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Postpartum LH and OH secretory patterns were evaluated with mature 

Brangus cows group fed either 50%M (n=8) or 100%M (n=7) NRC maintenance 

energy requirements starting two months prepartum and continuing for three 

months postpartum. Feed level was adjusted at 14 day intervals. Weights of 

cows and (or) calves were taken every 14 days before and after calving. 

Sequential blood samples were taken every 15 minutes for 8 hours at biweekly 

intervals starting 14 days postpartum and continuing until 100 days. Serum 

LH and OH were determined by a validated double antibody RIA. A peak-

detection algorithm was used to summarize hormone data into 5 variables for 

each cow at each bleeding period. Data were analyzed by OLM and regression 

using SAS procedures. 

Cows in the 100%M group were heavier (P<O.Ol) at calving time and at 

the end of the trial. There were no significant differences for weight of calves 

at birth or at the end of the study for the two energy levels. 

Total release of LH during secretory episodes was 5 fold greater (27 vs 

5 nglml x min P<0.05) in cows receiving 100%M vs 50%M energy. Basal 
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concentration and peak height of LH increased linearly with time postpartum 

in 50%M but not 100%M energy groups. 

For GH, cows receiving 50%M energy had more secretory spikes (2.6 vs 

2.1 per 8 h; P<0.05), and higher basal concentration (14 vs 8 nglml; P<0.05), 

and a shorter duration of secretory episodes (82 vs 95 min; P<0.05) compared 

with cows on 100%M energy. Maximum release of GH occurred earlier 

postpartum in cows receiving 100%M energy (30-39 d) vs cows receiving 50%M 

energy (90+d). Number of GH peaks increased linearly with time postpartum 

in cows on 100%M energy, but not in the 50%M group. Dietary energy 

restriction of mature beef cows significantly alters several parameters of LH 

and GH secretion during the early postpartum period. 
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The deleterious effect of undernutrition on postpartum rebreeding 

performance of cattle has been recognized for many years. Several reviews 

have described nutritional influences on reproductive performance of cattle 

(Baker, 1969; Lamond, 1970; Dunn and Kaltenbach, 1980; Hanzen, 1986). A 

typical finding of these reviews is that undernutrition extends the period from 

calving to the first postpartum estrus. 

Relationships between nutrition and endogenous metabolic changes 

(Manns and Boda, 1967; Bauman and Currie, 1980) and between nutrition and 

reproduction (Dunn and Kaltenbach, 1980) have been described. However, few 

attempts have been made to elucidate which or how specific nutrients and (or) 

metabolic hormones alter reproductive endocrine function. Hormone changes 

during the peri parturient period may be the key event that establishes 

receptor populations in various target tissues for the entire lactation, including 

organs and tissues involved in reproduction as well as general metabolism. 

Inadequate energy intake during late pregnancy lowers subsequent 

pregnancy rates even when energy intake is adequate during the postcalving 

period. Further declines in pregnancy rates occur when lactating beef cows and 

heifers receive inadequate energy during the postcalving period (Bellows and 

Short, 1978; Richards et al., 1986). Lower pregnancy rates were found in 



11 

lactating cows, and heifers that received inadequate amounts of protein with 

various energy intakes during the postpartum period (Wetteman et al., 1980; 

Garmendia et al., 1984; Fleck and Lusby, 1986). Underfed lactating cows have 

extended periods of ovarian inactivity (Entwistle, 1983; Rasby et al., 1986). 

Previous studies have suggested that nutritional modulation of 

reproduction may be exerted somewhere in the hypothalamic-pituitary-ovarian 

axis (Entwistle, 1983) or more specifically at the hypothalamus (Procknor et 

al.,1986; Armstrong and Britt, 1987), hypophysis (Sen et al., 1979) and (or) 

gonadal level (Harrison and Randel, 1986; Cox et al., 1987). 

Diets that are lower in energy, protein or both energy and protein lead 

to a lower pulsatile release ofluteinizing hormone (LH). Experiments involving 

GnRH (Gonadotropin-releasing hormone) challenge, indicates that an increased 

concentration of gonadotropin is stored in the pituitary gland and can be 

released by GnRH challenge (Rutter and Randel, 1984; Whisnant et al., 1985; 

Nolan et al., 1980). These data indicate that hypothalamic release of GnRH is 

being suppressed. 

The acquisition or maintenance of reproductive competence results from 

the continued integrated function of the higher neural centers, hypothalamus, 

pituitary gland and gonads. Whether or not release of GnRH occurs, or is 

modified, c'epends upon a hierarchy of neural signals which are modified by 

physiological status (Crowley and Kalra, 1989). Release of GnRH is dependent 
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upon the cumulative effect of positive and negative stimuli exerted at the 

hypothalamus. 

Measurement of metabolites and metabolic hormones is one method of 

evaluating adipose tissue mobilization and protein catabolism during 

nutritional stress. Pituitary and ovarian responses to endogenous or exogenous 

hypothalamic stimuli appear to be related to postpartum stage as well as to 

the severity and duration of nutrient deprivation. The specific modulating 

compounds, metabolic hormones or metabolites have not been identified. 

Although growth hormone (GH) and luteinizing hormone (LH) play 

important roles in regulating metabolism or reproductive activity during the 

early postpartum, and alterations in the plasma concentrations of LH have 

been studied extensively, this is not the case in relation to the study of GH. 

The objective of this study was to investigate the effect of dietary energy 

restriction during the pre and postpartum period of beef cows on secretory 

patterns of luteinizing hormone (LH) and growth hormone (GH). 
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CHAPTER 2 

OVERVIEW OF THE POSTPARTUM PERIOD 

The postpartum interval is defined as the period of time from parturition 

until the first postpartum estrus accompanied by ovulation. Length of this 

period varies from 15 to over 100 days in dairy and beef cows. A prolonged 

postpartum anestrous period in the beef cow is of major economic importance 

in terms of cow productivity. Once a year calving or short calving intervals in 

cattle are dependent upon the early reestablishment of reproductive activity 

after parturition. 

Duration and variability of this interval are known to be influenced by 

a variety of factors, including level of nutrition, suckling-lactation complex, 

weight change, and body condition at calving (Wiltbank et al., 1962; Dunn and 

Kaltenbach, 1980; Richards et al., 1986). Mechanisms by which these factors 

alter the postpartum period are unclear. 

Postpartum rebreeding of the cow depends on recovery from the 

pregnant state, escape from suckling-induced inhibition of gonadotropin 

secretion, initiation of follicular development, occurrence of estrus with 

ovulation and adequate luteal lifespan for maternal recognition of pregnancy 

(Malven, 1984). Level of nutrition during the early postpartum period is 

especially important since these biological events are overlapping and require 

nutrients. In the case of the dairy cow, it has been proposed that because 
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lactation during this period takes priority, the reproductive aspects are affected 

dramatically (Swanson, 1989), and that the mammary gland achieves 

metabolic priority over other tissues for the synthesis and secretion of milk 

(Convey, 1974; Bauman and Currie, 1980; Thatcher, et aI, 1980). The degree 

of these adaptations in the beef cow are unknown. 

Many reproductive experiments have assumed that nutritive status is 

similar among cows within a given nutritional treatment group. Such an 

assumption ignores differences that may exist among animals due to body 

composition. Several reports have shown that a subjective body composition 

score system (BCS) is a reliable method of estimating body composition and 

energy reserves (Dunn et aI., 1983; Thompson et aI., 1983; Wright and Russel, 

1984 a,b; Houghton et al 1990a). 

Although there appears to be general agreement that cows in good body 

condition at calving will return to estrus earlier postpartum than cows in poor 

body condition, there is some controversy regarding optimal nutritional 

conditions for prompt return to ovarian cyclicity and, indeed, regarding 

nutritional effects on the endocrine patterns of the postpartum female. 

It has been proposed that a minimum amount of body fat may be necessary 

in females before they can exhibit estrus. This relationship exists in several 

species, including rats (Frisch et aI., 1975, 1977), humans (Frisch and 

McArthur, 1974), sows (Reese et aI., 1990) and ewes (Tatman et aI.,1990). It 
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has been reported that cows fed to maintain moderate BCS from precalving 

through breeding should possess no less than 15% carcass lipid or 13.3% total 

empty body lipid at parturition to express an acceptable postpartum interval 

of approximately 60 days (Houghton et a1., 1990b). During the last trimester 

of gestation and early postpartum, changes in weight and body condition may 

influence pituitary functions. Cows maintaining weight and body condition 

around parturition had greater basal LH and greater GnRH-induced LH 

release than cows losing weight and body condition (Rutter and Randel, 1984). 

The physiological mechanisms whereby undernutrition causes anestrous 

in cattle is understood only partially. Lack of ovarian activity in cows has been 

attributed to reduced gonadotropin secretion (Wettemann, 1980; Lamming et 

a1., 1981; Humphrey et aI., 1983; Imakawa et a1., 1986) with decreased 

follicular development, absence of estrus and lack of ovulation. Energy 

restriction may affect reproduction by altering GnRH secretion and (or) 

altering pituitary sensitivity to GnRH, which reduces gonadotropin secretion 

(Beal et a1., 1978; Whisnant et a1., 1985). Secretion of pituitary gonadotropins 

necessary to maintain ovarian and CL function may be reduced in thin cows. 

The amount of GnRH in the infundibular stalk-media eminence of beef cows 

is negatively correlated with body condition (Wettemann et a1., 1989), 

indicating that GnRH is not being released. 
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Many potential regulators of the release ofGnRH have been named i.e., 

glucose, amino acids, endogenous opioid peptides, interaction between GH and 

dietary energy, etc. (Rutter and Manns, 1987; Randel, 1990; Bucholtz et al., 

1988; Gregg et al., 1986; Malven et al., 1986). Mechanisms by which these 

neural regulators are affected by nutrition are not known, and more 

information is needed to more precisely delineate functions of these factors and 

their regulation by physiological state. 

Measurement of metabolic hormones and blood metabolites may be 

useful as an indicator of nutritional status and subsequent rebreeding 

performance. Nutrition plays a role in determining circulating GH 

concentration (Driver, et al., 1981). Plasma GH levels are higher in underfed 

animals, due to an increase in peak amplitude (Bier, et al., 1985). The increase 

in GH with limited nutrition is postulated to mobilize energy from fat deposits 

to satisfy the needs oflean tissue (Bauman, et al., 1980; Bauman, et al., 1982). 

During negative energy balance, growth hormone (GH) pulses are high 

in frequency and amplitude, and serum concentrations of insulin-like growth 

factor I (IGF-l) (Breier et al., 1986) and insulin (Butler et al., 1981) are 

suppressed. Serum concentrations of IGF-l are related positively to energy 

availability in postpartum beef cows. 

The relationship between increased growth hormone and decreased 

insulin during early lactation suggests a role for the metabolic hormones to 
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promote mobilization of adipose tissue stores to fulfill energy needs (Hart et 

aI., 1978; Vasilatos and Wangness, 1981; Kunz et aI., 1985). Growth hormone 

may reduce glucose and acetate utilization for adipose tissue deposition by 

reducing insulin concentrations, thereby making more of these substrates 

available to the mammary gland for milk and lactose synthesis (Bennink, et 

aI., 1972). 

Thomas et aI., (1990 a,b) and Kile et aI., (1991) found that restricted 

feeding differentially affected the release of pituitary hormones. Serum 

concentrations of LH were decreased, concentrations of growth hormone (GH) 

increased and concentrations of prolactin (Prl) were not affected in 

nutritionally stressed ewes. Relationships between serum concentrations of 

IGF-1 and insulin, glucose, and FFA (free fatty acids) are variable. Ruther et 

aI., (1989) reported a consistent, positive correlation between IGF-1, cow 

weight and cow condition score. Serum concentrations of IGF-1 changed 

rapidly in response to metabolic manipulations that were coincident with 

changes in reproductive endocrine function. They proposed that changes in 

IGF-1, either at the systemic and (or) tissue level, may form a link between 

metabolic regulation and reproduction. 

Taken together, these data suggest that systemic concentrations ofIGF-I 

may be regulated directly by GH but the influence of GH also may be 
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modulated by previous level of nutrition and circulating concentrations of other 

metabolites and metabolic hormones. 
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CHAPTER 3 

ENDOCRINOLOGY OF THE POSTPARTUM PERIOD 

During pregnancy the high circulating concentrations of progesterone 

and estradiol result in a prolonged negative feedback on the hypothalamic

hypophyseal axis. Progesterone reduces the frequency of pulsatile LH release 

whereas estradiol inhibits the amplitude of LH pulses in ovariectomized ewes 

(Goodman & Karsch, 1980) and cattle, (Little et al., 1982, Goodman and Karsh, 

1980) and with parturition, the hypothalamus and (or) pituitary gland may 

recover from negative feedback effects of these steroids resulting in an increase 

in LH pulses (Lamming et al., 1982). 

Temporal changes in circulating concentrations of many pituitary and 

ovarian hormones from parturition to first ovulation have been reported 

(Wettemann, 1980; Convey et a11983; Humphrey et al., 1983., Schallenberger, 

1985). Specifically, the ability of the pituitary gland to synthesize and release 

LH but not FSH, increases with time postpartum. Replenishment of pituitary 

stores of LH may represent removal of one of the initial limitations to the 

reestablishment of ovulatory cyclicity after calving (Moss et al., 1985). 

Ovarian function is dependent on concentrations of gonadotropins in 

blood. This is true not only during the estrous cycle (Hansel and Convey, 1983), 

but also during the postpartum interval. In suckled beef cows, concentrations 

of LH in peripheral blood do not increase to maximal levels until after the 
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third or fourth week postpartum (Williams et al., 1982; Convey et al., 1983). 

Frequencies of LH pulses during postpartum anestrous range from 1.2 

to 2.2 pulses per 6h in beef cattle (Walters et al., 1982b; Convey et al., 1983). 

It is uncertain whether increased frequency and (or) amplitude of LH pulses 

contribute to increased concentrations of LH in blood, since both frequency 

(Humphrey et al., 1983) and amplitude (Convey et al., 1983) increase with 

time postpartum. Increased pulsatile release of GnRH is involved in the 

increase in LH pulses (Walters et al., 1982b; Convey et al., 1983) . 

. This increase in functional capacity of the anterior pituitary is not 

associated with a change in numbers of pituitary GnRH binding sites (Moss et 

al., 1985; Leung et al., 1986) or hypothalamic GnRH content (Moss et al., 

1985). However, ability of the hypothalamus to release sufficient amounts of 

GnRH may be a limiting factor for return to postpartum estrus cyclicity 

(Carruthers et al., 1980., Walters et al., 1982 b). 

Limited information available on ovarian antral follicular growth in 

cattle during postpartum anestrous suggests that follicular growth increases 

markedly after the first week postpartum (Wagner and Hansel, 1969; Hansel, 

1969; Kesler et aI., 1980), and that large antral follicles (10 mm + diameter) 

may be present five weeks prior to the first postpartum estrus (Wiltbank et al., 

1964) but they do not ovulate. Circumstances shortly after parturition may 

allow large antral follicular development but not the development of enzyme 
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systems required for adequate production of estrogen. Some evidence indicates 

that the level of nutrition during the postpartum period may playa role in 

follicular estradiol production (Rone et aI., 1983). 

At present data is available to determine how and when follicular 

steroidogenesis changes during the postpartum period. Preliminary evidence 

suggests that in large (>8mm) follicles of acyclic cows, follicular fluid 

concentrations of progesterone, then estradiol, increase with time postpartum 

(Spicer, et aI., 1984b). However, there is no change in the steroidogenic 

capacity of smaller follicles with time postpartum (Spicer et aI., 1984b). 

The concept that responsiveness of follicles depends not only on changes 

In concentrations of serum gonadotropins but also on changes in the 

concentration of hormone-binding sites is well accepted. Changes in follicular 

function may be associated with changes in numbers of follicular gonadotropin

binding sites. The concentration of LH receptors in granulosa cells from large 

follicles increases dramatically between onset of the preovulatory LH surge and 

peak of the LH surge and subsequently declines just prior to ovulation in sheep 

(Webb and England 1982a, b) and cattle (Ireland and Roche, 1982, 1983b). 

These results suggest that final preovulatory maturation of ovarian follicles is 

associated with increased numbers of LH receptors in granulosa cells and, 

hence, increased sensitivity of granulosa cells to concentrations of LH in blood. 
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The number of LH receptors in thecal tissue appears to follow changes 

observed in granulosa cells (Ireland and Roche, 1982, 1983 a,b). 

Concentrations of estradiol in peripheral blood decrease sharply at 

parturition to basal levels (1 to 8 pg/ml) within 2-6 days (Arije et at, 1974; 

Humphrey et at, 1983) and then increase just before the first postpartum 

estrus (Williams and Ray, 1980; Rawlings et a11980; Humphrey et aI., 1983). 

This increase in preovulatory estradiol is similar in duration and magnitude 

to that observed during repetitive estrous cycles. 

Resumption of reproductive cycles in postpartum ewes occurs about the 

time concentrations of receptors for estradiol in the anterior pituitary gland 

and hypothalamus increase (Wise et aI., 1986). Increases in the concentrations 

of hypothalamic and anterior pituitary gland receptors for estradiol during the 

postpartum period reflect changes in sensitivity of these tissues to the positive 

feedback effects of estradiol (Wright et al 1980). In view of the known 

stimulatory effects of estradiol on protein synthesis (Katzenellenbogen and 

Gorsky, 1975), and GnRH stimulated release ofLH from the anterior pituitary 

gland (Reeves et aI., 1971; Jackson, 1975), the increased number of receptors 

for estradiol in the anterior pituitary gland during the postpartum period may 

lead to increased synthesis ofLH and increased pituitary sensitivity to GnRH. 

Although challenge doses of GnRH or exogenous estradiol can induce 

normal gonadotropin surges early postpartum (Kesler et at, 1980), perhaps 
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physiologic increases in estradiol (10 to 15 pg/ml blood) produced by large 

follicles may be incapable of stimulating preovulatory gonadotropin surges, or 

these large follicles may be unable to produce sufficient estradiol. 

Limited information related to characterization of changes of either LH 

or FSH receptors in ovarian follicles during the postpartum anestrous period 

indicate that numbers of LH receptors in pooled follicular homogenates were 

significantly higher on day 25 after parturition in nonsuckled' than suckled 

cows. Since nonsuckled cows were approaching first estrus, this may indicate 

that receptors for LH increase in follicles prior to first postpartum ovulation 

(Walters et al., 1982c). Number of FSH receptors did not differ between 

suckled and nonsuckled cows. In cattle, concentrations of FSH receptors in 

granulosa cells removed from large follides during the preovulatory period 

(Ireland and Roche 1982, 1983b) and from 3 to 13 days of the estrus cycle 

(Ireland and Roche, 1983a) did not change. These results indicate that final 

preovulatory maturation of ovarian follicles is not associated with a change in 

concentration of FSH receptors (and hence sensitivity to FSH) in granulosa 

cells. 

Concentrations of progesterone in serum are low «1.0 ng/ml) at 

parturition due to the preparturient regression of the corpus luteum of 

pregnancy. Concentrations remain low in cows until initiation of estrous cycles 

(Wettemann, 1980; Humphrey et al., 1983). A small progesterone peak «2 ng/ 
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ml) occurs 1 to 6 days before the first postpartum estrus (Rawlings et al., 1980; 

Wettemann 1980). This increase which precedes the first postpartum estrus, 

may result from formation of a transitory corpus luteum or luteinization of 

some follicles (Donaldson et al., 1970, Berardinelli et al., 1979). These 

structures are unable to maintain normal luteal phase progesterone secretion 

(Kesler et al., 1981). 

Lack of stores ofLH in the anterior pituitary gland, rather than reduced 

sensitivity to GnRH, is one of the initial limitations to the resumption of 

normal estrous cycles in post-partum animals. The content of LH in the 

anterior pituitary glands of cows (Nalbandov & Casida, 1940) and ewes 

(Charnley et al 1976) is reduced by as much as 95% during gestation. After 

parturition there is a gradual increase in the pituitary content of LH. In 

suckled beef cows the content of LH in the anterior pituitary increased from 

the very low levels at parturition to levels similar to those present in the 

cycling animals by 30 days postpartum. (Saiddudin et al., 1968). The amount 

of LH released in response to GnRH decreases as gestation progresses and 

remains low during the early postpartum period in cattle (Carter et al., 1980). 

The ability of the anterior pituitary gland to synthesize and release LH 

in beef cows seems to increase with time postpartum. Concentrations of LH 

in blood after GnRH treatment of beef cows are greater 20 days after 

parturition than during day 3 to 20 (Webb et al., 1977; Williams et al., 1982; 
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Gauthier and Mauleon, 1983). Data regarding the number of GnRH receptors 

and the in vitro responsiveness of the anterior pituitary cells to GnRH indicate 

that the sensitivity of the pituitary gland to GnRH is not reduced during the 

early postpartum period. Release ofLH from cultured pituitary cells increased 

progressively with increasing doses of GnRH, and there was a progressive 

increase in the amount of LH released from cells in response to all doses of 

GnRH as time from parturition increased. This information indicates that 

anterior pituitary cells contain similar numbers of receptors for GnRH 

regardless of the stage postpartum (Moss et al., 1980). Therefore, this portion 

of the regulatory system for secretion of LH does not appear to be responsible 

for the anestrous that occurs after parturition. 

During the postpartum period in ewes, the pituitary content of LH was 

highly correlated (r=0.9) with the amount of LH released in response to a 

half-maximal dose of GnRH (Jenkin et al., 1977; Crowder et al., 1982). 

Therefore, during the early postpartum period in cattle and sheep, it seems 

likely that if pulses of GnRH of normal amplitude were released into the 

hypophysial portal circulation, the resulting pulses of LH would be lower than 

those observed in cyclic animals. 

Several pieces of information indicate that during the postpartum period 

the hypothalamus contains sufficient quantities of GnRH to stimulate the 

anterior pituitary gland. Several investigators have examined the content of 
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GnRH in the hypothalamus in the periparturient animal. Moss et al., (1980) 

did not observe a significant change in GnRH content in the preoptic area, 

medial basal hypothalamus or median eminence of ewes from 1 day after 

parturition until the ewes began cycling, about 40 days after delivery. 

Likewise, there was no significant change in the content of GnRH in the same 

areas of the hypothalamus of beef cows between days 5 and 30 after 

parturition (Moss et al., 1985, Cermak et al., 1983). Carruthers et al., (1980) 

did not find a difference in the content of GnRH between suckled and 

non-suckled dairy cows. 

Since pulses ofLH released into the peripheral circulation are the result 

of pulses of GnRH (Clarke & Cummins, 1982; Levine et al., 1982) then it is 

reasonable to presume that there is a reduction in frequency and/or amplitude 

of GnRH pulses prepartum. GnRH is required for synthesis of LH (Fraser et 

al.,1975). If amplitude and frequency of GnRH pulses are inhibited by 

progesterone and estradiol, then an adequate stimulus for synthesis of LH is 

probably absent during gestation. Some reports indicate that progesterone 

decreases the concentration ofGnRH in pituitary stalk blood of ovariectomized 

rats (Sarkar & Fink, 1979). I f this is true, it may also suppress the synthesis 

of GnRH. 

The inhibitory effects of estradiol on release of LH might be explained 

by decreased secretion of GnRH, similar to the actions of progesterone, but it 
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is not clear how estradiol acts to decrease synthesis of LH. One effect of 

estradiol is to decrease the pituitary content of mRNAs for the subunits of LH 

(Nilson et aI., 1983; Wise et aI., 1985). This inhibitory effect could be at the 

pituitary gland or indirectly by inhibiting secretion of GnRH (Karsch et aI., 

1987). 

Soon after parturition, the first detectable change in the hypothalamic 

-hypophyseal axis observed is an increase in the concentration ofmRNA for the 

subunits of LH (Wise et aI., 1985), followed by an increase in the quantity of 

LH contained in pituitary cells. As a result of these changes, during the early 

post-partum period, there is an increase in the frequency of LH pulses 

observed in the peripheral circulation (Peters et aI., 1981., Walters et al., 

1982a). 

From an endocrinological viewpoint, once this recovery phase is 

complete, the female should be ready to resume normal estrous cycles. 

However, frequent suckling will continue to suppress concentration of LH in 

the peripheral circulation (Short et al., 1972; Randel et al., 1976). Recently, 

speculation has centered on the endogenous opioid peptides as factors that 

might be involved in the suckling induced inhibition of LH secretion. 

Evidence for this supposition is that administration of naloxone, an 

opioid antagonist, stimulates secretion of LH in suckled cows (Gregg et al., 

1985), and that this treatment is ineffective in non-suckling cows (Whisnant 
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et al., 1985). Inadequate secretion of GnRH therefore appears to limit the 

resumption of estrous cycles during the post-partum period after the initial 

recovery of the hypothalamic-hypophyseal axis from the negative effects of 

gestation. 

In summary, a two-phase recovery of the hypothalamic-hypophyseal

gonadal axis occurs during the postpartum period. The first phase, lasting from 

2-5 weeks after parturition, is characterized by relatively infrequent discharges 

of GnRH. This mode of GnRH secretion stimulates the biosynthetic 

mechanisms in the gonadotroph and the rate of synthesis ofLH increases. The 

rate of GnRH secretion is sufficiently spaced so that only a small portion of the 

newly synthesized LH is secreted, creating a situation in which pituitary stores 

of LH are replenished. During the early portion of this phase of recovery, the 

pulses of LH are of insufficient magnitude to induce follicular maturation. 

Once the pituitary stores of LH have returned to their normal level, the 

pulses ofLH released are of sufficient amplitude to stimulate follicular growth. 

This marks the beginning of the second phase of the recovery process. 

Increased circulation of LH stimulates follicular growth and secretion of 

estradiol. It has been proposed that the initial effect of estradiol is to stimulate 

production of its own receptor in the hypothalamus and pituitary gland, 

increasing the sensitivity of both tissues to the positive feedback effects of 

estradiol. At this point, the frequency of GnRH discharges mcreases, 
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producing more frequent pulses of LH, leading to the final stages of follicular 

development and ovulation. This second phase has been proposed to be tightly 

coupled to the suckling stimulus and environmental stressors; both appear to 

induce secretion of endogenous opioid peptides which, in turn, inhibit 

discharges of GnRH from the hypothalamus. This inhibition in GnRH secretion 

results in a reduction in frequency of LH pulses to such an extent that the 

final stages of follicular growth do not occur. 



30 

CHAPTER 4 

GROWTH HORMONE AND THE POSTPARTUM PERIOD 

Control of metabolism during pregnancy and lactation involves two types 

of regulation: homeostasis (maintenance of physiological equilibrium in the 

internal environment) and homeorhesis (coordinated changes in metabolism of 

body tissues necessary to support a physiological state). Regulation of nutrient 

partitioning during pregnancy involves homeorhetic controls arising from the 

conceptus. With the onset of lactation several maternal tissues undergo 

further adaptations to support lactation. In the dairy cow, marked alterations 

in the general partitioning of nutrients and metabolism of the whole animal 

must occur to accommodate demands of the mammary gland. 

Studies of lactating cows have given some insight into the metabolic 

process affected by GH. It has been shown that GH treatment of high 

producing cows results in a 10 to 15% increase in milk yield and 17-18% 

increase in energy secretion, and that the response is confined entirely to the 

postabsortive use of nutrients. Increased milk production in response to GH 

may be explained by two possible mechanisms: First, exogenous GH must 

directly or indirectly enhance the ability of mammary tissue to synthesize milk 

components; and second, the exogenous hormone must directly or indirectly 

affect other tissues so that nutrients are preferentially partitioned to the 

mammary gland. 
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Several reviews have outlined the magnitude of nutrient drain, the key 

tissues involved in supporting the metabolic demands oflactation, and changes 

in systemic hormones associated with lactogenesis and lactation in the dairy 

cow (Convey,1974; Bauman and Currie, 1980; Thatcher et al., 1980). This type 

of information for the beef cow is scarce, but in general the physiological 

principles are probably similar and differ only in degree of response and 

adaptation. 

Hormone changes during the periparturient period may be the key 

events that establish the stage for regulating nutrient flow during lactation. 

Two major adaptations occur in hormone concentrations during lactation. 

These are changes in basal concentration of insulin and growth hormone and 

changes in secretion of prolactin in response to the milking stimulus (Tucker, 

1981). 

Another significant change occurs in adipose tissue; uptake of nutrients 

for synthesis and storage of lipids is decreased and lipid reserves are 

mobilized. Several other nutrients such as glucose, protein, and minerals adapt 

to support lactation. 

The hormonal and metabolic changes before and after parturition 

prepare the adipose tissue for the massive and extended FFA release during 

lactation. These changes in adipose tissue metabolism are associated with 

alterations in adrenergic and insulin receptor populations (Collier et al., 1984). 
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Adrenergic receptor population increases in adipose tissue at lactogenesis 

(Jaster and Wegner, 1981). Adipose tissue of early lactation cows is more 

responsive to epinephrine-induced FFA release than that of cows in later 

lactation (McNamara et al., 1986). Although endocrine regulation of this 

phenomenon is not understood, the metabolic result is a greatly increased 

epinephrine-stimulated fatty acid release. 

A direct lipolytic effect of GH in ruminant adipose tissue remains to be 

proven. The fact that FFA are mobilized in response to GH in cows in negative 

energy balance might be due to increased energy deficit evoked by GH 

treatment. Adipose tissue under the effect of GH may have an increased 

sensitivity to norepinephrine (McNamara et al., 1986). This hormone may be 

decreasing uptake of nutrients by peripheral tissue; consequently, more 

nutrients are available to the mammary gland. 

Hormones that appear to be related to milk yield in cattle are prolactin, 

growth hormone, insulin and thyroxine. Insulin concentrations in dairy cattle 

are related negatively to milk yield (Koprowski and Tucker, 1973b). Low 

insulin concentrations during early lactation are presumably related to energy 

balance rather than stage of lactation (Hart et al., 1980). Growth hormone 

concentration is related to stage of lactation (Koprowsky and Tucker, 1973b) 

and distribution space of growth hormone is larger in high yielding cattle 

compared with low yielding cattle (Hart et al., 1980). 
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Nutrition plays a role in determining circulating GIl concentration. 

(Driver, et aI, 1981). Plasma GH levels are higher in underfed animals, due to 

an increase in peak amplitude. (Bier, et al., 1985). The increase in GH with 

limited nutrition is postulated to mobilize energy from fat deposits to satisfy 

the needs of lean tissue (Bauman, et al., 1980; Bauman, et al., 1982). 

Russel and Wright (1983), measured plasma glucose, 3-hydroxybutyrate 

and nonesterified fatty acids at various stages of the reproductive cycle of cows 

with different nutrient intakes. Glucose was not useful in evaluating energy 

status, 3-hydroxybutyrate was useful in pregnant cows, and nonesterified fatty 

acids were useful both in pregnant and nonpregnant cows. With intensified 

sampling schedules and 24-hours profiles, greater concentrations of 

nonesterified fatty acids, B-hydroxybutyrate and growth hormone and lower 

insulin were found in high-producing dairy cows (Hart et al., 1979). 
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Multiparous, 4 to 7 year old pregnant Brangus cows during the last 

third of gestation were randomly assigned to be fed either 100%M (n=7) or 50% 

maintenance 50%M (n=8) NRC (National Research Council, Nutrient 

Requirements of Beef Cattle, 1984) energy requirements according to body 

weight and stage of pregnancy. All other nutrients (protein, minerals, 

vitamins) were provided according to the NRC maintenance requirements. 

Diet composition and calculated nutrient content are shown in Table 1. These 

nutritional levels were provided from time of arrival at the dry lot 

(approximately 65 days pre-partum), and continued for three months 

postpartum. 

Cows in both groups were kept in separate drylots with provisions for 

shade, water, and feeding units. Each group was fed a complete ration once a 

day. Amount of feed was adjusted for cow weight every 14 days. Weights of 

cows were taken 65-70 days before parturition and every fourteen days 

thereafter until 90-100 days after calving. Within 24 hours of calving, weights 

of cows and calves were taken. Calves remained with their mothers 

continuously, except during blood sampling. Starting within 14 days after 

parturition and every 14 days thereafter until 3 months postpartum, blood 

samples were collected from cows via indwelling jugular cannulas inserted the 
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day of sampling and kept patent between collection periods with a physiologic 

saline solution containing 20 u. of heparin/mI. 

Blood samples were taken every 15 minutes for an 8 hour period. 

Samples were allowed to clot at room temperature and serum was separated 

by centrifugation (3,500 x g), decanted and stored at -20 C until LH and GH 

were determined. 

Concentration of LH and GH were quantified by a heterologous double

antibody radioimmunoassay as described by Niswander et aI, (1969). GH 

concentrations were determined by a validated radioimmunoassay as described 

by Wheaton et al., (1986). All samples from a single cow were analyzed in one 

assay. The intrassay coefficient of variation was less than 10% for both 

hormones (7% for GH, 6% for LH). Characterization of the patterns ofLH and 

GH were performed using a peak detection algorithm, Cluster Analysis, 

(Veldhuis, et al., 1985). 

Data reported for each hormone include basal concentration (BC), 

number of peaks (NP), peak height (PH), duration of secretory peak (DP) and 

mean secretion during each episodic event (MS). Hormone data was 

statistically analyzed using the General linear model procedures for repeated 

measures with levels of energy and days postpartum as main factors; and 

regression techniques (SAS. 1988) were used to evaluate the effects ofnutrition 

and stage postpartum on LH and GH hormone parameters. Differences in 
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mean concentration of LH and GH, frequency, amplitude, etc. were tested 

using Duncan's Multiple Range test. 
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Table 1 

DIET COMPOSITION AND CALCULATED NUTRIENT CONTENT 

ITEM DRY MATTER (%) 

Sorgum silage 68.36 

Ground milo 14.09 

Cottonseed meal 6.57 

Sugar cane molasses 8.21 

Urea 0.52 

Deflourinated rock 

Phosphate 0.60 

Dicalcium carbonate 0.30 

Trace mineral mix 0.10 

Salt 0.85 

ITEM DMBASIS 

Metabolizable Energy 2.37 McallKg 

Crude Protein 11.14% 

Calcium 0.62% 

Phosphorus 0.42% 

(NRC, 1984) 
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Mean weights for cows at the beginning of the study, within 14 days of 

pre calving, within 24 hours after calving and at the end of the study are 

presented in Table 2. As expected, reduced nutrient intake during late 

gestation period, resulted in a significant (P<.Ol) loss of body weight as shown 

by the mean precalving weights. Cow weights at calving were not significantly 

different between groups, although 50%M energy cows were significantly 

lighter at the end of the study (384 vs 450 kg). 

Body weights were one indicator of the effect of the feeding regime 

imposed. Weights of cows tended to be more variable in the 50%M group. 

This could be a result of group feeding and competition between animals and 

dominant behavior of some cows allowed to consume more than their 

calculated share of the diet. However, the trend to maintain or lose weight 

within group was evident in all cows. As shown in Figure 1, cows in the 50%M 

energy group lost weight initially, followed by a relatively stable weight 

prepartum. The 100%M energy fed cows were able to maintain body weights 

prepartum when energy demands for production were lower. Calving weight 

loss was greater for the 100%M energy fed cows (49 vis 38 Kg.) so that cow 

weight at calving was not significantly different between the two groups. The 
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greater calving weight loss for 100%M cows was not due to significantly higher 

birth weights (31 and 36 kg for 50%M and lOO%M energy levels respectively). 

Weight loss subsequent to calving was greater for the 50%M energy cows, 

although both groups lost weight (47 kg and 12 kg for 50%M versus 100%M 

energy groups). 



Table 2 

ENERGY 50%M lOO%M 

Cows Calves Cows Calves 

Weight, Kg: 

Initial Weight 501±27 517±16 

469±45a 

431±43 31± 5 462±43 36± 2 

88±17 450±38b 85±25 

a,b Means within variable with unlike superscripts differ, 
P<.Ol 

40 
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Figure 1: Mean cow weights by energy level 
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The statistical similarity of cow weight in both groups at calving was 

unexpected since no significant differences in weight of calves were observed. 

Other sources of weight variation could be differences in water as weight of 

placental material and/or extracellular body water was lost due to calving. 

Differences in nutrients provided before and after calving to the dams 

did not influenced calf weight at birth or at the end of the study (Table 2). The 

mean weights at calving (31 and 36 Kg.) and at the end of the study (88 and 

85 Kg.) for both groups were not different. 

The observation of significant lower body weight of 50%M energy fed 

cows at precalving time and no negative effect on birth weight of the calf do 

not agree with previous information (Houghton, et aI., 1990) that indicate that 

low energy intake prior to parturition resulted in lighter calves. Wiltbank et 

al in 1965 had also noted that lower body weight could have an adverse effect 

on both calf survival and performance. A possible explanation for these results 

could be the good body condition of the cows at the beginning of the study. 

Cows in both groups had large energy and protein stores to draw on as 

metabolic demands increased throughout the last two months of pregnancy. 

The results indicate, that the growth of the conceptus during the last 

two months of gestation and second, the milk production for the suckling calf 

was supported at the expense of body tissue catabolism for both 50%M and 
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100%M cows; 50%M energy cows lost more weight during early lactation than 

100%M level cows (47 and 12 kg). The significantly lower body weights of the 

50%M group at the end of the study support these concepts. 

Luteinizing Hormone (LH) 

Least squares means for LH main effects (energy level and stage 

postpartum) are summarized in Table 3. Cows receiving recommended 

(lOO%M) NRC energy levels had higher secretory spikes (PH) and released five 

times more LH per secretory event (MS) than those on the 50%M energy level 

(P<.05). These differences are shown in Figures 2 and 3. 

In regards to total mean secretion per secretory event and peak height 

on the lOO%M energy group, from 40 days to the end of the study, figures 2 

and 3 show a remarkable similarity. There was a consistent linear increase for 

both hormone parameters, and by 90 days postpartum the LH values were 

markedly higher compared with values measured on the 50%M energy group, 

which did not change significantly at any time. 

Tables 4 and 5 presents mean values by treatment and stage 

postpartum subclasses,and also indicate the greater variation observed in peak 

height and total LH secretion per event in the 100%M energy group. These 

values could be interpreted as indicative of cows approaching cyclic activity. 

There were no differences in basal concentration, number of peaks and 
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peak duration. Stage postpartum did not influence (P>.05) any of the measures 

of LH secretion, nor were there any significant interactions between main 

effects. There was a tendency for basal concentration, peak height and mean 

secretion to increase with advancing stage postpartum. However, within 

treatment (energy level) linear regressions on days postpartum were linear 

(P<.05) for basal concentration (b=.023) and peak height (b=.048) for cows on 

the 50%M diet (Table 6). No significant regression coefficients were observed 

among cows on the lOO%M energy diet. 
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Table 3 

NP 

(ng/ml) (ng!ml) (min) (units) 

.17 2.0 90 

.11 2.3 90 

10 .13 2.5 .22 84 6.6 

20 .15 2.1 .37 88 4.9 

30 .08 2.3 .24 78 4.7 

40 .13 2.1 .37 97 12.9 

50 .13 2.0 .31 94 12.2 

60 .11 1.7 .30 104 11.7 

70 .12 2.8 .43 70 14.9 

80 .14 1.5 .89 106 37.1 

90 .19 2.6 .88 100 46.2 

100 .26 2.0 .54 81 10.1 

n,b Means within factor and variable with unlike superscripts differ, P<.05. 
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Figure 2: Effect of feeding level on LH total mean secretion by secretory event 
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Figure 3: Effect of feeding level on LH peak height in postpartum beef c:::.-ws 
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Table 4 

ISIIBlkt,_;rMlJl •• il 
I ENERGY 

I II II 
I Days PP II 100% M II 50% M 

10 3.07 ± 0.00 10.22 ± 9.85 

20 5.91 ± 3.89 3.83 ± 2.80 

30 5.36 ± 6.88 4.04 ± 1.71 

40 19.39 ± 16.93 6.31 ± 6.28 

50 21.03 ± 17.64 3.46 ± 1.32 

60 18.98 ± 17.56 4.50 ± 4.84 

70 26.90 ± 42.91 2.95 ± 1.31 

80 70.30 ± 83.07 3.84 ± 1.52 

90 86.51 ± 138.08 5.94 ± 3.47 

100 11.71 ± 11.34 8.42 ± 12.51 
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Table 5 

10 .25 ±- .18 ± .05 

20 .53 ± .32 .21 ± .07 

30 .24 ± .02 .22 ± .07 

40 .36 ± .20 .38 ± .13 

50 .41± .30 .20 ± .05 

60 .44 ± 42.0 .16 ± .04 

70 .62 ± .5+ .22 ± .04 

80 1.57 ± 1.54 .20 ± .10 

90 1.50 ± 2.14 .24 ± .04 

100 .45 ± 0.44 .63 ± .90 
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Table 6 

Linear J3 

MN-LH 50%M .0217 

MVL-LH 50%M .0230 

MPH - LH 50%M .0478 

NP-GH 100%M .1472 
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These results agree with those of previous reports that indicate a 

negative effect of energy restriction on LH serum levels and release and it 

might be as proposed by several authors, by compromising hypothalamic

pituitary function (McCann and Hansel, 1986; Imakawa et al., 1987). Low 

serum concentration ofLH is the primary endocrine characteristic of anestrous 

(Short et al., 1990), and the frequencies of LH pulses during postpartum 

anestrus range from 1.2 to 2.2 per 6 h in beef cattle (Walters et al., 1982; 

Convey et al., 1983). 

It has been proposed that replenishment of pituitary stores of LH may 

represent removal of one of the initial limitations to ovarian cyclicity after 

calving (Moss et al., 1985), and it has been reported that under normal 

conditions by 30 days postpartum, the LH content in the pituitary gland have 

increased from the low levels at parturition to levels similar to those present 

in the cycling animals CSaiddudin et al., 1968). 

The LH values detected in the present study in both groups are 

characteristic of an anestrous stage. Higher secretory spikes of LH and mean 

secretion per secretory event in the 100%M energy maintenance group were 

the only significant differences observed as a result of the nutritional regimes 

imposed. The pattern shown by total mean secretion and peak height in both 

groups could be indicative of a differential degree of recovering from the 
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anestrous stage and replenishment of pituitary LH content, related to the 

different nutritional regimes imposed. 

The number of peaks and basal concentration of LH are generally 

considered to have greater biological significance for reinitiation of ovarian 

cyclicity (Humphrey, et al., 1983, Walters, et al., 1982b). These parameters did 

not differ significantly between nutritional groups in this study. Several 

reports indicate that during the early postpartum period there is an increasing 

frequency of LH pulses (Peters et al., 1981., Walters et al., 1982a), and that 

those pulses are of insufficient magnitude to induce follicular growth and 

ovulation. Under normal conditions that recovery phase is complete 4 to 6 

weeks postpartum. Due to the nutritional regimes imposed in this study the 

pattern of LH parameters observed could be indicative that undernutrition 

extends duration of that recovery phase. 

The serum LH values observed in both groups could be indicative of the 

difference in energy provided. This agrees with previous reports which 

indicate that individual differences in the response of LH secretion due to 

nutrient intake could be influenced by body energy reserves, duration and level 

of feed restriction and other environmental factors (Spitzer et al., 1978; 

Harrison and Randel, 1986), and whether or not a female must mobilize those 

reserves to meet production demands regardless of her calculated 

requirements. Under the conditions of the present study both groups lost 
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weight postpartum, the dietary allowances were for 100%M or 50%M 

maintenance and were not adjusted for lactation. 

The specific effect of energy restriction on LH release is unknown. The 

central nervous system may have a greater influence on regulation of 

reproductive function than control by gonadal hormone feed back (Procknor, 

et aI., 1985). Most reports in the literature implicate the hypothalamus as the 

primary target area modulating nutritional status, although the specific 

modulating compounds, metabolic hormones or metabolites, have not been 

identified (Randel, 1990). 

A certain threshold frequency of LH secretion is apparently necessary 

to establish regular postpartum estrous cycles (Schallenberger and Hutterer, 

1982). The limiting factor in re-establishment of LH pulsatility appears to be 

endogenous release of GnRH (Troxel and Kesler, 1984). It has been proposed 

that nutritional deprivation lowers pulse frequency by inhibiting hypothalamic 

activity rather than by altering pituitary response to hypothalamic secretions 

(Imakawa et aI., 1987). The effects of nutritional state on pituitary synthesis 

and/or secretion of LH may be mediated through the hypothalamus by 

stimulating or inhibiting secretion of GnRH (Killer, et aI., (1989). It has been 

reported that energy restriction delayed the LH response to GnRH, but did not 

affect the magnitude of the LH response (Johnson et aI., 1987). Thus, dietary 

energy restriction reduces blood concentrations of LH in cows, probably 
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through alteration of the hypothalamic GnRH pulse generator (McCann and 

Hansel, 1986, Imakawa et al., 1987). 

Growth Hormone (GH) 

For the various growth hormone parameters, cows receiving the 50%M 

energy diet had a higher basal concentration and more secretory peaks, but a 

shorter duration of secretion than those receiving 100%M NRC recommended 

diets (P<.05, Table 7). Mean total release of GH during a secretory event did 

not differ (P>.05) between the two energy groups, although the energy 

restricted group tended to release a greater quantity of GH. 

These results agree with previous reports that indicate cattle on a low 

plane of nutrition had higher circulating GH levels (Breier et al., 1986). Sheep 

maintained in positive energy balance had a lower response to exogenous 

GHRF than sheep in negative energy balance (Hart et al., 1985). In this study 

low energy intake resulted in more secretory peaks per unit time and a higher 

basal concentration. Breier et al., (1986) reported a higher amplitude and 

greater area under the GH peaks with steers fed a low plane of nutrition 

(Breier et al., 1986). There is no obvious explanation for those differences other 

than different experimental conditions, sex of animals, etc. The biological 

significance of these differences, if any, is unknown. 
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Table 7 

FACTOR Be I NP PH DP MS 

(ng/ml) (ng/ml) (min) (units) 

100%M 24.5 303.2 

50%M 30.3 82" 346.3 

10 16.7 2.5 33.9 1068 ,b 135.18 

20 7.7 2.1 35.3 818 ,b 244. 58 ,b 

30 13.6 2.5 36.1 858 ,b 337.48 

40 10.5 2.0 35.3 838 ,b 455.68 ,b 

50 13.9 2.9 22.1 728 331.18 ,b 

60 5.5 1.9 18.9 80B ,b 214.6B
•
b 

70 13.6 2.7 20.7 83B ,b 205.8B ,b 

BO 9.B 2.4 1B.5 83B ,b 32B.BB,b 

90 9.5 1.9 24.5 12Bb 464.7b 

100 11.4 2.4 28.7 86B ,b 529.9B ,b 

B,b Means within factor and variable with unlike superscripts differ, P<.05. 
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Several reports described GH as lipolytic. This concept originated from 

earlier studies that reported an epinephrine-like increase (acute, transitory) in 

blood concentrations of non-esterified fatty acids (NEFA) with exogenous 

growth hormone administration in vivo (Kronfeld, 1965), an enhanced lipolysis 

in vivo and in vitro (Rao & Ramachandran, 1979) and decreased lipogenesis in 

vitro (Goodman, 1963). However, other researchers did not observe the acute 

response of plasma NEF A in dairy cows treated with highly purified 

preparations of pituitary or recombinant-derived BST (Peel, et aI., 1981; 1982; 

1983; Eppard et aI., 1987). These differences may relate to the presence of 

variants and/or chemical and conformational artifacts in earlier GH 

preparations. 

Recent studies with lactating cows provide some insight into the 

metabolic processes affected by GH. Milk production is substantially increased 

during treatment with bovine somatotropin (Peel et aI., 1987). The effect is 

primarily on the post-absorptive use of nutrients (Peel, et aI., 1981, Tyrrel, et 

aI., 1988). Overall, GH treatment results in coordinated metabolic adaptations 

whereby a greater portion of absorbed nutrients is partitioned for milk 

synthesis (Bauman, et aI., 1980). This metabolic coordination may be 

accomplished by changing tissue response to homeostatic signals (Boyd, et aI., 

1988). GH treatment resulted in a greater release of nonesterified fatty acids 
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after an epinephrine challenge to lactating cows (McCutcheon, et al., 1986), 

growing steers (Peters, 1986) and growing pigs (Wray-Cahen, et al., 1987). 

When results from several studies using exogenous GH are summarized, 

(Peel et al., 1981; 1983; Richard, et al., 1985) a pattern emerges indicating that 

GH effects on lipid metabolism depend on the energy balance of the animal. 

When lactation responses to GH cause cows to be in negative energy balance, 

there is a chronic elevation of plasma NEFA turnover and oxidation, milk fat 

percentage increases, and milk fatty acid composition shifts to more of the 

longer-chain fatty acids that are characteristic of body fat stores (Bitman et al., 

1984; Eppard et al., 1985). 

In this study milk secretion and composition were not measured but if 

daily weight gain of calves is used as an indirect measure of milk production, 

we can infer that milk production was not different between groups. The 

higher GH levels in the 50%M energy group may be acting to facilitate 

lipolysis of fat tissue to provide energy for milk synthesis as proposed by 

several authors (Bauman, et al., 1980. Vacilatos, et al., 1981. Kunz, et al., 

1985). Although body weight changes may not always reflect actual tissue 

losses, the greater postca1ving weight loss of cows in the 50%M energy group 

suggest that they mobilized tissue reserves to supplement dietary energy for 

milk production. 
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Basal concentration, number of peaks and peak height of GH did not 

vary significantly with stage postpartum (Table 7). Total release of GH as 

measured by mean secretion per secretory event was greater 80+days 

postpartum than during the first 10 days postpartum (P<.05). Duration of 

secretory peaks was greater 81 to 90 days than 41 to 50 days postpartum 

(P<.05). The pattern of these two parameters could be indicative of an 

adjusting process between mobilization of stored energy, partitioning of energy 

intake and milk production. Duration of GH release was more variable and 

generally longer for the 100%M energy group. If GH levels are used as an 

index of metabolic activity, the results reflect the restricted level of energy 

provided, and the increasing demands for nutrients as calves grow. (See Tables 

8 and 9 and Figures 4 and 5.) However, significant interactions occurred 

between energy level and stage postpartum for both of these variables. 

Maximum GH release (mean secretion) occUlTed earlier postpartum (P<.05) 

among cows receiving 100%M energy (30 to 39 days) as compared to the 50%M 

energy group (90+days). 

Within treatment group regressions revealed that the number of GH 

peaks increased linearly (b= .147, P<.05) with advancing days postpartum 

among cows in the 100M energy group. When the treatment groups were 
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Table 8 

Days PP lOO%M 50%M Overall 

10 151 ± 119 ± 41 135 

20 317 ± 206 171 ± 77 244 

30 236 ± 215 438 ± 331 337 

40 765 ± 220 145 ± 48 455 

50 204 ± 141 458 ± 307 331 

60 170 ± 124 259 ± 208 214 

70 204 ± 99 207 ± 122 205 

80 281 ± 123 376 ± 212 328 

90 334 ± 314 594 ± 342 464 

100 366 ± 223 693 ± 221 529 

Overall 303.2 346.3 
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Table 9 

LEVEL OF ENERGY 

Days PP lOO%M 50%M 

10 127.50 ± 0.00 85.00 ± 7.07 

20 65.62 ± 23.86 96.00 ± 27.24 

30 77.14 ± 9.51 92.50 ± 28.43 

40 90.00 ± 15.00 76.50 ± 9.93 

50 78.33 ± 15.70 66.42 ± 15.71 

60 79.50 ± 18.90 80.93 ± 33.21 

70 101.66 ± 24.02 63.75 ± 16.13 

80 84.50 ± 18.06 81.25 ± 23.51 

90 176.25 ± 132.58 79.00 ± 12.94 

100 73.57 ± 30.54 98.75 ± 35.64 
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Figure 4: Effect of feeding level on GH total mean secretion by secretory event 
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~gure 5: E~ect of feeding level and stage port partum on GH peak duration 
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combined (see Table 7) there was a significant linear decrease in peak height 

as the postpartum interval increased (b= -.784). None of the other regressions 

for the various GH parameters on time postpartum were significant. Bauman 

and Currie (1980) hypothesized that higher GH concentrations during early 

lactation act to partition nutrients in support of maximum milk production. 

The results of this research support the general observations that 

inadequate energy intake during the postpartum period have a negative effect 

on the secretion of LH and provides indications that different levels of energy 

intake have a direct and corresponding negative effect on LH serum circulating 

levels. In regards to the effect of energy intake on serum levels of GH, these 

results indicate that lower levels of energy intake induce high GH circulating 

levels due to more secretory spikes and higher basal concentrations. These 

results indicate that energy intake during the early postpartum pariod in beef 

cows influence levels of LH and GH differently; LH is reduced and GH is 

increased. The purported nutrient partitioning role of GH thus may be 

antagonistic to reproductive function during this period. 



64 

REFERENCES 

Adashi, E.Y., C.E. Resnick, M.E. Svoboda and J.J. Van Wyk. 1986. 
Somatomedin-C enhances induction of luteinizing hormone receptor by 
follicle-stimulating hormone In cultured rat granulosa cells. 
Endocrinology 118:149. 

Apgar, J., D. Aspros, J.E. Hixon, R.R. Saatman and W.Hansel. 1975. Effect 
of restricted feed intake on the sensitivity of the bovine corpus luteum 
to LH in vitro. J. Anim. Sci. 41:1120. 

Arije, G.R., J.N. Wiltbank and M.L. Hopwood. 1974. Hormone levels in pre
and post-parturient beef cows. J. Anim. Sci. 39:338 

Armstrong, J.D. and J.H. Britt. 1987. Nutritionally-induced anestrous in 
gilts: Metabolic and endocrine changes associated with cessation and 
resumption of estrous cycles. J .Anim.Sci. 65:508. 

Baker, A.A. 1969. Postpartum anoestrus in cattle. Aust. Vet. J. 45:180. 

Bauman, D.E. and W.B. Currie. 1980. Partitioning of nutrients during 
pregnancy and lactation: A review of mechanisms involving homeostasis 
and homeorhesis. J. Dairy Sci. 63:1514. 

Bauman, D.E., Eisemann, J.H. & Currie, W.B. 1982. Hormonal effects on 
partitioning of nutrients for tissue growth: role of growth hormone and 
prolactin. Fed. Proc. 41, 2538-2544. 

Bazer, F.W. and N.L. First. 1983. Pregnancy and parturition J. Anim.Sci. 57 
(su pp1.2):425. 

Beal, W.E., R.E. Short, R.B. Staigmiller, R.A. Bellows, C.C. Kaltenbach and 
T.G. Dunn 1978. Influence of dietary energy intake on bovine pituitary 
and luteal function. J. Anim. Sci. 46:181. 

Bines, J.A., LC. Hart and S.V. Morant. 1980. Endocrine control of energy 
metabolism in the cow; The effect on milk yield and levels of some blood 
constituents of injecting growth hormone and growth hormone 
fragments. Brit. J. Nutr. 43:179. 



65 

Bitman, J., D.L. Wood, H.F. Tyrrell, D.E. Bauman, C.J. Peel, A.C.G. Brown, 
and P.J. Reynolds. 1984. Blood and milk lipid responses induced by 
growth hormone administration in lactating cows. J. Dairy Sci. 67:2873 

Bellows, R.A. and R.E. Short. 1978. Effects of precalving feed level on birth 
weight, calving difficulty and subsequent fertility. J. Anim. Sci. 46: 1522. 

Bennink, M.R., R.W. Mellenberger, R.A. Frobish, and D.E. Bauman 1972. 
Glucose oxidation and entry rate as affected by the initiation of 
lactation. J. Dairy Sci. 55:712 (abstract) 

Berardinelli, J.G., Dailey, R.A., Butcher, R.L. & Inskeep, E.K. 1979. Source 
of progesterone prior to puberty in beef heifers. J. Anim. Sci. 49, 1276-
1280. 

Boyd R.D., Bauman D.E. Mechanisms of action for somatotropin in growth. 
In: Animal growth regulation, Campion DR, Hausman G.J., and Martin 
RJ (eds). Plenum Press, New York, NY, p. 257-293, 1988. 

Breier, B.H., J.J. Bass., J.H. Butler and P.D. Gluckman. 1986. The 
somatotrophic axis in young steers: influence of nutritional status on 
pulsatile release of growth hormone and circulating concentrations of 
insulin-like growth factor. I.J. Endocrinol 111:209. 

Butler, W.R., R.W. Everett and C.E. Coppock 1981. The relationships 
between energy balance, milk production and ovulation in postpartum 
Holstein cows. J. Anim. Sci. 53:742. ' 

Bucholtz, D.C., L.A. Vannerson, F.J.P. Ebling, R.I. Wood, J.M. Suttie and 
D.L. Foster, 1988. Modulation of gonadotropin secretion in growth
restricted lambs by glucose/amino acids. BioI. Of Reprod. 38 (SuppI.1) 
185. 

Carstairs, J.A., D.A. Morrow and R.S. Emery. 1980. Postpartum reproductive 
function of dairy cows as influenced by energy and phosphorus status. 
J. Anim. Sci. 51:1122. 

Carter, M.L., Di.erschke, D.J., Rutledge, J.J. & Hauser, E.R. (1980). Effect 
of gonadotropin-releasing hormone and calf removal on pituitary
ovarian function and reproductive performance in postpartum beef cows. 
J. Anim. Sci.51, 903-910. 



66 

Carruthers, T.D. and H.D. Hafs. 1980. Suckling and four-time daily milking: 
Influence of ovulation, estrous, and serum luteinizing hormone, 
glucocorticoids and prolactin in postpartum Holsteins. J. Anim. Sci. 
50:919. 

Cermak, D.L., T. Braden, J. Manns, G.D. Niswender and T.M. Nett. 1983. 
Contents of hypothalamic GnRH, pituitary FSH and Lh, and pituitary 
receptors for GnRH and estradiol in postpartum suckled cows. J. Anim. 
Sci. 57 (Suppl 1);322. 

Charnley, W.A., Jonas, H.A. & Parr, R.A. 1976. Content of LH, FSH and 
growth hormone in the pituitaries of pregnant and anestrous sheep. 
Endocrinology 98, 1535-1538. 

Clark, J.H., and C.L. Davis. 1983. Future improvement of milk production: 
Potential for nutritional improvement. J. Anim. Sci. 5'7:750. 

Clarke, J.J. & Cummins, J.T. 1982. The temporal relationship between 
gonadotropin releasing hormone (GnRH) and luteinizing hormone (LH) 
secretion in ovariectomized ewes. Endocrinology 111, 1737-1739. 

Collier, RJ., J.P. McNamara, C.R Wallece and M.H. Dehoff. 1984. A review 
of endocrine regulation of metabolism during lactation. J. Anim. Sci. 
59:498. 

Connor, H.C., P.L. Houghton, R.P. Lemenager, P.V. Malven, J.R Parfet and 
G.E. Moss. 1990. Effect of dietary energy, body condition and calf 
removal on pituitary gonadotropin-releasing hormone (GnRH) and 
hypothalamic opioids in beef cattle. Domest. Anim. Endocrinol 7:403. 

Convey, E.M. 1974. Serum hormone concentrations in ruminants during 
mammary growth, lactogenesis an lactation: A review. J. Dairy Sci. 
57:905. 

Convey, E.M., H.A. Tucker and RE. Short. 1983. Acute effect of suckling 
on gonadotropin, prolactin and glucocorticoid concentrations in serum 
of intact and ovariectomized beef cows. Theriogenology 20:661. 

Cox, N.M., M.J. Stuart, T.G. Althen, W.A. Bennett and H.W. Miller. 1987. 
Enhancement of ovulation rate in gilts by increasing dietary energy and 
administering insulin during follicular growth. J. Anim. Sci. 64:507. 



67 

Crowder, M.E., P.A. Gilles, C. Tamanini, G.E. Moss and T.M. Nett, 1982. 
Pituitary content of gonadotropins and GnRH-receptors in pregnant, 
postpartum and steroid-treated OVX. ewes. J. Anim. Sci. 54:1235. 

Crowley, W.R. and S.P. Karla. 1989. Regulation of preovulatory luteinizing 
hormone secretion by ovarian hormone-monoamine-neuropeptide 
interactions in the rat. In: Neural Control of Reproductive Function. pp. 
179-83. Alan. R. Liss, Inc. 

Davis, S.R., R.J. Collier., J.P. McNamara and H.H. Head. 1983. Effect of 
growth hormone and thyroxine treatment of dairy cows on milk 
production, cardiac output and mammary blood flow. Proc. New Zealand 
Soc. Endocrinol. 26:31. 

Delouis, C., Djiane, L.M. Houdebine and M. Terqui. 1980. Relation between 
hormones and mammary gland function. J. Dairy Sci. 63:1492. 

Donaldson, L.E., J.M. Basset, G.D. Thorburn. Peripheral Plasma P4 
concentrations of cows during puberty, oestrous cycles, pregnancy and 
lactation, and the effects of under-nutrition or exogenous oxytocin to P4 
concentrations. J. Endocrinol 48:599-614, 1970 

Driver, P.M. and J.M. Forbes. 1981 Episodic growth hormone secretion in 
sheep in relation to time of feeding, spontaneous meals and short term 
fasting. J. Physiol. 317:413. 

Dufour, J.J. and G.L. Roy. 1985. Distribution of ovarian follicular populations 
in the dairy cow within 35 days after parturition. J. Reprod. Fertil. 
73:229. 

Dunlap, S.E., T.E. Kiser, N.M. Cox, F.N. Thompson, G.B. Rampacek, L.L. 
Benyshek and R.R. Kraeling. 1981a. Cortisol and luteinizing hormone 
after adrenocorticotropic hormone administration to postpartum beef 
cows. J. Anim. Sci. 52:587. 

Dunn, T.D. and C.C. Kaltenbach. 1980. Nutrition and the postpartum interval 
of the ewe, sow and cow. J. Anim. Sci. (Suppl. 2):29. 

Dunn, T.G., J. Rone, C.C. Kaltenbach, L.A. Van der Walt, M.L. Riley and 
A.M. Akbar. 1974. Hormone changes during underfeeding of beef cows. 
J. Anim. Sci. 39:206 (Abstr). 



68 

Dunn, T.G., M.L. Riley, W.J. Murdoch and R.A. Field. 1983. Body condition 
and carcass energy content in postpartum beef cows. J. Anim.Sci. 57 
(Suppl 1):391. 

Dzuik, P.J. and R.A. Bellows. 1983. Management of reproduction of beef 
cattle, sheep and pigs. J. Anim. Sci. 57 (Suppl. 2):355. 

Entwistle, K W. 1983. Factors influencing reproduction of beef cattle In 

Australia. Aust. Meat Res. Comm. Rev. 43:1. 

Eppard, P.J., D.E. Bauman, J. Bitman, D.L. Wood, R. M. Akers, and W.A. 
House. 1985. Effects of dose of bovine growth hormone on milk 
composition: a-lactalbumin, fatty acids, and mineral elements. J. Dairy 
Sci. 68:3047. 

Eppard, P.J., Bauman, D.E., Curtis, C.R., Erb, H.N., Lanza, G.M. & DeGeeter, 
M.J. (1987). Effect of 188-day treatment with somatotropin on health 
and reproductive performance of lactating dairy cows. J. Dairy Sci. 70: 
582-591. 

Fraser, H.M., Jeffcoate, S.L., Gunn, A. & Holland, D.T. (1975). Effect of 
active immunization to luteinizing hormone releasing hormone on 
gonadotrophin levels in ovariectomized rats. J. Endocr. 64, 191-192. 

Frisch, R.E. and J.W. McArthur. 1974. Menstrual cycles: fatness as a 
determinant of minimum weight and height necessary for their 
maintenance or onset. Science 185:949. 

Frisch, R.E., D.M. Hagsted and K.Yoshinga. 1975. Body weight and food intake 
at early estrous of rats on a high fat diet. Proc. Nat. Acad. Sci. 72:4172. 

Frisch, R.E., D.M. Hagsted and K.Yoshinga. 1977. Carcass components at first 
estrous of rats on high-fat and low-fat diets: body water, protein and fat. 
Proc. Nat. Acad. Sci. 74:379. 

Garmendia, J.C., R.P. Wettemann and K.S. Lusby. 1984. Effect of prepartum 
nutrition on plasma constituents and reproductive performance of range 
beef cows. J. Anim. Sci. 59( Suppl. 1):325 (abstr.). 



69 

Gombe, S. and W. Hansel. 1973. Plasma luteinizing hormone (LH) and 
progesterone levels in heifers on restricted energy intakes. J. Anim. Sci. 
37:728. 

Goodman, R.L. and F.J. Karsch. 1980. Pulsatile secretion of luteinizing 
hormone: Differential suppression by ovarian steroids. Endocrinology 
107:1286. 

Goodman, H.M. 1963. Effects of chronic growth hormone treatment on 
lipogenesis by rat adipose tissue. Endocrinology 72, 95-99. 

Gregg, D.W., Moss, G.E., Hudgens, R.E.& Malven, P.V. 1985. Endogenous 
opioid modulation ofLH and PRL secretion in postpartum beef cows and 
ewes. J. Anim. Sci. 61 (Suppl. 1), 418, Abstr. 

Gregg, D.W., G.E. Moss, R.E. Hudgens and P.V. Malven. 1986. Endogenous 
opioid modulation of luteinizing hormone and prolactin secretion in 
postpartum ewes and cows. J. Anim. Sci. 63: 838. 

Hansel, W. and E.M. Convey. 1983. Physiology of the estrous cycle. J. Anim. 
Sci. 57 (Suppl):404. 

Hanzen, C. 1986. Endocrine regulation of postpartum ovarIan activity in 
cattle: a review. Reprod. Nutr. Dev. 26(6):1219. 

Haresing, W. 1981. The influence of nutrition on reproduction in the ewe. 
1. Effects on ovulation rate, follicle development and luteinizing 
hormone release. Anim. Prod. 32: 197. 

Hart, I.C., Bines J.A., Morant S.V., Ridley J.L. 1978. Endocrine control of 
energy metabolism in the cow: Comparisons of the levels of hormones 
(prolactin, growth hormone, insulin, and thyroxine) and metabolites in 
the plasma of high and low yielding cattle at various stages of lactation. 
J. Endocrinol. 77:333-345. 

Hart, I.C., J.A. Bines and S.V. Moran. 1979. Endocrine control of energy 
metabolism in the cow; correlations of hormones and metabolites in high 
and low yielding cows for stages of lactation. J. Dairy Sci. 62:270. 



70 

Hart, I.C., J.A. Bines and Morant. 1980. The secretion and metabolic 
clearance rates of growth hormone, insulin and prolactin in high-and 
low-yielding cattle at four stages of lactation. Life Sci. 27:1839. 

Hart, lC., Chadwick, P.M.E., Coert, A., James, S.& Simmonds, A.D. 1985. 
Effect of different growth hormone-releasing factors on the 
concentrations of growth hormone-insulin and metabolites in the plasma 
of sheep maintained in positive and negative energy balance. J. 
EndocnnoI. 105:113-119. 

Harrison, L.M., and R.D. Randel 1986. Influence of insulin and energy 
intake on ovulation rate. Luteinizing hormone and progesterone in beef 
heifers. J. Anim. Sci. 63:1228. 

Hill, J.R., Jr., D.R. Lamond, D.M. Henricks, J.F. Dickey and G.D. Niswender. 
1970. The effects of undernutrition on ovarian function and fertility in 
beef heifers. BioI. Reprod. 2:78. 

Houghton, P.L., R.P. Lemenager, G.E. Moss and K.S. Hendrix. 1990a. 
Prediction of postpartum beef cow body composition using weight to 
height ratio and visual body score. J. Anim Sci. 68:1428. 

Houghton, P.L., R.P. Lemenager, L.A. Horstman, K.S. Hendrix and G.E. Moss. 
1990b. Effects of body composition, pre and postpartum energy level 
and early weaning on reproductive performance of beef cows and 
preweaning calf gain. J. Anim. Sci. 68:1438. 

Houghton, P.L., R.P. Lemenager, K.S. Hendrix, G.E. Moss and T.S. Stewart. 
1990c. Effects of body composition, pre and postpartum energy intake 
and stage of production on energy utilization by beef cows. J. Anim. Sci. 
68:1447. 

Humphrey, W.D., C.C. Kaltenbach, T.G. Dunn, D.R. Koritnik and G.D. 
Niswender, 1983. Characterization of hormonal patterns in the beef cow 
during postpartum anestrous. J. Anim. Sci. 56:445. 

Imakawa, K., M.L. Day, M. Garcia-Winder, D.D. Zalesky, R.J. Kittok, B.D. 
Schanbacher and J.E. Kinder. 1986. Endocrine changes during 
restoration of estrous cycles following induction of anoestrus by 
restricted nutrient intake of beef females. J. Anim. Sci. 63:565. 



71 

Imakawa, K., M.L. Day, D.D. Zalesky, A. Clutter, R.J. Kittok and J.E. 
Kinder. 1987. Effects of 17-B estradiol and diets varying in energy on 
secretion of luteinizing hormone in beef heifers. J. Anim. Sci. 64:805. 

Imakawa, K., R.J. Kittok and J.E. Kinder 1983. The influence of dietary 
energy intake on progesterone concentration in beef heifers. J. Anim. 
Sci. 56:454. 

Ireland, J.J., Roche, J.F. 1982. Development of antral follicles in cattle 
after prostaglandin-induced luteolysis changes in serum hormones, 
steroids in follicular fluid and gonadotropin receptors. Endocrinol. 
111(6): 2077-2086. 

Ireland, J.J., Roche, J.F. 1983. Development of nonovulatory antral follicles 
in heifers-changes in steroids in follicular fluid and receptors for 
gonadotropins. Endocrinol. 112(1): 150-156. 

Ireland, J.J., Roche, J.F. 1983. Growth and differentiation of large antral 
follicles after spontaneous luteolysis in heifers-changes in concentration 
of hormones in follicular fluid and specific binding of gonadotropins to 
follicles. J. Anim. Sci. 57(1): 157-167. 

Jackson, G.L. 1975. Blockade of estrogen-induced release of luteinizing 
hormone by reserpine and potentiation of synthetic gonadotropin
releasing hormone-induced release of luteinizing hormone by estrogen 
in the ovariectomi~ed ewe. Endocrinology 97, 1300-1307. 

Jaster, E.J. and T.N. Wegner. 1981. Beta-adrenergic receptor involvement 
in lipolyses of dairy cattle subcutaneous adipose tissue during dry and 
lactating state. J. Dairy Sci. 64:1655. 

Jenkin, G., Heap, R.B. & Symons, D.B.A. 1977 Pituitary responsiveness to 
synthetic LH-RH and pituitary LH content at various reproductive 
stages in the sheep. J. Reprod. Fert. 49, 207-214. 

Johnson, M.S., T.N. Wegner and D.E. Ray. 1987. Effect of elevating serum 
lipids on luteinizing hormone response to gonadotropin releasing 
hormone Ghallenge in energy-deficient anestrous heifers. Theriogenology 
27:421. 



72 

Jordan, E.R. and L.V. Swanson. 1979. Serum progesterone and luteinizing 
hormone in dairy cattle fed varying levels of crude protein. J. Anim. Sci. 
48:1154. 

Joubert, D.M. 1954. The influence of high and low nutritional planes on the 
oestrous cycle and conception rate of heifers. J. Agr. Sci. (Camb.) 45:164. 

Karsch, F.J., J.T. Cummins, G.B. Thomas, & I.J. Clarke. 1987. Steroid 
feedback inhibition of the pulsatile secretion of gonadotropin-releasing 
hormone in the ewe. BioI. Reprod. (In press). 

Kellogg, D.W. and D.D. Miller. 1977. Response of cows during early lactation 
to a low energy ration for 4 days. J. Anim. Sci. 44:118. 

Kensinger, R.S., L.M. McMunn, R.K. Stover, B.R. Schricker, M.L. Maccecchini, 
H.W. Harpster, & J.F. Kavanaugh. 1987. Plasma somatotropins 
response to exogenous growth hormone releasing factor in lambs. J. 
Anim. Sci. 64:1002-1009. 

Kesler, D.J., T.R. Troxel and D.L. Hixon. 1980. Effect of days postpartum 
and exogenous GnRH on reproductive hormone and ovarian changes in 
postpartum suckled beef cows. Theriogenology 13:287. 

Kesler, D.J., P.G. Weston, C.A. Pimentel, T.R. Troxel, D.L. Vincent, J.E. Hixon. 
1981. Diminution of the in vitro response to luteinizing hormones by 
corpora lutea induced by gonadotropin releasing hormone treatment of 
postpartum suckling beef cows. J. Anim. Sci. 53:749-54. 

Kile, J.P., B.M. Alexander, G.E. Moss, D.M. Hallford and T.M. Nett. 1991. 
GnRH overrides the negative effect of reduced dietary energy on 
gonadotropin synthesis and secretion in ewes. Endocrinology. (In Press). 

Killer, J.H., D.W. Forrest, F.M.Byers, G.T. Schelling and C.R. Long. 1989. 
Gonadotropin-releasing hormone induced luteinizing hormone release in 
heifers: Effect of nutrition during gestation. J. Anim. Sci. 67:496. 

Koprowsky, J.A. and H.A. Tucker. 1973a. Serum prolactin during various 
physiological states and its relationship to milk production in the 
bovine. Endocrinology 92:1480. 



73 

Koprowsky, J.A. and H.A. Tucker 1973. Bovine serum growth hormone and 
insulin during lactation. Endocrinology 93:645. 

Kronfeld, D.S. 1965. Growth hormone-induced ketosis in the cow. J. Dairy 
Sci 48: 342-346. 

Kunz, P.L., J.W. Blum, I.C. Hart, Bickel and J.Landis. 1985. Effects of 
different energy intakes before and after calving on food intake, 
performance and blood hormones and metabolites in dairy cows. Anim. 
Prod. 40:219. 

Lamond, D.R. 1970. The influence of undernutrition on reproduction in the 
cow. Anim. Breed. Abstr. 38:359. 

Lamming, G.E., D.C. Wathes and A.R Peters. 1981. Endocrine patterns of 
the post-partum cow. J. Reprod. Fertil. (Suppl. 30):155. 

Lamming, G.E., A.R. Peters., G.M. Riley and M.W. Fisher. 1982. Endocrine 
regulation of postpartum function in: H. Karg and E. Schallenberg (Ed). 
Factors influencing fertility in the postpartum cow. pp. 148-172. 
Martinus-Nijhoff, Boston. 

Leung, K., V. Padmanabhan, L.J. Spicer, H.A. Tucker, R.E. Short and E.M 
Convey. 1986. Relationship between pituitary GnRH binding sites and 
pituitary release of gonadotrophins in the post-partum beef cows. J. 
Reprod. Fert. 1986 76, 53-63. 

Levine, J.E., K.Y.F. Pau, V.D. Ramirez, & G.L. Jackson. 1982. Simultaneous 
measurement ofluteinizing hormone-releasing hormone and luteinizing 
hormone release in unanesthetized, ovariectomized sheep. 
Endocrinology 111, 1449-1455. 

Lishman, A.W., S.M.J. Allison, RL. Fogwell, RL. Butcher and E.K. Inskeep. 
1979. Follicular development and function of induced corpora lutea in 
underfed postpartum anestrous beef cows. J. Anim. Sci. 48:846. 

Little, D.E., C.H. Rahe, J.L. Fleeger and P.G. Harms 1982. Episodic release 
of LH during gestation in the cow. J. Reprod. Fertil. 66:687. 



74 

Malven, P.V., J.R. Parfet, D.W. Gregg, R.D. Allrich and G.E.Moss. 1986. 
Relationship among ccncentrations of four opioid neuropeptides and 
luteinizing hormone-releasing hormones in neural tissues of beef cows 
following early weaning. J. Anim. Sci. 62:723. 

Malven, P.V. Pathophysiology of the puerperium: Definition of the problem. 
10th Int Congr Anim Reprod Art Insem. Univ. Ill, Urbana-Champaign, 
IV:III-I-8, 1984. 

Manns, J.G. and J.M. Boda. 1967. Insulin release by acetate, propionate, 
butyrate and glucose in lambs and adult sheep. Am. J. Physiol. 212:747. 

Mason, G.L. and R.D. Randel. 1981. Effect of monensin and suckling on the 
GnRH induced luteinizing hormone surge in postpartum cows J. Anim. 
Sci. 53 (suppl. 1):345. 

McCann, J.P. and W. Hansel. 1986. Relationships between insulin and glucose 
metabolism and pituitary-ovarian functions in fasted heifers. BioI. 
Reprod.34:630. 

McCutcheon S.N., Bauman, D.E. 1986. Effect of chronic growth hormone 
treatment on responses to epinephrine and thyrotropin-releasing 
hormone in lactating cows. J Dairy Sci 69: 44-51. 

McNamara J.P., Hillers, J.K. 1986. Adaptations in lipid metabolism of bovine 
adipose tissue in lactogenesis and lactation. J. Lipid Res. 27: 150:157. 

McNamara, J.O., and J.K. Hillers. 1987. Regulation of bovine adipose tissue 
metabolism during lactation 3. Adaptations of hormone sensitive and 
lipoprotein lipases. J. Dairy Sci. 70: 1377. 

Merimee, T.,J.Zapf and E.R. Froesch. 1982. Insulin-like growth factors in 
the fed and fasted states. J. Clin. Endocrinol. & Metabol. 55:999. 

Metz, S.H.M., and S.G. Van den Berg. 1977. Regulation of fat mobilization 
in adipose tissue of dairy cows in the period around parturition. Neth. 
J. Agric. Sci. 25:198. 



75 

Moss, G.E., T.E. Adams, G.D. Niswender and T.M. Nett. 1980. Effects of 
parturition and suckling on concentration of pituitary gonadotropins, 
hypothalamic, GnRH and pituitary responsiveness to GnRH in ewes. J. 
Anim. Sci. 50:496. 

Moss, G.E., J.R.Parfet, M.A. Diekman, RP. Lemenager and K.S. Hendrix. 
1982. Pituitary luteinizing hormone (LH), follicle-stimulating hormone 
(FSH), serum progesterone (P) and hypothalamic gonadotropin-releasing 
hormone (Gnrh) in beef cows in varied body condition. J. Anim. Sci. 55 
(SuppI. 1): 374. 

Moss, G.E., J.R.Parfet, C.A. Marvin, R.D. Allrich and M.A. Diekman. 1985. 
Pituitary concentrations of gonadotropins and receptors for GnRH in 
suckled beef cows at various intervals after calving. J. Anim. Sci. 60:285. 

Nalbandov, A. & Casida, L. E. 1940. Gonadotropic action of pituitaries 
from pregnant cows. Endocrinology 27,559-564. 

Nilson, J.H., Nejedlik, M.T., Virgin, J.B., Crowder, M.E. & Nett, T.M. 1983. 
Expression of a subunit and luteinizing hormone genes in the ovine 
anterior pituitary. Estradiol suppresses accumulation of MRNAS for 
both a subunit and luteinizing hormone J. BioI. Chern. 258, 12087-
12090. 

Niswander G.D., L.E. Reicher, Jr., A.R Midgley, Jr., A.V. Nalbandov. 1969. 
Radioimmunoassay for bovine and ovine luteinizing hormone. 
Endocrinology 14: 1166-1173. 

NRC. 1984. Nutrient Requirements of Beef Cattle. (6th R.ev. Ed.). National 
Academy Press, Washington, D.C. 

Patil, J.S. and B.R Deshpande. 1979. Changes in body weight, blood glucose 
and serum proteins in relation to the appearance of post-partum 
oestrous in Gir cows. J. Reprod. Fertil. 57:525. 

Peel, C.J., D.E. Bauman, R.C. Gorewit and C.J. Sniffen. 1981. Effect of 
exogenous growth hormone on lactating performance in high yielding 
dairy cows. J. Nutr. 111:1662. 



76 

Peel, C.J, T.J. Frank, D.E. Bauman and R.C. Gorewit. 1982. Lactational 
response to exogenous growth hormone and abomasal infusion of a 
glucose-sodium caseinate mixture in high-yielding cows. J. Nutr. 
112:1770. 

Peel~ C.J., Frank, T.J., Bauman, D.E. & Gorewit, R.C. 1983. Effects of 
exogenous growth hormone in early and late lactation on lactational 
performance of dairy cows. J. Dairy Sci. 66:776-782. 

Peel, C.J. Bauman D.E. Somatotropin and lactation. J. Dairy Sci. 70:474-
486, 1987. 

Peters, J.P. 1986. Consequences of accelerated gain and growth hormone 
administration for lipid metabolism in growing beef steers. J. Nutri. 
116:2490-2503. 

Peters, A.R., G.E. Lamming and M.W. Fisher. 1981. A comparison of plasma 
LH concentrations in milked and suckling postpartum cows. J. Reprod. 
Fertil. 62:567. 

Procknor, M., D.W. Forrest, N.H. McArthur and P.G. Harms. 1986. Effects of 
negative energy balance on concentration, content and release in vitro 
of LHRH and LH from the medial eminence and anterior pituitary, 
respectively, of ovariectomized heifers. J. Anim. Sci.63 (supp1.1):332 
(Abstr). 

Randel, R.D. and R.C. Rhodes III. 1980. The effect of dietary monensin on the 
luteinizing hormone response of prepuberal heifers given a multiple 
gonadotropin-releasing hormone challenge. J. Anim. Sci. 51:925. 

Randel, R.D., Short, R.E. & Bellows, R.A. 1976. Suckling effect on LH and 
progesterone in beef cows. J. Anim. Sci. 42, 267, Abstr. 

Randel, R.D., L.M. Rutter and R.C. Rhodes III. 1982. Effect of monensin on 
the estrogen induced LH surge in prepuberal heifers. J. Anim. Sci. 
54;806. 

Randel, R.D. 1990. Nutrition and postpartum rebreeding in cattle. J. Anim. 
Sci. 68:853. 



77 

Rao, J.A. & Ramachandran, J. 1979. Growth hormone and the regulation of 
lipolysis. In: Hormones, proteins and peptides (Li,C.H.,sd.) pp. 43-60, 
Academic Press, New York. 

Rawlings, N.C., L. Weir, B. Todd, J. Manns and J.H. Hyland. 1980. Some 
endocrine changes associated with the post-partum period of the 
suckling beef cows. J. Reprod. Fertil. 60:301. 

Reeves, J.J., A. Arimura, & A.V. Schally. 1971. Pituitary responsiveness to 
purified luteinizing hormone-releasing hormone (LH-RH) at various 
stages of the estrous cycle in sheep. J. Anim. Sci. 32, 123-126. 

Rhind, S.M., S. McMillen, W.A.C. McKelvey, F.F. Rodrigues-Herrejon and A.S. 
McNeilly. 1989. Effect of body condition of ewes on the secretion of LH 
and FSH and the pituitary response to gonadotropin-releasing hormone. 
J. Endocrinol. 120:497. 

Richards, M.W., J.C. Spitzer and M.B. Warner. 1986. Effects of varying levels 
of postpartum nutrition and body condition at calving on subsequent 
reproductive performance in beef cattle. J. Anim. Sci. 62:300. 

Richards, M.W., R.P. Wettemann and H.M., Schoenemann. 1989. Nutritional 
anestrous in beef cows. Body weight change, body condition, luteinizing 
hormone in serum and ovarian activity. J. Anim. Sci. 67:152. 

Richard, A.L., McCutcheon, S.N. & Bauman, D.E. 1985. Responses of dairy 
cows to exogenous bovine growth hormone administered during early 
lactation. J. Dairy Sci. 68:2835-2839. 

Rone, J.D., D.M. Henricks and S.E. Echternkamp. 1983. The effect of energy 
intake on ovarian follicular development and steroid secretion in the 
young suckled cow. BioI. Reprod. 28 (SuppI.I):88. 

Russel, A.J.F. and I.A. Wright. 1983. The use of blood metabolites in the 
determination of energy status in beef cows. Anim. Prod. 37:335. 

Rutter, L.M., R.D. Randel, G.T. Schelling and D.W. Forrest. 1983. Effect 
of aboma~al infusion of propionate on the GnRH-induced luteinizing 
hormone release in the prepuberal heifers. J. Anim. Sci. 56:1167. 



78 

Rutter, L.M. and R.D. Randel 1984. Postpartum nutrient intake and body 
condition effect on pituitary function and onset of estrous in beef cattle. 
J. Anim. Sci. 58:265. 

Rutter, L.M. and J.G. Manns 1986. Changes in metabolic and reproductive 
characteristics associated with lactation and glucose infusion in the 
postpartum ewes. J. Anim. Sci. 63:538. 

Rutter, L.M. and J.G. Manns 1987. Hypoglycemia alters pulsatile luteinizing 
hormone secretion in the postpartum beef cow. J. Anim. Sci. 64:479. 

Rutter, L.M., and J.G. Manns 1988. Follicular phase gonadotropin secretion 
in cyclic postpartum beef cows with phlorizin-induced hypoglycemia. J. 
Anim. Sci. 66:1194. 

Rutter, L.M., R. Snopek and J.G. Manns. 1989. Serum concentrations ofIGF-I 
in postpartum beef cows. J. Anim. Sci. 67:2060-2066. 

Saiddudin, Srtum Riesen, W. Tyler, W.J. & Casida, L.E. 1968. Studies on the 
postpartum cow 5.0 relation of the postpartum interval to pituitary 
gonadotropins, ovarian follicular development and fertility in dairy cows. 
Bull. Wisconsin. 

Sarkar, D.K. & G. Fink. 1979. Effect of gonadal steroid on output ofluteinizing 
hormone releasing factor into pituitary stalk blood in the female rat. J. 
Endocr. 80, 303-313. 

Schallenberger, E., and G. Hutherer. 1982. Frequent pulsatile LH-secretion is 
a prerequisite for a stimulatory feedback action of estradiol and the 
reestablishment of estrous cycles post partum in dairy cows. Act. 
Endocrinol. 99 (8246): 16-17 

Schallenberger, E., J. Rampp and D.L. Walters. 1985a. Gonadotropins and 
ovarian steroids in cattle II. Pulsatile changes of concentrations in the 
jugular vein throughout pregnancy. Acta Endocrinol. 108:322. 

Schallenberger, E. 1985. Gonadotrophins and ovarian steroids in cattle III. 
Pulsatile changes of gonadotrophin concentrations in the jugular vein 
postpartum. Acta Endocrinol 109:37. 



79 

Schoenemann, H.M., J.L. Brown and J.J. Reeves. 1985. LHRH receptor, LH 
and FSH concentrations in anterior pituitaries of cycling, noncycling and 
early pregnant heifers. J. Anim. Sci. 60:532. 

Sen, K.K., S. Azhar and K.M.J. Menon. 1979. Evidence for the involvement of 
an energy-dependent process in gonadotropin-releasing hormone
stimulated luteinizing hormone release by rat anterior pituitary. 
Endocrinology 105:1158. 

Sechen, S.J., S.N. McCutcheon and D.E. Bauman. 1989. Response to metabolic 
challenges in early lactation dairy cows during treatment with bovine 
somatotropin. Domestic Animal Endocrinology Vol. 6(2):141-154,1989. 

Short, R.E., R.A. Bellows, E.L. Moody & B.E. Howland. 1972. Effects of 
suckling and mastectomy on bovine postpartum reproduction. J. Anim. 
Sci. 34, 70-74. 

Short, R.E., R.A. Bellows, R.B. Staigmiller, J.G. Berardinelli and E.E 
Custer. 1990. Physiological mechanisms controlling anestrous and 
infertility in postpartum beef cattle. J. Anim. Sci. 68:799. 

Shymala, G. and W.A. McBlain. 1979. Distinction between progestin and 
glucocorticoid binding sites in mammary glands. Apparent lack of 
cytoplasmic progesterone receptors in lactating mammary gland. 
Biochem. J. 178:345. 

Spalding, R.W., R.W. Everett and R.H. Foote. 1975. Fertility in New York 
artificially inseminated Holstein herds in Dairy Herd Improvement. J. 
Dairy Sci. 58:718. 

Spicer, L.J., K. Leung, E.M. Convey, J. Gunther, H.A. Tucker and R.E. Short. 
1983. Secretion of luteinizing hormone (LH), follicle stimulating 
hormone (FSH) and prolactin (PRL), and changes in ovarian 
folliculogenesis and follicular fluid (FF) hormones during postpartum 
anestrous in beef cattle. J. Anim. Sci. 57 (suppl.l):375. 

Spicer, L.J., K. Leung, E.M. Convey, J. Gunther, H.A. Tucker and R.E. Short. 
1984b. Concentrations of progesterone (P), androstenedione (A) and 
estradiol (E) in follicular fluid (FF) of ovarian antral follicles during 
postpartum anestrous suckled beef cattle. J. Anim. Sci. 59 (Suppl.l):79. 



80 

Spitzer, J.C., G.D. Niswender, G.E. Seidel Jr. and J.N. Wiltbank. 1978. 
Fertilization and blood levels of progesterone and LH in beef heifers on 
a restricted diet. J. Anim. Sci. 46:1071. 

Swanson, IV. 1989. Discussion-Interactions of nutrition and reproduction. 
J. Dairy Sci. 72:805. 

Tatman, W.R., M.D. Judkins, T.J. Dunn and G.E. Moss. 1990. Luteinizing 
hormone in nutrient-restricted ovariectomized ewes. J. Anim. Sci. 
68:1097. 

Thatcher, W.W., L.A. Guilbault, R.J. Collier, G.S. Lewis, M. Drost, J. 
Knickerbocker, D.B. Foster and C.J. Wilcox. 1982. The impact of 
antepartum physiology on post-partum performance in cows. In H. Karg 
and E. Schallenberger (Ed) Current Topics in Veterinary Medicine and 
Animal Science, vol. 20. p.3. Martinus Nijhoff, Germany. 

Thatcher, W.W., C.J. Wilcox, R.J. Collier, D.S. Eley and H.H. Head. 1980. 
Bovine conceptus-maternal interactions during the pre and postpartum 
periods. J. Dairy Sci. 63:1530. 

Thomas, G.B., J.E. Mercer, T. Karalis, A. Rao, J.T. Cummins and I.J. Clarke. 
1990. Effect of restricted feeding on the concentrations of growth 
hormone (GH), Gonadotropins, and prolactin (PRL) in plasma, and on 
the amounts of messenger ribonucleic acid for GH, gonadotropin 
subunits, and PRL in the pituitary glands of adult ovariectomized ewes. 
Endocrinology 126:1361. 

Thomas, G.B., J.T. Cummins and J.J. Clerke. 1990. Secretion of growth 
hormone-releasing factor and somatostatin in nutritionally restricted 
sheep. The Endocrine Soc. 72nd Ann. Meet. Abstr. 3521. 

Thompson, W.R., D.H. Theuninck, J.C. Meiske, R.D. Goodrich, J.R. Rust and 
F.M. Byers. 1983. Linear measurements and visual appraisals as 
estimators of percentage empty body fat of beef cows. J. Anim. Sci. 
56:755. 

Troxel, T.R., Kesler, D.J. 1984a. Ability of indomethacin to alter prostaglandin 
metabolite concentrations and to enhance the function of corpora lutea 
induced in postpartum suckled beef cows. J. Anim. Sci. 59:177-81. 



81 

Troxel, T.R., Kesler, D.J. 1984b. The effect of progestin and GnRH treatments 
on ovarian function and reproductive hormone secretions of anestrous 
postpartum suckled beef cows. Theriogenology 21:699-711. 

Tucker, H.A. 1981. Physiological control of mammary growth, lactogenesis and 
lactation. J. Dairy Sci. 64:1043. 

Tyrrel, H.F., Brown A.C.G., Reynolds P.J., Haaland G.L., Bauman D.E., Peel 
C.J., Steinhour, w.n. 1988. Effect of bovine somatotropin on 
metabolism of lactating dairy cows: Energy and nitrogen utilization as 
determined by respiration calorimetry. J. Nutr. 118:1024-1030. 

Vasilatos, R., and P.J. Wangsness. 1981. Diurnal variations in plasma insulin 
and growth hormone associated with two stages of lactation in high 
producing dairy cows. Endocrinology 108:300. 

Veldehuis J.D., Johnson, M.L. 1986. Cluster Analysis: a simple, versatile, and 
robust algorithm for endocrine pulse detection. Am. J. Physiol. 250: 
E486-E493. 

Veldhuis. J.D. and L.M. Demers. 1985. A role for somatomedin-C as a 
differentiating hormone and amplifier of hormone action on ovarian 
cells. Studies with synthetically pure human somatomedin-C and swine 
granulosa cells. Biochem. Biophys. Res. Commun. 130:234. 

Vernon, R.A., Clegg and D.J. Flint. 1981. Metabolism of sheep adipose tissue 
during pregnancy and lactation. Biochem. J. 200:307. 

Vernon, R.G. and D.J. Flint. 1983. Control of fatty acid synthesis in lactation. 
Proc. Nutr. Soc. 42:315. 

Vernon, R.G. 1985. The response of tissues to hormones and to partition on 
nutrients during lactation. Hannah Res. p. 115-121. 

Vicini, J.L., W.S. Cohick, J.H. Clark., S.N. McCutcheon and D.E. Bauman. 
1988. Effects of feed intake and sodium bicarbonate on milk production 
and concentrations of hormones and metabolites in plasma of cows. J. 
Dairy Sci. 71: 1232. 

Wagner, W.C. and W. Hansel. 1969. Reproductive physiology of the postpartum 
cow I. Clinical and histological finding. J. Reprod. Fertil. 18:493. 



82 

Wagner, W.C. and S.L. Oxenreider.1972. Adrenal function in the cow. Diurnal 
changes and the effects oflactation and neurohypophyseal hormones. J. 
Anim. Sci. 34:630. 

Walters, D.L., Kaltenbach, C.C. Dunn, T.G. & Short, R.E. 1982a. Pituitary 
and ovarian function in postpartum beef cows I. Effect of suckling on 
serum and follicular fluid hormones and follicular gonadotropin 
receptors. BioI. Reprod. 26, 640-646. 

Walters, D.L., R.E. Short, E.M. Convey, R.B. Staigmiller, T.G. Dunn and C.C. 
Kaltenbach. 1982b. Pituitary and ovarian function in postpartum beef 
cows II. Endocrine changes prior to ovulation in sucked and nonsuckled 
postpartum cows compared to cycling cows. BioI. Reprod. 26:647. 

Walters, D.L., R.E. Short, E.M. Convey, R.B. Staigmiller, T.G.Dunn and C.C. 
Kaltenbach. 1982c. Pituitary and ovarian function in postpartum beef 
cows III. Induction of estrous, ovulation and luteal function with 
intermittent small-dose injections of GnRH. BioI. Reprod. 26:655. 

Warnoff, M., G. Dorsch and K.M. Pilce. 1983. Effects of starvation on 
gonadotropin secretion and on in vitro release of LHRH from the 
isolated median eminence of the male rat. Acta EndocrinoI. 103:293. 

Webb, R., G.E. Lamming, N.B. Haynes, H.D. Hafs and J.G. Manns. 1977. 
Response of cyclic and postpartum suckled cows to injection of synthetic 
LH-RH. J. Reprod. Fert. 50:203. 

Wheaton, J.E., S.M. AI-Raheem, Y.G. Massry and J.M. Marcek. 1986. Twenty
four-hour growth hormone profiles in angus steers. J.Anim. Sci. 62:1267 

Wettemann, R.P.1980. Postpartum endocrine function of cattle, sheep, and 
swine. J. Anim. Sci. 51 (suppI. 2):2. 

Wettemann, R.P., R.J. Rasby, P.G. Harms, K.S. Lusby and J.J. Wagner. 1989. 
LHRH in the infundibular stalk-median eminence is related to 
percentage body fat in cows. J. Anim, Sci. 67(Suppl. 2):57 (abstr.). 

Whisnant, C.S., T.E. Kiser.,Thompson and J.B. Hall. 1985. Effect of nutrition 
on the LH response to calf removal and GnRH. Theriogenology 24:565. 



83 

Whisnant, C.S., T.E. Kiser and F.N. Thompson. 1985a. Effect of calf removal 
on serum luteinizing hormone and cortisol concentrations in postpartum 
beef cows. Theriogenology 24:119. 

Whisnant, C.S., T.E. Kiser, F.N. Thompson & T.M. Neet. 1985. Influence of 
calf removal on the serum luteinizing hormone response to naloxone. J. 
Anim. Sci. 61 (SuppI. 1), 42, Abstr. 

Wise, M.E., J.H. Nilson, M.T. Nejedlik & T.M. Nett. 1985. Measurement 
of messenger RNA for luteinizing hormone-subunit and a-subunit during 
gestation and the postpartum period in ewes. BioI. Reprod. 33, 
1009-1015. 

Wiltbank, J.N., W.W. Rowen, J.E. Ingalls, K.E. Gregory and R.M. Koch 1962. 
Effects of energy level on productive phenomena of mature Hereford 
cows. J. Anim. Sci. 21:219. 

Wiltbank, J.N., W.W. Rowden, J.E. Ingalls and D.R. Zimmermann. 1964. 
Influence of postpartum energy level on reproductive performance of 
hereford cows restricted in energy intake prior to calving. J. Anim. Sci. 
23:1049. 

Williams, G.L. and D.E. Ray. 1980. Hormonal and reproductive profiles of 
early postpartum beef heifers after prolactin suppression or steroid
induced luteal function. J. Anim. Sci. 50:906. 

Williams, G.L., J. Kotwica, W.D. Slanger, D.K. Olson, J.E. Tilton and L.J. 
Johnson. 1982. Effect of suckling on pituitary responsiveness to 
gonadotropin-releasing hormone throughout the early postpartum period 
of beef. J. Anim. Sci. 54:594. 

Wray-Cahen C.D., Boyd R.D., Bauman D.E., Ross D., Fagin K. 1987. Metabolic 
effects of porcine somatotropin (PST) in growing swine. J. Anim. Sci. 65 
(suppl 1):261. 



84 

Wright, P.J., Geytenbeek, P.E., Clarke, J.J. & Findlay, J.K. 1980. Pituitary 
responsiveness to LH-RH, the occurrence ofoestradiol-17B-induced LH
positive feedback and the resumption of estrous cycles in ewes post 
partum. J. Reprod. Fert. 60:171-176. 

Wright, I.A. and A.J.F. Russel. 1984a. Partition of fat, body composition 
and body condition score in mature cows. Anim. Prod. 38:23. 

Wright, I.A. and A.J. Russel. 1984b. Estimation in vivo of the chemical 
composition of the bodies of mature cows. Anim. Prod. 38:33. 


