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CHAPTERI
INTRODUCTION

There were 1.9 million farms in the United States as of January 1, 1998 (USDA
Census of Agriculture, 1997). Forty-two percent (804,595) of these farms were involved
in some aspect of beef production. Oklahoma Agricultural Statistics (1997) revealed |
73,000 total farm operations in the state with 64,000 involved in beef production.

According to USDA Census of Agriculture (1997), there are 33.7 million beef
cows in the United States. Oklahoma ranks third in the U.S. in both the number of beef
cows (1.96 million) and number of calves (1.93 million) (Oklahoma Agricultural
Statistics, 1997). Total value of all cattle and calves in Oklahoma as of January 1, 1998,
was estimated at 3.1 billion dollars.

Annual calf crop in the U.S. is estimated at 70 to 75% under a variety of
environmental and management conditions (USDA, 1986, 1987, 1988). A 10% increase
in the annual calf crop (85%) would allow the production of the same kilograms of beef
from 12% fewer cows. Oklahoma beef producers could decrease the number of cattle by
230,000 cows without influencing beef production.

Cattle are the least efficient of the domestic farm species usually producing one

calf per year. Beef cows have approximately 80 d after parturition to become pregnant



and maintain a 12 month calving interval. Little can be done to manipulate the gestation
period; however, if the interval from parturition to conception can be shortened,
production efficiency can be increased. Cows would have two opportunities to conceive
and to maintain a yearly célving interval if the anestrous period was reduced to 60 d. It is
essential to understand the physiological mechanisms responsible for resumption of

ovarian activity in postpartum beef cows so that the anestrous period can be minimized.



CHAPTER 11
REVIEW OF LITERATURE
Introduction

Animal reproduction involves interplay between numerous neuronal and
hormonal signals that allow for successful production of viable offspring. Of utmost
importance in the regulation of reproductive processes is the hypothalamic decapeptide,
gonadotropin-releasing hormone (GnRH), which is synthesized primarily in a small
group of loosely-oriented neurons distributed throughout the diagonal band of Broca, the
medial and lateral preoptic areas and the anterior hypothalamic area (Leshin et al., 1988).
The GnRH neurons in the preoptic area form an ‘inverted Y’ (Lehman et al., 1986) which
is directed toward the median eminence. After synthesis, GnRH is released in a pulsatile
manner from the median eminence into the hypophysial portal system (Antunes et al.,
1978) by an unidentified GnRH pulse generator (Barraclough and Gorski, 1961; Knobil,
1980). The primary site of GnRH action is speciﬁ;:, high affinity binding sites on the
membrane surface of gonadotrope cells in the anterior pituitary gland (Marian and Conn,
1983). The binding of GnRH to its receptors elicits the synthesis and release of the
gonadotropins, luteinizing hormone (LH) and follicle-stimulating hormone (FSH), from

the anterior pituitary gland into the peripheral circulation.



Gonadotropins bind to receptors in the gonads and regulate steroidogenesis.
Androgens are secreted by LH-stimulated thecal cells in the ovary (Fortune and
Armstrong, 1977), and aromatase activity and estradiol production is induced in
granulosa cells by FSH (Armstrong and Papkoff, 1976). In cattle, LH is the major
luteotrophic hormone (Hansel et al., 1973). Concentrations of steroids in the peripheral
circulation regulate the synthesis and release of gonadotropins.

Synthesis and release of gonadotropins is modulated by steroids throughout the
estrous cycle and during pregnancy. Steroids alter gonadotropins through positive and
negative feedback effects at the hypothalamus and/or the anterior pituitary gland.
Increased concentrations of estradiol and decreased progesterone are associated with
behavioral estrus (Henricks et al., 1971; Wettemann et al., 1972; Chenault et al., 1975).
Increased concentrations of estradiol induce a preovulatory surge of LH causing
ovulation (Wettemann et al., 1972; Chenault et al., 1975). Exogenous estradiol produces
a preovulatory-like LH surge in ovariectomized cows (Short et al., 1973). Kesner et al.
(1981) found increased concentrations of estradiol initially reduced LH release from the
anterior pituitary gland, then increased GnRH-induced LH release in steers and
ovariectomized cows. During pregnancy, concentrations of estradiol are increased while
concentrations of progesterone are similar to those observed during the luteal phase of the
estrous cycle (Edqvist et al., 1973; Smith et al., 1973). Gonadotropin stores in the
pituitary gland are diminished at parturition due to prolonged exposure to increased
concentrations of steroids (Chamley et al., 1976; Moss et al., 1980).

It is well established that long-term undernutrition will decrease release of

gonadotropins in rats (Campbell et al., 1977), heifers (Day et al., 1986; Bossis et al.,



1999), cows (Richards et al., 1989a) and lambs (Foster and Olster, 1985). Severe feed
deprivation causes a state of anovulation in most animals and has been termed “pseudo-
hypophysectomy” (Pomerantz and Mulinos, 1939). Short term feed restriction of rats
(Campbell et al., 1977) and monkeys (Cameron and Nosbisch, 1991) reduces circulating
concentrations of gonadotropins. Fasting for 10 d reduced serum FSH concentrations
without affecting concentrations of LH in obese men. However, pulse frequency and
amplitude of LH and FSH were not influenced by fasting (Klibanski et al., 1981).

Elucidation of the mechanisms influencing gonadotropin release (i.e., steroids,
nutrition) and factors affecting the extension of the postpartum anestrous period of beef
cows would allow increased reproductive efficiency and decrease production cost by
reducing the number of cows necessary for sufficient beef production. Objectives of the
present studies were: 1) to characterize effects of nutrition and body energy reserves on
concentrations of LH and FSH in ovariectomized beef cows, 2) to evaluate the influence
of body energy reserves on endocrine and behavioral events associated with the 'ﬁrst
ovulation in postpartum beef cows, and 3) to evaluate the effects of nutrition and steroids
on serum and pituitary gland concentrations of LH and FSH, mRNA for gonadotropin
subunits and GnRH receptor, and concentrations of GnRH receptor in pituitary glands of
beef cows.

Bovine Brain

Anterior Pituitary Gland
The anterior pituitary gland of mature beef cows weighs from 1.6 to 2.0 grams

(Beal et al.,1978; Rasby et al., 1991; Vizcarra et al., 1997) which is only .3 to .4% of the



total weight of the bovine brain (Sisson and Grossman, 1953). Due to the dual embryonic
origin, the pituitary gland (hypophysis) is divided into two distinct divisions: thé
adenohypophysis (anterior) and neurohypophysis (posterior) (Herring, 1908a, 1908b;
Atwell and Marinus, 1918). The anterior pituitary gland originates from an outgrowth of
the primitive nasal cavity called Rathke’s pouch and is comprised of three tissue types:
pars tuberalis, pars intermedia and pars distalis (Wislocki and King, 1936).

The vascularity of the anterior pituitary gland is unique in the fact that the primary
capillaries form a plexus around the median eminence transporting blood to the
secondary capillaries of the pars distalis (Green, 1951). Blood passes through the
posterior gland to reach the targeted anterior pituitary gland (Green, 1951).

The anterior pituitary gland synthesizes and releases eight hormones including
thyroid-stimulating hormone (TSH), growth hormone (GH), prolactin, adrencorticotropin
hormone (ACTH), melanocyte-stimulating hormone (MSH), B-endorphin, luteinizing
hormone (LH) and follicle-stimulating hormone (FSH) (Fevold et al., 1931; Greep, 1935;
Nikitovitch-Winder and Everett, 1958, 1959). Synthesis of LH and FSH may occur in
the same gonadotrope cell or in different cells (Childs et al., 1987). These glycoproteins
are composed of two dissimilar, non-covalently linked o (alpha) and 8 (beta) subunits
(Pierce and Parsons, 1981). The a-subunit is common to bbth hormones as well as
thyroid-stimulating hormone. The specificity of the hormone is determined by the 3-

subunit (Pierce and Parsons, 1981).



Hypothalamic Control of the Anterior Pituitary Gland

In delivering the Lister Memorial Lecture in the summer of 1930, Dr. Harvey
Cushing shared the current theory that the pituitary gland regulated certain areas of the
brain. The idea that products of the anterior lobe of the pituitary were directed toward the
brain, while the posterior pituitary gland released its secretions into the third ventricle had
lingered for almost thirty years (Cushing, 1930a, 1930b). Wislocki and King (1936) soon
challenged these concepts. Intraperitoneal and subcutaneous injections of trypan blue
stained the anterior lobe of the pituitary gland and the attached stalk of the cat, rabbit and
monkey. Nerve fibers were observed passing from the hypothalamus to the posterior
pituitary gland in rabbits and monkeys (Wislocki and King, 1936). Injections of indian-
ink into the aorta of rats, guinea pigs, rabbits and dogs further attenuated vascular
connection of the hypothalamus and the pituitary gland, as well as an intrapituitary
vascular connection (Green and Harris, 1947).

Discovery of a “neurovascular link” between the hypothalamus and the
pituitary gland inspired researchers to examine regulation of the pituitary gland by the
brain (Green and Harris, 1947). Blood flow was observed from the median eminence to
the anterior pituitary gland in rats (Green and Harris, 1949). Halasz et al. (1962) found
that transplantation of the pituitary gland into different regions of the rat brain indicated a
region of hypothalamic control; the hypophsiotrophic area or the mediobasal
hypothalamus. Target organs of the pituitary gland (i.e., thyroid, adrenal and testis) were
preserved when the hypophysiotrophic area was disconnected from the rest of the brain
suggesting control of hormone secretion from the anterior pituitary gland is confined to

this area of the brain (Halasz and Pupp, 1965).



The quest for the characterization of the “substances” released from the
hypothalamus ignited fierce competition among endocrinologists. Two laboratories
independently isolated porcine (Schally et al., 1971) and ovine (Amoss et al., 1971)
gonadotropin-releasing hormone (GnRH). Both Roger Guillemin and Andrew Schally
received the Nobel Prize for Medicine in 1977 for their discovery of peptide hormones of
the brain. However, Schally was first to isolate and determine the structure of the
important decapeptide hormone, luteinizing hormone releasing factor, or GnRH
(Wade, 1981).

Evidence that increased GnRH release was associated with an increase in LH
release was first obtained in the rat (Sarkar et al., 1976). Zolman et al. (1973) was the
first to demonstrate that natural and synthetic porcine GnRH produced LH release in
heifers and bulls in vivo and in cultures of pituitary cells from steers. In vivo studies with
ewes (Clarke and Cummins, 1982) and bull calves (Rodriguez and Wise, 1989)
demonstrated a temporal relationship between GnRH and LH. Recently, Gazal et al.
(1998) found a strong correlation (0.95) between pulsatile release of GnRH into
cerebrospinal fluid of the third ventricle and plasma concentrations of LH in mature beef

COWS.
Estrous Behavior of Cows
Successful reproduction in cows must include a functional hypothalamic-

pituitary-ovarian axis that interacts via endocrine, paracrine and autocrine factors. A

milieu of hormones (i.e., GnRH, LH, FSH, estrogens and progestins) coordinate events
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associated with normal estrous cycles. The estrous cycle of dairy and beef cows is a
dynamic period ranging from 18-24 d with a mode of 20 d (Asdell et al., 1949; Lasley
and Bogart, 1943). Concentrations of estrogens increase during the 3-4 d follicular phase
of the cycle (Henricks et al., 1971; Wettemann et al., 1972; Echternkamp and Hansel,
1973; Chenault et al., 1975), whereas progesterone dominates the 15 d luteal phase of the
estrous cycle (Stabenfeldt et al., 1969; Henricks et al., 197(1)/).

Estrous behavior indicates the initiation of a series of physiological processes
involved in estrous cycle commencement. Trimberger (1948) found the duration of
estrus ranged from 2.5 to 28 h with a mean of 17.8 h in dairy cows observed thrice daily
for behavioral estrus. Duration of estrus averaged 7.1 h (range 33 min to 35.8 h) in dairy
cows (n = 2055 observations) continuously observed by a radiotelemetric system
(HeatWatch®; Dransfield et al., 1998). Continuous observation via video recording
revealed duration of estrus averaged 4.4 h (range 1 to 18 h) in beef cows confined in pens
with cement floors (Hurnik and King, 1987). Stevenson et al. (1996) found duration of
estrus in beef cows averaged 14.8 h (range 3 to 26 h) using a radiotelemetric system.
Several environmental and managerial factors affect estrous behavior in cattle.
Continuous observation of estrus by video recording indicated that most mounting
activity (70%) occurred between 1900 and 0700 h in dairy cows (Hurnik et al., 1975).
However, Dransfield et al. (1998) found the distribution of mounts indicative of the onset
and end of estrus were similar throughout the day. Increasing the number of cows in
estrus from one to four or more increased the intensity of estrus from 11 to 50 mounts,
respectively (Hurnik et al., 1975). Similarly, duration of estrus was increased when the

number of cows in estrus at one time was increased from one to three cows (7.5 to 10.1 h,
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respectively) (Hurnik et al., 1975). Dairy cows observed for estrus on a dirt surface had
greater intensity and duration of estrus compared with cows on concrete (Britt et al.,
1986; Vailes and Britt, 1990). Mounting activity was greatest in dairy cows observed
twice daily when ambient temperatures were less than 25°C compared with temperatures
above 30°C (Gwazdauskas et al., 1983; Gwazdauskas, 1985).

Release of LH and FSH occurs at behavioral estrus in most domestic farm
animals. Estrogens and progestins govern gonadotropin release through positive and
negative feedback, respectively. The preovulatory surge of gonadotropins is due to the
positive feedback of increased concentrations of estradiol (Beck and Convey, 1977,
Kesner et al., 1981). Conversely, increased concentrations of progesterone from the
corpus luteum during the luteal phase have negative effects on concentrations of LH
(Rahe et al., 1980; Walters et al., 1982). Elimination of progesterone either by PGF,, or
CL removal increased concentrations of LH in heifers (Louis et al., 1974; Fogwell et al.,
1978; Imakawa et al., 1986) and ewes (Gust et al., 1984). A preovulatory LH surge
occurred in heifers 55 h after treatment with PGF,, (Imakawa et al., 1986) and cows

displayed a preovulatory LH surge 44 h after lutectomy (Stumpf et al., 1989).

Estrogens

Manifestation of estrous behavior is due to the actions of estrogens, primarily
estradiol on the brain (Clegg et al., 1958; Blache et al., 1991). It is well established that
estrogens stimulate estrous activity in cows. Administrating estradiol benzoate induces
behavioral estrus in ovariectomized cows (Asdell et al., 1945; Carrick and Shelton,

1969), as well as ovariectomized heifers (Rajamahendran et al., 1979). Immunization
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against estradiol prevents expression of behavioral estrus in intact beef heifers (Martin et
al., 1978).

Effects of estradiol on estrous behavior occur in an “all-or-none” fashion which
means once a threshold level is reached, estrous behavior is independent of increasing
estradiol concentrations (Cook et al., 1986; Coe and Allrich, 1989). Carrick and Shelton
(1969) indicated a consistent trend for increased dosages of estradiol to decrease the
interval from estradiol treatment to the onset of estrus and to increase estrous duration.
Using a wide range of physiological estradiol concentrations (300 to 4,800 pg), Cook et
al. (1986) found. that behavioral interactions of -ovariectomized cows and heifers in estrus
were not different among estradiol concentrations. Duration of estrus was similar for all
estradiol dosages with the exception of 4,800 ug of estradiol, which increased the
duration of estrus by approximately 8 h. Superovulated dairy heifers had three times the
maximum estradiol concentrations of nonsuperovulated heifers; however, duration of
estrus was only 2.3 h longer in superovulated heifers compared with nonsuperovulated
heifers and estrous traits were similar between groups (Coe and Aldrich, 1989). Duration
of estrus was prolonged (range 8 to 64 h) when cows were administered estradiol
benzoate at 36 and 48 h after exposure to progesterone compared with cows receiving a
single injection of estradiol 36 h after progesterone exposure (range 0 to 23 h) (Britt et
al., 1986). Heifers exposed to supraphysiological concentrations of estradiol became
refractory to subsequent estradiol treatment (Carrick and Shelton, 1969). Sensitivity to
exogenous estrogen returned when heifers were pretreated with progesterone for 5 d
suggesting progesterone resensitized the hypothalamus and/or anterior pituitary gland to

estradiol (Carrick and Shelton, 1969).
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Concentrations of estradiol are relatively constant during the estrous cycle of beef
cattle and increase dramatically prior to estrus (Henricks et al., 1971; Wettemann et al.,
1972; Echternkamp and Hansel, 1973; Glencross et al., 1973; Bossis et al., 1999).
Plasma concentrations of estradiol begin to increase 3-4 d before estrus and are maximal
on the day prior to estrous behavior (Henricks et al., 1971; Wettemann et al., 1972).
Maximum concentrations of estradiol decrease to minimal concentrations within 1-2 d
after estrus (Wettemann et al., 1972; Echternkamp and Hansel, 1973; Glencross et al.,
1973). Chenault et al. (1975) found rﬁaximum concentrations of estradiol decreased
within 14 h after estrus in dairy cows. 7

Estradiol is synthesized and released from preovulatory follicles in the ovary Jjﬁiﬁw
(Ireland and Roche, 1982a; Ireland and Roéhe, 1983). Cannulation of utero-ovarian
veins verified that a single large antral follicle §vas responsible for increased
concentrations of estradiol during proestrus and estrus in cows (Ireland et al., 1984).
Falck (1959) suggested both theca and granulosa cells of rat ovarian follicles were
involved in the production of estradiol from the ovary conceiving the idea of the “two-
cell theory”. Under the influence of gonadotropins, steroidogenesis occurs in two cell
types: the LH-responsive theca interna and the FSH-responsive granulosa cells (Fortune
and Armstrong, 1977; Fortune and Armstrong, 1978). Luteinizing hormone acts via
receptors on the theca cells to increase production of cAMP which activates genes that
encode for cholesterol side-chain cleavage and 17a-hydroxylase and Cy7,0 lyase which
are required for androgen synthesis (Erickson et al., 1985). Increased enzyme activity
(17a-hydroxylase) occurs as bovine follicles mature (Rodgers et al., 1986).

Androstenedione is the principal aromatizable steroid produced by bovine theca cells
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predominately through the A’ pathway (Lacroix et al., 1974; Fortune, 1986). Androgens
produced by the theca cells diffuse across the follicular basement membrane to be
utilized as substrates in estrogen biosynthesis by granulosa cells (Baird, 1977). Bovine
granulosa cells supply progestin precursors to the theca cells allowing more androgens to
be produced (Fortune, 1986). Androgen aromatization is regulated by FSH in granulosa
cells (Dorrington et al., 1975). Aromatase activity is absent in immature,
hypophysectomized rats but can be induced by FSH (Armstrong and Papkoff, 1976).
Dieleman and Blankenstein (1984) found aromatization decreases approximately 14 h
after the preovulatory LH surge in cows.

Frequent pulses of LH with low amplitude occur during the follicular phase of the
bovine estrous cycle (Rahe et al., 1980). Pulse frequency of LH is less with greater
amplitudes during the progesterone dominated luteal phase (Rahe et al., 1980). Estrogens
have a positive effect on the synthesis and secretion of LH from the anterior pituitary
gland at estrus. Increased serurh concentrations of estradiol are parallel to increases in
concentrations of luteinizing hormone (Wettemann et al., 1972; Echternkamp and Hansel,
1973; Chenault et al., 1975; Lemon et al., 1975). Concentrations of LH begin to increase
5-6 d prior to estrus, with a preovulatory surge near the onset of estrus (-_t 3 h) (Henricks
et al., 1970; Swanson and Hafs, 1971; Chenault et al., 1975). Pituitary content of LH and
FSH are at maximal concentrations on d 18-20 of the estrous cycle when concentrations
of estradiol are increased (Hackett and Hafs, 1969). Pituitary LH and FSH decreased 89
and 73%, respectively, fromd 18to d 2 of the subsequent estrous cycle. Furthermore, the

preovulatory decrease of pituitary FSH precedes that of LH by 2d (Hackett and Hafs,
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1969). Pituitary and plasma concentrations of LH are negatively correlated (-.88) in the
absence of steroid feedback in ovariectomized heifers (Swanson et al., 1971).

The preovulatory surge of LH remains at maximal concentrations for 6 to 10.6 h
(Henricks et al., 1970; Swanson and Hafs, 1971; Chenault et al., 1975).. Kesner et al.
(1981) suggested estradiol induces the LH surge in cows by increasing the sensitivity of
the pituitary to GnRH and then increasing GnRH. Estradiol initially reduces the ability
of the pituitary to release LH either by decreasing responsiveness of the pituitary to
GnRH or reducing GnRH release in cows. Concentrations of LH are reduced several
hours (10-15 h) prior to the LH surge, although the pituitary is capable of responding to
exogenous GnRH, suggesting that estradiol reduces GnRH release below the threshold
concentration that normally induces LH release. Secretion of GnRH resumes around 12 h
after estradiol stimulation and inducés a LH surge (Kesner et al., 1981). Maximum LH
concentrations occurred when the diameter of the dominant follicle was greatest in dairy
heifers prior to first estrus (Swanson et al., 1972). Exogenous estradiol treatment of
ovariectomized cows and heifers (Short et al., 1973; Beck and Convey, 1977, Imakawa et
al., 1986), and ovariectomized ewes (Moss et al., 1981; Kasa-Vubu et al., 1992) induced
LH release similar to endogenous preovulatory surges. Exogenous prostaglandin-induced
luteal regression in beef heifers increased concentrations of estradiol and LH in serum
simultaneously (Imakawa et al., 1986).

Release of gonadotropins after treatment with GnRH is dependent upon the stage
of the estrous cycle, indicative of steroidal regulation of gonadotropins. In beef heifers,
quantity of LH and FSH release was increased when GnRH was administered at or near

estrus compared with GnRH treatment during the luteal phase (Kaltenbach et al., 1974;
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Zolman et al., 1974). Serum concentrations of LH were greater in heifers treated with
GnRH after estradiol administration compared with GnRH treatment before estradiol
(Beck and Convey, 1977). |

Serum concentrations of FSH increased with maximum concentrations of
estradiol in intact cattle (Akbar et al., 1974; Dobson, 1978). Insertion of estradiol
capsules after removal of progesterone implants elicited a surge of FSH similar to LH in
ovariectomized ewes (Kasa-Vubu et al., 1992). Prostaglandin-induced corpus luteum
regression increased pulse frequency of both LH and FSH in cows (Schallenberger et al.,
1984). Ovariectomized cattle treated with estradiol failed to induce a preovulatory surge
of FSH; howeyver, pituitary content of FSH was increased 20 h after estradiol treatment
(Schoenemann et al., 1985). Only in vitro treatment with GnRH and not estradiol
increased FSH release in bovine pituitary cells (Padmanabhan and Convey, 1981).
Additional regulation of FSH by ovarian peptides may explain these differences.
Pituitary concentrations of FSH in Holstein heifers increased continuously from 3 to 30 d
after ovariectomy (Swanson et al., 1971). Two glycoproteins that play a role in FSH
regulation have been isolated from bovine follicular fluid: activin which stimulates and
inhibin which inhibits FSH production (Robertson et al., 1985, 1988). Ireland et al.
(1983) found administration of charcoal-treated follicular fluid depressed FSH release
without influencing release of LH in ovariectomized heifers. Removal of the regulatory
effects of the ovary dramatically increases concentrations of FSH.

The precisé location in which estrogens have their effect on gonadotropin release

has been subject to intense controversy. Estrogens can act either indirectly at the
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hypothalamus, directly at the anterior pituitary gland or at both sites to regulate

gonadotropin release.

Effects of estrogens on the hypothalamus. The frequency and amplitude of GnRH pulses
from the hypothalamus vary depending upon the steroidal environment. The preovulatory
LH surge coincides with an obvious sustained GnRH surge in several species including
rats (Sarkar and Fink, 1979), ewes (Clarke and Cummins, 1985), monkeys (Pau et al.,
1993), mares (Irvine and Alexander, 1994) and cows (Gazal et al., 1998). In
ovariectomized rats, exposure to estradiol at concentrations similar to those during
proestrus and estrus increased concentrations of GnRH in pituitary stalk blood (Sarkar
and Fink, 1979). Estradiol induced a preovulatory-like surge of GnRH in cerebrospinal
fluid of ovariectomized cows that coincided with a LH surge (Gazal et al., 1998).
Exogenous estradiol has a biphasic effect on GnRH release in ewes (Caraty et al., 1989).
Initially, estradiol decreases pulse frequency and amplitude of GnRH followed by an
abrupt surge of GnRH. This preovulatory GnRH surge is followed by the LH surge
(Caraty et al., 1989; Moenter et al., 1990). Estradiol may further influence GnRH
secretion by modifying its episodic pattern of release. Evans et al. (1995) found estradiol
treatment altered the pulsatile pattern of GnRH release. Distinct pulses of GnRH in
ovariectomized ewes were observed in the early phase (1 to 5 h after increased estradiol)
of the preovulatory LH surge. This was followed by an increase in concentrations of
GnRH lacking definite episodic release (Evans et al., 19§5).

Increasing concentrations of estradiol modulate GnRH release from the

hypothalamus. However, estrogen receptors are absent on GnRH neurons in a number of
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species including rats (Shivers et al., 1983), monkeys (Herbison et al., 1995) and sheep
(Lehman and Karsch, 1993). The question remains, how does estradiol effect GnRH
release in the hypothalamus? Estradiol implants placed in confined areas of the
ventromedial nucleus of the hypothalamus of ovariectomized ewes caused estrous
behavior and increased plasma LH concentrations (Blache et al., 1991). Estrogen
implants placed in other areas of the hypbthalamus (preoptic area, anterior hypothalamus,
lateral hypothalamus and posterior hypothalamus) failed to induce a preovulatory LH
surge; however, two ewes implanted in the lateral hypothalamus did exhibit estrous
behavior (Blache et al., 1991). Increasing evidence in the ewe indicates that neurons
responsible for the release of the inhibitory amino acid, gamma amino butyric acid
(GABA), have estrogen receptors. Herbison et al. (1993) used immunocytochemistry
techniques and antibbdies specific for the estrogen receptor, the enzyme glutamic acid
decarboxylase (the synthetic enzyme for gamma amino butyric acid) and GnRH to
examine cells containing estrogen receptors in the preoptic and anterior hypothalamic
areas of ewes. Estrogen receptors were absent on GnRH neurons; however, GABA
neurons adjacent to GnRH neurons possessed estrogen receptors and may mediate the
estrogen influence on GnRH neurons. Proopiomelanocortin (POMC) neurons in the rat
have estrogen receptors (Jirikowski et al., 1986). Leshin et al. (1988) found POMC
neurons are in close proximity to GnRH neurons in cows suggesting a pathway in which

estradiol may regulate GnRH synthesis and release.

Effects of estrogens on the anterior pituitary gland. Estradiol increases the sensitivity of

the anterior pituitary gland to GnRH treatment in a number of species including cows
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(Kaltenbach et al., 1974; Kesner et al., 1981). The number of GnRH receptors (GnRH-R)
increase prior to or during estrus in rats (Clayton et al., 1980; Savoy-Moore et al., 1980),
hamsters (Adams and Spies, 1981), ewes (Turzillo et al., 1994) and cows (Schoenemann
et al., 1985) suggesting estradiol upregulation. Exogenous estrogen treatment increases
the number of GnRH-R on the anterior pituitary gland of ovariectomized ewes (Moss et
al., 1981), rats (Kaiser et al., 1993) and cows (Schoenemann et al., 1985). Estradiol has a
biphasic effect on LH release in ovariectomized cattle. Schoenemann et al. (1985) found
serum concentrations of LH decreased 3 h after estradiol treatment followed by a
preovulatory-like LH surge. Pituitary gland concentrations of LH and FSH were
maximal at 20 h after estradiol. In vitro treatment of rat (Drouin et al., 1976) and cow
(Padmanabhan et al., 1978; Baratta et al., 1994) pituitary cells with estradiol increased
LH release and synthesis. A single injection of estradiol increases the number of GnRH-
R 2.5 fold in the pituitary gland of ewes where the hypothalamus and pituitary gland are
disconnected (Gregg and Nett, 1989). Goodman and Karsch (1980) proposed estradiol
effects occur primarily at the pituitary gland since estradiol treatment of ovariectomized

ewes for 10-11 d decreased LH pulse amplitude but not pulse frequency.

Progesterone

The generally accepted role of progesterone on behavioral estrus and regulation of
gonadotropins is one of inhibition (Gomes and Erb, 1965). Progesterone given at
dosages to mimic concentrations found on d 4-10 of the cycle, d 11-16 of the cycle or
supraphysiological concentrations, linearly decreased the incidence of behavioral estrus

in dairy cows (Davidge et al., 1987). Progesterone has been proposed to act as a “brake”
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on LH secretion in the cow (Walters et al., 1982) and as an “organizer” of the estrous
cycle in the ewe (Hauger et al., 1977). Pulsatile release of LH is altered during the
estrous cycle of the cow depending upon the dominant steroid (Rahe et al., 1980).
Withdrawal of progesterone is necessary for increased concentrations of estradiol and
subsequent estrus in cattle (Fogwell et al., 1978; Walters et al., 1982) and sheep
(Goodman et al,, 1981). Removal of progesterone-releasing intravaginal devices (PRIDs)
increased concentrations and pulse amplitude of LH and FSH in heifers (Ireland and
Roche, 1982b). Pulse frequency of LH was increased after PRID removal while FSH
pulse frequency was unchanged. Schallenberger et al. (1984) found pulse frequency of
LH and FSH increased within 3 h after prostaglandin-induced luteal regression in heifers.
Basal concentrations and pulse amplitudes of LH were increased while basal
concentrations and amplitudes of FSH were decreased. Implants supplying
concentrations of progesterone similar to the luteal phase blocked LH and FSH surges in
ovariectomized ewes (Kasa-Vubu et al., 1992). Carrick and Shelton (1969) suggested
progesterone treatment resensitized the hypothalamus and/or the anterior pituitary gland
of ovariectomized cows exposed to supraphysiological concentrations of estradiol.

The action of progesterone on LH suppression seems to be an indirect effect at the
hypothalamus. Progesterone treatment decreased GnRH in pituitary stalk blood of
ovariectomized rats (Sarkar and Fink, 1979) and sheep (Karsch et al., 1987). Recognizing
the close association between pulsatile release of GnRH and LH, Goodman and Karsch
(1980) proposed that GnRH secretion was directly altered by progesterone since pulse
frequency of LH was diminished after progesterone treatment in ovariectomized ewes.

Pulsatile infusion of GnRH reinitiated normal menstrual cycles in female monkeys with
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hypothalamic lesions that abolished endogenous GnRH release (Wildt et al., 1981b).
Progesterone implants failed to block estradiol-induced LH release in lesioned mbnkeys
suggesting progesterone acts at the hypothalamus (Wildt et al., 1981b). Similarly,
progesterone implants did not alter the estradiol-induced LH surge in GnRH-pulsed,
hypothalamic-pituitary disconnected sheep (Clarke and Cummins, 1984). Progesterone
administered to ovariectomized ewes suppressed serum concentrations of LH; however,
the number of GnRH-R and pituitary gland content of LH were not altered (Moss et al.,
1981). In vitro treatment of bovine pituitary cells with progesterone did not affect basal
or GnRH-induced LH release (Padmanabhan and Convey, 1981). Addition of
progesterone to pituitary cell culture blocked estradiol-induced increases in LH release.
Baratta et al. (1994) found that progesterone treatment of midluteal phase, bovine
pituitary cells did not affect tonic LH release but suppressed GnRH-induced LH release.
Secretion of FSH in bovine pituitary cell culture was unchanged in the presence of
progesterone (Padmanabhan and Convey, 1981). However, progesterone decreased FSH
secretion in ovine pituitary cell cultures within 12 h of treatment in the presence of
insulin (Batra and Miller, 1985).

Steroids alter gonadotropin release throughout the estrous cycle. Dynamic
negative (both progesterone and estradiol) and positive (estradiol) féedback control the
pulsatile pattern of gonadotropin release. Behavioral estrus is induced by increased
concentrations of estradiol and decreased progesterone, and estrous activity is influenced
by endogenous concentrations of estradiol. Progesterone acts at the hypothalamus to
alter GnRH release while estradiol influences gonadotropin release directly at the anterior

pituitary gland. The hypothalamus and/or anterior pituitary gland of cows exposed to
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maximal concentrations of estradiol during gestation may be resensitized by increasing

concentrations of progesterone.

Owvulation in Cows

Ovulation is initiated by the preovulatory LH surge and resembles an
inflammatory-like process resulting in the rupture of the follicle and release of the ovum
from the ovary (Espey, 1994). Ovulation usually occurs approximately 28-32 h after the
onset of estrus in both dairy and beef cattle (Trimberger, 1948; Walker et al., 1996;
Looper et al., 1998).

A protrusion termed the “stigma” develops at the apex of the preovulatory follicle
at the time of ovulation (Espey, 1967). The apical wall of the preovulatory follicle in
rabbits diminishes to less than 20% of its original thickness (Espey, 1967). This
distension is not due to change in the intrafollicular pressure. Espey and Lipner (1963)
found a constant pressure of 15-20 mm Hg present during ovulation in the preovulatory
follicle of the rat. Contraction of smooth muscle cells surrounding the follicle is thought
to play a role in the ovulatory process (Pendergrass and Talbot, 1979; Self et al., 1989).
However, Kobayashi et al. (1984) found ovulation in the rabbit occurs without
contractions of the follicular smooth muscle.

The current hypothesis proposes ovulation to be similar to an inflammatory
response (Espey, 1994). Increases in blood volume in the rat ovary increased from .6 pL
at the initiation of ovulation induced by hCG to 1.37 uL 4 h after hCG administration

(Tanaka et al., 1989). This increase in blood flow is presumably due to vasodilatation
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produced from increasing kinins present in the ovary (Espey, 1994) and decreasing
concentrations of histamine in mast cells lining blood vessels of the ovary (Krishna et al.,
1989).

Prostaglandins produced via the arachidonate pathway are thought to be involved
in activation of collagenolytic activity necessary for degradation of the follicular wall
(Reich et al., 1985; Murdoch et al., 1986). Concentrations of prostaglandins are
increased in sheep follicles 12 h after the preovulatory surge of LH (Murdoch et al.,
1981). The rate limiting enzyme for prostaglandin synthesis, prostaglandin G/H synthase-
2 (PGHS-2), is induced by hCG in rats, cows and mares (Liu et al., 1997; Sirois and
Dore, 1997). Time during ovulation when prostaglandin G/H synthase-2 was expressed
varied among species; however, ovulation of all species occurred within 10 h after

PGHS-2 induction (Liu et al., 1997; Sirois and Dore, 1997).

First Postpartum Ovulation < @

Resumption of ovarian function in postpartum beef cows resemble luteal events
associated with puberty in ruminants. Gonzalez-Padilla et al. (1975) found two distinct
increases in concentrations of progesterone in heifers prior to first ovulation. Similarly, in
postpartum beef cows, first ovulation after parturition is usually followed by a transient
increase in concentrations of progesterone for 4 to 5 d (Williams and Ray, 1980;
Humphrey et al., 1983; Perry et al., 1991). A normal luteal phase (17-21 d) preceded by
estrus often follows this transient increase in progesterone (Pratt et al., 1982; Perry et al.,

1991).
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Short luteal phases can be one of two types: corpora lutea having a short lifespan
with a transient increase in progesterone (Odde et ali, 1980) or normal corpora lutea with
reduced concentrations of progesterone (Pratt et al., 1982). Short-lived corpora lutea may
be induced by GnRH administration (Kesler et al., 1980) or short-term calf removal
(Odde et al., 1980).

First ovulation in postpartum beef cows may or may not be accompanied by
behavioral estrus. Forty-two percent of nonsuckled cows observed twice daily for
behavioral estrus ovulated without exhibiting estrus, while 70% of suckled cows did not
have behavioral estrus associated with the first postpartum ovulation (Graves et al.,
1968). Similarly, Rawlings et al. (1980) found concentrations of progesterone were
increased in 4 of 5 cows befq_gcdetected estrus determined by Kamar heat mouﬁt
detectors and a bull. Using ultrasonography to monitor corpus luteum formation and
visual observation thrice daily for estrous behavior, Perry et al. (1991) found that 10
suckled beef cows did not exhibit behavioral estrus prior to first ovulation after
parturition, while one cow exhibited estrus and two cows had increased estrous activity.

Progesterone concentrations are reduced during transient luteal phases compared -
with normal lutgal phases. Concentrations of progesterone before the first postpartum
estrus were 15-20% of concentrations of progesterone during the subsequent normal
luteal phases of beef cows (Arije et al., 1974). In primiparous heifers exhibiting short
luteal phases, progesterone concentrations averaged less than 1 ng/mL in 7-8 d cycles
(Corah et al., 1974; Williams and Ray, 1980). Plasma progesterone increased in
postpartum Hereford cows for 4 d, declined for the next S d, and then increased to

concentrations indicative of normal luteal activity (Rawlings et al., 1980). Werth et al.
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(1996) found concentrations of progesterone averaged 2.3 ng/mL 6.6 d prior to the first
estrus after parturition which was followed by normal luteal function.

Source of the first increase in plasma progesterone at puberty and after calving is
considered to be of ovarian origin. Increases in progesterone in pubertal heifers are
associated with luteal tissue found below the surface of the ovary (Berardinelli et al.,
1979). Luteal tissues could not be visualized nor palpated after ovariectomy; however,
histological examination of ovaries revealed condensed luteal tissue. In pubertal ewes,
the luteal structure associated with the transitory increase in progesterone is more
pronounced, averaging 7.0 = 1.7 mm (Berardinelli et al., 1980). Daily ultrasonography of
beef cows from 25 d postpartum until normal luteal activity revealed a short-lived CL
associated with the transient increase in progesterone (Perry et al., 1991).

Abnormal follicle size is not responsible for short-lived corpora lutea. Maximum
diameter of the ovulatory follicle is similar between the first (short luteal phase) and
second ovulation (normal luteal phase) in suckled beef cows (13.5 vs 13.3 mm for first
and second oyulation, respectively; Perry et al., 1991). Ovulation after weaning of calves
is associated with short luteal phases (Odde et al., 1980). Follicle diameters of cows with
weaned calves expected to have short-lived CL were similar to control cows (17.6 mm vs
16.8 mm, respectively; Braden et al., 1989). Corah et al. (1974) suggested luteinized
follicles also might contribute to this transient increase in progesterone. Rectal palpation
of ovaries in postpartum beef cows revealed increased numbers of medium and large
follicles occurred at the time of transient increases in progesterone (Rawlings et al.,
1980). This indicates luteinized follicles may contribute to increased concentrations of

progesterone.
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Several mechanisms have been postulated to describe the events associated with

short luteal phases including 1) subnormal follicular development prior to ovulation, 2)
inadequate concentrations of LH, and/or 3) a premature increase in concentrations of
prostaglandins (Hunter, 1991; Garverick et al., 1992).

First ovulation in postpartum beef cows is usually associated with a short-lived
CL (Perry et al., 1991) and concéntrations of progesterone are usually less than during a
normal luteal phase (Corah et al., 1974; Williams and Ray, 1980). Estrus and a normal
luteal phase follows the short-lived CL. First ovulation after parturition may or may not

be accompanied by behavioral estrus and duration and intensity of estrus may be reduced.

Follicle Development Associated with Subnormal Luteal Function. Follicles forming

short-lived corpora lutea are usually less developed and lack adequate gonadotropin
receptors. There are less LH and FSH receptors in follicles of postpartum cows expected
to have short-lived CL than normal cycling cows (Braden et al., 1989). Progesterone
treatment reduces the incidence of short cycles in postpartum cows with weaned calves
(Ramirez-Godinez et al., 1981). Number of LH receptors in the ovary was greater in
anestrous, suckled, postpartum beef cows treated with progesterone than control cows;
however, FSH receptors for treated and control cows did not differ (Inskeep et al., 1988).
Binding of LH to thecal cells induces estradiol production necessary for normal
development of the corpus luteum in anestrous ewes (Hunter et al., 1986). Progesterone
treatment for 2 to 14 d (McLeod et al., 1982; McLeod and Haresign, 1984) delayed the
preovulatory LH surge in seasonally anestrous ewes administered GnRH at 2 h intervals

compared with nontreated control ewes. Normal luteal function occurred in all
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progesterone pretreated ewes, while only 14 to 25% of anestrous ewes not treated with
progesterone had normal luteal function. McLeod and Haresign (1984) proposed that
progesterone may modify the response of the ovulatory follicle to gonadotropin release.
Concentrations of estradiol in follicular fluid may be less in follicles expected to
form short-lived CL. Progesterone treatment of anestrous, suckled beef cows for 9 d
increased concentrations of estradiol in follicular fluid of the largest follicle at 10 and 20
h after norgestomet treatment compared with control cows (Garcia-Winder et al., 1987).
Follicles from anestrous, suckled cows treated with progesterone for 9 d were heavier due
to increased amounts of follicular fluid which contained more estradiol than nontreated
cows (Inskeep et al., 1988). Similarly, estradiol concentrations were four-fold greater in
follicles from normal cycling cows compared with follicles from cows with weaned

calves expected to form short-lived corpora lutea (Braden et al., 1989).

Concentrations of Serum Gonadotropins Associated with Short-lived CL. Short-lived CL

may be produced by GnRH treatment of anestrous ewes (O’Shea et al., 1984) and
postpartum beef cows (Kesler et al., 1980). Abnormal CL produced following the
induction of ovulation by GnRH treatment is reduced by pretreatment with progesterone
(Ramirez-Godinez et al., 1981). Normal and short-lived corpora lutea do not differ during
early development. Corpora lutea weight, progesterone content and hCG binding are
similar on d 3 and 4 of the estrous cycle for anestrous ewes treated with injections of
GnRH (every 2 h) with or without pretreatment with progesterone (Hunter et al., 1988).
However, all three variables were decreased in CL from ewes without progesterone

pretreatment which were expected to be short-lived (Hunter et al., 1988). Maximal
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concentrations of gonadotropins are necessary for support of newly formed CL (Hansel
and Convey, 1983). Early weaned cows had reduced serum concentrations of FSH prior
to the first estrous cycle compared with the second estrous cycle (Ramirez-Godinez et al.,
1982; Garcia-Winder et al., 1986). However, administration of FSH to GnRH-treated
postpartum beef cows did not alter plasma estradiol concentrations or reduce the
formation of abnormal corpora lutea (Lishman et al., 1979).

Concentrations of LH, as well as frequency, amplitude and duration of pulses of
LH did not differ between cows with normal cycles compared with weaned cows
expected to have short estrous cycles (Ramirez-Godinez et al., 1982; Garverick et al.,
1988). Binding of hCG to CL of GnRH-treated anestrous ewes was similar 4 d after
GnRH treatment in ewes pretreated with progesterone compared with non-progesterone
treated ewes (Hunter et al., 1988). However, binding of hCG was reduced 5 d after
GnRH treatment in anestrous ewes not pretreated with progesterone. Amounts of mRNA
encoding for LH receptor was reduced (48%) in short-lived corpora lutea of postpartum

beef cows at day 8 of the estrous cycle compared with normal CL (Smith et al., 1996).

Uterine Control of Luteal Activity. Premature release of prostaglandins by the uterus

may be a contributor to short-lived corpora lutea. Intrauterine infusions of the
prostaglandin synthesis inhibitor, indomethacin, increased the lifespan of corpora lutea in
GnRH-treated cows (Troxel and Kesler, 1984). Copelin et al. (1989) demonstratgfi that
immunization against prostaglandin F,, would extend the lifespan of the first postpartum
corpus luteum that is expected to be short-lived. Hysterectomy of early-weaned cows

maintained CL until PGF;, administration while control cows subjected to a sham
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surgery had 8 to 10 d estrous cycles (Copelin et al., 1987). Short-lived CL are often
caused by premature induction of luteolysis.

Normal luteolysis in ruminants relies on the interaction between prostaglandins
and oxytocin (McCracken et al., 1984; Hansel and Dowd, 1986). Changes in PGF,, are
usually determined by quantification of the stable PGF,, metabolite, 15-keto-13,14
dihydro PGF,, (PGFM). Peripheral concentrations of PGFM accurately reflect uterine
PGF,, secretion (Guilbault et 'al., 1984). Dairy cows that had short-lived CL had greater
serum concentrations of oxytocin associated with an increase in PGFM compared with
cows that had normal CL (Peter et al., 1989). In vitro production of prostaglandins by
luteal cells was greater in cows induced to ovulate by administration of hCG without
prior progesterone treatment, compared with cows pretreated with progesterone implants
(Hu et al., 1990). Postpartum cows (Zollers et al., 1989) and ovariectomized ewes
(Vallet et al., 1990) pretreated with progesterone had reduced systemic concentrations of
PGFM after injection with oxytocin compared with animals without prior progesterone
treatment.

Progesterone treatment for S d reduced concentrations of oxytocin receptor in the
endometrium of ovariectomized ewes (Vallet et al., 1990). Ninety-two percent of
progesterone pretreated, anestrous ewes administered multiple injections of GnRH
ovulated compared with 54% of ewes given multiple injections of GnRH without prior
exposure to progesterone (Hunter et al., 1989). Ewes induced to ovulate with GnRH
(injections every 2 h) without pretreatment with progesterone had increased plasma
concentrations of oxytocin and PGFM 3 to 5 d after the end of GnRH treatment. On d 5

after GnRH treatment, oxytocin binding sites in the endometrium were found only in
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ewes not pretreated with progesterone (Hunter et al., 1989). Similarly, early weaned beef
cows without progesterone treatment had increased concentrations of oxytocin receptors
and decreased number of progesterone receptors in the endometrium compared with cows

expected to have normal-lived corpora lutea (Zollers et al., 1993).

Nutritional Effects on Secretion of Gonadotropins

Undernutrition hinders the reproductive process in rats (Campbell et al., 1977),
heifers (Day et al., 1986; Yelich et al., 1995; Bossis et al., 1999), cows (Richards et al.,
1989a) and lambs (Foster and Olster, 1985). Pomerantz and Mulinos (1939) proposed
malnutrition acted as “pseudohypophysectomy” in rats that lost greater than 10% of their
body weight when consuming inadequate diets. The severity of nutritional deprivation

determines if reproductive processes will be compromised.

Chronic Nutritional Deprivation

Long-term feed restriction diminishes pulsatile release of the gonadotropins.
Pulse frequency of LH is decreased after severe undernutrition in rats (McClure and
Saunders, 1985; Sisk and Bronson, 1986), monkeys (Dubey et al., 1986), humans (Boyar
et al., 1974), ewes (Foster and Olster, 1985), heifers (Day et al., 1986; Yelich et al., 1995;
Bossis et al., 1999) and cows (Richards et al., 1989a).

The site at which nutrition influences gonadotropin release presumably is the
hypothalamus since the pituitary gland is uncompromised in underfed animals.
Exogenous GnRH treatment of feed restricted monkeys (Dubey et al., 1986), ewes

(Foster et al., 1989; Kile et al., 1991) and cattle (Beal et al., 1978; Rasby et al., 1991;
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Vizcarra et al., 1997) caused LH release, usually to concentrations greater than ad libitum
fed animals. In contrast, gonadotropin content of the pituitary glands of humans .may be
depleted afier nutritional deprivation. Serum concentrations of FSH were decreased in
men on d 8 of a 10 d fast and did not increase after GnRH infusion (.2 pg/min) for 4 h
(Klibanski et al.,1981).

Severe feed restriction (4 g of food/day) for 39 d in male rats decreased pulsatile
LH 57% of control rats while concentrations of FSH in feed restricted rats were
decreased only 14% of controls (Sisk and Bronson, 1986). Serum concentrations of LH
and FSH were reduced 77 and 63%, respectively, in ovariectomized ewes fed a diet of
| 60% maintenance for 127 d (Kile et al., 1991). Pituitary concentrations of LH and FSH
were reduced 80 and 56%, respectively, in feed restricted ewes. Reduction of pulsatile
GnRH release may favor synthesis and release of FSH over that of LH. In monkeys,
greater pulse frequency of GnRH increased pulsatile release of LH compared with FSH,
whereas decreased GnRH pulse frequency increased FSH secretion (Wildt et al., 1981a).
Concentrations of FSH were increased in feed restricted heifers prior to nutritional
anestrus compared witﬁ FSH concentrations before the initiation of feed restriction
(Rhodes et al., 1996; Bossis et al., 1999). Nutritional deprivation decreases
concentrations of estradiol in heifers (Rhodes et al., 1996; Bossis et al., 1999) which may
allow for increased FSH concentrations. Vizcarra et al. (1997) found that GnRH
treatment (1 pulse/4 h) reduced pituitary concentration of FSH, but not LH in
nutritionally anestrous cows. Presumably, a slower pulse frequency of GnRH is needed

for FSH secretion compared with that required for LH release.
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Acute Nutritional Deprivatjon

Influence of acute or short-term feed restriction on gonadotropins depends
primarily on the extent of the restriction and the species involved. After a 4 d fast,
pituitary content, as well as serum concentrations of both LH and FSH were decreased in
adult male rats (Bergendahl et al., 1989). Orchidectomized rats fed 50% ad libitum diets
for 7 d had decreased LH pulse frequency compared with ad libitum fed rats (Dong et al.,
1993). Campbell et al. (1977) demonstrated complete starvation of rats for 7 d decreased
serum concentrations of LH and FSH 75 and 32%, respe;:tively, compared with
concentrations in control rats. The decrease in LH secretion associated with nutritional
deprivation may be due to increased sensitivity of the pituitary to the negative effects of
estradiol. Ovariectomized rats treated with estradiol and fasted for 48 h had reduced
concentrations, pulses and amplitudes of LH compared with unfasted, estradiol treated
rats (Cagampang et al., 1991). Wethers fed to lose body weight and treated with estradiol
for 72 h had reduced LH pulse frequency compared with estradiol-treated wethers fed to
gain or maintain body weight (Beckett et al., 1997b). However, concentrations of serum
LH were reduced in ovariectomized heifers féd energy-restricted diets in the absence of
estradiol (Imakawa et al., 1987). McShane and Keisler (1991) found that sensitivity of the
pituitary to estradiol was not increased in feed restricted ewes. Estradiol may regulate
gonadotropin release at different regions of the brain in fasted animals compared with fed
animals. Ovariectomized rats implanted with estradiol into the Al fegion and
paraventricular nucleus of the brain had reduced concentrations of LH after a 48 h fast
compared with fasted rats implanted with estradiol in other regions of the brain (Nagatani

et al., 1994). Estradiol implants placed in restricted regions of the ventromedial
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hypothalamus of ovariectomized ewes resulted in estrous behavior and increased LH
secretion (Blache et al., 1991).

Short-term feed restriction in nonhuman primates influences gonadotropin release
similar to the effect in rats. One day of fasting adult male rhesus monkeys decreased LH
pulse frequency within the first 4-6 h after fasting was initiated (Cameron and Nosbisch,
1991). Refeeding at normal nutritional intakes the day after fasting restored LH pulse
frequency to a frequency greater than observed on a day of normal feeding. Influences of
fasting on LH pulse frequency in the monkey are independent of the psychological stress
associated with food restriction. After a 2 d fast, male rhesus monkeys were
administrated liquid nutrients via an indwelling gastric cannulae without reducing the
psychological stress of fasting (Schreihofer et al., 1993b). Monkeys infused with liquid
nutrients displayed agitation similar to continuously fasted monkeys; however, pulsatile
LH release was reestablished. Overfeeding monkeys (> 300% maintenance diet) the day
prior to a 24 h fast prevented decreased LH secretion usually observed with fasting
(Schreihofer et al., 1993a).

Concentrations of LH and FSH in men were not affected after a 24 h fast (Loucks
et al., 1994); however, plasma concentrations of LH and FSH, and pulse frequency of LH
in men were decreased after a 48 h fast (Cameron et al., 1991). Concentrations of LH and
FSH in serum were reduced in men (£ 25% normal body weight) completely fasted for 5
d (waterv only) (Veldhuis et al., 1993). Pulse amplitude of LH was reduced while LH
pulse frequency was not influenced by a 5 d fast.

The effects of acute feed restriction on gonadotropin release have not been

directly investigated in ruminants. Three of four Holstein heifers fasted (2 kg of
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straw/day) for 8 d during the estrous cycle (d 8 to 16 of the cycle) had reduced LH
concentrations on d 7 of fasting (McCann and Hansel, 1986). In contrast, cows fed
restricted diets had reduced concentrations of LH compared with maintenance fed cows
only after severe nutrient restriction (26 wk; Richards et al., 1989a). Bossis et al. (1999)
found that concentrations of LH were reduced in heifers fed restricted diets (32 wk)
compared to maintenance-fed heifers during the estrous cycle prior to nutritional

anovulation but not during the last ovulatory cycle.
Influence of Steroid Hormones on Genes Encoding for Gonadotropins

Although much is known about the regulation of LH and FSH secretion by steroid
hormones, recent advancement of molecular techniques has allowed insight into
pretranslational regulation of gonadotropins by GnRH, steroids and ovarian peptides.
Secretion of GnRH controls synthesis and secretion of gonadotropins via receptors on the
gonadotfophs; .consequently, regulation of GnRH receptors is a critical step in controlling

secretion of gonadotropins.

Gonadotropin-releasing Hormone Recéptor

The gonadotropin-releasing hormone receptor (GnRH-R) is composed of seven
hydrophobic regions that span the plasma membrane of gonadotroph cells of the anterior
pituitary gland (Duello and Nett, 1980; Marian and Conn, 1983). Gonadotropin-releasing
hormone binds to bihormonal gonadotrophs (producing both LH and FSH), as well as to

monohormonal cells (producing only LH or FSH) (Childs et al., 1987; Liu et al., 1988).
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Pockets formed from loops of the seven transmembrane domains of the receptor allow
GnRH to bind and activate the receptor (Stojilkovic et al., 1994). The carboxy-terminal
cytoplasmic tail, which is thought to be coupled with G proteins in other receptors of this
type, is absent in the GnRH-R; therefore, the GnRH-R depends upon other regions to
activate G proteins (Dohlman et al., 1991). The binding of GnRH to its receptor causes a
conformational change that leads to a dissociation of heterotrimeric G proteins activating
the a-subunit of the G protein (Stojilkovic et al., 1994). The a-subunit of the G protein
activates phosphoinositide-specific phospholipase C (PLC) which cleaves
phosphatidylinositol 4,5-bisphosphate (PIP,) forming 1,4,5-trisphosphate (InsP3) and
diacylglycerol (DAG), which are major second messengers (Conn, 1986). The increased
concentrations of InsP; induce oscillatory increases in Ca*" release from intracellular
stores via InsP3 binding to receptors on intracellular vesicles (Stojilkovic et al., 1992).
Increased intracellular concentrations of Ca’* and DAG activate protein kinase C (PKC).
Both Ca?* and PKC serve as signal transducers to control several cellular responses,
including the control of primary and secondary gene responses (Stojilkovic et al., 1994).
With the development of the mouse gonadotropin cell line, aT3-1 (Windle et al.,
1990), the complementary DNA (cDNA) encoding GnRH-R was clonéd and
characterized in the mouse (Reinhart et al., 1992; Tsutsumi et al., 1992), rat (Kaiser et al.,
1992), human (Chi et al., 1993), sheep (Brooks et al., 1993; Illing et al., 1993) and cow
(Kakar et al., 1993). The GnRH-R of the human, sheep and cow contains 328 amino
acids, while the mouse and rat réceptor have 327 amino acids (Kakar et al., 1993;
Stojilkovic et al.,' 1994). Homology of the mouse receptor is 97, 89, 87 and 86% with the

rat, human, sheep and cow receptors, respectively (Kakar et al., 1993; Stojilkovic et al.,
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1994). Northern blot analyses indicate four hybridizing species in sheep of 5.4-6, 3.6-4,
2.3 and 1.3 kilobases (Brooks et al., 1993; Illing et al., 1993). The 2.3 kb mRNA does
not encode a full length receptor (Illing et al., 1993). In the cow, the predominant mRNA
is 5.0 kb in size, féllowed by less abundant transcripts at 3.5, 2.5 and 1.5 kb (Kakar et al.,
1993).

Number of GnRH-R changes during the estrous cycle of most species due to
varying concentrations of steroids, as well as GnRH. Regulation of GnRH-R numbers
reflects changes in GnRH-R gene expression (Stojilkovic et al., 1994). Pulsatile release
of GnRH increases the amount of GnRH-R mRNA while continuous delivery of GnRH
tends to decrease receptor gene expression (Belchetz et al., 1978). Intermittent infusion
of GnRH to seasonally anestrous ewes (Turzillo et al., 1995b) and rats (Yasin et al,,
1995) increased the amount of GnRH-R mRNA in the pituitary gland. In vitro treatment
of rat pituitary cells with GnRH at a pulse every 30 min or every hour for 24 h increased
amounts of mRNA for GnRH-R (Kaiser et al., 1997). Similarly, in vitro perifusion of
pituitary gland fragments from metestrous and proestrous rats with pulsatile GnRH
increased mRNA for GnRH-R (Bauer-Dantoin et al., 1995). Continuous infusion of
GnRH decreased mRNA for GnRH-R in nutritionally anestrous cows (Vizcarra et al.,
1997) and wethers (Wu et al., 1994). Chronic treatment (7 d) of sheep pituitary cells with
a GnRH agonist decreased amounts of GnRH-R mRNA (Wu et al., 1994). Immunization
against GnRH decreased steady state concentrations of GnRH-R mRNA after 2-4 d in
orchidectomized sheep (Adams et al., 1997, Sakurai et al., 1997). Blockade of
neurosecretion from the hypothalamus in rats by pentobarbital decreased GnRH-R

mRNA expression (Bauer-Dantoin et al., 1995). Daily injections of the GnRH
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antagonist, Lupron, decreased amounts of GnRH mRNA by 75 to 80% in male rats
compared with control rats (Pinskil et al., 1996). Turzillo et al. (1995a) found
disconnection of the hypothalamus from the pituitary did not reduce concentrations of
GnRH-R mRNA in ewes. Female rats tend to have greater sensitivity to changes in
amplitude and pulse frequency of GnRH than male rats (Yasin et al., 1995). Longer
intervals between pulses and less amplitudes of GnRH are needed to increase mRNA for
GnRH-R in females compared to males.

Changes in the amount of GnRH-R mRNA that occur during the estrous cycle are
indicative of changes in concentrations of steroid hormones. Removal of the gonads
increased GnRH-R mRNA in pituitaries of rats (Kaiser et al., 1993) and sheep (Illing et
al., 1993) indicating chronic exposure to steroids down-regulates gene expression of
GnRH-R. Concentrations of GnRH-R mRNA are increased during the preovulatory
period in sheep (Brooks et al., 1993; Turzillo et al., 1994) and rats (Bauer-Dantoin et al.,
1993). Concentrations of GnRH-R mRNA are increased 3-fold on the afternoon of
proestrus in rats, precediﬁg the gonadotropin surge by 6 h (Bauer-Dantoin et al., 1993).

Acute treatment of ovariectomized ewes (Hamernik et al., 1995; Turzillo et al.,
1995a), wethers (Adams et al., 1996; Sakurai et al., 1997) and ovariéctomized rats
(Kaiser et al., 1993; Bauer-Dantoin et al., 1995; Yasin et al., 1995) with estradiol
increa‘ses GnRH-R mRNA. However, chronic treatment with estradiol for 7 d decreased
GnRH mRNA levels in ovariectomized rats (Kaiser et al., 1993). Concentrations of
GnRH-R mRNA rapidly decreased after removal of exogenous estradiol in wethers
(Adams et al., 1996). Estradiol treatment of hypothalamic-pituitary disconnected

ovariectomized ewes increased pituitary concentrations of GnRH-R mRNA indicating
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estradiol acts directly at the pituitary gland (Turzillo et al., 1995a). Estradiol treatment
induced increases in mRNA for GnRH-R in pituitaries of wethers immunized against
GnRH but increases were not as dramatic as in the presence of GnRH (Adams et al.,
1997). In vitro treatment of ovine pituitary cells for 48 h with estradiol dramatically
increased GnRH-R mRNA (Sealfon et al., 1990; Wu et al., 1994).

Effects of progesterone on concentrations of GnRH-R mRNA are less clear than
those of estradiol and may depend on previous exposure to estradiol. Chronic exposure
(7-8 d) to exogenous progesterone reduced concentrations of GnRH-R mRNA in wethers
compared with controls (Sakurai et al., 1997). However, wethers implanted with
progesterone and infused with estradiol had concentrations of GnRH-R mRNA similar to
wethers treated only with estradiol (Sakurai et al., 1997). Progesterone treatment of
estrogen primed rats did not decrease GnRH-R mRNA expression during the
gonadotropin surge; however, receptor gene expression was reduéed following the LH
surge in rats (Bauer-Dantoin et al., 1995). Progesterone treatment of sheep pituitary cells
significantly decreased GnRH-R mRNA compared with gene expression in controls (Wu
et al., 1994). The estradiol-induced increase in GnRH-R mRNA was partially inhibited
when progesterone was added to sheep pituitary cell cultures (Sealfon et al., 1990; Wu et
al., 1994). Turzillo et al. (1994) suggested that reduced concentrations of progesterone
are necessary for GnRH-R mRNA up-regulation. In intact ewes, pituitary content of
mRNA for GnRH-R increased 12 h after PGF», induced luteolysis. This increase in
mRNA GnRH-R occurred at a time when concentrations of progesterone were decreased
and prior to significant increases in concentrations of estradiol. This indicates that

progesterone and not estradiol may mediate the pretranslation of GnRH-R. Amounts of
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GnRH-R mRNA in intact ewes on d 14 of the estrous cycle were similar to those in
ovariectomized ewes (Hamernik et al., 1995). Minimal concentrations of estradiol and

progesterone in circulation may be necessary for up-regulation of GnRH mRNA.

Structure of Gonadotropins

Luteinizing hormone and FSH are glycoproteins consisting of two, noncovalently
linked subunits designated o and . Within a species, the a-subunit is common among
LH and FSH, as well as with thyroid-stimulating hormone and chorionic gonadotropin
(human and equine). The B-subunit is unique to each hormone and confers biological

specificity (Pierce and Parsons, 1981).

a-subunit gene and protein. Since the human o-subunit gene sequence was reported

(Fiddes and Goodman, 1979), the gene encoding the a-subunit has been isolated and
sequenced in the bovine (Erwin et al., 1983; Nilson et al., 1983), mouse (Chin et al.,
1981) and rat (Godine et al., 1982). A single gene containing 4 exons and 3 introns
encode for the a-subunit in humans, cattle, mice and rats (for review see Gharib et al,,
1990). In all species, the o mRNA ranges in size from 730 to 800 nucleotides translating
into a 24 amino acid precursor followed by the mature 96 amino acid peptide (92 aa in
the human) (Gharib et al., 1990). The protein sequence (96 aa) for the a-subunit is
identical for all four glycoproteins and contains two oligosaccharides N-linked to 4
asparagines (Pierce and Parsons, 1981). The tertiary structure of the a-subunit is attained

by five internal disulfide bonds (Pierce and Parsons, 1981). Intracellular concentrations
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of the common a-subunit are in excess of the LHB-subunit mRNA in cattle (Fetherston

and Boime, 1982) and sheep (Landefeld et al., 1984).

LHp-subunit gene and protein. A single gene encodes for the LHB-subunit in humans
(Talmadge et al., 1984), rats (Tepper and Roberts, 1984) and cattle (Maurer, 1985);
however, the related human CGf-subunit is encoded by seven genes (Talmadge et al.,
1984). The LHB-subunit gene in the bovine contains 3 exons and 2 introns with a length}
of 1.1 kilobases (Virgin et al., 1985). Bovine LHB-subunit mRNA is a 550 nucleotide
translating into a 120 amino acid protein (Virgin et al., 1985). Six disulfide bonds assist
in the three dimensional structure of both LHB- and FSHf3-subunits (Pierce and Parsons,
1981). Additionally, the LHB-subunit has one N-linked carbohydrate chain attached to

an asparagine residue (Pierce and Parsons, 1981; Gharib et al., 1990).

FSHP-subunit gene and protein. Similar to the LHB gene, a single gene encodes the
FSHp-subunit in humans (Jameson et al., 1988), rats (Gharib et al., 1989) and cattle (Kim
et al., 1988) and consist of 3 exons and 2 introns. In the bovine, the FSHf gene is 4
kilobases in length (Kim et al., 1988). A long 3’-UT region (1.2 kilobases), uncommon
to the LHB-subunit, is in the bovine FSHp gene (Gharib et al., 1990). The mature FSHp
protein is slightly smaller than the LHf protein with 118 amino acids (Gharib et al.,
1990). Two N-linked oligosaccharides are bound to asparagine residues in the FSHf3-

subunit (Pierce and Parsons, 1981; Gharib et al., 1990).
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Regulation of Gonadotropin Subunit mRNAs by GnRH

Release of GnRH from the hypothalamus is required for pulsatile secretion of
gonadotropins in monkeys (Knobil, 1980), sheep (Clarke and Cummins, 1982) and cattle
(Anderson et al., 1981). Pulsatile GnRH treatment increases gonadotropin gene
expression in mice (Saade et al., 1989), rats (Dalkin et al., 1989; Haisenleder et al.,

1990), sheep (Mercer et al., 1988) and cattle (Vizcarra et al., 1997). Amounts of LHf3
and FSHPB mRNA were decreased 60 and 90%, respectively, in male rats treated with a
GnRH antagonist for 10 d (Perheentupa and Huhtaniemi, 1990). The a-subunit mRNA
was not affected in male rats treated with the GnRH antagonist. Pulses of GnRH every 30
min increased FSH3 mRNA after 6 h and a-subunit mRNA after 12 h in female rats
(Haisenleder et al., 1990). After 12 h of 30 min pulses of GnRH, LHf3 mRNA increased
in rats, then decreased to amounts similar to control rats. Removal of hypothalamic input
by disconnecting the hypothalamus from the pituitary decreased amounts of o.- and LHf3-
subunit mRNA in ovariectomized ewes (Hamernik et al., 1986). Immunization of
ovariectomized cows against GnRH decreased amounts of mRNA for a- and LHf3-
subunits (Stumpf et al., 1992).

Biosynthesis of gonadotropin subunits is differentially regulated by the release
pattern (amplitude and frequency) of GnRH from the hypothalamus. in castrated male
rats, GnRH treatment at frequent intervals (8 and 30 min) increased steady state amounts
of a-subunit and LHB mRNA (Dalkin et al., 1989). Maximal amounts of FSHf3 mRNA
were associated with slower GnRH pulse intervals of 120 min (Dalkin et al., 1989;

Haisenleder et al., 1991). Similarly, in vitro treatment of rat pituitary cells with GnRH
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stimulated maximal amounts of a-subunit and LHB mRNA at a pulse frequency of 30
min; maximal amounts of FSHf} were associated with GnRH pulses every 120 min
(Kaiser et al., 1997). Changes in GnRH-R may be responsible for differential regulation
of mRNA for gonadotropin subunits. Kaiser et al. (1995) transfected GHj cells (rat
pituitary cells generated from a rat adenoma) with a GnRH-R ¢cDNA vector containing a
heterologous promoter, and regulatory regions (transcriptional start site) of the human o-,
rat LHB- and rat FSH-subunits fused to luciferase reporter genes. Pituitary cells
cotransfected with LHB-subunit fused to luciferase reporter genes and increasing amounts
of GnRH-R ‘cDNA had increased luciferase activity for o and LHP} after GnRH
treatment. Stimulation of luciferase activity of FSHB by GnRH was reduced as

transfection of GnRH-R ¢cDNA increased (Kaiser et al., 1995).
Regulation of Gonadotropin Subunit mRNAs by Steroid Hormones

It is well established that removal of gonadal steroids by gonadectomy increases
concentrations of gonadotropins in the circulation. Only in the last 15 years has the
regulatory role of steroids on the synthesis of gonadotropins been elucidated (for review

see Nett, 1990).

Gonadectomy
In early studies, mRNA was translated in cell-free systems, and the translated
product was characterized by polyacrylamide electrophoresis allowing for an indirect

measurement of gonadotropin subunits. Using this system, castration increased amounts
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of all three gonadotropin subuﬁits in the pituitary gland of both male and female rats
compared with intact animals (Godiné et al., 1980). Counis et al. (1983) found fhat
ovariectomy of rats increased concentrations of mRNA encoding for common a-subunit
and LHB-subunit compared with intact animals. Pituitary glands of steers had 5-fold
greater synthesis of a- and LHB-subunits compared with pituitary glands of intact cows
(Fetherston and Boime, 1982). Wefhers had increased amounts of FSH mRNA
(Alexander and Miller, 1982) and ovariectomized lambs had increased o-subunit mRNA
(Landefeld et al., 1984) compared with intact animals.

A more direct method of quantifying amounts of mRNA for subunits became
available with the isolation of gonadotropin subunit cDNAs. Utilizing RNA-cDNA
hybridization assays, Abbot et al. (1985) found that both a- and LHB-subunits were
increased 4 d after castration in male rats. Amounts of mRNA for a- and LHB-subunits
were increased within 24 h after castration in male rats (Papavasiliou et al., 1986).
However, amounts of mRNA for the subunits increased more slowly in ovariectomized
female rats. Significant increases occurred on d 4 and 7 after ovariectomy for a- and
LHB-subunits, respectively, in female rats (Papavasiliou et al., 1986). Ovariectomy
gradually increased amounts of mRNA for all three gonadotropin-specific subunits in
female rats with LHB mRNA increasing more dramatically than o~ and FSHB;subunits
(Gharib et al., 1987). Amounts of gonadotropin subunit mRNAs increase in male rats
after castration. Amounts of FSHE mRNA increase 4-fold 7 d post castration and decline
to amounts observed in intact animals by 28 d after castration (Gharib et al., 1987).
Ovariectomized pubertal heifers had greater amounts of steady state o.-subunit and LHf3

mRNAs compared with intact animals (Roberson et al., 1992). More LH-containing
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gonadotropes were in pituitary gland cells one month after gonadectomy in rats compared
with intact animals (Ibrahim et al., 1986). Using a nuclear run-off assay, where nuclei of
pituitary cells are incubated with radiolabeled nucleotides, gonadotropin subunit mRNA
synthesis was greatest in pituitary glands frofn ovariectomized rats compared with

pituitary glands from intact and estrogen-treated rats (Shupnik et al., 1988).

Estrogen

Stimulatory effects of gonadal removal on amount of gonadotropin mRNAs in
rats were inhibited with a single injection of estradiol (Counis et al., 1983). Chronic
administration of estradiol to rats for 7 d after gonadectomy reduced the a-, LHf3- and
FSH-subunits to amounts 6bserved in intact animals (Gharib et al., 1987). Daily
injections of estradiol in sheep reduced mRNA for FSH by 75 and 90% after 3 and 6
days, respectively (Alexander and Miller, 1982). Chronic exposure to estradiol has a
triphasic effect on amoﬁnt of mRNA for gonadotropins in ovariectomized ewes (Herring
et al., 1991). Acute exposure to estradiol (12 h) decreased the amounts of mRNA for all
three gonadotropin subunits in ovariectomized ewes followed by increases in a-subunit
and LHB mRNA after 24 h with no affect on FSHB mRNA. Further exposure to estradiol
decreased amounts of mRNA for oo and LHf after 4 d, and amounts of FSHf mRNA
were decreased after 8 d (Herring et al., 1991). Estradiol treatment of ovariectomized,
hypothalamic-pituitary disconnected ewes for 24 h reduced amounts of LHf mRNA by
38% compared with untreated ewes, and amounts of mRNA for a and FSHf were not
influenced (Di Gregorio and Nett, 1995). This indicates that estradiol may act directly at

the pituitary gland to regulate steady state amounts of mRNA.
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Concentrations of estradiol increase simultaneously with concentrations of
gonadotropins at estrus. With increased concentrations of LH and FSH it would seem
likely that amounts of mRNA for the gonadotropins would increase similarly; however,
there are conflicting reports. Estradiol treatment of ovariectomized rats induced a
preovulatory surge of LH without increasing amounts of mRNA for LHf; however, the
* a-subunit was increased 2-fold during the LH surge (Haisenleder et al., 1988). A
previous report from the same laboratory indicated that LHB mRNA was increased
during tﬁe proestrus LH surge while the amount of a-subunit mRNA was unchanged
(Zmeili et al., 1986). Acute exposure (16 h) to estradiol increased translatable o-subunit
3-fold in intact ewes (Landefeld et al., 1984). Amounts of mRNA for the a-subunit were
unchanged whereas FSH} mRNA was decreased during an estradiol-induced surge of LH
in ovariectomized ewes (Hamernik and Nett; 1988). If concentrations of gohadotropins
were increaéing, LHB mRNA was similar to untreated ovariectomized ewes. However,
when gonadotropins were decreasing, LH} mRNA was reduced (Hamernik and Nett,
1988). Concentrations of estradiol similar to concentrations that occur during the
follicular phase of the estrous cycle did not stimulate gene expression of a.- and LHp-

subunits in ovariectomized cows (Cupp et al., 1995).

Progesterone

Effects of progesterone on gonadotropin subunit mRNAs are less pronounced and .
not as definite as those associated with estradiol. During gestation (d 50 to 140), amounts
of mRNA for LHf declined in ewes (Wise et al., 1985). Concentrations of progesterone

and estradiol are increased during this time of gestation in ewes (Moss etal., 1980).
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Ovariectomized ewes treated with estradiol and progesterone for 69 d to mimic
concentrations of steroids during late gestation had reduced amounts of mRNA for a- and
LHp-subunits compared with ovariectomized ewes (Nett et al., 1990). Exogenous
pulsatile GnRH for an additional 42 d after exposure to steroids did not increase amounts
of a- and LHB-subunits compared with ovariectomized ewes with or without steroid
treatment. Exposure of ovariectomized, hypothalamic-pituitary disconnected ewes to
progesterone during estradiol treatment decreased a-subunit and FSHf mRNA without
altering mRNA for LHB compared with ewes treated with estradiol alone (Di Gregorio
and Nett, 1995). Exposure of sheep pituitary cell cultures to progesterone decreased
amounts of FSHB mRNA by 68% and oo mRNA by 30% within 24 h (Phillips et al.,
1988). However, administration of the progesterone antagonist RU 486 did not restore
LHp-subunit amounts in lactating rats (Lee et al., 1989). Progesterone treatment did not
alter translatable a- or LHB-subunits in ovariectomized rats compared with controls
(Counis et al., 1983). Progesterone treatment via implants for 3 wk did not affect
amounts of mRNA for a-, LHB- or FSHp-subunit in ovariectomized sheep (Hamernik et
al., 1987). The influence of progesterone on gonadotropin-specific subunits is unclear.
Progesterone affects synthesis and release of gonadotropins at the hypothalamus by
altering GnRH éecretion. Progesterone alone may have little or no affect on the synthesis
of gonadotropins; however, progesterone, in conjunction with estradiol, may act
synergistically to suppress LH} mRNAs.

Disagreement among studies utilizing steady state amounts of mRNA for
gonadotropins as a measurement for gene expression can be explained by differences in

animal models (intact vs ovariectomized), as well as the physiological state of the animal
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at the time of pituitary gland harvest. Steady state amounts of mRNA for the
gonadotropins may or may not reflect plasma concentrations of gonadotropins. Winters
(1996) found a significant correlation (r = .60) between plasma concentrations of FSH
and -.mRNA for FSHB-subunit in intact rats. However, there was no correlation between
plasma FSH and mRNA for FSHP in castrated rats. Plasma concentrations of a- and
LH-subunits did not reflect amounts of mRNA for these gonadotropins in the pituitary
gland of either castrated or intact rats (Winters, 1996).

Discrepancies when comparing amounts of mRNA between studies may be due to
slight differences in time at which pituitary glands were collected. Alexander and Miller
(1982) proposed that the half-life of common a-subunit was 51 h while the B-subunit is
less stable with a half-life of 12-16 h (Hall and Miller, 1986; Hamernik and Nett, 1988;
Di Gregorio and Nett, 1995). Accurate determination of treatment differences in mRNA
for gonadotropin subunits would require collection of pituitary glands at more frequent
intervals. Use of techniques that directly measure gonadotropin gene transcription (i.e.,
nuclear run-off assay) also may reduce variable results between studies (Hamernik,
1995).

Nutritional Effects on Gonadotropin Subunits

Malnutrition alters secretion of gonadotropins; therefore, amounts of the mRNA
encoding for the glycoproteins should be affected by nutrition. Amounts of a-subunit
mRNA in intact male rats were-decreased 42% after a 4 d fast compared to control rats,
while LHB- and FSHB-subunit mRNAs were not affected (Bergendahl et al., 1989). Six

days of fasting decreased both a- and FSHp-subunits, while the LHB-subunit increased in
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fasted rats compared with normal fed rats. Deprivation of food for 5 d did not alter
amounts of mRNA for a- and FSHp-subunits for intact and orchidectomized rats
(Bergendahl and Huhtaniemi, 1994). Feed restriction for 5 d increased LHB-subunit
mRNA in acute, as well as chronically castrated male rats compared with intact animals
(Bergendahl and Huhtaniemi, 1994). The effects of undernutrition on the synthesis of
gonadotropins in rats are not clear. Presence of gonads may influence how nutrition
effects gonadotropin synthesis in rodents.

Ovariectomized ewes reéeiving minimal concentrations of estradiol (~ 5 pg/mL)
and fed restricted diets (60% of NRC requirements) for 127 d had reduced amounts of
mRNA for a-, LHB- and FSHB-subunit§ compared with normal fed ewes (Kile et al.,
1991). Mature ovariectomized ewes fed a restricted diet (60% of control animals) for 6
wk foliowed by a more severe feed restriction (40% of control diet) for 14 wk had similar
amounts of o.-, LHB- and FSHf-subunits at 20 wk compared with normal fed ewes
(Thomas et al., 1990). Landefeld et al. (1989) found ad libitum feeding of
ovariectomized, nutritionally restricted, growth-retarded lambs for 14 d increased
amounts of mRNA for all gonadotropin subunits compared with lambs remaining on a
low plane of nutrition. Orchidectomized sheep fed to maintain or lose body weight for 7
wk had increased amounts of FSH mRNA while nRNA for LH} was unchanged
compared with orchidectomized sheep fed ad libitum diets (Beckett et al., 1997a).
Nutrient restriction tends to be detrimental ;co the synthesis of mRNAs encoding for
gonadotropin subunits. Conflicting reports on nutritional effects of gonadotropin
synthesis is probably due to the severity of the restriction and/or the differences in age,

maturity and body condition of the animals at initiation of feed restriction.
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Chronic nutritional deprivation reduces reproductive performance primarily by
decreasing LH secretion. Short-term fasting decreases gonadotropin secretion in rodents,
humans and nonhuman primates; however, the effects of acute nutritional aeprivation on
gonadotropin release in cattle have not been elucidated. Resumption of luteal activity
after parturition is necessary for efficient reproductive processes. The first postpartum
ovulation in cattle is associated with a transient increase in progesterone. How body
energy reserves at parturition influence endocrine and behavioral events associated with
first ovulation in postpartum beef cows has not been clarified. Steroid hormones regulate
release of gonadotropins during gestation and throughout the estrous cycle. Pituitary and
serum concentrations of gonadotropins are diminished at parturition and during the early
post partum period due to prolonged exposure to estrogens during gestation. Inadequate
body energy stores at parturition further attenuates reduced reproductive performance of
cattle during the postpartum anestrous period. Estrogens and progestins coordinate,
through positive and negative feedback systems, events associated with normal estrous
cycles. Mechanisms by which steroids influence serum and pituitary concentrations of
LH and FSH, mRNA for gonadotropin subunits and GnRH receptor, and concentrations
of GnRH receptor in pituitary glands of nutritionally induced, anovulatory cows is not

established.



CHAPTER III

INFLUENCE OF BODY ENERGY RESERVES AND NUTRITION ON
LUTEINIZING HORMONE AND FOLLICLE STIMULATING HORMONE IN

OVARIECTOMIZED BEEF COWS

Abstract: Ovariectomized Hergford and Angus x Hereford cows were used to determine
the effect of body energy stores and nutrient intake on concentration, pulse frequency and
amplitude of luteinizing hormone (LH) and follicle-stimulating hormone (FSH) in serum.
In Experiment 1, nutritionally induced anovulatory cows were fed to either maintain (M;
n = 4) or gain body weight (G; n = 4) for 4 mo to determine the effects of chronic
nutritional deprivation on gonadotropin secretion. Blood samples were collected at 10
min intervals for 8 h. In Experiment 2, ovariectomized cows in moderate body condition
were randomly assigned to receive either a restricted (R; n = 4) or maintenance diet (M; n
= 4) for 6 d to determine effects of acute nutritional deprivation on gonadotropin
secretion and blood metabolites. Concentrations of LH and FSH in serum of cows were
quantified the day before treatment (d 0), and on d 3 and 6. Concentrations of glucose,
nonesterified fatty acids (NEFA), insulin-like growth factor-I (IGF-I) and leptin were
determined in daily plasma samples. In Experiment 1, thin cows that gained weight and
body condition score (BCS) had greater (P <.05) concentrations, pulse frequencies and

amplitudes of LH and FSH than did thin cows that maintained BCS. Acute feed
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restriction for 6 d (Experiment 2) did not influence concentration, pulse frequency or
amplitude of LH and FSH in ovariectomized, moderate conditioh cows. Concentrations
of glucose and leptin were not altered during 6 d of feed restriction; however,
concentrations of NEFA were increased and IGF-I were decreased in R cows. We
conclude that long term feed deprivation of ovariectomized beef cows decreases LH and
FSH concentration, pulse frequency and amplitude, whereas feed restriction for 6 d alters
energy metabolism without influencing secretion of gonadotropins.

Key Words: Beef Cows, Nutritional Deprivation, Gonadotropins

Introduction

Inadequate nutrition is associated with suppression of gonadal activity in many
species. Long-term feed restriction diminishes pulsatile release of LH in ewes (Foster
and Olster, 1985; Foster et al., 1989), heifers (Day et al., 1986; Bossis et al., 1999) and
cows (Richards et al., 1989a). Pulsatile GnRH treatment of nutritionally induced |
anovulatory cows initiates LH secretion and ovarian function (Bishop and Wettemann,
1993; Vizcarra et al., 1997) indicating that the anterior pituitary gland is functional.

Influence of acute feed restriction on gonadotropins depends primarily on the
extent of the restriction and species involved. Feed deprivation for 4 to 7 d decreased
serum (Campbell et al., 1977, Bergendahl et al., 1989) and pituitary (Bergendahl etal,
1989) concentrations of LH and FSH in intact male rats. Amplitude of LH pulses in
serum was reduced in ovariectomized rats fasted for 5 d compared with nonfasted rats
(Dyer et al., 1985). The preovulatory surge of LH was blocked in proestrous rats when

food was removed for 24 h (McClure and Saunders, 1985). Fasting for 1 to 2 d reduces
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plasma concentration and pulse frequency of LH in male monkeys (Cameron and
Nosbisch, 1991; Schreihofer et al., 1993a, 1993b). Infusion of nutrients to fasted
monkeys via gastric cannulae (Schreihofer et al., 1993b) as well as overfeeding prior to
fasting (Schreihofer et al., 1993a) prevented the decrease in LH secretion in fasted
animals. Concentrations of LH and FSH, as well as LH pulse frequency, were decreased
in serum of men fasted for 48 h (Cameron et al., 1991).

Nutritional status of animals is probably mediated to the brain by a number of
metabolic signals. Concentrations of NEFA increase and glucose decrease in plasma of
feed restricted cattle (Richards et al., 1989b; Yelich et al., 1995; Bossis et al., 1999).
Concentrations of GH increase and IGF-I decrease in plasma of cattle during chronic feed
restriction (Breier et al., 1986; Bossis et al., 1999).

Effects of acute feed restriction on gonadotropin release and blood metabolites
have not been elucidated in ruminants. Objectives of these experiments were: 1) to
determine the effect of chronic nutritional deprivation on concentration, pulse frequency
and amplitude of LH and FSH in ovariectomized beef cows and 2) to examine the effects
of acute nutritional deprivation on secretion of LH and FSH, and concentrations of
glucose, NEFA, IGF-I and leptin in plasma of ovariectomized beef cows in moderate

body condition.

Materials and Methods

Experiment 1. Hereford and Angus x Hereford cows in good to moderate body condition
(BCS =5; 1 = emaciated, 9 = obese; Wagner et al., 1988) were fed to lose 1% of initial

body weight per wk (approximately 26 wk) until they became anovulatory (BCS = 4).
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Cows were ovariectomized and randomly assigned to either maintain (M) or gain (G)
diets for 4 mo. When M cows had a body weight of 288 + 4 kg and a BCS=4.2 + .1, and
G cows had a body weight of 493 + 68 kg and a BCS = 5.2 * .4, they were confined in
individual stalls in a barn at 21 = 4°C and 14 h of light. During the sampling period, G
cows were fed 7 kg of prairie hay (CP = 5.8%), 1.4 kg of alfalfa pellets (CP = 17%) and
35 g of a mineral mix (46.1% salt, 50.0% dicalcium phosphate, .4% copper sulfate, .5%
zinc oxide and 3.0% mineral oil) each day, and M cows were fed 2.25 kg of prairie hay
and 35 g of a mineral mix. Cows were fitted with a polyvinyl jugular cannula (id, 1.68
mm; od, 2.39 mm; BB 317 v11, Bolab, Lake Havasu City, AZ) two days prior to
treatment to allow frequent collection of blood samples.

Blood was collected at 10 min intervals for 8 h from G (n=4) and M (n = 4)
cows. Samples were allowed to clot for 24 h at 4°C and centrifuged at 2,500 x g for 20
min. Serum was decanted and stored at - 20°C until concentrations of LH and FSH were

quantified.

Experiment 2. Eight Hereford and Angus x Hereford cows in moderate body condition
(BW =483 + 17 kg; BCS = 5.1 £ .1) were ovariectomized 4 mo prior to the initiation of
treatment. Prior to treatment, cows were fed 7 kg of prairie hay, 1.4 kg of alfalfa pellets
and 35 g of a mineral mix daily. Cows were confined in stalls and fitted with cannulae as
described for Experiment 1. Cows were randomly assigned to receive either a restricted
diet [R; n=4; 2.25 kg of prairie hay (CP = 5.8%) and 35 g of a mineral mix] or

maintenance diet [M; n = 4; 7 kg of prairie hay (CP = 5.8%), 1.4 kg of alfalfa pellets (CP
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= 17%) and 35 g of a mineral mix] daily for 6 days in two replications (n = 4; summer of
1995 and n = 4; summer of 1996). The day before treatment (d 0), and on d 3 and 6,
blood samples were collected at 10 min intervals for 8 h and serum was collected to
quantify concentrations of LH and FSH. Blood samples were collected daily (d 0 to 6)
via tail venipuncture in 10 mL tubes containing EDTA (.1 mL of a 15% solution), cooled

to 4°C, centrifuged (2,500 x g for 15 min) within 2 h, and plasma was decanted and

stored at - 20°C until concentrations of glucose, NEFA, IGF-I and leptin were quantified.

Hormone and metabolite assays. Concentrations of LH were quantified in serum (250
uL) samples by RIA (Bishop and Wettemann, 1993) using NIH LLH-B9 as the standard.
Intra- and interassay coefficients of variation were 8 and 19%, respectively (n=15
assays). Concentrations of FSH were determined in duplicate by RIA with USDA-bFSH-
I-2 as the standard (Vizcarra et al., 1997). Intra- and interassay coefficients of variation
were 5 and 11% (n = 5 assays).

Concentrations of IGF-I in daily plasma samples were determined in a single
assay by RIA (Echternkamp et al., 1990) after an acid ethanol extraction. Recombinant
human IGF-I (R&D Systems, Minneapolis, MN) was used as the standard and intraassay
coefficient of variation was 2%. Leptin concentrations were quantified by RIA (Linco
Multi-Species Leptin RIA Kit, Linco, Inc., St. Charles, MO). Sensitivity of the assay was
1.0 ng/mL. Addition of 2 and 5 ng of human leptin to 1 mL plasma resulted in recovery

of 84 and 111%, respectively. When 60 and 80 pL of plasma were assayed,
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concentrations were parallel to the standard curve. Intraassay coefficient of variation was
8%.

Concentrations of glucose in plasma were quantified by an enzymatic colorimetric
procedure (Sigma, No. 510, Sigma Chemical Co., St. Louis, MO). Intra- and interassay
coefficients of variations were 4 and 14%, respectively (n =2 assays). Concentrations of
NEFA in plasma were determined by an enzymatic colorimetric procedure (Wako-NEFA
C, Wako Chemicals Inc., Dallas TX) with modifications (McCutcheon and Bauman,
1986) and expressed as microequivalents of palmitate per liter. Intra- and interassay

coefficients of variation were 6 and 11%, respectively (n = 2 assays).

Pulse analyses. Pulse frequency and amplitude of LH and FSH were determined using
the pulsar program (Merriam and Wachter, 1982). The G values for both LH and FSH
were G1=99, G2=4.5, G3=4, G4=3.5 and G5=99. To determine if variations in hormone
concentrations in serial samples are pulses in hormone secretion or just random variations
in concentrations, appropriate G values are chosen for each experiment. The value for
G1 is usually set at 99 to prevent identifying a one sample increase in concentration as a
pulse, which by our definition of a pulse can not occur due to the frequency at which
samples_were collected. The GS5 value also was set at 99 to avoid false positive
determination of a small increase, followed by a return to baseline concentration, as a

pulse.

Statistical analyses. Data were analyzed by analyses of variance using the MIXED

procedure of SAS (1996) to determine the effects of chronic nutritional deprivation on
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hormone concentrations. Analyses of variance were performed using the GLM procedure
of SAS (1996) to determine the effect of treatment on pulse amplitude and frequency.
Effects of acute nutritional deprivation (Exp. 2) on concentration, pulse frequency and
amplitude of LH and FSH were determined by the MIXED procedure of SAS (1996).
Concentrations of blood metabolites from daily plasma samples (d 1 to d 6) were
analyzed as repeated measures using MIXED pro}cedure of SAS (1996). Concentrations
of IGF-I on d O were used as covariates. Treatment means were compared using the
PDIFF statement of SAS (1996) when protected by a significant (P < .05) treatment

effect.

Results
Experiment 1. Nutritionally induced anovulatory cows fed to gain body weight (G) had
greater (P <.05) LH concentrations than did cows that maintained body weight (M) (6.9
vs 3.6 ng/mL; Table 1). Similarly, FSH concentrations in serum were greater (P < .06) in
G cows (2.1 ng/mL) than M cows (1.6 ng/mL; Table 2).
Number and amplitude of LH pulses were greé.ter (P <.05) in cows gaining
weight than in cows maintaining weight (Table 1). Number and amplitude of FSH pulses

were greater (P <.05) in G cows than M cows (Table 2).

Experiment 2. Feeding 30% of maintenance energy requirements (NRC, 1984) for 6 d
did not influence (P > .1) concentrations of LH and FSH in ovariectomized beef cows in

moderate condition (Table 3 and 4). Concentrations of LH were 4.5 + .1 ng/mL in M
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cows and 5.1 +.1 ng/mL in R cows. Concentrations of FSH were 2.5 + .1 ng/mL and 2.7
+.1 ng/mL in M and R cows, respectively.

Acute feed deprivation for 6 d did not influence (P > .1) the number of LH and
FSH pulses in ovariectomized beef cows (Table 3 and 4). Pulse frequencies (pulses/8 h)
of LH were 8.4 +£.2 and 6.9 + .7 for M and R cows, respectively. Numbers of FSH
pulses per 8 h were 6.3 + .6 for M and 4.8 + .6 for R cows.

Amplitudes of LH and FSH pulses were not altered (P > .1) by nutritional
restriction for 6 d (Table 3 and 4). Amplitudes of LH pulses were 3.1+ .2 and 3.4 + .2
ng/mL for M and R cows, respectively, and amplitudes of FSH pulses were .8 + .1 and
1.0 £.1 ng/mL for M and R cows, respectively. |

Concentrations of glucose in plasma were not influenced (P > .1) by acute feed
deprivation. During d 0 through 6, concentrations were 71.8 + 8 and 69.5 + .8 mg/dL for
M and R cows, respectively (Figure 1).

There was a treatment x day effect (P < .05) for NEFA in plasma. Concentrations
of NEFA were greater (P < .05) in R cows than in M cows from d 2 through d 6 of
treatment (Figure 2).

There was a treatment x day effect (P <.05) on plasma IGF-I concentrations.
Concentrations of IGF-I were greater (P <.05) in M cows than in R cows ond 5 and 6 of
feed restriction (Figure 3).

Acute feed deprivation did not influence (P > .1) concentrations of leptin in

plasma. Concentrations of leptin averaged 2.3 + .1 ng/mL for both M and R cows

(Figure 4).
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Discussion

Feeding nutritionally induced anovulatory beef cows to gain body weight
increased concentrations, pulse frequencies and amplitudes of LH and FSH. Long term
feed restriction causes diminished pulsatile release of LH in rats (McClure and Saunders,
1985; Sisk and Bronson, 1986), monkeys (Dubey et al., 1986), humans (Boyar et al.,
1974), ewes (Foster and Olster, 1985), heifers (Day et al., 1986; Bossis et al., 1999) and
cows (Richards et al., 1989a). The major effect of undernutrition oﬁ gonadotropin
secretion is probably at the hypothalamus since the anterior pituitary gland responds to
GnRH in feed restricted aﬁimals. Pulsatile infusion of GnRH to underfed monkeys
(Dubey et al., 1986), ewes (Kile et al., 1991) and cows (Bishop and Wettemann, 1993;
Vizcarra et al., 1997) causes pulsatile LH secretion.

Concentrations of LH in anovulatory cows fed maintenance diets were 52% of the
concentrations in anovulatory cows fed to gain weight, whereas FSH concentrations in
maintenance fed, anovulatory cows were 76% of the concentrations in anovulatory cows
fed to gain weight. Nutritional deprivation may have less influence on FSH than LH in
ovariectomized cows. Removal of ovarian regulatory peptides (i.e., inhibin) by
ovariectomy increases concentrations of FSH in serum of cattle (Ireland et al., 1983).
Although GnRH stimulates the release of both LH and FSH from the anterior pituitary
gland, nutritional resfriction may differentially regulate the release of gonadotropins by
altering GnRH release. Increased pulse frequency of GnRH increases pulsatile release of
LH, whereas decreased GnRH pulse frequency increased FSH secretion in monkeys
(Wildt et al., 1981a). Vizcarra et al. (1997) fbund that GnRH treatment (1 pulse/4 h)

reduced pituitary content of FSH, but not LH in nutritionally anestrous cows.
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Concentrations of FSH were increased in restricted heifers prior to nutritional anestrus
(Rhodes et al., 1996; Bossis et al., 1999). Nutritional restriction reduces release of GnRH
(Rasby et al., 1991) which may allow FSH secretion.

Nutritional restriction of ovariectomized beef cows in moderate condition for 6 d
did not alter secretion of LH and FSH. Removal of 85% of the ruminal contents (d 0)
and feed restrictibon for 3 d did not influence concentration, pulse frequency and
amplitude of LH in steers (Ojeda et al., 1996). However, fasting Holstein heifers (1 kg
straw) for 8 d reduced LH concentrations (McCann and Hansel, 1986). Differences in
results between studies may be attributed to the animal models used and presence or
absence Qf the gonads. Ovariectomy reduces plasma estradiol (Beck and Convey, 1977)
and removes peptides that control gonadotropin release (Ireland et al., 1983; Robertson et
al., 1985, 1988). Removal of the regulatory effects of the ovary dramatically increase
concentrations of LH in cattle (Schallenberger and Peterson, 1982; Anderson et al., 1985)
possibly obscuring the effects of nutritional deprivation.

Influence of acute feed restriction on secretion of LH and FSH depends primarily
on the extent of the restriction and the species iﬁvolved. Pituitary content, as well as
serum concentrations of both LH and FSH were decreased in adult male rats after a 4-d
fast (Bergendahl et al., 1989). However, serum concentrations of LH were not affected,
but LH pulse frequency was decreased in orchidectomized rats fed 50% ad libitum diets
for 7d (Dong et al., 1993). A 24-h fast of adult male rhesus monkeys decreased LH
pulse frequency (Cameron and Nosbisch, 1991), and plasma concentrations of LH and
FSH were decreased, and LH pulse frequency reduced after a 48-h fast in men (Cameron

et al., 1991). One day of fasting did not alter serum concentrations of LH and FSH in
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women, but LH pulse frequency was decreased and pulse amplitude was increased
(Loucks et al., 1994).

Nutritional status of an animal is perceived by the hypothalamo-pituitary axis
through a series of metabolic signals. The exact signal(s) responsible for the regulation of
gonadotropin release is unknown. Blood metabolites, such as glucose and amino acids,
have been proposed to stimulate release of GnRH (Rutter et al., 1983; Cameron et al.,
1985; Richards et al., 1989b). Infusion of glucose increased LH concentration and pulse
frequency in lactating, anestrous beef cows treated with GnRH (Garmendia, 1986).
However, glucose infusion (iv) did not alter LH secretion in cows with adequate body
condition (McCaughey et al., 1988). Abomasal infusion of amino acids increased
pulsatile LH secretion in ovariectomized, feed restricted lan;nbs (Hall et al., 1992). Male
monkeys fasted for 2 d had reduced LH concentrations and pulse frequency in serum;
however, infusion of glucose and amino acids restored pulsatile release of LH
(Schreihofer et al., 1993b).

Chronic nutritional deprivation of beef cows (20 wk of feed restriction) results in
reduced body energy reserves and decreased concentrations of glucose (Richards et al.,
1989b; Grimard et al., 1995). Primiparous beef cows in moderate BCS at parturition
(BCS = 6) had greater concentrations of glucose during the breeding season than cows
with decreased body condition (Vizcarra et al., 1998). Feed deprivation for 6 d did not
influence glucose concentrations in ovariectomized cows in moderate condition in the
present study.

Plasma concentrations of NEFA are increased during negative energy balance,

such as during the postpartum period in dairy cows (Lucy et al., 1991), and during
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chronic feed restriction in beef cows (Richards et al, 1989b). Concentrations of NEFA
are positively associated with body condition in cows fed on a high plane of nutrition
(Vizcarra et al., 1998), whereas, a negative relationship exists between NEFA and body
condition in cows fed restricted diets (Richards et al., 1989b). Cows restricted for 6 d in
the present study had greater concentrations of NEFA than maintenance cows, and
gonadotropin secretion was not altered. Concentrations of NEFA were increased in cows
fed restricted diets pripr to the onset of anestrus (Richards et al., 1989b) and in heifers on
a low plane of nutrition (Yelich et al., 1995). Realimentation of nutritionally anestrous
heifers increased NEFA concentrations prior to resumption of ovulation (Bossis, 1999).
Although NEFA concentrations in plasma may be an indicator of metabolic status, luteal
activity can not be accurately predicted using concentrations of NEFA in postpartum
cows (Vizcarra et al., 1998).

Restricted nutrient intake in ruminants uncouples the positive relationship of the
GH/IGF-I axis, and concentrations of GH in serum are increased while IGF-I
concentrations are reduced (Breier et al., 1986; Bossis et al., 1999). Concentrations of
IGF-I were reduced after 6 d of feed restriction. Similarly, short-term fasting (48 h) of
heifers decreased plasma concentrations of IGF-I (Spicer et al., 1992). Armstrong et al.
(1993) found that increased concentrations of NEFA were associated with increased
concentrations of GH in serum of feed restricted heifers. Some aspects of nutrition on
reproduction are probably mediated through the IGF-I system (Schillo, 1992). Increased
concentrations of IGF-I in plasma are associated with reduced postpartum intervals in
beef cows (Rutter et al., 1989) and greater luteal progesterone secretion in dairy cows

(Spicer et al., 1990). The effect of IGF-I on reproduction may be at the anterior pituitary
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gland and (or) ovary. Treatment of GH-deficient mice with exogenous GH resulted in
increased concentrations of IGF-I and subsequent increases in LH release (Chandrashekar
and Bartke, 1993). Steroidogenesis by granulosa and thecal cells in the bovine ovary is
stimulated by IGF-I (Spicer and Echternkamp, 1995).

The protein product of the obese (0b) gene, leptin, plays a role in regulation of
energy balance ih some species (Barash et al., 1996; Houseknecht et al., 1998).
However, acute feed restriction did not influence concentrations of leptin in
ovariectomized cows in moderate condition. Exogenous leptin decreases body weight
and fat deposits in 0b/0b mice while increasing energy expenditure (Pelleymounter et al.,
1995). Synthesis and release of neuropeptide Y (NPY), the neurotransmitter responsible
for feed intake, is inhibited by leptin (Wang et al., 1997). Leptin has been implicated as a
pdtential_ signal to the brain for communication between nutritional status of an animal
and the reproductive system. The ob/0b mice lack the ability to produce leptin and are
sterile (Swerdloff et al., 1978). Exogenous leptin increased uterine and ovarian weight,
testis weight and concentrations of gonadotropins in 0b/0b mice, indicating that leptin
may be a metabolic signal (Barash et al., 1996). Yu et al. (1997) proposed that leptin acts
to inhibit NPY and increases LH secretion. However, in vitro studies indicate that leptin
inhibits steroidogenesis in bovine thecal and granulosa cells (Spicer and Francisco, 1997,
1998). Although leptin may be a mediator of reproduction in rodents, its function in

nutritional regulation of reproduction in ruminants has not been determined.
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Implications
Chronic feed deprivation reduced concentration, pulse frequency and amplitude of
LH and FSH in serum of beef cows. Acute feed restriction of cows in moderate
condition does not influence the pulsatile release of LH and FSH. Acute nutritional
deprivation suppresses gonadotropin secretion in rodents and primates; however, long-

term nutritional deprivation is necessary to alter gonadotropins or influence reproduction

in beef cows.
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Table 1. Least squares means for concentration, pulse frequency and pulse amplitude of
LH in ovariectomized, anovulatory cows fed to gain or maintain body weight

(Exp. 1)

: Body weight
Criteria Gain Maintain MSE
Concentration, ng/mL 6.9 3.6" 4.8
Pulse frequency, pulse/8 h 7.5 5.3b 23
Pulse amplitude, ng/mL 5.9* 2.1° 3.8

*Means within a row without a common superscript differ (P < .05).
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Table 2. Least squares means for concentration, pulse frequency and pulse amplitude of
FSH in ovariectomized, anovulatory cows fed to gain or maintain body weight

(Exp. 1)
_Body weight
Criteria Gain Maintain MSE
Concentration, ng/mL 2.1° 1.6° 1
Pulse frequency, pulse/8 h 6.5% 2.8 4.0
Pulse amplitude, ng/mL 6 3° 1

*Means within a row without a common superscript differ (P < .06).



Table 3. Least squares means for concentration, pulse frequency and pulse amplitude of LH on d 3 and d 6 in ovariectomized

cows in moderate condition fed maintenance (M) or restricted (R) diets for 6 d (Exp. 2)

Diets
d3 dé
Criteria : M R M R MSE
Concentration, ng/mL 49 5.8 4.1 4.4 3.2
Pulse frequency, pulses/8 h 9.0 73 7.8 6.5 4.1
Pulse amplitude, ng/mL 3.3 3.9 29 29 2.7

€9



Table 4. Least squares means for concentration, pulse frequency and pulse amplitude of FSH on d 3 and d 6 in ovariectomized
cows in moderate condition fed maintenance (M) or restricted (R) diets for 6 d (Exp. 2)

Diets
d3 dé6
Criteria M R M R MSE
Concentration, ng/mL 2.1 22 2.8 32 2
Pulse frequency, pulses/8 h 6.3 4.0 6.3 55 4.0

Pulse amplitude, ng/mL S 7 1.1 1.3 4
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Figure 1. Least squares means for concentrations of glucose in ovariectomized
cows in moderate condition fed maintenance (M) or restricted (R) diets
for 6 d (Exp. 2) (MSE =15.5).

L9



900 -

A N o®
oS O
o O
1 1
) J
I
A

NEFA (mEq/L)
B W '
8 8 8
»
’
’
'
'
'

N W
o O
o O
1 1

100 -

Day

Figure 2. Least squares means for concentrations of NEFA in ovariectomized
cows in moderate condition fed maintenance (M) or restricted (R) diets
for 6 d (Exp. 2). *Treatment x day (P <.05; MSE = 16,764).
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Figure 3. Least squares means for concentrations of IGF-I in ovariectomized
cows in moderate condition fed maintenance (M) or restricted (R) diets
for 6 d (Exp. 2). Treatment x day (P < .05; MSE =32.8) (*P <.05).
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Figure 4. Least squares means for concentrations of leptin in ovariectomized
cows in moderate condition fed maintenance (M) or restricted (R) diets
for 6 d (Exp. 2) (MSE = .1).

0L



CHAPTER 1V

LUTEAL ACTIVITY AND ESTRUS IN POSTPARTUM BEEF COWS

Abstract: Seventy-seven multiparous beef cows (Hereford and Angus x Hereford)
calving with thin to moderate body condition scores (BCS) wére utilized to evaluate
estrous behavior and luteal activity. Blood samples were collected twice weekly after
parturition to determine the occurrence of the first postpartum luteal activity (LA,
progesterone > .5 ng/mL). Weight changes and BCS were determiﬁed at 2 wk intervals
and cows were exposed to bulls and observed twice daily for behavioral estrus. Luteal
activity was classified as normal if four consecutive samples had > .5 ng/mL of
progesterone or short if < 3 consecutive samples had > .5 ng/mL. Postpartum interval to
first normal LA was shorter (P < .0001) for moderate condition (BCS > 4.5) cows than
for thin (BCS < 4) cows (58.3 +£3.2 vs 93.3 £ 5.1 d, respectively). Interval to first estrus
also was shorter (P < .0001) for moderate cows than for thin cows (53.3 £3.7vs 89.3 +
5.6 d, respectively). Postpartum weight change and BCS at calving did not influence the
incidence of estrus associated with first normal LA. After the first estrus, 72% of cows
had normal LA, 16% had short LA, and 12% lacked LA. Postpartum weight change and
BCS did not influence the length of LA associated with the first estrus. Cows with four
consecutive samples of progesterone > .5 ng/mL had increased (P < .05) maximum

concentrations of progesterone compared with cows with only 1 or 2 sample[s] > .5
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ng/mL. Seventy-eight percent of cows had a transient increase in progesterone
preceding the first normal LA. Subnormal or the absence of luteal activity at the first
postpartum estrus may reduce reproductive efficiency of beef cows.

Key Words: Postpartum Cow, Estrus, Luteal Activity

Introduction

Resumption of luteal activity in postpartum beef cows resembles the luteal events
associated with puberty in ruminants. Transient increases in progesterone in plasma
occur in heifers (Gonzalez-Padilla et al., 1975; Berardinelli et al., 1979) and ewes
(Berardinelli et al., 1980) prior to first estrus. Similarly, first ovulations after parturition
in beef cows are usually followed by a transient increase in concentrations of
progesterone for 4 to S d (Williams and Ray, 1980; Humphrey et al., 1983; Perry et al.,
1991). A normal luteal phase (17-21 d) preceded by estrus often follows this transient
increase in progesterone (Pratt et al., 1982; Perry et al., 1991).

Increased progesterone in plasma after the first spontaneous ovulation in
postpartum beef cows is similar to concentrations of progesterone produced by short-
lived corpora lutea formed in cows induced to ovulate by calf separation (Odde et al,,
1980; Ramirez-Godinez et al., 1982) or GnRH administration (Kesler et al., 1980;
Wettemann et al., 1982). The source of progesterone is probably the CL (Perry et al.,
1991); however, luteinized follicles also may produce progesterone (Corah et al., 1974;
Rawlings et al., 1980).

First ovulation in postpartum beef cows may or may not be accompanied by

behavioral estrus (Graves et al., 1968; Wettemann et al., 1978). Abnormal follicle size is
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not responsible for short-lived CL in cows with weaned calves (Braden et al., 1989) or
postpartum beef cows (Perry et al., 1991). Intensity of estrus associated with early
transient increases in progesterone during the postpartum period may be minimal and
estrus may not be observed (Perry et al., 1991; Shipka et al., 1998).

Short-term exposure to progesterone may be necessary for initiation of normal
estrous cycles (Corah et al., 1974). Treatment of postpartum cows with progestogens
before or at weaning reduced the incidence of shortened or abnormal luteal phases
(Ramirez-Godinez et al., 1981). Conception rate was less in postpartum primiparous
cows that did not have a transient increase in progesterone before estrus than in cows that
had increased progesterone (Werth et al., 1996).

Reduced nutrient intake during the prepartum period increases the interval from
parturition to first estrus in beef cows (Dunn et al., 1969; Bellows and Short, 1978;
Richards et al., 1986). Inadequate body energy reserves at parturition increases the days
to conception (Richards et al., 1986; Selk et al., 1988). Nutritional effects on the
incidence of short luteal phases in mature beef cows has not been elucidated. The
purpose of this study was to evaluate the effect of body condition at calving on duration

of postpartum luteal activity and occurrence of estrus in beef cows.

Materials and Methods
Seventy-seven Hereford and Angus x Hereford cows with moderate to good body
condition (BCS =5.2 + .04; 1 = emaciated, 9 = obese, Wagner et al., 1989) were utilized.
Commencing 3.5 mo prior to the initiation of the calving season (mean calving date =

April 1; range = February 26 to May 17, 1996), cows were randomly assigned to one of
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two prepartum diets to either maintain (M) or lose (L) BCS. All cows grazed native grass
range and were fed either .68 kg/d (L diet) or 1.36 kg/d (M diet) of a 40% crude protein
supplement until parturition. After parturition, all cows grazed native grass range and
were fed 1.8 kg/d of a 40% crude protein supplement. Body weight changes and BCS
were determined at 2 wk intervals. Postpartum weight changes were calculated by
subtracting weight after parturition (within 2 wk) from postpartum weight at 40 to 60 d.
Cows were assigned to 1 of 3 categories: 1) gain (+11.4 to 45.5 kg), 2) maintain (-9.1 to
+9.1 kg) and 3) lose (-11.4 to 40.9 kg). Cows were exposed to bulls and observed twice
daily (30 min intervals) for behavioral estrus after parturition. Bulls were fitted with
chin-ball markers and All-Weather PaintStik (LA-CO Industries, Inc., Elk Grove Village,
IL) was applied to the tail head of cows weekly. Cows were considered to be in estrus
when they stood to be mounted by bulls or other cows, or tail paint was rubbed off
between observation periods.

Commencing at 35 d post partum, blood plasma samples were collected at 3 or 4
d intervals (Monday and Thursday) by venipuncture of the tail into 15 mL tubes
containing EDTA (.1 mL of 15% solution), placed on ice, and centrifuged within 2 h
(2,500 x g for 15 min). Samples were stored at -20°C until progesterone concentrations
were quantified to determine the occurrence of first postpartum luteal activity (LA;
progesterone > .5 ng/mL). Concentrations of progesterone in plasma were quantified by a
solid phase RIA (Coat-A-Count progesterone kit, Diagnostic Products Corp., Los
Angeles, CA; Vizcarra et al., 1997). Intra- and interassay coefficients of variation (n =
22 assays) were 7 and 4%, respectively. Sensitivity of the assay was .1 ng/mL. Luteal

activity was classified as normal if 4 consecutive samples had > .5 ng/mL of progesterone
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(LA for at least 11 d) or short if 3 or less consecutive samples had > .5 ng/mL of
progesterone.

The effects of BCS at parturition and postpartum weight change on occurrence
and length of luteal activity and behavioral estrus were analyzed by analyses of variance.
Effect of duration of luteal activity (number of samples > .5 ng/mL) on maximum
concentrations of progesterone was determined by analysis of variance. Treatment means
were compared using the PDIFF statement of SAS (1996) when protected by a significant
(P < .05) treatment effect. Chi-square analyses were used to determine the effect of LA

prior to first postpartum estrus on the duration of subsequent luteal activity.

Results

Body condition score of cows fed to lose weight was 3.6 £ .1 at parturition, and
cows fed to maintain condition had a BCS 0of 4.7 + .1 (P <.0S5; Table 1). During the first
60 d post partum, 28 cows gained an average of 23.6 + 1.6 kg, 20 cows lost 18.6 £ 1.9 kg,
and 29 cows maintained body weight (gained 1.0 + 1.5 kg; P <.0001; Table 2). Interval
from parturition to normal LA and to first estrus was shorter (P < .0001) for moderate
condition cows than for thin cows (Table 1). The interval from‘ parturition to conception
was 24 d less for moderate condition cows than for thin cows (P < .05; Table 1). Interval
from first normal LA to conception was similar (P > .1) for moderate condition cows
(13.3 d) and thin cows (10.3 d).

Body condition at parturition and postpartum weight change did not influence the
duration of luteal activity associated with first estrus. Based on our bleeding schedule

(Monday and Thursday), cows could have concentrations of progesterone > .5 ng/mL for
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the following days: one sample =1 to 6 d, two samples = 5 to 9 d, three samples = 8 to 13
d and four samples = 11 to 17 d. Seventy-two percent of cows had a transient
(progesterone > .5 ng/mL in one sample) increase in progesterone preceding the first
normal luteal activity. Six percent of cows had > .5 ng/mL of progesterone for two
samples (Table 3). A typical transient increase in progesterone is depicted in Figure 1.

Seventy-four percent (57/77) of cows exhibited estrus during the experiment and
26% did not express or were not detected in estrus. Body condition score at parturition
and postpartum weight change did not influence the incidence of estrus associated with
first normal luteal activity. After the first estrus, 72% (41/57) of cows had normal luteal
activity (concentrations of progesterone > .5 ng/mL in 4 consecutive samples), 16%
(9/57) had short luteal activity (1 to 3 samples > .5 ng/mL of progesterone) and 12%
lacked luteal activity (Table 3).

Duration of luteal activity influenced (P < .05) maximum concentrations of
progesterone. Maximum concentrations of progesterone were 6.2+ .3,52+14,23+12
and 1.2 £ 1.0 ng/mL for cows with 4, 3, 2 and 1 consecutive sample[s] with progesterone
2.5 ng/mL, respectively (Figure 2).

Increased concentrations of progesterone before first estrus influenced (P < .05)
subsequent luteal function. Eighty-one percent of cows with a transient increase in
progesterone > .5 ng/mL in 1 or 2 samples prior to first behavioral estrus exhibited
normal luteal function after estrus (Table 4). Thirty-six percent of cows lacking a

transient increase in progesterone prior to first estrus had subsequent normal luteal

function (Table 4).
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Discussion

Body condition of cows at parturition influences the interval from parturition to
estrus and ovulation. Cows in moderate body condition (BCS > 4.5) had a shorter
interval from parturition to first estrus and luteal activity than cows in thin body condition
(BCS < 4). Cows with BCS of < 4 at parturition had increased postpartum intervals to
first estrus and conception than did cows calving with BCS > 5 (Richards et al., 1986). A
greater percentage of primiparous beef cows calving with BCS > 5 exhibited estrus by the
end of a 60 d breeding season than did cows calving with BCS of 4 (Spitzer et al., 1995).

Interval from parturition to conception was decreased by 24 d in cows calving in
moderate condition compared with thin cows. Selk et al. (1988) found that BCS at
parturition was the single most important factor affecting subsequent reproductive
performance in beef cows. More cows in moderate-good b'ody condition at parturition
became pregnant compared with cows in thin condition (Selk et al., 1988). Pregnancy
rates for primiparous beef cows were 56, 80 and 96% for cows calving with BCS of 4, 5
and 6, respectively (Spitzer et al., 1995).

Body condition at parturition and postpartum weight change had no affect on the
duration of the first postpartum luteal activity or the incidence of normal luteal activity
after the first estrus. Luteal phases of reduced length occur in heifers prior to puberty
(Berardinelli et al., 1979) and during resumption of luteal activity in postpartum cows
(Humphrey et al., 1983; Perry et al., 1991). Seventy-eight percent of cows had short
luteal activity prior to normal luteal function. Perry et al. (1991) found that all beef cows
studied (n = 13) had short luteal activity at the first postpartum ovulation, and only 17%

of cows exhibited behavioral estrus associated with the first postpartum ovulation.
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Concentrations of progesterone were increased in 69% of crossbred primiparous heifers
prior to first estrus (Werth et al., 1996).

Source of the first increase in progesterone in plasma at puberty or postpartum is
probably of ovarian origin. Increased concentrations of progesterone in heifers prior to
puberty is associated with luteal tissue found below the surface of the ovary (Berardinelli
et al., 1979). Daily ultrasonography of postpartum cows indicated formation of a short-
lived CL associated with a transient increase in progesterone (Perry et al., 1991).
Lutenization of follicles may account for increases in progesterone since ovarian
palpation did not reveal CL formation (Corah et al., 1974; Rawlings et al., 1980).

First normal luteal activity was preceded by estrus in 72% of the cows. Forty-two
percent of nonsuckled (weaned) beef cows observed twice daily for estrus ovulated
without exhibiting estrus, while 70% 6f suckled beef cows did not exhibit behavioral
estrus associated with the first postpartum ovulation (Graves et al., 1968).
Ultrasonography and estrous detection thrice daily revealed 10 of 12 suckled beef cows
ovulated without exhibiting behavioral estrus after parturition (Perry et al., 1991).
However, twice daily observation revealed behavioral estrus was not expressed in 8% of
postpartum beef cows that had increased concentrations of progesterone (> 1 ng/mL) in
serum for 1 wk followed by a decrease in progesterone (Werth et al., 1996).
Concentrations of estradiol in serum prior to ovulation and maximum diameter of the
ovulatory follicle was similar at the first (short luteal phase) and second ovulation
(normal luteal phase) in suckled beef cows (Perry et al., 1991). Weaning of calves
increases the incidence of short-lived CL (Odde et al., 1980). Follicle size was not

~ different between beef cows with weaned calves and in normally cycling cows (Braden et
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al., 1989). Cows with weaned calves had reduced concentrations of LH and FSH
receptors in follicles than did normally cycling cows.

Behavioral estrus was not detected in 26% of postpartum cows observed twice
daily. Intensity of estrous behavior may be reduced in postpartum beef cows. Perry et al.
(1991) found that estrous activity was less intense or was absent in postpartum beef cows
observed thrice daily. Ninety-five percent of dairy cows ovulated without behavioral
estrus when visually observed twice daily; however, continuous estrus detection with a
radiotelemetry system determined that only 42% of the cows lack estrous activity before
the first postpartum ovulation (Shipka et al., 1998). Number of mounts associated with
the first postpartum estrus in dairy cows was reduced compared with the subsequent
estrus (1.1 vs 4 mounts, respectively; Shipka et al., 1998). Similarly, the number of
mounts at the first postpartum estrus in primiparous beef cows was reduced compared
with the second estrus (R. P. Wettemann, unpublished data).

Duration of luteal activity influenced maximum concentrations of progesterone in
plasma of postpartum beef cows. Maximum concentrations of progesterone in cows with
short luteal activity were 30% of maximum concentrations in cows with normal luteal
activity. Similarly, concentrations of progesterone associated with a transient increase in
progésterone were 20 to 40% of concentrations of progesterone during normal luteal
activity in postpartum, suckled beef cows (Rawlings et al., 1980). Perry et al. (1991)
found maximum concentrations of progesterone averaged less than 1 ng/mL after the first
ovulation in postpartum cows. Transient increases in progesterone averaged 2.3 ng/mL
prior to first estrus in primiparous beef cows (Werth et al., 1996). Decreased maximum

concentrations of progesterone associated with short luteal activity may be due to reduced
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CL size. Postpartum cows induced to ovulate with GnRH had smaller CL compared with
GnRH-treated cows pretreated with progesterone (Rutter et al., 1985). Diameters of the
first (short luteal phase) and second (normal luteal phase) CL in postpartum beef cows
were similar through d 4 after ovulation (Perry et al., 1991). However, diameters of CL
‘were larger from d S to 8 after the second ovulation.

Eighty-one percent of cows with a transient increase in progésterone before first
estrus had subsequent normal luteal function, and only 36% of cows lacking a transient
increase in progesterone had normal luteal function after estrus. Transient increases in
progesterone in postpartum cows may be necessary for resumption of normal luteal
activity. More primiparous cows with increased concentrations of progesterone prior to
first estrus conceived compared with heifers lacking increased progesterone (Corah et al,
1974). Conception rate was greater in primiparous beef cows with a transient increase in
progesterone than in cows lacking a transient increase in progesterone (76 vs 41%,
respectively; Werth et al., 1996). Induction of ovulation in postpartum cows with GnRH
(Kesler et al., 1980, Pratt et al., 1982) or calf separation (Odde et al., 1980; Ramirez-
Godinez et al., 1982) causes abnormal luteal function which may be eliminated by
progesterone treatment prior to GnRH dr calf separation (Ramirez-Godinez et al., 1981).

Increased progesterone in plasma before normal luteal activity in postpartum beef
cows may stimulate the hypophyseal-hypothalamo-ovarian axis. Gonadotropin stores in
the pituitary gland are diminished at parturition due to prolonged exposure to increased
concentrations of steroids during gestation (Chamley et al., 1976; Moss et al., 1980).
Heifers exposed to supraphysiological doses of estradiol become refractory to subsequent

estradiol treatment and fail to exhibit behavioral estrus (Carrick and Shelton, 1969).
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More ovariectomized heifers treated with estradiol exhibited estrus when pretreated with
progesterone for 5 d than nontreated heifers, indicating progesterone may resensitize the
brain (Carrick and Shelton, 1969). Increased concentrations of progesterone may allow
pituitary content of LH to increase. Increased secretion of LH occurs after progesterone
treatment of anestrous cows (Garcia-Winder et al., 1987) and heifers (Anderson et al.,
1996). Progesterone treatment also increases the number of progesterone receptors in the
uterus (Zollers et al, 1993). Increased progesterone receptors in the uterus may control
the timing of PGF,, release and allow normal luteal activity in the subsequent estrous
cycle (Cooper et al., 1991).
Implications

Body condition at parturition influences the intervals from parturition to first
estrus, luteal activity, and conception. Duration of first postpartum luteal activity and the
occurrence of estrous behavior associated with first normal luteal activity were not
influenced by body condition score at parturition and postpartum weight change.
Minimal increases in plasma concentrations of progesterone for one to nine days before

estrus may be necessary for subsequent normal luteal function in postpartum beef cows.



82

Table 1. Influence of body condition score (BCS) at parturition on intervals to first
estrus, normal luteal activity (LA) and conception in postpartum beef cows

Body condition at parturition

Criteria Moderate Thin
Cow no. 39 38
BCS at parturition 4.7+ .1*(39) 3.6 +.1° (38)
Parturition to first estrus, d 53 + 4*(30) 89 + 6°(32)
Parturition to LA®, d 58 + 3*(39) 93 + 5°(38)
Parturition to conception, d 74 £ 5" (30) 98 + 6°(33)

*Means within a row without a common superscript differ (P < .05).
°Progesterone > .5 ng/mL for at least 11 d.

() Number of cows.
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Table 2. Least squares means for weight change during the first 60 days post partum of
beef cows fed to gain (+ 11.4 kg), maintain (£ 9.1 kg) or lose (- 11.4 kg) body

condition
Criteria n Weight change (kg)
Gain 28 +236+1.6°
Maintain 29 +1.0+1.5°
Lose 20 -186+19°

®°Means without a common superscript differ (P < .0001).
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Table 3. Classification of first luteal activity (LA) after parturition and after first estrus in

postpartum beef cows
Samples of progesterone > .5 ng/mL
Criteria 0 1 2 3 4
First LA®*, % - 72 6 0 22
LA after first estrus®, % 12 7 5 4 72

77 cows had luteal activity.
57 of 77 cows were detected in estrus.
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Table 4. Influence of increased progesterone (P4) prior to first estrus on subsequent
normal luteal function in postpartum beef cows

P, increase in 1 or 2

samples prior to estrus n Normal luteal function (%)
Yes 46 81*
No 11 36

®Percentages differ (P <.0001).
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- Figure 1. Progesterone concentrations in plasma typical of postpartum beef cows.
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Figure 2. Least squares means for maximum concentrations of progesterone in
postpartum beef cows with different durations of luteal activity.
Duration effect (P <.0001; MSE =4.2).
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CHAPTER YV

INFLUENCE OF NUTRITION AND STEROIDS ON PITUITARY GLAND GNRH
RECEPTORS, GONADOTROPINS, AND GENE EXPRESSION FOR GNRH

RECEPTORS AND GONADOTROPIN SUBUNITS IN BEEF COWS

Abstracf: Nutritionally induced anovulatory cows (n = 28) and proestrous cows (n = 5)
were used to determine the effect of steroids and reproductive state on regulation of
synthesis and secretion of gonadotropins. Anovulatory cows were ovariectomized and
received intravaginal devices containing estradiol (E;), progesterone (P4), E; and P,
(E2P.), or a sham intravaginal device (C) for 6 d. Concentrations of LH and FSH were
quantified in serum samples collected every 10 min for 4 h prior to treatment (d -1) and
every 10 min for 8 hon d 6. Concentrations of E; and P4 were quantified in daily plasma
samples. Cows were exsanguinated within 2 h after removal 'of intravaginal devices and
pituitary glands collected and stored at -80° C. Total RNA was isolated from one half of
each pituitary gland, and mRNA for GnRH receptors (GnRH-R) and gonadotropin
subunits were quantified. Pituitary content of GnRH-R (only anovulatory cows), LH and
FSH were determined in the remaining half of each pituitary. Plasma concentrations of
E, were greater (P < .05) in E-treated cows (1.6 pg/mL) than in nontreated cows (.6
pg/mL). Concentrations of P4 were greater (P < .05) in cows treated with P4 (3.1 ng/mL)

than in nontreated cows (.3 ng/mL). Serum concentrations of LH and FSH were not
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influenced by steroid treatments. Treatment of nutritionally induced anovulatory cows
with E; increased frequency and amplitude of LH pulses in serum, decreased pituitary
concentrations of FSH, and increased the number of GnRH-R in the pituitary gland.
Treatment with P4 increased amplitude of LH pulses in serum and gene expression for
LHP in anovulatory cows. Frequency of LH pulses was greater (P <.05) in E; than in
non E;-treated cows, and amplitude of LH pulses was greater (P <.05) in E;- and P4-
treated than in nontreated cows. Concentrations of LH in the pituitary gland were not
affected by treatments; however, pituitary concentrations of FSH were less (P < .1) in E;
cows than in nontreated cows. Number of GnRH-R was increased (P < .05) in cows
treated with E; but P4 treatment did not influence the number of GnRH-R. Gene
expression for GnRH-R, common a-subunit and FSHp were not affected by treatments,
while treatment with P, increased (P < .05) gene ekpression for LHB. Pituitary
concentrations of LH were greater (P < .05) and concentrations of FSH were less (P <
.05) in proestrous cows than in ovariectomized, anovulatory cows treated with or without
steroids. Gene expression t_'or GnRH-R, common a-subunit, LHB and FSHp were similar
for proestrous and anovulatory cows. We conclude that estradiol increages frequency of
LH pulses in serum and GnRH-R in the pituitary gland, and treatment with progesterone
increases synthesis of LHB mRNA in the pituitary gland of ovariectomized, anovulatory
COWS.

Key Words: Beef Cow, Steroids, Gonadotropins

Introduction
Steroids regulate the synthesis and release of gonadotropins via positive and

negative feedback on the hypothalamus and anterior pituitary gland. Increased
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concentrations of estradiol and decreased progesterone are associated with the
preovulatory LH surge (Wettemann et al., 1972; Chenault et al., 1975). Increased
concentrations of estradiol in plasma during the follicular phase cause LH to be released
in frequent pulses of minimal amplitude (Rahe et al., 1980). Frequency of LH pulses is
minimal vﬁth maximum amplitude during the midluteal phase of the estrous cycle.

Estradiol has a biphasic effect on LH release. Serum concentrations of LH
decrease initially after estradiol treatment followed by a preovulatory-like LH surge in
steers and ovariectomized cows (Kesner et al., 1981; Schoenemann et al., 1985).
Estradiol increases the sensitivity of the anterior pituitary gland to GnRH by increasing
the number of GnRH-R in cows (Schoenemann et al., 1985). The number of GnRH-R in
the pituitary gland of ovariectomized ewes was not altered by progesterone (Moss et al.,
1981).

Removal of steroids by gonadectomy increases gene expression of gonadotropin
subunits (common o-subunit, LHB and FSHP) in rats (Papavasiliou et al., 1986), sheep
(Landefeld et al., 1984) and heifers (Roberson et al., 1992) compared with intact animals.
The stimulatory effects of gonadectomy on mRNA for the gonadotropin subunits is
inhibited by estrogen treatment (Gharib et al., 1987; Herring et al., 1991).

Reduced feed intake decreases concentration and pulse frequency of LH in rats
(McClure and Saunders, 1985; Sisk and Bronson, 1986), monkeys (Dubey et al., 1986),
ewes (Foster and Olster, 1985; Foster et al., 198.9) and cattle (Day et al., 1986; Richards
et al,, 1989a; Bossis et al., 1999). Effects of nutrition on gonadotropin synthesis in cattle

has not been elucidated. Severe undernutrition increases (Beckett et al., 1997a),
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decreases (Landefeld et al., 1989; Kile et al., 1991) or does not influence (Thomas et al.,
1990) mRNA for gonadotropin specific subunits in castrated sheep.

Effects of exogenous steroids on gene expression for gonadofropin synthesis in
cows has not been established. The objectives of this experiment were: 1) to determine
the effect of estradiol and progesterone on serum and pituitary concentrations of LH and
FSH, concentrations of GnRH-R, gene exbression for GnRH-R and gonadotropin
subunits in pituitary glands of ovariectomized, nutritionally induced anovulatory beef
cows, and 2) to determine the effect of nutritional deprivation on concentrations of LH
and FSH, and gene expression for GnRH-R and gonadotropin subunits in pituitary glands

of beef cows.

Materials and Methods
Animal Model and Experimental Design. Twenty-eight multiparous, nonlactating, Angus
x Hereford beef cows (BW =435 £ 10 kg) were fed a restricted diet of 2.7 kg of prairie
hay (CP = 5.8%5 and 35 g of a mineral mix (46.1% salt, 50.0% dicalcium phosphate, .4%
copper sulfate, .5% zinc oxide and 3.0% mineral oil) da’ily to cause loss of 1% of the
body weight per week until they became anovulatory. Body weight and body condition
scores (BCS) were evaluated évery 2 wk. Blood samples were collected weekly via tail
venipuncture in 10 mL tubes containing EDTA (.1 mL of a 15% solution), placed on ice,
and centrifuged (2,500 x g for 15 min) within 2 h. Plasma was decanted and stored at
-20°C until progesterone was quantified. Cows were considered anovulatory when three

consecutive plasma samples contained less than 1 ng/mL of progesterone.
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Cows were ovz;.lriectomized and randomly assigned to treatment groups within 3
wk after the onset of anovulation. One week prior to the initiation of treatment, cows
were confined in individual stalls in a barn at 21 + 4°C and 14 h of light. A polyvinyl
jugular cannula (id, 1.68 mm; od, 2.39 mm; BB 317 v11, Bolab, Lake Havasu City, AZ)
was inserted two days prior to treatment, to allow collection of frequent blood samples.

- Ond 0, cows were assigned to receive one of four treatments (n = 7/treatment): 1)
an intravaginal device containing progesterone (Ps; EAZI-BREED CIDR, InterAg,
Hamilton, New Zealand; 1.9 g progesterone) designed to produce concentrations of
progesterone similar to those during the early luteal phase of estrous cycles, 2) a modified
intravaginal device containing 17B-estradiol (E;; Sigma Chemical, St. Louis, MO) in a 60
mm silastic tube (id, 3.35 mm; od, 4.65 mm; Dow Corning Co., Midland, MI) attached to
the CIDR device through a perforation, designed to produce plasma concentrations of
estradiol similar to the early luteal phase of the estrous cycle, 3) an intravaginal device
containing E; and P4 (E;P4), or 4) a sham intravaginal device (C).

On d 0 at 0800 h, treatments were initiated and continued through 0600 h on Day
7. Blood samples were collected at 10 min intervals for 4 h one day prior (d -1) to
treatments and at 10 min intervals for 8 h on d 6 of steroid treatment. Sampleé were
allowed to clot for 24 h at 4°C and then centrifuged at 2,500 x g for 20 min. Serum was
decanted and stored at -20°C until concentrations of LH and FSH were quantified. Blood
samples were collected from d -1 to d 6 into 10 mL tubes containing EDTA and plasma
was decanted and stored at -20°C until progesterone and estradiol were determined.

Five Hereford x Angus cows with moderate body condition (BCS = 5) were used

to compare gonadotropin synthesis in cows that lost body weight and became anovulatory
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with cows with normal estrous cycles. Two days before exsanguination, cows were
treated with PGF,, (Lutalyse, 25 mg; The Upjohn Co., Kalamazoo, MI) once between
days 8 and 12 of the estrous cycle to induce luteolysis. Ovaries were examined at

exsanguination to assess CL regression.

Pituitary gland collection. Ond 7 at 0700 h, anovulabry cows were exsanguinated
within 2 h after removal of intravaginal devices. Cows with normal estrous cycles were
exsanguinated 48 h after PGF,, treatment. Pituitary glands were removed, placed on ice,
trimmed, midsagitally sectioned and the posterior lobe vs;as discarded. Anterior pituitary
glands were weighed and frozen in liquid nitrogen (-72°C) within 40 min afier

exsanguination.

Hormone and receptor assays. Serum concentrations of LH were quantified by RIA
(Bishop and Wettemann, 1993) using NIH LH-B9 as the standard. Intra- and interassay
coefficients of variation were 19 and 25%, respectively (n = 6 assays). Concentrations of
FSH were determined by RIA with USDA-bFSH-I-2 as the standard (Vizcarra et al.,
1997). Intra- and interassay coefficients of variation were 12 and 22%, respectively (n =
6 assays).

Concentrations of LH and FSH in pituitary tissue were quantified by RIA. One-
half of each pituitary glahd was thawed, homogenized in buffer (10 mM Tris, 1mM
CaCl,, 0.25 M sucrose, pH 7.0) with three, 5 sec bursts in a Tissue Tearor (Biospec,
Bartlesville, OK). The crude homogenate was then homogenized in a ground glass

homogenizer (Kontez Tenbroeck Tissue Grinder, Fisher Scientific, Pittsburgh, PA) and
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then rehomogenized in a dounce glass homogenizer (Kontez 7 mL Dounce Tissue
Grinder, Fisher Scientific, Pittsburgh, PA). Tissue and buffer was maintained at 4°C.
The homogenate was centrifuged at 16,000 x g for 15 min (4°C), and the supernatant was
frozen and stored at -80°C until concentrations of LH and FSH were quantified. The
remaining homogenate was resuspended in assay buffer {10 mM Tris, 1 mM CaCl,, 0.3%
(wt/vol) bovine serum albumin, pH 7.0] to determine concentrations of GnRH-R.
Receptors for GnRH were quantified as described by Nett et al. (1987) with
modifications (Vizcarra et al., 1997). Receptor assay results are expressed in femtomoles
per mg protein.

Concentrations of progesterone in plasma were determined by solid phase RIA
(Coat-A-Count progesterone kit, Diagnostic Products Corp., Los Angeles, CA; Vizcarra
et al., 1997). In&aassay coefficient of variation was 4% (n = 1 assay). Concentrations of
estradiol-17f were quantified by RIA (Serono Estradiol MAIA assay kit, Biodata SpA,
Montecelio, Italy) with modifications (Vizcarra et al., 1997). Intraassay coefficient of

variation was 9% (n = 1 assay).

Analyses of mRNA. Total RNA was isolated from pituitary tissue (Sg)by
homogenization in 5 mL of TRIZOL® reagent (Life Technologies, Inc., Gaithersburg,
MD) in polypropylene tubes (Corning # 253 19_15,' Corning, NY) on ice with a
VirTishear® homogenizer (Gardinér, NY). Homogenates were incubated at room
temperature for 5 min. Chloroform (Molecular Biology Grade; Fisher Scientific BP
1145-1, Fair Lawn, NY) was addéd (1 mL) to each sample. and vortexed for 15 sec. After

centrifugation (5,000 x g for 30 min at 4°C), the aqueous phase was transferred to a new
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polypropylene tube and the RNA was precipitated with 2.5 mL of isopropy! alcohol (99%
purity,; Amresco®, Solon, Ohio). Samples of RNA were incubated in polypropylene tubes
at room temperature for 10 min and centrifuged at 5,000 x g for 25 min at 4°C. The
supernatant was removed and the RNA pellet was washed with 5 mL of 75% ethanol and
centrifuged (5,000 x g for 10 min at 4°C). The RNA pellet was dissolved in 200 pL of
Tris buffer (10 mM Tris-Cl, 1 mM ETDA, pH 7.4) and quantified by spectrophotometry
at absorbancés of 260 and 280 nm. Puﬁty of RNA was determined from calculations of
260/280 ratios. The extraction procedure yielded 260/280 ratios of 1.6-1.7. Total RNA
(ng) was calculated by the following equation: Azeo x 200 x refractory index (40) x 200
uL (Layne, 1957).

The integrity of RNA was verified by Northern blot analyses. Total RNA from
one control and one steroid-treated (E;P4) cow were separated on an
agarose/formaldehyde gel and transferred to a nylon membrane (ICN, Biotrans™ Nylon
Membranes, Iﬁine, CA). Membranes were hybridized to radiolabled ovine GnRH
receptor (GnRH-R; Turzillo et al., 1994), bovine common a-subunit (Erwin et al., 1983),
bovine LHP (Maurer, 1985) and bovine FSHf} (Kim et al., 1988) complementary DNA
(cDNA). Each cDNA probe was radiolabled with**P using the random hexamer priming
method (Prime-a-Gene® System, Promega Corp., Madison, WI). Three GnRH-R mRNA
transcripts were evident on Northern bloté at 5.2, 3.5 and 2.0 kilobases (kb). These
findings are in good agreement with Vizcarra et al. (1997). Single transcripts were
observed for common a-subunit, LHB and FSH mRNA.

Steady state concentrations of pituitary mRNA were determined by dot blot

analyses. Thirty-five and 17.5 pg of total RNA from each sample was applied in
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duplicate to nyloh membranes (ICN, Biotrans Nylon Membranes, Irvine, CA).
Membranes were baked at 80°C for 2 h to cross-link RNA to the membrane. Dot blot
membranes were hybridized at 42°C for 16-18 h to cDNAs encoding ovine GnRH-R,
bovine a-subunit, bovine LHB- and FSHB-subunits. Hybridization buffer consisted of
0.5M Na,POq, 7% SDS, 1% BSA, ImM EDTA and 0.1 mg/mL denatured salmon sperm
DNA (Church and Gilbert, 1984). Membranes were washed in 0.5 X SSC (standard
sodium citrate) at 65°C for a-subunit, 0.5 X SSC at 42°C for FSHf} subunit, and 1 X SSC
at 42°C for LHP subunit and GnRH-R. To adjust for differences in RNA loading among
samples, membranes were stripped of GnRH-R and subunit probes by washing in 0.2 M
NaOH at room temperature for 2 h and reprobed with radiolabled 18s ribosomal DNA
(pTRI RNA 18S, Ambion, Inc., Austin, TX). Membranes were hybridized with the 18s
ribosomal DNA probe at 42°C for 16-18 h and washed with 0.1 X SSC at 65°C. Anaylsis
of variance revealed similar (P > .1) amounts of radiolabled 18s hybridized to membranes
indicating no differences in RNA loading. Membranes were exposed to film (Kodak Co.,
Inc.) for .5-5 days at -80°C and developed. Autoradiographs were quantified with a
scanning densitometer and image analysis software (Image 1.60, NIH, Washington, DC).

Results are expressed as arbitrary densitometric units.

Pulse analyses. Pulse frequency and amplitude of LH and FSH in serum samples were
determined using the pulsar program (Merriam and Wachter, 1982). The G values for
both LH and FSH were G1=99, G2=4.5, G3=4, G4=3.5 and G5=99. To determine if
variations in hormone concentrations in serial samples are pulses in hormo:le secretion or

just random variations in concentrations, appropriate G values were chosen to serve as
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criteria for each experiment. The value for G1 is usually set at 99 to prevent identifying a
one sample increase in concentration as a pulse, which by our definition of pulses can not
occur due to the frequency at which samples were collected. The G5 value also was set

at 99 to avoid the false positive determination of a small increase, followed by a return to

baseline concentrations, as a pulse.

Statistical analyses. Control and P4-treated cows, and control and E,-treated cows were
used in a 2 x 2 factorial arrangement. Analyses of variance were performed using the
GLM procedure of SAS (1996) to determine the effects of treatment with progesterone or
estradiol on concentrations and content of LH and FSH in the pituitary gland, pulse
frequency and amplitude of LH and FSH in serum, concentration of GnRH-R and gene
expression for GnRH-R, a-subunit, LH} and FSHB. Concentrations of progesterone and
estradiol in daily plasma samples were analyzed as repeated measures using MIXED
procedures of SAS (1996). Effects of steroid treatment on serum concentrations of LH
and FSH were determined by the MIXED procedure of SAS (1996). Treatment means
were compared using the PDIFF statement of SAS (1996) when protected by a significant
(P <.05) treatment effect. Analysis of variance was used to determine differences
between proestrous cows and anovulatory cows treated with steroids. Differences
between proestrous cows and anovulatory cows with or without steroids were compared

with Scheffe’s multiple comparisons test (Steel and Torrie, 1980).



98

Results
Effect of steroid treatment on anovulatory cows. Treatment of ovariectomized,
anovulatory cows with E; for 6 d resulted in greater (P < .05) plasma concentrations of
estradiol (1.62 * .10 pg/ml) compared with non E,-treated cows (.56 £ .09 pg/mL)
(Table 1). Concentrations of progesterone were greater (P <.05) in cows treated with P4
(3.13 £ .22 ng/mL) than non P,-treated cows (.31 + .22 ng/mL) (Table 1).

Serum concentrations of LH and FSH on d -1 were similar for cows on all
treatments (P > .1) and averaged 1.82 + .06 and .58 + .01 ng/mL, respectively (Table 2
and 3). Treatments did not influence (P > .1) concentrations of LH in serum of cows on d
6 (2.08 £+ .04 ng/mL; Table 2). Similarly, FSH concentrations were not affected (P > .1)
by stefoid treatments for 6 d (.55 £ .02 ng/mL; Table 3).

Frequencies of LH and FSH pulses in serum were similar among treatments on d -
1 and were 1.7 £ 1.1 and 1.4 £ 1.0 pulses/4 h, respectively (Table 2 and 3). Cows treated
with E; or E;P4 for 6 d had increased (P < .05) LH pulse frequency compared with
control and P4-treated cows. Frequency of FSH pulses was not influenced by treatment
(Table 3).

Amplitude of LH and FSH pulses in serum on d -1 averaged 1.01 £.17 and .22 +
.02 ng/mL, respectivelsr, and were not influenced by treatment (Table 2 and 3). Cows.
treated with E; or with P4 had greater (P < .05) amplitudes of LH pulses than control and
E,P,4 cows, and the response to E; was not influenced by P4 treatment (E; x P4; P > .1;
Table 2). Amplitudes of FSH pulses were not influenced by treatments (Table 3).

Weight of anterior pituitary glands (1.86 = .07 g) was not affected (P > .1) by

treatment. Concentrations of LH in pituitary glands of anovulatory cows were not
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influenced by treatment with E; and P4. However, FSH concentrations in pituitary glands
of cows treated with E; or E,P; were reduced (P = .08) compared to nontreated cows or
cows treated with P4 (Figure 1). Content of LH and FSH in the pituitary gland was not
influenced by treatment.-

Concentrations of GnRH-R in pituitary glands were greater (P < .05) in cows
treated with E; or E;P4 compared with Ps-treated or control cows (Figure 2). Steady state
concentrations of GnRH-R mRNA in the pituitary gland were not influenced (P > .1) by
steroid treatments (Figure 2).

Steady state concentrations of common a-subunit and FSHf3 mRNA in the
pituitary were not influenced (P > .1) by treatments (Figure 3). Steady state
concentrations of LHB mRNA were increased (P < .05) in cows treated with P4 or E;P4

compared with E;-treated or control cows (Figure 3).

Proestrous cows vs anovulatory cows with or without steroids. Weights of anterior
pituitary glands were similar (P > .1) for proestrous cows (1.64 £ .14 g) and
ovariectomized, anovulatory cows with or without steroids (1.86 + .07 g). Concentration
of LH in the pituitary gland was greater (P <.05) in proestrous cows than in anovulatory
cows with or without steroid treatment (Figure 1). Pituitary concentration of FSH was
less (P < .05) in proestrous cows than in ovariectomized, anovulatory cows (Figure 1).
Similarly, content of LH in the pituitary gland was greater (P <.05), and pituitary content
of FSH was less (P < .05) in proestrous cows than in ovariectomized, anovulatory cows

with or without steroid treatment.
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Steady state concentrations of mRNA for GnRH-R, common a-subunit, LHB- and
FSHB-subunits did not differ (P > .1) between proestrous cows and ovariectomized,

anovulatory cows with or without steroid treatment (Figure 2 and 3).

Discussion

Treatment of ovariectomized, nutritionally induced anovulatory cows with an
intravaginal device containing P4 for 6 d increased progesterone in plasma to
concentrations observed during the early luteal phase of estrous cycles (Stabenfeldt et al.,
1969; Wettemann et al., 1972). Concentrations of estradiol in plasma were increased in
cows receiving an intravaginal device containing E; and concentrations were similar to
values during the luteal phase of estrous cycles (Wettemann et al., 1972; Glencross et al.,
1973; Bossis et al., 1999).

Treatment of ovariectomized, nutritionally induced anovulatory cows with E;, P4
or both E; and P4 for 6 d did not influence concentrations of LH and FSH in serum.
Removal of the regulatory control of the ovary increases concentrations of LH
(Schallenberger and Peterson, 1982; Anderson et al., 1985) and FSH in serum (Ireland et
al., 1983) in cattle with normal estrous cycles. However, Richards et al. (1991) found
that concentrations of LH in serum were not influenced during the first 10 d after
ovariectomy in nutritionally anestrous cows. Concentrations of LH in serum are reduced
in anestrous cows (Richards et al., 1989a; Vizcarra et al., 1997) and feed restricted heifers
(Kurz et al., 1990; Bossis et al., 1999). Steroid treatment for 6 d may not be sufficient to
stimulate LH secretion from pituitary glands of anovulatory beef cows. Treatment of

postpartum, lactationally anestrous cows with progesterone for 7 d followed by an
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injection of estradiol benzoate 24 to 30 h after progesterone removal, increased the
number of cows that ovulated and exhibited behavioral estrus (Fike et al., 1997). Lack of
steroid effects on LH and FSH in serum may indicate that nutritionally anovulatory cows
may be in a “deeper” state of anestrus and are not able to respond to steroid treatment as
postpartum, anestrous cows can respond.

The number of pulses of LH in serum was greater in cows treated with E; or E;P,4
for 6 d than in control or P4 cows. Steroids act at the hypothalamus, anterior pituitary
gland or at both sites to regulate gonadotropin release (Goodman and Karsch, 1980; Rahe
et al., 1980). Treatment of anovulatory cows with E, or E;P4for 6 d may stimulate
GnRH release increasing pulsatile release of LH. Exposure of rats to concentrations of
estradiol similar to those during proestrus and estrus increased concentrations of GnRH in
the pituitary stalk blood (Sarkar and Fink, 1979). Similarly, estradiol induced a
preovulatory-like surge of GnRH in the cerebrospinal fluid of ovariectomized cows,
which was associated with a LH surge (Gazal et al., 1998). Progesterone treatment
reduces LH secretion in cattle (Walters et al., 1982; Schallenberger et al., 1984) and
sheep (Karsch et al., 1987). Goodman and Karsch (1980) proposed that progesterone has
its effects on GnRH secretion. It is unlikely that P4 influenced LH secretion in the
anovulatory cows treated with E;P, in the current study. Progesterone failed to block
estradiol-induced LH release in GnRH-pulsed female monkeys with hypothalamic lesions
that abolish endogenous GnRH release (Wildt et al., 1981b). Similarly, progesterone
treatment did not influence estradiol-induced LH surge in hypothalamic-pituitary
disconnected ewes treated with pulsatile GnRH (Clarke and Cummins, 1984). Increased

pulse frequency of LH in anovulatory cows treated with E; may be due to the effects of
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estrogens on the anterior pituitary gland. In vitro treatment of rat (Drouin et al., 1976)
and cow (Padmanabhan et al., 1978) pituitary cells with estradiol increased LH release
and synthesis. Estradiol also increases the sensitivity of the anterior pituitary gland to
GnRH in cows (Kesner et al., 1981). The number of GnRH-R on the anterior pituitary
gland of cows is increased after exogenous estrogen (Schoenemann et al., 1985).

Pulse amplitude of LH was greater in cows treated with P4 or E2. Progesterone
reduces frequency of LH pulses and increases amplitude of pulses in cattle (Rahe et al.,
1980) and sheep (Goodman and Karsch, 1980). Progesterone treatment decreases GnRH
secretion in sheep (Karsch et al., 1987). Increased pulse amplitude is probably a result of
E: increasing GnRH secretion and (or) increasing the number of GnRH-R on the anterior
pituitary gland. Cows fed restricted diets released more LH in response to exogenous
GnRH than did moderate condition cows (Beal et al., 1978; Rasby et al., 1991).
Increased pulse amplitude of LH in anovulatory cows treated with P4 or E; indicates that
the pituitary gland is not depleted of gonadotropins in underfed cattle. The presence of
either steroid, but not both, in the current study was sufficient to increase pulsatile release
of LH.

Steroid treatment for 6 d did not influence concentration or content of LH in the
anterior pituitary gland of anovulatory cows, but cows treated with E, had reduced
pituitary FSH concentrations. Duration of steroid treatment may affect pituitary
concentrations of LH and FSH. Treatment of ovariectomized cows with one injection of
estradiol (1 mg) increased pituitary gland concentrations of LH and FSH 20 h after
estradiol (Schoenemann et al., 1985). Steroids may influence LH and FSH synthesis and

release differently. Estradiol treatment of ovariectomized cows caused a LH surge
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without altering serum concentrations of FSH (Schoenemann et al., 1985). Amounts of
mRNA in ovariectomized ewes for common a-subunit and LHf3 decreased after 4 d of
exposure to estradiol, and amounts of FSHP mRNA were decreased after 8 d (Herring et
al., 1991). Release of GnRH is reduced in underfed cattle (Rasby et al., 1991). Estradiol
increases GnRH-R on the anterior pituitary gland, and reduced pulsatile secretion of
GnRH in anovulatory cows may favor release of FSH over that of LH.

Concentrations of GnRH-R increased when anovulatory cows were treated with
E; and E;P, for 6 d. Estradiol increases concentrations of GnRH-R in the anterior
pituitary gland of cattle with normal estrous cycles (Kaltenbach et al., 1974; Kesner et al.,
1981). Schoenemann et al. (1985) found the number of GnRH-R increase prior to and
during estrus in cows indicating estradiol up-regulation of receptors. Receptors for
GnRH are influenced by GnRH secretion (Braden and Conn, 1991). Effects of E;on
concentrations of GnRH-R in anovulatory cows are probably directed at the anterior
pituitary gland. Estradiol administration of ewes in which the hypothalamus and pituitary
gland were disconnected resulted in a 2.5 fold increase in the number of GnRH-R (Gregg
and Nett, 1989). Estradiol may increase GnRH-R by increasing GnRH release from the
hypothalamus and (or) increasing GnRH-R at the anterior pituitary gland.

Concentrations of GnRH-R mRNA were not influenced by steroid treatment for 6
d. Concentrations of GnRH-R mRNA are increased during the preovulatory period in
sheep (Brooks et al., 1993; Turzillo et al., 1994) and rats (Bauer-Dantoin et al., 1993).
Duration of exposure to steroids influences amounts of mRNA for GnRH-R. Acute
treatment of ovariectomized ewes (Hamernik et al., 1995; Turzillo et al., 1995a) and

wethers (Adams et al., 1996) with estradiol increased GnRH-R mRNA. However,
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chronic treatment with estradiol for 7 d decreased GnRH-R mRNA in ovariectomized rats
(Kaiser et al., 1993). Chronic exposure (7-8 d) to progesterone reduced concentrations of
GnRH-R mRNA in wethers (Sakurai et al., 1997). Concentrations of GnRH-R mRNA in
anovulatory cows in the current study could have increased after steroid treatment (~ 12
h) and returned to concentrations not different from control cows by d 6. Synthesis of
mRNA for GnRH-R also is influenced by GnRH in normal cycling animals (Belchetz et
al., 1978). However, pulsatile GnRH did not influence amounts of GnRH-R mRNA in
the pituitary glands of anestrous cows (Vizcarra et al., 1997). Pituitary concentrations of
GnRH-R mRNA increased 12 h afier PGF,, induced luteolysis in intact ewes (Turzillo et
al., 1994). This increase in mRNA for GnRH-R occurred at a time when concentrations
of progesterone were decreased and prior to signiﬂcaht increases in concentrations of
estradiol, suggesting progesterone may mediate pretranslation of GnRH-R (Turzillo et al.,
1994). Adequate concentrations of GnRH and the proper steroidal environment is needed
to influence concentrations of mRNA for GnRH-R.

Concentrations of common o- and FSHf-subunit mRNAs were not influenced by
treatments. Pituitary concentrations of LHB mRNA were greater in cows treated with Py
and E,P4 than in E;-treated and control cows. Withdrawal of exogenous progesterone
increases LH secretion in postpartum anestrous cows (Garcia-Winder et al., 1987) and
pubertal heifers (Anderson et al., 1996). Progesterone inhibits LH release in cattle
(Walters et al., 1982) and sheep (Moss et al., 1981). Synthesis of LH in the pituitary
gland may have adequate time to increase under the influence of progesterone.
Progesterone treatment for 6 d increased the synthesis of LHf} mRN A without altering

pulsatile release of LH in the current study. Similarly, steady state concentrations of
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common a-subunit and LHB mRNA are uncoupled from pulsatile LH release in the
sexually maturing heifer (Roberson et al., 1992). Duration of steroid exposure also may
influence amounts of mRNA for gonadotropins. Acute exposure to estradiol (12 h)
decreased concentrations of mRNA for all three gonadotropin subunits followed by
increases in common a- and LHB mRNA subunits after 24 h with no affect on FSHf
mRNA in ovariectomized ewes (Herring et al., 1991). Further exposure to estradiol
decreased concentrations of common a-subunit and LH3 mRNA after 4 d whereas
concentrations of FSHP subunit mRNA were decreased after 8 d (Herring et al., 1991).

Proestrous cows had greater concentration and content of LH in the pituitary
gland than ovariectomized, anovulatory cows with or without steroids. Concentrations
and content of LH in the current study are similar to those observed during proestrus in
beef cows (Funston et al., 1995) and dairy cows (Hackett and Hafs, 1969) prior to LH
release at ovulation. Concentrations and content of LH in the pituitary gland of
ovariectomized, anovulatory cows were 25 and 27%, respectively, the concentrations and
content in the pituitary gland of proestrous cows. Concentrations of estradiol are
increasing while concentrations of progesterone are reduced during proestrus (Chenault et
él., 7‘1975). Pituitary concentrations of LH and FSH were increased 20 h after estradiol
treatment of ovariectomized cows (Schoenemann et al., 1985).

Concentrations and content of FSH in the pituitary gland were reduced in
proestrous cows compared with ovariectomized, anovulatory cows with or without
steroids. Concentrations and content of FSH in the pituitary gland were decreased 65 and
70%, respectively, in proestrous cows compared with ovariectomized, anovulatory cows.

Concentrations and content of FSH are less than those reported for proestrous dairy cows
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(Hackett and Hafs, 1969). These differences could be due to cows in different stages of
estrus. Increased pituitary content of FSH in ovariectomized cows is likely due to
removal of ovarian peptides (i.e., inhibin) that regulate FSH (Ireland et al., 1983;
Roberstson et al., 1985, 1988).

Steady state concentrations of mRNA for GnRH-R, common a-subunit, LHf and
FSHJ were similar for proestrous cows and ovariectomized, anovulatory cows.
Increased steady state concentrations of GnRH-R mRNA during the preovulatory period
is common in rats (Bauer-Dantoin et al., 1993) and sheep (Brooks et al., 1993; Turzillo et
al., 1994). Acute exposure to estradiol increases common o-subunit and LH mRNA in
ovariectomized ewes (Herring et al., 1991). ‘Treatment with progesterone has no affect
on pituitary concentrations of mRNA encoding for common a-subunit and LHf subunit
in rats (Counis et al., 1983) and mRNA for common a-subunit, LHf3 and FSHf subunits
in ovariectomized sheep (Hamerhik et al., 1987). Differences in animal model (intact vs
castrated) as well as the physiological state of the animal at the time of pituitary harvest
may account for differences in studies of steady state amounts of mMRNA. Winters (1996)
found a relationship between plasma concentrations of FSH and FSH3 mRNA in intact |
rats but not in castrated rats. Discrepancies when comparing arfxounts of mRNA between
studies may be due to slight differences in the time at which pituitary glands were
collected. Alexander and Miller (1982) proposed the half-life of the common o-subunit
was 51 h while the B subunit is thought to be less stable with a half-life of 12-16 h (Hall

and Miller, 1986; Hamernik and Nett, 1988; Di Gregorio and Nett, 1995).
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Implications
Luteal phase concentrations of estradiol increased LH pulse frequency and
GnRH-R without altering concentrations of LH and FSH in ovariectomized, anovulatory
beef cows. Exposure to concentrations of progesterone in plasma similar to those during
the estrous cycle incfeases synthesis of LH} mRNA in the anterior pituitary gland‘of
anovulatory beef cows. Increased synthesis of LHf by progesterone would allow
pituitary content of LH to increase, and estradiol may cause increased pulsatile release of

LH in anovulatory cows.
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Table 1. Least squares means for plasma concentrations of estradiol and progesterone
in ovariectomized, anovulatory cows treated with intravaginal devices
containing estradiol (Ez), progesterone (P4), Ez and P4 (E2Ps4), or with a sham
intravaginal device (C) for 6 d

Treatment
Criteria C Eg Pg EZPQ MSE
Estradiol, pg/mL .60 1.79° 52° 1.45° 28
Progesterone, ng/mL .16* 45* 3.18° 3.08° 1.51

*Means within a row without a common superscript differ (P < .05).



Table 2. Least squares means for concentration, pulse frequency and pulse amplitude of LH in serumond -1 and d 6 in
ovariectomized, anovulatory cows treated with intravaginal devices containing estradiol (E;), progesterone (Ps),
E, and P4 (E2P,), or with a sham intravaginal device (C) for 6 d

-1 Day 6
Treatment Treatment
Criteria C E, P, E,P, MSE C E, P, E;Ps MSE
Concentration, ng/mL 1.9 1.8* 1.9 1.6* 5 1.8° 23° 2.5° 1.8° .8
Pulse frequency, pulses/4 h 2.8 1.3 1.2° 1.4 11 23 40° 27 3.2° 1.3
Pulse amplitude, ng/mL 16 1.0 9 711 1.0° 1T A W i 1.1° 1.6

®Means within a day without a common superscript differ (P <.05).

601



Table 3. Least squares means for concentration, pulse frequency and pulse amplitude of FSH in serum ond -1 and d 6 in
ovariectomized, anovulatory cows treated with intravaginal devices containing estradiol (E;), progesterone (Ps),

- E; and P4 (E;P4), or with a sham intravaginal device (C) for 6 d

-1 Day 6
Treatment ' Treatment
Criteria C Ez P 4 EzP 4 MSE C Ez P 4 EzP 4 MSE
Concentration, ng/mL 61* S7? .52° .63° .05 .60* .50 .s1° 61° 41
Pulse frequency, pulses/4 h 2.0 1.0° 1.4 1.2* 1.1 1.9* 23*  15° 2.7 1.9
Pulse amplitude, ng/mL 25° .23% A7 217 .01 27 21° 31° 23* .03

**Means within a day without a common superscript differ (P < .05).
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Figure 1. Least squares means for concentration of LH and FSH in the pituitary gland of proestrous

cows (I) and ovariectomized, anovulatory cows treated with intravaginal devices containing
estradiol (E,), progesterone (P,), E, and P, (E,P,), or a sham intravaginal device (C) for 6 d.
abDifferent letters within a hormone differ for anovulatory cows (P <.1; LH MSE = .061;
FSH MSE = .002). y?Different letters within a hormone differ for proestrous vs anovulatory
cows (P < .001; LH MSE = .237; FSH MSE = .002).

IT1



B GnRH-R
307 O GnRH-R mRNA v T 30
BT y 4 b + 25
y y
=20t b L 20 &
g 2
g >
=11} = -
& g
g 10T : + 10 3
= c
= =.
5+ +5 <
0 0
I c E, P, EP,

Figure 2. Least squares means for concentrations of GnRH-R and GnRH-R mRNA in the pituitary gland
of proestrous cows (I) and ovariectomized, anovulatory cows treated with intravaginal devices
containing estradiol (E,), progesterone (P,), E, and P, (E,P,), or a sham intravaginal device (C)
for 6 d. **Different letters within GnRH-R and GnRH-R mRNA differ for anovulatory cows
(P <.05; GnRH-R MSE = 75.5; GnRH-R mRNA MSE = 162.7). ¥Different letters within
GnRH-R mRNA differ for proestrous vs anovulatory cows (P <.05; MSE =158.4).

(48|



0T b
M commonae B LH B B FSH f y

60

50 T

30 T

mRNA (Arbitrary Units)
&

20 T

10 T

0-

Figure 3. Least squares means for steady state concentrations of common o-, LHf3- and FSHp-subunit
mRNAEs in the pituitary gland of proestrous cows (I) and ovariectomized, anovulatory cows
treated with intravaginal devices containing estradiol (E,), progesterone (P,), E, and P, (E,P,),
or a sham intravaginal device (C) for 6 d. **Different letters within a subunit differ for
anovulatory cows (P < .05; a-subunit MSE =7.3; LHB MSE = 622.2; FSHB MSE =17.1).
v2Different letters within a subunit differ for proestrous vs anovulatory cows (P < .05; a-subunit
MSE =7.0; LHB MSE =628.9; FSHP} MSE = 14.8).
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CHAPTER VI
SUMMARY AND CONCLUSIONS

Beef cattle are the least efficient domestic farm species usually producing a single
offspring each year. A 10% increase in the annual calf crop would allow the production
of the same kilograms of beef from 12% fewer cows. Understanding the physiological
mechanisms responsible for resumption of ovarian activity in postpartum beef cows may
allow increased reproductive efficiency. Threé experiments were conducted to determine
the mechanisms by which nutrition and steroids influence gonadotropin release in beef
cows. The specific objectives of the current research were 1) to characterize effects of
nutrition and body energy reserves on concentrations of LH and FSH in ovariectomized
beef cows, 2) to evaluate endocrine and behavioral events associated with the first
ovulation in postpartum beef cows, and 3) to evaluate the effects of nutrition and steroids
on serum and pituitary gland concentrations of LH and FSH, mRNA for gonadotropin
subunits and GnRH-R, and concentrations of GnRH-R in pituitary glands of beef cows.

In experiment I, ovariectomized Hereford and Angus x Hereford cows were used
to determine the effects of chronic and acute nutritional deprivation on concentration,
pulse frequency and amplitude of LH and FSH in serum. Anovulatory cows were
ovariectomized and fed to either maintain or gain body weight for 4 months to determine
the effects of chronic nutritional deprivation on gonadotropin secretion. Luteinizing

hormone and FSH were quantified in serum at 10 min intervals for 8 h. Ovariectomized
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cows in moderate body condition were assigned to receive either restricted or
maintenance diets for 6 d to evaluate effects of acute nutritional deprivation on
gonadotropin secretion and blood metabolites. Concentrations of LH and FSH were
quantified in serum at 10 min intervals for 8 h from cows before treatment (d 0), and on d
3 and 6.

Anovulatory cows fed to gain weight had greater concentrations, pulse
frequencies and amplitudes of LH and FSH than did anovulatory cows fed to maintain
body weight. Concentrations of LH in serum of anovulatory cows fed maintenance diets
were 52% of the concentrations in anovulatory cows fed to gain body weight, whereas
FSH concentrations in maintenance fed, anovulatory cows were 76% of the
concentrations in anovulatory cows fed to gain weight. This indicates that chronic
nutritional deprivation may have less influence on FSH than LH in ovariectomized cows.
Removal of ovarian regulatory peptides (i.e., inhibin) by ovariectomy may obscure
effects of undernutrition by increasing concentrations of FSH in serum of cattle.

Feeding 30% of maintenance energy requirements for 6 d did not influence
concentration, pulse frequency or amplitude of LH and FSH in ovariectomized cows in
moderate condition. Concentrations of glucose and leptin in plasma were not altered
during 6 d of feed restriction; however, concentrations of NEFA were increased and IGF-
I in plasma were decreased. These results indicate that feed restriction for 6 d is not
sufficient to decrease pulsatile release of LH and FSH. Concentrations of NEFA and
IGF-I may be indicators of metabolic status in underfed animals.

Seventy-seven multiparous beef cows with moderate to good BCS were used in

experiment I. Commencing approximately 3.5 mo prior to parturition, cows grazed
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native grass range and were fed either .68 kg/d (L) or 1.36 kg/d (M) of a 40% crude
protein supplement to either lose or maintain body weight until parturition. Blood
samples were collected twice weekly after parturition to determine the occurrence of the
first postpartum luteal activity (progesterone > .5 ng/mL). Cows were exposed to bulls
and observed twice daily for behavioral estrus. Luteal activity was classified as normal if
four consecutive samples had > .5 ng/mL of progesterone (LA for at least 11 d) or short if
three or less consecutive samples had > .5 ng/mL.

Body condition score of cows fed to lose weight was 3.6 at parturition, and cows
fed to maintain condition had a BCS of 4.7. Postpartum intervals from parturition to first
estrus, normal LA and conception were shorter for moderate condition (BCS > 4.5) cows
than for thin (BCS < 4) cows. These results support the concept that BCS at parturition is
the single most important factor affecting postpartum reproductive performance in beef
cows (Selk et al., 1988).

Body condition score at parturition and postpartum weight change did not
influence the duration of first luteal activity. Seventy-two percent of cows had a transient
(progesterone > .5 ng/mL in one sample) increase in progesterone preceding the first
normal luteal activity, and 6% of cow‘s had > .5 ng/mL of progesterone for two samples.
This indicates that short luteal activity at the first postpartum ovulation is a common
occurrence in a majority of beef cows.

Body condition at parturition and postpartum weight change did not influence the
duration of luteal activity associated with first estrus. Seventy-four percent of cows
exhibited estrus and 26% did not express or were not detected in estrus with twice daily

observation. After the first estrus, 72% of cows had normal luteal activity, 16% had short
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luteal activity and 12% lacked luteal activity. Maximum concentrations of progesterone
were greater in cows with four consecutive samples > .5 ng/mL of progesterone than in
cows with one or two sample[s] > .5 ng/mL of progesterone.

Eighty-one percent of cows with a transient increase in progesterone before first
estrus exhibited subsequent normal luteal activity, and only 36% of cows in which a
transient increase in progesterone was not detected had normal luteal function after
estrus. We speculate that a transient increase in progesterone in cattie during the
postpartum period resensitizes the brain and possibly allows synthesis of LH in the
pituitary gland. Transient increases in progesterone also may control timing of luteolysis
by increasing progesterone receptors in the uterus.

The third experiment utilized twenty-eight nutritionally induced anovulatory
cows and five proestrous cows to determine the effect of E; and P4, and reproductive state
on regulation of synthesis and secretion of LH and FSH. Anovulatory cows were
ovariectomized and received intravaginal devices containing E,, P4, E2 and Py, or a sham
intravaginal device (C) for 6 d. Concentrations of LH and FSH were quantified in serum
samples collected every 10 min for 8 h on d 6. Cows were exsanguinated within 2 h after
removal of intravaginal devices and pituitary glands collected and stored. Proestrous
cows were exsanguinated and pituitary glands collected to cbmpare concentrations of LH
and FSH, and gene expression for gonadotropin subunits in anovulatory cows with cows
with normal estrous cycles. Total RNA was isolated from one half of each pituitary
gland, and mRNA for GnRH-R and gonadotropin subunits were quantified. Pituitary
content of GnRH-R, LH and FSH were determined in the remaining half of each pituitary

gland.



118

Cows treated with an intravaginal device containing E, had increased
concentrations of E; in plasma similar to values during the early luteal phase of the
estrous cycle. Concentrations of P4 were increased in cows treated with intravaginal
devices containing P4, and were similar to values observed during the early luteal phase
of the estrous cycle.

Frequency of LH pulses and number of GnRH-R were increased in anovulatory
cows treated with E; and E,P4. Steady state concentrations of GnRH-R mRNA were not
influenced by steroid treatments. FConc;entrations of LH and FSH in serum were not
influenced by E; or P4. Estradiol may increase LH secretion by increasing GnRH-R on
the anterior pituitary gland.

Concentration and content of LH in pituitary glands was not influenced by steroid
treatments; however, cows treated with E; had reduced pituitary FSH concentrations.
Estradiol may regulate LH and FSH synthesis and release differently.

Pituitary concentrations of LHB mRNA were greater in cows treated with P4 and
E,P,4 than in E,-treated and control cows. Concentrations of common a-subunit and
FSHP mRNA were not influenced by treatments. Progesterone may increase synthesis of
LHB in pituitaries of anovulatory cows.

Proestrous cows had greater pituitary concentration and content of LH and
reduced concentration and content of FSH than did ovariectomized, anovulatory cows
treated with or without steroids. Increased pituitary content of FSH in ovariectomized
cows compared with proestrous cows may be due to removal of ovarian regulatory

peptides.
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Steady state concentrations of mRNA for GnRH-R, common a-subunit, LHf and
FSHB in the pituitary were similar for proestrous cows and ovariectomized, anovulatory
cows. The lack of an effect of physiological state on mRNAs may be because steady
state concentrations of mRNA are a measurement of gene expression for a particular
subunit at a single point in time.

Anestrous cows have decreased LH release from the anterior pituitary gland
due to reduced GnRH secretion from the hypothalamus. Secretion of reduced amounts of
gonadotropins suppresses synthesis and release of steroid hormones by the ovary, which
influence secretion of gonadotropins. Reduced nutrient intake and BCS reduces secretion
of LH, and LH is the limiting gonadotropin for reproductive performance of beef cows.
Exposure of the hypothalamus and pituitary to increased Aconcentrations of estradiol
during gestation may reduce gonadotropin secretion during the early postpartum period,
and anestrous is further attenuated by undernutrition. Increase in plasma concentrations
of progesterone prior to the first ovulation in postpartum beef cows sensitizes the brain to
the effects of estradiol. Progesterone regulates gonadotropin release by altering secretion
of GnRH, and progesterone probably affects synthesis of LH in the anterior pituitary
gland. Increased synthesis of LH would allow pituitary stores of LH to increase and be
available for release. Minimal concentrations of estradiol from ovaries of anestrous cows
could cause increased pulsatile release of LH by stimulation of GnRH release. Estradiol
also increases the sensitivity of the pituitary gland to GnRH by increasing GnRH-R in the
anterior pituitary gland. Increased GnRH-R may occur by increased GnRH release and

(or) increased synthesis of GnRH-R in the pituitary. Pulsatile secretion of LH causes
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increased production of estradiol in the ovary. Estradiol acts to induce a LH surge that

causes ovulation and resumption of luteal function in anestrous cows.
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