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ABSTRACT
An experi_ent .as conducted to study the effect of prolonged
nutritional stress on the reproductive performance of twelve Holstein
dairy heifers.

Energy intake was reduced to 60. NE m•

The animals lost 20. of their body weight during energy restriction (97 days) and gained 29" during the high energy feeding (44 days).
Estrous cycles were irregular. delayed. or ceased completely.
conception rate was only 25" during energy reduction.

The

Cycles were

reestablished and conception xate improved (67") during the high energy
feeding.

Heifers were designated as fertile or infertile according to

their success or failure to conceive during the energy reduction period.
Serum thyrosine (T4 ) levels were slightly decreased (P

> .05)

while triiodothyronine (T3 ) levels were significantly depressed
(P < .01) during energy restriction in both fertile and infertile heifers.

Serum thyrosine levels were slightly increased (P > .05) in the

fertile heifers. but significantly increased (P < .01) in the infertile
heifers during high energy feeding. Serum triiodothyronine levels were
significantly increased during high energy feeding in both fertile
(P < .05) and infertile (P < .01) heifers.

Concentrations of blood

cortisol were relatively higher in the fertile than in the infertile
heifers during the ad libitum and energy restriction periods.

This

suggests that the fertile heifers possessed elevated adrenal activity
that the infertile heifers did not have.
is

x

Concentrations of blood progesterone of the infertile heifers
were severely depressed (P

< .01)

during the submaintenance feeding

while those of the fertile group were not affected (P

> .OS).

Blood

glucose levels were significantly reduced during energy reduction and
significantly increased during high energy feeding in both groups of
heifers (P

< .01

for infertile heifers).

Blood glucose levels of the

infertile heifers at time of insemination (period of energy restriction)
were as low as their average levels of the period.

Glucose levels of

the fertile heifers at time of breeding (period of energy restriction)
were greater than their mean cQncentration during that period and were
similar to the mean levels of glucose during the ad libitum period.

Low

progesterone levels are indicative of ovarian inactivity under such
stressful conditions.

Adrenal inactivity, (as reflected by low cortisol

secretion) and low blood glucose levels at time of insemination of the
infertile heifers are probably associated with infertility during submaintenance feeding in dairy heifers.

CHAPTER 1

INTRODUCTION
Poor reproductive performance is a serious economic problem
throughout the world.

In Jlany parts of the world cattle have to face

severe seasonal submaintenance rations with a subsequently poor reproductive performance which has always been accepted as normal.

Reproduc-

tive failure results from a number of causes. of which malnutrition is
the major one in many circumstances.
Several researchers emphasized the fact that both short- and
long-term energy deficient intake would result in poor reproductive
performance in cattle. yet they still have different concepts and theories regarding the actual mechanisms involved in such conditions.
Effects of underfeeding in cattle include less follicular growth. reduced ovarian activity.

longer estrous cycles.

impaired fertilization.

and complete cessation of the estrous cycle (Joubert. 1954; Wiltbank et
al •• 1964; Bill et al •• 1970).
The effects of poor nourishment on the endocrine system. as
related to reproductive performance in cattle. have also received considerable attention.

Variable results of the physiological status of

the different endocrine organs and levels of blood metabolites under
conditions of nutritional stress have been reported in the literature.
Low energy intake was found to increase pituitary responsiveness to
administration of gonadotropic releasing hormone (GnRB) (Beal et al ••
1
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1978).

Reduction of ovarian responsiveness to luteinizing hormone (LB)

has also been reported to be associated with low energy intake (Gombe
and Banul, 1973; Apgar et al., 1975). Plasma progesterone levels have
been reported to increase (Dunn et al., 1974; Donaldson et al .. 1974),
decrease (Bill et al., 1970; Gombe and Hansel, 1973; Beal et al., 1978),
or stay the same (Corah et al., 1974; Apgar et al., 1975; Spitzer et
al., 1978) under conditions of nutritional stress.

Similarly, plasma

levels of LB were either increased (Gombe and Bansel, 1973; Dunn et al.,
1974), or unchanged (Bill et al., 1970; Sp i tzer e tal., 1978) under poor
nutritional conditions.

Other findings associated with poor nourishment

include reduced concentration and total content of corpus luteum progesterone (Gombe and Bansel, 1973; Dunn et al., 1974), reduced pituitary
gonadotrop in content and secret ion (Werner, 1939; Leathem, 1966), and
reduced adrenal corticoids (Thomas, 1970). Blood glucose leveh have
also been reported to decrease (McClure, 1965, 1970, 1972; Oxenreider
and Wagner, 1971) or not change (Dunn et al .. 1974).
The objectives of the present experiment were: 1. To demonstrate
the detrimental effects of prolonged restr.icted energy intake on the
reproductive performance of dairy heifers, 2. To study the patterns of
variation of specific blood metabolites in relation to certain metabolic
and reproductive hormones and their association with the reproductive
status of these animals under conditions of nutritional stress, and 3.
To examine a possible regulatory role of the adrenal glands in reproduction under these conditions.

CHAPTER 2

LITERATURE REVIEW

Three major topics assume importance in this study.

knowledge

about the onset of bovine puberty, the estrous cycle in cattle. and
bovine reproductive performance will be surveyed.
Puberty
Puberty has always been confused with sexual maturity.

In

general. puberty is the point in the animal's life when reproduction is
possible (Emmens. 1969), while sexual maturity is the time of maximum
breeding capability (Emmens. 1969; Sorenson. 1979).
Definitions of Puberty. Female.

While in general puberty is

considered the time of first breeding capability, authors have sometimes
defined puberty differently.

Age at

puberty is defined as the age at

first observed standing estrus (loubert. 1963; Laster et al., 1972), the
age at first estrus with concurrent ovulation (Bellows et a1 •• 1965;
Wiltbank et al., 1969; Arije and Wiltbank. 1971). the age at first sign
of estrus and/or ovulation (Morrow et a1 •• 1970). the age at first
palpable corpus 1uteum (Plasse et a1.. 1968), the age at first standing
estrus followed by subsequent formation of a palpable corpus 1uteum
(Rhodes et al., 1978), or the age at which progesterone concentrations
exceed 1 ng/m1 for at least three blood samples (once every three days)
signifying a luteal phase of nine to 15 days in length.
3

The presence of
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mature. self maintained follicles or corpus luteum on the surface of the
ovary has also been considered as an indication and means of estimation
of age at puberty (Dale et al •• 1959).
Definitions of Puberty. Male. Puberty in the male has also been
characterized in different ways. such as completion of spermatogenesis
indicated by first ejaculation of sperm. significant production of
androgens. manifestation of libido. or development of reproductive organs and freeing of the penis from its sheath to allow for normal
ejaculation. service. and impregnation of the female (Foote. 1969;
Sorenson. 1979).

Other criteria used to indicate puberty in the male

,

are. presence of sperm in the seminiferous tubules. presence of sperm in
the epididymis. ejaculation in response to electrical stimulation. erection and extonsion of the penis. liberation of the penis from the prepuse. and signs of sexual aggressiveness (Sorenson. 1979).
Factors Affecting Puberty
Puberty is affected by genetic. hormonal. environmental. and
nutritional factors.

Each of these influences is examined below.

Genetic Factor
Puberty in all classes of livestock is noticeably affected by
genetic factors.

Age at puberty differs in the different breeds.

correlation between size and age at puberty exists.

A

An example of this

is the ages at puberty in breeds representing some of the extremes of

size.

The 1ersey attained puberty on standard level of nutrition at six

to eight months of age. compared to 14 to 18 months for the Santa
Gertrudis (Sorenson. 1979).

Larger breeds were commonly slower in

5

attaining puberty than smaller breeds (Sorenson, 1979).
influence

VAS

The genetic

most prominent in purebred and crossbred to.ales.

In-

breeding delayed puberty, while crossbreeding accelerated it (Sorenson,
1979).

Crossbreeds usually attained puberty at an age intermediate

between the parent breeds. Reynolds et al. (1963) found that the average
age at puberty of Angus, Brahman, first cross of Angus X Brahman,
Brang is and Africander-Angus he ifers was 433, 816, 531, and 542 days,
respectively.

The corresponding weights of these heifers were 536, 706,

666, 639, and 623 Ib, respectively.

He concluded that the average daily

gain from weaning until one year of age had an influence on age at
puberty.
In a two year period Arije and Wiltbank (1971) studied the
effect of sire, growth rate, weaning weight, and birth date on age and
weight at puberty in Hereford heifers.

The average ages and weights at

puberty were 434.3 and 437.7 days, and 254.1 and 248.7 kg for each year.
They did not find a significant effect of year of birth on age and
weight at puberty.

However, sires and day of birth within the year had

significant effects on both traits.

Heifers born late in the calving

season (mid-February to early-May) were lighter and younger at puberty.
High preweaning growth rate and heavy weaning weights were associated
with early puberty and heavy weight at puberty.

Morrow et al. (1970),

working with free choice-fed Holstein heifers to maintain standard
growth and normal body condition, reported that the mean body weight and
the mean age at first sign of estrus and/or ovulation were 257 kg and
287 days, respectively.

Although only

35~

of the heifers exhibited
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standing estrus at this time. the percentage increased to 57. 64. 75.
78. 91 and 75 percent in the second through the seventh cycle. respectively.
Laster et al. (1972; 1976) evaluated growth and puberty traits
in differant biological types of beef cattle by comparing smaller breeds
with larger ones.
Angus

c~ws

They studied heifers produced by mating Hereford and

to Hereford. Angus. Jersey. South Devon. Limousin. Charolais.

and Sb.mental sires.

They demonstrated significant effects of breed of

sire. dam age. individual sires within breed. breed-of-sire by breed-ofdam interaction. and breed of dam on percentage of heifers reaching
puberty.

Age and weight at puberty were also found to be significantly

affected by sire breed. sires within breed. dam breed. and dam age.
Breed crosses maintained the same rank for both age at puberty and
percentage reaching puberty; Jersey crosses were the youngest at puberty
and highest in percentage reaching puberty; the Limousin and Charolais
crosses were oldest and lowest. with Hereford-Angus. South Devon. and
Simmental crosses ranking intermediately.

Jersey crosses were lightest

in weight at puberty. followed by Hereford-Angus and South Devon crosses, next were Limousin and Simmental crosses, and Charolais crosses were
the heaviest.

Wiltbank et al. (1966) concluded that a heterotic effect

on age at puberty did exist and that it was independent of growth rate.
Bormonal Factor
A great deal of work of the earlier investigators has established the involvement of hormones in the initiation and stimulation of
onset of puberty.

Foa (1900) demonstrated experimentally that the
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gonads of immature animals are functional in the adult .anner when
transplanted into adult animals.

There is some evidence, however, that

gonads of immature animals are less responsive to gonadotropic hormone
than thole of adults (Moore, 1944).

Although the urinary gonadotropin

secretion of the prepubertal animal is low, its pituitary gland contains
high content of physiologically active gonadotropin (Smith and Dortzbach, 1929; Wolf and Cleveland, 1931; Swingle et al., 1951). Thus, the
lack of puberty in the prepubertal animal appears to be due to the
inability of the pituitary gland to secrete gonadotropins (Ganong,
1959).

Barris and Jacobsohn (1952) were successful in inducing estrous

cycles in hypophysectomized female rats by transplanting pituitaries
from male or female fetuses.

These animals started cycling before the

transplanted glands were expected to reach their expected maturity.
Mandl and Zuckerman (1952) interpreted the early opening of vagina in
rats exposed to cold to be due to secretion of gonadotropin caused by
stress.

Gonadotropins are important in the development of the intersti-

tial (Leydig) cells and the seminiferous tubules.

Leydig cells produce

androgens at an early age, initiating the development of accessory sex
glands and secondary sexual characteristics prior to completion of
spermatogenesis (Bay et al., 1961; Davies et al.,

1967~.

Completion of

spermatogenesis, manifestation of normal libido, and penile development
for normal ejaculation, as signs of occurrence of puberty in the male,
require testosterone secretion (Foote, 1969).
Gonzalez et al. (1975a) studied the interrelationship between
hypothalamic, pituitary, and ovarian hormones in beef heifers before and
at attainment of puberty.

They reported marked fluctuation and higher
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average concentration of LH levels during the prepuberal period compared
to those observed after pubertal peak of LH (day 0).

In addition to the

pubertal peak of LB (day 0), they also detected another peak of LB
(priming) of similar duration and magnitude in all heifers between days
-11 to -9.

Although progesterone levels were very low in the prepuberal

period, there were two distinct periods of elevation before day 0 in
every heifer.

The first occurred between days -18 to -11 and always

precede the priming LH peak, while the second occurred between the
priming and prepuberal LB peaks.

Levels of prolactin, FSH, and GnRB did

not change markedly as puberty approached.

Estradiol-17P levels were

high before day 40, then decreased gradua11y for four days to a rather
constant level until the end of blood sampling (10 days after first
estrus).

They suggested that the ratio of progesterone and estadiol-17P

might be involved in the regulation of GnRB.

They did not, however,

observe any elevated levels of GnRB associated with the major LH peaks.
Gonzalez and his collaborators (1975c) attempted to mimic blood hormonal
changes occurring near puberty through the administration of estrogen
and progesterone in four trials to test the possibility of inducing
puberty in beef he ifers.
groups showed estrus

A high percentage of he ifers in the treated

(79-94~)

treatment in all trials.

and pregnancy

(43-56~)

four days after

The occurrence of estrus was significantly

affected by treatment, body weight, age, and degree of follicular development, while pregnancy rate was only affected by treatment in some
trials.

Arije (1969) indicated that daily injections of 20 mg progest-

erone plus 40 pg estradiol-17P for 16 days induced follicular
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development, estrus, ovulation, and cyclic activity in four of seven
prepuberal beef heifers.

Short et al. (1976) has also indicated that

fertile estrus could be hormonally induced or synchronized in prepuberal
heifers of normal age (13 to 15 months) and to a lesser degree in very
young heifers (less than nine months).

Both Gonzalez et al. (1975b) and

Short et al. (1976) showed that progesterone treatment prior to injection of estradiol-17P was essential for the induction of estrus and
ovulation.

Swanson et al. (1970) studied the endocrine changes associ-

ated with puberty in Holstein heifers: prolactin was highest before
puberty and declined through the seventh cycle.
growth paralleled the decline in prolactin.

Reduction in mamllary

Serum prolactin signifi-

cantly increased from 35 ± 6 ng/ml one day before estrus to 45 ± ng/ml
at estrus, and declined to 37 ± 4 ng/ml two days after estrus.

Serum LH

significantly increased from 2.9 ± 0.3 ng/ml one day before estrus to
6.2 ± 2.0 ng/ml a half day before estrus, to 12.0 ± 1.2 ng/ml when
heifers were first observed in standing heat.

Serum LH then declined to

2.0 ± 0.2 and 1.5 ± 0.1 ng/ml two and 11 days after estrus, respectively.

Prepubertal serum LH levels were similar to those during the pro-

gestational phase of the first cycle.
Environmental Factors
The effects of season and photoperiods on puberty have recently
received more attention than other environmental effects.

Most of the

studies of the detrimental effects of ambient temperatures and humidity
were associated with reproductive performance in the mature cow rather
the the prepuberal heifer. Dale et al. (1959) conducted an experiment
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to determine the effects of prolonged exposure to stressful temperature
on ovarian activity of beef heifers.

Three breeds. Brahman. Shorthorn,

and Santa Gertrudis. were constantly raised under different experimental
conditions (50~, 80~. and open shed as control).

Puberty was delayed

in the 80 0 F groups of Brahmans and Shorthorns. compared to the 50 0 F
groups of the same breeds. Time of puberty in the Santa Gertrudis group
did not seem to be affected by climatic conditions.
Effects of Season.

Hawk et a1. (1954) reported a significantly

earlier attainment of puberty in spring-born heifers compared to those
born during each of the other seasons.

Ages at puberty for the differ-

ent seasons were: winter, 404 days; spring. 367 days; summer, 400 days;
and fall, 425 days.

Differences in Ages at puberty between summer.

fall. and winter born groups were not significant.

Menge et a1. (1960)

reported that heifers born in the spring reached puberty at an earlier
age (328 days) compared to those born in autumn or winter (390 days).
Plasse et a1. (1968) demonstrated a definite depression of ovarian
activity in Brahman heifers during the winter season.

Roy et a1. (1980)

reported that animals born during the period of increasing day length
(spring) attained puberty two months earlier (at six months of age) than
those born during the period of decreasing daylength (winter).

They

attributed the difference in age at puberty between their study and that
reported earlier (Hawk eta1., 1954; Menge et a1., 1960) to the much
lower planes of nutrition fed in the latter experiments. They indicated
that the onset of first estrus, for any given plane of nutrition, appeared to be more influenced by the season of the heifer's birth than by
the season of puberty attainment.

They also demonstrated four distinct
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peaks of first estrus frequency at approximately seven day intervals
within the lunar cycle.

Grass et a1. (1982) reported that winter born

heifers were older at puberty than spring born heifers.

They also

indicated a diet X season interaction influence on age at puberty.
In a simulated condition of temperature and photoperiod, Schillo
et a1. (1983) studied the effects of seasonal changes during the first
and second six months of life on age at puberty in March and September
born Angus X Holste in he ifers.

They reported that September he ifers

were younger at puberty than March heifers, and that heifers exposed to
spring to fall simulated environment were younger at puberty than those
exposed to fall to spring environment for both March and September
heifers.

They suggested that season of birth and season of attainment

of puberty influences age at puberty.
Effects of Light.

Early data analysis of records revealed sig-

nificant differences in fertility levels and improved conception rates
assoc iated wi th length of dayl ight in bovine (Merc ier and Sal isbury,
1947a and 1947b; Sweetman, 1950).

However, the effect of photoperiod on

puberty in bovine has increasingly received attention in recent years.
Peters and Tucker (1978) reported that 16 hour light (16L) and 8 hour
dark (8D) photoperiods initiated estrus, as determined from serum progesterone concentrations, in 3 of 10 heifers exposed before 10.5 months
of age compared to 0 of 10 heifers exposed to natural autumn and winter
photoperiod (9 to 12 hours).

The 16L:8D photoperiod did not affect

serum levels of GH, but increased levels of PRL.

Ambient temperatures

below OOC suppressed the photoperiod effect on serum PRL, but as
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temperatures increased. PRL levels increased synergistically in response
to 16L:8D photoperiod.

Body growth of heifers exposed to daily photo-

period of 16L:8D for four months increased 11 to 17 percent over that of
heifers exposed to daily natural duration photoperiod. of nine to 12
hours (Peter. et al •• 1978). or 8L:16D. or 24L:OD (Peters et al •• 1980).
Peticlerc et al. (1983) reported that 16L:8D stimulated rate of body
weight gain. increased feed efficiency. hastened puberty. and increased
serum PRL regardless of plane of nutrition (low vs. high).
Nutritional Factor
Effects of different nutritional levels or ingredients on puberty and sexual maturity has been studied extensively.
can easily be handled through proper management.

These effects

Bansson (1956) studied

twin heifers raised under 40. 60. 80. 100. and 120 percent of standard
levels of nutrition fed to their twin sisters; he found age at first
estrous for these groups to be 13.3. 12.5. 10.9. 10.4. and 10.6 months.
respectively.
Sorenson et al. (1959) studied the effects of feeding three
levels of nutrition. low (60" TDN). medium (100" TDN). and high (140"
TON).

Beifers on high level of feeding showed first estrus at an aver-

age age of 37.4 ± 7.1 weeks. compared to 49.1 ± 6.3 weeks or the medium
level group.

The average age at first estrus for heifers on the low

level was 72 weeks.

Average weight of heifers at first estrus varied

less among feeding levels than age at first estrus.

There was a consid-

erable variation within each feeding level. particularly the high level.
Crichton et al. (1959) studied the effect of feeding two levels of TDN
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(high vs. low) on sexual development of dairy heifers during the first
44 weeks of age. and from 44 weeks until two months prior to calving.

The high plane of nutrition was 1101 TON. and the low plane was
for calves up to six months of age and 60. TON thereafter.

7~

TON

They report-

ed that puberty was attained. on the average. at 372. 552. 474. and 440
days of age in the high-high. high-low. low-low. and low-high groups.
respectively.

They concluded that all treatment group; reached puberty

at different ages. but at the same stage of physical development.
10ubert (1963) reported that low plane of nutrition retarded age
at first estrus in cattle and that puberty only set in when the animals
concerned have reached the degree of physiological development (expressed as live weight) which at that stage of life was typical of their
kind.

Thus. he concluded that age at first estrus. though genetically

determined. was conditioned by various external influences that the
plane of nutrition prior to puberty appeared to be a major one.
Bellows et al. (1965) studied the effects of supplemental grain
feeding during winter and during a 59 days prebreeding period on puberty
in beef heifers.

Average daily gain of heifers on high supplementation

during the winter feeding was significantly greater than those on low
supplementation.

Supplemented feeding during the 59 days prebreeding

period significantly reduced the interval to puberty by 15.8 days.
However. prebreeding supplementation did not result in a significant
difference in average daily gain in the supplemented group compared to
the non-supplemented group (on range).

There was also no winter X

prebreeding feeding interaction.
Wiltbank et al. (1969) investigated a possible differential
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effect of level of nutrition on age and weight at puberty in straightbred and crossbred beef heifers.

Average daily gain from .ix to 12

months of age was 0.82 kg and 0.73 kg for hig,h level of feed and 0.36 kg
and 0.30 kg for low level of feed for cross- and straightbred heifors.
respectively.

The average age at puberty was 381 days for both breeding

systems on the high level of feed. while on the low level it was 424 and
572 days for cross- and straightbred heifers, respectively.

Average

weight at puberty was 330 kg and 299 kg on the high level of feed. and
254 kg and 268 kg on the low level of feed for the two breeding systems.
respectively.

Straightbred heifers on the high level of feed attained

puberty on an average of 191 days earlier than their counterparts on the
low feed level. while crossbred heifers on the two levels of feed only
averaged 43 days separation in attainment of puberty.

There was no

difference between mean ages of puberty in cross- and straightbred
heifers fed at high level. but at the low feed level the difference in
age of puberty averaged 148 days.

The investigators indicated that

other factors. in addition to weight of heifers. were important in
determining time of puberty.
Short and Bellows (1971) conducted an experiment to determine
the effect of varying rate of gain. between seven and 12 months of age.
on subsequent growth and reproduction of heifers.

Three winter feed

levels (low. medium. and high) were fed for five months. followed by
equal access to adequate range forage pasture for all treatment groups.
They found that winter feed levol had a marked effect on age at puberty.
As feed level increased. age at puberty significantly decreased.

Even
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though the Iledium and low groups gained progressively more than

the

high group after moving to pasture. age at puberty was Itill delayed in
these two groups.
Arije and Wiltbank (1971) studied age and weight at puberty in
range-raised Hereford heifers during winter (low energy level) and
spring when grass was available.
puberty during the winter time.

Only a few heifers

(11~)

attained

With availability of grass during the

spring. growth became more rapid and the majority of heifers exhibited
their first ovulatory estrus.

Thus. although heifers were old enough.

puberty was delayed until sufficient feed was available for the heifers
to be able to make faster gains after slow winter growth and reach the
necessary weight.

Those faster growing heifers were heavier and older

at puberty.
Swanson (1978) showed a positive relationship between average
daily gain and body weight at first estrus.

He also indicated that

faster growth rates induced earlier onset of estrus cyclicity in cattle.
Lemenager et al. (1980) supplemented a group of heifers on low quality
fescue hay with different levels (0.0. 1.22. 2.45 kg/day) of ground ear
corn (GEC) during winter and summer phases.

Heifers fed the low level

of GEC (0.0 kg) conceived later in the breeding season compared to those
fed the high level (2.45 kg/day) during the winter phase.

Grass et al.

(1982) studied (in two experiments) the influence of two dietary regiliens (low va. high TDN) on age at puberty in heifers of different
breeds.

In both experiments the high feed level group attained puberty

sooner than the group fed at the low level.

Ferrell (1982) investigated

the effects of postweaning nutritional level (characterized by
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postweaning rate of gain) on the onset of puberty in heifers of six
different breeds.

He reported that both mean age and weight at puberty

were sianificantly influenced by breed and postweanina rate of gain.
Peticlerc et ale (1983) demonstrated that animals on hiah plane of
nutrition reached puberty at a heavier weight compared to those on a low
nutritional plane.
In light of the well

docu~ented

enhancing effect of high energy

diets on puberty. Rhodes et ale (1978) tested similar effects by feeding
protein protected lipids as an alternative form of feed energy.

They

reported similar weight gains for both control and protected-lipid fed
groups.

The investigators also reported that more control heifers

reached puberty than did protected lipid heifers

(35~).

(8~)

although the

latter had reached the physiological age and weight necessary for onset
of puberty.
Some studies recently attempted to correlate certain dietary
factors with endocrine physiology to explain dietary effects on reproduction in beef cattle.

Monensin. a biologically active compound pro-

duced by Streptomyces cinnamonensis (Haney and Hoehen. 1967). has been
the subject of considerable research in recent years to elucidate these
dietary effects on reproduction and puberty in cattlo.
The primary effect of monensin as indicated by Raun et al.
(1976) and Dinius et al. (1976) seemed to be an increase in the production of rumina! propionic acid at the expense of acetic and butyric
acid.

While Turner et al. (1977) reported that monensin reduced the

postpartum interval by 12 days in mature cows. Moseley et al. (1978)
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reported reduction in age of puberty in heifers.

Both investigators

reported significant increase in propionic acid and significant decrease
in acetic and butyric concentrations in the animals fed monensin. compared to the control group.
McCartor et a1. (1979) investigated the effect of dietary alteration of ruminal fermentation similarly produced either by feeding
monensin (M) or altered ratio of roughage to concentrate (BE) on growth
and onset of puberty in some groups of heifers. Animals fed the M and BE
treatments showed a significant increase in propionate and a significant
decrease in acetate.

The investigators also reported that heifers with

elevated ruminal propionate (M and BE groups) attained puberty 29.5 days
earlier and weighed 17.2 kg less than controls.
Bushmich et al. (1980) reported that monensin feeding to prepuberal heifers caused the expected shift in rumen fermentation and VFA
production and enhanced ovarian response to gonadotropin (FSH and HCG).
Randel and Rhodes (1980) reported that dietary monensin increased hypophyseal capability of releasing LH after a first and second GnRB challenge.

Randel et ale (1982) concluded that dietary monensin altered the

estrogen-induced LH surge in prepuberal heifers.

These alterations

included earlier detection. greater peak. longer duration. and greater
area under LH surge in heifers fed monensin. compared to control animals.

Harrison et ale (1982) reported that feeding of monensin enhanced

the FSH-induced ovulation rate of bovine females of all ages.

It is

clear from the above experiments that monensin has some effect on reproduction.
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Neuro-Endocrine System and Puberty
Some of the evidence of the brain involvement in the initiation
or regulation of puberty comes from the incidents of precocious puberty
which are inflicted by lesions and tumors on different parts of the
brain.

Sexual precocity, a condition not uncommon in humans, is an

earlier than normal attainment of puberty. Puberty is called true if it
is associated with matu.ration of the germ cells, i.e., spermatogenesis

or ovulation, or is called pseudo puberty if it only involves development of secondary sexual characteristics (Ganong, 1977).

Pseudo preco-

cious puberty has been found tO,be associated only with certain ovarian
tumors and adrenocortical diseases (Ganong, 1977).

On the other hand,

true precocious puberty has mainly been found in cases with brain tumors
or infections (Ganong, 1977).

The pineal gland hormones serotonin and

melatonin were thought to regulate onset of puberty.

However, pinea1ec-

tomy studies have not resulted in consistently reproducible acceleration
of the onset of puberty (Ganong, 1977).
Most of the evidence revealing the role of the brain in regulation of onset of puberty stems from experimentation with laboratory
animals, chiefly the rat.

Experiments carried out on rats indicate

that: 1. ovaries of immature animals transplanted into adults function
in the adult manner, 2. injection of gonadotropins after 20 days of age
causes ovulation and formation of corpus 1uteum, 3. injection of gonadal
steroids causes precocious vaginal opening (Ganong, 1977), 4. lesions of
the hypothalamus accelerate onset of puberty (Critchlow and Bar-Se1a,

1967), S. pituitaries of immature animals contain high levels of gonadotropins which can be ro1eased by appropriate hypothalamic releasing
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factors (Gellert et al., 1964), 6. transplantation of pituitaries of
immature animals under the hypothalamus of hypophysectomized adult females maintains normal estrous cycle (Jacobsohn, 1966), and 7. the
hypothalamus of i.mature animals contains and is capable of secreting
hypothalamic releasing hormones (Ramirez and Sawyer, 1966; Kragt and
Dahlgren, 1972).

The exact portions in the brain and the mechanism,

which regulate onset of puberty are still controversial.
The Bovine Estrous Cycle
General
The estrous cycle in the bovine female is a repeatable set of
many reproductive phenomena which occur once approximately every three
weeks.

The duration of the cycle differs between heifers (20 ± 2.3

days) and cows (21 ± 3.7 days) (Robinson, 1977;. Swanson and Bafs, 1971).
The cycle is divided into proestrus, estrus, metestrus, and diestrus
phases.

Estrus, the phase in the cycle during which the female is

sexually receptive to the male, lasts on the average 12 to 24 hours
(Robinson, 1977).

Ovulation in bovine occurs 10-12 hours after the end

of estrus (Bansel and Trimberger, 1951;. Robinson, 1977).

The events of

the cycle are under the control of many circulating hormones secreted by
different organs in the body (Sorenson, 1979).

Generally, the ovarian

estrogens and progestins, the anterior pituitary gonadotropins, the
hypothalamic releasing factors,

and the uterus interplay in action to

control these cyclical events in the nonpregnant female (Erb et al.,
1969).

These cyclical events include changes in behavior, changes in

20

internal and external reproductive organs_ and changes in levell of
circulating hormones.
Changes in Behavior Charaoteristic of Estrus
Behavioral symptoms are characteristic of the estrus (heat)
phase of the cycle.

The symptoms are well described by Sorenson (1979).

These inolude: 1. standing to be mounted by other animals_ e.g._ bulls_
young bull oalves_ teaser animals_ or other oows_ 2. attempting to mount
other oows (This symptom may not be reliable beoause the mounting oow is
sometimes not in estrus herself_ but only attraoted to one that is
already in estrus.)_ 3. dripping or streaming muous from the vulva
originated in the oervix and smeared on the buttocks (This mucus indicates the cow may be approaohing_ in_ or have just passed estrus.

It

may be present three to four days from the exaot period of male aooeptance (estrus»_ 4. nervousness_ evidenced by refusal to eat_ frequent
walking. reduoed milk produotion. or butting and bellowing. S. seeking
and staying near the bull as estrus approaches and during estrus. 6.
rubbed tailhead or mud on the hips as a result of being mounted by other
animals. 7. raising of the tail. lioking of the vulva. standing for
other oows to rest their ohins on her rump. and excessive urination. and
8. ready aooeptance of reo tal palpation not found in other stagos of the
estrous oyole (personal observation).
Changes in Internal and External Reproductive Organs
The gross anatomical ohanges associated with estrus involve the
external and internal reproduotive organs.

While the internal changes

are palpable. ohanges involving the external genitalia are more easily
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observed.
mones.

These changes are under the influence of circulating hor-

Ovarian changes involve growth, maturation, or atresia of some

follicles. ovulation of the follicles, and development of the corpus
luteum.

Rapid growth of the developing follicle was reported to occur

three days prior to estrus (Hansel, 1959).

The presence of large fol-

licles (14 to 15 mm in diameter) has also been reported to occur as
early as the 8th or 9th day of the cycle (Cole, 1930; Hansel, 1959).
Bane and Rajakoski (1961) reported two growth waves of follicles in
bovine, the first occurring during the 3rd and 4th days of the cycle and
the second occurring during the 12th to 14th days, and possibly later.
The palpable characteristics of the follicle described by Zemjanis
(1970) include: 1. smoothness and roundness of the follicle, 2. a raised
surface measuring from about 1.0 cm in diameter at midcycle to 2.0-2.5
cm at the peak of follicular development, depending on how deep the
follicle is embedded in the ovary, 3. a fluctuating feeling under the
raised surface, 4. increased tension until six to 12 hours before ovulation due to increased amount of follicular fluid, and 5. much softer
palpable area on the peak of the follicle.

Hansel (1959) reported a

noticeable decrease in follicular tension on rectal palpation of the
ovaries at two to four ·hours prior to ovulation.

The ovulation depres-

sion, found approximately 12 to 24 hourG after ovulation, is recognized
by the presence of a soft circumscribed area seldom exceeding 1.0 cm in
diameter (Zemjanis, 1970).

The corpus luteum reaches its .aximum size

about the 16th to 18th day of the cycle and then starts to regress
shortly before the cow returns to estrus (Hansel, 1959).

Various devel-
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opmental phases of the corpus luteum that are palpable can be used to
estimate different stages of the cycle (Zemjanis, 1970).

Palpable

changes involving the uterus include: 1. gradual but marked increase in
th~

tonus and the excitability of the myometrium during proestrus (one

to two days pre-estrus). 2. maximum increase in tonus and excitability
of myometrium at time of sexual receptivity, 3. pronounced tonus during
manipulation, 4. diminished uterine contractability immediately after
ovulation, S. entire disappearance of uterine contractability 48 hours
after ovulation, and 6. marked edema of the uterine horns that remains
48 to 72 hours after ovulation (Zemjanis, 1970).

The edema and the

increase in tonus and contractability of the uterus are primarily caused
by the increasing effect of estrogens during this period, which is
terminated by ovulation.

Loss of tonus and increased excitability

precedes regression of the edema during the immediate postestral period.
During the luteal phase of the cycle, when the corpus luteum is fully
developed and progesterone is highest, the uterus lacks tonus and does
not show marked excitability (Zemjanis, 1970).
Changes that involve the external genitalia also vary with the
stage of the cycle.
koski (1961).

These changes are described well by Bane and Raja-

Secretions from the vestibule or vagina are only occa-

sionally seen during the mid-cycle.

From the 19th or 20th day a slight

flow of tenacious and sometimes opalescent mucus is visible at the
labiae of most heifers.

The flow reaches its maximum in association

with the behavioral signs; it then becomes less viscous, clear, and
forms long strings hanging from the vulva or stuck to the tailor
hindquarters.

Bloody discharges, red and swollen vulva, and hyperemic
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mucus membranes can also be observed during estrus.
Changes and Interactions of Hormones During the Cycle
The characteristic cyclic patterns of the bovine cycle are the
result of the direct effect of hypothalamic. pituitary. and gonadal
hormones.

Changes and interactions among these hormones brings about

specific changes characteristic of the different stages of the bovine
cycle.
Gonadotropin Releasing Hormone CGnRH).

The regulatory influence

of the hypothalamus on the pituitary and its gonadotropins has been
studied extensively in the past (Taleisnik and McCann. 1961; Ramirez and
McCann. 1963).

The existence. the physiological function. and the

search for the structure of hypothalamic gonadotropin releasing hormone
(GnRH) has been investigated by several researchers (McCann and Porter.
1969; Martini and Ganong. 1971; Schally et al.. 1973).

Isolation of the

hormone in porcine (Schally et al •• 1971) and in ovine (Amoss et al ••
1971) has been reported independently.

Matsuo et al. (1971b) proposed

the decapeptide configuration for porcine GnRH.

Baba et al. (1971)

confirmed the decapeptide structure of the hormone and Matsuo et al.
(1971a) synthesized it.

GnRH was shown to regulate the synthesis and

secretion of the anterior pituitary gonadotropins LH and FSB (Arimura et
al.. 1972).

It has been suggested that there is probably only one

releaSing hormone for both FSB and LH (White. 1970; Sandow et al ••

1975).
Apparently GnRH acts directly on the pituitary to cause release
and a dose related increase in release of LB (Convey. 1973; Zolman et
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al., 1973).

Only brief exposure of the pituitary to GnRB (in vitro) was

required to induce an increase in LH release that persisted after removal of GnRH from the suporfusing medium (Convey, 1973).

Pituitary re-

lease of LH to GnRB in bovine varies with sex and reproductive state of
the animal.
than 160

~g

The relationship was linear in bulls, even in doses higher

Ilv (Convey, 1973).

Bigher doses of GnRB in heifers did not

cause greater release of LB (Convey, 1973) and Ilv dose of 320

~g

of

GnRH did not cause a further increase in LB release beyond that which
resulted from 80

~g

GnU (Zolman et al., 1973).

Pituitary responsive-

ness to GnRH in bovine may result from withdrawal of a progesterone
block or stimulation by estrogen.

Evidence that points in this direc-

tion is the temporal relationship between progesterone removal, increase
in serum estrogen, and LB release, demonstrated by Louis et al. (1973)
in cows in which luteolysis was induced by prostaglandin F2a •

Mauer and

Rippel (1972) demonstrated that LB levels comparable to ovulatory LB
surge values were obtained in response to 11m doses (100 or 250

~g)

of

GnRB administered to cows at the time'of removal of intravaginal proges-

terone implants.

Kittock et al. (1972) reported that GnRH caused re-

lease of LH in cows with cystic ovaries that was similar in magnitude to
the preovulatory LH surge.

Also, cows with cystic ovaries (high serum

estrogen) returned to estrus 20 to 25 days after GnRB administration.
It has been reported that GnRB rises in proestrus, peaks during estrus,
decreases toward the end of metestrus, and stays low during diestrus
before rising asain in proestrus (Sorenson, 1979).
Gonadotropins, follicle stimulating hormones (FSB) and
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luteinizing hormone (IJO. are secreted by the anterior pituitary (adenohypophysis) in response to hypothalamic GnRH.

They are glycoprotein in

nature and each is made up of two subunits designated a and b.

The a

subunits of the two hormone. are identical. but the b subunits differ in
structure; this structural difference confers hormonal specificity
(Ganong. 1979).
Follicle St;mulating Hormone (FSH).

Circulating FSH begins to

rise on day four to six and continues to rise and stimulate follicular
growth throughout the cycle until ovulation (Hackett and Hafs. 1969).
Hansel (1961) indicated that follicular growth and ovum maturation is
primarily under the effect of FSH. although small amounts of LB synergize the reaction.

He also indicated that the rapid follicular growth

occurring between day 16 of the cycle and beginning of estrus causes an
increase in levels of estrogen. which in addition to initiating behavioral estrus. is believed to negatively feed back on pituitary production of FSH and positively stimulate the release of pituitary LH in
amounts sufficient to cause ovulation.

Hansel et al. (1958) suggested

that the rapid degranulation process of the pituitary gonadotropin
producing cells (basophils) prior to estrus may reflect the final release of FSH which causes preovulatory swelling of the follicle.

Akbar

et al. (1974) reported that serum concentrations of FSH were 66 ± 8
ng/ml for cows in follicular or luteal phase and 78 ± 8 ng/ml for those
in estrus.

There was a trend (nonsignificant) of elevation of FSH

levels on the day of estrus when sampling was taken at daily intervals.
However. a significant elevation was detected coincident with LB peak
when sampling was taken at two hour intervals around estrus.
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Luteinizing Hormone CLH).

LH synergizes with FSH in stimulating

the growth of the follicle and the maturation of the ovum; it initiates
ovulation. growth. and maintenance of the cO%pus luteum (Hansel. 1961).
Its luteotrophic effect in bovine. as indicated by its ability to increase levels of progesterone. has been reported by Hansel and Snook
(1970).

Snook et al. (1971) reported positive correlation (0.76. P

<

0.05) between serum progesterone and LH from day three to day 15 of the

cycle.

Hoffman et al. (1974) provided evidence that LH is the main

luteotrophic factor in bovine.

Studies utilizing specific LH antisera

resulted in reduction of corpus luteum size and its progesterone content
(Snook et al •• 1969).
Different basal LH values ranging from 0.5 to 3.0 ng/ml (Echternkamp and Hansel. 1973) and 2-4 ng/ml (Snook et al.. 1971) have been
reported.

Christensen et al. (1974) reported the occurrence of serum LH

peak to be at 7.38 ± 5.15 hours after onset of estrus and 24.1 ± 2.5
hours before ovulation.

Elevation of LH level lasted 12.4 ± 1.6 hours.

Snook et al. (1971) observed a major peak of LH at the tilDe of estrus
(day 0); its magnitude was 7 to SO ng/ml.

This wide range in values

probably resulted from the frequency of sample collection (once/day).
They also observed two other small peaks; a small luteal phase rise
(mean value of 4.6 ng/ml. with a range of 2.3 to 8.2 ng/ml) on days
nine. 11. and 13. and a second rise (mean value 5.3 ng/ml. range 3.5-7.8
ng/mU four to seven days before ovulation.

These fluctuations in LH

levels during the middle and later part of the estrous cycle are considered to be associated with growth and atresia of anovulatory follicles
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(Snook et al .. 1971).

Follicular growth at about the time of rise in

serum LH levels has been reported by Rajakoski (1960); he observed
anovulatory follicles in most cattle during the luteal phase of the
estrous cycle.

Snook et al. (1969) also demonstrated block of follic-

ular development upon injection of antibovlne LH indicating the
importance of LH for follicular

growt~

Mean values of LH ranging from

0.6 ng/ml on day 15 to 1.8 ns/ml on days three. four. 10. and 12 of the
cycle in cycling beef cows have been reported by Christensen et al.
(1974).
Estrogens.

These include 17a-estradiol. 17p-estradiol (E2 ).

estrone (E1 ). and estriol.
granulosa cells.
1962).

They are secreted by the theca interna and

The major follicular estrogen is 17p-estradiol (Short.

Hansel and Echternkamp (1972) observed three peaks of plasma

estrogen levels that appeared to be related to periods of active follicular development.

These three periods of follicular growth occurred: 1.

between day one and day six characterized by the midcycle (nine to 12
days) one or more large (7-12 mm) follicles which undergo atresia (Rajakoski. 1960). 2. during the luteal phase (days 12 to 16) characterized
by follicles larger than 12 mm in diameter which are also atretic. and
3. beginning after corpus luteum regression characterized by follicles
less than 10 mm. which expand to 16-20 mm and culminate in ovulation
(Karion and Gier. 1971).

The production of estrogens. and perhaps other

steroids. in bovine is associated with continuous follicular growth.
dlfferentiation and atresia.

In bovine ovaries. in contrast to other

species. e.g •• rabbits and rats. theca cells do not differentiate into
hormone secreting interstitial cells by the atretic process,: instead.
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both granulosa and theca cells almost completely disappear during this
process (Hansel and Echternkamp. 1972).

Echtornkamp and Hansel (1973)

reported a rise in estrone and estradiol levels beginning two to three
days prior to estrus followed by rapid decline after estrus.

They

suggested that elevated estrogen levels two to three days before estrus
might trigger the preovulatory LH release.

Garverick et al. (1971)

found a positive and a significant relationship between 17p-estradiol
and progesterone for days one to 19. and suggested a direct or indirect
involvement of the endogen04s 17p-estradiol in the luteotrophic mechanism.

However. it is well documented that administration of the exog-

enous hormone causes luteolysis in nonpregnant and pregnant cows (Wiltbank. 1966; Henge and Verville. 1969; Hansel and Echternkamp. 1972).
Glencross et al. (1972) reported that mean concentrations of estrone
were below 1.0 pg/ml throughout the cycle except for a small rise one to
two days before estrus.

Estradiol concentrations showed two peaks: 1. a

pre-estrus peak with concentrations above basal levels for four days and
a maximum of S.O pg/ml one day before estrus. and 2. a post-ovulatory
peak with levels above basal values for three days and a maximum of 7.0 ,
pg/ml six days after estrus.
the latter peak.

They suggested a luteotrophic action for

'etteman et al. (1972) reported an increase in

estradiol beginning three days pre-estrus from an average of 3.6 pg/ml
during the luteal phase of the cyc Ie (day two to 11) to a peak of 9.7
pg/ml at 0.5 days before estrus.

Elevation of estradiol one to two days

prior to LH peak suggested a regulatory effect of estrogen on LB release
in cattle.

Henricks et al. (1971) reported plasma estrogen levels of

29
less than 10 pg/ml until one day prior to estrus when concentrations
rose to 15-25 pg/ml.

However, these levels began to decrease within two

to five hours after estrus.

They also reported transient increases

between 3.0 and 10.0 ps/ml during the first three days of proestrus.
Shemesh et al. (1972) indicated that estradiol concentrations increased
during the three days prior to estrus, attained their peak level <17 ±
1.9 ng/l00 ml) four hours before a detectable estrous behavior and
declined steeply during the day of estrus reaching their lowest (0.8 ±
0.11 ng/l00 ml) before ovulation.

A minor rise was observed on day four

and a more sustained rise on days 10-13, with a peak (8.1 ± 3.6 ng/100
ml) on day 11.

Mason et al. (1972) observed that highest concentrations

of both estrone and estradiol occurred on the 19th and 20th days of a 21
day standardized cycle; the peaks of estrone slightly preceded those of
estradiol and their values ranged from 23.1 to 226.9 ng/100 ml for
estrone and from 17.6 to 117.5 ng/100 ml for estradiol.

Relatively high

values for estrone were observed on days six, seven, and eight. Glencross et al. (1973) reported a slow rise of plasma estradiol-17P in late
progestational phase of the cycle before progesterone levels fall, a
rapid rise to a pre-estru6 peak of about 6.0 pg/ml as progesterone
levels rapidly fall, a fall during estrus showing minimum levels one to
two days after estrus and another rise to a second peak six to seven
days after the pre-estrus peak as progesterone level continues to rise.
Interestingly, the investigators reported very similar pattern of plasma
estradiol-17P levels in the nonpregnant cow as compared to those in the
first 30 days of pregnancy.
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Progesterone.

Progesterone is mainly produced by the luteal

cells of the corpus luteum which are derived from the granulosa and
internal theca cells following ovulation (Sorenson, 1979).

Injections

of exogenous progesterone in cows have been reported to prevent new
ovulation (Ulberg et al., 1951), cause reduction in corpus luteum size
(Loy et al •• 1960) and shorten the length of estrous cycle from 20.7
days in controls to 16.7 days in treated cows (Woody et al., 1967).

Erb

et al. (1969) observed and described the growth pattern of the corpus
luteum during the cycle as rapid growth from days three to six, slow
growth on days seven to eight, increase in growth on days nine to 10,
decline in growth on days 11 to 13, increase in growth on days 13 to 15,
and then a

7~

decline in weight from days 15 to 20. The luteal content

of progesterone remarkably paralleled these changes.

Ovarian vein plas-

ma level of progesterone from Polish Friesian cows (Dobrowolski et 81.,
1968) corresponded rather well to the first and third phases of weight
increase and matched the decline in luteal function on day 16 (Erb et
al., 1969).

Donaldson et al. (1970) reported that peripheral plasma

mean concentration of progesterone was lowest at estrus (0.44 ng/ml) and
then increased, reaching its highest (6.8 ng/ml) at about day 14 of the
21 day cycle; the concentration decreased rapidly during the last four
days of the cycle, reaching low levels on the day before estrus and
showed no significant changes during estrus.

Garverick et al. (1971)

indicated that peripheral plasma progesterone increased slowly from days
one to five, rapidly on day six, and then changed very little from day
seven to 10, before rapidly increasing on day 11 and continued through
day 15.

They reported average plasma progesterone levels of 12.6 ± 0.8
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ng/ml during the latter period, compared to 5.1 ± 0.7 ng/ml for the days
of estrus.

Henericks et al. (1971) determined plasma progesterone

concentrations for the periods of proestrus (four days prior to estrus)
and estrus and found that progesterone levels were highest (5-12 ng/ml)
on the fourth day prior to estrus, then progressively declined to an
almost nondetectable level one day before estrus.

Snook et al. (1971)

reported very low serum progesterone levels (100 ng/100 ml) following
estrus; they began to rise by day five or seven, reached a peak (450
ng/l00 ml) about day 15 or 17, and then declined sharply.

They observed

that progesterone levels decreased to less than 50 ng/l00 ml (in every
case) before the beginning of the preovulatory LH peak, suggesting a
trigger effect of falling progesterone levels to the preovulatory LH
surge.

Wettemann et al. (1972) reported that serum progesterone de-

creased rapidly during the three days before estrus, remained low from
day minus one through day two, and increased from 0.92 ng/ml on day four
to 4.57 ng/ml by day 11.

Hansel and Echternkamp d(1972) found very low

levels (0.25 ng/ml) of plasma progesterone on the day of estrus and on
days one and two of the cycle; the level increased rapidly from days
four to 12, peaking at 4-5 ns/ml, and remained relatively constant until
about day 16, and then rapidly declined between days minus four and
minus two of the cycle.

They also indicated that no preovulatory rise

in progesterone appeared to be associated with LH release in the cow.
Although injections of small amounts of progesterone at the very beginning of estrus hastened ovulation (Hansel and Trimberger, 1952), injections two hours after estrus were ineffective (Hansel and Echternkamp,
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1972).

Glencross et al. (1973) reported that progesterone concentration

in plasma of cows varied from 5-10 nglml in mid-cycle and pregnancy to
0.5 nglml ox less near estrus and ovulation.

Echternkamp and Hansel

(1973) indicated that plasma progesterone concentration increased rapidly four to five days postestrus and began to decrease four days before
estrus.
Prostaglandin F2a (PGF2a ).

The original observation that hys-

terectomy of the guinea pig during the luteal phase would result in
maintenance of the corpora lutea was made by Loeb (1923).

Pharris and

Wyngarden (1969) proposed that prostaglandin F2a (PGF2a ) is the potential substance which might control luteal regression because of its
abundance in the uterine prostaglandin and its pronounced vasoconstricting effect.

Unilateral hysterectomy resulted in maintenance of corpora

lutea in guinea pigs (Fischer, 1965), sheep (Inskeep and Butcher, 1966),
and cattle (Ginther et al., 1966a). The prolongation of corpus luteum
lifespan associated with unilateral hysterectomy only occurred in the
ovary adjacent to the removed uterine horn: corpora lutea in ovaries
adjacent to intact uterine horns were not affected.

Insertion of intra-

uterine devices into the uterine horn adjacent to an ovary containing
corpora lutea shortened the estrous cycle in sheep (Ginther et al.,
1966b), cattle (Ginther et al., 1966c), and guinea pigs (Bland and
Donovon, 1965).

Caldwell and Hoor (1971) demonstrated in sheep that

dried uterine venous plasma collected on day 14 of the cycle resulted in
regression of corpora lutea when infused into the ovarian artery eight
days after the beginning of the cycle, but infusion of the material
collected on day eight had no effect.

Levels of PGF 2a vary with the
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stage of the estrous cycle in both the endometrium (Wilson et al.. 1972)
and uterine venous blood (Thornburn et al.. 1972).

Wilson et al. (1972)

reported uterine PGF 2a mean concentration of 32. 60. 76. and 202 ng/g
and mean content of 261. 344. 311. and 1.244 ng for the days three.
five. 11. and 14 of the estrous cycle in ewes.

Thornburn et al. (1972)

detected a complex series of peaks in the utero-ovarian venous plasma
concentration of PGF between days 13 and 17 of the estrous cycle; these
peaks increased in frequency as estrus approached.
concentrations were very low.

At other times

Marked cytological changes and a major

decrease in progesterone concentration occurred at the time of the
later. more frequent PGF peaks (day 15-16).

Donaldson et al. (1970)

reported that hysterectomy of cows on day seven of the cycle caused
plasma progesterone to remain high for 30 days and did not decrease to
low values 18 to 20 days after the previous estrus as in cows with
normal estrous cycle.

Bansel and Echternkamp (1972) suggested that the

cyclical regression of corpora lutea in cattle appears to be under local
control of the adjacent horn of the uterus.

They also demonstrated a

luteolytic effect of exogenous estrogens. Nonsurgical injection (0.5
mg/day) of PGF 2a into the ipsilateral uterine horn on two consecutive
days of the cycle. between days five and 16. induced corpus luteum
regression in almost every case (Rowson et 81.. 1972).

Three groups of

heifers (A. B. C) were subcutaneously injected with 30 mg PGF2a salt on
one of the following days after estrus: Group A. days two. three. and
four; Group B. days six. seven. eight. and nine; and Group C. days 13.
14. 15, 16.

Average interval to estrus and range of days between

34

injection and estrus were: Group A, 17 and 15 to 19 days, respectively
for five heifers; Group B, three and two to four days respectively for
17 heifers; and Group C, three and three to four days, respectively for
12 heifers.

Corpora 1utea of groups Band C regressed to about 12 to 14

mm within two to four days of injection while those of group A regressed
normally (Lauderdale, 1972). Louis et a1. (1973) concluded that 30 mg
PGF2a is 1uteo1ytic during diestrus in heifers, but 11m administration
is more effective than intravaginal administration.
cated that synthetic analog of PGF2a was

R

Cooper (1974) indi-

highly potent and effective

luteo1ytic agent in cattle if administered after day four or five of the
estrous cycle and before the spontaneous regression of the corpus luteum
on day 16 or 17.

Failure of the corpus luteum to regress when the ovary

was surgically separated from its local uterine horn in the abdomen
(Moor and Rowson, 1966) or in the case of congenital absence of uterine
horn (McCracken and Caldwell, 1969) suggested that the luteolytic effect
of the uterus is local.

Transplantation of the ovary alone to the neck

resulted in maintenance of the corpus luteum while its transplantation
together with the uterus resulted in regular luteal regression (McCracken, 1971).

McCracken et al. (1972) suggested that a counter cur-

rent exchange mechanism between the ipsilateral ovarian artery and the
utero-ovarian vein may explain the transportation of the uterine luteolysin (PGF2a) from the uterus to the corpus luteum.
Bovine Reproductive Performance
Efficient reproductive performance in cattle is a key factor in
animal husbandry practices aimed at increased efficiency and
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productivity in both beef and dairy industries.

The considerable

pressure that is put on cattle in both advanced and developing countries
to produce efficiently from an energetic and economic point of view.
requires full under.tanding of all parameters associated with the
optimum balance in numbers between bovine and human populations.

Under

conditions of imbalance a full understanding of the different factors
affecting fertility in cattlo bocomes a necessity.
Numerous studies have considered the relative importance of such
factors as age. breed. location. season. lactation. and suckling in
bovine reproduction (Warnick et. al.. 1960; Wil tbank et al.. 1961; Koger
et al •• 1962; Donaldson et al •• 1967; Lamond. 1969a; Stott and Wiersma.
1973; Wetteman et al.. 1978).

Malnutrition is probably the factor most

detrimental to reproductive performance in cattle.

Although the nutri-

tional component of reproductive health can be easily handled through
proper management. it is frequently neglected.
Bovine Reproduction and Malnutrition
General.

Malnutrition in general refers to inadequate intake of

one or more nutrients that are needed by the animal to sustain its
maintenance and production requirements.

However. once submaintenance

rations adversely affect reproduction in a species. productivity in such
a species becomes secondary to its threatened survival.

Malnutrition

can be a deficiency in minerals or vitamins. a shortfall in the quality
or quantity of protein. or a deficiency in total calories supplied.

In

some special cases. such as highly productive cows. malnutrition can
result from a negative energy balance. even when liberal amounts of an
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adequate diet is offered (Lamond. 1970).

It has been well documented in

the literature that underfeeding has detrimental effects on reproductive
performance of cattle.
Effects of Minerals and Vitamins.

Although most of the animal

feeds and rations provide adequate amounts of minerals and vitamins.
deficiencies of these nutrients and their adverse effects on normal
reproductive function in cattle have received considerable attention.
Natural deficiencies of phosphorus were reported to cause infertility in
cattle (Eckles et al.. 1926; Theiler et al •• 1928).

In contrast. exper-

imentally induced phosphorus deficiency resulting in one-half of the
normal blood phosphorus was found to have no effect on reproduction in
cattle (Eckles et al •• 1935; Palmer et al •• 1941).

Similar results were

recently reported by Butcher et al. (1979). Carstairs et al •• 1980. and
Simmons et al. (1980).

Phosphorus supplements in feed either improved

reproductive performance (Theiler et al.. 1928; Bart and Mitchell. 1965)
or had no effect (Noller et al •• 1977).
In a detailed study. Peterson and Waldern (1977) indicated that
differences in mineral nutrition between herds were associated with
reproductive function.

They demonstrated that the ratio of Cu to Ko in

silage was the most important factor. with a high ratio (Cu/llo) being
associated with low herd non-return rates.

Other minerals of importance

were the Cu/Ko ratio in hay and grain. Cu in hay, Ko and Se in grain. Ca
and P in silage. and variability of loil Kg levels.
Among the vitamins. the deficiency of vitamin A hal been reported to be associated with poor reproductive performance in cattle.
(1964) observed an increase of

10~

to

11~

Lane

in calf crop in heifers in
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Arizona ranches as a result of the injection of 1,000,000 IU of vitamin
A and 100,000 units of vitamin D per cow prior to the breeding season.
These heifers were selected on ranches that were extremely droughty at
the time of the treatment.

In the extreme desert conditions in southern

Nevada, where calf crop was lower than the average in many other areas
of Nevada and surrounding states, Bradfield and Behrens (1968), in a
four year study period, obtained an increase in fall pregnancy of
and

14.~,

11.~

respectively, for aqueous and paste suspension of vitamins A,

D, and E injected prior to spring breeding.
Effect of Protein and Energy Level.

Mul inos

end Pomerantz

(1940) demonstrated tissue changes in rats subjected to chronic semistarvation, similar to those changes produced by hypophysectomy, and for
this reason they referred to the condition as pseudo-hypophysectomy.
Both conditions resulted in cessation of estrus in these animals.

They

grouped the effects of underfeeding on different body organs into three
major ones:

1. Primary effect resulting in weight loss of organs pro-

portional to loss in body weight due to shortfall in calories, minerals,
vitamins, and other nutrients, 2. Secondary effect involving organs
dependent for their full activity on hormones secreted by other organs
affected by the primary effect, and 3. Tertiary effect involving organs
dependent for this function on organs affected by the secondary effect.
Wiltbank et al. (1957) reported a correlation of -0.39 between the
number of days from beginning of the experiment to first heat and average daily gain during that period.

Bond et al. (1958) showed that

extremely low levels of caloric content and protein resulted in loss of
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weight and cessation of estrus in beef and dual-purpose heifers.

When

the intake of these heifers (TON and digestible protein) was increased,
they gained weight and re-established cycling.

Sorenson et al. (1959)

reported that the length of the estrous cycle for high-level fed heifers
was somewhat shorter than for thoae on lower planes of nutrition.

The

absolute sizes of the ovaries, oviducts, and vagina were positively
correlated with feed intake and were strikingly different.

As a propor-

tion of body size, however. the sizes of these organs showed no difference.

Joubert (1954) indicated that the main value of supplemontal

feeding was in decreasing the length of the interval from calving to
first estrus.

Pinney et al. (1960) showed that young cows carried at

low levels of supplemental feeding during the winter calved later than
those fed higher levels of supplement.

Speth et al. (1962) supplemented

nutrition of range cows with both energy and protein and obtained improved calving percentages.

When both protein and energy content of the

ration were altered, pregnancy occurred in heifers that grew rapidly
compared to those that grew slowly and did not conceive (Bedrark et al.,
1964).

Pope (1967) indicated that nutritional setbacks during winter

and breeding time could seriously result in delay or complete cessation
of estrus, reducing overall fertility.

Bill et al. (1970) studied the

short-term effects of a submaintenance (85-" of maint'enance) ration and
observed reduction in the number of medium-size ovarian follicles and
alteration of the length of the estrous cycle.

Poor quality forage and

restricted intake of nutrients due to climatic conditions in tropical
and subtropical areas lead to infertility of cattle.

Late maturity

(cows often do not have their first calf until attaining an age of four
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years). anestrus. more than one service per pregnancy. and prolonged
intervals between calvings were very common in tropical (Bos indicus)
breeds of cattle (Lamond. 1970). Lamond (1970) observed a close relationship between stocking rate of the cows and infertility; only

11~

of

a herd became pregnant every year at the heavier stocking rate. compared
to

42~

at the lower rate.
Effects of Protein Restriction.

Foster et al. (1945) observed

differences in calf crop associated with level of protein fed to cows
grazing on the southeastern coastal plains of the United States.
age calf crops of 48".

63~.

and

68~

Aver-

were obtained with supplements of

two. four. and six pounds of protein per day. respectively.

Howes et

a1. (1963) showed that ration in which protein was restricted

(5~

NRC)

delayed puberty and jeopardized subsequent reproductive performance.
They also reported that Brahman cows producing at high levels required
higher levels of intake to maintain adequate reproductive function. and
when food was not readily available. the Brahman cows had longer intervals from calving to conception compared to Hereford cows.

Warnick et

a1. (1965) fed heifers of different breeds and breed types on two types
of pastures with two levels of protein supplementation until two years
of age. followed by grazing in good quality pasture.

They showed that

the level of protein supplementation did not affect reproduction and
suggested that the type of pasture (grass-clover in favor of grass
alone). rather than winter protein supplementation. wal important.
Williams et a1. (1980) investigated the effect of pre- and pOltpartum
protein restriction on postpartum reproductive performance in
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primiparous Hereford heifers.

Heifers consuming the protein adequate

ration had shorter intervals from parturition to first e8trus (75

VS. 86

days), higher proportions of estrus occurrence within 110 days postpartum (89'
33~),

VI.

63~),

higher first service conception rate

and higher overall conception rate

(74~ VS. 32~)

(71~

va.

than heifers

receiving the protein deficient ration.
Effects of Energy Restriction.

10ubert (1954) reported that low

energy intake in different breeds of cattle resulted in slight, but not
significant, delay of estrous cycle occurrence.

He also observed that

heifers on the high-energy intake diets required more services per
conception than those on lower planes of nutrition.

Reid (1960) studied

the effects of feeding three levels of TDN (low, medium, high) from
birth to first and second calving on the reproductive performance of
dairy cattle.

He indicated that the number of services required for

first pregnancy was the same regardless of the early-life plane of
nutrition.

He observed sterility of 12.1", 14.5." and 41.2" prior to

the fourth pregnancy stage in the low, medium, and high TDN groups,
respectively.

Wiltbank et al. (1962) studied the effects of four energy

levels designated as high-high (9-16 lb), high-low (9-8 lb), low-high
(4.5-16 lb), and low-low (4.5-8 lb) TDN per day per cow for pre- and

postcalving periods, respectively.

He found: 1. Significant treatment

effect on body weight and body condition with cows on the high-energy
level prior to oalving (high-high and high-low) gaining weight and
maintaining body oondition and oows on low energy level (low-high and
low-low) losing weight and body condition, 2. Marked effect of energy
level after oalving on body weight and condition, 3. Nonsignificant
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trend of slow uterine involution in cows receiving low energy level.
before or after calving, 4. Significant effect of energy level (pre- and
postcalving) on the occurrence of estrus after calving with pre-calving
level appeared to be relatively more important, S. Failure of the majority of cows in the low-low energy level to show estrus postpartum compared to 15" in the low-high energy !eve 1, 6. Prolonged interval from
calving to first estrus in the low-high group compared to the other
groups indicating the failure of feeding high energy level postcalving
to overcome the effect of feeding low energy level prior to calving, and
7. Low first-service conception rate in the postcalving low energy cows.
The overall conception rate for pre- and postcalving low energy cows was
2~.

When the ration of one-half of the cows that failed to show estrus

within 90 days postpartum (cows in high-low and low-low groups) was
increased from 8 lb to 16 lb TDN per day per cow while the other half
was maintained on the same ration (8 Ib TDN per day per cow),

8~

of the

former group showed estrus 49 days after supplementation compared to
none in the latter group.

Cows which exhibited estrus on supplementa-

tion gained an average of 126 lb and improved in
cows conceived at first service.

conditio~

63" of these

Wiltbank et al. (1962) reported that

low levels of energy caused ovarian inactivity and postpartum anestrus
in young cows suckling calves, regardless of the level of protein.
Wiltbank et ale (1964) observed that follicular development was more
obvious and fertilization was more satisfactory when the TDN intake was
hiah than when it was low; cows which lost weight had the poorest
results.

Dunn et al. (1969) indicated that the greatest occurrence of
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estrus during the first two months postcalving was found in heifer. fed
a high energy ration before calving.

Infertility. indicated by pro-

longed post-partum anestrus and failure to conceive in normal estrous
cycle., was noted in heifers on the low onergy diet.

In another study.

Dunn et al. (1974) reported that cows fed a restricted ration lost
significantly more body weight. had significantly le.s back fat and
kidney fat, and had lighter corpora lutea than those fed a control
ration.
energy

Carstairs et al. (1980) studied the effects of two levels of
(85~

vs.

135~

NRC) on postpartum reproductive performanco in

dairy cows and suggested that onergy status, within the studied ranges.
had no effect on reproductive performance of dairy cows.
Body Condition and Target Weight.

The concept of body condition

(the size of body fat reserves relative to body size) and target body
weight, above which conception is possible, has received considerable
support by numerous researchers.

Joubert (1954) reported that with the

approach of favorable nutritional conditions. animals in a low condition
first restored their depleted body tissues before their sexual cycle
returned to normal activity.

McClure (1961) indicated that infertility

in some winter calving herds associated with feeding of immature pasture
was due to the occurrence of most of the body weight loss botween
calving and mating and/or at the time of mating.

McClure (1965) found a

significant difference in fertility (measured as percent of non-return
rate after first service) of pasture-fed control cows
those

(62~)

per day.

(13~)

compared to

consuming supplemental feeding of 12 to 14 lb of hay per cow
He observed that: 1. The mean blood glucose lovel of the

fertile cows at time of mating was rising while that of the infertile
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ones was falling. reaching a vory low level of 22 mg/l00 mi. 2. Tho moan
body weight of the lupplemental cows was increasing at time of mating.
whereas that of the unsupplemented group was stationary. 3. The mean
body weight of the fertile cows was rising. whoreas that of infertile
cows was falling at the time of mating.

Be suggested that infertility

associated with malnutrition was at least in part duo to simple underfeeding during the time of mating.

King (1968) observed that dairy cows

gaining live weight had a higher first service pregnancy rate than those
losing weight.

Gardner (1969) did not observe a similar relationship in

his study. however.

McClure (1961. 1965) and McClure and Dowel (1969)

observed infertility syndrome in pasture fed dairy cows characterized by
first service pregnancy rates of about 301 and associated with a loss of
10" live weight between parturition and mating and low blood glucose
levels at the time of mating.

Lamond (1970) emphasized the importance

of body weight at time of conception and suggested that farm managers
should focus on getting cows to the correct body weight at the time of
mating.

Be suggested two methods for bringing animals to such optimum

weight. one was to feed animals heavily before mating. but after they
calve down in moderate body condition. the other was to got the animals
in the best body condition possible before calving and hold them on such
body condition prior to mating.
McClure (1970) studied both the quantitative and qualitative
factors in feed causing infertility in lactating cows made to lose
excessive amounts of body weight at time of mating by feeding three
different qualities of forage oats at two levels.

Be observed that
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immature grass and forage oats were not adequate to maintain body weight
and high fertility rate.

Be also indicated that restriction of intake

of suboptimal quality forage oats might further depress fertility.

He

did not obtain a high correlation between weight change and fertility
rate.

He suggested that the loss in body weight might not be the cause

of infertility since the weight loss in some of the underfed groups
which retained their normal fertility was similar to that experienced by
the infertile groups.

He also demonstrated that loss of more than 1"

body weight per week in the restricted groups was accompanied by a
significant decline in blood glucose levels only in the infertile groups
of all underfed groups.

While the relationship between size of body

reserves (body condition) and pregnancy rate has consistently been
useful with British cattle. it has not worked as well with Zebu cattle.
possibly because the body shape of the Zebu cattlo was not influenced
very much by the amount of fat in the carcass (Lamond. 1970).

The

intramuscular deposition of fat in the tropical Bos indicus breeds as
opposed to the subcutaneous deposition in Bos taurus breeds represented
one of the difficulties in evaluating body condition in the field.
particularly between breeds (Lamond. 1970).

The actual target body

weight necessary for successful pregnancy was reported to be influenced
by season (Lamond. 1970).

Baker (1967) reported a target body weight of

less than 700 lb and more than 700 lb for Sahiwal shorthorn heifers in
summer and winter. respectively.
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Malnutrition and the Endocrine System
The Pituitary and the Gonads
Earlier experiments with rats indicated that injection of pituitary substance (Marrian and Parkes. 1929) and gonadotropic hormone
(pregnancy urine extracts) or estrogen (Mulinos et al •• 1939) into
chronically underfed animals resulted in reestablishment of the estrous
cycle.

Werner (1939) showed that the pituitaries of chronically under-

fed rats contained less gonadotropic principles than those of the normally fed ones.

Gombe and Hansel (1973) reported progressive increase

in plasma LH from the first to the third estrous cycle in heifers
subjected to low energy intake (62" TDN).

The increaso was first ob-

served in the estrus peaks. and by the third cyc Ie the basal mean for
the low TDN group (2.7 ng/ml) was significantly higher than that of the
control group (1.9 ng/m!).

Plasma progesterone. although slightly high-

er during the first cycle. showed significant decline in the subsequent
cycles.

Both total progesterone and progesterone concentration of

corpora lutea were significantly lower in the underfed group than the
controls.

Short-term feeding of heifers of a submaintenance ration

resulted in reduction of plasma levels of progesterone within five days
of feeding but had no effect on LH levels (Hill et al •• 1970).

Dunn et

al. (1974) reported lower progesterone concentration and content in
corpora lutea of cows fed a restricted ration.

Daily blood levels of

estradiol and FSH were not different between the two groups.

Both blood

levels of progesterone and peak levels of LH were significantly higher
in the restricted group than in the controls.

Corah et al. (1974) found
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no effect of prolonged underfeeding on blood progesterone in beef heifers.

Apgar et a1. (1975) reported slight change in plasma concentration

of progesterone in cows on restricted feed intake.

Incubation of

corpora lutea from both groups. control and treatment. with different
levels of LH resulted in stimulation of secretion of progesterone from
these tissues.

The increase in secretion was less in the restricted

group. however. particularly at the highest level of LB.

They suggested

that the reduced response to LH of the corpora lutea from the restricted
group might have resulted from lack of substrate reserves with which to
respond to LH rather than a decrease in sensitivity to 1JL
Beal et al. (1978) demonstrated that low energy intake increased
pituitary release of LH in response to administration of GnU in both
intact heifers and spayed cows.

Serum progesterone concentration tended

to be reduced in both heifers and cows under low energy intake.

They

concluded that dietary energy restriction might influence LB release directly at the pituitary level and indirectly at the ovarian level.
Spitzer et al. (1978) found no Significant differences in blood levels
of progesterone or LB between nutrition groups (control vs. restricted)
or among successive cycles within nutrition group.

They indicated that

neither fertilization failure nor average daily levels of LH or progesterone were associated with reduced pregnancy rate in heifers under
restricted energy intake.

Carstairs et al. (1980) indicated that post-

partum low caloric intake had no effect on reproduction in dairy cows.
However. they observed that insemination of cows with serum progesterone
ooncentrations below 2.7 ng/ml before insemination did not result in
oonception.
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The Adrenals
Hulinos and Pomerantz (1940) reported that chronic starvation in
rats resulted in atrophy of the adrenal cortez, cellular cytoplasmic
changes and increase in the nucleus/plasma ratio.

These cellular

changes resemble changes associated with hypophysectomy.

Sorenson et

al. (1959) found that the absolute size of the adrenals was positively
correlated with energy intake in heifers.

As a proportion of the total

body, however, the size of these organs was inversely related to the
level of feed intake.

Bafez (1958) found no difference in the adrenal

weight in sows reared on two planes of nut.rition for 38 days of pregnancy.

Thomas (1970) demonstrated evidence suggesting that the adrenal

secretions were indicative of reproductive performance in heifers stibjected to low energy induced stress.

The corticosteroid levels in seven

non-settled heifers fed a stibmaintenance ration was 15 ng/ml compared to
38 ng/ml in 11 iettled heifers fed the same submaintenance ration.
of the seven non-settled heifers

c~nceived

Siz

and their plasma corticoid

levels increased an average of fivefold when they were put back on a
growing ration.

Stott and Robinson (1970) indicated that plasma cort-

isol and progesterone in dairy cattle subjected to acute or chronic
stress, such as nutritional stress, reflected a pattern of adrenal
function correlated with pituitary gonadotrophin secretion.
One approach to studying the role of stress in livestock infertility has been to mimic the pituitary-adrenal response to stress by
administration of adrenocorticotropin (ACTB).

Injection of ACTB (100

units per day) on days two through eight of the estrous cycle in Bere-
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ford heifers resulted in significant decrease of corpus luteum weight,
but had no effect on progesterone concentration or total oontent of
progesterone (Brunner et al., 1969).

Injection of 200 IU ACTH in post-

partum cows elicited a significant increase in plasma levels of cortisol, corticosterone, and progesterone (Gwazdauskas et al., 1972).

Wag-

ner et al. (1972) studied the effects of the injection of 100 units of
ACTH on days one to eight of the estrous cycle in Holstein heifers.
They reported significant reduction in progesterone concentration and
progesterone total content of corpora lutea, significant increase and
significant decrease of plasma progesterone levels on days one to five
and eight to 10 of the cycle, respectively, and significant increase in
plasma corticoid during days one to eight of the cycle.

Treatment of

ovariectomized heifers, which resulted in elevation of plasma progesterone levels, provided some evidence that the adrenal cortex was probably the source responsible for the progesterone increase.

They suggested

that the extra progesterone during the early part of the cycle might be
sufficient to influence the hypothalamus or pituitary to block normal
production of LB.

Wagner et al. (1977) reported that both treatments of

ACTH and hydrocortisone were able to slow the rate of corpus luteum
development, the rate of progesterone synthesis, or both.

Dunlap et al.

(1981) reported a reduction in the number of LB peaks and the number of
cows having LB peaks after ACTH administration, but there was no difference in mean and peak serum LH concentrations.

Da Rosa and Wagner

(1981) suggested that stress, as indicated by hyperadrenal state, could
inhibit progesterone secretion by the corpus luteum.

Separate
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administrations of ACTH and cortisol in cows resulted in inhibition of
LB surge and behavioral estrus.

indicating that the inhibitory effects

on reproduction caused by corticotropin administration was mediated by
corticosteroids (Stoebel and Hoberg. 1982).
The Thyroid
The involvement of the thyroid function in poor reproductive
performance associated with malnutrition in cattle has received little
attention.

The earlier study by Hulinos and Pomerantz (1940) indicated

that the thyroid and some other organs might be secondarily influenced
by the direct effect of malnutrition (loss of weight proportional to
loss in body weight).

Thyroidectomy caused heifers to show an absence

of the physical manifestations of estrus. although the ovaries of
treated heifers continued to function in an apparently normal manner
(Spielman et al.. 1945; Williams and Stott. 1966).

Rectal palpation of

ovaries of the thyroidectomized heifers revealed ovulation at regular
intervals.

Investigators have suggested that the silent heat in these

animals was probably due to mild deficiency in the secretion of gonadotropins. especially LB. or of the gonadal hormones (estrogen or progesterone. or both).

Turner (1959) reported that in many species. aberrant

estrous cycles appeared in both hypo- and hyperthyroidal animals.

Ef-

fects might include lengthening. irregularity. or complete cessation of
the cycles.
Sorenson et al. (1959) found that the absolute size of the
thyroid was positively correlated with enerlY intake in heifer. and that
the height of the thyroid acinar cells was Ireater in heifers fed a high

SO

plano of nutrition than in heifers fed at a lower level of nutrition.
Williams and Stott (1966) reported that thyroidectomy did not lower the
fertility of dairy cattle.

They did not observe any difference in the

manifestation of normal physical signs of estrus following thyroidectomy.

CllAPTER 3

MATERIALS AND METHODS

General
This experiment was conducted from August 1981 to February 1982
at the University of Arizona Dairy Research Center.

A total of 12

postpuberal virgin normally cycling Holstein dairy heifers 14-16 months
of age weighing between 650 and 825 pounds were randomly selected from
the University dairy herd.
Animals were checked for reproductive soundness to eliminate
animals that had reproductive abnormalities or individuals that were not
cycling.

After selection, all animals were assigned to one pen and

given a two week pre-experimental adjustment period.

During the adjust-

ment period animals had free access to feed (alfalfa cubes) and water.
The experiment was phased into three periods with regard to the
regimen of feeding.

Period One (PI), the ad libitum feeding period;

Period Two (P2), the energy restriction period; and Period Three (P3),
the high energy intake period.
P3I periods, respectively.

P2 and P3 were subphased into P2I and

These .ubperiods represented the first few

days (five to .ix) of each period.
periods.

Feeding schedule was similar in all

Animals were bled, checked for heat, rectally palpated, and

weighed at regular intervals throughout the entire experiment.
mercially available frozen semen was used for breeding.
all heifers was carried out by the herdsman.
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A com-

Insemination of
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Experimental Trial
Period One (P1) - Ad Libitum Feeding
Animals were weighed individually at the beginning of the period
(the end of the pre-experimental period).
ration of alfalfa cubes ad libitum.
able at all times.
this period.
week.

The animals were group fed a

Water and mineral mix were avail-

Blood samples were taken every three days throughout

Weighing and

~ectal

palpation were carried out once every

Heat detection was conducted twice daily. based on 45 minutes

visual observation for estrus signs.

This period lasted for five weeks.

By the end of this period. each heifer showed at least two normal
consecutive estrous cycles except for two heifers.

These heifers showed

one cycle each due to their later substitution in the experiment for two
of the original heifers which were very difficult to handle.

At the end

of the period body weights ranged between 756 and 919 pounds.
Period Two (P2) - Period of Energy Restriction
Each of the animals was weighed at the beginning of this period
and its net energy requirement for maintenance (NEm) was calculated
according to the body weight (Church. 1978; NRC. 1978).
posed of alfalfa cubes and a concentrate

(75~

corn +

formulated to provide each individual heifer with
requirements for maintenance (Table 1).
required nutrients.

6~

A ration com-

25~

barley) was

of its net energy

The ration provided all other

The feeding manger was partitioned by wood dividers

and a feeding regimen followed to insure individual feeding of animals.
During the two times of feeding per day (morning and evening) an equal
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Table 1.

Composition of Diet for Heifers in Experiment. a
Alfalfa
Cubes

Ingredient
Corn
<Cracked)

BarIe!:

87.77b

89.00

89.00

NEm (MCal/kg)

1.33

1.86

1.89

NEg (MCal/kg)

0.73

1.24

1.31

Protein (,,)

19.24b

10.00

13.90

Crude Fiber (,,)

30.17b

2.00

6.00

Calcium (IJI)

2.45

0.03

0.05

Phosphorus (')

0.30

0.31

0.37

Coml!onent
DM (,,)

a Taken from: N.R.C., 1978, Nutrient Requirements of Domestic
Animals No.3. Nutrient Requirements of Dairy Cattle, 5th Ed., National
Academy of Sciences, Washington, D.C.
tiAverage values of alfalfa cube analysis.
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portion of the ration was first placed in each feeding partition.

After

all animals were locked in, each one would then receive the rest of its
ration.

The ration was constantly adjusted according to individual body

weights to provide the

6~

NE m•

Blood samples were taken daily for the

first s1% days from the beginning of this period and every three days
thereafter until the end of the period.

Body weights, rectal palpation,

and heat detection were carried out as in Pl.

Animals were artificially

bred toward the end of this period whenever they showed any signs of
estrus.

This period lasted about 14 weeks.

Period Three (P3) - High Energy Intake
Animals were weighed at the beginning of this period and individually fed a ration which provided 2.2 Ib (l.0 kg) gain per day.

The

ration consisted of the same ingredients that were fed in Period 2.

The

animals were fed twice daily (morning and evening).

Blood samples were

taken daily for the first five days of this period and every three days
thereafter until the experiment was terminated.

Data on body weight,

rectal palpation, and heat detection were recorded.

The ration was

periodically adjusted according to individual body weights to provide
the 2.2 Ib (1.0 kg) gain per day.

Pregnancy was determined by palpation

per rectum of the amniotic vesicle 35 to 40 days after breeding.

At

such an early stage of embryonic development the amniotic vesicle is
more turgid than the chorion and moves freely within it (Ulberg, 1968).
A second rectal examination for pregnancy diagnosis was conducted 60
days after breeding to help determine fetal loss.
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Blood collection
Twenty milliliter blood samples were collected from the coccygeal vein or artery nsing a vacntainer.

Blood collection was carried

ont in the morning. at the same time each morning while animals were
individnally locked into a headlock stansion to consnme their morning
portion of the daily ration. Blood was immediately stored in crnshed
ice at (4 oC). transported to the laboratory. and centrifuged to separate
the sernm from the clot.

The sernm was then transferred into plastic

vials and stored at -20 o C nntil analysis was performed.

Blood was

collected from each animal every three days in all three periods of the
experiment.

Blood was collected daily at the beginning of both Period 2

(P2I) and Period 3 (P3I) for the first six and five days. respectively.
This was done to closely monitor levels of cortisol and glncose at these
transitional phases of each experiment period.
Rectal Palpation
Animals were rectally palpated once a week thronghont the entire
experiment.

Palpation was carried ont dnring the evening feeding time

while animals were locked.

The per rectnm palpation of the reprodnctive

tract was intended to provide subjective measnrements of the statns of
the reprodnctive organs dnring each of the experimental periods. The
data gathered inclnded the size. textnre. tonons. and other related
characteristics of these organs.
Beat Detection
Estrns detection was condncted two times per day (morning and
evening) for a period of 45 minntes each time.

Animals were visnally

56
observed for the characteristic signs of estrus behavior. such as homosexual activity. standing for mounting. bawling. and restlessness.

Oth-

er manifestations of estrus. such as the flow of clear mucus from the
vulva and swelling and redness of the vulva were also considered.

A

livestock marking crayon applied to the upper portion of the tail and
rump was used as an additional aid.

A heifer was considered on heat

when it exhibited the behavioral signs of estrus.

Less weight was given

to the marker procedure as the sole means of determining estrus.

Thick.

flowing mucus (pulleys) on palpation was used as an extra confirmatory
criterion for estrus. particularly when other signs were not clear.
Hormonal Analysis
Thyroid Hormones CTa and

T~.

The thyroid hormone concentra-

tions (T3 and T4 ). were determined using the tetrabead 1251 diagnostic
kits offered by Abbott Laboratories for the quantitative measurement of
the total c ircula ting thyroid hormones.
radioimmunoassays in which the

These tests are compet it ive

nonr~dioactive

hormone (T3 or T4) com-

petes with a constant amount of radioactive hormone (1251 in the structure of T3 or T4) for binding sites on a limited amount of the specific
antibody coated on beads.

The percentage of the radioactive hormone

bound to the bead is inversely proportional to the concentration of the
hormone in the serum.

The sensitivity of the T3 test was found to be

0.25 ng/ml and that of the T4 test was 0.24 IlS/dl.

The coefficients of

variation for intra-assay and inter-assay for both hormones were within
the range reported.
Cortisol Radioimmunoassay.

Serum concentration of cortisol was
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determined by the competitive radioimmunoassay described by Abraham et
al. (1972).
company.

Nonradioactive (standard) cortisol was obtained from Sigma
Cortisol tagged with tritium (3B) was obtained from New Eng-

land Nuclear Corporation.

The antiserum (rabbit anti-cortisol) was

obtained from Bolly Bill Biological.

This method directly measures

serum cortisol concentration after precipitation of serum proteins with
absolute ethanol.

The percentage of the labeled cortisol bound to the

antiserum is inversely proportional to the concentration of the hormone
in the serum.

The percent bound radioactivity was plotted against the

logarithm of the dose of cortisol.
curve was 10 pg.

The sensitivity of the standard

A common source of a pooled bovine serum was uled to

determine variation within and between assays.

All determinations with

differences larger than 101 among duplicates were reanalysed.

Within-

assay and between-assay variation values were comparable to those reported by Abraham et a1. (1972).
Progesterone Radioimmunoassay.

Serum concentrations of progest-

erone were determined by modification of the method developed by Abraham
et al. (1971).

In the modified procedure.

8

single step eztraction was

performed using redistilled petroleum ether instead of anhydrous ethyl
ether as a specific eztractant. The test is also a competitive binding
assay in which both labeled and unlabeled hormones compete for binding
with a limited amount of antibody.

The percent bound radioactivity is

inversely proportional to the hormone in the serum.

Nonradioactive

progesterone (standard) was obtained from Sigma Company.

Progesterone

labeled with 3B came from New England Nuclear Corporation.

Progesterone

58

antibody (rabbit antiprogesterone) was obtained from Holly Hill Biological.

A common pooled bovine serum extracted with charcoal suspension

(free of progesterone) was used as an internal control to determine
withln- and between-assay variations.
ourve was 10 pg.

The sensitivity of the standard

Within-assay and between-assay coefficients of varia-

tion were within ranges reported in the literature.
Serum Glucose.

Serum glucose concentrations were determined by

automation of the direot O-Toludine procedure developed by Feteris
(196S).

The reaction produces a green color which increases in inten-

sity as the glucose concentration in the serum increases and follows
Beer's Law over a wide range of concentrations.

A common pooled bovine

serum was used as a control to determine within- and between-assays
variation.

The coefficients of variation were acceptable.

Statistical Evaluation
Since the same animals were used in each feeding period. independence of sampling was not applicable.

Therefore. the differences (D)

between the mean values of the various feeding periods to be compared
were calculated for each animal and were analysed as single samples.
The mean difference (D) was then computed for all heifers in each feeding period.

The mean difference between various feeding periods was

tested for statistical significance.

The test used was the paired t-

test described by Wonnacott and Wonnacott (1977).

CHAPI'ER 4

RESULTS AND DISCUSSION
Reproductive Performance
Estrus
Animals were cycling regularly and showed all behavioral signs
of estrus during the ad libitum feeding period (P1).

During the period

of submaintenance energy intake (P2). these behavioral signs gradually
became less observable.

Only four heifers

(33~)

were exhibiting clear

behavioral signs of estrus during the period of restricted energy intake.

The rest of the animals (67"') showed variable responses to the

restricted energy intake. ranging from irregular cycles. to long intervals between cycles. to complete cessation of the estrous cycle.

Rectal

palpation during the period of energy restriction showed evidence of
silent heat in all heifers.

Similar findings of changes in the length

of the cycle associated with low planes of nutrition were reported by
several investigators (Joubert. 1954; Wiltbank et al •• 1962; Pope et
al •• 1967; Sorenson et· al •• 1979).

However. Carstairs et al. (1980)

indicated that restriction of energy intake (85'" of NRC) had no effect
on postpartum reproductive performance in dairy cows.
During the high energy feeding period (P3). all heifers which
quit cycling during the submaintenance feeding re-established their
estrous cycles.

These results are in agreement with those of Wiltbank
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et ale (1962). who reported 801 reoccurrence of estrus upon increasing
the TDN intake of one half of a group of cows that had failed to cycle
during a period of low energy intake; none of the cows in the other
half. continued on tho low plane of energy intake. showed any sign of
resuming estrus.
Reproductive Organs
Subjective evaluation of the status of the different reproductive organs was performed per rectum throughout the entire experiment.
The ovaries gradually diminished in size during the period of restricted
energy feeding.

Signs of ovarian inactivity were present in the form of

absence of palpable functional structures. such as developing follicles
and corpora lutea.

Ovaries were almond-shaped. quiescent. and nodular

in consistency during the low energy intake period (P2).

These findings

are similar to those reported by Sorenson et ale (1959) who showed a
positive correlation between feed intake and the size of the ovaries.
Similar findings of reduction in the number of ovarian follicles as the
result of submaintenance feeding were reported by Hill et ale (1970).
Changes involving the uterus included reduction in size. reduction in
tonus. and reduction in turgidity.

The infantile structure and consist-

ency of the uterus was evident toward the end of the underfeeding period.

When animals were fed the high energy ration. their reproductive

organs increased in size and showed structural signs of functional
activity.
Conception_Rate
The effect of the different feeding treatment on conception rate
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is shown in Table 2.

Only three heifers

(2S~)

conceived during the

period of lubmaintenance energy intake; conception was at first service.
These heifers will be referred to as fertile heifers.
remaining nine heifers

(7S~)

stricted energy intake period.
infertile heifers.

None of the

was diagnosed pregnant during the reThese heifers will be referred to as the

Six of the infertile heifers

(67~)

conceived during

the period of high energy feeding (P3) with an average number of services per conception of 1.33.

The remaining three

(33~)

conceived one

to two cycles after the experiment was terminated. resulting in an
overall average number of services per conception of 1.88.

These find-

ings are in agreement with those of Pinney et ale (1960). Pope (1967).
and Lamond (1970) who reported late maturity. prolonged intervals between calvings. more services per pregnancy. and infertility in cows
subjected to restricted feed intake.

Similar findings reported by Dunn

et ale (1969) showed that heifers subjected to low energy intake failed
to conceive. although they were normally cycling.

The improvement of

fertility during the high energy feeding period in this study was evident from the re-establishment of estrus and high conception rate.

The

average number of services per conception during the high energy feeding
period (P3) was 1.33.

Similar results of improved calving percentages

associated with supplemented feeding were reported by Speth et ale
(1962).

Wiltbank et ale (1962) reported similar improvement in fertil-

ity and conception rate

(63~

vs.

O~)

in one half of a group of cows

(subjected to low TDN intake that resulted in loss of their fertility)
when the energy intake of that subgroup was increased 8 Ib TDN/cow/day.
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Table 2.

Effect of Dietary Enersy Level on Conception Rato.

Ad
Libitum
Services
He !fers Bred
Bred, Not Conceived
Conceived

(~)

Total Conceived

(~)

(~)

Feeding Leyel
Loy Enersy
High EnerSy
(2.2_lb-B ain/day)
(6~_NEtIt)
Services
Services
1st 2nd
1st 2nd
12

4

9

S

9

4

S

3

2S

o

44

40

2S

67
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However, the results of the present study are in contrast to those
reported by Joubert (1954) in which he suggested that more services per
conception were required for heifers on high energy intake compared to
those on lower planes of nutrition.

Reid (1960) and Carataira et al.

(1980) indicated that neither the number of services per pregnancy nor
the reproductive performance in dairy cows were influenced by the level
of energy intake.

However, differences in results might be attributed

to differences in experimental conditions, such as age of animals, time
of experiment, level of energy restriction, and the length of energy
restriction.
Body Weight
The average body weight changes in all periods for both fertile
and infertile heifers are shown in Table 3.
average of

11~

The animals gained an

of their initial weight by the end of the ad libitum

feeding period (P1).

The same animals lost an average of 20-' of their

body weight by the end of the submaintenance feeding period (P2).

By

the end of the high energy intake period (P3) they gained an average of
29-' of their body weight.

Both ad libitum and high energy feeding

significantly increased (P

< .05)

(fertile and infertile).

Restriction of energy intake resulted in a

body weight in both groups of heifers

highly significant (P < .01) loss of body weight in both groups of
heifers (fertile and infertile).

Similar results have been reported by

several researchers (Wiltbank et al., 1962, 1964; Dunn et al., 1974;
Sp i tzer et al., 1978).
Numerous investigators have suggested that poor reproductive
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Table 3.

Effect of Feeding Level on Average Body Weight of Heifers.

Ad

Libitum
No. Heifers

a

Infertile
Heifers

9

9

9

Initial Mean/
Std Dev (lb)

757/
61

840/

674/
49

Final Mean/
Std Dev (lb)

840/

674/
49

867/

53

Change

11.0

-19.8

28.6

(~)

Significance

P

No. Heifers

b

Fertile
Heifers

Feeding l..eyel
High Energy
Low Energy
(2.2 lb gain/day)
(6~ NElli)

< .01

53

P

< .01

53

P

< .01

3

3

3

Initial Mean/
Std Dev (lb)

753/
31

836/
33

662/
24

Final Mean/
Std Dev (lb)

836/
33

662/
24

857/
34

Change

11.0

-20.1

29.5

(lit)

Significance

P

<

.05

P

< .01

P

< .01

aDid not conceive during the period of low energy intake.
bDid conceive during the period of low energy intake.
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performance associated with undernourishment in cattle

WQS

due to loss

of body weight and/or condition (loubert, 1954; McClure, 1961, 1965;
Wiltbank et al., 1962, 1964; King, 1968; McClure and Dowel, 1969; Dunn
et al., 1974).

In the present study. body weight loss (20") during the

period of restricted energy intake was similar for both the fertile
(conceived during energy restriction) and infertile (failed to conceive
during energy restriction) groups of heifers.

These results are similar

to those of McClure (1970) who observed similar loss in body weight in
all groups of cows subjected to similar level of underfeeding, with some
groups retaining their normal fertility while others became infertile.
He suggested that undernourishment induced infertility might not be
caused by loss of weight.

The successful conception of three heifers in

this study while they were losing weight does not support the hypothesis
that infertility associated with underfeeding was due to the occurrence
of most of the weight loss at the time of mating.

However. body condi-

tion of these three heifers had seemed better than the rest of the
animals since the beginning of the experiment.
Blood Glucose
Mean levels of serum glucose of both fertile and infertile
heifers for each period are shown in Table 4A.

During the period of

energy restriction, blood glucose concentrations were significantly
reduced in both the infertile (P
heifers.

< .01)

and fertile (P

< .05)

group of

When all heifers (fertile and infertile) were fed the high

energy ration, blood glucose levels significantly increased in both
infertile (P

< .01) and fertile (P < .05) heifers.

The effects of level

Table 4A.

Mean Blood Glucose Levels of Heifers.

Feeding Level

Infertile a Beifers
Mean/Std Dev
No.
(mg1100 ml)
Heifers

Fertileb Heifers
Mean/Std Dev
No.
(mg/l00 ml)
Heifers

9

84.09 c /2.07

3

84.26 e 13.44

Restricted Energy
(60.. NEm)

9

72.93 d /2.60

3

74.47 f l1.34

High Energy
(2.2 lb gain/day)

9

85.75 c 13.90

3

86.86 e /3.33

Ad Libitum

aDid not conceive during the period of low energy intake.
bConceivef during the period of low energy intake.
c. d. e. Significant differences between mean values in the same column are indicated by
different superscripts. c. d indicate P < .01. e. f indicate P < .05.

0\
0\
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of feeding on blood glucose levels are shown graphically in Figure 1 for
both infertile and fertile heifers.
There vas no change (P

> .05)

in blood glucose levels between

the ad libitum feeding period (PI) and the high energy intake period
(P3) in both groups of heifers.

Heifers which conceived during the

energy restriction period had higher glucose levels at time of insemination than their average levels during the same period (Table 4B).
difference (P

> .05)

No

was detected in the fertile heifers when their

blood glucose levels at time of insemination were compared to their
average levels during the ad libitum feeding period.

These findings

suggest that high fertility in dairy heifers is associated with high
levels of blood glucose at the time of insemination.

This was evident

in heifers which conceived during the submaintenance energy intake
period. and also in heifers which failed to conceive during the same
period (P2). but did conceive during the period of high energy intake
when their blood glucose levels were elevated.

Most of the nine heifers

that failed to conceive during the low energy period had lower glucose
levels at time of insemination than their average levels for the whole
period (Table 4B).

The association between hypoglycemia and reproduc-

tive dysfunction has been made in several reports (McClure. 1965. 1970.
1972. Oxenreider and Wagner, 1971. McClure and Payne. 1978).

These

reports. in which increased blood glucose levels were found to be associated with improved fertility. support the results of the present study.
However. the results in this study are in contrast to others (Hewett,
1974; Carstairs et al.. 1980) who found no relationship between glucose
concentrations and fertility.

The immediate response of blood glucose
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Figure 1. Serum Glucose Levels in Fertile and Infertile Heifers During
Ad Libitum (P1), Restricted Energy (P2). and High Energy (P3) Feeding
Periods.
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Table 4B.

Heifer
ID No.

Blood Glucose Levels at Times of Insemination. Concept ion.
and Feeding Periods.
Mean Glucose
During Pia

Mean Glucose
During P2 b

Glucose at
Insemination
During P2b

~mBl100mll

~mBl100mll

~mBll00mll

Glucose at
Conception c
~mBl100mll

Infertile d Heifers
_ _e

851

81.82

72.14

73.60

852

86.96

74.01

72.20

854

85.37

72.46

72.40

857

83.26

71.00

71.10

860

84.80

72.62

72.90

85.20

861

80.45

67.78

66.20

89.40

862

86.00

76.62

76.50

89.10

865

84.82

7S.37

72.00

82.90

1072

83.38

74.40

75.50

93.40

___ e
89.20
___ e

Fertile d Heifers
868

83.34

72.95

82.S0

85.50

877

88.07

74.96

76.20

76.20

879

81.38

7S.50

80.50

80.50

ap1 is the period of ad libitum feeding.
bP2 is the period in which submaintenance energy intake was fed.
cConception occurred during P3 (the period of high energy feeding) for those heifers designated infertile and during P2 for the fertile heifl,rs.
Fertile heifers conceived during P2. while infertile heifers
did not conceive until about P3 or shortly thereafter.
eHeifer conceived one or two cycles after the end of the experimente
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to restricted and high energy feeding. as measured by changes immediately following each period (P2I vs. P3I). was found to be significantly
higher (P

< .05)

during the transitional phase of the high energy period

(P3I) in heifers that conceived during the third (high energy) period.
No changes (P

> .05)

in serum glucose levels during these periods (P2I

vs. P3I) were observed in heifers which conceived during the submaintenance feeding period.
Blood lIormones
Thyroid Hormones
Thyroxine (T4 ).

Mean values of serum thyroxine (T4 ) for both

groups of heifers during each period are shown in Table S.

Comparison

of mean values of serum thyroxine during the ad libitum and restricted
energy feeding periods showed slight. but not significant (P

> .05)

decline of the hormone during the restricted intake period for both
groups of heifers (fertile and infertile).
feeding period.

During the high energy

the mean values of serum thyroxine were significantly

higher than those during the submaintenance feeding period for the
infertile (P

< .01)

heifers (Fig. 2); no significant changes were de-

tected in the fertile heifers (P
ods.

> .05)

between the same feeding peri-

The mean serum levels of the hormone T4 showed significant in-

crease (P

< .01)

during the high energy feeding period (P3). compared to

the ad libitum feeding period (PI) in the infertile group; a similar.
but not significant (P

> .05).

trend was observed in the hormonal serum

levels of the fertile group during the same periods (Fig. 2).

Table S.

Mean Blood Levels of Thyroxine (T4 ) and Triiodothyronine (T3 ) in Hoifers.
Infertile a Heifers
Fertileb Heifers
T
T4
T3
T4
Mean/S1d Dev Mean/Std Dev
No.
No.
Mean/Std Dev
Mean/Std Dev
(ua1100 ml)
FeedinaLovol
Heifers
(ua1100 mU
Heifers
hH~l100 mil
h!BlI00 mil
9

1.22 c /0.14

S.38 f /0.6S

3

1.23 c1 /3 .44

S.22 f /0.13

Restricted Energy
(6011t NEm)

9

0.88 d /0.17

4.88 f /0.61

3

0.76 d l1.34

4.28 f /0.57

High Energy
(2.2 lb gain/day)

9

1.4S e /0.21

6.S6 g /1.08

3

Ad Libitum

1·SS c2 /O.17

6.83 f /2.01

aDid not conceive during the period of low energy intake.
bConceived during the period of low energy intake.
c. d. e. f. gSignificant differences between mean values in the same column are indicated by
different letter superscripts.
T3
Infertile Group
c. d. P < .01
o. d. p < .01
o. c. p < .01

T4
Infertile Group
8. I
p < .01

T3
Fertile Group
ct. d. p < .01
c2. d. p < .05
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Comparison between the high and low energy transitional periods (P3I vs.
P2I) showed a significant (P < .01) increase in the serum levels of the
hormone (T4 ) during the high energy transitional period (P3I) for both
groups of heifers.
Changes of serum levels of thyroxine due to different treatments
are suggestive of secondary effects of feeding regimen on the thyroid
f'Ullction. According to earl,y work by Mulinos and Pomerantz (1940), loss
of weight in the thyroid gland is associated with body weight loss due
to malnutrition.

Poor reproductive performance associated with submain-

tenance feeding does not seem to be caused by a thyroid dysf'Ullction (low
T4 ) since the changes in the hormonal levels during the submaintenance
feeding were not significant (P

> .OS) in the infertile group. Another

evidence is that the fertile heifers were cycling and successfully
conceived during the restricted energy period when their serum thyroxine
levels were slightly, but not significantly (P > .OS), reduced.

These

findings agree with other research (Spielman et al., 1945; Williams and
Stott, 1966) that demonstrated normal ovulation and fertility in thyroidectomized cattle.

It is possible, however, that the mild reduction

in thyroxine levels during submaintenance feeding may have been associated with the observed estrual irregularity, cessation of the estrous
cycle, and low conception rate in the heifers as a group.
The significant increase occurred (P

< .01)

in the serum hormone

levels during the high energy feeding (P3) compared to the ad libitum
feeding (P1) in infertile heifers and could be due to the increase in
thyroid function associated with an increase in glandular weight or due

74
to hypertrophy of the gland during pregnancy as reported by Catchpole
(1959) •

Triiodothyronine (Ta).

Mean values of triiodothyronine (T3 ) are

shown in Table 5 for both groups of heifers during the different experimental periods.

Changes in serum T3 levels for both groups of heifers

during the three feeding periods are shown in Figure 3.

Submaintenance

feeding, as compared to both ad libitum and high energy feeding, significantly (P < .01) depressed serum levels of triiodothyronine (T3 ) in the
infertile group of heifers.

High energy feeding, as opposed to ad

libitum feeding, resulted in a ,highly significant (P

< .01)

increase in

serum hormone levels of the infertile heifers. Comparison of the transitional feeding periods (P2I vs. P3I) showed a significant increase in
the hormone levels during the high energy transitional period (P3I) for
both infertile (P

< .01)

and the fertile (P

< .05)

heifers.

Restriction

of energy in the fertile heifers (those which conceived during the low
energy period, P2) resulted in a highly significant (P < .01) decline in
serum triiodothyronine (T3 ) levels.
the high energy ration.

When the fertile heifers were fed

their serum T3 levels significantly increased

(P < .05) However, the T3 levels during the high energy feeding were not
significantly different (P > .05) from those of the ad libitum feeding
period in the same (fertile) group of heifers.

There does not seem to

be any reports in the literature that link levels of triiodothyronine
(T3 ) with reproduction in the bovine.

This study's observations seem to

relate changes in levels of T3 to thyroid activity, as thyroid activity
is affected by the energy intake level.
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Cortisol
Table 6 shows mean values of cortisol in both fertile and infertile heifers during each experimental period.
variation in cortisol values within each period.

There was considerable
Statistical comparison

of mean levels of serum cortisol between different feeding periods
showed no significant effect (P > .05) of any of the feeding regimens on
levels of cortisol in either group of heifers (fertile or infertile).
Patterns of serum cortisol levels associated with different
feeding periods for both infertile and fertile heifers are shown in
Figure 4.

It is evident from these patterns that the average blood

concentrations of cortisol during both ad libitum and restricted energy
feeding periods in the fertile heifers were higher than their corresponding values in the infertile heifers.
patterns

It is also evident from these

that the fertile heifers possessed higher adrenal activity

(cortisol secretion) during the ad libitum and energy
ods than the infertile heifers.

restri~tion

peri-

These variations in blood cortisol

levels could be attributable to change in environment (confinement) of
the experimental animals or could be due to the changes in feeding
regimen.

They are indicative of the capability of the fertile heifers

to respond differently from the infertile heifers.

Due to the small

number of animals and high variation in cortisol levels within each
period. the difference in response between the two groups was not statistically significant.

This difference in response between the two

groups. as measured by patterns of cortisol variation. probably explains
the difference in fertility between the two groups during the period of
restricted energy intake.

These results are supported by the findings

Table 6.

Mean Blood Cortisol Levels of Heifers.

FeedinR Level

Infertile a Heifers
No.
Mean/Std Dev
Deifers
(nR/ml)

Fertileb Heifers
No.
Mean/Std Dov
(ng/ml)
Heifers

9

12.80c /4.96

3

24.22 c /ll.62

Restricted Energy
(60'*1 NEm)

9

17.6Sc 17.S3

3

19.56 c /2.33

High Energy
(2.2 lb gain/day)

9

lS.17 c /8.44

3

14.10c /5.16

Ad Libitum

aDid not conceive during the period of low energy intake.
bConceived during the period of low energy intake.
cDifferences not significant betwe~n mean values in the same column are indicated by
the same superscripts. c indicates P > .05.
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of Thomas (1970), who reported poor conception rate and subsequent
infertility in heifers bred while they were losing weight due to submaintenance feeding.

Adrenal secretion of corticosteroids was very low

in these infertile heifers. He substantiated the relationship between
poor fertility and low adrenal secretion by the intensive exhibition of
heat and the improvement in conception rate

(86~)

associated with high

levels of adrenal corticoid when the infertile heifers were put back on
a growing ration.

Similar results were reported by Stott and Robinson

(1970) who indicated that normal estrous cycles and conception occurred
in postpartum lactating cows pnly when cortisol concentration varied
intermittently, reflecting pituitary secretion of gonadotropins.
Progesterone
Since estrous cycles of these experimental animals were not
synchronized, progesterone data were normalized according to the days of
the cycles for appropriate statistical analysis.

Mean normalized values

of serum progesterone levels (complete cycles, 0 to 9 days, and 9 to 0
days of the cycle) during the ad libitum and restricted feeding for both
fertile and infertile heifers are shown in Table 7.
day of estrus.

Day 0 refers to the

Only the data of the ad libitum and submaintenance

feeding periods were compared, since most of the heifers were pregnant
during the high energy feeding period.

Restriction of energy intake

resulted in a significant decrease in mean values of serum progesterone
for the complete cycles (P < .01), 0 to 9 days (P
days of the cycle (P

< .OS)

< .01),

and 9 to 0

in heifers which failed to conceive during

the submaintenance feeding period (Fig. S).

Similar results showing

80
decreased blood progesterone concentrations associated with reduced feed
intake were reported in the literature (Hill et al •• 1970; Gombe and
Hansel. 1973; Beal et al •• 1978). Other results of increased levels of
the hormone following reduction of energy intake reported by Donaldson
et al. (1970) and Dunn et al. (1974) disagree with the results of this
study.

The results also conflict with reports of Corah et al. (1974).

Apgar et al. (1975). Spitzer et al. (1978). and Carstairs et al. (1980).
who found no significant differences in blood levels of progesterone
during restricted feed intake.

Restriction of energy intake had no

effect on normalized serum concentrations of progesterone during the
complete cycles. 0 to 9 days. or 9 to 0 days of the cycles in heifers
which conceived d.uring the energy restriction period (Fig. 5).

This is

indicative of the presence of normally functioning corpora lutea in
these heifers (fertile) during the submaintenance energy feeding period.
The changes in systemic progesterone levels. as influenced by the level
of energy intake in the present study. are indicative of impaired ovarian function during restricted energy intake.

This agrees with findings

of Gombe and Hansel (1973). who suggested that the ovary. rather than
the hypothalamic-pituitary axis had been affected by the reduced feed
intake.

Pituitary hormones. however. were not measured in the current

experiment, making it impossible to confirm or rule out any effects of
reduced energy intake on the pituitary function.

Conflicting findings

about the effects of undernourishment on the pituitary and ovarian
hormones have been reported in the literature.

In all of the reported

studies experimental conditions varied widely with regard to the type.
level, and duration of restricted feeding, as well as to other factors

Table 7.

Blood Progesterone Levels in Heifers.

No.

Feeding Level

Heifers

Ad Libitum

9

Restricted Energy

9

Infertile a Heifers
Davs of Estrous Cvcle
o to 9
9 to 0
Complete
Mean!
Mean!
Mean!
Std Dev
Std Dev
Std Dev
(ng/mll
(ng/mll
(ng/mll

Heifers

1.00c ,

3.52 e ,

2.37

3

0.37

0.51

0.37

0.39 d ,

1.88 f !

1.26d!

0.22

1.18

0.62

C

'

No.

3

Fertileb Heifers
Davs of Estrous Cvcle
o to 9
9 to 0
Complete
Mean!
Mean!
Mean!
Std Dev
Std Dev
Std Dev
(ng/mll
(ng/mll
(ng/ml)

O.68

C
'

3.78

C
'

2.49

C

'

0.31

0.75

0.80

0.68 c ,

3.19 c ,

2.04 c !

0.09

1.23

0.68

aDid not conceive during the period of low energy intake.
bDid conc/ive during the period of low energy intake.
c, d, e, Significant differences between mean values in the same column are indicated by
different superscripts. c, d, P < .01, highly significant. e f, P < .05, significant.
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such as differences in management, age, breed, size, and condition of
the animals utilized.

CHAPTER 5

SUMMARY AND CONCLUSIONS
Summary
Twelve virgin Holstein heifers were used to study the effect of
level of energy intake on reproductive performance in dairy cattle.

The

experiment was phased into three periods (Pl. P2. and P3) which corresponded to three periods of feedings (ad libitum. submaintenance. and
high energy feeding. in order of occurrence).

The lubmaintenance feed-

ing was 60" of the maintenance energy requirement recommended by the
National Research Council.

The high energy feeding was to provide 2.2

Ib gain per day per animal.

The length of the feeding periods was 37

days. 97 days. and 44 days for the ad libitum. submaintenance. and high
energy feeding periods. respectively.

Levels of blood glucose. thyrox-

ine (T 4 ). triiodothyronine (Tg), cortisol. and progesterone were determined for each period.

Body weights and reproductive criteria were

measured for each period.
The animals gained 11" of their initial average body weight
during the ad libitum feeding. lost 20" of their body weight during
lubmaintenance feeding. and gained
energy feeding.
weight.

2~

of their body weight during high

Level of energy intake significantly affected body

Poor reproductive performance occurred during the period of

body weight loss.

The majority of heifers

while they were losing weight.

(75~)

failed to conceive

Only 25" of all heifers conceived during
84
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the submaintenance feeding period that resulted in a 20.. mean loss of
body weight.

The 25" that conceived during the P2 period were desig-

nated as fertile and the rest as infertile.
The thyroid hormone. thyroxine (T4 ), was slightly depressed
(P > .05) by the reduction of energy intake in both infertile and fertile heifers.

High energy feeding significantly increased (P < .01)

serum thyroxine concentrations in the infertile group.
not significant (P

> .05)

A slight. but

increase in the hormone levels during the high

energy feeding was observed in the fertile group.
intake also resulted in a significant decrease (P

Restriction of energy

< .01)

of serum tri-

iodothyronine (T3 ) levels in both fertile and infertile heifers.

Blood

levels of the hormone (T 3 ) significantly increased during the high
energy feeding in both fertile (P
ers.

< .05)

and infertile (P

< .01)

heif-

Changes in blood levels of thyroxine (T4 ) and triiodothyronine

(T3 ) appear to be asaoc iated with the level of feed intake and metabolism in these heifers. rather than with their reproductive function.
Blood cortisol concentrations'were not significantly changed (in
a statistical sense) by the feeding treatment within each group of heifers.

However. the consistently low cortisol levels in the infertile

heifers (compared to the relatively high levels of the hormone in the
fertile heifers) during the ad libitum and restricted energy periods
reflect the inability of the infertile heifers to respond. either to the
change in feeding schedule or to other environmental stress.

This lack

of adrenal response in the infertile heifers is probably related to
their failure to conceive during the energy restriction period.
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Blood glucose levels in both groups of heifers were significantly depressed by energy restrictive feeding.

However. the reduction

in blood glucose levels in the infertile group was statistically more
significant (P

< .01).

High energy rations also resulted in a signif-

icant increase in blood glucose levels in both groups of heifers
(P < .01 in the infertile group).

Interestingly. the mean blood glucose

levels at time of insemination of the fertile heifers (those that conceived during the submaintenance feeding period) were statistically not
different (P

> .05)

feeding period.

from their glucose levels during the ad libitum

The elevation of blood glucose levels of the fertile

heifers at the time of breeding (P2) is probably associated with variation in cortisol secretion in these heifers. In view of this observation. the high conception rate observed in the infertile heifers
during high energy feeding was probably attributable to the high blood
glucose levels provided by the high caloric intake.

Conception by three

heifers while they were losing weight during the submaintenance energy
intake was probably due to their high blood glucose levels at time of
breeding.

It is probable. therefore. that retention of reproductive

capability under nutritional stress may depend. at least in part. on
adrenal response of the stressed animals.
Restriction of energy intake resulted in significant depression
(P < .01) of serum progesterone concentration in heifers which failed to
conceive during the submaintenance feeding period.

Irregular. pro-

longed. and missed estrous cycles. together with low conception rate
(2S~)

were the characteristic features of the restricted energy intake

period.

Heifers which retained their normal fertility during the low
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energy feeding were cycling normally and conceived at first service when
bred during that period.

These fertile heifers also ,howed no signifi-

cant changes in blood progesterone levels during the energy restriction
period.

This indicates the presence of normally functioning corpora

lutea during that period.

Increase in blood progesterone levels during

the high energy feeding period was noticeable in heifers which conceived
during that feeding period.

It is evident from this study's results

that low levels of blood progesterone are indicative of both impaired
ovarian function and low fertility in situations of nutritional stress.
Conclusions
Nutritional stress. in the form of

60~

of maintenance energy

requirement. resulted in a significant loss of body weight. changes in
thyroid hormones (T3 and T4). and severely impaired fertility in dairy
heifers.

Low blood progesterone levels are indicative of impaired

reproductive function in dairy heifers subjected to severe nutritional
stress in the form of low energy intake.
time of breeding in this study

a~e

Low blood glucose levels at

probably one of the causes of infer-

tility associated with restricted energy intake in dairy heifers.

The

function of the brain depends so much on an adequate supply of blood
glucose. Low blood glucose reaching the hypothalamus may interfere with
its trophic effect on the pituitary gland. resulting in pituitary hypofunction.

This in turn can result in impaired ovarian function. such as

failure of ovulation or fertilization.

Undernutrition need not have a

single effect on reproductive performance.
The high blood glucose levels associated with both high concep-
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tion rate and retention of fertility at first service durins high and
restricted energy feeding, respectively, probably play an important role
in determining the reproductive status of animals subjected to nutritional stress.

It is also possible that the adrenal gland plays an

important role in the regulation of reproduction, either by mobilizing
more glucose, or by stimulating pituitary secretion of gonadotropins.
However, more investigation is needed to elucidate the role of the
adrenal gland in reproduction.
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