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ABSTRACT

ENDOCRINE AND REPRODUCTIVE DEVELOPMENT
OF THE BOVINE FEMALE FROM BIRTH
THROUGH PUBERTY

by Claude Desjardins

A total of 65 Holstein calves were purchased be-
tween 0 and 5 days of age to study endocrine and repro-
ductive development from birth through puberty. These
animals were slaughtered in 13 groups of five animals
at l-month age intervals. For the purposes of thils
experiment, puberty was defined as the onset of first
estrus.

The average age at first estrus was 29.7 + 1.3
weeks, and the average estrous cycle length was 20.5 +
0.6 days. The average weilght of the whole pituitary
gland 1ncreased 1.1g between birth and 12 months of age.
Approximately 90 per cent of this increase was attri-
butable to 1ncreases in the anterior 1lobes.

The average concentration of pitultary lutein-
izing hormone (LH), measured by ovarian ascorbic acid
depletlon assays, increased four-fold between birth and
3 months of age, did not change significantly from 3 to
7 months, and declined from 10.3 ug at 7 months to 4.8

ug at 12 months of age (P < 0.05). The average
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Claude Desjardins

concentration of pituitary follicle stimulation hormone
(FSH), measured by ovarian weight augmentation assays,
was 1.67, 2.68 and 1.06 ug at 0, 1 and 2 months of age,
respectively. These concentration differences were
significantly different from each other (P < 0.05) while
the differences 1in pitultary FSH among the remaining age
groups were not significant, although a small decline
occurred after puberty. Total pituitary LH and FSH con-
tents paralleled the concentration values for these
gonadotropins. The results were interpreted to indicate
that piltuitary LH and possibly FSH decreased beginning at
the onset of puberty.

Pituitary LH and FSH concentrations of the post-
puberal heifers 1n this experiment were studied in separate
analyses. LH concentration decreased 800 per cent Jjust
before the time of ovulation and then increased about 300
to 400 per cent within the first six days after ovulation.
Pitultary FSH concentration decreased less dramatically
than LH, and somewhat before LH, during the last few days
before estrus.

Increases in ovarian weight due to age appeared to
be linear. Average numbers of small (< 5 mm diameter)
and large (> 5 mm diameter) ovarian follicles paralleled
each other throughout. They increased up to 4 months of
age, declined after 4 months of age and became relatively
constant after 6 months of age. The relationships between

organ weight, total deoxyribonucleic acid (DNA), the



Claude Desjardins

total ribonucleic acid (RNA) and the total protein con-
tents of the uterus, cervix and vagina were determined
between birth and 12 months of age. Increases 1n these
four parameters between 0 and 12 months were best de-
scribed by quadratic growth response curves whereas the
increases in these same parameters between 0 and 6 months
of age were linear. The results were interpreted to mean
that reproductive growth was accelerated after the onset
of first estrus. Oviduct, uterine, cervical and vaginal
epithelial cell helghts were always greater at 0 months
than at 1 month of age, probably due to maternal or
placental hormones prior to parturition.

Increases 1in weight, total DNA, total RNA and total
protein of adrenal glands between 0 and 12 months of age
were linear (P < 0.01). The width of the zona glomerulosa
remalned relatively constant to 12 months of age, but the
combined width of the zona-reticularis-fasciculata in-
creased linearly between 2 and 12 months of age. Thyroidal
development was measured 1n these heifers but large vari-
ations in thyrold weights prevented meaningful interpre-
tatlon of these data. Thymus weight and total DNA in-
creased six-fold between birth and 1 year of age, but
the RNA/DNA ratio, did not change appreciably (P > 0.25).

These data revealed a marked increase in the rate
of growth of the reporductive organs beginning at the
time of puberty--changes which coincided with and were

probably caused by the release of pituitary LH and
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possibly FSH into the blood. The data suggested that

puberty was preclpltated by a sudden release of pitul-
tary LH and that this preclipitous LH release apparently
occurred regularly on the day of estrus of each estrous

cycle for all postpuberal heifers.
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CHAPTER I

INTRODUCTION?Y

Puberty occupies a pivotal position among postnatal
developmental events. It signifies the onset of repro-
ductive activity leading to sexual and physical maturity.
To the husbandman, the arrival of reproductive activity
signifies an increase in an animal's economic potential
based upon its abillity to produce offspring.

During the past decade, more intensive animal pro-
ductlon practices have focused increased attention on
aberrant reproductive functions such as infertility and
sterility. Reproductlive failures may be the major cause
of loss of productivity among dailry cattle. Little is
known of the direct causes of these reproductive failures,
especlally of those due to factors other than infectious
diseases. However, a considerable body of evidence has
accumulated to show that reproductive efficiency of the
adult may be drastically affected by the prepuberal en-

vironment. Therefore, accurate information on endocrine

lThis theslis research was a portion of a longer
study which included mammary growth parameters. The
mammary parameters were measured by Y. N. Sinha and
will be published under his name.



and reproductive organ development before and during
puberty may shed light on the normal function of these
organs in the adult.

Although the debut of puberty has been qualitatively
recognized through certain behavioral manifestations in
most laboratory and farm animals, the physiological changes
occurring in the endocrine and reproductive organs during
this time have not been extensively quantified; and, ccnse-
quently, knowledge of controlling mechanisms is meager,
especially in the bovine female. For example, the levels
of piltultary gonadotropins during prepuberal development
have never been described for the bovine. Similarly,
quantitative biochemical studies on the growth and develop-
ment of the other endocrines and reproductive tissues dur-
ing puberty are not avallable for this species.

The present study was 1nitiated to quantify endocrine
and reproductive organ development of normal heifers from
birth through puberty. Levels of pitultary gonadotropins
were measured because 1t was anticipated that changes 1n
these might precipitate puberty. Reproductive organ
development was quantified by measurement of DNA as an
index of cell numbers, and by measurement of RNA, protein
and 1lipid as indicles of cellular synthetic activity.

These hormonal and blochemical parameters were then re-
lated to each other and to morphological and micromor-

phological measurements on each reproductive organ 1n



an effort to uncover cause and effect relationships,
particularly where rapid changes were observed at the
time of puberty.

Heifers were very good experimental animals for
this research because they provided sufficient quantities
of tissues to assess several different parameters on each
tissue and, thereby, permitted assessment of functional
activity on a within-animal basis. It was anticipated
that this "uniformity" study would improve our understand-
ing of the endocrine control of reproductive organ develop-
ment, as well as providing bases for future research on
puberty during specific stages of pre- and post-puberal

development.



CHAPTER II

GENERAL LITERATURE REVIEW

Definitlons of Puberty

Although there have been many attempts, an exacting
definition of puberty has proven difficult. In the first
place, the spontaneous onset of puberty and gradual tran-
sition from puberty to sexual maturity permits no sharp
demarcation of this stage of development. Marshall (1922)
suggested that:

Puberty, or the period at which the organism becomes

sexually mature, 1s marked by the occurrence of

those constitutional changes whereby the two sexes
become fully differentiated. It 1s at thils period
that the secondary sexual characters first become
conspicuous, and the essentlial organs of repro-
duction undergo a great increase in size.
Asdel (1965) provided a more practical definition when he
suggested that: '"Puberty 1s the time at which repro-
duction first becomes possible, i.e., when germ cells are
released." Hammond and Marshall (1952) considered an
animal to reach puberty when '"the sexual organs had be-
come fully developed, the sexual instincts prominent and
reproduction could be completed." Most recently, Donovan
and van der Werff ten Bosch (1965) have reviewed several

definitions of puberty especially where they may apply

to primates and man. During the past years, most authors



have taclitly agreed that the appearance of the first
estrus was tantamount to the attalnment of puberty. The
latter definition will be used throughout this thesis.

Parameters Used for Assessing
Puberty in the Female

Since this thesis pertains entirely to females, only
those parameters used to study puberty 1in this gender were
reviewed. The time of opening of the vagina has been
shown to be highly correlated with the occurrence of the
first ovulation and first estrus in rodents. For example,
vaginal opening has been the accepted sign of puberty in
the mouse (Allen, 1922), rat (Long and Evans, 1922) and
gulnea-pig (Stockard and Papanicolaou, 1917). Behavioral
signs appear to be the best indicators of first estrus and
the onset of puberty in most domesticated animals. Several
manifestations of estrus in these specles include increased
vascularity and turgldity of the vulva, mucous discharge
from the vulva, frequent bellowing, persistent tralling
and attempted mounting of other animals. However, the
most conclusive behavioral criterion of estrus 1n helifers
appears to be standing when mounted by other animals in
and out of estrus (Tanabe and Almquist, 1960).

Current evlidence suggests that there i1s a specific
brain center regulating estrous behavior (Gorski, 1966).
The majority of evlidence presented so far supports the
concept that this center 1s under the influence of the

sex steroids and becomes fully mature at the time of



puberty coincidental with the first maturation of an
ovarian follicle and the first ovulation (Gorski, 1966).

General Endocrine and Reproductive
Organ Changes Occurring During

Puberty

In general, puberty has been associated with two

types of changes taking place 1n the endocrine and repro-
ductive organs. These are: (a) changes occurring in the
physiological activity of the endocrine glands and (b)
changes occurring in the reproductive and skeletal systems
which are brought about by the secretions of the endocrine
organs. These changes 1in the endocrine organs result in a
general increase in physiological activity and cause
several developmental events to occur which in turn are
responsible for securing the most favorable conditions for
reproduction. Some of these changes are specific and pre-
dictive of a particular stage of puberty (i.e., mammary
gland growth in the puberal heifer). Some others, however,
may be incidental to a particular period of puberal develop-
ment. For example, vaginal opening 1s apparently com-
pletely colncldental with the time of the first ovulation
in the rat. However, vaginal opening also occurs in rats
castrated at infancy, though it 1s considerably delayed.
Generally, puberty accelerates and completes develop-
mental processes which in the absence of a period of rapid
endocrine and reproductive organ development would require

addlitional time to mature.



CHAPTER III
MATERIALS AND GENERAL METHODS
Experimental Methods and

Slaughter

Two groups of 30 female Holstein calves were ob-

tained from commercial dairy herds located in Dane and
Greene Counties in Wisconsin. All calves were sired by
registered bulls and born from production tested dams,
selection criteria intended to provide a more homogeneous
group of experimental animals. Calves 1in the first group
were born between the 1llth and 17th of November, 1963.
These animals were transported (November 18, 1963) to

and reared at the Unlversity farm until the time of
slaughter. Five heifers were randomly chosen and
slaughtered five at a time at l-month intervals beginning
when the animals were 7-months old. Calves in the second
group were born between the 5th and 1lth of May, 1964.
These were transported (May 12, 1964) and reared similar
to the calves in the first group. Five calves from the
second group were randomly chosen and slaughtered five

at a time at l-month intervals beginning when the ani-
mals were l-month old. An additional group of five calves

(born on the 13th to 15th of September, 1964) were



purchased locally and slaughtered on the 16th of September,
1964 to provide the animals here-after referred to as 0
months of age.
The calves were housed 1in individual pens until
they were about 3-months old. Subsequently, calves were
reared for about 2-months in pens containing about 10
animals. From 5 months of age, the calves were managed
communally 1n a dry-lot wlth access to an open shed.
Animals were transported from the farm to the Univer-
sity Meats Laboratory on the morning of slaughter. The
five heifers within an age-group were always killed on
the same day and by means of a captive bolt immediately

followed by exsangulnation.

Feeding Procedure

The calves recelved an average of 3 kg of whole milk
per day during the first 3 weeks after arriving at the
University farm. From the fourth through sixth weeks,
the animals recelved an average of 5 kg of whole milk
daily and from the seventh through sixteenth weeks they
received an average of 4 kg daily. During the latter
period the calves received a 16 per cent protein calf
starter and water and good quality alfalfa hay supplied
free cholce. During the fourth and fifth months, the
calves received an average of 2 kg of ground ear corn
grain mix (14 per cent crude protein) along with alfalfa

hay provided free choice.



Corn silage or mixed hay was provided from the
fourth month of age when it was availlable and in varying
quantities. While the total nutrient intake was not
accurately measured, the total intake was intended to
provide nutrients sufficient to sustain normal growth
for Holstein heifers. That this was achieved was demon-
strated by the measured growth characteristics presented

in the next chapter.



CHAPTER IV

BODY GROWTH AND ESTROUS CYCLE OCCURRENCE

Review of Literature

Body Growth

The first estrus (puberty) in cattle usually oc-
curred when about 30 per cent of the mature body weight
was attained (Brody, 1945). The greatest rate of somatic
cell hypertrophy and hyperplasia occurred during prenatal
and not during postnatal growth (Brody, 1945), although
it has been a popular contention that maximum growth oc-
curred just before or during puberty (Tanner, 1962).
Postnatal growth has been divided 1nto two segments which
Brody (1945) identiflied as the "self accelerating phase"
and the "self inhibiting phase." The point at which
acceleration ceases and a deceleration has not yet begun
represents a stage of physiologlical age equivalence.
During this time, most animals seem to pass through puberty
and about 30 per cent of the mature body weight has been
attalned. Thus the inflection point in a graph of body
size occurred in female rats at about 30 days, coinciding
with the onset of vaginal opening (Kleiber, 1961). In

children, the inflection occurs between 12 and 15 years

10
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of age, corresponding to their average age of puberty.
For dairy cattle, the inflection occurs at 8-10 months
concurring with the time of puberty in this speciles
(Ensminger, 1959).

Additional evidence demonstrating the relationship
between body growth and the onset of puberty was provided
by Boas (1932) who concluded that when the maximal post-
natal growth occurred early in the life of the human fe-
male, the onset of puberty was early. Thils early intense
growth rate was of short duration. In contrast, when the
period of maximal postnatal growth was delayed, its in-
tensity was slight but 1its duration was long. Boas con-
cluded that 1n cases of precocious puberty, skeletal
maturation was accelerated, while i1n hypogonadism, 1t was
delayed.

In general, animals of the smaller breeds within a
specles attain puberty at an earlier age than the larger
breeds. For example, Hammond and Marshall (1952) noted
that the small Polish rabbit attained puberty about 6
weeks earller than the larger Belgian breed. Similarly,
Jersey heifers showed signs of estrus about 13 weeks
earlier than did the larger Holstein breed of dairy
cattle (Eckles, 1915).

Termination of skeletal growth usually coincided
with the loss of growth potential of the long bones and
has been attributed to calcification of the epiphyseal

plates. Greulich (1954) and more recently Morscher,
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et al. (1965) gave evidence that closure of the epiphyseal
plate of the phalanges colncided extremely well with the
occurrence of the first menses in girls. Greulich (1954)
even suggested that the skeletal status of the hand per-
mitted the selection, some years before puberty, of
children who would mature early and those in whom matur-
ation was delayed. Unfortunately, there seem to be no
data on the relationship between puberty and the calcifi-

cation of the epiphyseal plates in domestic animals.

Estrous Cycle Occurrence

The age at first estrus has received little attention
in the heifer. Sorensen et al. (1959) indicated that 10
Holstein heifers exhibited their first estrus at 49 : 6.3
weeks of age. These same workers indicated that the oc-
currence of first estrus could be advanced or delayed
depending on the level of feeding employed. The data pre-
sented by Sorensen et al. (1959) do not indicate whether
or not ovulation was concurrent with the appearance of
the first estrus. However, in laboratory specles like
the mouse (Allen, 1922), rat (Long and Evans, 1922) and
the guinea pig (Stockard and Papanicolaou, 1917), the first
estrus was usually followed immediately by the first

ovulation.
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Influence of Nutrition on Body
Growth and the Occurrence of

Pubertz

Accelerated growth due to increased energy intake

was shown to advance puberty as determined by the age at
first estrus (Sorensen et al., 1959). Reid et al. (1964)
confirmed and extended the above report indicating that
heifers on a low or high plane of nutrition had later

or earlier puberal ages, respectively, than heifers on a
normal plane of nutrition. In other studies on dairy
heifers, Creichton et al. (1959), Hanson (1956) and

Joubert (1954) all noted that energy intakes less than

that normally recommended delayed puberty in these species
(McCance, 1960). Huseby et al. (1945) found that mice which
had been reared from weaning on a restricted caloric intake
had delayed sexual development. Kennedy and Mitra (1963)
observed similar results 1in rats. The underlying cause

for the delay in sexual development resulting from a reduced
caloric intake after weanling was probably mediated through
the endocrine system and has sometimes been referred to as
pseudo-hypophysectomy (Mulinos and Pomerantz, 1940). More
recently, Kennedy (1966) advanced the theory that the ef-
fects of low or high caloric intake on sexual maturity

are under the control of hypothalamic neurohumors. He
showed that 1n rats the maturation of the hypothalamus
could be accelerated or decelerated depending on the

plane of nutrition.
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Hereditary Factors Influencing
Body Growth and the Onset of

Puberty
Significant variation in the age at which an animal

attains puberty has been attributed to hereditary factors.
For example, Mirskaia and Crew (1930), studying mice, and
King (1915a, 1915b) and Blunn (1939), studying rats, all
found hereditary differences in the age at vaginal opening
in different strains of animals in these species. Squiers
et al. (1952) obtalned evidence that crossbred gilts
reached puberty at an earllier age than inbred gilts.

Foote et al. (1956) reported that puberal age of swine

was nonadditively inherited and Warnick et al. (1951) found
differences in age at puberty among inbred lines of swine.
These workers, as well as Robertson et al. (1951), all
observed a negative assoclation between age of puberty and
body growth. Hawk et al. (1954) reported that inbreeding
delayed puberty in a group of Holstein heifers. Each of
these researches with mice, rats, swine and cows indicated
hereditary factors can influence the growth rate of these
animals and that when puberty was advanced, it was associ-

ated with accelerated growth rates.

Materlals and Methods

Body Growth

Body welghts were measured at l-month intervals be-

ginning at 30 days of age. Slaughter welight was estimated
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by obtaining the average of three weighings made at 24-

hour 1ntervals just before slaughter.

Estrous Cycles

Animals were observed twice dally for estrus between
7:30-8:30 AM and between 4:30-5:30 PM beginning when the
heifers were 5 months of age. The criteria used to
evaluate estrus were (1) standing when mounted by other
animals, (2) repeated attempts to mount other animals
(in or out of estrus), (3) swollen external genitalia,

(4) coplous vaginal mucous secretion, and (5) general

restlessness.
Results

Body Growth

Body growth was linearly related to age (P < 0.05)
between 0 and 12 months, as evidenced by the data pre-
sented 1n Figure and in Appendix Table 1. The data pre-
sented in Figure 1 also indicated that the growth rates
observed in the present experiment paralleled those re-
ported by Morrison (1956) which have been generally ac-
cepted as a standard describing the relationship between

body welght and age.

Estrous Cycle Occurrence

The data concernling the age at first estrus and
the length of consecutive estrous cycles are presented

in Table 1. The age at first estrus for the 24 heifers
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which had passed puberty ranged from 20.1 to 44.5 weeks
with the average age at first estrus occurring at 29.7

: 1.3 weeks. The average length of 93 estrous cycles
from the 22 animals which had completed at least one
cycle was 20.5 + 0.6 days. 1In general, the data on the
length of consecutlve estrous cycles indicated that once
estrus occurred (puberty), regular and consistent cycles

were observed thereafter.

Discussion

The linear relationship between age and body weight
demonstrated in the present experiment was in good agree-
ment with the observations of previous researchers using
animals of similar age and breed (Morrison, 1956; and
Sorensen et al., 1959). Therefore, it was assumed that
the growth rate observed 1n the present experiment exerted
the normally expected effects on the growth and development
of the endocrine and reproductive systems.

The data from the present experiment indicated that
the age at first estrus was 4 to 6 weeks earlier than that
recorded by other investigators (Sorensen et al., 1959)
for Holsteiln heifers. The body weight data indicated
that accelerated body growth was not the cause of the
earlier age at first esérus. The discrepency between the
age at first estrus reported here and that reported by
Sorensen et _al. (1959) may have been due to the differences

in housing. Animals 1iIn the present study were raised
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after S5-months 1n a loose housing system, whereas Sorensen's
animals were stanchioned and allowed out for two 30-minute
intervals each day. While objective data are not available,
stanchioned heifers may be deprived of adequate opportunity
to acqulre the behavior pattern associated with estrus in
this species and consequently may not fully exhibit the
normal behavioral patterns associated with estrus.

Once estrous cycles were begun, they appeared fairly
regularly in all of the animals which attained puberty.
However, there were a few cycle lengths of either ab-
normally short or long duration. Some of the apparently
long cycles may have involved a missed estrus of very
short duration or abnormal estrus behavior. Although the
duration of estrus was not specifically measured, inter-
polation of the morning and afternoon estrous cycle ob-
servations suggested an average estrus interval between
12 and 24 hours which appeared to be in agreement with
previous reports reveiwed by Asdell (1965). The small
standard error of estrous cycle length for the heifers in
the present experiment was also in agreement with the
value of 20.23 + 0.05 days presented by Asdell et al.
(1949) for unbred heifers. Estrous cycles for cows were
of slightly longer duration but with similarly small
varlation (21.28 + 0.06 days).
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CHAPTER V

PITUITARY AND HYPOTHALAMIC FUNCTION

Review of Literature

An enormous body of evlidence has accumulated to
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