum resumed ovarian cycling activity within 20 d of exposure than cows exposed 

to bulls starting on d 15 or d 35.  This result indicates that the ability of cows to respond 

to the biostimulatory effect of bulls increases as time after parturition increases.  Bull 

exposure is known to alter cortisol concentrations and the characteristics of their pulsatile 

patterns (Tauck et al., 2007; Tauck, 2008).   

Furthermore, there is the possibility that the biostimulatory effect of bulls to 

accelerate resumption of ovulatory activity involves metabolic changes in cows that are 

induced by changes in cortisol concentrations, specifically changes involved with adipose 

metabolism (Landaeta-Hernandes et al.; 2004, Wilkinson et al., 2007).  Experiment 1 of 

this thesis focuses on the influence of the biostimulatory effect of bulls on concentrations 

of thyroid hormones, thyroxine (T4) and tri-iodothyronine (T3), glucose, and non-

esterified fatty acids (NEFA).  Research conducted within the last ten years has shed light 

on the physiological mechanisms by which energy balance modulates reproductive 

functions.  Leptin, an adipocyte-derived hormone or adipokine, is secreted by white 

adipose tissue and is an important factor in the control of energy balance, satiety, and 

food intake, and has been shown to have many levels of modulation within the 

hypothalamic-hypophyseal-gonadal axis (HPO; for review see, Tene-Sempere, 2007).  In 

Experiment 2 and 3, we investigated the capacity of the biostimulatory effect of bulls to 

alter temporal leptin concentration patterns during postpartum anestrus and resumption of 

ovarian cycling activity.   

This review of literature will encompass: 1) an overview of the endocrinology of 

postpartum cows and factors that influence the postpartum interval to resumption of 
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ovarian cycling activity; 2) a review of the biostimulatory effect of bulls on the 

resumption of ovarian cycling activity of postpartum cows; and 3) an in depth review of 

literature related to metabolic regulation, specifically by leptin, of reproduction in 

mammals.  
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CHAPTER 2 

 

 

LITERATURE REVIEW 

 

 

Physiology of the Postpartum Anestrous Cow 

 

 

 Endocrine control of the reproductive system includes the function of the 

hypothalamus, anterior pituitary gland and the ovaries.  Gonadotropins are hormones 

secreted by the anterior pituitary gland that modulate processes of the ovary.  Ovarian 

function includes: the development, maturation and release of the female gamete; and, the 

synthesis and secretion of protein and steroid hormones.  Reproductive events in the 

female are regulated by a complex system of interactions between hormones secreted 

within the hypothalamic-pituitary-ovarian (HPO) axis.  This section will review 

hormones of the hypothalamus, anterior pituitary, and ovary which play a major role in 

regulating reproductive function in the postpartum anestrous female bovine. 

 

Hypothalmic Neurohormone 

 

 

 Gonadotropin-Releasing Hormone (GnRH).  Gonadotropin-releasing hormone is 

a 10 amino acid neurohormone released from a subset of the hypothalamic 

neurosecretory neurons into the hypothalamo-hypophyseal portal circulation to the 

adenohypophysis.  The primary function of GnRH is to stimulate secretion of 

gonadotropic hormones from the anterior pituitary gland.  The release of the 

gonadotropins luteinizing hormone (LH) and follicle stimulating hormone (FSH) from 

the anterior pituitary (listed below), particularly when measured in the portal blood, are 
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characterized as pulsatile or otherwise reflecting a rapid increase followed by a decrease 

in circulating concentrations (Caldani et al., 1993; Padmanabhan et al., 2002a).  

However, pulsatile release is not spontaneous but induced by GnRH.  Furthermore, 

gonadotropin secretion is regulated by the interaction of hypothalamic GnRH with 

gonadotropes and the feedback of gonadal steroids and peptides (Caldani et al., 1993).  

Additionally, other intra-adenohypophyseal factors modulate the secretion of LH and 

FSH (Padmanabhan et al., 2002a). 

 

Adenohypophyseal Gonadotropins  

 

 

 Luteinizing Hormone (LH).  The most consistent factor reported to precede 

resumption of ovarian cycling activity in anestrous female bovids is the onset and 

increase in LH pulsatility (Walters et al., 1982).  The gonadotropin LH is a dimeric 

glycoprotein secreted by luteotropes of the anterior pituitary (for review see, Hafez and 

Hafez, 2000).  During the luteal phase of the estrous cycle of cows, LH is secreted into 

the general circulation in a temporal pattern characterized as having low frequency and 

high amplitude pulses.  During proestrus, the period proceeding estrus, the pulsatile 

patterns in LH changes to that of low amplitude and high frequency LH release.  There 

have been many studies on LH pulsatility prior to ovulation and it is well established that 

this is the appropriate pattern of LH release that leads to the preovulatory surge of LH 

and causes ovulation (Hafez and Hafez, 2000).   

 An increase in LH pulse frequency is observed before anestrous cows resume 

ovarian cycling activity (Walters et al., 1982; Humphery et al., 1983; Peters and 
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Lamming, 1990).  Furthermore, the pulse frequency, amplitude (Rawlings et al., 1980; 

Garcia-Winder et al., 1984; Garcia-Winder et al., 1986; Savio et al., 1990; Wright et al., 

1990), and average plasma concentration (Walters et al., 1982; Humphrey et al., 1983; 

Garcia-Winder et al., 1984; Garcia-Winder et al., 1986; Nett et al., 1988) of LH have 

been shown to increase with time after calving.  Once LH pulse frequency, amplitude, 

and concentration change to patterns observed in proestrus, a surge of LH is released 

from the anterior pituitary which in turn causes ovulation and resumption of normal 

ovarian cycling activity in postpartum anestrous cows. 

 

 Follicle Stimulating Hormone (FSH).  Follicle stimulating hormone is also a 

dimeric gonadotropin glycoprotein like LH; however, it is synthesized and secreted by 

folliculotropes of the anterior pituitary and is responsible for the recruitment and 

development of secondary and tertiary follicles of the ovary (for review see, Hafez and 

Hafez, 2000).  Follicle stimulating hormone and LH differ molecularly within the β-

subunit, but α-subunit composition is the same for both FSH and LH.   

Follicular selection and dominance appear to be dependent on FSH (for review 

see, Hafez and Hafez, 2000).  Concentrations of FSH have been shown to increase 

shortly after parturition (Moss et al., 1985; Crowe et al., 1998); however, these 

fluctuations do not result in ovulation.  In a cow with normal ovarian cycling activity, 

FSH secretion is controlled by the negative feedback effects of follicular inhibin.  As one 

follicle begins to become dominant, the granulosa cells within this dominant follicle 

release inhibin, inhibiting the release of FSH from pituitary folliculotropes causing 

smaller follicles within that cohort begin atresia.  The dominant follicle then becomes 
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FSH independent-LH dependent and the appropriate temporal LH release pattern 

stimulates the final maturation and development of the largest or “dominant” follicle.  In 

anestrous cows, maturation, development, and ovulation of follicles does not occur 

because of the inappropriate release of LH.  Dominant follicles in this type of hormone 

milieu fail to synthesize and secrete estradiol-17β and do not grow beyond 7 to 9 mm in 

diameter (Gong et al., 1995; Gong et al., 1996).  As a result, these follicles do not ovulate 

 

Ovarian Steroids 

 

 

Estrogen.  Estradiol-17β, the dominant ovarian estrogen, is synthesized primarily 

by the granulosal cells of the ovarian antral follicles.  Shortly after parturition, circulating 

concentrations of estradiol-17β are very low due to the ovaries being devoid of large 

follicles (Arije et al., 1974; Humphrey et al., 1983; Crowe et al., 1998).  However, 

follicular waves that develop a dominant follicle (DF) begin to develop 5 to 11 d after 

parturition (Crowe et al., 1998).  Thereafter, estradiol-17β concentrations remain 

relatively constant and low throughout postpartum anestrus (Carruthers et al., 1980; 

Chang et al., 1981), regardless of any effect suckling and milk production may have upon 

secretion (Carruthers and Hafs, 1980).  Again, only the appropriate  LH signal can 

stimulate a change in estradiol-17β concentrations, inducing a DF to become larger and 

secrete higher levels of estradiol-17β.  This change can induce behavioral estrus and 

signal the preovulatory release of LH from the anterior pituitary.   

 

 Progesterone.  Progesterone is a steroid hormone produced by the theca interna 

cells of antral follicles and corpora lutea (CL; Hafez and Hafez, 2000).  Following 
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parturition, progesterone concentrations decrease almost immediately and remain low 

throughout postpartum anestrus.  Usually, the postpartum cow exhibits a small rise in 

progesterone concentration 3 to 7 days prior to the resumption of ovulatory activity (Arije 

et al., 1974; Stevenson and Britt, 1979; Rawlings et al., 1980; Humphrey et al., 1983; 

Werth et al., 1996).  This increase in progesterone concentrations is followed by a decline 

to baseline concentrations before the first postpartum estrus and is often referred to as a 

“short cycle”.  Short cycles are due to ovulation and formation of a CL (Castenson et al., 

1976; Stevenson and Britt, 1979); however, the CL formed after this ovulation is short 

lived and produces small amounts of progesterone (Corah et al., 1974).  Behavioral estrus 

does not generally accompany this ovulation probably because there is no preovulatory 

increase in estrogen.  A priming effect by progesterone is believed to be responsible for 

the full expression of estrus in response to estrogen in the bovine (Kieborz-Loos et al., 

2003).  Mann and Lamming (2000) showed that the shortened lifespan of the CL is most 

likely caused by low concentrations of estradiol-17β before ovulation which, in turn, 

causes the retention of oxytocin receptors in the endometrium of the uterus; this allows 

for a premature increase in prostaglandin-F2α (PGF2α) and lysis of the CL.  

 

Role of the Hypothalamo-Hypophyseal-Ovarian Axis 

 

Considerable effort has gone into the study of the relationship between the 

postpartum anestrous interval to resumption of ovulatory activity and the physiological 

mechanisms responsible for its occurrence and subsidence (for reviews see, Peters and 

Lamming, 1986; Short et al., 1990; Williams, 1990; Yavas and Walton, 2000).  

Physiological controls of the postpartum period are located in the complex interactions of 
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neuroendocrine-endocrine relationships within the hypothalamo-hypophyseal-ovarian 

axis.  Simply, the hypothalamus stimulates the pituitary which, in turn, stimulates the 

ovary, and again in turn, stimulates a feedback and exerts control over the hypothalamus 

and adenohypophysis.  The following is an overview of the interaction between the 

hypothalamus, pituitary, and ovary during the postpartum, anestrous periods of the 

bovine. 

Normal ovarian function is dependent upon stimulation by gonadotropins secreted 

by the adenohypophysis, also called the anterior pituitary gland.  The hypothalamus 

contains neurons that are known as neurosecretory neurons or peptidergic neurons 

because they synthesize peptides (neurohormones) that are secreted into the blood, 

instead of a synaptical space.  Gonadotropin secretion is modulated by the secretion of 

GnRH.  Once GnRH binds to its receptors on gonadotropes, it stimulates the synthesis 

and secretion of gonadotropins.  More specifically, GnRH stimulates pituitary luteotropes 

and folliculotropes to secrete LH and FSH, respectively.  Generally, GnRH neurons 

intrinsically secrete GnRH in small bursts or pulses; the intrinsic pattern of release is 

known as the GnRH “pulse generator”.  A pulse of GnRH will stimulate a concomitant 

pulse in LH but not FSH (for review see, Hafez and Hafez, 2000).  Therefore, factors that 

modulate the GnRH pulse generator will influence the secretion pattern of LH release as 

well. 

 Luteinizing hormone pulsatility is an important factor in explaining the failure of 

DF to ovulate soon after parturition.  Luteinizing hormone has direct stimulatory effect 

on the DF and in a cow exhibiting normal ovarian cycling activity, temporal release of 
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LH is characterized by low frequency and high amplitude pulses (Walters et al., 1982; 

Peters and Lamming, 1990).  This temporal release pattern extends the life of the DF and 

causes it to grow beyond 7 to 9 mm into a pre-ovulation size of greater than 9 mm 

(Fortune et al., 1991; Savio et al., 1993; Gong et al., 1995; Rhodes et al., 1995; Gong et 

al., 1996).  During postpartum anestrus, LH patterns are characterized by low frequency 

and high amplitude pulses (Rawlings et al., 1980; Humphery et al., 1983; Garcia-Winder 

et al., 1984; Garcia-Winder et al., 1986; Savio et al., 1990; Wright et al., 1990).  The 

temporal release pattern of LH is the primary endocrine cause of postpartum anestrus.  

Therefore, to understand the physiological mechanisms involved with regulating 

resumption of ovarian cycling activity in cows, one must understand those mechanisms 

that limit pulsatile LH release. 

 

 Hypothalmic Feedback Effect of Estrogen.  Secretion of gonadotropin releasing 

hormone (GnRH), a critical neurohormone produced by the hypothalamus that stimulates 

the release of both LH and FSH, is greatly influenced by production of gonadal steroids 

(Fernandes et al., 1978; Jagger et al., 1987).  Progesterone is high during the luteal phase 

of the estrous cycle, however as progesterone begins to decrease during the early 

proestrous phase of the estrous cycle, low estradiol concentrations cause neurosecretory 

neurons to release GnRH with an increased frequency, causing release of LH from the 

anterior pituitary in low amplitude, high frequency manner (Rawlings et al., 1980; 

Humphery et al., 1983; Garcia-Winder et al., 1984; Garcia-Winder et al., 1986; Savio et 

al., 1990; Wright et al., 1990, Evans et al., 1994), described as the positive feedback 

mechanism of estradiol.  The release of LH in this temporal manner stimulates the 
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continued growth and development of the DF in the ovary, causing the synthesis and 

secretion of estadiol-17β.  Once estrogen concentrations reach a threshold, luteotropes are 

stimulated for the episodic or preovulatory release of LH.  This episodic release of LH 

assures development and ovulation of the dominant follicle.  Concomitantly, the sexual 

behavior center of the brain detects the rise in estrogen concentration and stimulates 

behavioral estrus. 

During postpartum anestrus, circulating estrogen concentrations do not change 

dramatically (Carruthers et al., 1980; Chang et al., 1981).  Neurosecretory neurons 

responsible for the tonic release of GnRH are quite sensitive to low constant levels of 

estradiol-17β (Acosta et al., 1983) causing a decrease in the pulsatile release of LH from 

the anterior pituitary.  This is known as the negative feedback effect of estrogen.  As time 

after calving increases, sensitivity of neurosecretory neurons to estrogen declines, 

allowing GnRH pulses to occur more frequently.  This increased GnRH pulse frequency 

stimulates the appropriate low amplitude, high frequency LH secretion required for 

ovulation and resumption of ovarian cycling activity following parturition.   

 

Factors Known to Influence the Period of Postpartum Anestrus 

 

 

 The primary factors influencing the length of time from calving to the resumption 

of ovarian cycling activity are nutrition, suckling stimuli, and parity.  Other factors that 

affect this interval are breed, environmental stress, dystocia, and social factors (for 

review see, Short et al., 1990; Yavas and Walton, 2000).   
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Nutrition 

 

 Basal metabolism, activity, growth and basic energy stores have priority over 

reproduction (Grimard et al., 1997; Guedon et al., 1999), and a negative energy balance 

would reduce availability of glucose for use in processes such as resumption of ovarian 

cycling activity and maintenance of a pregnancy (Yavas and Walton, 2000).  Such a 

negative metabolic state would increase the mobilization of energy reserves stored as 

adipose tissue.  Additionally, energy balance greatly influences the length of postpartum 

anestrus in the bovine, whereby low energy intake before and after calving increases the 

time interval from calving to resumption of ovarian cycling activity (Dunn et al., 1969; 

Wiltbank, 1970; Falk et al., 1975; Dunn et al., 1985).  Furthermore, if cows remain on a 

low plane of nutrition after calving, they may fail to resume ovarian cycling activity 

throughout the breeding season (Wiltbank, 1970).  On the other hand, the interval to 

resumption of ovarian cycling activity can be shortened if cows are fed a higher plane of 

nutrition after calving (Bellows and Short, 1978; Ducker et al., 1985; Henricks and Rone, 

1986).  As a consequence, cows fed a high plane of nutrition have a greater chance of 

becoming pregnant before the end of the breeding season than cows fed a low plane of 

nutrition (Bellows and Short, 1978; Henricks and Rone, 1986; DeRouen et al., 1993). 

A moderate to high plane of nutrition is important for the resumption of ovarian 

cycling activity after calving (Dunn et al., 1969; Wiltbank, 1970; Falk et al., 1975; Dunn 

et al., 1985).  However, there are conflicting reports regarding the prepartum and 

postpartum nutrition regimens affecting postpartum ovarian cycling activity.  Houghton 
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et al. (1990) reported that cows fed a low energy diet before calving and switched to a 

high energy diet after calving had shorter postpartum intervals to estrus and more cows 

cycling than cows fed the low energy diet prepartum and low energy diet postpartum.  

Contrary to these results, Dunn and Kaltenbach (1980) concluded that prepartum 

nutrition was more important than postpartum nutrition in reducing the postpartum 

interval.  

 These results beg to question as to how nutrition might affect follicular 

development.  Henricks and Rone (1986) reported that cows fed a high energy diet had 

more medium- and small-sized follicles and higher estradiol-17β concentrations than 

cows fed a low energy diet.  Also, it has been observed that increasing the energy intake 

beginning either two wk before parturition (Lammoglia et al., 1996), at parturition (Beam 

and Butler, 1997; DeFries et al., 1998), or at four wk after calving (Khireddine et al., 

1998) increased the number of antral follicles in the ovaries.  Further evidence has shown 

that feeding a higher energy ration at parturition prolongs the life of the corpus luteum 

(Williams, 1989).  

Progesterone, the hormone of pregnancy, prepares the uterus for embryonic 

implantation and sustains pregnancy after implantation.  Gombe and Hansel (1973) and 

Beal et al. (1978) found that progesterone concentrations were lower for first-calf cows 

fed a restricted-energy diet.  The low concentrations of progesterone in these cows could 

have been due in part to the low rate of follicular development caused by poor nutrition 

documented by Henricks and Rone (1986) and Perry et al. (1991).  Also, energy-

restricted cows had smaller corpora lutea with lower progesterone contents on d 10 of the 
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third postpartum cycle (Gombe and Hansel, 1973).  This indicates that energy intake can 

be directly related to the ability of the cow to conceive and maintain pregnancy (Dunn et 

al., 1969).  

Percent body fat at the time of and after parturition can also influence the length 

of postpartum anestrus in cows (Bartle et al., 1984; Richards et al., 1986).  Cows of good 

body condition at time of parturition resume ovarian cycling activity and conceive sooner 

compared to thin cows that  have longer intervals from calving to resumption of ovarian 

cycling activity and therefore a greater difficulty conceiving before the end of the 

breeding season (DeRouen et al., 1994; Spitzer et al., 1995; Vizcarra et al., 1998).  Body 

condition score positively correlates with follicular development early postpartum (Ryan 

et al., 1994), pituitary LH concentrations at 30 d after calving (Connor et al., 1990), and 

influences circulating concentrations of insulin-like growth factor-1 (IGF-1), LH pulse 

frequency, and postpartum interval to resumption of ovulatory activity after weaning 

(Bishop et al., 1994).  However, Wright et al. (1990) reported that average LH 

concentrations in systemic circulation were not affected by body condition. 

Severe nutrient restriction has been shown to have a negative effect on LH 

secretion in sexually-mature and prepubertal mammals, including cattle (Day et al., 

1986a; McCann and Hansel, 1986) and sheep (Foster et al., 1989; Keisler and Lucy, 

1996).  Restricted and control-fed heifers respond to administration of exogenous GnRH 

with an LH surge-like release; however, the release of LH was lower in restricted than in 

control heifers (Day et al., 1986a).  These results indicate that under-nutrition suppresses 

pulsatile LH secretion by impairing hypothalamic GnRH release.  Thus, the diminished 
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pulsatile release of LH observed during low energy balance has been generally accepted 

as the result of a reduced frequency of GnRH pulses (Williams, 1999).  However, under 

nutrition may have a modulatory effect directly at the level of the luteotropes in the 

anterior pituitary.  Simultaneous blood sampling for LH from the adenohypophyseal 

portal system and the jugular vein has demonstrated that there is a greater reduction in 

frequency of LH pulses in feed-restricted female lambs than the reduction in frequency of 

GnRH pulses (I’Anson et al., 2000).  This suggests low amplitude pulses of GnRH did 

not always result in concomitant LH pulses and that gonadotropes tend to have a 

decreased sensitivity to GnRH in long-term, feed-restricted lambs.  Although, short-term 

fasting had effects on indicators of metabolic status, such as insulin, IGF-I, and non-

esterified fatty acids (NEFA) (McCann and Hansel, 1986; Kadokawa and Yamada, 

1999), there was no affect on circulating LH concentrations in mature cows.  However, in 

prepubertal heifers, 48 to 72 h of total feed restriction reduces LH pulsatility (Amstalden 

et al., 2000; Maciel et al., 2003a).  Taken together, energy balance, maturity of the central 

reproductive axis, and interactions with the negative feedback of estradiol may be major 

factors in influencing the postpartum anestrous period in cows.  Good body condition and 

medium to high energy rations fed pre- or postpartum are necessary for cows to resume 

ovarian cycling activity, conceive, and maintain pregnancy after calving. 

 

Effect of Suckling 

 

If nutrition is not a limiting factor, suckling stimuli are the primary factor 

contributing to prolonged postpartum anestrus in beef and dairy cows (Short et al., 1990; 

Williams, 1990; Stagg et al., 1998).  Cows suckled once daily and non-suckled cows have 
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shorter postpartum anestrous intervals to resumption of ovarian cycling activity than 

cows suckled twice daily, cows suckled normally, and cows suckled intensively (Smith 

and Vincent, 1972; Laster et al., 1973; Carter et al., 1980; Odde et al., 1980; La Voie et 

al., 1981; Randel, 1981; Reeves and Gaskins, 1981; Ramirez-Godinez et al., 1982; 

Garcia-Winder et al., 1984; Houghton et al., 1990).  Removal of the calf at birth and 

weaning calves early causes a significant reduction in the length of postpartum anestrus 

compared to cows suckling calves (Bellows et al., 1974; Walter et al., 1982; Williams, 

1990; Short et al., 1990); whereas, intensive suckling can prolong postpartum anestrus in 

cows (Wettemann et al., 1986; McNeilly, 1988). 

 Suckling stimuli have the potential to modulate the neuroendocrine-endocrine 

physiological events that control the resumption of ovarian cycling activity.  Cows who 

have been weaned from their calves have higher LH concentrations than suckled cows 

(Walters et al., 1982; Carter et al., 1980).  Non-suckled cows and restricted-suckled cows 

exhibit a sustained increase in LH concentrations within 20 d after calving, while cows 

subjected to intensive suckling exhibit no sustained increase until 48 d postpartum 

(Garcia-Winder et al., 1984).  Also, LH mean concentration, peak frequency (Carruthers 

and Hafs, 1980; Whisant et al., 1986), and amplitude (Carruthers and Hafs, 1980; Chang 

et al., 1981; Whisnant et al., 1986) increase significantly within 48 h post-weaning 

compared to non-weaned, suckled cows.  Additionally, suckled cows have lower 

frequency and amplitude of LH release than milked cows (Carruthers and Hafs, 1980).  

Therefore, suckling may affect the hypothalamus and GnRH neurosecretory system 
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reducing the tonic release of LH causing the postpartum anestrous state of ovarian 

quiescence.   

 Inhibition of LH release by suckling may involve more than mammary-

somatosensory pathways.  The physical presence of the calf may also be needed to elicit 

this effect.  Williams et al. (1993) found that LH pulse frequency increased within 9 to 13 

days after weaning when compared to that of suckled cows.  Also, these investigators 

found that denervation of the mammary gland failed to increase the LH pulse frequency.  

Therefore, the physical presence of a calf appeared to be a component of the inhibitory 

effect of the suckling stimulus and suggested that cows recognize calves through 

olfactory and visual cues.  This is known as the cow-calf bond (Williams and Griffith, 

1995; Lamb et al., 1997).   

 In summary, it is possible to model the mechanism by which suckling stimuli fits 

into the endocrinology of the postpartum anestrous cow.  Following parturition, suckling 

stimuli is intense due to the close relationship to and the physical presence of the calf.  

Suckling stimuli causes the GnRH pulse generator of the hypothalamus to be more 

sensitive to the negative feedback effects of estrogen; resulting in high amplitude, low 

frequency patterns of GnRH and causes high amplitude, low frequency pulses of LH. 

This type of LH pattern signals the ovary to remain anovular.  As time increases 

postpartum and the calf grows older, it becomes more nutritionally and socially 

independent, reducing suckling stimuli.  There is then a decrease in the sensitivity of the 

GnRH pulse generator to the negative feedback effect of estrogen, causing a change in 
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the release of LH in a high frequency, low amplitude manner.  This type of pulsatile 

pattern in LH signals to the ovary to resume ovarian cycling activity. 

 

 

Other Factors 

 

 The following is a summary of other factors contributing to postpartum anestrus 

reviewed by Short et al. (1990).  Multiparous cows have shorter anestrous intervals than 

do primiparous cows.  The reason for this is believed to be a result of a combination of 

increased incidence of dystocia and greater nutrient demands on primiparous cows due to 

energy requirements for growth, lactation, and production of a calf.  Dystocia in both 

primiparous and multiparous cows increases the length of postpartum anestrus.  The 

greater degree of difficulty during parturition causes more damage to the reproductive 

tract and increases amount of physical stress.  Stress increases energy demand which, in 

turn, causes prolonged periods of anestrus after parturition.  Stress can come in many 

forms; studies have shown that stressing the cow with extreme heat or cold will prolong 

postpartum anestrus.   

 Breed or breed-type also plays a role in the length of postpartum anestrus.  

Continental cattle breeds have higher growth and milking genetic potentials, and longer 

postpartum anestrous intervals than do British breeds.  Increased milking and growth 

potentials cause an increase in nutrient demands, which may result in longer intervals 

from calving to resumption of ovarian cycling activity.  
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Effect of Bull Biostimulation on the Postpartum Anestrous Period 

 

 

 Exposing cows to the physical presence of bulls with intent to hasten the 

resumption of ovarian cycling activity was first documented in early breeding 

experiments (Nersesjan, 1962; Sipilov, 1964; Ebert et al., 1972; Macmillan et. al., 1979; 

Zalesky et al., 1984; Berardinelli et. al., 1987; Scott and Montgomery, 1987; Custer et. 

al., 1990; Naasz and Miller, 1990; Stumpf et. al., 1992; Cupp et. al., 1993; Hornbuckle et. 

al., 1995; Fernandez et al., 1996; Peres-Hernandez et al., 2002; Anderson et al., 2002).  

This biostimulatory effect of bulls is described as the influence of bulls on the 

reproductive function of cows that is mutually beneficial for successful reproduction. 

 Bull biostimulation interacts with other factors known to influence the length of 

postpartum anestrus (Stumpf et al., 1992; Hornbuckle et al., 1995).  Stumpf et al. (1992) 

showed cows exposed to bulls and fed a low plane of nutrition had postpartum anestrous 

intervals that were 14 d shorter than cows fed a low plane of nutrition and not exposed to 

bulls.  In the same study, cows fed a high plane of nutrition that were exposed to bulls 

had postpartum anestrous intervals to resumption of ovarian cycling activity 6 d shorter 

than non-exposed cows also fed on a high plane of nutrition.  These data indicate that the 

biostimulatory effect of bulls shortens postpartum anestrus to a greater extent under 

nutrient-restricted conditions in cows.  This suggests the possibility that an increase in 

sensitivity to the biostimulatory effect of bulls is associated with a decrease in energy 

balance. 

 The mechanism by which the bull stimulates the hypothalamo-hypophseal-

ovarian control axis is not well understood.  Data from previous research showed that an 
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increase in LH pulse frequency occurred directly before postpartum anestrous cows 

resumed ovarian cycling activity (Walters et al., 1982; Peters and Lamming, 1990), and 

this change in LH secretion patterns is believed to be required for the resumption of 

ovarian cycling acitivity after calving.  Cows exposed continuously to bulls and cows 

exposed to bulls intermittently had higher mean LH concentrations and greater frequency 

of LH pulses than cows that were not exposed to bulls (Fernandez et al., 1996).  

Additionally, Baruah and Kanchev (1993) administered bull urine oronasally to cows and 

found that mean LH and FSH concentrations increased in the blood within 80 min after 

urine application.  However, Fernandez et al., (1996) and Baruah and Kanchev (1993) 

reported that exposing cows to bulls intermittently or administering bull urine oronasally 

to cows did not decrease the length of postpartum anestrus.  These data indicate that the 

quantity of stimulation was not sufficient to cause a biostimulatory effect.  Taken 

together, these studies support the hypothesis that the mechanism whereby the 

biostimulatory effect of bulls acts involves the hypothalamo-hypophseal-ovarian axis and 

allows one to speculate that a pheromone(s) may be involved with this effect.  

Berardinelli et al. (2004) explored the hypothesis that a social bond may be 

formed between the bull and cow, causing the biostimulatory effect of bulls.  This notion 

was tested by comparing the length of postpartum anestrus of cows exposed to familiar 

bulls, then switched to exposure to unfamiliar bulls, and cows exposed to familiar 

ovariectomized (OVX) cows and switched to exposure of unfamiliar OVX cows.  Cows 

exposed to familiar and unfamiliar bulls had shorter intervals from calving to the 

resumption of ovarian cycling activity than cows exposed to OVX cows.  However, 
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familiarity had no effect on the length of postpartum anestrus.  Therefore, social 

interaction and bonding between bulls and cows may not be an important factor that 

mediates the biostimulatory effect of bulls.  Instead, it appears that the physical presence 

of bulls acts independent of social interaction and is probably related to a pheromonal 

factor.  Berardinelli and Joshi, (2005) tested this idea by comparing intervals to 

resumption of ovarian cycling activity in cows that were: 1) exposed to continuous 

presence of bulls, 2) exposed to excretory products of bulls for 12 h daily, 3) exposed to 

their own excretory products for 12 h daily, or 4) not exposed to bulls, excretory products 

of bulls or cows beginning 35 d after calving.  Cows exposed to bulls or excretory 

products of bulls or their own excretory products had shorter intervals to resumption of 

cycling activity than cows not exposed to bulls, excretory products of bulls or excretory 

products of cows.  These data indicate that the biostimulatory effect of bulls is mediated 

through exposure to excretory products of bulls.  Previously, Burns and Spitzer (1992) 

showed that length of postpartum anestrus for cows exposed to testosterone-treated cows 

and cows exposed to bulls did not differ but were shorter than that for control cows.  The 

data from these experiments indicate that the biostimulatory effect of bulls could be 

mediated through a pheromone(s) present in bull excretory products, and that production 

and excretion of this pheromone could be androgen-dependent.  

There is evidence that the biostimulatory effect of bulls involves activation of the 

hypothalamo-hypophyseal-adrenal axis as well.  Tauck et al. (2007) found that cows 

exposed to bulls for 30 d had greater cortisol concentrations and shorter postpartum 

intervals to resumption of ovulatory activity than cows not exposed to bulls.  Recently, 
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research in the same laboratory evaluated the effect of acute bull exposure on 

characteristics of temporal cortisol and LH concentration patterns.  They found that 

cortisol pulse frequency was lower, cortisol pulse duration was longer, and LH pulse 

frequency was higher in postpartum anestrous cows exposed continuously to bulls within 

10 d of the start of the exposure period and after a 2 d intensive sampling acclimatization 

period (Tauck, 2008).  Furthermore, Landaeta-Hernandez et al. (2004) found that non-

esterified fatty acids (NEFA) were 33% higher in suckled cows exposed to bulls than in 

non-exposed suckled cows.  It is possible that these results could be related to an increase 

in cortisol concentrations associated with peri-ovulatory events  in resumption of ovarian 

cycling activity in postpartum cows (Humphreys et al., 1983).  A well known catabolic 

effect of cortisol is the liberation of NEFA and amino acids from skeletal muscle and 

adipose tissue to be used as substrates for hepatic gluconeogenensis (for review see, 

Hadley and Levine, 2007).  These findings indicate that the biostimulatory effect of bulls 

activates or alters the hypothalamic-hypophyseal-adrenal axis and the hypothalamic-

hypophyseal-ovarian axis prior to the resumption of ovulatory activity in postpartum, 

anestrous, beef cows.  Furthermore these results indicate the potential for adrenal 

involvement in the mechanism of bull exposure to accelerate the resumption of ovulatory 

activity in postpartum, anovular cows via alterations in metabolic processes.   

 

Metabolic Regulation and Reproduction 

 

 

 Energy balance or metabolic status of an organism is defined by the availability of 

energy and nutrients to the tissues.  An organism’s intrinsic perception of this status is a 
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critical component in the modulation of various biological functions.  In mammals, it is 

very well known that reproduction, the ability to produce and rear a viable offspring, is 

dependent upon availability of nutrients to support growth, onset of puberty and sexual 

maturity, copulation, pregnancy, lactation, and rearing.  Energy balance is of even greater 

importance in the female, wherein pregnancy and lactation are a considerable energetic 

drain.  However, the physiological basis for the coupling of regulation of energy balance 

and reproductive function has been only briefly explained in relatively recent research. 

 Reproduction depends upon the development and function of proper 

neuroendocrine control.  The HPO axis has three levels of regulation: the secretion of 

GnRH from neurosecretory neurons in the hypothalamus, LH and FSH from the anterior 

pituitary, and hormonal products or sex steroids, from the gonads.  These factors all 

participate in the aforementioned positive and negative feed-forward and feed-back loops 

in the regulation of proper reproductive function.  This section will review some of the 

many central and peripheral metabolic modulatory factors, both stimulatory and 

inhibitory, that participate in the regulation of reproductive function at all levels of the 

HPO axis. 

 

Metabolic Regulation and the Hypothalmic-Hypophyseal-Ovarian Axis 

 

 

Cortisol.  Cortisol , as well as other adrenal glucocorticoids, is associated with 

stress and can affect carbohydrate, lipid, and protein metabolism.  Actions of 

glucocorticoids on the liver are anabolic and increase the synthesis of a variety of 

gluconeogenic enzymes within hepatocytes.  On the other hand, glucocortisoids enhance 
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catabolic actions in skeletal muscle and adipose tissue.  Inhibition of glucose uptake in 

peripheral tissues by glucocorticoids causes a void of metabolic substrate for ATP 

production, resulting in the proteolysis of muscle proteins and lipolysis of fat.  Once 

mobilized, free fatty acids and amino acids become substrates available for use in hepatic 

gluconeogenesis (for review see, Hadley and Levine, 2007). 

Hormone milieu in total at the time of stress may influence the effect of cortisol 

on function of the HPO axis.  Additionally, the effects of cortisol on the HPO axis seem 

to be attenuated in the presence of gonads and their products (Tilbrook et al., 1999; Daley 

et al., 2000; Stackpole et al., 2006).  Cortisol has been shown to be involved with the 

physiological mechanism by which postpartum anestrous interval is shortened due to the 

biostimulatory effect of bulls.  Tauck et al. (2007) found that cows exposed to bulls had 

greater cortisol concentrations and shorter postpartum intervals than cows not exposed to 

bulls.  Recently, research in the same laboratory further evaluated the effect of acute bull 

exposure on characteristics of temporal cortisol and LH concentration patterns.  They 

found cortisol pulse frequency was lower and pulse duration was longer while coinciding 

with a higher LH pulse frequency in postpartum anestrous cows continuously exposed to 

bulls (Tauck, 2008).  These findings indicate that the biostimulatory effect of bulls 

activates or alters the HPA axis and the HPO axis prior to the resumption of ovulatory 

activity in postpartum, anestrous, beef cows.  This suggests the potential for adrenal 

involvement in the mechanism of bull exposure to accelerate the resumption of ovulatory 

activity in postpartum, anovular cows. 

 

 Tri-iodothyronine (T3) and Thyroxine (T4).  Thyroid hormones, T3 and T4, are 
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required for normal growth and development, stimulate thermogenesis and oxygen 

consumption, are altered by energy balance, and are believed to play a permissive role in 

the function of many other hormones (for review see, Hadley and Levine, 2007).  

Thyroid hormone synthesis and secretion is regulated by thyrotropin (thyroid stimulating 

hormone; TSH) secretion from the anterior pituitary (Hafez and Hafez, 2000).  

Thyrotropin shares the same α-subuinit as the adenohypophyseal gonadotropes; 

luteinizing hormone (LH) and follicle stimulating hormone (FSH) (Hadley and Levine, 

2007).  Additionally, TSH secretion is controlled by hypothalamic thyrotropin-releasing 

hormone (TRH).  Therefore, the thyroid hormones T3 and T4 are modulators of 

metabolic processes and are closely related to modulators of reproductive function within 

the hypothalamic-pituitary axis. 

 

Role of Leptin in Regulation of Energy Homeostasis and Reproduction 

 

 

 Leptin in Energy Homeostasis.  Energy balance is defined by the equilibrium 

between food intake and energy expenditure, with energy homeostasis being the most 

tightly regulated functions of the organism (Casanueva and Dieguez, 1999).  It wasn’t 

until the mid-1990s that our knowledge of the endocrine control mechanism for the 

control of energy stores was elucidated, exclusively due to the discovery of the adipocyte 

derived hormone leptin (Zhang et al., 1994; Friedman and Halaas, 1998; Rosenbaum and 

Leibel, 1998; Casanueva and Dieguez, 1999; Ahima et al., 2000;).  The 167-amino acid 

hormone synthesized and secreted by adipocytes has been implicated in communicating 

nutritional status to the brain and is involved in regulation of food intake, metabolism, 
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and reproduction (Houseknecht et al., 1998).  It has been widely stated that serum leptin 

concentrations inform the brain about the level of adipocity or the availability of 

metabolic fuels (Schneider, 2004).  The adipokine is expressed in placenta (Hoggard et 

al., 1997a), stomach (Bado et al., 1998), skeletal muscle (Wang et al., 1998), brain 

(Morash et al.,1999; Wiesner et al., 1999), adenohypophysis (Morash et al., 1999)  and 

leptin mRNA is detected in the cerebral cortex, cerebellum, hypothalamus, and pineal 

gland (Morash et al., 1999). 

There is a great deal of evidence supporting the idea that leptin increases the 

intracellular availability and oxidation of free-fatty acids (FFA).  Treatment with leptin 

decreases de novo FFA synthesis, increases intracellular FFA esterification to 

triglycerides, increases triglyceride breakdown and FFA oxidation, and increases FFA 

exportation to nonadipocytes in rats (William et al., 2002).  Ultimately, this results in a 

greater efflux of FFAs from adipocytes thereby reducing FFA oxidation within 

adipocytes and increasing availability to nonadipocytes (William et al., 2002).  If leptin 

positively influences reproductive function by increasing fuel oxidation and availability, 

then it is possible that leptin would no longer improve reproductive function as metabolic 

fuels became scarce.  This is the case in rats restricted to 70% of their ad libitum food 

intake wherein leptin failed to improve reproductive function, however leptin fully 

reversed the effects of fasting in rats restricted to only 80% of ad libitum intake (Cheung 

et al., 1997).  Furthermore, treatment with leptin can shorten the duration of lactational 

diestrus in rats exposed to acute food deprivation but not in rats exposed to prolonged or 

chronic food restriction (Woodside et al., 1998 and 2000).  This suggests that leptin can 
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facilitate reproductive function but only under adequate metabolic fuel availability.   

 Effects of leptin in control of food intake appear to be within the hypothalamus, 

where leptin in known to modulate orexigenic neurons as well as anorexigenic neurons 

(for review see, Sahu, 2004).  In addition, these neuronal pathways are subject to other 

modulators of food intake that are either synergistic or antagonistic towards the effects of 

leptin on energy homeostasis (Zigman and Elmquist, 2003).  Thus, knowing leptin’s 

potential as a pleiotropic modulator of a vast array of endocrine functions involved with 

the hypothalamus (Wauters et al., 2000), it is considered a “genuine” neuroendocrine 

integrator, communicating control of biological functions to the organism’s state of 

energy balance (Tene-Sempere, 2007). 

 

Leptin Regulation on Puberty and Gonadotropin Secretion.  In agreement that 

metabolic control of reproduction is much more restrictive in the female due to the 

energetic drain of pregnancy and lactation, it has been suggested that leptin plays a 

prominent role in control of female reproductive function (Tene-Sempere, 2007).  

Homozygous mutation for the gene that encodes leptin, ob gene, results in obesity, 

infertility, and atrophy of reproductive organs in mice (Barash et al., 1996).  However, 

these manifestations can be reversed via treatment with exogenous leptin (for review see, 

Schneider, 2004).  Leptin treatment induced weight loss and development of reproductive 

organs, and restored reproduction in male (Mounzih et al., 1997) and female (Barash et 

al., 1996) ob/ob mice.  In normal prepubertal mice, leptin treatment induced earlier onset 

of estrous cycles (Ahima et al., 1997; Chehab et al., 1997).   

Circulating concentrations of leptin are correlated positively with adiposity and 
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increases in body weight in normal mice (Frederich et al., 1995), humans (Ahren et al., 

1997), sheep (Delavaud et al., 2000), cattle (Ehrhardt et al., 2000), and developing heifers 

(Garcia et al., 2002a).  Exogenous treatment with leptin reduces feed intake and the 

effects of negative energy balance on reproduction, including the onset of puberty, length 

of the estrous cycle, length of lactational diestrus, gonadotropin and gonadal steroid 

levels, and pulsatile LH secretion in mice, rats, hamsters, and non-human primates (for 

review see, Schneider, 2004).  Additionally, treatments of leptin to within physiological 

ranges reverse the effects of food deprivation on the estradiol–induced LH and prolactin 

surges in rats (Watanobe et al., 1999).   

Initially, direct actions by leptin on GnRH neurons were suggested after the 

discovery of leptin receptor (LR) expression within immortalized GnRH-secreting cell 

line, GT1-7 (Magni et al., 1999).  However, under physiological conditions it has been 

accepted that GnRH receptors do not express the LR in rats (Watanobe et al., 2002).  

Thus, it has been suggested that the influence of leptin on the GnRH and LH surges occur 

through intermediate neurons projecting from LR-containing neurons to ultimately 

synapse upon GnRH neurons (for review see, Schneider, 2004).  These pathways have 

been postulated to include neuropeptide-Y (NPY), pro-opiomelanocortin (POMC), and 

cocaine- and amphetamine-regulated transcript (CART) secreting neurons, all of which 

are well known to influence GnRH neuron function (Schneider, 2004).  Messenger RNA 

for the LR has been detected in NPY neurons (Mercer et al., 1996; Finn et al., 1998; 

Williams et al., 1999).  Expression of NPY in the hypothalamus is increased in ob/ob 

mice and treatment with leptin diminishes hypothalamic NPY in this mutant mouse 
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(Stephens et al., 1995).  Interestingly, feed restriction increases NPY mRNA in sheep 

(McShane et al., 1993), and intra-cerebral-ventricular (ICV) infusion of NPY decreases 

circulating concentrations of LH in sheep (McShane et al., 1992) and cows (Gazal et al., 

1998).  In addition, ICV infusion of leptin prevented NPY-induced feed intake in rats 

(Sahu, 1998).  However, in the ovariectomized, estradiol implanted cow, pretreatment 

with leptin did not prevent the NPY-mediated decrease in plasma concentrations of LH 

(Garcia et al., 2002b).   

Short-term fasting reduces circulating concentrations of leptin in rodents and 

ruminants (Amstalden et al., 2000; Nagatani et al., 2000).  In rats, prepuberal heifers 

(Amstalden et al., 2000), castrated lambs (Nagatani et al., 2000), and ovariectomized gilts 

(Whisnant and Harrel, 2001) the fasting-mediated reduction in mean concentrations of 

leptin is associated with decreased pulsatility of LH.  Moreover, administration of leptin 

to castrated, estradiol-implanted lambs (Nagatani et al., 2000), and peripubertal heifers 

(Maciel et al., 2003a) during fasting prevents the reduction in frequency of LH pulses.  In 

ovariectomized, estradiol-implanted cows under acute nutrient restriction, leptin increases 

mean concentrations of LH (Zieba et al., 2002).  However, when higher doses (10 times 

greater) are used, leptin loses its ability to stimulate LH.  Similarly, long-term 

undernourished, ovariectomized ewes, but not normal-fed ewes, exhibited increased 

secretion of LH after ICV infusions of recombinant human leptin (Henry et al., 1999; 

Henry et al., 2001).   

More recent research has elucidated much of the neuroendocrine networks for the 

signaling of leptin to GnRH neurons. One example of this is the discovery that leptin 
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directly targets kisspeptin neurons within the hypothalamus in mice (Smith et al., 2006).  

Kisspeptin neurons are one of the most potent stimulators of the GnRH/LH axis known 

thus far (Tena-Sempere, 2006). Furthermore, gene expression of kisspeptin is decreased 

during undernutrition while administration of kisspeptin attenuates negative effects of 

undernutrition on the onset of puberty.  These results indicate the potential that changes 

in endogenous leptin concentrations participate in metabolic regulation in reproduction.  

However, it is commonly assumed that the majority of modulation by leptin occurs 

directly upon the HPO axis.  It is important to note that leptin greatly upregulates energy 

expenditure, thermogenesis, and fuel oxidation (Schneider, 2004), therefore, has the 

potential to influence reproduction simply by means of regulating metabolic fuel 

availability. 

 

Direct Ovarian Effects of Leptin.  Many studies of different species have 

documented the ability of leptin to modulate ovarian steroidogenesis, most of which 

suggest an inhibitory action by leptin (Spicer and Francisco, 1991; Zachow and 

Magoffin, 1997; Agarwal et al., 1999; Ghizzoni et al., 2001; Kendall et al., 2004).  This 

contradicts apparent stimulatory and permissive effects upon the hypothalamus and 

pituitary.  In addition to leptin receptor (Ob-R) mRNA expression within granulosal and 

thecal cells of the human ovary (Karlsson et al., 1997) and long (Ob-Rb) and short (Ob-

Ra) forms of leptin receptor in the rat ovary, the adipokine, leptin, itself appears to be 

expressed in the ovaries and in concentrations that fluctuate with ovarian cyclic activity 

(Loffler et al., 2001; Ryan et al., 2002; Archanco et al., 2003; Ryan et al., 2003).  Though 

many studies have found contradictory results as to positive or negative effects of ovarian 



 

 

31 

leptin on follicular development (Duggal et al., 2000; Craig et al., 2004; Olatinwo et al., 

2005), Burkan et al. (2005) interestingly reported that leptin induced LH-independent 

ovulation in GnRH deficient mice.   

 

Ovarian Steroid Regulation on Leptin Secretion.  Expression and secretion of 

leptin, leptin receptor, and biological actions of leptin may be influenced by sex steroids.  

Leptin mRNA decreases in adipose tissue after ovariectomy in rats and estradiol 

stimulates mRNA expression and secretion of leptin in adipocytes in culture (Machinal et 

al., 1999).  Central infusion of leptin increases mean concentrations of LH and FSH in 

ovariectomized rats treated with estradiol (Walczewska et al., 1999).  However, 

ovariectomized rats without estradiol treatment did not respond to central infusions of 

leptin and high doses of estradiol attenuated the leptin-induced increase in the release of 

LH (Walczewska et al., 1999).  Furthermore, estradiol may influence expression of leptin 

receptor.  Expression of the long form of leptin receptor (Ob-Rb) in the hypothalamus of 

rats decreases following estradiol treatment (Bennett et al., 1998). 
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CHAPTER 3 

 

STATEMENT OF THE PROBLEM 

 

 As pointed out in the review of literature, the biostimulatory effect of bulls 

appears to be mediated by pheromones that influence reproductive behavior and function 

of cows.  Stumpf et al. (1992) found that cows of lower body condition had a greater 

reduction in postpartum anestrous interval when exposed to bulls than cows of higher 

body condition exposed to bulls.  Furthermore, Tauck (2008) described the activation and 

involvement of the hypothalamic-pituitary-adrenal axis with the biostimulatory effect of 

bulls on primiparous, postpartum, anestrous, suckled beef cows.  One interpretation of 

these observations may be that bull exposure alters metabolic regulation and energy 

homeostasis, ultimately influencing the HPO axis and accelerating resumption of ovarian 

cycling activity in primiparous, postpartum, anestrous, suckled cows.   

 As stated in the review of literature, energy balance is of particular importance to 

the postpartum, lactating, and still growing primiparous cow.  Many metabolic hormones 

and metabolites serve as indicators of energy balance and have the ability to modulate 

functions of reproduction by influencing the HPO axis.  One of which, leptin, is a peptide 

hormone secreted by adipose tissue and is accepted as an indicator of adiposity and 

satiety.  Leptin is known to influence feed intake, onset of puberty, as well as influencing 

the gonadotropic hormone secretion patterns.  The pulsatile pattern of luteinizing 

hormone, a gonadotropin secreted from the anterior pituitary, is what must be altered in 

order for the postpartum anestrous cow to resume ovarian cycling activity. 
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 The goals of this research were: 1) to determine if thyroid hormones (T3 and T4), 

glucose, or NEFA are involved with the physiological response of cows to the 

biostimulatory effect of bulls, 2) determine the role of leptin in the biostimulatory effect 

of bulls on the function of the HPO axis and resumption of ovarian cycling activity, and 

3) to determine if duration of daily bull exposure is a factor involved with the appropriate 

manner whereby bull-pheromonal stimuli alters temporal leptin concentrations and 

accelerates resumption of ovarian cycling activity in primiparous, postpartum, anestrous, 

suckled, beef cows. 
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CHAPTER 4 

 

EXPERIMENT 1: CONCENTRATIONS OF GLUCOSE, NEFA, THYROXINE, AND 

TRI-IODOTHYRONINE IN PRIMIPAROUS, ANESTROUS, SUCKLED BEEF COWS 

EXPOSED TO BULLS 

 

 

Introduction 

 

 

Resumption of luteal function in primiparous, anovular, suckled beef cows after 

calving is accelerated if cows are exposed to bulls (Custer et al., 1990) or excretory 

products of bulls (Berardinelli and Joshi, 2005).  Olsen et al. (2006) found that cortisol 

concentrations increase in cows exposed to bulls.  Cortisol is intimately involved with 

metabolic regulation of energy utilization (Hadley and Levine, 2007).  There is the 

possibility that the biostimulatory effect of bulls to accelerate resumption of ovulatory 

activity involves metabolic changes in cows that are induced by changes in cortisol 

concentrations.  The objective of this study was to determine if exposing cows to bulls 

alters systemic glucose, NEFA, and thyroid hormones concentrations in primiparous, 

postpartum, anestrous, suckled beef cows.  The specific hypothesis tested in this 

experiment were that systemic concentrations of glucose, NEFA, thyroxine (T4), 

triiodothyronine (T3), and T3:T4 ratios do not differ in postpartum, anestrous,  suckled 

beef cows exposed daily for 5 h to bulls or steers for 9 d. 

 

Materials and Methods 

 

 

This experiment was conducted at the Montana State University Bozeman 

Agricultural Research and Teaching Facility.  Animal care, handling, and protocols used 
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in this experiment were approved by the Montana State University Agriculural Animal 

Care and Use Committee. 

 

Animals and Treatments 

 

Sixteen spring-calving 2-yr-old Angus X Hereford primiparous, suckled beef 

cows, 2 mature Angus X Hereford bulls, and 2 yearling Angus X Hereford steers were 

used in this experiment.  Cows and calves were maintained in a single pasture and had no 

contact with bulls or their excretory products during pregnancy and from calving until the 

start of the experiment.  

Average calving date for these cows was Feb. 4, 2006.  At the start of the 

experiment (D 0) cows averaged 67 ± 3.5 d postpartum.  One week before the start of the 

experiment cows were stratified by body weight, BCS, calf birth weight, calving date, sex 

of calf and dystocia score and assigned randomly to two treatments: exposed to bulls 

(EB, n = 8) or steers (ES, n = 8) 5 h daily for 9 d (D 0 to 8).  

 

Facilities 

 

 Cows were housed within pens in separate lot areas at the Bozeman Livestock 

Teaching and Research Center. Pens within the north lot were used for maintaining EB 

cows while pens within the south lot were used for maintaining ES cows.  During the 

daily sample collection and exposure period cows were moved into individual stalls 

within open-air sheds adjacent to pens that housed cows in each treatment.  Sheds were 

similar in structure, area and light density.  Light density within sheds was tested using a 

Minolta Autometer Pro Photometer and tarps were used to manipulate the light density so 
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that cows in each sampling area were exposed to the same amount of light.  During daily 

sample collections and exposure periods cows were halter-restrained within aligned (side-

by-side) stalls, and bulls or steers were contained in front of cows.  Bulls and steers were 

unrestrained and allowed to eat, roam, come into contact with the frontal aspect of cows 

and interact with cows individually within each stanchion.  Excretory products of bulls 

and steers were not removed from the exposure area throughout the experimental period. 

 

Nutrition 

 

 Cows had free access to good quality, chopped mixed-grass alfalfa hay, and any 

pasture grasses that were available before the start of the experiment.  Once cows and 

calves were moved into pens they were given free access to the same hay, 0.5 kghd
-1
d

-1 

cracked barley, water, and a trace mineral-salt supplement.  The TDN of the diet 

exceeded the NRC requirement for lactating beef cow with a mature weight of 545 kg by 

approximately 18% (NRC, 1996).  Bulls were fed 0.5 kg of cracked barely and good 

quality, chopped mixed-grass alfalfa hay. Steers were fed a finishing ration that consisted 

of 70% concentrate and 30% roughage throughout the experiment. 

 

Intensive Blood Sampling Procedures 

 

Two days before the start of the experiment, each cow was fitted with an 

indwelling jugular catheter.  Blood samples (~7 mL) were collected daily from each cow 

at 15-min intervals (starting at Time 0 and ending at  360 min) for 6 h (1000 to 1600 h) 

beginning 1 h before the 5-h exposure period each day during the 9 d period (D 0 to 8).  

Serum was harvested for each sample and stored at −20°C.  Blood samples were 
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collected by the same technician for cows in each treatment throughout the experiment.  

A total of 143 (3.9%) samples were not collected during this experiment due to non-

cooperative animals, coagulation within catheters, or catheter replacement. 

 

Metabolite and Hormone Assays 

 

 It was determined from a preliminary analysis that randomly selected samples 

throughout the intensive bleeding period were representative of the daily mean 

concentrations.  Glucose concentrations in serum for Times 15 and 225 min on D 2 and 8 

were determined using a commercially available, hand-held glucose/ketone monitor 

(Precision Xtra™, MediSense/Abbott Laboratories, Bedford, MA).  In order to 

compensate for assay drift, high and low serum pools were repeated 5 times every 20 

samples.  Mean high and low pool concentrations were 135.8 and 56.5 mg/dL with an 

inter-assay CV of 4.5 and 6.3%.  Concentrations of NEFA at Times 15 and 300 min on 

all days were quantified with a commercially available enzymatic-colorimetric assay (HR 

Series NEFA – HR [2], Wako Diagnostics, Richmond, VA).  Inter- and intra-assay CV 

were 5.8 and 4.6% for a serum pool that contained 0.415 mmol/L; and, 14 and 5.6%, 

respectively, for a serum pool that contained 0.100 mmol/L.  Thyroxine (T4) and 

triiodothyronine (T3) concentrations at Time 225 min on each day were assayed using 

solid-phase RIA kits (Siemens Medical Solutions Diagnostics, Los Angeles, CA, USA).  

The intra-assay CV for serum pools that contained 155 and 105 ng/mL of T4 were 5.8 

and 4.9%, respectively.  The intra-assay CV for serum pools that contained 10.3 and 4.5 

ng/mL of T3 were 11.2 and 24.5%, respectively. 
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Statistical Analyses 

 

Glucose and NEFA concentrations(reasoning for times, presentation) were 

analyzed by separate ANOVA for a completely random design using PROC GLM of 

SAS (SAS Inst. Inc., Cary, NC).  The model included treatment, time, day, animal within 

treatment, and all possible interactions.  Animal within treatment variance component 

was used to test the effect of treatment.  Thyroxine, T3, and T3:T4 ratio concentrations 

were analyzed by separate ANOVA for a completely random design using PROC GLM 

of SAS (SAS Inst. Inc., Cary, NC).  The model included treatment, day, animal within 

treatment, and all possible interactions.  Animal within treatment variance component 

was used to test the effect of treatment.  Means were separated by Bonferroni multiple 

comparison tests. 

 

Results 

 

 

Stratification factors, days form calving to start of the experiment, cow BW at 

start of the experiment, calf BW, BCS of cows, calf sex ratio, and dystocia score did not 

differ (P  > 0.30) between EB and ES cows (Table 1). 
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Table 1.  Number of cows per treatment and least square means for days from calving to start of the 

experiment, cow BW at the start of treatment, calf birth weight (BW), BCS, calf sex ratio, and 

dystocia score for primiparous, suckled beef cows exposed to bulls (EB) or exposed to steers (ES) 

 Treatment   

Variable EB ES SEM
a
 P value 

n 8 8   

Day postpartum
b
 67 67 3.5 0.94 

Cow BW (kg) 526 531 36 0.76 

Calf BW (kg) 31 32 3.5 0.61 

BCS
c 

5.3 5.3 0.23 0.92 

Calf sex ratio
d 

0.50 0.63 0.25
e 

0.62 

Dystocia Score
f 

1.1 1.0 0.16 0.34 

a
SEM = Standard error of the mean. 

b
 Days from calving to start of the experiment. 

c
BCS; 1 = emaciated, 9 = obese. 

d
Calf sex ratio = ratio of male to female calves, 1 = male and 0 = female. Tested with ϰ2

 analysis. 

e
 ϰ2

 value. 

 f
Dystocia Score: 0 = No assistance to 5 = Caesarean  section. 

 

There was no interaction among or between treatments, days, and times for 

glucose concentrations.  Glucose concentrations did not differ between Times 15 and 225 

min, or D 2 and 8 or between EB and ES cows (Table 2).  There was no interaction 

among or between treatments, days, and times for NEFA concentrations.  Concentrations 

of NEFA did not differ between Times 15 and 300 min or among days (0 to 8).  

However, NEFA concentrations were greater (P < 0.05) in ES cows (0.262 ± 0.024 

mmol/L) than in EB cows (0.197 ± 0.020 mmol/L) over the course of the experiment 

(Table 2).  There was no interaction between treatments and days for concentrations of 
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T4 and T3, or T3:T4 ratios.  Concentrations of T4 and T3, and T3:T4 ratios did not differ 

among days or between EB and ES cows (Table 2). 

 

Table 2.  Least squared means of glucose, NEFA, thyroxine (T4), and triiobothyronine (T3) 

concentrations for primiparous, suckled beef cows exposed to bulls (EB) and steers (ES) 

 Treatment   

Variable EB ES SEM
a
 P value 

n 8 8   

Glucose, mg/dL
b
 81.5 82.4 6.2 0.79 

NEFA, mmol/L 0.197 0.262 0.099 0.06 

T4, ng/mL
c 

17.7 14.0 7.9 0.15 

T3, ng/mL
c 

9.5 8.8 3.5 0.41 

T3:T4 ratio 0.68 0.79 0.36 0.25 

a
SEM = Pooled standard error of the mean. 

b
Glucose concentrations for samples obtained at Time 15 and 225 min on Days 2 and 8. 

c
T4 and T3 concentration for samples obtained at Time 225 min on each day of the experiment. 

 

 

Discussion 

 

 

In the present experiment we evaluated concentrations of glucose on D 2 and 8 at 

Times 15 and 225 min, NEFA concentrations every day at Times 15 and 300 min, and 

T4, T3 concentrations and T3:T4 ratios every day at Time 225 min.  Blood samples were 

collected every 15 min for 6 h daily for 9 d.  Concentrations of glucose, NEFA, T4, and 

T3 for a full collection period were evaluated in 1 or 2 cows and on 1 or 2 days chosen 

randomly.  We found that the patterns of glucose, NEFA, T4, and T3 concentrations did 

exhibit pulsatile rhythms, in fact they exhibited a random pattern of change throughout 

the sampling period.  Thus, we randomly chose D 2 and 8 and Times 15 and 225 min to 
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evaluate changes in glucose concentrations:  Times 15 and 300 min for all days for 

NEFA concentrations and Time 225 on all days for T4 and T3.  

Exposing anestrous, suckled beef cows to bulls for 5 h daily over a period of 9 d 

did not influence glucose, T4, T3 concentrations and T3:T4 ratios.  However, exposing 

anestrous cows to bulls decreased concentrations of NEFA compared to concentrations of 

NEFA in cows exposed to steers.  This result of the present study for NEFA 

concentrations in suckled cows exposed to bulls is quite different from the result reported 

by Landaeta-Hernandez et al. (2004).  They found that concentrations of NEFA were 

33% higher in suckled cows exposed to bulls than in non-exposed suckled cows.  The 

reason for this difference is not clear; however, the data reported by Landaeta-Hernandez 

et al. (2004) may have been confounded by the fact that more bull exposed cows had 

resumed ovulatory activity by the end of the experiment than non-exposed cows.  This 

may have been due to an increase in cortisol concentrations that are associated with peri-

ovulatory events of resumption of ovulatory activity in postpartum cows (Humphreys et 

al., 1983).  A well-known catabolic affect of cortisol is the liberation of NEFA and amino 

acids from skeletal muscle and adipose tissue to be used as substrates for 

gluconeogenesis in the liver (for review see, Hadley and Levine, 2007).  Whereas, in the 

present study all samples were collected in anestrous cows that had not resumed 

ovulatory activity and this difference may be related to NEFA concentrations in anestrous 

cows compared to those of cows during the peri-ovulatory period.  

The primary objective of this experiment was to determine if exposing anestrous, 

suckled beef cows to bulls alters glucose, NEFA, and thyroid hormones that may directly 
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or indirectly affect carbohydrate and lipid metabolism.  This idea was based on the 

following observations that alterations in carbohydrate and lipid metabolism can either 

delay or accelerate the resumption of ovulatory activity in postpartum, anestrous, suckled 

beef cows (for reviews see, Randel, 1990; Short et al., 1990).  Exposing postpartum cows 

to bulls increased systemic cortisol concentrations relative to cows not exposed to bulls 

(Tauck et al., 2007).  Cortisol is a hormone known to influence carbohydrate and lipid 

metabolism (for review see, Hadley and Levine, 2007).  Recently, Landaeta-Hernandez et 

al. (2004) reported that systemic concentrations of NEFA were greater in postpartum 

cows exposed to bulls than in cows not exposed to bulls.  One could hypothesize that the 

biostimulatory effect of bulls to reduce the interval of postpartum may be mediated by 

inducing changes in cortisol concentrations which in turn may directly affect metabolic 

processes of postpartum, anestrous, suckled beef cows.  This in turn could alter the 

hypothalamic release patterns of GnRH stimulating follicular development and ovulation.  

Thus, the affect of bull exposure on anestrous cows appears to be related to a decrease in 

catabolism of adipose tissue and may be involved in the mechanism whereby bulls 

accelerate the resumption of ovulatory activity.  
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CHAPTER 5 

 

EXPERIMENT 2: BIOSTIMULATORY EFFECT OF BULLS ON TEMPORAL 

PATTERNS OF LEPTIN CONCENTRATIONS AND RESUMPTION OF LUTEAL 

ACTIVITY IN PRIMIPAROUS, POSTPARTUM, ANESTROUS, BEEF COWS. 

 

 

Introduction 

 

 

Resumption of luteal function in primiparous, anovular, suckled beef cows after 

calving is accelerated if cows are exposed to bulls (Custer et al., 1990) or excretory 

products of bulls (Berardinelli and Joshi, 2005).  Tauck et al. (2007) found that cortisol 

concentrations increase in cows exposed to bulls.  Cortisol is intimately involved with 

metabolic regulation of energy utilization (Hadley and Levine, 2007).  Furthermore, there 

is the possibility that the biostimulatory effect of bulls to accelerate resumption of 

ovulatory activity involves metabolic changes in cows that are induced by changes in 

cortisol concentrations, specifically changes involved with adipose metabolism 

(Landaeta-Hernandes et al., 2004, Wilkinson et al., 2007; Tauck, 2008).  Stumpf et al. 

(1992) reported that cows of low body condition have a greater reduction in postpartum 

interval to resumption of luteal activity when exposed to bulls than cows of high body 

condition.  The physiological mechanisms by which energy balance modulates 

reproductive functions have recently been elucidated within the last decade.  Leptin, an 

adipocyte-derived hormone or adipokine, is secreted by white adipose tissue and is an 

important factor on the control of energy balance, satiety, food intake and has been 

shown to have many levels of modulation upon the hypothalamic-hypophyseal-gonadal 

axis (for review see Tene-Sempere, 2007). The objectives of this study were to determine 
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if 1) short-term bull exposure (30 d) increased the number of cows cycling before the 

start of the breeding season; and 2) bull exposure alters temporal leptin concentration 

patterns during postpartum anestrus and resumption of luteal activity.  The specific 

hypothesis tested in this experiment was that the proportion of cows that resume luteal 

activity and systemic concentrations of leptin do not differ in postpartum, anestrous, 

suckled beef cows continuously exposed or not exposed to bulls. 

 

Materials and Methods 

 

 

Animals and Treatments 

 

Fifty-three spring-calving two-yr-old, primiparous, suckled, Angus Hereford 

crossbred beef cows and four mature, epididymectomized Angus x Hereford bulls were 

used in this experiment conducted at the Montana State University Bozeman Agricultural 

Research and Teaching Facility.  Animal care, handling, and protocols used in this 

experiment were approved by the Montana State University Agricultural Animal Care 

and Use Committee. 

 Cows and calves were maintained in a single pasture and had no contact with 

bulls or their excretory products during pregnancy and from calving until the start of the 

experiment.  Average calving date for these cows was Feb. 16, 2003.  At the start of the 

experiment (D 0) cows averaged 63 d (± 14 d; ± SE) postpartum; D 30 of the experiment 

was day of start of estrous synchronization (ES).  One week before the start of treatment 

cows were stratified by calving date, cow BW, calf birth weight, calf sex, dystocia score, 

and BCS.  Once cows were stratified they were assigned randomly to one of two 
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treatments; exposure to mature bulls (BE; n = 26) or no bull exposure (NE; n = 27) from 

the start of the experiment (D 0) until the start of ES (D 30). 

 

Facilities 

 

 Two lots were used for this experiment, designated north and south by their 

geographic location.  Each lot contained four pens (41 m x 18 m) that were identical in 

east-west configuration, bunk space, aspect, slope, and connection to open-shed shelters.  

Lots were approximately 0.35 km apart, and the arrangement was such that the prevailing 

wind blew from south to north.  Animals housed in one lot were not able to see or smell 

animals housed in the other lot; however, there was a possibility that sounds made by 

animals in one lot could be heard by animals in the other lot.  These lots and arrangement 

have proven to be effective in previous experiments involving bull-cow interactions 

(Fernandez et al., 1993; 1996).  Pens in the south lot had not held bulls for more than six 

years.  Pens in the north lot had not held bulls for ten months. 

 

Nutrition 

 

 Cows had free access to good quality, chopped mixed-grass alfalfa hay, and any 

pasture grasses that were available before the start of the experiment.  Once cows and 

calves were moved into pens they were given free access to the same hay, 0.5 kg/hd/d
 

cracked barley, water, and a trace mineral-salt supplement.  The TDN of the diet 

exceeded the NRC requirement for lactating beef cows with a mature weight of 545 kg 

by approximately 18% (NRC, 1996).  Bulls were fed the same ration as cows. 
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Blood Sampling for Leptin,  

Progesterone, and Resumption of Luteal Acitivity  

 

 Blood samples were collected from each cow by jugular venepuncture at 3-d 

intervals from the start of the experiment to the start of the breeding season.  Serum 

concentrations of leptin were determined in triplicate and were quantified by using a 

competitive liquid-liquid phase, double-antibody leptin RIA procedure described 

previously (Delavaud et al., 2000). The intra and inter assay coefficients of variation were 

2.01% and 3.22%, respectively.  Serum was assayed for progesterone concentration using 

solid-phase RIA kit (Siemens Medical Solutions Diagnostics, Los Angeles, CA, USA).  

Intra- and interassay CV’s for a serum pool that contained 0.8 ng/mL were 4.8 and 11%, 

respectively; and for a pool that contained 7.0 ng/mL were 2.0 and 5.4%, respectively.  

Progesterone concentrations patterns were used to assess the resumption of ovarian 

cycling activity.  A rise in progesterone concentration of > 0.5 ng/ml in three consecutive 

samples that exceeded 1 ng/mL provided evidence that cows resumed ovarian cycling 

activity during the experimental period.   
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Figure 1.  Pattern of progesterone concentrations used to determine occurrence of 

resumption of ovarian cycling activity.  Panel A represents a cow that resumed cycling 

activity.  Panel B represents a cow that did not resume ovarian cycling activity. 
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 Graphic representation of the pattern of progesterone concentrations used to 

determine the occurrence of resumption of ovarian cycling activity is illustrated in Figure 

1. 

 

Statistical Analyses 

 

 Comparisons of calving date, calf birth weight, calf sex ratio, dystocia score, and 

body condition score were analyzed by analysis of variance for a completely random 

design using PROC GLM of SAS (SAS, Cary, NC).  The model included treatment.  

Means were separated by PDIFF procedure of SAS. 

 Leptin concentrations were analyzed by PROC MIXED repeated measures 

analysis of SAS. The model included TRT, Animal as experimental unit, Day as the 

repeated measure, and the TRT by Day interaction and means were separated using 

Bonferroni Multiple Comparison tests. 

 

Results 

 

 

 Average calving date, cow BW, calf birth weight, calf sex ratio, dystocia score, 

and BCS did not differ between BE and NE cows (Table 3).  Proportions of BE (50%) 

and NE (44%) cows cycling at the start of the experiment did not differ (P = 0.68; Figure 

2).  However, a greater proportion (P < 0.05) of cows exposed to bulls (BE; 100%) were 

cycling by the end of the 30-d exposure period than cows not exposed to bulls (NE; 

70.4%; Figure 2). 
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Table 3.  Number of cows per treatment and least square means for calving date, cow 

BW, calf BW, BCS, calf sex ratio, and dystocia score for first calf suckled beef cows 

exposed (BE) or not exposed (NE) to bulls at the start of the experiment  

 Treatment   

Variable BE NE SEM
a
 P value 

n 26 27   

Calving date
b
 47 46 14.37 0.93 

Cow BW (kg) 518 509 41.72 0.40 

Calf BW (kg) 37 37 3.89 0.66 

BCS 4.7 4.8 1.11 0.98 

Calf sex ratio
c
 0.53 0.59 0.49 0.96 

Dystocia score
d 

1.08 1.15 0.39 0.91 
a
SEM = Standard error for means.   

b
Day of year.   

c
Calf sex ratio = ratio of male to female calves. 

d
Dystocia Score: 0 = No assistance to 5 = Caesarean section. 

 

 
Figure 2.  Percentages of primiparous, suckled cows exposed (BE) or not exposed (NE) 

to bulls that resumed luteal activity (%RLA) at the start of the experiment and after the 

30-d exposure period.  Bars that lack common letters within each cycling classification 

differ, P < 0.05; cycling start of experiment, 2 = 1.02, d.f. = 1; cycling at start of 

breeding season,2 = 9.1, d.f. = 1. 
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Temporal patterns of leptin concentrations did not differ between BE and NE 

cows. However, there was a treatment by day interaction (P < 0.05; Figure 3) for leptin 

concentrations in BE and NE cows that began to cycle after D 0. Leptin concentrations 

increased on D 15 and remained stable until D 21, then increased again by D 27. 

Whereas, concentrations of leptin in NE cows increased on D 18, decreased on D 21, then 

increased by D 27.  In order to better understand this treatment by day interaction, the 

experiment period was grouped into three intervals; D 0 to 6, D 9 to 15, and D 18 to 24.  

Here, leptin concentrations during the 18 to 24 d period were greater (P < 0.05; Figure 3) 

in BE cows than in NE cows that resumed luteal activity after the start of the experiment.  

Leptin concentrations during 0 to 6 d and 9 to 15 d did not differ (P > 0.10; Figure 3). 

 

Figure 3.  Least squares means of leptin concentrations for 6-d intervals in cows exposed 

to bulls (BE) and cows not exposed to bulls (NE) that resumed ovulatory activity after 

start of experiment (D 0).  Bars that lack common letters within and between each 

interval differ, P < 0.05.  Interval by treatment interaction; P < 0.05. 
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In cows that had not resumed luteal activity before the start of the experiment 

(D0), proportions of BE (62%) and NE (33%) cows that had resumed luteal activity 

during the D 0 to 6 interval did not differ (P > 0.10; Figure 4).  However, a greater 

proportion (P < 0.05) of cows exposed to bulls (BE; 100%) resumed luteal activity by the 

intervals D 9 to 15 and D 18 to 24 than cows not exposed to bulls (NE; 46.7%; Figure 4). 

 

 
Figure 4.  Percentages of primiparous, suckled cows exposed (BE) or not exposed (NE) 

to bulls that had not started to cycle by start of experiment (D0) and resumed luteal 

activity (%RLA) during intervals D 0 to 6, D 9 to 15, and D 18 to 24 of the experiment.  

Bars that lack common letters within and between each interval differ, P < 0.05; interval 

D 0 to 6, 2 = 1.99, d.f. = 1; interval D 9 to 15,2 = 8.53, d.f. = 1; interval D 18 to 

24,2 = 8.53, d.f. = 1; and between intervals D 0 to 6 and D 9 to 15 for BE cows,2 = 

6.2, d.f. = 1. 
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Discussion 

 

 

 Long-term bull exposure (> 60 d) reduces the postpartum interval to resumption 

of ovarian cycling activity in first-calf suckled beef cows (Custer et al., 1990, Fernandez 

et al., 1993).  In this experiment cows exposed to mature bulls for 30 d increased the 

proportion of cows that started to cycle by 24% relative to cows that were not exposed to 

bulls.   Macmillan et al. (1979) reported a greater proportion of cows exposed to bulls 

than cows not exposed to bulls for 21 d before the breeding season showed estrus during 

the 60 d breeding season.  Similarly, Scott and Montgomery (1987) reported that more 

cows exposed to bulls for 20 d before the breeding season began cycling than cows not 

exposed to bulls.  These results indicate that short-term bull exposure has the same effect 

as long-term exposure.  Short-term bull exposure may be an effective strategy to increase 

the proportion of first-calf suckled cows that are cycling at the beginning of the breeding 

season. 

Additionally, we asked, “Does bull exposure for 30 d influence temporal leptin 

concentration patterns during postpartum anestrus and the resumption of ovarian cycling 

activity?”  In the previous experiment of this thesis we found that there is a decrease in 

NEFA concentrations associated with the biostimulatory effect of bulls.  These two 

experiments are complimentary wherein we find that there is a difference between 

treatments of bull-exposed and non-exposed in leptin concentrations by day, wherein 

leptin concentrations are higher in cows exposed to bulls for 18to 24 d than cows not 

exposed.  Furthermore, Tauck et al. (2007) and Tauck (2008) described adrenal activation 

and involvement associated with exposure to bulls whereby cows exposed to bulls had 
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higher cortisol concentrations; and increased duration, decreased frequency of cortisol 

pulses, respectively.  Cortisol is well known to be involved with lipid metabolism as well.  

This suggests that there may be a metabolic component to the biostimulatory effect of 

bulls in hastening the resumption of ovarian cycling activity, particularly in the area of 

lipid mobilization and metabolism.   

We conclude that short-term bull exposure of primiparous suckled beef cows 

altered leptin concentrations such that temporal leptin concentrations were higher in cows 

after 18 d of bull exposure. 
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CHAPTER 6 

 

EXPERIMENT 3: EFFECT OF DURATION OF DAILY BULL EXPOSURE ON 

LEPTIN CONCENTRATIONS DURING RESUMPTION OF OVULATORY 

ACTIVITY IN PRIMIPAROUS, POSTPARTUM, ANESTROUS, BEEF COWS 

 

 

Introduction 

 

 

The biostimulatory effect of bulls involves interactions between bulls and cows in 

which the physical presence of bulls stimulates the resumption of luteal activity in 

multiparous and primiparous suckled beef cows (Custer et al., 1990).  Bull exposure is 

known to alter cortisol concentrations and the characteristics of their pulsatile patterns 

(Tauck et al. 2007).  Furthermore, there is the possibility that the biostimulatory effect of 

bulls to accelerate resumption of luteal activity involves metabolic changes in cows that 

are induced by changes in cortisol concentrations, specifically changes involved with 

adipose metabolism (Landaeta-Hernandes et al., 2004, Wilkinson et al., 2007).  Stumpf et 

al., 1992 reported that cows of low body condition have a greater reduction in postpartum 

interval when exposed to bulls than cows of high body condition.  In the previous 

experiments of this thesis, the biostimulatory effect of bulls was shown to decrease 

NEFA and increase leptin concentrations in cows after short-term (5h/d for 9d and 24h/d 

for 30d; respectively) bull exposure.  Taken together these results indicate a metabolic 

component to the biostimulatory effect of bulls, specifically at the level of the adipocytes 

in cows.  However, little is known as to whether this component is influenced more by 

the biostimulatory effect of bulls or simply by the resumption of luteal activity in the 

cow.  This begs the questions: “Is the alteration or increase associated with bull exposure 
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in temporal leptin concentrations an all-or-nothing response or is it dose-dependent and is 

this change in temporal leptin concentrations influenced by cycling status”?.  Leptin, an 

adipocyte-derived hormone or adipokine, is secreted by white adipose tissue and is an 

important factor on the control of energy balance, satiety, food intake and has been 

shown to have many levels of modulation upon the hypothalamic-hypophyseal-gonadal 

axis (for review see Tene-Sempere, 2007).  In this study, our objective was to investigate 

the effect of daily duration of bull exposure to alter the temporal leptin concentration 

patterns during postpartum anestrus and the resumption of luteal activity.  The specific 

hypothesis tested in this experiment were that systemic concentrations of leptin do not 

differ in postpartum, anestrous, suckled beef cows exposed to bulls for 12, 6, or 0 h daily. 

 

Materials and Methods 

 

 

 This experiment was conducted at the Montana State University Bozeman Area 

Research and Teaching Facility.  Animal care, handling, and protocols used in this 

experiment were approved by the Montana State University Institutional Agricultural 

Animal Care and Use Committee. 

 

Animals and Treatment 

 

 Thirty-nine, spring-calving, two-yr-old Angus X Hereford primiparous, suckled 

beef cows and four mature epididymectomized Angus X Hereford bulls were used in this 

experiment.  Cows and calves were maintained in a single pasture and had no contact 

with bulls or their excretory products from the previous breeding season until the start of 

the experiment (D 0).  Average calving date for these cows was Feb. 18, 2008.  Before 
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the start of the experiment, cycling status of each cow was rated by two ultrasound 

examinations of each ovary for the presence or absence of a corpus luteum.  The first and 

second ultrasonic examinations were conducted 10 and 2 d, respectively, before the start 

of the experiment.  Cows that did not exhibit the presence of a corpus luteum on either 

ovary in both ultrasound examinations were used in this experiment. 

The interval from calving to D 0 averaged 51.5 ± 2.3 d.  Two d before the start of 

the experiment cows were stratified by calving date, calf birth weight, dystocia score, 

cow body weight, cow BCS, and sex of calf and assigned randomly to be exposed to bulls 

for 12 h daily (BE12; n = 15), 6 h daily (BE6; n =14) or not exposed to bulls (NE; n = 10) 

for 45 d.  

 

Facilities and Daily Bull Exposure.  

 

Cows were housed within pens in separate lot areas.  Pens within the south lot 

were used to maintain BE12 and BE6 cows while pens within the north lot were used to 

maintain NE cows.  A common holding pen, approximately 0.35 km from the lot that 

housed NE cows and 30 m from the lot that housed BE12 and BE6 cows, was used to 

house bulls before and after daily exposure periods.  During daily exposure periods two 

bulls were moved from the common holding pen into the pen that housed BE12 cows and 

two bulls were moved into the pen that housed BE6 cows.  Cows in each treatment were 

exposed to bulls at 0700 h each day for 45 d (D 0 to 44).  At 1900 and1300 h bulls were 

removed from pens that housed BE12 and BE6 cows, respectively, and housed in the 

common holding pen until the following day.  Cows in each treatment could not see or 
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smell bulls before or after daily exposure periods.  Figure 5 below illustrates pen 

arrangements and method of daily bull exposure. 

 

 

Figure 5.  Facilities where cows were housed during experiment and schedule of daily 

bull exposure. 

 

Nutrition. 

 

Cows had free access to good quality, chopped mixed-grass alfalfa hay, and any 

pasture grasses that were available before the start of the experiment.  Once cows and 

calves were moved into pens they were given free access to the same hay, 0.5 kghd-1d-

1 cracked corn, water, and a trace mineral-salt supplement.  Average body weight of 

cows was 467.5 ± 37.7 kg.  The TDN of the diet was 110% of the recommended energy 

requirement for lactating beef cows with a mature weight of 533 kg (NRC, 1996).  Bulls 

were fed the same diet as cows. 
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Blood Sampling, Leptin and Progesterone  

Concentrations, and Resumption of Luteal Activity.  

 

Blood samples were collected from each cow by jugular venepuncture every other 

day from D 0 to the end of the experiment (D 44).  Serum concentrations of leptin were 

determined in triplicate and were quantified by using a competitive liquid-liquid phase, 

double-antibody leptin RIA procedure described previously (Delavaud et al., 2000). The 

intra and inter assay coefficients of variation were 2.01% and 3.22%, respectively. Serum 

was assayed for progesterone concentration in duplicate using solid-phase RIA kits 

(Siemens Medical Solutions Diagnostics, Los Angeles, CA, USA) validated for bovine 

serum in our laboratory (Custer et al., 1990).  Intra- and interassay CV for a serum pool 

that contained 2.2 ng/mL of progesterone were 10.2 and 15.4%, respectively, and 8.9 and 

11.8%, respectively, for a pool that contained 5.75 ng/mL.  Progesterone concentrations 

in these samples were used to determine the interval from calving to resumption of luteal 

activity (RLA), interval from the start of the experiment to RLA, and the proportion of 

cows that RLA during the experiment.  An increase of progesterone concentration, above 

the average progesterone baseline of individual cows in three consecutive samples that 

exceeded 1 ng/mL was used to determine the occurrence of RLA.  Intervals from calving 

and D 0 to RLA were determined by the number of days from the treatment to the lowest 

inflection point before a rise in three consecutive samples that exceeded 1 ng/mL.  

Progesterone concentrations and RLA were confirmed by transrectal ultrasonographic 

examination of ovaries of each cow using a Titan ultrasound with a 7.5 to 10 MHz rectal 

transducer every other day throughout the 45-d exposure period used in this experiment 
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(SonoSite Inc., Bothell, WA, USA).  The presence of a corpus luteum in the same 

anatomical position of an ovary in 4 successive scans was used as evidence to confirm 

RLA.  Cows that failed to exhibit a rise in progesterone over three consecutive samples 

and did not have a corpus luteum in their ovaries were assigned an interval from calving 

or the start of treatment to the end of the experiment.  

 

Statistical Analyses.  

 

Intervals from D 0 to RLA were evaluated by ANOVA for a completely 

randomized design using PROC GLM of SAS (SAS, Cary, NC).  The model included 

treatment (TRT) and means were separated using Bonferroni Multiple Comparison tests.  

Linear regression analyses were used to determine the relationship between intensity of 

bull exposure (hours/d) and intervals (days) from calving and the start of the experiment 

to RLA using the PROC REG procedure of SAS.  Data for intervals from D 0 to RLA 

showed heterogeneous variances among treatments using Bartlett’s Box F-test.  

Therefore, data from the start of the experiment to RLA that were used in ANOVA were 

transformed using the Empirical Method by intervals to the power of 10.3.  Least squares 

means and standard errors of means for intervals and D 0 to RLA, reported herein, were 

transformed to original values after analysis.  Differences in proportions of cows that 

resumed OA during the experiment were analyzed by chi-square using the PROC FREQ 

procedure of SAS. 

 Leptin concentrations were analyzed by PROC MIXED repeated measures 

analysis of SAS. The model included TRT, Animal as experimental unit, Day as the 

repeated measure, and the TRT by Interval interaction and means were separated using 
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Bonferroni Multiple Comparison tests.  Linear regression analyses between leptin 

concentrations and hours of daily bull exposure were conducted using PROC REG 

procedure of SAS. 

  

Results 

 

 

 Interval from D 0 to RLA was shorter (P < 0.05) for BE12 cows than for NE 

cows, 30.6 d and 43.0 d, respectively.  However, interval from D 0 to RLA did not differ 

(P > 0.10) between BE6 cows, 35.0 d, and either BE12 or NE cows.  The proportion of 

BE12 and BE6 cows that RLA during the experiment did not differ (P > 0.10), 60 and 

64.3%, respectively. The proportion of cows that RLA for either BE6 cows or BE12 

cows were greater than for NE cows, 10% (Table 2). 
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 There was a treatment by day interaction (P < 0.05) for leptin concentrations.  

Temporal patterns of leptin concentrations differed among NE, BE6, and BE12 cows.  

However, leptin concentrations tended to be greater (P = 0.09) in cows that RLA than 

cows that did not RLA, indicating this interaction may be due to cycling status.  In order 

to better understand this treatment by day interaction, the experiment period was grouped 

into four intervals; D 0 to 10, D 11 to 20, D 21 to 30, and D 31 to 40. Figure 6 illustrates 

patterns of leptin concentrations by treatment, wherein leptin exhibits a similar pattern in 

all levels of daily bull exposure.  However, it appears that as the duration of bull exposure 

increases, treatments exhibit leptin patterns at slightly higher levels, respectively.   

  

Table 4.  Number of cows per treatment and least squares means for intervals from 

calving to resumption of luteal activity (RLA) and proportions of cows that RLA 

during the experiment for primiparous, anestrous, suckled, beef cows exposed to bulls 

for 12-h daily (BE12), 6-h daily (BE6), or not exposed to bulls (NE) for 45 d starting 

51.5 ± 2.3 d (± SE) after calving. 

 Treatment 
a
   

Variable NE BE6 BE12 SEM P -Value 

n 10 14 15   

Interval from D0 

to RLA, d
b
 

43.0
y
 35.0

x,y
 30.6

x
 10.6 <0.05 

Proportion that 

RLA, % 

10.0
y
 64.3

x
 60.0

x
 8.0

c
 <0.05 

a
Means and proportions that lack common superscript differ (P < 0.05).  

b
Cows that failed to RLA were assigned an interval from calving to the end of the 

experiment.  
c
X 

2
 value. 
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Figure 6.  Least squares means of leptin concentrations for 10-d intervals in cows 

exposed to bulls for 0 (NE), 6 (BE6), and12 (BE12) h daily. Bars that lack common 

letters within and between each interval differ, P < 0.05. Interval by treatment interaction, 

P = 0.06; treatment interaction, P < 0.0001.  

 

Bull exposed groups, both BE6 and BE12, had higher (P < 0.05) leptin 

concentrations over the D 0 to 10 interval than NE cows.  Leptin concentrations seemed 

to increase through the first 20 d of the experiment and then level out.  Furthermore, 

leptin concentrations from D 11 to 20, D 21 to 30, and D 31 to 40 were greater (P < 0.05) 

for BE12 cows than BE6 and NE cows.  Again, there is the possibility that these effects 

could be attributed to the proportion cycling within each treatment.  However, when 

samples taken after animals had resumed luteal activity were removed from the analysis, 

there was a similar significant treatment by day interaction (P < 0.05) as well (Figure 7).  

Again to better explain this interaction the experiment period was grouped into four 

intervals; D 0 to 10, D 11 to 20, D 21 to 30, and D 31 to 40. 

  

5

6

7

8

9

0 to 10 d 11 to 20 d 21 to 30 d 31 to 40 d

L
ep

ti
n

, 
n

g
/m

L

Interval

NE BE6 BE12

SEM

x

x, y x, y

y yyyy
y

z
z

z



 

 

63 

 
Figure 7.  Least squares means of leptin concentrations for 10-d intervals in cows 

exposed to bulls for 0 (NE), 6 (BE6), and12 (BE12) h daily. Non-cycling NE, BE6 and 

BE12 data are samples collected before the resumption of ovulatory activity. Bars that 

lack common letters within and between each interval differ, P < 0.05. Interval by 

treatment interaction, P = 0.08; treatment interaction, P < 0.0001.  

 

 

Similarly, concentrations of leptin increased faster within the first 20 d than 

through the rest of the experiment and were greater (P < 0.05) for bull exposed groups, 

both BE6 and BE12, than for NE cows during the D 0 to 10 interval.  Additionally, leptin 

concentrations during intervals D 11 to 20 and D 21 to 30 were greater for BE12 cows 

than both BE6 and NE cows.  However, in this analysis of samples from cows before 

they resumed luteal activity, leptin concentrations from D 21to 30 were greater (P < 0.05) 

in BE12 than both BE6 and NE cows. However, it appears that during the D 31 to 40 

interval treatments did not differ (P > 0.10).  There was a tendency for leptin 

concentrations to be greater (P = 0.09) in cows that had resumed luteal activity during the 

experiment than cows that did not resume OA, 8.0 and 6.9 ng/mL, respectively.  
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Furthermore, there was a tendency for a linear relationship (b1 = 0.123 ng/h; P = 0.09) 

between mean leptin concentrations and hours of daily bull exposure.  

Figure 8.  Percentages of primiparous, suckled cows exposed to bulls for 0 (NE), 6 

(BE6), and12 (BE12) h daily that resumed luteal activity (%RLA) during intervals D 0 to 

10, D 11 to 20, D 21 to 30, and D 31 to 40 of the experiment.  Bars that lack common 

letters within each interval differ, P < 0.05; interval D 0 to 10, 2 = 3.37, d.f. = 2; 

interval D 11 to 20,2 = 2.84, d.f. = 2; interval D 21 to 30,2 = 6.38, d.f. = 2; ; interval 

D 31 to 40,2 = 8.12, d.f. = 2 and the overall interaction, P < 0.05;2 = 382.7, d.f. = 

11. 

 

 

Discussion 

 

 

 The purpose of this study was to evaluate changes in leptin concentrations in 

primiparous, postpartum, anovular, suckled, beef cows that were exposed to bulls for 

durations of 0, 6, and 12 hours daily. Even though, mean leptin concentrations did not 
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differ among treatments, we found that there was a treatment by day interaction for leptin 

concentrations. This data indicates that the temporal patterns of leptin differed among 

cows exposed to bulls for 0, 6, and 12 hours daily.  

 Interestingly, across all treatments, leptin concentrations tended to be greater in 

cows that had resumed luteal activity during the experimental period (D 0 to D 44) than 

in cows that had not resumed luteal activity by the end of the experiment.  Specifically, 

cows that had resumed luteal activity during the experimental period had a mean leptin 

concentration of 8.0 ng/mL, whereas cows that did not resume luteal activity by the end 

of the experiment (D 44) had a mean leptin concentration of 6.9 ng/mL. This suggests 

that the treatment by day interaction seen with leptin concentrations is perhaps more 

directly related to the cycling status of the animal and indirectly influenced by the 

biostimulatory effect of bulls to hasten the resumption of luteal activity in the postpartum 

anestrous cow. 

 If cycling status is more responsible for mean leptin concentrations, one could 

expect that the proportion of cows cycling would correlate to mean leptin concentrations.  

However, we found a tendency for a positive linear relationship between the level of bull 

exposure (0, 6, and 12 hours daily) and mean leptin concentrations, wherein the 

proportion of cows exposed to bulls for 6 and 12 hours daily did not differ, 64.3 and 

60.0% respectively; but were significantly greater than the 10% cycling of cows not 

exposed to bulls.  Though it is only a tendency, this relationship suggests the possibility 

that the biostimulatory effect of bulls may have a direct influence on leptin 

concentrations.  In order to better understand the treatment by day interaction, the 
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experiment period was grouped into four periods; D 0 to 10, D 11 to 20, D 21 to 30, and 

D 31 to 40.  In Fig. 6, mean leptin concentrations of each period are represented for cows 

exposed to bulls for 0, 6, and 12 hours daily.  This illustrates a graded curve by duration 

of bull exposure on leptin concentrations, wherein leptin exhibits a similar pattern in all 

treatments.  However, it seems that as the duration cows are exposed to a bull increases, 

treatments indicate leptin patterns at slightly higher levels, respectively.  Again, there is 

the possibility that this could be attributed to the proportion cycling within each 

treatment.  However, when samples taken after animals had resumed ovulatory activity 

were removed from the analysis, there was a similar tendency for a treatment by interval 

interaction as well (Fig. 7).  These interactions are further supported by the tendency for a 

linear relationship between mean leptin concentrations and duration of daily bull 

exposure. 

 In conclusion, daily bull exposure reduced the interval to resumption of luteal 

activity and altered the temporal pattern of leptin concentrations in the postpartum, 

anovular, suckled, beef cows.  This suggests that the biostimulatory effect of bulls may 

have a metabolic component.  The results of this study suggest that leptin concentrations 

are increased by both the biostimulatory effect of bulls and the resumption of luteal 

activity in postpartum, suckled cows.  Further investigations are necessary to explain how 

the presences of bulls influence leptin; and to understand the role of changes in leptin 

concentration patterns during the resumption of luteal activity in the postpartum, 

primiparous, anestrous, suckled, beef cow. 
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CHAPTER 9 

 

 

GENERAL DISCUSSION 

 

 

 In Experiment 1 of this thesis, we reported non-esterified fatty acids (NEFA) were 

significantly lower in cows that were exposed to bulls than cows not exposed.  If leptin 

concentrations are high, this would be a signal of satiety to the brain and would be 

concurrent with a decrease in the mobilization of NEFA (Tena-Sempere, 2007). T hese 

results are complementary of the findings of Experiments 2 and 3 wherein we find that 

bull exposure not only results in an increase temporal leptin concentrations, but it does so 

in a dose-dependent manner.  However, Landaeta-Hernandez et al., (2004) found that 

NEFA concentrations were 33% higher in suckled cows exposed to bulls than in non-

exposed cows.  Perhaps this difference is due to the greater proportion in resumption of 

luteal activity of cows that were exposed to bulls than cows not exposed to bulls as 

reported by Landaeta-Hernandez et al., (2004). 

 The conclusions of Experiments 1, 2, and 3 of this thesis all suggest that there is a 

metabolic component involved with the biostimulatory effect of bulls.  Specifically, the 

physical presence of bulls seems to decrease the mobilization of free-fatty acids (or 

NEFA) and over time increase temporal leptin concentrations.  One interpretation of 

these results could be that within this metabolic component of the biostimulatory effect 

there is a physiological change representative of an increasing energy state for the cow.  

If so, it is possible that cows are “tricked” into perceiving a higher energy state than if 

they were not exposed to bulls.  The physiological advantage to this perception is the 



 

 

68 

potential to change LH pulsatility and hasten the resumption of luteal activity in the 

postpartum anestrous cow through action of leptin on neural inputs and within the 

hypothalamus; as described by Schneider, (2004). 

 In both Experiments 2 and 3, temporal leptin concentrations were increased 

shortly after the start of bull exposure.  Continuous (24h/d) bull exposure in Experiment 2 

tended to increase temporal leptin concentrations by 18 to 20 d after the start of bull 

exposure wherein 100% of cows exposed to bulls and 46% of non-exposed cows had 

resumed luteal activity by 9 to 15 d from the start of bull exposure.  Furthermore, in 

Experiment 3 cows exposed to bulls for 12h/d (BE12) and 6h/d (BE6) had higher 

temporal leptin concentrations than non-exposed (NE) cows within the first 10 d of bull 

exposure and had mean intervals from the start of the experiment to the resumption of 

luteal activity of 31, 35, and 43d; respectively.  This indicates a definite relationship 

between the biostimulatory effect of bulls to hasten the resumption of luteal activity 

between the anestrous cow and changes in temporal leptin concentrations.  There is the 

possibility that the observed changes in leptin concentrations could be related simply to 

cycling status, specifically the presence of progesterone in the blood.  However, from the 

analysis of non-cycling cows in Experiment 3 it appears that there is a dose-dependent 

response to bull exposure in leptin concentrations in the absence of luteal activity. 

 

Hypothesis for a Metabolic Component  

or Pathway to the Bull Biostimulatory Effect of Bulls  

 

Reproductive efficiency increases as the interval of postpartum anestrous 

decreases.  Exposing postpartum, anestrous cows to bulls accelerates the resumption of 
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ovulatory activity and may be used as a strategy to increase reproductive efficiency.  The 

mechanism by which bulls decrease the postpartum, anestrous interval may be related to 

changes in metabolic regulation of adipose tissue.  This is the first report wherein the 

presence of bull alters a metabolic processes related to adipose metabolism in 

postpartum, anestrous cows.  The results suggest that leptin concentrations are increased 

by both the biostimulatory effect of bulls and the resumption of ovulatory activity.  

Further investigations are necessary to explain how the daily presence of bulls influences 

the secretion of leptin, and to further understand the patterns of leptin concentrations 

during the resumption of ovulatory activity in the postpartum, primiparous, anestrous, 

suckled, beef cow. 

The following diagram (adapted from Schneider, 2004; Tena-Sempere, 2007; and 

Tauck, 2008) reviews the hypothetical relationship between bull biostimulation, 

metabolic hormones, and the hypothalamic-pituitary-ovarian (HPO) axis.   
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 The above diagram depicts the many metabolic endocrine pathways that can 

influence the HPO, LH pulsatility, and ultimately cause the resumption of ovarian cycling 

activity in postpartum, anestrous cows.  Again from the literature review, the positive or 

negative feedback by each of these hormones can change and is dependent upon the 

energy state and the specific hormone milieu.  However, it is clear that a change in 

metabolic fuels, energy balance, and metabolic hormones can greatly influence the 

function of the HPO and/or metabolic hormone sensitivity in effectors of GnRH neurons.  

As aforementioned, energy homeostasis is a very tightly regulated system with many 

redundant pathways and levels of modulation upon the HPO.  However, it would be 

advantageous for reproduction if it was possible that bull exposure stimulates the HPO 

axis by “tricking” the cow’s perception of this system into that of a higher energy state.  

Is it then possible that noted changes in adrenal secretion of cortisol (Tauck, 2008) in 

cows under the biostimulatory effect sets into motion a permissive or positive influence 

upon the effect by other metabolic hormones (Schneider, 2004 and Tena-Sempere, 2007) 

on the HPO to ultimately alter LH pulsatility? 

 Further investigations are necessary to understand the potential role of 

changes in leptin concentration patterns in hastening the resumption of luteal activity in 

the postpartum, primiparous, anestrous, suckled, beef cow.  In future research specific to 

the influence of bull exposure on leptin concentrations, questions that must be asked are 

1) “Is the change in temporal leptin concentrations due to an increase in secretion and 

synthesis or to a decrease in its degredation”?; 2), “Does an increase in leptin during bull 

exposure directly alter LH secretion patterns for the resumption of ovarian cycling 



 

 

71 

activity”?; and 3), “Does bull exposure change the expression or sensitivity of the Ob-R 

(leptin receptor) within the HPO”?  Further research could also investigate the effect of 

bull exposure on other metabolic hormones such as insulin, ghrelin, IGF-1, etc. 
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