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CHAPTER I :

INTRODUCTION

Increasing reproductive efficiency of beef cattle can
improve efficiency of production. In heifers, age at
puberty is a major factor influencing efficiency. If first
parturition occurs at 2 yr of age instead of 3 yr of age, a
heifer tends to produce more kilograms of calf during her
lifetime (Lesmeister et al., 1973) . Puberty in cattle has
been defined as the age when first estrus accompanied by
spontaneous ovulation occurs. Endocrine events at puberty
are associated with morphological and functional changes in
the gonads and interactions among the hypothalamus,
pituitary, gonads and uterus, which result in developmental
changes in the target organs (Short and Adams, 1988).

Nutritional management is a major factor controlling
reproduction. Nutritional restriction can cause anestrus in
cows or heifers that are having normal estrous cycles as
well as delay the onset of puberty (Randel, 1990).

The mechanism by which nutrition causes anestrus in

cattle remains unclear, but it has been demonstrated



that body energy reserves control reproductive performance
in cows (Selk et al., 1988; Spitzer et al., 1991).

Fertile estrous cycles can be reinitiated, after
nutritionally induced anestrus, by increased nutrient
intake. Resumption of luteal activity is associated with
increased BW and BCS. There is also evidence that indicates
that glucose may be an energy mediator for the resumption
and maintenance of estrous cycles (Richards et al., 1989a,
1989b) .

The objectives of this study were: to evaluate the
relationship between the occurrence of puberty with the
cessation of luteal activity after nutritional restriction
and to determine if feeding Cobalt Dextrose Lactone (CDL)
influences concentrations of glucose in plasma and alters
ovarian activity in nutritional anestrous heifers during re-

alimentation.



CHAPTER II

REVIEW OF LITERATURE

Puberty

Definition. Broadly defined, puberty is the condition
of being or the period of becoming first capable of
reproducing. It is marked by maturing of the genital organs
and development of secondary sex characteristics (Webster’s,
1988) .

In heifers, puberty is the age when first estrus is
accompanied by spontaneous ovulation. The age of first
estrus in heifers varies considerably and one or more
"quiet" ovulations may occur before heifers exhibit estrus
or "standing heat" in conjunction with ovulation (Jainudeen
and Hafez, 1987). Del Vecchio et al. (1990) observed that
silent estrus and abnormally short or long estrous cycles
occurred in 45% of the heifers during the first 2 estrous
cycles, indicating that there are anomalies in the ovarian
and uterine hormonal events necessary for normal estrous

cyclicity during the pubertal transition period.



Endocrine changes. Endocrine changes at puberty are
associated with morphological and functional changes in the
gonads, and interactions among the hypothalamus, pituitary,
gonads and uterus. These endocrine events result in
developmental changes in target organs. The classical
"gonadostat" theory, suggested by Ramirez and McCann (1963),
states that a decrease in sensitivity of the hypothalamo-
pituitary centers to negative feedback to estradiol results
in gonadotropin secretion which is necessary for the onset
of puberty. This theory may not be applicable to all
species (Day et al., 1984; Dodson et al., 1988).

Conflicting results have been recorded for heifers.
Some workers have found that LH secretion in prepubeftal
heifers is responsive to estradiol negative feedback and
that decreased feedback occurs just prior to puberty (Scahms
et al., 1981; Day et al., 1984; Jones et al., 1991). Kinder
et al. (1987) observed pulsatile secretion of LH prior to
the onset of puberty in heifers, while others have been
unable to detect significant increase in mean concentration
of LH, frequency of LH pulse or LH pulse amplitude before
the onset of cyclic ovulatory activity (Gonzalez-Padilla et
al., 1975; Page et al., 1987; Dodson et al., 1988).

Day et al. (1987) studied the concentration of
receptors for estradiol in the hypothalamus and pituitary.
They found a decline in the number of estradiol receptors in
the hypothalamus and/or pituitary just prior to puberty.

This indicates that a decrease in the number of estradiol



receptors may be the mechanism responsible for the
prepubertal decline in the negative feedback of estradiol on

secretion of LH.

Factors affecting puberty in heifers

Nutrition. Reproductive rate has a major influence on
production efficiency of beef cattle, and nutritional
management limits or controls reproduction. Most of the
work related to the effect of nutrition on reproductive
processes has been focused on the effects of energy
restriction. Other nutrient deficiencies such as protein,
vitamins and minerals can also affect reproduction, but
their effects are not well documented. The relative
proportion of volatile fatty acids (VFA) in the rumen as
well as glucose concentrations in blood can also have a
profound effect on reproduction and production efficiency
through effects on puberty in heifers (McCartor et al.,

1979; Short and Adams, 1988).

Enerqgy. Energy is the feed component required in
the greatest quantity by beef cattle. The major energy-
consuming processes in ruminants are related to biochemical
processes such as ion transport across cell membranes in the
gastrointestinal tract and liver, protein synthesis, protein
degradation, substrate cycling and urea synthesis (McBride

and Kelly, 1990).



Heifers fed diets with adequate energy reach puberty at
an earlier age and are heavier than those fed diets with
restricted energy ( Bellows et al., 1967; Wiltbank et al.,
1969; Arije and Wiltbank, 1971; Grass et al., 1982;
Patterson et al., 1991). The effect of the source of energy
has also been evaluated. Wilcox et al. (1990) fed heifers
with diets composed mostly of concentrate or forage,
insuring equal gains for heifers on both diets. The weight
and age at puberty were similar for both diets, indicating
that diets containing mostly grains, had no beneficial or
detrimental effect on development of replacement heifers.
The use of protein-protected lipids as an alternative form
of feed energy was also evaluated (Rhodes III et al., 1978).
Heifers that received 20% of their diet as a protein-
protected lipid-feed, deposited more intramuscular and
subcutaneous fat and had greater body condition than heifers
fed an isocaloric diet without protected lipid. However,
fewer heifers fed the protected lipid diet reached puberty
during the experiment, compared with control heifers.

The effect of restricted energy intake on the endocrine
system of prepubertal heifers has not been established.

Beal et al. (1978) suggested that dietary energy restriction
may influence LH-release directly at the pituitary, as well
as, indirectly through effects on ovarian steroid
production. More recently, Day et al. (1986) proposed that
a reduced nutrient intake during the prepubertal period

delays puberty in heifers by retarding the prepubertal



increase in secretion of LH. When a diet restricted in
energy was fed to heifers, the prepubertal increase in
secretion of LH did not occur and puberty was delayed. The
release of LH from the pituitary, after treatment of heifers
with GnRH, was also reduced in heifers fed diets containing
less energy compared with the response of heifers fed a

control diet.

Volatile fatty acids. VFA’s are the main energy
source for ruminants. Acetic, propionic and butyric acids
are produced during fermentation of dietary plant materials
and normally make up 95% of the total VFA’s present in the
rumen. Propionic acid accounts for between 25 and 44% of
the total VFA’s (Ward et al., 1961). Propionic acid serves
as the primary precursor of glucose, which must be
synthesized de novo because little glucose is absorbed into
the hepatic portal vasculature (Huntington et al., 1981).

Rutter et al. (1983), studied the effect of abomasal
infusion of propionate in prepubertal heifers. They
concluded that treatment with propionate enhanced the
capacity of the pituitary to respond to exogenous GnRH.

Monensin, a biological active compound produced by
Streptomyces cinnamonensis, can change rumen fermentation
patterns, increasing the ruminal production of propionate at
the expense of acetate and butyrate (Dinius et al., 1976).
The effect of feeding monensin to prepubertal heifers is

well documented. Moseley et al. (1978) first demonstrated



that heifers fed monensin reached puberty early than control
animals. Later it was proposed that monensin increased the
capability of the pituitary of prepubertal heifers to
secrete LH upon multiple GnRH challenges (Randel and Rhodes
III, 1980). The increased secretion of LH resulted in
increased ovarian, luteal and follicular fluid weights, as
well as, the number of follicles was increased (Bushmich et

al., 1980).

Age. Age at puberty is an important factor that influences
the efficiency of beef cattle production. Puberty normally
occurs at about 11-15 months of age in beef breeds (Wiltbank
et al., 1959, 1966, 1969; Stewart et al., 1980). Heifers
that reach puberty during their first breeding season are
able to calve as 2-years-old. In this situation, heifers
have a greater lifetime calf production than those calving
at 3 years of age or older (Donaldson, 1968). It is not
only important that heifers reach puberty and conceive, but
they should start estrous cycles early in the breeding
season to increase production efficiency (Lesmeister et al.,
1973).

Age at puberty was negatively correlated with weaning
weight (Wiltbank et al., 1959), preweaning average daily
gain (Arije and Wiltbank, 1971; Laster et al., 1972),
postweaning average daily gain (Wiltbank et al., 1969) and
with weight at first calving (Menge et al., 1960). Grass et

al. (1982) reported that age at puberty was negatively



correlated with weight, height, weight/height ratio and
heart girth at 224 days, when heifers received limited
nutrient intake, but these correlations were positive when
the animals were given adequate diets.

Response to selection for age at puberty depends on the
magnitude of its heritability. Heritability estimates for
pubertal age range from .20 to .61 (Arije and Wiltbank,
1971; MacNeil et al., 1984; Morris et al., 1986). This lack
of accuracy is probably a result of the use of different
mathematic models (MacNeil et al., 1984) or the use of
different populations, since heritability is a function of
the group on which it is calculated (Preston and Willis,

1970) .

Weight. Many experiments have demonstrated that after
removing the effect of feed intake and breed, age at puberty
is largely explained by differences in body weight,
indicating that the onset of puberty is more closely related
to body weight than to age ( Wiltbank et al., 1966; Short
and Bellows, 1971). Weight and age at puberty are
positively correlated, indicating that heifers that reach
puberty later tend to be heavier at puberty (Arije and
Wiltbank, 1971; Laster et al., 1972; Little et al., 1981;
Grass et al., 1982). Weight at puberty is positively
correlated with pre and postweaning growth; heifers that
grow more rapidly tend to be heavier at puberty (Wiltbank et

al., 1969; Ferrell, 1982). However, the relationship
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between age and weight at puberty was negative when heifers
were reared on different diets. Heifers with increased
nutrient intake reached puberty at an earlier age and were
heavier than those fed reduced amount of nutrients (Bellows
et al., 1967; Wiltbank et al., 1969; Arije and Wiltbank,
1971; Grass et al., 1982).

The mechanism by which body weight influences the onset
of puberty has not been established. Mechanisms related
with a "critical" body weight in girls (Frisch and Revelle,
1970) and level of "fatness" in rats have been suggested
(Frisch et al., 1977). Riumallo and Durnin (1988)
characterized puberty in boys as a "fat-wave" during which
children gain weight and the tissue is almost 40% fat. This
is followed by the "growth spurt" during which they gain
tissue that is almost 100% lean.

In heifers, it has been proposed that the onset of
puberty does not depend on attaining a "critical" body
weight (Kamwanja et al., 1980; Brooks et al., 1985). Some
works support the idea that body composition is more
important than body weight itself. Siebert and Field (1975)
found that an adequate body weight is necessary for estrus
to occur, but that the onset of puberty is more closely
related to the body fat content of heifers (approximately
8.4% of the body weight) than body weight or total body
water. More recently, Yelich et al. (1991), working with
Angus x Hereford heifers, found that total body fat at

puberty was greater in full fed animals compared to limited
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or maintenance fed heifers, concluding that the percentage
body fat and body weight of heifers at puberty can be

altered by diet.

Body Condition. Body condition scoring (BCS) allows the
accurate estimation of body energy or fat reserves of cows
(Wagner et al., 1988). Scoring systems have been developed
in several countries (Earle, 1976; Grainger and McGowan,
1982; Richards et al., 1986), and in all cases the lowest
value identifies the thinnest animal and the highest value
the fattest animal.

Body energy reserves are probably major regulators of
the age at puberty of heifers, however, little information
is available on the effect of BCS on the onset of puberty.
Ferrell (1982) reported that age at puberty was not related
to heifers condition score, but BCS was associated with the
mean weight at puberty. On the other hand, Rhodes III et
al. (1978) established that heifers that received protein-
protected lipid had a greater condition score than controls
at puberty, but fewer heifers fed the protein-protected
lipid attained puberty during the study. Recently, Yelich
et al. (1991), reported that heifers receiving a diet
composed mostly of grain, reached puberty earlier and with a
greater BCS, when compared with heifers receiving a diet
containing less energy.

Roberson et al. (1990) conducted an experiment with

ovariectomized beef heifers to determine the influence of
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BCS and restriction of dietary energy on secretion of
gonadotropins. They found that the amplitude of LH pulses
increased with decreasing daily gain in heifers with low
BCS, but LH pulses were unrelated with decreasing daily gain
in heifers with high BCS. Mean concentrations of LH and
pulse frequency of LH were not related to changes in average

daily gain in heifers with high and low BCS.

Breed. Age and weight at puberty is greatly influenced by
the genotype of heifers (Gregory et al., 1966; Wiltbank et
al., 1966; Laster et al., 1976; Ferrell, 1982; Warnick et
al., 1990; Patterson et al., 1991). In general, breeds that
have been selected for great milk production, reach puberty
at a younger age and at a relative lighter weight than
breeds that have been selected for beef production (Laster
et al., 1979; Ferrell, 1982). Also, faster growing heifers,
such as Continental and Zebu breeds, reach puberty later
than British breeds (Laster et al., 1976; Stewart et al.,
1980; Ferrell, 1982).

The effect of crossbreeding on puberty has been
evaluated. Heterosis for age and weight at puberty have
been observed when crossing British breeds (Kaltenbach and
Wiltbank, 1962; Wiltbank et al., 1966) and with Bos indicus
X Bos taurus crossbreds (Gregory et al., 1978; Laster et
al., 1979 Sacco et al., 1987).

Differences in weight at puberty in different

crossbreed heifers were similar to the differences in
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weaning weight, indicating that heterosis influences age at
puberty through its effect on growth rate (Laster et al.,
1972). Hawk et al. (1954) found that inbreeding delayed age
at puberty in Holstein heifers and also significantly

retarded growth rate.

Photoperiod. Cattle are not considered seasonal breeders,
however photoperiod has an influence on reproduction
(Hauser, 1984). Seasonal patterns of LH, FSH, prolactin and
melatonin secretion in heifers and cows have been reported
(Stanisiewski et al., 1988; Critser et al., 1987b, 1987c).
Not only does the relative position of the sun to the earth
influences reproduction, but the phase of the moon may be
related to the reproductive performance of heifers (Roy et
al., 1980).

It is possible that the pineal gland and melatonin may
have a role in the measurement and transduction of
photoperiod in heifers (Critser et al., 1987a; Webley and
Luck 1986), but the relationship between the pineal,
hypothalamus, pituitary and gonads has not been established.

Prepubertal heifers exposed to a long photoperiod
achieve puberty at an earlier age than heifers exposed to a
short photoperiod (Hauser, 1984; Hansen et al., 1983).
However, Peters and Tucker (1978) found that long
photoperiods (16-h light, 8-h dark) did not significantly
affect onset of estrous cycles, compared to heifers exposed

to natural photoperiod.
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Critser et al. (1987c, 1988) tested the hypothesis that
photoperiod influences gonadotropic hormones and melatonin
secretion. They found that serum LH and prolactin
concentrations were greater in heifers exposed to increasing
photoperiod. Melatonin concentrations, measured at night,
were greater in heifers exposed to decreasing photoperiod.
In addition they found that melatonin is secreted
episodically. There are diurnal changes in circulating
concentrations of melatonin in the prepubertal bovine
females, with concentrations higher during scotophase (dark
period) than photophase.

The season of birth (spring or fall calving) influences
the age at puberty of heifers (Little et al., 1981; Schillo
et al., 1982). 1In late gestation and early postnatally,
heifers born in the fall are exposed to decreasing day
length, and between 3 agd 9 months of age they are in an
environment of increasing photoperiod. Several reports have
. demonstrated that heifers born in the spring reached
puberty at younger ages than those born in the fall (Menge
et al., 1960; Roy et al., 1980; Hauser, 1984). These
effects of photoperiod are accompanied by changes in
gonadotropin concentrations and in ovarian activity. Peters
and Tucker (1978) reported that serum concentrations of
prolactin increased when ambient temperature increased from
9 to 29 C and that the increase in prolactin due to the
increase in temperature was greater in heifers exposed to

long photoperiod. Hansen et al. (1983) concluded that
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photoperiod did not significantly influence PRL and LH
concentrations, but Schillo et al. (1983) suggested that
seasons may influence age at puberty by affecting serum
concentrations of LH, prolactin, or growth rate. When
heifers were exposed to different photoperiod but received
the same diet (hay ad libitum), concentrations of LH and FSH
were greater while concentrations of prolactin were reduced
in heifers exposed to a shorter photoperiod than those
exposed to a long photoperiod (Critser et al., 1987b). The
present evidence indicates that age at puberty in the bovine
female can be altered by photoperiod even though it is not a
seasonal breeder, but the causes for this effect needs

further investigation.

Ambient temperature. Environmental temperature is the most
important climatic factor which may influence reproduction
in beef cattle. Elevated ambient temperatures coupled with
greater percentages of relative humidity, depress
performance of dairy and beef cows by decreasing feed
consumption (Morrison and Lofgreen, 1979; Collier et al.,
1981; Minton, 1986; McGuire et al., 1988), milk production
and estrous behavior (Johnson, 1965; Ludri, 1983; Collier et
al., 1982). Cutaneous receptors and the CNS, which affect
the neuroendocrine system via the hypothalamus and
pituitary, are possible mechanism by which temperature
influences reproduction (Ingram and Mount, 1975).

Continued exposure to elevated ambient temperature
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delayed puberty in gilts (Flowers et al., 1989) and heifers
(Dale et al., 1959). Madan and Johnson (1973) demonstrated
that hyperthermia decreases preovulatory and basal
concentrations of LH in Guernsey heifers. Similarly, Miller
and Alliston (1974), found that the LH surge was detected in
only 38% of the heifers exposed to elevated ambient
temperature, while 88% of the animals exposed to a
thermoneutral environment had normal LH surges during the
day of estrus. It has also been shown that increasing
ambient temperature increased basal concentrations of
prolactin but not growth hormone in prepubertal heifers
(Wettemann and Tucker, 1974; Tucker and Wettemann, 1976).

It is generally accepted that the sweat glands are the
main avenue of heat dissipation and body temperature
regulation in cows (McDowell et al., 1961; McLean, 1963;
Amakiri, 1974). Differences in sweating rates between
breeds have been observed (Schleger and Turner, 1965;
Amakiri and Onwuka, 1980; Finch et al., 1982). When exposed
to the same environment, Bos indicus are subjected to less
heat stress than Bos taurus, because external
characteristics reduce the effect of the environmental heat
load on the animal more effectively (Gatenby, 1986). Dale
et al. (1959) observed that age at puberty in Santa
Gertrudis heifers was not affected by increasing
environmental temperature, but Shorthorn heifers exposed to
27 C required 137 more days to reach puberty than heifers

adapted to 10 C.
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Social interactions. In many species, the onset of puberty
in femaleé is influenced by the social environment (Levin
and Johnston, 1986). For example, if female mice (Mus
musculus) were exposed to an adult male, the onset of
puberty was accelerated compared with females housed alone
(Vandenbergh, 1967, 1976). In addition, suppression of
sexual maturation of young females by their mothers or by
other socially dominant adult females, has been suggested in
the wolf (Canis lupis) and the rhesus monkey (Macaca
mulatta) (Levin and Johnston, 1986). The presence of a male
accelerated puberty in domestic female pigs (Sus scrofa).
Gilts that were exposed to a boar reached puberty at an
early age than gilts reared without being exposed to a boar
(Brooks and Cole, 1970; Zimmerman et al., 1974; Thompson and
Savage, 1978; Pearce and Hughes, 1987; Pearce et al., 1988).

The social organization of different species of
hamsters can accelerate or delay puberty. This is an
adaptative characteristic and may be correlated with the
degree of gregariousness of a specie (Levin and Johnston,
1986) .

Cattle have a gregarious social organization, but the
effect of males on the onset of puberty in females is not
well understood. Roberson et al. (1987) reported that the
presence of mature bulls for 152 dﬁys did not alter the
proportions of beef heifers reaching puberty. However,

Pennel et al. (1986) found that using epididectomized mature
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bulls for 70 days, increased the percent of heifers with
estrous cycles at the beginning of the breeding season.
More recently, Roberson et al. (1991b) concluded that
exposure of prepubertal heifers to bulls increases the
proportions of heifers attaining puberty between 12 and 14
months of age. They also found a significant interaction
between the growth rate of heifers and the bull effect,
indicating that the stimulatory influence of bull exposure
was greater within the high growth rate heifers than within
the moderate growth group.

Results from studies designed to evaluate the social
interaction between prepubertal heifers with a group of
estrous heifers showed that the percentage of animals
exhibiting estrus was the same for heifers reared with
estrous females and for heifers that remain isolated
(Roberson et al., 1983).

Izard and Vandenbergh (1982) studied the role of
pheromones in the acceleration of the onset of ovarian
activity. Prepubertal heifers treated with bull urine
reached puberty early than those treated with water,
supporting the hypothesis that there is a priming pheromone
in bull urine that can hasten the onset of puberty in beef
heifers.

The effect of bull exposure on accelerating the onset
of ovarian activity may be beneficial to reproductive
management, "but the role of pheromonal or other

allelomimetic cues in the acceleration of the onset of
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cyclic ovarian function at puberty remains to be determined

in the bovine" (Roberson et al., 1991b).

Nutritional regulation of cessation and initiation of

estrous cycles in beef cows

The effect of nutrition on reproductive performance in
beef cows has been recognized for many years. Several
reviews have described the nutritional influences on
reproduction (Lamond, 1970; Dunn and Kaltenbach, 1980;
Wettemann, 1980; Short and Adams, 1988; Randel, 1990; Short
et al., 1990). The most important finding in these reviews
is that undernutrition affects postpartum rebreeding,
modifies normal estrous cycles and extends the period from
parturition to estrus. The mechanism by ﬁhich

undernutrition causes anestrus in cattle remains unclear.

Weight and Body Condition. Body weight (BW) and

condition score (BCS) are indicators of energy status.
First-calf beef cows calving with greater BCS returned to
estrus and became pregnant earliér than cows with lesser BCS
(Spitzer et al., 1991). Reduced energy or protein intake,
before or after calving, reduced pregnancy rates and extends
the postpartum interval in cows (Randel, 1990).

Reduced nutrient intake is associated with loss of BW
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which in turn is manifested in loss of BCS, decreased luteal
activity and cessation of estrous cycles. Nonlactating
Hereford cows fed to lose 1% of their initial weight each
week, became anestrus after 182 days of a restricted diet
(Richards et al., 1989a). At this time, cows had lost 100
kg (24% of their initial weight) and had a BCS of 3.5 (35%
less of their initial BCS). Similarly, Bishop et al. (1990)
using the same feeding schedule, found that Hereford and
Hereford x Angus cows weighing 469 kg and with a BCS of 5.5,
became anestrus at a BCS of 3.1 (44% less than their initial
BCS) and had lost 113 kg (24% of their initial weight).
Comparable results have been found for dairy heifers
(Johnson et al., 1987), gilts (Armstrong and Britt, 1987)
and ewes (Tatman et al., 1990).

Short et al. (1990) reviewed several works and
estimated that estrous cycles could be maintained if BCS is
4 or greater, although this may differ depending on other
factors such as breed and whether an animal is entering into
or coming out of anestrus.

Fertile estrous cycles can be reinitiated, after
nutritionally induced anestrus, by increased nutrient
intake. Richards et al. (1989a) found that at the
resumption of estrous cycles, cows weighed 88% of their
initial BW and had a condition score that was 85% of their
initial BCS. Imakawa et al. (1986a) found that postpubertal
Angus x Hereford heifers reinitiated ovarian luteal activity

at 452 kg (33% more than their initial weight). These -
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findings and those of Louw et al. (1988) suggest that
greater body fat reserves are required to reinitiate estrus
cycles than to maintain cycles in cows that are losing

weight (Richards et al., 1989a).

Endocrine changes. The effects of nutritional restriction
during the estrous cycle on the ovarian, pituitary and
hypothalamic function have been studied in cattle
(Staigmiller et al., 1979; McCann and Hansel, 1986; Imakawa
et al., 1986b; Richards et al., 1989a) gilts (Armstrong and
Britt 1987) and ewes (Tatman et al., 1990). Results on the
effects of underfeeding on serum concentrations of
progesterone during the estrous cycle are not in agreement.
Hill et al. (1970) found that heifers exhibiting normal
estrous cycles and receiving 85% of the estimated daily
maintenance requirement of energy and protein, had reduced
concentrations of progesterone in plasma within 5 days.
Similarly, heifers receiving 62% of their total TDN
requirements had significantly reduced concentrations of
progesterone in plasma during the second and third estrous
cycles (Gombe and Hansel 1973). However, Apgar et al.
(1975) described an experiment in which the dietary
treatment was the same as that used by Gombe and Hansel
(1973) but they found that progesterone concentrations in
plasma were only slightly affected. In another experiment,
concentrations of progesterone in plasma were consistently

greater for cows fed restricted diets than for control cows
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(Donaldson et al., 1970; Dunn et al., 1974). In all of
these experiments, the body condition and age of cows, as
well as the type of management and/or duration of restricted
feeding were different, making it difficult to make
comparisons or to formulate conclusions.

When heifers were fed submaintenance diets for seven
consecutive estrous cycles (Imakawa et al., 1983), there was
a decrease in both, concentrations of progesterone in serum
and production of progesterone in vitro by CL tissue.
However, concentrations of progesterone in serum during the
last cycle before cessation of cyclic activity did not
differ from previous cycles. These results indicate that
cycle length and progesterone concentrations during the
estrous cycle prior to cessation of cyclic activity are not
different from previous cycles.

The "pseudohypophysectomy" theory developed by Mulinos
and Pomerantz (1940), as a possible explanation for ovarian
hypofunction under reduced energy intake, needs to be
clarified. The effect of feed restriction on luteinizing
hormone (LH) have discrepancies among experiments. Gombe
and Hansel (1973), found that ovarian hypofunction under
conditions of restricted energy intake is not due to reduced
concentration LH in serum, since plasma LH in energy-
restricted animals was significantly elevated, rather than
depressed. On the other hand, dietary energy restriction
did not affect (Hill et al., 1970; Spitzer et al., 1978

Staigmiller et al., 1982) or significantly decreased (Apgar
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et al., 1975; Imakawa et al., 1984) concentrations of LH in
serum.

The alteration in the pattern of gonadotropin secretion
in heifers fed diets with reduced energy content are
dependent on direction of BW change (Roberson et al.,
1991a). Beef heifers with either decreasing followed by
increasing BW (D-I) or increasing followed by decreasing BW
(I-D) had similar concentrations of LH in serum. Frequency
of LH pulses increased as BW increased in heifers receiving
D-I and I-D treatment. LH amplitude decline as BW
increased, but this decline was greater in heifers receiving
the D-I than heifers receiving the I-D treatment. Rasby et
al. (1991) suggested that nutritional restriction in
nonpregnant Hereford cows did not influence pituitary LH
content after GnRH injection, but influenced the release of
LH from the hypophysis, since thin cows had greater
concentrations of LH in serum after GnRH than did moderate
or fat cows.

Follicle-stimulating hormone (FSH), is probably not a
limiting factor during postpartum anestrus, since the number
of FSH receptors were not different in weaned or suckled
anestrus postpartum cows (Walters et al., 1982) and FSH
concentrations did not change at different days after
parturition (Moss et al., 1985; Cermak et al., 1983).
However Roberson et al. (199l1a) observed that heifers that
were losing BW had increased concentrations of FSH in serum

compared with heifers that were gaining BW. These data do
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not support the hypothesis that restriction of dietary
energy in female lambs suppresses the frequency of discharge

of GnRH from the hypothalamus (Foster et al., 1989).

Glucose. The major portion of glucose available to the
ruminant has to be supplied by gluconeogenesis, since little
glucose is normally absorbed from the gastrointestinal tract
(Bergman et al., 1974; Huntington et al., 1981).
Concentrations of glucose in plasma are affected by body
condition score (Adams et al., 1987) and may influence
reproductive performance in cattle. High demands for
glucose occur during late pregnancy and early lactation in
cows (Bickerstaffe et al, 1974; Baird et al., 1983) and
animals with greater fertility had grater concentrations of
glucose in plasma compared with less fertile cows (Selk,
1986) .

The relation between hypoglycemia and infertility in
lactating cows is well documented (Oxenreider and Wagner,
1971; Patil and Deshpande, 1979; Selk et al., 1985; McCann
and Hansel, 1986; Richards et al., 1989b). Reduced
concentration of glucose in blood (less than 30 mg/100ml)
are common in infertile cows and the inhibition of
glycolysis is associated with the lack of estrous and
failure of formation of functional corpora lutea (McClure,
1968; McClure et al., 1978).

Concentrations of glucose in plasma can be increased by

infusion of glucose into cows (Garmendia, 1986; McCaughey et
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al., 1988; Sano et al., 1991). Anestrous cows infused with
glucose had significantly more pulses of LH (Garmendia,
1986). Increasing glucose availability, via infusion of
propionate into the abomasum in Brangu; heifers, increased
LH secretion in response to exogenous GnRH (Rutter et al.,
1983). Controversially, McCaughey et al. (1988) working
with Hereford-cross cows, reported that the infusion of
glucose did not alter either LH concentration or LH pulse
frequency and pulse duration. On the other hand,
hypoglycemia alters gonadotropin secretion, resulting in
inadequate concentrations of LH in serum to stimulate normal
reproductive function (Rutter and Manns, 1987; Richards et
al., 1989b). Glucose is the primary source of energy for
the brain tissue, so it is probable that hypoglycemia may
depress hypothalamic function (Howland et al., 1966).
Inhibitors of both glycolysis and oxidative phosphorylation
inhibited stimulation by GnRH of LH release in a time and
dose dependent manner, indicating that GnRH stimulated LH
release is dependent on an energy process (Sen et al.,

1979) .

Insulin. Insulin is a 5.8-kd protein hormone, secreted
by the B cells of the pancreas and is stimulated by glucose
and the parasympathetic nervous system (Stryer, 1988).
Insulin increases the rate of synthesis of glycogen and
promotes the entry of glucose into muscle and fat cells.

Hence, the level of glucose in the blood is reduced by
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insulin (Stryer, 1988).

The role of insulin in the regulation of GnRH, LH and
FSH secretion has been demonstrated in rat pituitary
preparations in vitro (Sen et al., 1979; Adashi et al.,
1981), indicating that insulin may act either directly on
the anterior pituitary or stimulates glucose metabolism in
neural tissues, regulating the release of hypothalamic
releasing factors (van Houten et al., 1979).

Energy restriction decreased insulin concentrations in
heifers (Harrison and Randel, 1986; McCann and Hansel, 1986)
and cows (Richards et al., 1989b), while hyperinsulinemia
exists in obese heifers and sheep (McCann and Reimers, 1986;
McCann et al., 1990).

The mechanism by which insulin influences reproduction
has not been determined. Exogenous administration of
insulin increased ovulation rate in energy restricted
heifers (Harrison and Randel, 1986) but did not affect
ovulation rate in ewes (Beam and Holcombe, 1990).
Administration of insulin to gilts increased the number of
small follicles and reduced the numbers of atretic
follicles. However, systemic LH and FSH were not affected
by insulin treatment (Matamoros et al., 1991). Similarly,
Garmendia (1986) reported that concentrations of insulin
were increased in cows treated with glucose, but the

treatment did not affect LH secretion.
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Conclusions

Age at puberty is an important trait in beef herds and
may be influenced by level of nutrition, body weight, body
condition, breed, photoperiod, temperature and social
environment. Insufficient energy and protein intake delay
puberty and cause anestrus in heifers, but the mechanism by
which nutrition influences reproduction has not been
established. Concentrations of glucose in the blood could
be a factor that mediates the effect of nutrition on

reproductive performance of beef heifers.



CHAPTER III

RELATIONSHIP BETWEEN THE OCCURRENCE OF PUBERTY IN
HEIFERS AND THE CESSATION OF LUTEAL ACTIVITY

AFTER NUTRITIONAL RESTRICTION

Abstract

The relationship between the occurrence of puberty with
the cessation of luteal activity after nutritional
restriction was evaluated in fifteen Angus x Hereford
heifers. Heifers attained puberty at a body weight of 297
6 kg and a BCS of 5.5 * .1. After 154 + 16 4 of nutritional
restriction, heifers became anestrus at a weight of 273 + 8
kg and a BCS of 3.0 + .2. The Spearman’s rank correlation
coefficient between date of puberty and date of cessation of
luteal activity was (r=-.49; P<.06). This indicates that
the heifers that attained puberty first were the last to

cease luteal activity during nutritional restriction.

Introduction

Age at the onset of puberty is a major limitation for

28
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efficient beef production. Age and body weight at puberty
in beef heifers is influenced by plane of nutrition (Arije
and Wiltbank, 1971; Grass et al., 1982; Patterson et al.,
1991), breed (Wiltbank et al., 1966; Warnick et al., 1990;
Patterson et al., 1991), photoperiod (Little et al., 1981;
Hansen et al., 1983; Hauser, 1984), temperature (Dale et
al., 1959; Ludri, 1983; Collier et al., 1982) and social
environment (Pennel et al., 1986; Roberson et al., 1987,
1991b).

Nutritional management is the major factor that limits
or control reproduction. Heifers fed high energy diets
reach puberty at an earlier age and are heavier than those
fed low energy diets (Bellows et al., 1967; Wiltbank et al.,
1969; Arije and Wiltbank, 1971; Grass et al., 1982;
Patterson et al., 1991). The mechanism by which nutrition
influences reproduction in cows has not been established,
but it is documented that body weight and body condition
influenpe reproductive performance (Wiltbank et al., 1966;
Short and Bellows, 1971; Selk et al., 1988). Reduced
nutrient intake is associated with loss of BW which in turn
is manifested in changes in BCS, decreased luteal activity
and cessation of estrous cycles (Richards et al., 1989a;
Bishop et al., 1990).

The objective of this study was to evaluate the
relationship between the occurrence of puberty with the

cessation of luteal activity after nutritional restriction.
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Materials and Methods

Fifteen Angus x Hereford heifers born in the spring of
1988 were fed a complete diet to supply NRC (1976)
requirements from 8 months of age until puberty. Heifers
were maintained in individual (5 x 10 m) outside pens and
exposed to the natural photoperiod. About 3 months after
all heifers exhibited normal luteal activity, nutritional
anestrus was induced by feeding a limited diet of 3 kg of
low quality hay pér day. Body weights (BW) were determined
every 14 4 before and after the onset of puberty. Body
condition scores (BCS: 1= emaciated, 9=obese; Wagner et al.,
1988), were measured biweekly after the onset of puberty.

Blood samples were taken biweekly via venipuncture
before puberty and weekly after puberty. Oxalic acid (1.25
mg) was added to each 10 ml sample and samples were placed
on ice. Samples were centrifuged (3000 x g for 20 min)
within 4 h and plasma was decanted and stored at -20 C until
progesterone was quantified by radioimmunoassay (Lusby et
al., 1981).

Onset of puberty was considered to have occurred at the
first blood sample when concentrations of progesterone were
greater than 1 ng/ml. Cessation of ovarian luteal activity
was indicated by concentrations of progesterone less than 1
ng/ml for more than one week.

Analyses of regression and correlation were performed

between BW and BCS with the percentage of heifers with
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luteal activity. Angular transformation of the percentages
was used (Steel and Torrie, 1980). Spearman’s coefficients
were used to calculate the rank correlation between dates at

birth, puberty and cessation of luteal activity (SAS, 1985).

Results and Discussion

Heifers attained puberty at 423 * 8 d of age. At this
time, heifers weighed 297 * 6 kg and had a body condition
score of 5.5 + .1. Heifers in this study were slightly
heavier and older at puberty than the Angus x Hereford
reported by Wiltbank et al., (1966); and Stewart et al.,
(1980) but BCS were less than for the heifers reported by
Yelich et al., (1991).

At 3.5 months after the average date of puberty, at
which time all heifers had exhibited at least one normal
luteal cycle, diets were restricted to 3 kg of low quality
hay per day to induce anestrus. Nutritional restriction was
associated with loss of BW (1.1 * .0% of their initial BW
per week) and BCS (1.9 * .0% of their initial BCS per week),
and cessation of luteal activity (Figure 1). For each kg of
BW that heifers lost, there was a decrease of .5% in the
percentage of animals with luteal activity (P < .001), and
for each unit loss of BCS, there was a decrease of 17% in
the percentage of animals with luteal activity (P < .001).

At the initiation of nutritional restriction, heifers

weighted 356 * 3 kg and had a BCS of 5.4 * .1. Luteal
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activity, ceased after diets of heifers were restricted for
154 * 16 d. At the onset of anestrus, heifers weighed 273 *
8 kg and had a BCS of 3.0 £+ .2. Heifers had lost 23.1 + .1%
of their initial BW and 43.4 % .1% of their initial BCS,
relative to the initiation of nutritional restriction.
Richards et al. (1989a) found that cows fed to lose 1% of
their initial weight each week, became anestrus after 182 d.
At that time, cows had lost 24% of their initial body weight
and 43% of their initial BCS . Similarly, Imakawa et al.
(1986a) found that heifers became anestrus 185 d after
nutritional restriction (50% of energy requirement) and it
was associated with a 20% loss of initial BW.

Although heifers were 316 + 21 d older at the onset of
anestrus than at puberty, they weighted 7.5 * .1% less (P <
.02) and had 44.4 + .1% less BCS (P < .0l1) (Figure 2).

The number of days of restricted feeding to induce
anestrus is summarized in Figure 3. Heifers were divided
into three groups based on the number of days to puberty
after the start of the evaluation of pubertal cycles.
Heifers that initiated luteal activity during the first
month that luteal activity was evaluated (early), required
185 d of nutritional restriction to become anestrus (n=8).
Heifers that started ovarian cycles during 28 to 48 d of the
study (moderate) required 136 d (n=3), and the animals that
started cycling last (greater than day 48 of the evaluation
period) needed 106 d (n=4) to stop cycling. Body weights

and body condition scores did not differ between groups at
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the initiation of nutritional restriction or at the onset of
anestrus (Table 1). However, the daily weight loss was
greater in the "late" group compared with the "early" group.
Spearman’s rank correlation coefficients were computed
between dates of birth, puberty and anestrous (Table 2).
The non significant correlation between date of birth and
date of puberty indicates that heifers attained puberty
independent of age. The significant negative correlation
between date at puberty and date at cessation of estrous
cycles, indicates that the heifers that first attained
puberty were the last to cease luteal activity during

nutritional restriction.

Implication

Identification of heifers that initiate puberty at a

younger age may represent animals with the ability to

continue estrous cycles with reduced nutrient intake.
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Table 1. Body weight (BW) and body condition score (BCS) of heifers at initiation of
nutritional restriction and at anestrus.

Time of Puberty

Pooled
Characteristic Early Moderate Late S.E.
Initial BW, kg » 354 352 362 11
Initial BCS 5.6 5.2 5.3 .3
Total BW loss to anestrus, kg 88 74 78 23
Daily BW loss to anestrus, kg .47%9 .58ab .76P .09
BCS loss to anestrus 2.9 2.0 1.8 .8

ab Means with different superscripts differ (P < .01)

L€



Table 2. Spearman correlation coefficients
puberty and anestrus.

between dates of birth,

Date at Date at

Puberty Anestrous
Date of ‘ .01 -.29
birth (.99)2 (.30)
Date at - -.49
puberty - (.06)

a Significances in parentheses

8¢



CHAPTER IV
INFLUENCE OF CDL (COBALT DEXTROSE LACTONE) ON OVARIAN
ACTIVITY AND PLASMA GLUCOSE IN NUTRITIONALLY INDUCED

ANESTROUS HEIFERS DURING RE-ALIMENTATION

Abstract

Fifteen nutritionally anestrus Angus x Hereford heifers

were blocked in pairs and fed native grass hay ad libitum

and 1.5 kg of a 30% CP supplement 5 days a week. One heifer

in each pair received CDL (42 mg of cobalt per day) at the
time that the protein supplement was administered.
Concentrations of progesterone and glucose were determined
in weekly blood samples. Blood samples were also obtained
every 1 h for 6 h on Day 14 after initiation of re-
alimentation to evaluate concentrations of glucose in
plasma. Re-alimentation was associated with increased BW
and BCS. No differences were found in BW or BCS gain
between control and heifers fed CDL. Luteal activity
occurred in half of the control heifers by day 122 of the
experiment, while 50% of the CDL treated heifers did not

initiate estrous cycles until 163 4 (P < .03). Treatment
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with CDL did not influence concentrations of glucose in
plasma of heifers on day 14 or in weekly samples. Increased
nutrient intake was associated with increased concentrations

of glucose in plasma during refeeding.
Introduction

Reduced nutrient intake is associated with loss of BW
which in turn is manifested in changes in BCS, decreased
luteal activity and cessation of estrous cycles (Richards et
al., 1989a). Estrous cycles in nonlactating cows can be
maintained if BCS is 4 or greater, although this may differ
depending on other factors such as breed, climate and age
(Short et al., 1990).

Luteal activity can be reinitiated, after nutritional
anestrus, by increased nutrient intake. Richards et al.
(1989a) found that at the resumption of estrous cycles, cows
weighed 53 kg more than at the onset of anestrus and had a
body condition score of 4.6 compared to 3.1 at anestrus.
These findings and those of Louw et al., (1988) and Imakawa
et al., (1986a) suggest that greater body fat reserves are
required to reinitiate estrus cycles than to maintain cycles
in cows that are losing weight (Richards et al., 1989%a).

Concentrations of glucose in plasma may influence
reproductive performance in cattle. High demands for
glucose occur during late pregnancy and early lactation in

cows (Bickerstaffe et al, 1974; Baird et al., 1983) and
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animals with greater fertility had greater concentrations of
glucose in blood compared with less fertile cows (Selk,
1986) .

Progesterone synthesis in Holstein heifers can be
increased by increasing glucose availability, both in vivo
and in vitro, (Lynn et al., 1965). Concentrations of
glucose in plasma can be increased by infusion of glucose
into cows (Garmendia, 1986; McCaughey et al., 1988; Sano et
al., 1991). Anestrous cows infused with glucose had
increased concentrations of LH in serum (Garmendia, 1986).
Conversely, McCaughey et al. (1988), working with Hereford-
cross cows, reported that infusion of glucose did not alter
concentration or LH in serum, frequency of LH pulses or
duration of LH pulses.

CDL (Cobalt Dextrése Lactone), has been used to
increase plasma glucose in beef cows (Bishop et al., 1991).
Treatment with CDL increased concentrations of glucose in
plasma of non-pregnant cows but did not alter reproductive
performance when fed post partum.

Objectives of this study were to determine if the use
of CDL can increase concentrations of glucose in plasma and
hasten the initiation of ovarian activity in nutritional

anestrous heifers during re-alimentation.
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Materials and Methods

Nutritional anestrus was induced in fifteen Angus x
Hereford heifers by feeding 3 kg of low quality hay per day.
After normal luteal activity had ceased, heifers were re-
alimented and blocked in pairs according to body weight (BW)
body condition score (BCS) and duration of anestrus.
Heifers were kept in a drylot with shade and were allowed ad
libitum access to native grass hay and fed 1.5 kg of a 30%
CP supplement 5 days per week. One heifer in each pair
received cDL™ (cobalt Dextrose Lactone: .60% cobalt; Agro-
K; Minneapolis, MN) at the time (0900 h) that the protein
supplement was individually fed to animals. It was
administered (7.04 g of CDL premix containing 42 mg of
cobalt) in 100 g of soybean meal per day, 5 days per week.
On the average, heifers received .14 mg of cobalt per kg of
BW each day.

BW and BCS (BCS: 1 = emaciated, 9 = obese; Wagner et
al., 1988) were determined every 14 days during re-
alimentation. Feed and water were denied for 16 h prior to
weighing. Blood samples were taken weekly at 0800 h before
and after the onset of anestrus. Oxalic acid (1.25 mg) was
added to each 10 ml sample and sampies were cooled to 4 C.
Samples were centrifuged (3000 x g for 20 min) within 4 h
and plasma was decanted and stored at -20 C until
progesterone and glucose concentrations were quantified.

Blood samples were also obtained on Day 14 after initiation
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of re-alimentation. Commencing at 0800 h, blood samples
were obtained at 1 h interval, beginning 1 h before feeding,
and for 5 h after feeding the protein supplement.

Progesterone was determined by radioimmunoassay (Lusby
et al., 1981). Cessation of ovarian luteal activity was
indicated by concentrations of progesterone less than 1
ng/ml for more than 1 wk. Onset of ovarian luteal activity
was considered to have occurred at the first of two
successive samples when concentrations of progesterone were
greater than 1 ng/ml. Glucose was quantified in all weekly
plasma samples, and in samples taken on Day 14 of treatment,
by an enzymatic colorimetric procedure (Glucose No. 510,
Sigma Chemical Co., St. Louis, MO.).

Analyses of variance were used to evaluate effects of
treatment on BW, BCS and days of refeeding to re-initiation
of luteal activaity (SAS, 19é5). A simple logistic
regression function (E{Y} = [1 + exp(-Bp - 31X)]'1) was used
to evaluate the relationship between day of refeeding and
the percentage of heifers with luteal activity (Neter et
al., 1989). Split-plot analyses of variance were used to
analyze plasma glucose concent£ations, in which treatment
was the main plot and date or time of sample was the sub
plot (SAS, 1985). A weighted regression of date of
refeeding on plasma glucose concentrations was also

performed (Neter et al., 1989).
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Results and Discussion

Re-alimentation was associated with increased BW (2.1 %
.0% of the initial BW per week) and BCS (3.8 * .0% of the
initial BCS per week) of heifers. BW and BCS gains were
similar (P > .10) for control and CDL treated heifers and
the means for both treatments are shown in Figure 4.

At the onset of anestrus, heifers weighed 273 * 8 kg
and had a BCS of 3.0 + .2. Feeding CDL tended to influence
the BW (P < .11) and BCS (P < .20) at the re-initiation of
estrous cycles. Estrous cycles were re-initiated in control
heifers at 343 * 10 kg and at a BCS of 4.1 + .2. CDL
treated heifers, were slightly heavier (365 * 7 kg) and had
a slightly greater BCS (4.5 + .3) than control heifers at
the re-initiation of cycles (Figure 5).

Heifers weighted 30% more and had 43% more BCS at the
re-initiation of luteal activity as compared to at the onset
of anestrus (P < .001). Richards et al. (1989a) found that
restricted cows initiated anestrus with a BCS of 3.1 and a
BW of 321 kg. After 63 d of rapid regain of weight, cows
re-initiate luteal activity with a BCS of 4.6 and a BW of
374 kg. Similarly, Imakawa et al. (1986a) observed that
restricted heifers became anestrus at a BW of 270 Kg and
after 49 4 of high energy feeding, heifers reinitiate luteal
activity at a BW of 350 kg.

Luteal activity occurred in control heifers after 122 *

14 d of refeeding, while the onset of luteal activity did
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not occur in CDL treated animals until 163 + 6 d (P < .03;
Figure 6). The two logistic regression functions, differed
significantly (P < .01) in the intercept (by = -4.8 * .7 and
-17.5 * 2.4 for control an CDL respectively), and in the
slope (b; = .04 £ .01 and .11 * .02 for control an CDL
respectively), indicating that control heifers started
luteal activity earlier than CDL treated heifers but the
percentage of heifers with luteal activity increased more
rapidly in CDL treated heifers than in control heifers.

When multiparus lactating Hereford and Hereford x Angus
cows, grazing native range pastures, were fed either protein
supplement (control) or protein supplement plus CDL, diet
did not influence luteal activity within 85 d postpartum
(Bishop et al., 1991). In the present study, we do not know
why days to initiation of luteal activity was greater for
CDL treated than for control heifers.

Concentrations of glucose in acute samples on day 14 of
refeeding were not influenced by CDL treatment (table 3).
Time of day did not influence (P > .10) concentration of
glucose in plasma.

Concentrations of glucose in weekly plasma samples
during refeeding were not influenced (P > .10) by treatments
(Figure 7). There was a significant increase in glucose
concentrations during the refeeding period but the day x
treatment interaction was not significant (P > .10).

Glucose concentrations increased from an average of 59 mg$%

on day 0 to 69 mg% at the end of the refeeding period (P <
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.001). The average increase in plasma glucose was .05 mg$
for each day of refeeding. Richards et al. (1989b) found
that re-alimentation, of nutritionally anestrous Hereford
cows, was related to increased plasma glucose and re-
initiation of normal estrous cycles. When pregnant, non
lactating beef cows were fed CDL, concentrations of glucose
in plasma were grater than in control animals, but CDL did
no alter postpartum reproduction performance (Bishop et al.,

1991).

Implication

Increased nutrient intake is associated with increased
concentrations of glucose in plasma. Estrous cycles are re-
initiated in nutritionally anestrous heifers at a greater
BCS and BW than those at which anestrous occurs. CDL
consumption did not influence concentrations of glucose
during re-alimentation of nutritionally anestrous cows,
however, the onset of luteal activity was delayed. Less
feed may be needed to maintain estrous cycles in heifers,
rather than to allow heifers to become nutritionally

anestrus and then feed animals to re-initiate cycles.
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Table 3. Concentrations of glucose (mg%) in plasma of control and CDL heifers on day

14 of re-alimentation.

TREATMENT TIME2

0 1 3 4 5 6
CONTROL 57.0 56.7 56.3 60.1 55.8 60.3
CDL 52.7 50.1 51.5 54.5 55.4 53.3

2 Hours after first sample. Heifers were fed a protein supplement after the first

sample (MSE = 41.1).
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CHAPTER V
SUMMARY AND CONCLUSIONS

Age at puberty is a major limiting factor for efficient
beef productidn. Nutritional restriction may delay the
onset of puberty and can cause anestrus in heifers that are
exhibiting normal estrous cycles. The mechanism by which
nutrition causes anestrus in cattle has not been
established, but it hés been demonstrated that body energy
reserves control reproductive performance in cows (Selk et
al., 1988; Spitzer et al., 1991).

Fifteen Angus x Hereford heifers were fed a complete
diet from 8 mo until puberty. After all the heifers
exhibited normal estrous cycles, nutritional anestrus was
induced by feeding a limited hay diet. Blood samples were
taken biweekly before puberty and weekly after puberty.
Concentrations of progesterone were determined by
radioimmunoassay. Onset of puberty was considered to have
occurred at the first sample when concentrations of
progesterone were greater than 1 ng/ml. Cessation of
ovarian luteal activity was indicated by concentrations of

progesterone less than 1 ng/ml for more than 1 wk.
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Heifers attained puberty at a body weight (BW) of 297 %
6 kg and a body condition score (BCS) of 5.5 + .1.
Nutritional restriction was associated with loss of BW, BCS
and cessation of luteal activity. Estrous cycles ceased
after diets of heifers were restricted for 154 + 16 d. At
that time, heifers weighed 273 +* 8 kg and had a BCS of 3.0 %
.2. Although heifers were 316 * 21 d older at the onset of
anestrus than at puberty, they weighted 7.5 * .1% less (P <
.02) and had 44.4 * .1% less BCS (P < .01).

A Spearman’s rank correlation coefficient was computed
between date of puberty and date of cessation of luteal
activity. The correlation of -.49 (P < .06) indicates that
the heifers that first attained puberty were the last to
cease luteal activity during nutritional restriction. These
results indicate that the identification of heifers that
initiate puberty at a younger age may represent animals with
the ability to continue estrous cycles during reduced
nutrient intake.

Fertile estrous cycles can be reinitiated, after
nutritionally induced anestrus by increased nutrient intake.
Resumption of luteal activity is associated with increased
BW and BCS. Glucose may be the energy mediator for the
resumption and maintenance of estrous cycles (Richards et
al., 1989a, 1989Db).

Fifteen nutritional anestrous Angus x Hereford heifers,
were blocked in pairs and re-alimented. Heifers were fed

native grass hay and 1.5 kg of a 30% crude protein
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supplement 5 d a week. One heifer in each pair received CDL
(42 mg of cobalt per day) at the same time that the protein
supplement was fed. Concentrations of progesterone and
glucose were determined in weekly blood samples. Blood
samples were also obtained every 1 h for 6 h on Day 14 after
initiation of re-alimentation to evaluate concentrations of
glucose in plasma.

Re-alimentation was associated with increased BW and
BCS. Increases in BW and BCS gain were similar\for control
and heifers fed CDL. On the average, heifers weighted 30%
more and had 43% more BCS at the re-initiation of luteal
activity as compared to the onset of anestrus (P < .001).
Luteal activity occurred in half of the control heifers at
122 d while CDL treated animals required 163 4 (P < .03) to
reinitiate luteal activity.

Concentrations of glucose in control and CDL heifers
were similar during d 14 of feeding and in weekly plasma
samples. Increased nutrient intake was associated with
increased concentrations of glucose. Feeding CDL did not
improve, and may have delayed, the re-initiation of estrous

cycles of nutritionally anestrous heifers.
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