
EFFECTS OF PRENATAL ANDROGEN EXPOSURE ON POSTNATAL GROWTH,
ESTROUS CYCLICITY AND BEHAVIOR IN FEMALE BEEF CATTLE

by
Michael Patrick McFadden

Thesis submitted to the Faculty cf the

Virginia Polytechnic Institute and State University

in partial fulfillment of the requirements for the degree of

I Master of Science
V

in

Animal Science

APPROVED:

/ . ” 7/,1Z?W.
E. Beal, Chairman

,j M-
Ä"

. M. Akers I
‘ J. W. Knight

March 1988 i
I

Blacksburg, Virginia _
I
I

7
I



I
I

EFFECTS OF PRENATAL ANDROGEN EXPOSURE ON POSTNATAL GROWTH,

ESTROUS CYCLICITY AND BEHAVIOR IN FEMALE BEEF CATTLE

by
”

Michael Patrick McFadden

W, E. Beal, Chairman I

Animal Science

(ABSTRACT)

This study assessed the effects of prenatal androgen exposure

during three periods of gestation on the external genitalia,

estrous cyclicity, postnatal growth, social dominance and

sexual behavior of female beef cattle. Pregnant cows

recieved 17a methyl-testosterone (250 mg/d, sq) on d 40 to

100 (group 1), 70 to 130 (group 2) or 100 to 160 (group 3)

of gestation. Control cows (group 0) received no treatment.

Group 1 females exhibited completely masculinized

ex-ternalgenitalia. No vulval opening was present and the

ano-genital distance (A-g) was similar to that of control

male calves. Group 2 females exhibited small vulval openings I

and enlarged clitoral structures while group 3 females ex- I
hibited normally appearing female external genitalia. Ano- I
genital distances for the heifers in groups 2 and 3 were I

similar to those of the control heifers. Androgen exposure '
during the three periods of gestation did not affect age at l
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puberty (P<.80), estrous cycle length (P<.63) or postnatal

growth (P<.60) of the heifers.

At 9, 16 and 21 mo of age, social dominance values (SDV)

were determined for each heifer by 3 min random pair contests

for a restricted feed source. The animal with the greatest

feed source control time was awarded a win. Social dominance
value was calculated as 100 times the number of wins divided
by the number of competitions for each animal. Group 3

V heifers had significantly greater SDV values than group 1 and
I 2 females (P<.03). SDV did not differ among groups at 16 mo

of age (P<.59). Group 1 females had greater SDV than group

2 females at 21 mo of age (P<.04).

At 9, 16 and 21 mo of age, sexual behavior of the heifers

was characterized by exposure of the heifers to a teaser fe-

male in estrus. Sexual behavior, as indicated by the number

of mounts, head placements and interest time, was lower for

group 3 females compared to females in groups 1 and 2 at 9

mo of age (P<.O4). There were no treatment differences for

any sexual behavior variables at 16 or 21 mo of age.

These results indicate that there is little potential

for increasing· postnatal growth or altering the estrous ,

cyclicity of female cattle by exposure of the fetus

totestosteroneduring the periods of gestation selected in this

study. External genitalia of females were masculinized by I
androgen exposure during d 40 to 100 of gestation. Social I

I
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Idominance values were increased and sexual behavior was re- I

duced in females by exposure to androgen during d 100 to 160
of gestation.
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REVIEW OF LITERATURE

The X Chromosome

The X chromosome undergoes a special type of genetic

regulation known as X inactivation in mammals (Lyon, 1961).

The second X chromosome in females is "turned off" or ren-

dered inactive resulting in appproximately equal levels of

X-linked enzyme activity for both sexes. Barr and Bertram's

discovery in 1949 of a piece of heterochromatin near the nu-

clear membrane in the neurons of female cats and the findings

of Comings (1966) that labelled RNA precursors were not in-

corporated by this piece of heterochromatin led to the theory

of X inactivation.

There is evidence that certain genes on the second X

chromosome escape inactivation. Fellous et al. (1975) used

cloned cells that were heterozygous for surface antigens to

demonstrate the existence of active loci on the distal Xp arm

of the inactivated X chromosome. Ferguson-Smith (1965) pro-

posed that a portion of the Xp arm of the second X chromosome

escaped inactivation and further that the loss of this ge-

netic material results in monosomy and infertility. XO human

females are sterile with streak gonads. Deletions of the Xp

arm of the second X chromosome result in gonadal dysgenesis

very similar to that seen in the XO condition (Disteche et

1' h
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al., 1972). Davis et al. (1976) reported that loss of the
Xp arm from pll to the terminal end results in gonadal

dysgenesis, whereas loss from p21 to the end does not affect

fertility (Bartsch-Sandhoff et al., 1976). Similarly,

translocations (Lucas and Smithies, 1973) or deletions (Hecht
et al., 1970) of the Xq arm also can result in gonadal

dysgenesis, suggesting that there are genes on the Xq that

also escape inactivation.

A second explanation for the required presence of the

Xp arm of the second X chromosome has been presented.

Oocytes and their associated follicular cells are required

for ovarian differentiation (Boczykowski, 1973). Mammalian

oocytes are the only cells in the adult where both X chromo-

somes are active. ha mice, XX oocytes have twice the X-

linked enzyme activity as do XO oocytes (Epstein, 1969). X0

oocytes can be fertile in mice and survive to fertilization,

but develop abnormally during subsequent cleavage (Burgoyne

and Biggers, 1976). Human females bearing both alleles of a

dimeric enzyme, glucose-6-phosphate dehydrogenase, have
_ oocytes that contain a hybrid isozyme, proving that both X I

chromosomes are active in the oocyte (Gartler et al., 1973).
:

Since oocytes are required for ovarian development, the ab- I

sence of X chromosomal material could result in the failure I
of oogenesis and subsequent ovarian development. The X ·
chromosome contains many genes that affect gonadal develop- I

I

. . I
I



l

ment and gametogenesis (Gordon and Ruddle, 1981). The spe-

cific genes that must be present in two copies for successful

oogenesis remain to be determined.

The Y chromosome, due to its expression of H-Y antigen,

holds the key to sexual differentiation, since under normal

conditions an embryo without a Y chromosome will develop as

a female. Genetic regulation of the Y chromosome directs

formation of a testis while the absence of a Y chromosome

leaves the gonad in its undifferentiated or female pattern

of development. In mammals, gonadal sex is critical since

the gonads are of primary importance in subsequent sexual

differentiation. Mammalian gonadal sex differentiation is

relatively independent of hormonal or environmental factors

which can affect the development of gonadal sex in lower

vertebrates.1
Two X chromosomes function from fertilization until af-

ter blastocyst formation in female embryos, whereas in the

male there is one functional X during the same period. After

formation of the female blastocyst, one X chromosome is in-

activated resulting in suppression of its gene products.

This inactivation approximately equalizes the amount of

functional X material in both sexes. Inactivation of the X

chromosome occurs between the time of blastocyst formation

and uterine implantation in female embryos (Short, 1972).
Two X chromosomes are not required for early development in

'
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I
females since in many species XO females are fertile adults. I
The paternal X in trophoblastic cells of female mice is

:
preferentially inactivated, while the cells of the inner cell I
mass inactivate a parental X chromosome randomly. This

preferential X inactivation by trophoblast cells does not

occur in humans (Gordon and Ruddle, 1981).

McLaren and Monk (1981) reported that X chromosome in-
activation occurs during germ cell migration in mouse

oocytes, with reactivation following colonization of the

genital ridge and preceding the onset of meiosis. During

meiosis in humans both X chromosomes have been shown to be
active (Epstein, 1969). In male embryos, the Y chromosome

first functions at the eight-cell stage with the production

of H—Y antigen, a male specific cell surface protein. The X

chromosome in males is active until after spermatogenesis has

begun (Lifschytz and Lindsley, 1972).

The Y Chromosome

Mammalian sex determination is the result of a series

of developmental events that begin at the time of fusion of

male and female gametes (Jost, 1972). A paternally—derived,

X-bearing sperm combines with the X-bearing ovum to yield the

homogametic female zygote, whereas a Y·bearing sperm combines
with an X-bearing egg to yield a heterozygous male offspring.

I
. . I
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Ohno (1967) hypothesized that the X and Y chromosome evolved l

from a common progenitor chromosome. In mammals, evolution- 1
ary specialization has caused these two chromosomes to di- 1

verge both morphologically and genetically with the

concommitant loss of most structural loci on the Y chromo-

some. This divergence between the X and Y chromosome has

rendered the X chromosome essential for life in mammalian

species (Naftolin, 1981).

The normal male karyotype consists of one X and one Y

chromosome while the female karyotype has two X chromosomes.

In theory, there are two possible mechanisms for sex deter-
mination arising from these sex chromosome differences. The

presence of two X chromosomes could determine female devel-

opment or conversely, the presence of a Y chromosome may de-

termine maleness. The reported existence of XO female (Lyon

and Hawker, 1973) and XXY male mice (McLaren, 1961) demon-

strate that the Y chromosome determines maleness in this

species. Additional research points to the existence of

testicular determining genes on the Y chromosome in other

mammals (Ohno, 1967).

Several lines of evidence implicate the short arm of the

Y chromosome (Yp) as the location of the testis-determining

genes. Chromosomal aberrations resulting in the absence of

the Yp arm result in the formation of streak gonads and fe- 1
male phenotypic development typical of an XO karyotype l11 5 1

1



(Rosenfeld et al., 1979). Failure of testicular formation X
results from duplication of the long arm (Yq), and deletion '
of the Yp arm (Book et al.,1973). Deletion of the Yq arm with :

an intact Yp arm results in the presence of testicular tissue I
(Tyrkus et al., 1979). Phenotypic males with an XX karyotype

have resulted from the presence of Yp material on the

Xchromosome(Ferguson-Smith, 1966). The existence of P
testicular tissue in individuals deficient in Yp genetic ma-

terial (Buhler, 1980) as well as an individual with Yp ge-

netic material who lacked testes both detract from the Yp
testis determining theory (Siebers and Vogel, 1973). A pos-

sible explanation for this dichotomy is the observed fre-

quency of the Y chromosome to pericentric inversions (Gordon

and Ruddle, 1981).

A male specific cell surface protein called H-Y antigen

has been linked to mammalian testicular determination
(Wachtel et al., 1975). Abnormally· high titers of H-Y

antigen in XYY individuals point to the Y chromosome as the

location of genes coding for H-Y antigen. Y chromosome

translocation studies have implicated the proximal arm of the

Yp chromosome as the location of the H-Y locus. However, the

presence of Yq genetic material on the Yp arm was not ruled :
out and in one H-Y positive individual Yq material was the :
only positively identified Y chromosome material (Koo et al., 1
1977).

Z
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XY females with varying levels of H-Y antigen expression

have been reported. The absence of testicular development

in the presence of H-Y antigen suggests that there is a de-

fect in the H-Y receptor protein. The complete or partial

absence of H-Y antigen in these phenotypic females could also

be due to abnormal gene regulation, a umtation at the HY

locus or an X-linked gene suppressing H-Y antigen (Ghosh et

al., 1978). Reports of XY females with abnormal X chromo-

somes having a duplication of the Xp arm lend support to this

theory (Bernstein et al., 1980). A dose-dependent suppressor

gene located on the Xp arm in these females could cause the

failure of H-Y antigen expression when the Xp arm is dupli-

cated (Wachtel et al., 1978). Research on aberrant Y chro-

mosomes with deletions of distal segments on both arms’

implicates the pericentric region of the chromosome as being

involved in gonadal determination (Maeda et al., 1976). It

has been further postulated that these testis determining

genes are present in many copies in this centromeric region

(Buhler, 1980). ·

The Y chromosome plays two roles in the process of _

spermatogenesis. Indirectly, through the action of

H-Yantigen,the Y chromosome causes the testes to differentiate :
and. provide the required. environment for the support of E
spermatogenesis. A direct role is also attributed to the Y '
chromosome in spermatogenesis. The Y chromosome appears to P

P
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¤
be essential for viability of spermatogonia. In some :
marsupials, selective nondisjunction can result in an
X0karyotypein somatic tissues. Spermatogonia are always XY E

however, suggesting that spermatogonia which have lost their

Y chromosome are inviable and never present in gonads. Sim-

ilarly, in a 39X / 41XYY mosaic mouse, only XYY spermatogonia
were observed. Spermatogonia were inviable and eliminated

when they possessed the X0 genotype (Ford, 1970). Deletions

of the distal Yq chromosome result in normal testicular for-

mation but cause failure of spermatogenesis suggesting that

loci on the distal long arm of the Y chromosome have effects

on gamete production (Tiepolo and Zuffordi, 1976). Consid-

ering the critical relationship between germ cells and

somatic cells in the testis, it is also possible that Y

chromosomal aberrations could cause infertility by altering
Igonadal somatic cell function.
'!

H-Y Antigen
iä

At an early stage of development, the indifferent gonad

undergoes differentiation in either an ovarian or testicular :

pattern. Testicular differentiation occurs earlier in :
embryonic development than does ovarian differentiation.

Research aimed at elucidating a testis-inducing factor

fo-cusedon H-Y antigen, a minor histocompatibility antigen re-



sponsible for the rejection of male skin grafts by females.
H-Y antigen has been detected on somatic cells of all normal
male mammals. Such widespread distribution and evolutionary

conservatism suggested that H-Y antigen had an important

function in mammals (Haseltine and Ohno, 1981). The presence
of H-Y antigen in all cases of heterogametic gonads led to
the postulation of its role as the director of gonadal dif-
ferentiation. Further evidence of H-Y antigen's role in

testicular differentiation was the demonstration of its

presence in XX males possessing testes, as well as in

freemartin cattle and sex-reversed mice and goats (Haseltine

and Ohno, 1981). In Moscona reaggregation experiments, XY
testicular cells from newborn rats or mice were dispersed and

incubated in normal female rat serum and permitted to

spontaneously reaggregate in culture. The XY testicular

cells formed testicular structures. Dispersed ovarian cells

developed into follicular aggregates. When dispersed

testicular cells were cultured with H-Y antibody they formed

follicular aggregates. Iüspersed ovarian cells that were

cultured with H-Y antigen formed tubular structures contain-
ing oocytes (Zenzes et al., 1978a). Ohno et al. (1979) cul-

tured undifferentiated XX fetal calf gonads with human H-Y

antigen and observed complete testicular differentiation.

The earliest stage of development where H-Y antigen is
serologically detectable is the eight-cell embryo (Muller and

' 9



Schindler, 1983). In mice, H-Y antigen is not demonstrable

by histocompatibility until after germ cell migration, but

is present by the time the genital ridge differentiates.

Grafted fetal rat ovaries undergo testicular development when

placed beneath the testicular capsule, but not when placed

beneath the kidney capsule of a male. This finding suggests

that the gonadal masculinizing factor is present in rat

testes (Haseltine and Ohno, 1981). A substance similar to

H-Y antigen is secreted by the Sertoli cells and bound by

mature Leydig cells (Zenzes et al., 1978b).

Freemartins are XX female cattle that are born following

a multiple pregnancy with at least one male. Placental

fusion with vascular anastomosis permits the exchange of

blood between fetuses. H-Y antigen is present in the ovaries

of these females and the ovaries have an organization more

typical of the male gonad (Ohno et al., 1976). The extent

of internal and external genital masculinization is propor-

tional to the amount of testicular tissue present in the

· ovary (Jost et al., 1972). In turn, the amount of testicular

tissue present in the ovary is proportional to the amount of

H-Y antigen to which the ovary was exposed.

Daudi cells are a line of human male lymphoma cells ca-

pable of pmpducing histocompatibility antigens that, when

cultured with normal female gonads, induce the formation of V

seminiferous tubules and a tunica albuginea in the female {
bV 10 |
l
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gonad. —(Nagai, 1979). When bovine ovarian cells are dis-

persed and reaggregated in the presence of Daudi secreted

proteins, the ovarian cells form structures that are similar

to seminiferous tubules. Epididymal fluid also reorganizes

ovarian cell cultures into tubules and induces formation of

LH receptors characteristic of male fetal Leydig cells

(Muller et al., 1978). Both H-Y antiserum and fetal ovarian

secretions can block masculine development in the male

gonadal ridge and allow ovarian differentiation (Wachtel and

Hall, 1979).

H-Y antigen is normally found if a Y chromosome is

present in the genome of an animal. Gene mapping has located

the regulator gene for H-Y on the short arm of the Y chromo-

some (Koo et al., 1977). Buhler (1980) postulated that the

testis-determining genes are present in many copies and are

located in the centromeric region of the Y chromosome.

Interestingly, the same DNA sequence found in this region of

the Y chromosome in mammals is also found on the W chromosome

in female birds (Singh et al., 1976). This DNA sequence and

H-Y antigen are both found in the heterogametic sex of birds

and mammals. Males are heterogametic and are the induced sex

in mammals whereas in birds, it is the female which is

heterogametic and is the differentiated sex. This conserved

DNA sequence may not code for a protein but may have a regu-

”
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latory function and evoke its effect through the H-Y struc-

tural gene. _

Germ Cells

Primordial germ cells are first observed outside the

developing embryo in the epithelium of the dorsal yolk sac

endoderm (Setchell, 1978). These diploid primordial germ

cells are formed during early embryogenesis. In both

Drosophila and frogs, a granular cytoplasm called the polar

cytoplasm is found at the earliest cleavage of the embryo.

These granules fragment at cleavage and associate with

ribosomes. The granules are believed to contain messenger

RNA coding for the synthesis of proteins necessary for cell

differentiation. Polar cells located at the posterior end
of the embryo are formed around this granular cytoplasm and

subsequently form germ cells. Rat and mouse embryos likewise

have a dense material comprised of DNA and protein which is

incorporated into their primordial germ cells.

Germ cells migrate by amoeboid movement along the

hindgut of the embryo until their arrival at the ventral as-

pect of the mesonephros where the gonad will develop. The

*
primitive gonadal ridge is a thickening· of the coelomic E
epithelium on the mesonephros. A chemotaxic substance called
telepheron is secreted by the epithelial layer of the devel-

‘ 12
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oping gonad and is believed to specifically attract

germcellsto the prospective gonad (Baker, 1972). Approximately

100 germ cells begin migration and increase mitotically dur-

ing migration until they reach the gonadal ridge. At this

stage of development the indifferent gonad is bipotential,

that is, capable of differentiating into either an ovary or

a testis. Four tissues make xq> the indifferent gonad :

medullary tissue which develops into medullary cords in the

testis; cortical tissue derived from coelomic epithelium

which develops into secondary sex cords in the ovary;

mesenchyme which is the progenitor of thecal and interstitial

tissue; and the primordial germ cells (Setchell, 1978). The

interaction between mesonephric somatic cells and primordial

germ cells leads to gonadal development (Baker, 1972). In

the undifferentiated gonad, germ cells and somatic cells are

randomly distributed throughout the tissue and there is no

evidence of histological differentiation.

Male Gonadal Development

The male gonad begins sexual differentiation during the

first thimd of gestation when the germ cells move to the

medulla where cords of cells begin to form. These developing

seminiferous tubules enclose the germ cells along with

somatic cells, called Sertoli cells. In the periphery of the

13
. .
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Egonad, mesonephric cells form cords that grow inwards to
connect with the seminiferous tubules. These cell cords form
the rete testis and connect the seminiferous tubules to the

epididymis. Formation of a connective tissue membrane called

the tunica albuginea, beneath the coelomic epithelium inhib-

its the development of the cortex in the male gonad.

Steroidogenesis immediately follows testicular differen-

tiation in the male, as Leydig cells form from mesenchymal

cells located between the seminiferous tubules and begin

testosterone synthesis (Wilson et al., 1981).

Female Gonadal Development

Female gonadal differentiation begins during the second

trimester of gestation with the development of ovarian

follicles. Gonadal differentiation in the female occurs in

one of two characteristic patterns depending on the species.

In one scheme, germ cells are enclosed in cell cords that are

analogous to testicular cords. The alternative pathway does

not involve cord formation and results ixx a more compact

ovary. In both patterns of female development, the gonadal

mesonephric connections are present only early in gonadal

development. Mesonephric cells migrate into the gonad and

accumulate in the medullary area. Any germ cells in this
area either move to the cortex or degenerate, leaving the

' 14
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ovary with a sterile medulla and the germ cell population in
g

the cortex (Baker, 1972).

Prepuberal Male Germ Cell Development

Formation of spermatozoa begins at puberty and results

from the onset of meiosis. Male germ cells complete the

early stages of meiosis in fetal life and are then enclosed

in seminiferous tubules and arrested in development after the

preleptotene or leptotene stage of meiosis. Germ cells that

escape seminiferous tubule enclosure may continue through the

zygotene and pachytene stages before they degenerate.

Meiosis Inducing Substance is secreted by post-puberal

testicular cells derived from the mesonephros (Setchell,

1978). Meiosis Inducing Substance is the testicular factor

that is responsible for the stimulation of meiosis of male

germ cells in post-puberal males. Meiosis Preventing Sub-

stance is produced by fetal and prepuberal testicular cells

located in the seminiferous tubules (Setchell, 1978).

Meiosis Preventing Substance controls the arrest of meiosis

in the developing germ cells at the preleptotene or leptotene

stage. The role of Meiosis Inducing Substance is demon-

strated by the finding that male fetal germ cells incubated

in media derived from puberal testes experience a stimulation

of meiosis (Byskov, 1979). Fetal ovaries exposed to culture

” 15
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media from fetal testes demonstrate arrested germ cell I
meiosis which illustrates the effects of Meiosis Preventing ;
Substance. :I I

Prepuberal Female Germ Cell Development

I
Meiosis begins before birth in females of many mammalian l

species and may immediately follow gonadal differentiation.

Conversely, the onset of meiosis may be delayed for a

species-specific interval following ovarian differentiation.

Species demonstrating the immediate meiotic pattern possess

compact ovaries with a uniform distribution of germ cells in

the gonadal cortex and have little steroidogenic capability

until after meiosis. Species with delayed meiosis have germ “ g

cells that are enclosed in cords during the delay interval

and are able to produce significant quantities of steroids

prior to the onset of meiosis. Sheep, pigs and cattle follow

the pattern of delayed meiosis while the germ cells of humans

and mice undergo immediate meiosis. Meiosis Inducing Sub-

stance is secreted at the onset of meiosis by mesonephric _

cells which become granulosa cells in females. Meiosis is

arrested at prophase in females, due to the actions of a

follicular oocyte inhibiting substance (Byskov, 1979). :
I
I
I
I
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Sex Reversal

Complete sex reversal in nonmammalian vertebrates in-

cludes both germ cells and somatic cells whereas mammalian

germ cells lack the ability to reverse their sex. Mammalian

germ cells that are found in a sex-reversed gonadal environ-

ment degenerate leaving a sterile gonad (Haseltine and Ohno,

1981). Mammalian somatic cells are capable of undergoing sex

reversal. Mintz (1959) reported finding a male chimeric

mouse with 95% XX somatic cells and XY germ cells. Ford et

al. (1975) observed a fertile female mouse with an ovarian

follicle whose follicular cells were 98% XY. These two ob-

servations illustrate that mammalian somatic cells are capa-

ble of sex reversal. Male cells have a competitive advantage

over female cells in sex chimeras. A testicular inducing

substance produced by a relatively few XY cells can

masculinize a large number of XX cells. Thus, in an XX/XY

chimera, many XX somatic cells undergo testicular differen-

tiation and the remaining ovarian tissue degenerates later

in development (Haseltine and Ohno, 1981).

~ Differentiation of Genitalia

The testis is the director of sexual differentiation

following the induction of its formation by H-Y antigen.

' 17
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Differentiation of the male from the inherently female pat-

tern of development is stimulated by the onset of androgen

production following histological differentiation of the

testis. The genitalia of both males and females are equally

responsive 1x: these testicular secretions, indicating the

presence of androgen receptors in both sexes. Normal male

development is dependent on the production and secretion of

testicular hormones very early in development. The sex

chromosome content of extragonadal cells has no effect on

their subsequent pattern of development. In a particular

group of marsupials, one sex chromosome is eliminated in all

extragonadal cells. The genetic constitution of these cells

is X0 for both sexes (Ford, 1970). Despite their genetic

equality, these cells are able to differentiate in either a

masculine or a feminine direction as dictated by the presence

or absence of testicular secretions (Hayman and. Martin,

1965).

Three components comprise the primordial genital tract

in males and females. The first component is the gonads;

ovaries in the female and testes in the male. The second

component is of two genital duct systems; the Wolffian ducts

and the Mullerian ducts. The third component of the

primordial genital tract is the opening for the genital

andurinarytracts through the genital folds to theexterior.The

male genital duct system results from retention of the

” 18 ‘



Wolffian ducts and regression of the Mullerian ducts. Con-
‘

versely, in the female, the Mullerian ducts persist and the I
Wolffian ducts regress. The external genitalia in both sexes I

develop from the genital tubercle, genital folds and genital °

swellings (Wilson et al., 1981). Testicular secretions di- I
rect male urogenital tract development while female differ- j

entiation is independent of hormonal stimulation (Jost, p

1972).

The first secretory function of the testis is the pro-

duction of Mullerian inhibiting hormone (MIH), a protein

hormone which causes Mullerian duct regression. Although the

exact mechanism of action is unknown, MIH has been identified
as a glycoprotein of 70,000 MW that is produced by the

Sertoli cells. (Donahoe et al., 1977). Failure of MIH pro-

duction or tissue insensitivity to M·IH results in an XY

phenotypic male possessing oviducts and a uterus, as well as

normal male internal and external genitalia (Sloan and Walsh,

1976).

The second secretory function of the testis is the pro-

duction of testosterone by the Leydig cells of the testicular

interstitial tissue. Testosterone is responsible for the I

maturation of the spermatogenic tubules and is also required

for virilization of the male genital tract. The upper por-

tion of the Wolffian duct becomes the epididymis and connects I
the testis with the vas deferens. The vas deferensdevelops”
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from the central part of the Wolffian ducts and the terminal
portion of the Wolffian ducts gives rise to the ejaculatory
ducts and seminal vesicle. Endodermal buds in the urethral
lining form the prostate gland (Wilson et al., 1981).

The external genitalia of the male are formed in re-
sponse to dihydrotestosterone (DHT) stimulation. following
Wolffian duct virilization. Dihydrotestosterone is a reduced
metabolite of testosterone and is produced in the cytoplasm
of the cells comprising the primordial external genitalia.
The penis forms from the elongation and fusion of the genital
folds while the genital swellings give rise to the scrotum.
The genital tubercle forms the glans penis. Development of
male external and internal genitalia is completed during the
first third of gestation. Testicular descent into the
scrotum and genital growth occur during the latter two-thirds
of gestation.

In female embryos, the absence of MIH results in
Mullerian duct development and the lack of androgenic stimu-
lation results in the regression of the Wolffian ducts. This

_ occurs in humans between days 45 and 50 of gestation.
Mullerian ducts give rise to the oviducts, the uterus and the

anterior vagina during the first third of gestation. The
external genitalia of females undergo relatively few

morphological changes from the indifferent state. During the
first third of gestation. the genital tubercle forms the

’
20



Incartsttttvt*——‘""—"”’“"‘————————————————""———__““"'"“““"“““"'""'““"“'“““"""

I
clitoris, the genital swellings become the labia majora and
the genital folds give rise to the labia minora (Wilson et
al., 1981).

Cellular Metabolism of Testosterone

Testosterone is produced from cholesterol in the Leydig
cells. In the mitochondria, cholesterol is converted into
pregnenolone which undergoes further conversion to
testosterone in the smooth endoplasmic reticulum of the cell
(Setchell, 1978). Testosterone is secreted primarily se-
creted into the blood although some is also transported by
the lymph. Testosterone binds chiefly to albumin and
cortisol binding globulin in the blood, with only a small
fraction remaining unbound. Testosterone circulating in the
blood is subject to one of two fates. It may be metabolized
and excreted via the kidney, bile or feces or it may be re-
moved from the circulation. by cells of a target tissue
(Setchell, 1978).

Testosterone is taken up by cells through passive dif-
fusion and may be converted to DHT by the cytoplasmic enzyme

5a-reductase. A cytosolic androgen receptor can bind either
testosterone or DHT and the hormone receptor complex moves

inside the nucleus. Alternatively, the testosterone may
diffuse directly into the nucleus and be bound by a nuclear
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receptor. The hormone receptor complex interacts with chro-
mosomal acceptor sites to increase transcription of specific

structural genes resulting in messenger RNA production and
subsequently cellular protein synthesis. RNA synthesis in
target tissues is stimulated by increases in chromatin tem-
plate activity and the number of initiating sites on the DNA
of the cell as well as the stimulation of RNA polymerase I
and II (Mainwaring, 1977). Testosterone also increases the
activity of many enzymes in the microsomal, lysosomal and

mitochondrial fractions of the cell (Bardin et al., 1978).

Disorders of Testosterone Metabolism

Female embryos possess androgen receptors and are

equally capable of exhibiting a masculine response to

androgenic stimulation as are males. The absence of suffi-

cient levels of androgens is the only factor that prohibits

females from demonstrating male developmental responses.

Female embryos that are exposed to androgens will develop in
an

masculine direction, as exemplified by the congenital

adrenal hyperplasia disorder. In this condition, adrenal

cortisol synthesis is inadequate in the fetus and the ‘

compensatory increase in adrenal androgens causes {
masculinization of the female genitalia (Finkelstein et al., {
1983).
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Testosterone is responsible for the stimulation of the

embryonic Wolffian ducts while DHT regulates the
masculinization of the urogenital sinus and external
genitalia. Defects in the 5a-reductase enzyme in males re-
sult in the formation of a phenotypic female with normal male
internal genitalia and the absence of Mullerian ducts. The
internal genitalia are typical of a normal male due to the
production of MIH and testosterone by the testis. The ex-
ternal genitalia remain feminine due to the absence of DHT
stimulation resulting from the 5a-reductase defect

(Imperato-McGinley et al., 1974). The onset of androgen
production at puberty causes the external genitalia to become

masculinized despite the 5a-reductase deficiency and the ab-
sence of DHT.

Five human genetic defects have been identified that

result in decreased testosterone synthesis and incomplete

masculinization of the embryo (Wilson, 1978). These genetic

defects cause the dysfunction or absence of an enzyme re-

quired for the conversion of cholesterol to testosterone.
The degree of virilization ranges from a phenotypic female

with no Wolffian ducts and failure of masculinization in the

urogenital sinus and external genitalia, to a phenotypic male

with normal Wolffian development and hypospadic penile de-
velopment (Rosler and Kohn, 1983).
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The testicular feminized male Syndrome (Tfm) is an X-

)

linked genetic disorder causing a genotypic male with testes
to have female external genitalia and Secondary sexual char-
acteristics. This condition results from the failure of
cytoplasmic receptors to bind androgens in target tissues
(Imperato-McGinley, 1974). In addition to defects in hormone
and receptor production, failure of virilization can occur
due to defects in the nuclear interaction of the hormone
receptor complex with the chromosomal acceptor sites (Wilson
et al., 1981).

The Onset of Testicular Steroidogenesis

The testis assumes its endocrine function approximately
one day after histologically apparent testicular differen-
tiation in mammals (Catt et al., 1975). The ovary begins
Steroid synthesis at the same time as the testis, but before
ovarian histological differentiation occurs. In the rabbit,
testicular differentiation occurs on day 16 of gestation.
Testosterone synthesis begins on day 17 and genital tract
virilization occurs on days 17.5 and 18 of gestation.

Testosterone levels in the ovary of the rabbit are very low7
during this period (George et al., 1978).

There are two differences between the histologically
differentiated testis and the undifferentiated ovary in re-

‘ 24



1

1

gards to hormone synthesis. First, the testis has 50 times l

more 3-beta hydroxysteroid dehydrogenase (3ßHSD) than does l

the ovary. At this stage of development, 3ßHSD is the rate F

limiting enzyme for testosterone synthesis. The increased I

level of 3ßHSD results in greater production of testosterone
:in the testis than in the ovary (Pang and Tang, 1983). The I

second difference between the testis and ovary during this

period of development is the presence of aromatase in the

ovary. Aromatase, which converts testosterone into estrogen,

is present in the ovary but absent in the testis (Wilson et

al., 1981). All other enzymes involved in gonadal steroid

production are equal in the ovary and testis during this pe-

riod. The reduced production of testosterone in the ovary

and its subsequent aromatization to estrogen result in higher ·

levels of androgens in males than in females during develop-

ment. Genetically-programmed differences in only two

steroidogenic enzymes during this critical period of devel-

opment result in the divergence of the masculine and feminine

patterns of differentiation.

Regulation of the Onset of Steroidogenesis

One line of evidence points to hormonal regulation of

the onset of steroidogenesis in the gonads during early de-

velopment. Pituitary or· placental gonadotropins control

_ 25 i
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gonadal steroid, synthesis Zboth. in late embryogenesis and ‘

postnatally (Wilson et al., 1981). In rabbits, the fetal

anterior pituitary differentiates at about the same time as
the onset of testicular steroidogenesis, suggesting that the

pituitary controls the onset of testicular steroidogenesis

(Schecter, 1970). Humans produce placental gonadotropins

that could be involved in the onset of testosterone synthesis

(Catt and Dufau, 1976). Gonadotropin receptors are found in
the testis at the time of Leydig cell differentiation and

steroidogenesis (Catt et al., 1975). These findings provide

evidence that supports the hypothesized hormonal regulation

of the onset of gonadal steroid synthesis.

Conversely, testes and ovaries both develop

steroidogenic capability in culture media in the absence of

pituitary hormones (Brinkmann, 1977; George and Wilson,

1980). Gonadotropins have been shown to be unnecessary for

testosterone synthesis in fetal testes until late in devel-

opment when the conversion of cholesterol to pmegnenolone

becomes rate limiting in testicular steroidogenesis (George

et al., 1979). The endocrine differentiation of both ovaries‘

and testes of fetal rabbits occurs in organ culture at the

same time that the process occurs in vivo (Brinkman, 1977;

George and Wilson, 1980). These observations suggest that

gonadal steroidogenesis is regulated by factors that are in-

trinsic to the gonads themselves. Although testosterone-
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mediated events later in fetal development, as well as

postnatally, depend on pituitary or placental gonadotropins,

the onset of the endocrine function in the gonad appears to

be autonomous.

Sexual Dimorphism

Sexual dimorphism is the expression of two forms of a

trait, depending on the sex of the individual. Sexual

dimorphisms include: body size, appendage size, morphology

of internal and external genitalia, patterns of gonadotropin

and gonadal steroid secretion, behavioral patterns, and cel-

lular metabolism. Sexual dimorphisms are the result of a

cascade of differential development between the sexes, ulti-

mately arising from the presence or absence of a Y chromosome

in the genome. The primary function of the Y chromosome is

testicular development, because without the Y chromosome

ovaries develop. The secretory products of the male gonad

determine the occurrence of sexual dimorphism in mammals

(Jost, 1972). Testosterone is the primary hormone affecting

the growth and differentiation of most reproductive and

nonreproductive tissues. Androgenic actions of steroids are

associated with the masculinization of the reproductive tract

while anabolic actions refer to the stimulatory effects of

steroids on nonreproductive tissues. The specific messenger
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I
RNA and subsequent proteins produced following testosterone

I
stimulation are tissue dependent, suggesting that chromatin

structure is altered during differentiation to permit tissue

specific responses to the steroid receptor complex (Bardin

and Catterall, 1981).

Within cells, testosterone may act directly or may be

metabolized into other steroids of greater or lesser potency.

Enzymes that are responsible for these conversions vary in

activity among tissues as do the potencies of the androgen

metabolites (Wilson and Walker, 1969). The androgen receptor

may be modified in some tissues to favor the binding of a

particular androgen or the receptor-steroid complex may have

differing affinities for the chromatin binding sites, de-

pending on the specific androgen bound by the receptor (Baker

et al., 1977).

Dimorphisms of the Central Nervous System

Central nervous system (CNS) development is intrin- I
sically feminine in mammals. Sexually dimorphic CNScontrolof

endocrine function and behavior are evident in many

mammalian species. These sexual dimorphisms result from the
I

influence of gonadal hormones on the indifferent CNS during
I

a critical period of development. Exposure of the CNS to
1
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testosterone during this critical period results in permanent
and irreversible changes, termed organizational changes.

Activational effects of hormones differ from organiza-
tional effects by their lack of permanence and etheir
reversibility in the absence of hormonal stimulation. Many
sexually dimorphic traits depend not only on permanent or-
ganizational effects early in development, but also on the
activational effects of gonadal hormones later in life (Goy
and McEwen, 1980).

Pituitary gonadotropin release occurs in a cyclic femi-
nine pattern unless the CNS mechanism controlling
gonadotropin secretion is masculinized by exposure to
testosterone during a critical period of CNS development
(Pfeiffer, 1936). Experiments demonstrating that
genetically-female rats, with postnatally grafted testis
exhibited a tonic pattern of gonadotropin secretion and that
genetic-males castrated at birth, developed cyclic female
patterns of gonadotropin release verified Pfeiffer's hypoth-
esis. Further studies with sheep and guinea pigs showed that
exposure of females to testosterone during a critical period
of development resulted in organizational alterations of the

hypothalamic structures regulating gonadotropin secretion
(Clarke et al., 1976; Brown·Grant and Sherwood, 1971). These

studies provide evidence that exposure of female mammals to
androgen during a critical period of development causes or-

’
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‘ ganizational changes in the CNS centers governing I

gonadotropin secretion. These organizational changes cause K
genetic-females to exhibit a tonic pattern of gonadotropin ‘

secretion that is typical of males and subsequently, the loss K
of estrous cyclicity. K

The presence of testicular secretions in males directs K
the developmental pattern of the CNS away from the inherently I
feminine pattern, resulting in the imposition of a masculine

pattern of gonadotropin secretion and the exhibition of male
K

behavior (Gorski, 1971). Exceptions to the concept of CNS I
defeminization in response to androgen exposure have been K
reported. Female patterns of gonadotropin release in both

humans and cattle have been shown to be unaffected by early

androgen treatment (Stearns et al., 1973; Hamernik et al.,

K1987). K
Masculine differentiation of the CNS involves the two K

processes of masculinization and defeminization. K
Masculinization is the development of male patterns of K
neuroendocrine secretion and behavior in the CNS. K
Defeminization is the suppression of female behavior and K
neurosecretory patterns (Beach, 1971). These two processes I

are independent and are influenced by gonadal steroids during

development (Goy and McEwen, 1980). Prenatal exposure of K
female guinea pigs and rhesus monkeys to testosterone results K
in increased masculine sexual behavior (Goy and McEwen,

K
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1980). Masculinization and defeminization of behavior occurs
in, hamsters following prenatal exposure to estrogens or
aromatizable androgens (DeBold and Clemens, 1978).

Androgens are also present in females during the period
of CNS differentiation, but fail to induce masculinization.
Two theories have been advanced to explain the lack of
masculinization of females despite the presence of androgens
in female fetuses during the critical period for sexual dif-
ferentiation. First, there are periodic differences in the
circulating levels of androgen between females and males
(Pang and Tang, 1983). Weisz and Ward (1979) suggested that
a brief exposure to higher levels of testosterone could sen-
sitize the CNS to subsequent reduced levels of testosterone.

Males were exposed to higher concentrations of androgen early
in development than females and responded differently than
females when both were exposed to equal levels of androgen
later in development.

A second explanation for the absence of masculinization

in normal females is the hormonal protection hypothesis. The
presence of ovaries in rats tends to protect the CNS from the

defeminizing effects of neonatal androgens (Blizard and

Denef, 1973). Progesterone has been implicated as the pro-

tective agent in rats and rhesus monkeys

”
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The mammalian CNS has a critical period for sexual dif- :
ferentiation. This is a period when the CNS is maximally

sensitive to the organizing effects of gonadal hormones. Not
I

all sexually dimorphic CNS functions are androgen-sensitive ß
at the same time. In rats, CNS control of cyclic R
gonadotropin secretion and female sexual behavior are most

ä
sensitive to androgens immediately after birth and are in-

sensitive to prenatal androgen. In contrast, CNS control of

male sexual behavior in rats is very sensitive to prenatal

androgen exposure (Goy and McEwen, 1980).

The critical period for the differentiation of the CNS Q

in the rat begins just after Leydig cell differentiation and

the ensuing onset of testosterone secretion. Leydig cells

differentiate between day 16 and 18 of gestation, immediately

prior to the onset of the critical period. In guinea pigs,

testosterone secretion begins on day 29 to 30 of gestation

with androgenically—organized neural effects first becoming

evident on day 30 of gestation (Goy et al, 1964).

Full development of the differences between the sexes

for· a given response after androgen exposure during the b
critical period may require subsequent exposure to gonadal E
steroids. Female rats exposed as neonates to androgen ex- ;
hibit several normal post-puberal estrous cycles before be- E

coming anovulatory. Subsequent exposure to ovarian steroids E
is necessary to cause the loss of the ability of the CNS to ;

’
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sustain cyclic ovarian activity (Gorski, 1971; Swanson and
Van der Werff ten Bosch, 1964).

Specific areas of the developing brain are involved in
the uptake of testosterone during the critical period for CNS
differentiation„ Target cells for testosterone have been
located in hypothalamic brain centers of perinatal rats
(Sheridan et al., 1975). Testosterone implanted into the
dorsal preoptic area of the hypothalamus (POA) of neonatal
female rats has been shown to stimulate both masculine and
feminine behavior (Hayashi and Gorski, 1974). Implantation
of testosterone into the ventromedial hypothalamus (VMH) of
neonatal female rats inhibits the expression of female sexual
behavior and the capacity to support cyclic ovarian function
(Christensen and Gorski, 1978).

The fetal rat brain is able to metabolize testosterone
to either DHT or estrogen (McEwen, 1981). Neonatal exposure
of female rats to either estrogen or testosterone causes

these females to become anovulatory after puberty (Wilson et

al., 1941). Three pieces of experimental evidence have im-
plicated estrogen as an important mediator of androgenic de-
velopmental effects on the CNS. First, the neonatal brain
is capable of aromatizing testosterone to estrogen (Naftolin
et al., 1975). Second, estrogen antagonists block the dif-

ferentiating effects of testosterone on the neonatal brain.
And third, DHT, a non-aromatizable androgen, is less potent
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than either testosterone or estrogen in defeminizing the
neonatal brain (Brown-Grant et al., 1971). Interference with
the formation of estrogen from testosterone or interference
with formation of the estrogen-receptor complex also de-
creases the response of the CNS to testosterone (McEwen et
al., 1977). Testicular feminized male (Tfm) rats demonstrate
masculine brain differentiation, suggesting that the androgen
receptor is not required for mediation of androgenic effects
in the CNS (Beach and Buehler, 1977).

Maternal and placental estrogens are present in the
fetal blood of eutherian mammals. The fetus must be pro-
tected from these estrogens to prohibit maternal steroids
from directing the sexual differentiation of the fetal CNS.
Fetal rats and mice possess an estrogen binding system which
is present during late gestation and during early postnatal
life (Raynaud et al., 1971). Alpha fetoprotein («FP) is
present in developing neurons of the CNS but is absent in
regions of the brain where gonadal steroids are sequestered

(Toran-Allerand, 1980). This «FP is produced by the yolk sac
and fetal liver and sequesters circulating estrogen in the
fetus. Testosterone is unaffected by «FP and remains capable

of entering the brain for aromatization to estrogen.

The efficiency of «FP in decreasing the availability of
estrogen to the tissues is illustrated by the following two
experiments. Administration of «FP antibody to neonatal fe-
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male rats resulted in a response that was similar to that of ·
rats receiving estradiol (Mizejewski et al., 1980). Slaugh-
ter (1977) used synthetic estrogens with low aFP affinities
to demonstrate a greater potency for sexual differentiation
of neonatal female rats than that of estradiol. These re-
sults support the concept that «FP is one mechanism which
protects the female fetus from the differentiating effects
of maternal estrogens in rats.

Brain cells of newborn rats possess cytoplasmic

receptors for androgens, estrogens and progestins (MacLuskey

and McEwen, 1980). These receptors are similar to those

found in mature brain tissue suggesting that the organiza-

tional effects of gonadal steroids occur via the same mech-

anism as do the activational effects observed later in life.

Two important differences exist between the neonatal steroid
receptor system and that of the mature adult. First, the
receptor numbers in neonatal brain tissue fluctuate during

and following the critical period. Second, the presence or

absence of receptors in specific brain centers is subject to

change during development. These differences JJ1 receptor

numbers and their location could be responsible for the dif-

ferences in timing of the critical period for various

sexually dimorphic traits.

Early exposure to gonadal hormones induces both struc-
tural and functional alterations in the CNS. Steroid

‘
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hormones cause changes in nucleic acid and protein synthesis

(Bardin and Catterall, 1981; Wilson et al., 1981).

Adminstration of inhibitors to protein or nucleic acid syn-

thesis in neonatal rats decreases the extent of CNS differ-
entiation following androgen exposure (Gorski and Shryne,

1972). Gonadal steroid exposure also affects

neurotransmitter function. For example, postnatal male rats

have higher serotonin concentrations in the brain than do

females (Giulian et al., 1973). Drugs that interfere with

neurotransmitter function also have inhibitory effects on
l~

sexual differentiation (Sutherland and Gorski, 1972). Thus,

administration of an inhibitor to neural functions can cause
a loss in responsiveness of the CNS to the differentiating

effects of gonadal steroids.

Specific regions of the brain such as the POA respond

to estrogen and testosterone with increased growth of

neurites (Toran-Allerand, 1976). Estrogen appears to play a

major role in this response and the administration of either
estrogen antibodies or synthetic estrogen antagonists blocks

this response (MacLuskey and Naftolin, 1981). Early gonadal

secretions cause morphological sex differences in the CNS

·

such as volume of brain nuclei, size of cellular organelles
Eand synaptic and dendritic branching patterns (Toran-
I

Allerand, 1978).I
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Sexual Dimorphism of Gonadotropin Secretion

The secretion of LH and FSH is cyclic in mature
mammalian females. Increases in blood estrogen levels re-
sulting from the maturation of an ovarian follicle exert a
positive feedback effect on the hypothalamo-pituitary axis
causing an LH and FSH surge (Pfeiffer, 1936; Scaramuzzi et

al., 1971). This gonadotropin surge causes the ovulation of
a mature follicle. In males, gonadotropin secretion is tonic

and incapable of producing a gonadotropin surge (Gorski,
1979). Development of the hypothalamic center governing cy-

clic gonadotropin release in male sheep is inhibited by ex-

posure to endogenous testosterone during the critical period

(Karsch and Foster, 1975). In females, both the tonic and

the cyclic hypothalamic centers develop in the absence of

testosterone exposure resulting in a basal level of

gonadotropin secretion augmented by surges in response to the

positive feedback effect of estrogen.

The timing of the critical period for differentiation

of the hypothalamic nuclei controlling gonadotropin secretion

is day 1 to 5 postpartum for rats, day 30 to 37 of gestation
I

in guinea pigs and day 30 to 90 of gestation in sheep
I

(McLuskey and Naftolin, 1981; Brown—Grant, 1973; Clarke et
I

al., 1976a). Mammals that are less developed at birth gen- I
erally have postnatal or late gestational critical periods, I
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I
whereas, mammals that are more fully developed at birth tend I
to have critical periods that occur earlier ingestation.Several

investigators have demonstrated that both males

and females of' domesticated species that are exposed to

testosterone in utero, are incapable of exhibiting a

gonadotropin surge in response to elevated estradiol concen-

trations. Karsch and Foster (1975) reported that sexually

mature male sheep were unable to exhibit a gonadotropin surge

in response to elevated estradiol concentrations even when
castrated postnatally. Short (1974) reported that female

sheep which had been exposed to testosterone in utero from

either day 20 or 60 of gestation until birth, were also una-

ble to exhibit an LH surge in response to estradiol.

Testosterone failed to masculinize the regulatory system for

LH secretion in female sheep when administered from day 80

to birth or when administered postnatally. Gilts that were

treated with androgen on days 30 to 36 of gestation experi-

enced defeminization of gonadotropin release due to decreased

positive feedback effects of estrogen on the brain (Elsaesser

and Parvizi, 1979). Prenatal exposure of female sheep and

pigs to androgen during a critical period of gestation has I' been shown to masculinize the pattern of gonadotropin release
I

in these species.

Gonadotropin secretion is a sexually dimorphic trait in I
rats. Mature female rats exhibit a cyclic pattern of
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gonadotropin release in response to the positive feedback l

effect of estrogen on the hypothalamus. Female rats that are
exposed to testosterone on day 2 of life become anovulatory
after reaching puberty (Clemens and Gorski, 1968). Male rats ·

that are castrated at birth exhibit a typically female pat-
tern of differentiation of the hypothalamic centers that
control gonadotropin secretion (Gorski and Barraclough,
1963). Research has shown that testosterone levels are high
in the neonatal male rat during the first few days after
birth (Resko et al., 1968), and that the uptake of
testosterone by the rat brain is greater immediately after
birth than on day 10 or 20 of life (Diamond and Dale, 1967).
The findings of the researchers cited above indicate that
gonadotropin secretion occurs in two sexually dimorphic pat-

terns in rats and further, that it is the presence or absence

of testosterone during the postnatal critical period for
gonadotropin secretion that determines which pattern will
develop.

In stark contrast to the data which has been reported

for rodents, exposure of female fetuses of some species to
androgen in utero does not affect CNS control of gonadotropin

secretion. Female primates exhibit a normal cyclic pattern

of gonadotropin secretion after exposure to high levels of

androgen in utero (Forest, 1983). Bovine females that were
exposed in utero to androgens on day 40 to 60 of gestation
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·exhibited normal cyclic patterns of gonadotropin secretion

and responded to exogenous estrogen with an LH surge typical

of normal females (Hamernik et al., 1987). While prenatal

exposure to testosterone has been shown to cause

masculinization of gonadotropin secretion in many species,

it has not been shown to do so in either primates or in cat-

tle.

Sexually Dimorphic Growth

Males of many‘ mammalian species have greater birth

weights than females (Glucksman, 1978). This difference in

birth weight between the sexes may be due to the exposure of

males to higher levels of androgen in utero than females.

Female bovine fetuses that were exposed in utero to

testosterone during days 40 to 60 of gestation did not differ

in birth weight from untreated control females (Hamernik et

al., 1987; Putney, 1984). No difference in birth weight was

recorded between control female calves and females that were

exposed to testosterone on days 80 to 110 or 110 to 140 of

gestation (DeHaan et al., 1987a). Guinea pigs that were ex-

posed in utero to testosterone on days 33 to 37 of gestation

did not differ in birth weight from control females (Brown-

Grant and Sherwod, 1971). Conversely, DeHaan et al. (1987b)
reported a significant decrease in birth weight of female
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lambs that were exposed to testosterone in utero on days 40 ,
to 60 of gestation when compared to untreated females. These

data suggest that in utero androgen treatment of fetal

mammalian females does not result in increased birth weights

compared to untreated controls.
l

Intact males have greater postnatal growth rates than

castrated males, suggesting that androgens have activational

effects on growth (Berg and Butterfield, 1987). Castrated

males have a growth advantage over females which implies that

androgens also have an organizational effect during develop-

ment. Exposure of females to androgen during a critical pe-

riod for the differentiation of the CNS centers that control
growth, could alter the growth of females in a more masculine

direction. Female rodents that were exposed to testosterone

during the perinatal critical period showed greater postnatal

growth and mature size than control females (Tartellin et

al., 1975; Swanson and van der Werff ten Bosch, 1963; Beal
and Brower, 1982). A single perinatal injection of

testosterone increased body weight in female mice over that

of untreated control females (Harris and Levine, 1965). This

evidence suggests that the administration of testosterone to

female rodents during the critical period for differentiation

of the CNS mechanisms controlling growth results in increased

postnatal growth. I 41 {
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Female bovine fetuses that were exposed to testosterone

in utero on d 80 to 110 of gestation tended to have increased

adjusted 205-day weaning weights (DeHaan et al., 1987a).

This increase was not apparent when the treatment was admin-

istered on days 110 to 140 of gestation. Adjusted weaning

weights for female calves that were exposed to testosterone

on either days 40 to 60 of gestation or on days 40 to 80 of

gestation were similar to those of intact male calves and

were greater than those of control females (Putney, 1984).

Conversely, Hamernik et al., (1987) reported significantly

decreased weaning weights for heifers that were exposed in

utero to testosterone on days 40 to 60 of gestation compared

to control heifers. These data suggest that there may be a

potential for increasing weaning weights of female calves by

exposing the female fetus to testosterone during an as yet

undetermined period of development.

Differences in post-weaning growth are apparent between

the sexes in many species. Castrated males have an advantage

in growth over castrated or intact females demonstrating the

organizational effects of gonadal steroid exposure (Berg and

Butterfield, 1987). Adjusted yearling weights for heifers (

that were exposed to testosterone on days 80 to 110 of ges- (

tation were greater than those of untreated heifers. .No I

difference in adjusted yearling weights were noted for I

heifers treated during days 110 to 140 of gestation (DeHaan
· 1
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et al., 1987a). Yearling weights were also not different for

heifers exposed in utero to androgen on days 40 to 60 or days

40 to 80 of gestation compared to untreated heifers (Putney,

1984; Hamernik et al., 1987). These data may support the

hypothesis that in utero exposure of female bovine fetuses

to testosterone between days 80 and 110 of gestation results

in increased adjusted yearling weights over those of un-

treated females. However, the majority of the data reported

for cattle would seem to indicate that prenatal exposure to

androgen does not affect postnatal growth in heifers.

Females of other mammalian species experience enhanced

postnatal growth in response to testosterone exposure during

development. Female sheep exposed in utero to testosterone

during days 32 to 88 of gestation showed increased growth

rates compared to untreated females (Jenkins et al., 1987).

Similarly, DeHaan et al. (1987b) exposed female lambs to

testosterone in utero for 68 days beginning on day 40 to 60

of gestation. Treated females showed significantly greater

daily gains than untreated females. Female pigs exposed in

utero to androgen on days 35 to 45 of gestation exhibited

increased postnatal gains compared to untreated females

(Matulis et al., 1987). Results from these experiments in-

dicate that the exposure of female mammalian fetuses of cer-
tain species to testosterone during a critical period for the
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differentiation of the mechanism for growth regulation, can
increase postnatal growth over that of untreated females.

Dimorphism of Sexual Behavior

Differences exist between the sexes in both mating and
non-mating behavior. ZDifficulty in the interpretation of
sexual behavior arises from two complicating factors. First,
most sexually dimorphic behavioral traits depend on the
activational effects of gonadal hormones after the critical
period (MacLuskey and Naftolin, 1981). Second, there are
many traits that are shared at least to some extent by both
sexes and cannot be clearly regarded as dimorphic (Beach,
1968). For example, female rats are bisexual and frequently
display male mounting behavior, whereas female hamsters do
not display male sexual behavior (Clemens and Coniglio, 1971;
DeBold and Whalen, 1975).

Species differ in their responses to androgen exposure
during the period of sexual differentiation. Administration
of either estrogen or aromatizable androgens to female
hamsters during a critical period for CNS differentiation,

results in behavioral masculinization and defeminization

(Ruppert and Clemens, 1981; Lisk, 1980). Fetal ewes that

were exposed to testosterone in utero from day 20 or day 60
of gestation until birth exhibited behavioral defeminization
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and masculinization (Short, 1974). Androgenized female dogs

show behavioral defeminization, but not masculinization

(Beach and Kuehn, 1970). Female rats androgenized prior to

day 5 of life, exhibit masculinization of sexual behavior and

do not exhibit sexual receptivity as adults when primed with

ovarian steroids (Barraclough and Gorski, 1962; Brown-Grant,

1973).

Exposure of adult male rats to ovarian hormones follow-

ing in utero anti-androgen treatment or perinatal castration

resulted in the display of receptive behavior similar to that
of females in estrus (Harris, 1964; Ward, 1972; Quadagno and

Rockwell, 1972). Castration of male rodents after 30 days

of life has no effect on their sexual behavior, whereas

neonatal castration results in the display of feminine sexual

behavior (Scouten et al., 1975). These results indicate that

in rats, sheep and dogs, the presence or absence of

testosterone during a critical period for differentiation of

sexual behavior determines whether the adult sexual behavior

will be masculine or feminine.

Sexual behavior is controlled by a sexually dimorphic

center· of' the Zhypothalamus (Gorski et al., 1978). This

dimorphism results from the androgenic stimulation of dif-

ferentiation in the male CNS during a critical period of de-

velopment. Similarly, the absence of this androgenic

stimulation in the female results in the development of the
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CNS along the inherently feminine pattern. Whalen and

Edwards (1967) concluded that sexually dimorphic mating be-

havior in rats is due to the suppression of the development

of the hypothalamic center that controls feminine sexual be-

havior in males. Corbier et al. (1978) demonstrated the

existence of a postnatal testosterone surge in male but not

in female rats. Castration just prior to birth prevents this

surge and results in feminization of adult males. These re-

sults indicate that the presence of testosterone in the male

during development causes the differentiation of neural

mechanisms that control sexual behavior and further, that the

administration of exogenous androgen to females during a

critical period of CNS differentiation can cause the alter-

ation of female sexual behavior in a masculine direction.

Sexually Dimorphic Aggression

Aggressive behavior is a sexually dimorphic trait in

mammals. Male mice normally fight when paired together

whereas paired female mice rarely fight, even under the in-

fluence of substantial amounts of androgen (Tollman and King,

1956). These findings indicate that differences exist in the

neural mechanisms that regulate aggressive behavior between

males and females.
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The sexual dimorphism in aggressive behavior in rodents i

is a result of perinatal androgen exposure in the maleandthe

absence of androgen exposure in the female (Whalen and

Nadler, 1965; Edwards and Herndon, 1970; Quadagno et al.,

1972). Male mice that were castrated at birth showed less

aggression than males castrated on day 10 when both groups

received exogenous androgen as adults (Goy, 1966). Female

mice exposed to androgen at birth exhibited male levels of

aggression when administered androgens as adults (vom Saal,

1978). Prenatal exposure of female lambs to testosterone

caused increased levels of aggression later in life (Clarke,

1977). Interpretation of these results leads to the conclu-

sion that aggressive behavior is a sexually dimorphic trait

in mammals and results from the exposure of the male to

higher levels of androgens during development than the fe-

male. In turn, the exposure of females to exogenous

androgens during a critical period for the differentiation

of the CNS would be expected to result in the exhibition of

masculine patterns of aggressive behavior.

Aggressive actions in cattle occur in a characteristic

sequence of behaviors described by Schein and Fohrman (1955).

When a cow is approached by another cow, the approach may be

either active or passive. A passive approach is a coinci-

dental crossing of paths by two animals. An active approach
:implies an aggressive intent by the approaching cow and may l‘ 47



elicit a flight reaction by the cow being approached. Al-

ternatively, the cow being approached may stand her ground

and herself imply an aggressive intent. One or both cows

will then assume a threatening posture which may cause the ß

less dominant animal to flee. If both animals refuse to ac-
cept the submissive role, active physical contact occurs.

These interactions are repeated until one animal finally ac-

cepts the submissive role. The sum total of all dominance
submission relationships between pairs of animals in a group

is the social dominance hierarchy.

Several factors can influence the position of an animal

in a social dominance hierarchy including age, weight, pres-

ence of horns and the seniority of an animal in a group

(Schein and Fohrman, 1955; Blockey, 1979; Bouissou, 1972).

Temporary factors may also affect the social rank of an ani-

mal such as illness, injury and the occurrence of estrus.

Injury and illness have a detrimental effect on social rank

while a cow in estrus may disregard the social structure and

ignore the aggressive actions of higher ranking animals

(Beilhartz and Zeeb, 1982).

Aggressiveness is an important factor in the determi-
E

nation and maintenance of social rank (Syme, 1974). Social

rank determines the priority of access to limited resources I

such as feed in a group of animals. Animals ranking high in I

the dominance structure have first choice of feed and utilize I

I' 48 l
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—aggressive behavior to displace subordinate animals (Craig,

1986).There

are three requirements for the establishment of a

stable dominance hierarchy. First, there must be a mutual

recognition of rank by the interacting pair ofanimals.Second,

the social rank of other animals must beremembered.And

third, there must be continuous reenforcement of

dominance by the higher ranking member of the pair (Ewbank

and Meese, 1971).

Feed competition trials between pairs of heifers were

used from weaning to 18 months of age to determine that so-

cial dominance relationships are formed around the time of

puberty (Bouissou, 1977). In 70% of all animals tested,

all-or—none responses indicating the acceptance of a dominant

or submissive role, occurred between 9 and 12 months of age.

A reduction in levels of all aggressive behaviors was ob-

served at this age signifying an acceptance of dominant and

submissive roles by the animals in the group and the forma-

tion of a stable social hierarchy. Seventy-three percent of

all encounters between two previously unacquainted animals

resulted in the occurrence of agonistic behavior within 40

seconds of their introduction. Thirty-seven percent of these

encounters provoked actual fighting which lasted no longer

than 30 seconds. Following this initial encounter animals
were isolated for several days and then reunited. Thelevel'
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of agonistic behavior was reduced indicating the development

:
of a dominance order between the animals. Once established,

dominance relationships were maintained by threats and seldom
involved physical contact.

Social experience is the sum of all permanent behavioral
changes in an animal resulting from interactions with the

other members of a group. Animals reared in an environment

that is devoid of contemporaries are not socially experienced

and exhibit different behavior patterns when confronted with

strange animals than do socially experienced animals. Social

experience was found to have a significant effect on the es-

tablishment of social dominance (Bouissou, 1974). Animals

were considered ix: be socially-experienced following their

second encounter with a stranger. Socially-experienced ani-

mals utilized more threats and retreats and less physical

contact 511 encounters with unfamiliar animals. Sixty-six
percent of socially-experienced animals established

dominance submission relationships within 10 minutes of in-

troduction, whereas only 13% of socially-inexperienced ani-

mals did so.

In total, the available information emphasizes that ag-

gressive behavior is a sexually dimorphic trait in mammals

and is enhanced by the organizational effects of gonadal

steroids on the CNS of the male during a critical period of
development. The activational effects of gonadal steroids
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present later in life cause the stimulation of these differ- I
entiated neural circuits in the brain centers that control
aggression (MacLuskey and Naftolin, 1981). Administration
of testosterone to 3 to 6 month old heifers caused the
treated heifers to become dominant over untreated controls
(Bouissou and Gaudioso, 1982). The elevation in social rank
persisted long after levels of testosterone had returned to
normal suggesting that the dominant quality imparted to
treated heifers did not require the presence of testosterone
once dominance was established. The increase in social rank
was not a result of higher levels of aggression in the
treated animals but rather a reduction in the levels of fear
of the other animals (Bouissou, 1978). The activational ef-
fects of androgen on heifers was apparently not a stimulation
of neural circuits that control aggression but an inhibition
of circuits that regulate fear.

’
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MATERIALS AND METHODS

Administration of treatments

Angus or Angus-cross cows were mated to a single

Simmental sire. Sixty pregnant cows were randomly assigned

to one of four treatments as follows:

Group 0. Fifteen pregnant cows were untreated and

served as controls. Nine female calves were born from this

group of cows;

Group 1. Fifteen pregnant cows were administered 17a

methyl-testosterone daily from d 40 through d 100 of ges-

tation. Nine female calves were born from this group of

COWS;

Group 2. Fifteen pregnant cows were administered 17a

methyl-testosterone daily from d 70 through d 130 of ges-

tation. Eight female calves were born from this group of

COWS;

Group 3. Fifteen pregnant cows received 17a methyl-

testosterone daily from d 100 to d 160 of gestation. Five

female calves were born from this group of cows (1 female

calf died prior to behavioral tests).

Methyl-testosterone administration consisted of 250 mg
of 17a methyl-4 androsten-2-one (Sigma Chemical Co., St.

‘
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Louis, Mo.) suspended i11 10 ml corn oil injected
subcutaneously once daily.

Calves were born in March or April and sexed based on
the appearance of the external genitalia and the presence or
absence of gonads in the scrotum, if one developed. The
following measurements were recorded at birth: weight, head
circumference, body length, cannon bone length, cannon bone
circumference, shoulder width, hip width, heart girth, ano-
genital distance and scrotal circumference.

All cows were managed under standard conditions during
pregnancy and after calving. Calves were permitted to nurse
at will until weaning at approximately 230 d of age. Post-
weaning rations consisted of .91 kg cracked shelled corn and
9.1 kg of corn silage/hd/d until approximately 290 d of age.
Calves were then fed a ration consisting of corn silage with
2% soybean meal and .28% urea ad libitum until they were 420
d of age. Calves were also fed at least 200 mg of

lasalocid/hd/d (Hoffman-LaRoche, Inc. Nutley, NJ) from 290

to 420 d of age. From 420 to 570 d of age, calves were
maintained on mixed grass pasture.

weights were recorded for calves every 28 ch weaning

weights were recorded and adjusted for age of calf and age

of dam. Yearling and final weights were measured and ad-

justed for age of calf.
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Puberty and Estrous Cyclicity l

Age at puberty and estrous cycle lengths were determined

by analysis of serum progesterone (P4) concentrations. Blood

was collected from all calves twice weekly via jugular

venipuncture beginning at 235 d of age and ending at 450 d

of age.

At approximately 480 d of age, estrous cycles in heifers

were synchronized by administration of norgestomet implants

(CEVA Laboratories, Overland Park, KS) for 11 d. Following

implant removal, blood was collected daily via jugular

venipuncture for 30 d and analyzed for P4 concentration.

Heifers were observed for signs of behavioral estrus for at

least 2 h daily (AM and PM) during this 30-d period. KAMAR

heat mount detectors (KAMAR Inc., Steamboat Springs, CO) were
— utilized to facilitate heat detection. Serum P4 values for

each heifer were plotted serially by days of age to estimate

estrous cycle length and age at puberty.

After removal, blood was stored at room temperature for

three hours until clotted. Blood was centrifuged at 2800 x

g for 15 min at 4 C. Serum was decanted and frozen at -20 C

until analyzed for P4 by radioimmunoassay (RIA) as per pro-

cedures of Beal et al. (1980). Serum samples were assayed
in duplicate and re-evaluated when duplicates differed by
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greater than 25%. The intraassay and interassay coefficients

of variation were 6.30% and 29.14%. I

Determination of Social Dominance I
Dominance relationships were determined using a

3-minfeedcompetition trial between pairs of animals as described

by Bouissou (1970). Social dominance values were determined

for all heifers at 9, 16 and 21 mo of age. These ages were

chosen to insure that the heifers were tested both prior to

and subsequent to the onset of puberty. Half of all possible

pairwise combinations were contested to derive a dominance

value for each animal as reported by Blockey (1979).

Heifers were pre-conditioned to the test area by expos-

ing small groups of five or six animals to the pen during a

10 d period.prior to the date of the behavior trials. Heifers

were removed from pasture and feed was withheld for 36 h im-

mediately prior to the trial date. Trials were held at 3-d

intervals, with access to pasture provided between trial

days.

Heifers were prepuberal during behavioral trials con-

ducted at 9 mo of age. All heifers had reached puberty for

the trials at 16 and 21 mo of age but the effects of variable

stages of the estrous cycle on testing were removed by im-
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planting each heifer with a norgestomet implant 3 d prior to
each series of trials at 16 and 21 mo of age.

On the trial day, pairs of heifers were randomly se-
lected and simultaneously introduced into a l0xl0 km pen with
a gravel surface. In a corner of the pen opposite and
equidistant from the introduction gate for the two contesting
heifers was a single feeder containing a grain mix. The ac-
cess space of the feeder was limited such that only one
heifer could obtain feed. Total time for each animal in the
feeding position or in control of the feeder was recorded by
an unobtrusive observer. The animal with the greatest accu—
mulated time in control of the feeder was designated as the
dominant member of the pair. Social dominance values (SDV)
were calculated as the number of wins divided by the total
number of competitions multiplied by 100 (Blockey, 1979).
The average time in control of the feeding position
(FEEDTIME) was determined by dividing the total number of
seconds in control of the feed source by the number of con-
tests in which the animal participated.

Measurement of Sexual Behavior

At 9, 16 and 21 mo of age, heifers were exposed to an

unrestrained female in estrus (teaser) for 10 min in a l0x10
km pen with a gravel surface to evaluate sexual behavior.

i
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For trials at 9 mo of age all heifers were prepuberal,butfor

trials at 16 and 21 mo of age heifers had reached puberty
M

and were fitted with norgestomet implants 3 <i before each

series of trials to eliminate the effects of estrous cycles

on behavior. Each heifer was tested for 10 min on each of 3
d with at least 1 d between trials. The sexual behaviors that
were measured were selected by examining a video recording

of the heifers during their exposure to aux estrus female

prior to the date of the actual sexual behavior trials them-

selves. The sexual behavior variables that were evaluated
are listed in table l.

Estrus was induced in the teaser females using

SYNCRO-MATE-B (implant = 6 mg norgestomet, injection at time

of implantation = 3 mg norgestomet and 5 mg estradiol

valerate; CEVA Laboratories, Overland Park, KS) prior to the

behavior tests. Estradiol valerate (10 mg) was injected 1 d

prior to the test day to insure the induction of behavioral

estrus. Teaser females were tested on the day of the behav-

ior trials to insure their receptivity to the experimental

heifers by exposing the teaser to a heifer and observing the

teaser for an immobile standing response to theattemptedmounts

of the heifer. A minimum of 4 teaser females was used
for each day of sexual behavior trials. Test heifers were

individually exposed to one teaser female for 10 min using a E
random pairing method. Teaser females were selected foreach'
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contest in a rotating order as part of the randomization
P

procedure in an attempt to minimize fatigue and sexual I

nonreceptivity. The teaser females were allowed at least 30
Pmin between contests. Prior to the behavior test each heifer

was placed in visual proximity to the test pen for 20 min to P

observe the sexual activity in the test pen. Behaviors were

recorded via audio recording of verbal descriptions of visual

observations during the trials.

Statistical Analysis

All data were analyzed by least squares analysis of

variance using the general linear models procedure of the _

Statistical Analysis System (SAS, 1985). Data collected at

birth were analyzed for treatment effects as were yearling

weight and final weight. Age at puberty was also analyzed

with treatment as the main effect in the model.

Weaning weight was analyzed with treatment as a umin

effect and most probable producing ability of the dam (MPPA) l
as a covariate in the model. A regression of age on weight P
was analyzed for effects of treatment and linear and quad- P
ratic effects of age. P

Estrous cycle length was analyzed with treatment and P

heifer within treatment in the model. The mean square for P
I' 59 P
I
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heifer within treatment was the error term used to test for
effects of treatment.

Social dominance values and FEEDTIME were analyzed using

the repeated measures option in the GLM procedure (SAS,

1985). Treatment and the age deviation of individual heifers

from the mean age of all heifers were included in the model.

The effects of trial (9, 16 and 21 mo of age) were analyzed

using this model. Orthogonal contrasts were computed to

separate the trial effects and the effects of the treatment

by trial interaction. The orthogonal contrasts were: trial

1 vs trials 2 and 3, and trial 2 vs trial 3. Trials were
analyzed separately to further elucidate the effect of the

treatment by trial interaction on SDV and FEEDTIME. The

model included treatment as a main effect and age deviation

as a covariate. Tukey's procedure for mean separation was

utilized when there was a significant difference among

treatments (P<.O5). Orthogonal contrasts were computed if

the difference among treatments approached significance

(P<.25). The contrasts were: treatment 0 vs treatments 1, 2

and 3, treatment 3 vs treatments 1 and 2, and treatment 1 vs

treatment 2.

A multivariate analysis of variance was utilized to

compute the partial correlation coefficients between the SDV )

. and FEEDTIME values for the trials at 9, 16 and 21 mo of age. I
Treatment served as a main effect with age deviation as a

F
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1covariate in the uwdel. Partial correlation coefficients

were also computed between the SDV or FEEDTIME and age or

weight for the trials at 9, 16 and 21 mo of age. Treatment

was the main effect in the model with age or weight as a

covariate.

An upset was defined to have occurred if an animal of

lesser SDV defeated an animal of greater SDV. The percentage

of upsets was calculated as the number of upsets for an ani-

mal divided by the number of competitions the animal was in-

volved in multiplied by 100. A repeated measures analysis

of variance was performed to test the effects of trial on

upsets. Treatment was the main effect in the model.

Orthogonal contrasts compared trial 1 vs trials 2 and 3, and

trial 2 vs trial 3 as well as the interaction of treatment

by trials.

The sexual behavior variables were analyzed with the

repeated measures option in the GLM procedure. The values

for sexual behavior were summed across days within a trial.

Treatment was the only effect in the model. The effects of

trial were analyzed following which, orthogonal contrasts

were used for mean separation. The contrasts were: trial 1
,

vs trials 2 and 3, and trial 2 vs trial 3. The treatment by

trial interaction was also tested by orthogonal contrasts.

1' 61‘
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Sexual behavior trials were analyzed separately to ex-

amine the effects of treatment and treatment by trial inter-

actions with treatment as the main effect.

A multivariate analysis of variance was performed to

compute the partial correlation coefficients for sexual be-

havior traits with treatment as the main effect. The values

for sexual behavior variables were summed across days and

trials, resulting in one value for each sexual behavior trait

per animal.

The regression of the mean number of mounts on the mean

interval between mounts was analyzed for the three trials

combined. Treatment was a main effect in the model with

linear and quadratic effects of the number of mounts in-

cluded.
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· RESULTS AND DISCUSSION

Appearance of External Genitalia

Prenatal exposure of female bovine fetuses to

testosterone in utero results in masculinization of external

genitalia (Putney, 1984; Hamernik et al., 1987). Females

that were exposed to androgen on d 40 to 100 of gestation

(Group 1) in the present study had external genitalia that

were completely masculinized and a greater mean ano·genital

distance than all other groups of females (P<.00O1). A penis

with a prepuce and a bilobed scrotum without gonads were

_ present while a vulval opening was absent. The least squares

mean (LSM) for ano·genital distance was 46.2:.7 cm. Male

half-sibs had a LSM for ano-genital distance of 49.4:10.1 cm.

Females that were exposed to androgen during d 70 to 130

of gestation (Group 2) were incompletely masculinized, ex-

hibiting small vulval openings and an enlarged clitoral

structure. The LSM for ano·genital distance for these fe-

males was 4.4:.8 cm. Females that were exposed to androgen

during d 100 to 160 of gestation (Group 3) had normally-

appearing female external genitalia with some enlargement of

the clitoris. The LSM for ano-genital distance was 3.0:1.1

cm. Control females (Group 0) had normally-appearing female
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external genitalia and a LSM for ano-genital distance

of4.1:.7cm.

Masculinization of the external genitalia of female

sheep occurs following testosterone exposure on d 40 to 50

of gestation (Clarke, 1977) and on d 40 to 60 in female cattle

(Putney, 1984). Data from the present study, in accordance

with these findings, indicates that the critical period for

complete masculinization of female external genitalia is be-

tween d 40 and 70 of gestation. Exposure of female fetuses

to testosterone on d 70 to 130 of gestation resulted in in-

complete masculinization of the external genitalia, evidenced

by the absence of a penis and scrotum, the presence of a vulva

and an ano-genital distance that was similar to control fe-

males. Testosterone exposure during d 100 to 160 of ges-

tation resulted in females that exhibited normally-appearing

external genitalia with some clitoral enlargement.

Analysis of Growth

Body weight was recorded for all calves within 24 h of

birth. There were no significant differences in birth weight

among untreated females and females that were exposed to 1

androgen on d 40 to 100, 70 to 130 and 100 to 160 of gestation I

(table 2). Females did not differ among treatments for head

‘ 64.
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circumference, body length, cannon bone length and circum-

ference, shoulder width, hip width or heart girth.

Body weight was measured for all calves at weaning

(230.7:1.5 d of age) and adjusted for age of calf to a 205-d

basis and age of dam. The most probable producing ability

(MPPA) of the dam was utilized as a covariate in the statis-

tical analysis of weaning weight. The MPPA had a significant

effect on weaning weights of calves (P<.O3), however, ad-

justed 205-d weaning weights were similar for all treatment

groups (table 2).

Body weight was recorded at approximately one year of

age (350.7:1.5 d of age) and adjusted to a 365-d basis

(yearling weight). No significant differences were observed

for adjusted yearling weight among treatment groups (table

2). Body weight was also measured at the end of the exper-

imental period (564.7:1.5 d of age) and was adjusted for age

of calf to a constant 565-d basis (final weight). There were

no significant differences among treatments for final weight

(table 2).

Analysis of the regression of age on weight for the four

periods of growth; birth to weaning, weaning to yearling,

yearling to final and birth to final showed significant lin-

ear and quadratic effects (P<.OOOl). Examination of the re-

gression of age on weight showed no differences in growth

among treatments.
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l
The relationship between weight and age is shown in —

·
figure 1. From birth to weaning, the growth of the calves Ü

was linear. The primary source of nutrients for calves dur- Ü
ing this period was milk from the dam which provided a con- Ü

sistent supply of nutrients. From 230 to 290 d of age, calf Ü

growth was linear, but the rate of growth was reduced com-

pared to pre-weaning growth. The stress of weaning and the Ü

change in diet were probably responsible for the reduction Ü

of growth during this period. From 290 to 420 d of age, the

growth of calves was linear and increased as calves became

accustomed to their diets and the dietary protein and non-

protein nitrogen was increased in the ration. Calves were “

placed on pasture from 420 to 565 d of age and the reduced
Ü

energy intake caused a reduction in daily gains. Ü

Exposure of female sheep to androgen in utero during d Ü
40 to 60 or d 32 to 88 of gestation has been reported to en- Ü

hance postnatal growth rates (DeHaan et al., 1986; DeHaan et
Ü

al., 1987b; Jenkins et al., 1987). Growth rates in cattle

have also been reported to be increased when female calves

Üwere exposed to androgens in utero on d 40 to 60 (Putney,

1984) or on d 80 to 110 of gestation (Dehaan et al., 1987a). Ü

Postnatal growth rates of rodents have been reported to be Ü
increased by androgen exposure (Swanson and Van der Werff ten Ü
Bosch, 1963; Beatty et al., 1970; Tartellin et al., 1975). ¤
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Results of the present study show no differences in

205-d adjusted weaning weight, adjusted yearling weight or

final weight (565-d) among females that ‘were exposed to

testosterone on d 40 to 100, 70 to 130 or 100 to 160 of ges-

tation, and untreated controls. No differences were recorded

in birth weights among treatments which is consistent with

previous findings (Putney, 1984; DeHaan, 1987a).

Analysis of the regression of age on weight for the pe-

riods: birth to weaning, weaning to yearling, yearling to

final and birth to final weight showed that treatment did not

significantly affect growth rate during any of these periods.

These data suggest that in utero testosterone treatment of

female bovine fetuses from d 40 to 160 of gestation does not

impart a greater potential for growth from birth to 565 d of

age than that of untreated females.

There are several possible reasons for the failure of

treatment to increase growth rate. First, the timing of the

critical period for differentiation of the proposed

hypothalamic mechanism that regulates growth is not known in

cattle. The treatment periods utilized in this study may not

have have been coincidental with the critical period for the

hypothalamic differentiation of growth regulation.Second,the

dose of testosterone although sufficient tomasculinizethe

external genitalia of the females, may not have been

sufficient to masculinize the hypothesized neural centers
l” 69.
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that control growth. Third, the pattern of androgen admin-

kistration may not mimic the endogenous pattern of androgen

secretion in the male. Fourth, there may be a mechanism that

protects the female bovine brain from the masculinizing in-

fluences of androgens as is seen in human female congenital

adrenal hyperplasia patients (Forest, 1983). Lastly, the

level of nutrition of the calves in this study may have been

too low to permit the expression of an increased growth po-

tential. It is possible that treatment could have had an

effect on the neural mechanisms that regulate growth but the

lack of availability of sufficient nutrients could have sup-

pressed the potential for enhanced growth, thereby masking

any effect of treatment.

The failure of fetal female cattle to exhibit increased

growth subsequent to in utero testosterone treatment in this

study was most likely due to the absence of androgen during

some period of development when its presence is required to

cause the expression of increased growth. It is possible

that the periods of treatment in this study did not encompass

the critical period for the differentiation of the neural

control of postnatal growth. The critical period for the

differentiation of the hypothalamic nuclei that control
,

postnatal growth may be either earlier or later in develop-
:

ment than the treatment periods utilized in the present T
study. It is also possible that the neural centers control-
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ling growth in cattle require a longer period of exposure to Ü
prenatal testosterone than was provided by the treatments in Ä
this experiment. Despite the findings of Berardinelli et

al., (1987) in cattle, that the differentiation of the

hypothalamic nuclei controlling LH secretion requires

postnatal testosterone exposure, it is unlikely that differ-

entiation of the neural structures that control postnatal

growth is dependent on postnatal androgen. It is common

knowledge that steers that were castrated at birth exhibit

increased postnatal growth rates when compared to heifers.

This growth advantage in the absence of postnatal androgen

suggests that the differentiation of hypothalamic structures

controlling growth has occurred prenatally.

Increased placental aromatization of testosterone to

estrogen and rising P4 levels during gestation both could

contribute to the absence of masculinization of the female

brain following administration of exogenous androgens (Clarke

et al., 1976b). If the required amount of androgen was less

for the effective masculinization of the external genitalia

than the amount required to induce the masculinization of

neural structures then a case could be made for the failure

of neural masculinization in this study being a result of an

insufficient dosage of androgen. The production of androgen

by the fetal testes i11 the male could provide sufficient
levels of testosterone to impose a male pattern of differen-

’
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· tiation on the neural centers of the male despite the exist-
ence of the hypothesized placental barrier to the entry of
androgens.

Age at Puberty

The onset of puberty in bovine females is commonly de-
fined as the first estrus that is accompanied by‘a spontane-

ous ovulation (Hafez, 1980). The onset of puberty in heifers
is characterized by a pulsatile pattern of luteinizing

hormone (LH) secretion which causes the formation of

luteinized follicles. The luteinized follicles secrete low

levels of progesterone (P4). The low levels of P4 appear to
be required for the ensuing puberal LH surge which is induced
by the positive feedback effects of estrogen secreted by a
developing follicle. The LH surge causes the mature follicle
to ovulate. Following ovulation, a corpus luteum (CL) is

formed which secretes increasing levels of P4. Progesterone

levels plateau when the CL reaches its maximum size and are

maintained until the regression of the CL around d 17 of the

estrous cycle. The precipitous decline in serum P4 caused i
by the regression of the CL, permits estrogen to exert a

positive feedback effect on the hypothalamus which responds l
by secreting increased levels of gonadotropins. The in- 1
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creased gonadotropin secretion causes follicular growth and
estrogen secretion and subsequently, ovulation.

Analysis of the serum P4 concentrations of the females
involved in this study enabled the identification of the age
at puberty as well as the characterization of the estrous
cycle length. Progesterone profiles for two animals in each
treatment group that were representative of all the animals
in the group were selected and are provided in figures 2
through 5. The average age at puberty was 386i4 d of age and
did not differ among treatment groups (table 3).

Weight at puberty was not significantly different among
animals in the four treatment groups (table 3). Females that
were puberal at 386 d of age were heavier than females that
were not puberal at 386 d, although the difference was not
significant (P<.64; 3l7.6i4.9 vs 310.5i5.9 kg respectively).
Hafez (1980) reported that both weight and age are closely
related to the onset of puberty in heifers.

Prenatal androgen treatment during the periods of
testosterone exposure utilized in this study did not signif-
icantly affect age at puberty which is in agreement with
previous research (Zimbelman and Lauderdale, 1973). Treated
females failed to reach puberty earlier than control females
in this study which refutes the earlier findings of Putney

(1984). Treated females had increased. growth rates and
reached puberty earlier than controls in that study. The
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TABLE 3. LEAST SQUARES MEANS (iSEM) FOR AGE AT PUBERTY,
WEIGHT AT PUBERTY AND ESTROUS CYCLE LENGTH

FOR TREATED AND CONTROL FEMALES
Age at puberty Weight at Estrous cycle

Treatment (d) puberty (kg) length (d)

0 385.8 i 3.9 331.3 i 5.9 19.7 i .6

1 · 383.2 i 4.1 333.3 i 6.3 20.7 i .5

2 389.4 i 4.4 323.3 i 6.4 19.6 i .6

3 384.7 t 5.8 332.6 i 8.6 19.6 i .9

¥
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I

earlier onset of puberty may have been a result of the en-

hanced growth of the treated females, since the occurrence

of puberty is influenced by body weight (Wiltbank, 1959).

Conversely, in the present study, females that were

prenatally exposed to testosterone did not show a delay in

the onset of puberty as was reported for androgenized female

guinea pigs (Brown-Grant and Sherwood, 1971).

Estrous Cycle Length

Treatment did not significantly affect the occurrence

or length of estrous cycles in any group of females in this

experiment (table 3; figures 2 through 5). All heifers from

all treatment groups exhibited regular estrous cycles. The

failure of prenatal androgen treatment to alter estrous

cyclicity in heifers was previously reported by Zimbelman and

Lauderdale (1973) and Putney (1984). The period of androgen

administration was d 82 to birth in the first study and d 40

to 60 in the second study. Hamernik et al. (1987) reported

that the secretory response of LH to the administration of

exogenous estrogen did not differ in heifers that had been

exposed to testosterone on d 40 to 60 of gestation compared

to control heifers. The LH surge observed in these heifers

indicates that treatment did not cause the loss of the abil-
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ity to secrete gonadotropins in the cyclic pattern that is 1

necessary for the occurrence of estrous cycles. !
Prenatal androgenization on d 20 to 60 of gestation, has N

been shown to produce irregular cycles in sheep(Clarke,1977;

DeHaan et al., 1986). Brown-Grant and Sherwood (1971)
reported the occurrence of irregular estrous cycles in

prenatally-androgenized female guinea pigs. Perinatal

androgen treatment of female rodents resulted in permanent

sterility (Barraclough, 1961; Tartellin et al., 1975). The

effect of androgens on estrous cyclicity in rodents and sheep

was related to to a neural reorganization of brain centers

controlling gonadotropin secretion during a critical period

of development (Beatty et al., 1979; Clarke and Scaramuzzi,

1978).

Prenatal exposure of heifers to testosterone failed to

cause the masculinization of neural centers controlling

estrous cyclicity in this study. There are several possible

explanations for the failure of treatment to alter estrous

cyclicity in these heifers. The timing of the treatment pe-

riod may not have been coincidental with the critical period

for differentiation of the hypothalamic centers that control

gonadotropin secretion. Berardinelli and Adair (1987) sug-

gested that the critical period for control of gonadotropin

secretion occurs postnatally in cattle. Second, the dosage
1administered may be insufficient to masculinize the brain of N

‘
80N N



the fetal bovine female. Increased placental aromatization
of androgens late ixx gestation could affect the absolute
levels that reach the fetus (Clarke et al., 1976a). If the
critical period for the differentiation of gonadotropin se-
cretion was late in gestation, the actual amount of androgen
that the brain was exposed to could have been reduced to an
ineffectual level by aromatization. Third, the pattern of

androgen administration may not mimic the endogenous pattern
of androgen secretion in males, which could be critical to
the effective masculinization of the brain. Finally, a pro-
tective mechanism such as high levels of circulating

progesterone, could render the female brain immune to the

effects of androgen in cattle.

The most probable explanation for the failure of

prenatal androgenization to affect the estrous cyclicity of

the heifers in this study is that the periods of gestation

selected for the administration of testosterone were not

sufficient to cause the loss of the positive feedback effect

of estrogen on the hypothalamic mechanisms controlling the

cyclic pattern of gonadotropin secretion. The recent reports

of Berardinelli and Adair (1987) indicate that exposure to

androgen between the second and fourth months of postnatal

life is necessary to cause the loss of the ability of the

bovine hypothalamus to respond to estrogen with an LH surge.
The question of whether there is a prenatal androgen re-

’
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quirement in addition to the required postnatal presence of

androgen remains unanswered at this time, but is certainly a

real possibility. Prenatal testosterone exposure could cause

organizational effects in the CNS including the development

of the neural structures that inhibit an LH response to

estrogen. These structures could develop under the influence

of prenatal androgen but remain inoperative until a subse—

quent postnatal exposure to androgen during a specific period

causes their activation. The absence of postnatal androgen

during this specific period would cause these inhibitory

neural circuits to remain inactive and the positive feedback

effect of estrogen on LH secretion would enable the female

to exhibit normal estrous cycles. It is also possible that

postnatal testosterone exposure is sufficient in itself to

cause the imposition of the tonic pattern of gonadotropin

secretion and loss of the positive feedback effect of

estrogen.

Human females that are exposed to high levels of

androgens in utero also exhibit normal menstrual cycles al-

though the onset of puberty is delayed (Forest, 1983). A

mechanism for protecting the CNS of the female from the

masculinizing influences of prenatal testosterone in cattle

and humans could be achieved by this postnatal requirement

for androgen.'
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1
SocialDominanceSocial

dominance values were measured at 9, 16 and 21
mo of age. The partial correlation coefficients between SDV

and FEEDTIME values measured at these three ages are pre-

sented ix: table 4. The strong correlation between social

dominance values (SDV) and the accumulated time in control

of the point feed source (FEEDTIME) for trials at all three

ages was expected because FEEDTIME was influential in the

calculation of SDV. The variable FEEDTIME was used in this
study to permit the examination of the extent of dominance

of one animal over another. A large difference in the values

for FEEDTIME for a contesting pair of animals was indicative

of an animal that totally or almost totally dominated the

other member of the pair. Similarly, a small difference be- ,
tween the FEEDTIME values for two contestants indicated that 1
the two animals were not completely dominant or submissiveto each other.

‘
Hormonal effects associated with sexual maturity are of

major importance in causing the onset of aggressive behavior ,

(Guhl, 1958). Aggressive behavior plays an important role I

in the determination of the social rank of an animal (Schein I

and Fohrman, 1955; Syme, 1974). The onset of puberty causes I

the increased levels of aggressive behavior that will deter—
I

mine the social rank of an animal in the dominance structure. C
' 83 I
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Formation of the social dominance hierarchy occurs around the
time of puberty in heifers (Schein and Fohrman, 1955;

Bouissou, 1977).

The heifers in this study exhibited slightly, but not

significantly greater correlations between SDV2 and SDV3 than

were recorded between SDV1 and either SDV2 or SDV3. These
results were probably a refection of the changes in the so-

cial dominance structure that occured over time and were

probably not a result of the activational effects of gonadal

hormones following the onset of puberty. A greater differ-

ence in the partial correlation coefficients between the SDV

for trials at 9 mo of age and the SDV for trials at 16 and

21 mo of age would suggest that hormonal effects associated

with puberal endocrine status had affected the dominance hi-

erarchy. The lesser magnitude of the partial correlation

coefficients between the SDV recorded at the three ages in

this study would seem to support the concept that puberty did

not have an effect on the dominance structure in these cat-

tle. The partial correlation coefficients between FEEDTIME

measured at the three ages in this trial also support this

hypothesis.Social
dominance values did not differ among trials in I

this study (P<.68), nor was there an interaction of trial and I
age-deviation for SDV (P<.48). Treatment did not affect SDV l

(P<.18) but age-deviation was significant (P<.O5). A trial I

II es‘
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by treatment interaction was observed (P<.O9). Orthogonal I
contrasts revealed a significant treatment effect on SDV for I
trials at 9 mo compared to 16 and 21 mo of age (P<.O1). I

Trials were analyzed separately to examine the inter-
action of treatment and trial. The LSM for treatments are
presented in table 5. At 9 mo of age, both treatment and
age-deviation had effects on SDV (P<.O3). Females in treat-
ment group 3 had greater SDV at 9 mo than groups 1 and 2
(P<.O5) but were not different from controls (P>.O5). At 16
mo of age SDV was not affected by either treatment or age-
deviation (P<.59 and P<.19 respectively). At 21 mo of age,
SDV was not affected. by age-deviation (P<.12), however,

orthogonal contrasts showed a difference between SDV for
treatments 1 and 2 (P<.O4).

FEEDTIME did not differ among trials at 9, 16 and 21 mo
of age (P<.72). The interaction of trial by age-deviation
was not significant (P<.99). Treatment and age-deviation did
not influence FEEDTIME (P<.24 and P<.O6 respectively). The
interaction of trial by treatment was not significant
(P<.22). Orthogonal contrasts showed a treatment effect for
trials at 9 mo compared to trials at 16 and 21 mo of age

(P<.O4).

Separate analysis of trials revealed that both treatment

and age-deviation had significant effects on FEEDTIME at 9 I
mo of age (P<.O3 and IP<.O5 respectively). The LSM for

II 86 I
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TABLE 5. LEAST SQUARES MEANS (iSEM) OF SOCIAL DOMINANCE
VALUES (SDV) FOR TREATED AND CONTROL FEMALES AT

9, 16 AND 21 MONTHS OF AGE

Treatment No . SDVl SDV2 SDV3

0 9 54.2 i 7.2ab 49.3 i 6.9 5l.l i 5.9ab

1 9 39.0 1 7.2a 63.0 1 6.9 55.6 1 5.9a
a b2 8 42.8 fc 7.6 40.5 i· 7.3 39.9 i 6.2

3 4 78.3 i 10.7b 60.7 i 10.3 55.7 i 8.8ab

abMeans in the same column with different superscripts differ
(P< .05).

1
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TABLE 6. LEAST SQUARES MEANS (i·SEM) FOR CUMULATIVE
CONTROL TIME OF THE POINT FEED SOURCE (FEEDTIME)

AT 9, 16 AND 21 MONTHS OF AGE

Treatment No. FEEDTIME l (s) FEEDTIME 2 (s) FEEDTIME 3 (s)

0 9 92.4 i' 11.5ab 85.2 '| 13.6 92.3 i* 12.1ab

1 9 71.9 i 11.5a 94.2 i‘ 13.7 1 99..3 i' 12.1a

2 8 77.9 i' 12.2a 72.0 i 14.4 70.0 i 12.8b

3 4 135.6 i 17.3b 104.3 i' 20.4 96.6 i 18.2ab

abMeans in the same column with different superscripts differ
(P< .05).

)
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FEEDTIME are presented in table 6. Heifers in treatment I
group 3 had significantly greater FEEDTIME values than
heifers in groups 1 and 2 (P<.O3) but were not different from
control heifers (P>.O5). FEEDTIME values at 16 mo of age
were not affected by age—deviation or treatment (P<.16 and
P<.62 respectively). At 21 mo of age, FEEDTIME was not af-
fected by age-deviation (P<.08), but again, orthogonal con-

trasts detected a difference between treatments 1 and 2 for

FEEDTIME at 21 mo of age (P<.O4) despite an F test indicating

that there were no effects due to treatment (P<.l8).

The stability of the social dominance structure for the

heifers in this study was compared among the three trials.

For the trial at 9 mo of age the range of values for SDV and

FEEDTIME was greater than that recorded for trials at 16 and

21 mo of age. A large range of SDV in a group of animals is

indicative of a greater expression of dominance and increased

linearity of the dominance order (Beilharz and Cox, 1967).

Both linear dominance order and definitive expression of

dominance are related to a high degree of stability in a

dominance structure (Schein. and. Fohrman, 1955). Another
measure of stability in a dominance hierarchy is the fre-

quency of reverse decisions (upsets) in pairwise competitions

for a limited resource (Ewbank and Bryant, 1972). Upset de-

cisions occurred when an animal with a lower SDV defeated an I
animal with a higher SDV. The frequency of upsets was |

' 89
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13.112.1%, 22.912.1% and 32.212.1% for trials at 9, 16 and
21 mo of age respectively. Trials had a significant effect
on the frequency of upsets (P<.00O1). Treatment did not af-
fect the number of upsets and the trial by treatment inter-
action was also not significant for upsets (P<.58 and P<.52 1
respectively). Orthogonal contrasts showed that the number E
of upsets at 9 mo of age was significantly less than the

ä

number of upsets at 16 and 21 mo of age (P<.000l). The number
of upsets at 16 mo was less than at 21 mo of age (P<.OO9).

In cattle, the formation of a dominance hierarchy occurs

around the time of puberty. In the present study, a
dominance order was formed prior to the onset of puberty and
the stability of the dominance structure was decreased at 16
mo of age and decreased further at 21 mo of age. The decrease

·
in the range of SDV and the increase in upsets from 9 to 21
mo of age reflects a decay in the stability of the social

dominance hierarchy. The formation of a dominance order

prior to the onset of puberty and its decay following puberty

are opposite to previous reports (Bouissou, 1977; Blockey,

1979; Beilharz and Zeeb, 1982). Results from their studies
indicated that prior to puberty, cattle did not form

dominance orders and that once formed, dominance orders 1
tended to remain relatively stable unless some unusual event

such as sickness or the introduction of strangeanimals,caused

an upset in the existing order.' 90 {



At 9 mo of age, heifers in treatment group 3 were more
dominant than heifers in groups 1 and 2. There are three

possible explanations for this effect. First, exposure of

female bovine fetuses to androgens during d 100 to 160 of

gestation could have resulted in increased aggressive behav-

ior in these females. Exposure to testosterone in utero has
been shown to increase aggression in female rats and sheep

(Edwards and Herndon, 1970; Quadagno and Rockwell, 1972;

Clarke et al., 1976a; Clarke, 1977). Aggressive behavior is

an important factor in the determination of the social rank

of an animal (Schein and Fohrman, 1955; Meese and Ewbank,

1973; Syme, 1974). An increase in aggressive behavior could

have caused the greater SDV and FEEDTIME for the heifers in

group 3 at 9 mo of age. The attenuation of this difference

at 16 and 21 mo could have been a result of the onset of

gonadal hormone secretion at puberty.

A second explanation for the dominance of the heifers

in group 3 at 9 mo of age is that the exposure of the female

fetuses to testosterone endowed the females with a quality

other than aggressiveness that caused them to have greater

SDV than other females. Bouissou and Gaudioso (1982) re-

ported that treatment of 3 to 6 mo old heifers with

testosterone resulted in an elevation in social rank compared

to controls. These authors reported that there was no

in-creasein aggressive behavior observed in the treated heifers

' 91 i



in the study. Reduced levels of fear towards other animals
was hypothesized to be the cause of the observed increase in
social rank. A similar effect on the heifers in this study
is possible despite the differences in the timing of the
testosterone administration. The attenuation of the differ-
ence in dominance values between heifers in group 3 and
heifers in groups 1 and 2 from 9 to 21 mo of age could be
related to the decay of the dominance structure. This decay
could have been caused by the onset of puberal endocrine
events. Alternatively, the decay could have been initiated

independently of the influence of gonadal hormones and been
enhanced by the gonadal hormones at puberty or the decay
could have been totally independent of the effects of
puberty.

The significant difference between treatments 1 and 2 y1at 21 mo of age for SDV and FEEDTIME was considered to be
anon-biologicaleffect and not directly related to treatment. 1

The decrease in SDV of the heifers in group 3 between the

first and third trials could have caused the increase in
dominance values observed in the animals from treatment 1 at
21 mo of age. Examination of the data shows that as the
dominance of treatment 3 females decreased from 9 to 16, and
16 to 21 mo of age, the dominance of treatment 1 females in-

creased during these same periods. The changes in dominance
value of any group of females will affect the overall

l' 92 ‘



dominance hierarchy because the sum of all dominance-
submission relationships in a group of animals comprises the
social dominance structure. A

The onset of gonadal hormone secretion has been shown
to affect social behavior patterns (Allee et al., 1939). The
activational effects of gonadal hormones cause increased ag-
gression at puberty (Guhl, 1958). The increase in aggressive

behavior is the mechanism by which animals determine their

relative social rank, thus creating the dominance hierarchy.
Once established, the dominance order reduces the overall
levels of aggression in the group. In a stable dominance
hierarchy, animals recognize the rank of other animals and

the resulting interactions are based on learned responses to

either dominant or submissive animals. These responses are

generally avoidance or submission by the lower ranking member
of an interacting pair, thus precluding the need for aggres-

sive behavior to determine the relative social rank of the

pair of animals.

In the present study, the dominance hierarchy was ap- {
parently formed without the influence of gonadal hormones. {
There may have been abnormally higher levels of aggressive {

behavior prior to puberty which enabled the dominance struc- {
ture to form. Alternatively, the required level of aggres- {

sive interaction necessary for the formation of thedominancestructure
may have been lower than normal for the heifers in Z

i{
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this study: An increase in aggressive behavior· by the
heifers in one treatment group could have sparked the preco-
cious development of a social hierarchy, especially consid-

ering the small number of interactions that are required for
the attainment of social experience in heifers.

Social dominance has been reported to be affected by
weight and age in cattle (Schein and Fohrman, 1955; Bouissou,

1972; Blockey, 1979). In the present study, age and weight

were moderately correlated with both SDV and FEEDTIME at 9
mo of age. Age had a significant effect on SDV and FEEDTIME
at 9 but not at 16 or 21 mo of age. Weight had a significant
effect on FEEDTIME at 9 mo of age. Partial correlation co-

efficients between SDV or FEEDTIME and age or weight are

presented in table 7. Age, but not weight was moderately

correlated with SDV and FEEDTIME at 16 and 21 mo of age.

Weight was slightly correlated with SDV and FEEDTIME at 16

mo and negatively correlated with SDV and FEEDTIME at 21 mo

of age. The decrease in correlations of both age and weight

with SDV and FEEDTIME along with the loss of the significant

effect of age on social dominance after the trials at 9 mo
parallels and may be indicative of the decay in the social

structure of the animals in this study.

A second possibility for the decrease in the correlation

between age or weight and SDV or FEEDTIME is the low vari-
ability in age and weight of the heifers in this study. The
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range in age was 32 d while the range in weight was 77.3, 70.5
and 90.9 kg at 9, 16 and 21 mo of age respectively. The
relatively small range ixx age and weight may have caused
other unknown factors to assume more prominent roles in the
determination of SDV for these animals. As the heifers in-
creased in age, these other factors may have increased in
importance for the determination of SDV, thereby decreasing
the effects of age and weight on SDV.

The data reported in this study suggest that some factor
other than weight or age was of primary importance in the
determination of social rank for the animals in this study.
Weight and age seem to have played less of a role in the de-
termination of social rank after 9 mo of age and this atten-
uation of the influence of weight and age on SDV could have
been instrumental in the decay of the dominance order ob-
served in this study.

In summary, testosterone administered in utero to fetal
bovine females on d 100 to 160 of gestation was associated
with increased dominance values at 9 mo of age. This effect
could be due to increased levels of aggressive behavior in
the heifers or to a reduction in their fear of other animals.

The effects of treatment on social dominance variables at 9
mo were not apparent at either 16 or 21 mo of age, possibly
due to the endocrine events associated with the onset of I
puberty in the heifers. The activational effects ofgonadal'
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!
steroid production after puberty could have masked any or-

ganizational effects of treatment on the CNS that were ap-
parent at 9 mo of

age.Sexual Behavior

Sexual behavior variables were measured at 9, 16 and 21
mo of age and analyzed to determine which variables were the

most reliable measures of the level of sexual behavior in the
heifers. The sexual behavior variables were compared among

treatments and trials. Several variables (HFM, SFM and NNFM;

see table 1) were calculated for the period of time subse-

quent to the first mount by a heifer. This measurement ena-

bled the examination of the influence of the first mount, to
determine whether it had an effect of sexual satiety on the

ensuing sexual behavior of the heifers.

The LSM for the sexual behavior variables that are re-
ported below are the sums of the variables recorded for the

3 d on which each heifer was tested for the trials at each
age. The least squares means (LSM) for the number of mounts

(M) exhibited by the heifers were 16.8:1.3, 19.6:1.3

and13.9:1.3for trials 1, 2 and 3 respectively, and differed

among trials (P<.OOO2). The number of M for trial 1 was not
different from the number of M for trials 2 and 3 (P<.98),* 97

·
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I
but heifers exhibited a greater number of M in trial 2 than
in trial 3 (P<.00O1). g

The interval to first mount (IM1) differed among trials
C

(P<.04). The LSM for IM1 by the heifers were l07.1:20.7, I
30.3:13.4 and 48.9:13.4 s for trials 1, 2 and 3 respectively. I
Heifers exhibited a greater IM1 for trial 1 than for trials I

2 and 3 (P<.05), while the IM1 for trial 2 was not different

than IM1 for trial 3 (P<.l3).

The LSM for the interval between the first and second
mounts (IM2) were 179.4:48.8, 204.0:31.5 and 338.0:33.2 s for

heifers during trials 1, 2 and 3 respectively, and were not

different among trials (P<.38). The IM2 for the heifers

during trial 1 was not different than the IM2 during trials

2 and 3 (P<.31) and the IM2 for the females during trial

2wasnot different than the IM2 recorded, during trial 3

(P<.16).

Interest time (IT) for the heifers differed among trials

(P<.0001). The LSM for IT exhibited by the females were

l229.0:55.6, 1662.5:55.6 and 153l.4:55.6 s during trials 1,

2 and 3 respectively. Heifers exhibited less IT during trial I
1 than during trials 2 and 3 (P<.0001) and greater IT

wasrecordedfor heifers during trial 2 than during trial 3
I

(P<.02). There was a treatment by trial interaction noted I

for IT (P<.O5). A significantly lower IT value for the I
heifers in group 3 compared to the females in groups 1 and 2 I

I' 98 ,
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at 9 mo of age but not at 16 or 21 mo of age was responsible
for the interaction of treatment with trial reported above.

The number of head placements (H) achieved by the
heifers was different among trials (P<.O4). The LSM for H
by the heifers were 59.9:4.5, 66.8:4.5 and 57.0:4.5 during
trials 1, 2 and 3 respectively, Heifers exhibited a greater
number of H during trial 2 than during trial 3 (P<.02), while U
the number of H by heifers during trial 1 was not different
from the number of H during trials 2 and 3 (P<.74).

The LSM for the number of head placements following the
first mount (HFM) exhibited by the females were 54.9:5.3,
61.2:4.4 and 52.9:4.4 during trials 1, 2 and 3 respectively,
and differed among trials (P<.02). The number of HEM by the
heifers was greater during trial 2 than, during trial 3·
(P<.OO5), while the number of HFM for trial 1 did not differ

from HFM during trials 2 and 3 (P<.28).

The LSM for the number of thrusts (T) achieved by the
females were 2.1:.6, 5.8:.6 and 11.3:.6 during trials 1, 2
and 3 respectively, and differed among trials (P<.0001).

Heifers performed fewer T during trial 1 than during trials
2 and 3 (P<.0001) and the number of T recorded during trial

[

3 was greater than the number of T for trial 2(P<.OOOl).The

number of sniffs (S) measured for the animals
dif-feredamong trials (P<.OOOl). The LSM for S by the females l
were 38.4:2.6, 33.9:2.6 and 58.7:2.6 for trials 1, 2 and 3 ,

‘ 99 I
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respectively. The number of S measured for females during
trial 1 differed from S for trials 2 and 3 (P<.O3) and heifers
performed a greater number of S for trial 3 than for trial 2
(P<.OOO1).

The LSM for the number of sniffs following the first

mount (SEM) by the animals were 34.8:3.0, 30.6:2.5 and
53.9:2.5 for trials 1, 2 and 3 respectively, and differed

among trials (P<.0001). The number of SEM recorded for the

females during trial 1 was not different than the number of

SEM measured during trials 2 and 3 (P<.l5), while the number

of SEM achieved by the heifers during trial 3 was greater

than the number of SEM during trial 2 (P<.0001).

The LSM for the number of nose-to-nose contacts (NN) by

the females were .9:.3, 1.6:.3 and 1.5:.3 for trials 1, 2 and

3 respectively, and were not different among trials (P<.l5).

The number of NN recorded for the heifers during trial 1 was

less than the number of NN measured during trials 2 and 3

(P<.O5), while the number of NN by the heifers during trial

2 was not different than the number of NN during trial 3

(P<.82).

The LSM for the number of nose-to-nose contacts follow-

ing the first mount (NNEM) achieved by the animals were

.4:.3, 1.3:.3 and 1.5:.3 for trials 1, 2 and 3 respectively,

and differed among trials (P<.007). The number of NNEM ex-
hibited by heifers in trial 1 was less than NNEM for trials

° 100’ I



2 and 3 (P<.OO2), while the number of NNFM was not different E
between trials 2 and 3 (P<.45). Ä

Sexual experience plays an important role in the ex-
pression of sexual behavior in cattle (Hurnik, 1987). At 9 Ä
mo of age, the heifers in this study were all prepuberal and E
were considered as being sexually inexperienced. The lower Ä
values at 9 mo of age for T, NN, NNEM and IT, as well as the E
increased IM1 compared to later trials was likely a
re-flectionof this sexual inexperience. The difference in size g
between the heifers and the teaser females could alsohavehad

an effect on the levels of sexual behavior exhibited by E
the heifers in the three trials. Teaser females were mature i
cows for trials 1 and 2 when the heifers wererelatively·
young and small in size. Teaser females were heifers that Ä
were comparable in age and size to the test heifers for the E
third trial. The size discrepancy between the test heifers E
and teaser females during the first trial, was attenuated in Ä
the second trial and no longer present in the third trial. E

Hurnik (1987) reported that prepuberal heifers exhibit E
very little sexual behavior; The activational effects of E
gonadal hormones are responsible for the manifestation of Ä
adult levels of sexual behavior in cattle. The females in E
this study exhibited levels of M, IM2, H, HEM, S and SEM, that

were independent of puberal status. In contrast to the Ä
findings of Hurnik (1987), the heifers in this study exhib- E
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ited significant levels of sexual behavior prior to the onset I

Iof puberty. ·
Separate analysis of trials using orthogonal contrasts PP

revealed no differences among treatments for any sexual be- I
havior variables measured at 16 or 21 mo of age. The LSM for

P
sexual behavior variables are presented by treatment and I

trial in table 8. For the trial at 9 mo of age, females from
Group 3 had lower values than females in Groups 1 and 2 for
the following variables: IT (P<.O2), H (P<.Ol) and M (P<.04).

The significantly lower IT reported for Group 3 heifers at
9, but not 16 or 21 mo of age was responsible for the treat-

ment by trial interaction reported above for IT.

The number of mounts achieved by a heifer was selected

as the sexual behavior trait that was most representative of P
the level of sexual behavior of that heifer. Mounting is the

P
behavioral trait that most researchers have used to measure

I

sexual behavior (Hurnik and King, 1987). Mounts are also

considered as being strictly a sexual behavior as opposed to

a social behavior (Hurnik, 1987). Sexual behavior traits I

that correlated strongly with mounts in this study were: head I

placement (.60), thrusts (.67), interest time (.57), head
P

placement following the first mount (.62) and interval be-

tween the first and second mounts (-.73), (table 9). The I

strong correlations between these variables indicates that
these actions are primarily associated with the expression

I
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TABLE 8. LEAST SQUARES MEANS (18EM) OP SEXUAL BEHAVIOR VARIABLESI
FOR TRIALS AT 9, 16 AND 21 MONTHS OP AGE

Sexual
behavior Treatment 2variable Trial 0 1 2 3 Contrast

M 1 18.00 1 3.03ab 19.67 1 3.03b 20.50 1 3.21b 9.00 1 4.54a B. M 2 18.89 1 2.03 18.33 1 2.03 22.00 1 2.16 19.00 1 3.05M 3 12.33 1 1.66 14.89 1 1.66 14.00 1 1.76 14.50 1 2.48
IM1 1 91.00 1 40.79 125.00 1 40.79 189.43 1 40.79 23.00 1 107.91 AIM1 2 15.86 1 14.15 45.29 1 14.15 20.00 1 14.15 25.00 1 37.45IM1 3 25.71 1 25.04 72.29 1 25.04 44.00 1 25.04 35.00 1 66.24
IM2 1 154.20 1 67.49 295.00 1 61.61 198.83 1 61.61 89.00 1 150.91IM2 2 221.60 1 51.88 229.00 1 47.36 222.00 1 47.36 135.00 1 116.00IM2 3 314.80 1 101.05 403.00 1 92.24 326.00 1 92.24 144.00 1 225.95
S 1 45.22 1 4.57 36.67 1 4.57 41.50 1 4.85 30.25 1 6.86 A,BS 2 37.33 1 3.40 35.89 1 3.40 31.25 1 3.61 31.25 1 5.11S 3 56.33 1 5.21 63.89 1 5.21 55.25 1 5.52 59.50 1 7.81
SPM 1 43.38 1 5.17 31.33 1 4.88 35.00 1 5.17 29.67 1 10.35 BSPM 2 34.13 1 2.80 32.33 1 2.64 28.38 1 2.80 31.00 1 5.59SPM 3 52.75 1 5.12 58.33 1 4.82 51.00 1 5.12 42.50 1 10.23
H 1 64.67 1 8.31ab 64.22 1 8.31b 77.63 1 8.82b 33.25 1 12.47a BH 2 62.33 1 6.14 69.56 1 6.14 65.00 1 6.51 70.25 1 9.21H 3 53.67 1 8.39 56.22 1 8.39 55.00 1 8.89 63.25 1 12.58
HPM 1 59.26 1 8.74 59.67 1 8.24 73.00 1 8.74 24.50 1 17.48 BHPM 2 58.25 1 6.67 64.00 1 6.29 57.63 1 6.67 56.50 1 13.34HPM 3 52.88 1 8.18 51.33 1 7.71 51.38 1 8.18 32.00 1 16.37
NN 1 1.00 1 .32 1.00 1 .32 .25 1 .34 1.25 1 .48 ANN 2 1.00 1 .61 1.67 1 .61 1.50 1 .65 2.25 1 .91NN 3 1.89 1 .50 1.00 1 .50 1.63 1 .53 1.50 1 .75
NNPM 1 .75 1 .27 .67 1 .26 0.00 1 0.00 0.00 1 0.00 ANNPM 2 1.00 1 .56 1.33 1 .53 1.38 1 .56 1.50 1 1.12NNPM 3 1.89 1 .54 1.00 1 .50 1.63 1 .53 1.50 1 1.07
T 1 2.44 1 .63 2.22 1 .63 2.63 1 .67 1.00 1 .95 A,BT 2 6.22 1 .94 6.00 1 .94 5.13 1 1.00 6.00 1 1.42T 3 10.00 1 1.43 11.89 1 1.43 11.00 1 1.51 12.25 1 2.14
IT 1 1407.00 1 133.20ab 1294.11 1 133.20b 1412.00 1 141.28b 803.00 1 199.80a A,BIT 2 1645.56 1 57.86 1619.33 1 57.86 1649.75 1 61.37 1735.25 1 86.79IT 3 1550.67 1 80.63 1622.11 1 80.63 1491.13 1 85.52 1461.50 1 120.94

ävalues for sexual behavior variables were summed across days within a trial.
Contrasts which are different (P< .05) are indicated by

lA: trial 1 vs trials 2 and 3
B: trial 2 vs trial 3.

abMeans in the same row with different superscripts differ (P< .05).
ISee table l, page 58 for explanation of abbreviations.
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of the intensity of sexual behavior and probably do not serve

any other behavioral function.

The other behavioral traits measured in this study were

not highly correlated with mounts and are probably not reli-

able measures of the intensity of sexual behavior in heifers.

Traits such as sniffs and nose-to-nose contact very likely

serve at least partially, as social behaviors rather than

sexual behaviors in these heifers. The interval to first

mount ‘was only* moderately correlated, with the number of

mounts (-.30) which was contrary to previous reports in other

species (DeBold and Clemens, 1978). A highly negative cor-

relation was reported by these authors between the interval

to first mount and the number of mounts achieved. This cor-

relation implies that an animal achieving a high number of

mounts would have a shorter interval to first mount. Thus,

both the interval to first mount and the number of mounts

would be accurate indications of the level of sexual behavior

of an animal. In the present study, the moderately negative

correlation noted between IM1 and M suggests that IM1 is a

less accurate measure of the level of sexual behavior of the

heifers than was the case in previous studies of other spe-

cies. The IM1 may be significantly influenced by factors

other than the level of sexual behavior of a heifer.

The significantly lower values for mounts, interest time
and head placements among heifers in group 3 at 9 mo of age
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warrants additional examination. The primary* motivating I
force behind these behaviors is the expression of sexual in- I
terest. The significantly lower values recorded for these I
behaviors by the heifers in group 3 at 9 mo of age may be a Ireflection of a reduced level of sexual interest. This re- Iduction in female sexual behavior at 9 mo of age by the
heifers in group 3 was not seen at 16 or 21 mo of age. The

behavioral modification of the heifers in group 3 suggests

that exposure of heifers to androgen from 100 to 160 d of
gestation may be related to organizational changes in the
neural centers that regulate sexual behavior.

Prenatal androgen administration has been reported to

suppress the expression of feminine behavior in ewes (Clarke

et al., 1976a; Clarke, 1977). Prenatally-androgenized ewes

exhibit less feminine sexual behavior in response to estrogen

priming and higher levels of aggression and masculine sexual

behavior than control ewes (Clarke, 1977). Administration

of testosterone to neonatal female rats has been shown to
cause defeminization of sexual behavior after puberty
(Tartellin et al., 1975). Similarly, prenatal androgen ex- I
posure suppresses feminine sexual behavior in adult female I

guinea pigs (Brown-Grant and Sherwood, 1971).
IThe reason for the difference in values for sexual be- I

havior variables observed during trials 2 and 3 is not easily I

explainable because the heifers were puberal at the time of
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both trials. One explanation for these differences could be

the low ambient temperatures during the third trials. Cold

temperature has been reported to inhibit sexual behavior in

cattle (Hurnik, 1987).

The expression of sexual behavior in mature male and

female mammals is dependent on the presence of estrogen

(Katz, 1987). The activational effects of estrogen on ex-

isting neural circuits were present in all of the heifers in

this study at 16 and 21 mo of age since the heifers had

reached puberty by this age. These activational effects

following the occurrence of puberty could have resulted in

the loss of the differences between the heifers in group 3

and the heifers in groups 1 and 2 that were apparent at 9 mo

of age. Activational effects of gonadal hormones on existing

neural circuits that are involved with the control of sexual

behavior could have masked the organizational effects of

treatment on the brain.

Interval between mounts is a commonly used indicator of

sexual behavior (DeBold and Clemens, 1978). The relationship

between the number of mounts and the interval between suc-

cessive mounts is shown in figure 6. Analysis of the re-

gression of mounts on the interval between mounts for trials

showed linear, quadratic and cubic effects (P<.0001). The

interval to first mount (IM1) was greater for the trials at
9 mo than for trials at 16 and 21 mo of age (107.li20.6,
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30.3i13.4 and 48.9i13.4 s for trials 1, 2 and 3 respectively; I
P<.05). The IM1 was not different between trials at 16 and
21 mo of age (P<.l3). The differences among the IM1 for the
3 trials can be attributed both to the activational effects
of gonadal hormones on sexual behavior following the onset

of puberty and to the difference in size between the heifers

and the teaser females for the three trials. The lack of

sexual experience of the heifers may also have had an
inhibitory effect on the occurrence of the first mount. All

heifers were prepuberal at the time of the first trial and

the teaser females were mature, full-sized cows. For trials

2 and 3, heifers were post-puberal and the teaser females

were smaller in size and of lesser weight than those employed

in trial 1. The difference in size between the heifers and

teaser females in trial 1 may have caused both difficulty in

mounting and a hesitancy to mount by the heifers. Treatment

did not affect IM1 at any age.

The interval between first and second mount (IM2) was

not different among trials 1, 2 and 3. This finding indi-

cates that if the difference in size between the heifers and

the teaser females was a factor, once a heifer successfully

mounted, the size difference had no effect on the subsequent I

sexual behavior of the heifer. The fact thatprepuberalvalues

for IM2 were not different than post-puberal values

indicates that the activational effects of gonadal hormones I
I

’
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ü
did not affect the latency between the first and second

I
mounts in this study; The successful achievement of the I
first mount may encourage the heifer to repeat the behavior.

IThe IM2 was also not different between treatments at any age.

Evaluation of the IM for the first seven mounts sug-

gested that following the first mount, no mounts occurred for

a period of about 60 sec. The interval between mounts in-

creased until the fourth mount. The IM declined steadily to

the seventh mount as did the number of heifers that acheived
a higher number of mounts. The number of heifers that

achieved 4 mounts was 23 while only 11 animals achieved 7

mounts. The number of animals that achieved greater than

seven mounts was too small to make accurate inferencesaboutsexualbehavior. The pattern of IM for mounts one to seven Iindicated that heifers mounted a teaser female quickly fol- I
lowing their introduction. Subsequent to the first mount,

the IM increased up to the fourth mount, indicating a satiety

of sexual interest. This satiety could involve a mechanism

Isuch as an increased threshhold for neural circuits that n
control mounting. From the fourth to seventh mounts, the IM I

decreased, which was probably due to the less sexually ori- I

ented animals with greater IM failing to achieve more than

four mounts and thus being excluded in the calculation of IM I

subsequent to the fourth mount. This concept is supported
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by the observation that only 77% of the heifers achieved more

than four mounts.

The sexual behavior data reported above leads to several

conclusions regarding sexual behavior in heifers. The vari-

ables that were most indicative of the intensity of sexual

behavior in the heifers in this study were head placement,

mounts, thrusts, interest time and the interval between the

first and second mount. The intervals between successive
mounts increased following the first mount to a peak value

between the third and fourth mounts and then decreased
steadily until the seventh mount. Most females (90%) mounted

at least once at 9 mos and all heifers mounted at least twice
at 16 and 21 mo of age. Heifers tended to mount a teaser

female quickly ·upon their introduction indicating sexual

arousal. The increase in IM between the first and fourth
mounts could indicate that the neural threshhold for mounting

is increasing and requires a greater stimulus to elicit a

mount.

Exposure of heifers to testosterone during d 100 to 160

of gestation caused a reduction in interest time, head

placement and the number of mounts at 9 mo of age. These

variables were among the best indicators of the intensity of I
sexual behavior in this study. These results suggest that a

I
reduction in the levels of sexual behavior occurred in re- I
sponse to treatment. This difference was no longer apparent

I
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at 16 or 21 mo of age possibly due to the activational effects
of gonadal hormones on sexual behavior following puberty. I

I

I
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CONCLUSIONS

The in utero administration of methyl-testosterone be-

tween d 40 through 100 of gestation to female fetuses caused

complete masculinization of the external genitalia. Exposure

from day 70 to 130 of gestation resulted in the incomplete

masculinization of the external genitalia. These results

indicate that the critical period for the differentiation of

the external genitalia in cattle is between d 40 and 70 of

gestation.

Neural regulatory mechanisms for growth and gonadotropin

secretion were unaffected by exposure to testosterone on d

40 to 100, 70 to 130 or 100 to 160 of gestation. The timing

of the treatments may not have been coincidental with the

critical period for these traits. The dose may have been

insufficient to masculinize the female hypothalamic centers

that regulate growth and gonadotropin release or there may

be a protective influence in female cattle that prevents the

androgenic induction of sexual differentiation in these

structures. The CNS of the fetal female bovid may be inher-

ently resistant to the nmsculinizing effects of androgens

during development. I

Neural centers controlling factors that determine social i

dominance and feminine sexual behavior were modified by ex- J

posure to testosterone from d 100 through 160 of gestation. l
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Heifers from this treatment group exhibited lower levels of
sexual behavior and had higher SDV at 9 mo of age. The mod-
ification of CNS centers that control behavior could be due
to a lower androgen requirement for the effective

masculinization of these centers than that required by
thecentersthat control growth and gonadotropin secretion. The
data from this experiment suggest that modification of
hypothalamic structures regulating certain sexually

dimorphic traits by prenatal testosterone administration may
be possible in female cattle.

Postnatal weight gains were not affectmd by prenatal

androgen treatment in this experiment, which places the po-

tential of this procedure as a profitable method of increas-
ing economic returns for the commercial cattleman in
question. Prenatal testosterone treatment also failed to
masculinize the neural structures that regulate gonadotropin

secretion permitting the occurrence of regular estrous cycles

subsequent to the onset of puberty. Prenatal androgen expo-

sure has been shown to eliminate estrous cyclicity and in-

crease postnatal growth in sheep (Clarke et al., 1976a;
Jenkins et al., 1987). These reports suggest that in sheep, T

the critical period for these traits is entirely prenatal and

independent of postnatal androgen. The data from the present

study indicate that prenatal androgen exposure alone is in- g
sufficient to result in the expression of increased postnatal

‘
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I
growth and the elimination of estrous cyclicity in female I
cattle. If the postnatal androgen effect reported by

Berardinelli and Adair (1987) was in fact, an activational F

effect on preexisting neural structures, then the combination F
of prenatal androgen exposure with subsequent postnatal ex- F
posure may cause the expression of increased postnatal growth

F
and inhibition of estrous cyclicity in female cattle. The

failure of treatment to inhibit estrous cyclicity or to in-

crease postnatal growth in of the heifers in this study would

suggest that androgen exposure during the periods of ges-

tation used in this study is not advantageous to the commer-

cial cattleman.

Further research into the area of androgen treatment of

female cattle could yield valuable insight into the process

of sexual differentiation in cattle and as well as in other F
species. Combining prenatal testosterone administration

during· various periods of gestation with. postnatal

testosterone administration from 2 to 4 mo of age could ena-

ble the precise definition of the critical periods for vari-

ous sexually dimorphic traits in cattle. Histological

comparison of brain tissue from heifers that were exposed to
I

androgen prenatally with brain tissue from control females

and. males may' permit the identification and location. of

neural structures that were organized by exposure to androgen F

during specific periods of gestation. I
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