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Prepartum, multiparous ewes were randomly assigned to

experimental groups and sacrificed at 50(n=5), SO(n=4), j

115(n=5), and 140(n=4) days of gestation. Serum harvested

the week prior to slaughter was assayed for progesterone

(PG), prolactin (PRL) and growth hormone (GH) '
concentrations. Mammary tissue obtained at slaughter was

assayed for receptor concentrations of progesterone (PGr),

prolactin (PRLr) and insulin (Ir). Quantitative

biochemical, histological and autoradiographical analyses

were used to measure mammary gland growth and indicated no

significant glandular growth occurs prior to SO days of

gestation. However, a major phase of parenchymal growth

occurred between SO and 115 days which coincided with

significant increases in PG, PGr and PRLr concentrations.

Parenchymal growth continued further into late pregnancy.

GH and Ir concentrations did not change significantly during

pregnancy and were not strongly correlated to growth



measurements. These results suggest that mammary gland

growth is receptor—mediated and direct or indirect

regulation of PGr and PRLr is primarily responsible for the

observed growth phenomenon.
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_
„INTRODUCTION

This century has seen dramatic increases in the ability

of dairy cows to produoe milk, partially due to improvement

of their genetic potential. The physiological basis by

which genetic selection has increased milk production is _

unknown, but is undoubtably complex. Because the endocrine

system is a primary regulator of physiological processes, it

seems reasonable to hypothesize that it plays a crucial role

in determining the physiological expression of milk

production potential.

Since milk production is dependent on the amount of

secretory tissue present·in the mammary gland and most
l

mammary gland growth occurs during gestation, events during

this period clearly have a profound influence on subsequent

milk production. The endocrine system is a crucial

regulator of mammogenesis, but there are few data concerning

mechanisms of hormonal regulation of normal ruminant mammary
· gland growth. Endocrine control of mammogenesis during

gestation may be affected by Variations in hormone secretion

and/or altered hormonal sensitivity of the mammary tissue

via Variation in presence or concentration of hormone

receptors. —

Obviously, knowledge of normal ruminant mammary gland

1



2

growth during gestation would provide an information base

from which techniques to manipulate growth might progress.

The ability to effect growth of the bovine mammary gland has

direct application to the dairy industry as a potential

means to improve milk production efficiency.

The objectives of this study were: (1) to define

critical periods of ovine mammary gland growth during

gestation using quantitative histologioal and biochemical

techniques and (2) to elucidate relationships between serum

hormone concentrations (prolactin, growth hormone, and

progesterone) and specific binding of progesterone,

prolactin, and insulin to mammary tissue.



LITERATURE REVIEW

1.1 Introduction
(

Extensive research has shown certain hormones and their

interactions to be the primary regulators of mammogenesis.

However, little information is available for ruminants. ~
”

Pertinent studies on the hormonal control of ruminant

mammary growth and supporting data from non—ruminants are

outlined below.

1.2 Histological app Biochemical Approach pp_§ppgy „

1.2J Historical

Kolesnikow (1878) was one of the first to describe the

histology of the bovine mammary gland, but Bizzozero and

Vassale (1887) were the first to describe the histological

changes that occurred during gestation. From their

observations, they concluded that enormous proliferation of

epithelial cells during gestation progressively produced

numerous alveoli.

Subsequent, histological studies (Hammond, 1927;

Turner, 1934; 1935) provided the basis for a descriptive

characterization of mammary development. Prepubertal dairy

calves had four very rudimentary mammary glands (the udder),

. 3
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each with a small teat, a milk cistern and small, short

ducts with few branches radiating from the cistern. Post-

pubertal, non-pregnant heifers exhibited extensive growth of

epithelial ducts into the fat pad. The appearance was

described as "the trunk and large branches of a leafless

tree" and continued development occurred with successive
4

estrous cycles. Turner noted that the duct system became

» relatively extensive in heifers that did not conceive, but

was never comparable to the extent of growth observed at the

end of pregnancy. Finally, during pregnancy there was rapid

growth and extension of the duct system into the fat pad

with numerous side branches from which alveoli eventually

developed.

Interpretation of histological observations at that

time indicated that growth of the lobulo—alveolar system was

complete by the fifth month of gestation and the enlargement

of the udder during the second half of pregnancy was due to

expansion of the alveolar lumena due to accumulation of

secretions. Denamur subsequently (1964) identified day 80

of pregnancy as the approximate beginning of lobulo-alveolar

development in the sheep and goat (corresponding to about

day 150 of pregnancy in the cow), but glandular growth

remained limited until about day 120. Mammary gland growth
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is essentially complete by parturition in the ovine and

thebovine(Anderson, 1975), but it may continue for a few days

into early lactation (Anderson et al., 1981) in goats.

Recent work by Knight and Peaker (1984) showed continued

mammary growth in goats during the first two weeks of

lactation. '
1.2.2 Histology _

The qualitative studies mentioned above were sufficient

to characterize the major events during mammogenesis, but

delineation of precise hormonal effects required more

critical, objective methods. Gross anatomical measurements

on whole glands or thiok slices of glands added some

capacity to objectively quantify the amount of mammary

secretory tissue (Swett, 1927; Gowen and Toby, 1927;

Emmerson, 1941; Matthews et al., 1949; Cowie and Folley,

1947; Flux, 1954), but were of limited value with respect to

discrete cellular events (Knight and Peaker, 1982; and

Munford, 1964 for review).

Semi—quantitative methods for measuring development of

the relatively flat mammary glands of rodents were a major

advance. The tissue was fixed, stained, and cleared so that

the extent of the duct and lobulo-alveolar growth was easily
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discerned. Kahn et al. (1965) developed a numerical scale
'

(O.5 to 4„O) to semi—quantify mammary growth_in rat whole

mounts for statistical analysis. Similarly, Wrenn et al.

(1966) graded ductal and lobulo—alveolar development (LO to

9JD in mice. However, these methods are limited to mammals

which have relatively flat glands.
_

Although histological and cytological procedures

(Turner, 1952; and Mayer and Klein, 1961 for review) have

been important in elucidation of mechanisms of milk

secretion, histological quantification of mammary growth has

often been misinterpreted. For instance, a cytological

study of the rat mammary gland revealed that the numbers of

nuclei per cross section of alveolus were 8.3 in the virgin,,

9;3 on the fifth day, and 9„4 on the twenty—first day of

pregnancy (Weatherford, 1929). This prompted a mistaken

conclusion that mammary growth in the rat is complete by

mid-pregnancy. Other methods such as the alveolar area

index (Richardson, 1953; Munford, 1963; Swanson et al.,

1967) and the serial sectioning of mammary tissue for

microscopic examination (Feldman, 1961; Rivera, 1964) have

been used with varying success.

Fortunately, improved histological techniques and

measurements have yielded data on both the relative amounts
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and types of epithelia present (Tucker, 1981). Application

of electron microscopy to the study of mammary gland

physiology (Bargmann and Knopp, 1959; Hollman, 1959) proved

a tremendous asset both in revealing the ultrastructure of

mammary epithelial cells and for investigating effects of

hormones on differentiation of mammary epithelium (Hollman, ·

1969; Mills and Topper, 1970; Heald and Saacke, 1972;

Radnor, 1972; Heald, 1974; Hollmann, 1974; Nickerson and

Heald, 1975; Akers and Heald, 1978; Nickerson et al., 1982).

However, effectively quantifying mammary gland growth

remains a problem.

Lee (1977) used a modification of Chalkley's (1945)

point counting procedure to evaluate mammary growth in rats.

Briefly, a grid composed of a number of regularly dispersed

points was placed in the eye piece of a microscope and thus

was superimposed upon the image of the tissue to be

assessed. The number of points falling on any component of

the tissue was proportional to its relative volume, thus

providing a quantitative, histological measure of mammary

growth. In contrast with Weatherford (1929), Lee found that

the relative area occupied by mammary epithelial cells

increased from 4 to 26 96 of tissue area from early to late

pregnancy.
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Similar modifications of Chalkley”s method have been

used to quantify relative area occupied by types of

differentiated secretory cells in peri—parturient and

lactating bovine mammary tissue (Akers et al., 1977; Akers

and Heald, 1978; Akers et al., 1981; Nickerson and Akers,
1983). Unfortunately, such a quantitative histological study

—

has not been reported for ruminant mammary gland growth

y during pregnancy.

1.2.3 Biochemical Indices gf Mammary Growth

Histometric methods for assessing mammary growth and

development are both time consuming and tedious.

Fortunately, simpler biochemical methods to quantify numbers

of mammary cells and function have been developed. The most

commonly used methods have been the measurement of

deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) inmammary tissue. (
Kirkham and Turner (1953, 1954) measured DNA in mammary

tissue as an index of cell number, following suggestions of

Davidson and Leslie (1950). Hyperplasia (an increase in

cell numbers) and hypertrophy (an increase in cell size)

could also be partially distinguished. The critical

assumption is that the DNA content per nucleus is constant;
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therefore the total DNA content of the gland provides an

index of the total number of cells present. No increase in

total DNA accompanied by a decrease in concentration of DNA

per unit of tissue would therefore indicate the occurrence

of cellular hypertrophy or increased lumenal volume.

Though this method gives a most quantitative

measurement of mammary growth, it has certain limitations.

First, the assumption that the DNA per cell nucleus is

constant for somatic tissues of a given species has been

questioned. Using the mammary glands of rabbits, Sod-Moriah

(and Schmidt (1968) reported that the DNA content of alveolar

U g cell nuclei differed between individual animals, between

different glands of the same animal, and between different

areas of the same gland. More importantly however, this

method does not reveal the architecture of the epithelial

development, nor does it permit quantification of individual

cell types (Sud et al., 1968). The total DNA content of a
‘ gland is at best a measure of the entire cell population

within the gland.

Nevertheless, total DNA is a valuable tool for

comparative measurements of mammary growth. Indeed, it is

the primary index of most research on mammary growth in

ruminants (Anderson, 1975; Swanson and Poffenbarger, 1979;
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10Andersonet al., 1981; Sejrsen et al., 1982; Knight and

Peaker, 1982; and Anderson and Sheffield, 1983).

Prior to use of DNA as an index of mammary growth, it

_was believed that virtually all growth of the ductular and

lobulo-alveolar system in the bovine mammary gland occurred

by mid—pregnancy. It is now known that parenchyma continues

to proliferate throughout most of pregnancy with the last

two months devoted mostly to increased structural

differentiation, development of alveolar cells, and

increased secretory filling of the alveoli (Erb, 1977).
( Swanson and Poffenbarger (1979) found that total DNA

increased throughout gestation in a continuous exponential

fashion with growth rates of 24 to 33 percent per month in

dairy heifers. However, concentration (percent of tissue

weight) of DNA declined throughout pregnancy, probably as a

result of cellular hypertrophy.

Studies which used DNA as an index of growth suggest

that mammary growth is similar in sheep (Anderson, 1975) and _ _

goats (Anderson et al., 1981) but different from that in

rats (Tucker, 1966). It may be hypothesized that the

majority of mammary growth in ruminants occurs during

pregnancy and that little growth continues into early

lactation. However, these studies are relatively incomplete
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in that neither study measured changes in mammary

concentration or content of DNA,that occurred over the

course of pregnancy, but made comparisons between one period

of gestation and one or more periods of lactation. Also,

concurrent histological changes were not quantified.

Limitations associated with DNA measurementsindicatethat

combining chemical determinations with quantitative

histological measurements yields the best analysis of

mammary gland growth (Munford, 1964). Indeed, Munford

(1963a,b,c) combined DNA measurements with quantitative
l

morphological techniques similar to Chalkley%s(194$) in

order to study rat and mouse mammary gland development

during pregnancy, lactation, and involution. Munford _

(1964), in reviewing the relative merits of chemical

determinations and quantitative histological measurements,

reported good oorrelation (r = .83) between these methods

but stressed that they should be regarded as complementary

tools, not as alternatives, for assessing mammary growth.

Measurement of RNA and the RNA:DNA ratio presumably

indicates the relative state of the protein synthesizing

capacity of a tissue. The rate of protein synthesis in the

mammary gland appears to relate to overall secretory

activity of the gland and degree of differentiation of the



.12

‘secretory cells. Values for the RNA:DNA ratio in excess of

unity are interpreted to indicate rapid protein synthesis

(Greenbaum and Slater, 1957 for discussion). In both sheep

(Anderson, 1975) and goats (Anderson et al., 1981), total

mammary RNA increased throughout pregnancy and by

parturition the RNA:DNA ratio reached 1.04 and 1.09

forsheepand goats, respectively.

1.5 Hormonal Reguirements tor Mammogenesis

1.5.1 General

Classical ro vrvo endocrine experiments on immature e
female rats using hormone replacement therapy after'

endocrine gland ablation provided much information on

hormonal control of mammary development (Lyons et al.,

1958). It was found that estrogen, growth hormone and

glucocorticoids were necessary for normal ductal growth,

whereas the further addition of progesterone and prolactin

was necessary to achieve full lobulo-alveolar development.

Most of these hormones also promoted mammary development in

intact, virgin domestic animals (Meites, 1961 for review)

and stimulated DNA synthesis as well as mammary cell

proliferation to vttro (Forsyth and Jones, 1976 for review).

Io vttro experiments using mammary tissue have
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elucidated many direct hormonal effects. Wellings et al.

(1966) and Mills and Topper (1970) used mid-pregnancy mouse

mammary gland oultures to demonstrate a need for insulin in

mammogenesis. Insulin stimulated the division of alveolar

cells to form identical daughter cells, and sequential

addition.of hydrocortisone and prolactin prompted cellular
_

differentiation and stimulated active synthesis and

secretion, respectively.

Unfortunately, actions of hormones demonstrated in

vitro do not necessarily reflect that which occurs in vivo.
Such is the case with insulin, where no specific

mammotrophic action can be demonstrated in vivo (Topper and

Freeman, 1980).

1.3.2 Estrogen and Progesterone

Logically, the ovarian steroids are the primary

hormonal determinants of mammogenesis. It has long been

known that secretion of estrogen and progesterone are

asynchronous during the estrous cycle, whereas both hormones

can be simultaneously secreted at some point during

pregnancy. This secretion pattern could partially account

for continuous allometric growth of the mammary gland during

pregnancy but not prior to conception (Britt et al., 1981).
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Data from hormonal profile studies by Hendricks et al.

(1972) indicated that plasma concentrations of estrogen in

the cow remained low during the first four months of

pregnancy then rose steadily until day 240. Additionally,

Smith et al. (1973) Showed that it increased more rapidly at

term and very dramatically a few hours prior to parturition. ‘

Finally, estrogen decreased just after calving.

0n the other hand, plasma concentrations of „

progesterone during the first 75 days of gestation

characteristically resembled those of the luteal phase of

the estrous cycle (Robertson,
1972).”

A slight rise in

progesterone was noted between days 90 and 150 of pregnancy

which was maintained until a week or two prior to calving,

when serum progesterone concentrations declined very

rapidly. In the ewe, plasma progesterone concentrations

rose at mid—pregnancy which corresponded to active steroid

synthesis by the placenta (Heap et al., 1977).

Injections of various combinations of estrogen and

progesterone to induce lactation in nonpregnant heifers and

dry cows (Erb, 1977 for review) also indicate steroid

induction of mammary growth. For example, Croom et al.

(1976) and Flemming (1977) demonstrated the complete

formation of a lobulo—alveolar structure in the mammary
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_ glands of heifers receiving injections of estrogen and

progesterone. J

Jeulin—Bailly et al. (1973) found that cultured mammary

explants from nonpregnant ewes required two days of priming

with estrogens for alveolar formation. This growth occurred

in the presence of prolactin, growth hormone and

glucocorticoids after estrogen withdrawl and corresponded to

an increase in thymidine uptake and a concomitant increase

in DNA, due to new epithelial cell formation. They also

observed these increases when hydroxyurea, an inhibitor of

DNA synthesis, was included in the media during the priming

phase. This led them to conclude that estrogen was not

mitogenic pgr_sg, but rather permitted cellular response to

other mitogenic hormones like progesterone and prolactin.

Indeed, the importance of estrogen was demonstrated by the

inability of progesterone, known to potentiate estrogen

action, to support the priming of mammary tissue by itself.

Obviously, mammary gland growth during gestation occurs

when plasma concentrations of progesterone are high. .This
W

would suggest that progesterone participates in mammogenesis

or at least does not prevent it. Aside fromiJxsability·to

potentiate estrogenic action, progesterone synergism with

estrogen has been implicated in triggering epithelial cell
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multiplication and alveolar growth (Vonderhaar et al., 1978;

Delouis et al., 1980). High plasma concentrations of

progesterone also act to prevent "premature" lactogenesis

(reviewed by Delouis et al., 1980; Erb, 1977; Tucker, 1981;

and Akers, 1985). Though the molecular mechanisms involved

are unknown, progesterone appears to inhibit the lactogenic
Q

effects of prolactin until the end of pregnancy when serum

concentrations of progesterone decrease and those of

prolactin surge (Denamur and Delouis, 1972).

1.3.3 Prolactin and Growth Hormone

Pituitary hormones also effect mammary growth and

initiate milk secretion. For example, twice daily milking

induced mammary growth and lactation in ovariectomized

Virgin goats (Cowie et al., 1968). Further study

demonstrated that these responses did not occur in animals

in which the pituitary stalk was transected prior to

application of the milking stimulus. Perhaps more directly,

Hart and Morant (1980) observed that goats simultaneously

treated with ergocryptine (to block prolactin secretion) and

steroids (to induce lactation), failed to exhibit

significant mammary growth and produced little milk.

Prolactin injections into triply—operated rabbits
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(hypophysectomiaed, ovariectomized and adrenalectomized)

provoked an increase in mammary gland total DNA (Denamur,

1971). Administration of a prolactin inhibitor (2—bromo-a-

ergocryptine) to ewes during estrogen and progesterone

treatment for induction of lactation did not prevent further

mammogenesis nor diminish subsequent milk production

(Jeulin-Bailly et al., 1973). However, ergocryptine

administration after steroid treatment, when DNA was
increasing normal ly, totally prevented lobulo—alveolarformation. —

These results were confirmed by to vttro studies using

mammary tissue from cows (Djiane et al., 1977) and ewes
(Jeulin-Bailly et al., 1973) in which prolactin, growth

hormone and glucocorticoids were necessary to induce lobulo-

alveolar formation, and prolactin, insulin and

glucocorticoids were necessary to induce secretory activity.

Plasma concentrations of prolactin remain low during

the first four months of gestation in the cow (Convey,

1974), but increase dramatically during the last week of

pregnancy and peak just prior to or at the time of

parturition. Similarly, plasma prolactin in the ewe

remained low during the first three months of pregnancy, „

increased thereafter with large individual variations, and
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·
peaked with high concentrations at lambing (Chamley et al.,

1973). However, seasonal variations in prolactin secretion

have been found to occur (Koprowski and Tucker, 1973) and

must also be considered.

High serum concentrations of prolactin at parturition

are apparently important for the induction of copious milk ~

secretion. This has been substantiated in the bovine

(Schams et al., 1972; Akers et al., 1981) and ovine (Kann et

al., 1978; cited in Delouis et al., 1980), where a

relatively short treatment with ergocryptine during the

periparturient period prevented the initiation of abundant

milk secretion. Furthermore, work by Akers et al. (1981)

demonstrated that periparturient prolactin secretion was

required for complete structural differentiation of bovine

alveolar epithelium.

Plasma growth hormone concentrations remained low _

during pregnancy in cows (Olsen et al., 1974) and ewes

(Martal, 1973L However, both in vivo and in vitgg studies

have demonstrated that growth hormone can stimulate
(

mammogenesis and lactogenesis in some strains of mice

(Forsyth and Hart, 1976).
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1.5.4 ·Insulin I

Despite considerable study, the role of insulin during

mammogenesis is poorly understood. 0ka et al. (1974)

demonstrated fluctuating sensitivity of mammary cells to

insulin during a reproduotive cycle in mice. Sensitivity to _

insulin was assessed with regard to its effect on DNA
(

synthesis and a variety of other parameters. They found

that mammary cells that were resistant to insulin prior to

conception, became sensitive during gestation and laotation,

and reverted to insensitivity again during involution.

Additionally, Forsyth (1971) reported that insulin was

required for to vttro,maintenance of mammary tissue

cultures. Although insulin stimulated mitotic division of

mammary epithelia to vrtro, studies have shown that it is

not an absolute requirement for to vtvo growth. For

example, Topper and Freeman (1980) demonstrated extensive

mammary lobulo—alveolam developmenti11severely diabetic

mice treated with estrogen and progesterone. Nevertheless,

early work by Kumaresan and Turner (1965) $howed that

insulin synergized with estrogen and progesterone to promote

increased mammary development. However, serum insulin

decreased during gestation in the cow (Grigsby et al.,

1974). Regardless of its role, insulin does not appear to
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be rate-limiting to normal mammary growth and development.

1.4 Hormone Receptors

1.4.1 General H

Demonstration that circulating concentrations of a _

particular hormone are high, coincident with periods of

rapid mammary growth, does not necessarily indicate cause

and effect. Indeed, hormone concentrations can be

misleading for two reasons. First, the most commonly used

technique, radioimmunoassay, measures the immunoreactivity

of a hormone rather than biological activity. Second,

factors other than concentration affect hormone activity.

The most important factor and a subject of much current

research is the presence of specific hormone receptors on

the cell membrane or within the cytosol of target cells.

In order to exert their action, hormones must usually

bind to specific high affinity receptors located in or on

the cell. Binding sets in motion a cascade of events

leading to a physiological response. Thus, biological

activity appears dependent on hormone—receptor interaction

at the cellular level„ Availability of radioactively

labeled hormones with high specific activity have permitted

characterization and quantification of numerous hormone
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receptors. Receptors for prolactin, progesterone,

estrogen,glucocorticoid,and insulin have been detected in mammary

tissue (Cowie et al., 1980; and 0VKeefe and Cuatrecasas,

1974 for review).

1.4.2 Prolactin Receptors _

An abundance of research in the early 1970's firmly

established the presence of mammary cell membrane receptors

for prolactin (Birkenshaw and Falconer, 1972; Frantz and

Turkington, 1972; Shiu and Friesen, 1974; 1976; Turkington,

1970; Vonderhaar and Topper, 1974; and Elias, 1980 for

review). The work by Shiu and Friesen (1974; 1976) using

rabbit mammary tissue demonstrated that antisera to

prolactin receptors prevented both binding and action of

prolactin. Thus, the availability of binding sites

(receptors) was necessary for hormonal action. These

results provided the basis for current research in which

greater emphasis has been placed upon relationship of

prolactin receptors to biological events such as those which

occur during pregnancy and lactation.

Studies by Kohmoto and Sakai (1978) in mice and by

Holcomb et al. (1976) in rats showed that the number of

prolactin receptors remained low or nondetectable during
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pregnancy, increased immediately before parturition, and

plateaued soon after parturition. They concluded that the

induction of prolactin receptors just prior to parturition

implicated prolactin in the onset of lactogenesis. Also,

the low concentration of receptors found during the majority

of pregnancy suggested both an explanation for the absence

of lactation initiation during pregnancy and the possible

participation of prolactin in mammogenesis. However,

McNeilly and Freisen (1977b) noted that mammary glands from

rabbits had a pattern of prolactin binding much different

from that of rats and mice. Indeed, significant binding of

prolactin (40 - 100 fold greater than in nonpregnant

animals) was observed throughout pregnancy, along with a

further increase during lactation. Curiously, a decrease in

binding occurred just prior to term and was coincident with

the prepartum surge in serum prolactin concentrations

(McNeilly and Friesen, 1977a), suggesting increased

occupancy of receptors. The results from rabbits indicated

that prepartum inhibition of lactation was not due to an

absence of mammary prolactin receptors. The disparity

between the data of rats and rabbits may be explained in

part by occupancy of the prolactin receptor with placental

lactogen in the former (Holcomb et al., 1976), whereas the
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latter apparently does not produce a placental lactogen

(Kelly et al., 1976; and McNeilly and Friesen, 1977a). This

lack of a placental lactogen was a primary reason for using

rabbits to study and distinguish the hormonal effects of

prolactin.

Several lines of research have shown that prolactin is
Q

at least partially responsible for mediating its own number

‘of binding sites (Delouis et al., 1980 for review).

Prolactin secretion at parturition was suppressed by

injection of an ergot alkaloid (CB154) which subsequently

prevented the rise in prolactin receptors that normally

occurred at that time (Djiane and Durand, 1977).

Additionally, prolactin injected into pseudopregnant rabbits

induced increases in prolactin receptor concentrations which

paralleled mammary gland development.

0ther mammogenic hormones also regulate prolactin

receptors. For example, it has been demonstrated that

estrogen increased prolactin secretion which subsequently

increased prolactin receptors. Conversely, progesterone

antagonized the ability of prolactin to induce its own

receptors (Delouis et al., 1980 for review).

Unfortunately, very little information is available

concerning prolactin receptors in ruminants. Gertler et al.
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(1984) demonstrated the presence of binding sites for human

growth hormone and ovine and bovine prolactin in the mammary ·

gland of lactating cows. Akers and Keys (1984)

characterized assay conditions for use of radiolabeled human

growth hormone to measure lactogenio binding sites in

mammary membranes from ewes, and provided evidence that

specific human growth hormone binding to mammary membranes

progressively increased with advancing gestation. These

data did not however provide a direct measure of binding per

mammary cell.

1.4.5 Steroid Receptors

·
Mammary receptors for progesterone during the

reproductive cycle in mice have been studied by Haslam and

Shyamala (1979). In contrast to those of prolaotin, .

progesterone receptors were found in mammary tissue during

pregnancy, disappeared during lactation, and reappeared ·

during involution. However, Markland and Hutchens (1977)

and Capuco et al. (1982) reported the presence of

progesterone receptors in lactating goat and cow mammary ‘

tissue, respectively. Furthermore, Capuco et al. (1982)

found that binding capacities in prepartum, nonlactating

bovine mammary tissue were four times greater than in
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postpartum, lactating tissue.

The presence of progesterone receptors in mammary

glands of pregnant animals suggested both a role in the

inhibition of lactation during pregnancy and a direct role

in mammary epithelial cell proliferation. Additionally, low

or nonexistant progesterone receptor concentrations could 1

explain why progesterone fails to inhibit milk secretion

during established lactation (Tucker, 1981 for review).

Furthermore, data reported for binding capacity in
1

neoplastic (Horwitz and McGuire, 1977; Koenders et al.,

1977) and normal (Mohla et al., 1979) rodent mammary tissue

demonstrated that progesterone receptor synthesis is under

estrogenic control.

Puca and Bresciani (1969), using mice, were the first

to demonstrate the presence of estrogen receptors in mammary

tissue. Later work by Muldoon (1979) showed that estrogen

receptors first appeared at puberty and, as mammary gland

weight increased, estrogen receptors increased

proportionally. As gestation advanced, estrogen receptors

progressively changed from 4S to 8S form but bound estrogen

with equal affinity. A review by Knight and Peaker (1982)

cited evidence that estrogen receptors were induced by

prolactin and inhibited by progesterone, but were not
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affeoted by circulating estrogen concentrations.

Like ovarian steroids, gluoocortiooids also bind to

specific reoeptors within the mammary cell. Chomczynski and

Zwierzchowski (1976) showed that cortisol receptors

inoreased three-fold during the second half of pregnancy in

mouse mammary tissue. Gorewit and Tucker (1977) reported
e

that the number of binding sites in mammary tissue from

lactating cows was four times greater than those found in

nonlactating tissue. Furthermore, progesterone was found to

compete with gluoocorticoids for binding on the

glucocorticoid receptor in bovine mammary tissue (Capuco and

Tucker, 1980). This action could explain why high

circulating concentrations of progesterone during pregnancy

prevent gluoocorticoids from initiating lactogenesis.



MATERIALS AND METHODS

2.1 Animals

Fourteen crossbred multiparous, pregnant ewes from a

single flock were used. Breeding dates were determined via

a marking harness attached to the ram. The day of breeding

was assigned as day O of gestation. Ewes were randomly 1

assigned to experimental groups based on stage of gestation

[50 days (n=5), 80 days (n=4), 115 days (n=5), 140 days

(n=4)]. Grain was fed once daily while hay and water were

available ad libitum. Ewes were moved to the Animal

Sciences Building at VPI and SU one week prior to sacrifice

and maintained on a 12 hours light / 12 hours dark

photoperiod in a group pen. Blood samples were obtained by

jugular venipuncture twice daily, and animals were

sacrificed on their assigned day of gestation by electrical

stunning. Udders were immediately excised for experimentaluse. _ _
2.2 Biochemical Analyses l ‘

One randomly chosen udder half was used for measurement

of total mammary DNA and RNA. Opposite udder halves

provided tissue from two zones. Zone 1 was midway between .

27
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the dorsal and ventral boundaries of the udder parenchyma at

a depth of approximately five centimeters, and Zone 2 was ·

obtained at a similar depth near the upper parenchymal

border. These zones provided tissue samples for the

following measurements: 1) estimation of DNA/mg of tissue,

2) quantification of cytosolic progesterone receptors, and
2

5) quantification of membrane prolactin and insulin

receptors. Additionally, a 4 cm2 thin section of tissue was

removed from each zone of both udder halves for histological

evaluation.

r 24L1 Total DNA and QNA

DNA concentrations were measured using the

diphenylamine method of Burton (1956) and RNA concentrations

using the orcinol procedure of Ceriotti (1955). Tissue

preparation and detailed procedures are described in

Appendix I.
A

2.242 Progesterone Receptor

Progesterone receptor binding capacities were

characterized and quantified using a modification of the

method described by Capuco et al. (1982). [BH]-R5O2O

(17,21-dimethyl-19—nor—4,9—prenadiene-5,20—dione) was used
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· as a ligand and nonlabeled R5020 and cortisol were used as

competitors for the assay of specific progesterone binding

sites in mammary cytosol. Details of the procedure are

outlined in Appendix II.

Z.2;3 Prolactin and Insulin Receptors

A simple binding assay was used to determine specific

prolactin and insulin binding capacities in crude mammary

membrane fractions. [125I]-human growth hormone and [125I]-

bovine insulin were used as ligands for assay of prolactin

« and insulin receptors, respectively (Akers and Keys, 1984).

Nonlabeled ovine prolactin and bovine insulin were used to

compete with radioligands for specific prolactin and insulin

binding sites, respectively. Tissue preparation and assay

procedures are same as described by Akers and Keys (1984).

Blood Hormones

Double antibody radioimmunoassay was used to determine

serum concentrations of prolactin (Echternkamp et al.,

1976), growth hormone (Eisman and Chew, 1983) and

progesterone (Beal et al., 1980).



2.3 Histological Analysis

2.3J Tissue Preparation

Tissue samples from each zone of each half were

removed, transferred to a sterile petri dish containing a

holding and homogenization buffer (.25M Sucrose, 30mM Tris,
7

1mM Glutathione, and 1mM Disodium EDTA) and immediately cut

into approximately 1mm; blocks for short—term (2h)

incubation with [3H]—thymidine and subsequent immersion in

fixative. (

All explants were incubated at 37 Oc in 1.0 ml of

Medium-199 (Difco) based culture medium adapted from Goodman

et al. (1983). The medium contained 10 uCi of [ZH]-

thymidine / ml. A pH of 7.3 was maintained in the medium

using a 5% CO2 : 95% 02 gas mixture.

Following incubation, tissues were fixed in modified

Karnovsky“s (Karnovsky, 1965) fixative (.5% Formaldehyde and

1.3% Glutaraldehyde in 0.1M Phosphate) and stored in 0.1M

Phosphate Buffer (pH 7.3). Prior to embedding, tissues were

dehydrated in a series of alcohols of progressively greater

concentrations, washed in Propylene Oxide, and embedded in

Epon 812-Araldite 502 Resin 50:50 (Geisleman and Burke,

1973). Sections approximately 0.5 - 1 um thick were cut on
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a Porter-Blum ultramicrotome and ten to twenty sections

mounted per glass slide. Four slides per tissue block were

processed for autoradiography and later stained with

Azure II (Jeon, 1965). Slides were used for quantitative

light microscopy and autoradiography.

2.5JZ Quantitative Autoradiography

Following embedding and sectioning of tissue, four

slides from each of two tissue blocks per zone were

processed for autoradiography as described in Appendix III.

After staining, measurements were made by a modification of

the method described by Traurig (1967). One section per

slide was chosen for evaluation based upon whether it was

well stained and contained some epithelial cells. A given

1 cell was considered labeled if four or more silver grains

were superimposed over the nucleus. A labeling index

(percentage of cells·labeled) was determined from the number

of labeled cells per one thousand epithelial cells per

slide. Two slides per tissue bullet, two tissue bullets per

zone, two zones per udder half and two udder halves per

gland provided a total of sixteen composite evaluations per

animal. A total of 16,000 mammary cells were counted for

each ewe.
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2L3.3 Quantitative Morphological Analysis
Q

A modification of Chalkley's (1943) quantitative

morphological analysis was used to evaluate each tissue

section described above. A nine point reference grid

located in the microscope ocular was superimposed over nine

areas of the histological section yielding a total of

eighty-one contact points per section. Classification was

performed at a magnification of 1000X. To avoid bias, the

grid was superimposed over the designated area at a lower

power and slightly out of focus. When correct lens power

was shifted into place, focus was correct and the grid was

not moved. A total of 18,144 contact points was

characterized.

2.4 Statistical Analysis

Growth indicators (histological and biochemical) and

hormonal parameters (serum concentrations and binding

capacities) were analyzed using a one way analysis of

variance procedure incorporated into the Statistical

Analysis System (SAS) and Bonferroni's T test was used to

determine the significance between stages of gestation. A

log—transformation of the data was performed where necessary

to reduce heterogeneity of variance prior to statistical i
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analysis. Correlations among both growth and hormonal

nmeasurements were computed using the PROC CORR procedure

(SAS). Additionally, partial correlations among parameters

after removing the stage of gestation effect were calculated

using the MANOVA/PRINT E option of the GLM procedure (SAS).



( RESULTS

5J Descriptive Morphology

Illustrative micrographs of tissue from each period of

gestation appear in Fig. 1, 2, 5 and 4. Mammary glands of

50 and 80 days pregnant ewes were characterized by a high
_

percentage of stroma and fat, a low percentage of epithelia

(only ductular) and a low percentage of [BH]-thymidine

labeled epithelial cells (Fig.1 and 2% Compared with

tissue collected on day 50, 80 day tissue differed mainly by

an increase in the ductular epithelium.

The most striking contrast occurred between the glands

of 80 and 115 days pregnant ewes. Compared with earlier

stages, there was a tremendous amount of alveolar epithelium

present by 115 days (Fig. 2 and 5). The secretory cells of

the alveoli appeared to be immature as evidenced by

irregularly shaped nuclei, few apparent organelles and high

nuclear to cytoplasmic ratio. [BH]-thymidine labeled

epithelial cells were also more apparent. The lumena of the

alveoli and ducts also contained numerous lipid globules.

The only apparent histological change in the mammary

gland from 115 to 140 days of gestation wasaidecrease in

the percentage of tissue occupied by stroma and a

34 .
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concommixtant increase in the_percentage of lumena (Fig. 5

. and 4). The relative number of [BH]-thymidine labeled

epithelial cells observed had decreased dramatically from

115 to 140 days.

5.2 Quantitative Morphology

Mean percent area and standard error of the mean for

tissue assigned as total epithelia (ductular/alveolar),

lumena and stroma from mammary glands of 50, 80, 115 and 140

days pregnant ewes appears in Table 1. _

Although there was no significant difference between 50

and 80 days of gestation in the relative amount of tissue

area occupied by either epithelia or stroma, there was a

general trend for % epithelia to increase (14.2 to 19.2%)

and % stroma to decrease (85.8 to 77.8%). There was however

a significant (P<.05) increase in % epithelia (19.2 to

41.2%) and decrease in % stroma.(77.8 to 55.7%) between 80

and 115 days. The appearance of alveoli at 115 days of

gestation accounts for a significant (P<.05) increase (5.0

to 25.1%) in the relative amount of lumenal area. From 115

to 140 days percent tissue occupied by epithelium was .

unchanged. However, there was a significant (P<.05) decrease

in relative stromal area from 55.7 to 20.7% and a
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signifieant (P<.05) increase in relative lumenal area from)
U

23.1 to 39.0%.

3.3 Autoradiography

Pereentages of [5H]—thymidine labeled epithelia

(labeling index) for the four stages of gestation are

presented in Table 1. In addition to the mierographs of

autoradiograms for each period of gestation (Fig. 1,2,3 and

4), four mierographs illustrating labeled cell phenomena are

presented (Fig.5, 6,7'and 8).
1

Figure 5 shows a typical labeled "undifferentiated"

epithelial cell of ductular origin in tissue collected at 50

days of gestation, while Figure 6 shows a labeled "highly

differentiated" alveolar epithelial cell from tissue at 115

days of gestation. Using Normaski optics (differential

interface contrasting), which uses variations in density to

provide a three-dimensional image, the same labeled alveolar

epithelial cell from tissue at 115 days of gestation is ~

shown foeused on the plane of the cell (Fig. 7) and foeused

on the plane of the silver grains in the photographie

emulsion. The cluster of silver grains show up as a

pronounced bump and these figures plainly illustrate that

the silver grains in the photographie emulsion are



42 .

superimposed over a [BH]-thymidine labeled nucleus.

The mean labeling index for epithelial cells was low at

50 days of gestation (.16%), increased by 80 days (1.02%),

further increased by 115 days (5.59%) then decreased by 140

days to a value similar to 80 days (1.05%). Though there

was no significant difference between consecutive stages of
4

gestation, there was a significant difference (P<.05)

between the labeling index at 50 and 115 days. Finally, the

[3H]—thymidine labeled cells cbserved in autoradiograms of

140 day tissue were generally located at the periphery of

lobules or near highly—branched ducts rather than within

intralobular areas. p
5.4 Biochemical Measurements

Means and standard errors of the mean for trimmed udder

weight and various nucleic acid measurements are provided in

Table 2.
I

Concentrations of DNA (mg/g of tissue, as calculated

from processing trimmed udder halves) for 50 days L52) and

80 days of gestation (.25) were significantly lower than

those for 115 (2.4) and 140 days (2.5). There was also no

significant difference in concentration of DNA between zone

1 and zone 2 (as calculated from the tissue used in the
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hormone binding assays). Individual values for each animal

can be found in Appendix IV - Table 2. However, the DNA l

concentrations in the zones were generally much higher than

for the whole gland. Similarly, though there were no

significant differences between 50 and 80 days, total DNA,

RNA and the ratio of RNA to DNA were significantly (P<.05)
·

lower at early gestation (50 and 80 days) than at late

gestation (115 and 140 days). Between 80 and 115 days of

gestation there was a twenty-three fold increase in mean

total DNA (57 to 1504 mg) and a forty—one fold increase in

mean total RNA (56 to 1504 mg) in the gland and a near

‘doubling of mammary nuoleio acid content between 115 and 140

days (1504 to 2524 mg and 1504 to 2786 mg, respectively,

P<.05). Although there was almost a two—fold increase in

the mean RNA to DNA ratio between 80 and 115 days L65 to '

1.19), the ratio did not change between 115 and 140 days.

There was no significant difference in trimmed udder
7

weight (Table 2) between 50 and 80 days of gestation (504

and 258 g, respectively). However, the weight significantly

(P<.05) increased between 80 (258 g) and 115 days (557 g)

and further increased by 140 days of gestation (1050 g).
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3.5 Segum Hormones

Serum concentrations of progesterone, prolactin and

growth hormone for each stage of gestation are presented in

Table 3. Serum progesterone concentrations remained

unohanged between 50 and 80 days of gestation, but increased ‘
significantly (P<.05) between 80 and 115 days from 5.6 to 30

ng/ml. The increase at 115 days was followed by a

significant (P<.05) decrease by 140 days of gestation to 15

ng/ml.

Serum prolactin concentrations were maintained at

approximately 38 ng/ml. However, serum prolactin increased

more than four—fold at 140 days of gestation (134 ng/ml,

P<.05). There was no significant difference in serum

concentrations of growth hormone between consecutive stages

of gestation, but mean concentrations at 140 days of

gestation (15 ng/ml) were significantly higher than at 50

days (2.4 ng/ml).

3.6 Hormone Binding Capacities

Binding capacities for progestin, prolactin and insulin

from ewes at different stages of gestation are presented in

Table 3 and other expressions of the data, for comparative

purposes, can be found in Table 4.
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Analysis of progestin binding in mammary cytosolfromall

animals yielded an apparent mean Kd of 1.9 (i.4) x 10'9 ·

N. Although binding affinity was unaffected, binding

_capacity varied with day of gestation. Binding capacity at

115 days of gestation (656 fmole/mg protein) was

significantly greater (P<.05) than at other stages of
1

gestation (125, 149 and 57 fmole/mg protein for 50, 80 and

140 days, respectively), which were not significantly

different from each other. This was observed regardless of

whether binding was expressed on the basis of cytosolic

protein, tissue DNA or tissue weight (Table 4). The

decrease in progestin binding capacity from 115 to 140 days

coincides with a decrease in serum progesterone

concentrations.

Prolactin binding capacities of crude mammary membranes

during the first half of pregnancy (50 and 80 days) were not

significantly different (8„4 and 7.4 fmole/mg protein,

respectively). Like progesterone binding, there was a four-

fold increase in prolactin binding by 115 days (51.5

fmole/mg protein) and a decrease to 14.7 fmole/mg protein by

140 days. However, prolactin binding did not decrease to a

concentration similar to early gestation but rather was

still significantly (P<.05) higher whether expressed on a
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protein or tissue weight basis. If expressed per mg DNA,

mean binding capacity at 140 days of gestation (42.7

fmole/mg) was not significantly different from that of 115

days (64„6 fmole/mgL

In contrast to both progestin and prolactin binding,

insulin binding to crude mammary membranes was highest at 50
(

days (41.1 fmole/mg protein) and progressively decreased

over the course of pregnancy to 8„2 fmole/mg protein at 140
l

days. Though there were no significant differences between

consecutive time periods, binding at 50 days was

significantly different (P<.05) from 115 days as was 80 from

140 days of gestation. It should be noted that insulin

binding at 115 days of gestation was significantly higher

than that at 80 days when expressed on a tissue weight or -

DNA basis (Table 4). However, though mean concentrations at

115 and 140 days were significantly higher than at 80 days,

none of the estimates of binding capacity were significantly

different from those at 50 days of gestation when expressed

per unit tissue or DNA.

Unlike estimates of progestin binding capacity,

specific binding of lactogenic hormone and insulin were

caloulated from differences in radiolabeled hormone bound to

microsomal membranes in the presence and absence of excess



non—radiolabeled[hormones. Data for binding of radiolabeled

hormones is given in Appendix IV — Table 1. There were no

apparent differences in specific binding in membranes

prepared from tissues obtained from two regions of the udder

in the same ewe.

3.7 Statistical Analysis

3.7.1 Growth Measurements

Results of univariate analysis of variance on

biochemical ([DNA], total DNA, total RNA, RNA:DNA ratio),

physical (total trimmed udder weight) and morphological (%

epithelia, stroma, lumena and labeling index) measurements

of growth indicate the importance of "day of gestation" as

the primary source of variation (P<.01) (Table 3). For

example, an R2 of .93 for concentration of DNA ([DNA])

indicates that about 93% of the variation in these values is

due to "day of gestation". Among all significant

measurements of growth R2 values ranged from .70 to .96.

Large, significant (P<.05) and positive correlations

were calculated between [DNA], total DNA, total RNA and

total trimmed udder weight (Table 6). These demonstrate a

basic association between mammary gland growth and

subsequent increases in these biochemical components. Since
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V TABLE 5 RESULTS OF ONE-WAY ANALYSIS OF VARIANCE FOR
GROWTH DATA TO DETERMINE AHOUNT OF VARIATION
ATTRIBUTABLE TO DAY OF GESTATION

DEFENDENT —
VARIABLEa MS MSE R2

TOTAL WEIGHT* .2844 .0135
W

.86

[DNA] 4.847 .1116 .95
TOTAL DNA 4436144 138460 .91

TOTAL RNA 6565248 502275 .87

RNA : DNA .4399 .0574 .70

EPITHELIA <%> 666.45 12.74 .94
STROMA (%) 3582.64 48.57 .96

LUMENA (%> 1250.68 '23.17 .94
LABELING INDEX* .8454 .1004 .72

a All variables siénificant (P<.01) & DF = 5.

* One-way analysis performed 0n log-tranformed data.
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RNA:DNA is a ratio of total RNA to total DNA, it was not

Usurprizing to find a significant positive correlation with

total RNA (r = .79) and a significant negative correlation

with total DNA (r = -.71). There was however a strong

positive correlation (r = .67) between RNA:DNA and [DNA].

Among histological measurements, the association

between epithelia, lumena and stroma was confirmed by

significant (P<.O5) negative correlations between stroma and

epithelia.(r =-96) and stroma and lumena (r==-.98). A

significant positive correlation (r = .89) was calculated

between epithelial and lumenal area. Labeling index was not

significantly correlated to any of the other histological

measurements. [
Finally, partial correlations were calculated among

growth parameters to determine existing relationships after

removing any "day of gestation" effects (Table 7). These

correlations examine the relationships which exist on an

average day of gestation. When compared with Table 6

correlations, the significance and magnitude of most of the

partial correlations were reduced. Strong, significant

correlations still exist between total DNA, RNA, weight and

%lumena. Also, strong negative correlations remain between
%stroma and %epithelia (r = -.76) and %lumena (r = -.88).
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However, there is now a significant positive correlation

between the labeling index and %lumena (r = .76). ,

5JL2 Hormonal Measurements

Results of univariate analysis (Table 8) indicates the

importance of "day of gestation" as the primary source of
‘

variation (P<.O1) for all hormone measurements. R2 values

ranged from .54 to .97. Serum growth hormone had a low R2

value LS4), which indicates high variation among animals

within the same stage of gestation.

Correlations among serum concentrations of prolactin,

growth hormone, and progesterone were generally positive,

non—significant, and of low magnitude when calculated for

data obtained over the entire gestation (Table 9). However,

serum concentrations of progesterone were significantly

(P<.O5) correlated with both progestin binding (r = .85) and

prolactin binding (r = .86) and progestin binding was

significantly correlated to prolactin binding (r = .77).

Serum prolactin, serum growth hormone and prolactin binding

showed no significant associations between any hormone

parameters.

If the effect of "stage of gestation" is removed, the

correlation (partial) between serum concentrations of
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TABLE 8 RESULTS OF ONE—WAY AHALYSIS OF VARIAHCE FOR
HORMONE DATA TO DETERMINE AMOUNT OF VARIATION
ATTRIBUTABLE TO DAY OF GESTATION

DEPENDENT
VARIABLEa MS MSE R2

SERUM PROGESTERONE 451.72 47.43 .74

SERUM PROLACTIN 9787.9 948.5 .76

SERUM GROWTH HORMONE* .5258 .0851 .54
PROGESTIN BINDING 240785 31120 .70

PROLACTIN BINDING 385.3 4.01 .97 .

INSULIN BINDING 706.15 70.95 .75

a All variables significant (P<.O1) & DF = 3.
* One-way analysis performed on log—tranformed data.
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progesterone and progestin binding remained Strong, positive
° and Significant (r = .88, Table 10). Yet, all of the other

correlations became insignificant and the correlation

between Serum growth hormone and Serum prolactin became

significantly negative (r =—„78).5JL5

Relationships Agppg Growth apd Hormonal Measures

Serum progesterone concentrations during pregnancy were

positively and Significantly (P<.05) correlated to most of

the growth parameters measured (Table 11) and positively

associated with all but %stroma. Progestin binding,

however, was only significantly correlated with labeling

index (r = .85). After removing the effects of gestation

Table 12), Serum progesterone still remained significantly

positively correlated to %lumena and labeling index and

significantly negatively correlated to %Stroma. However,

progestin binding not only maintained a significantly

positive correlation to labeling index, but became

Significant in the Same parameters as Serum progesterone.

Correlation coefficients calculated for Serum prolactin

concentrations and prolactin binding during all of gestation

(Table 11) were complementary. One of the pair provided a

Significant and positive correlation for every measure of
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growth except %stroma (i.e., - when one is not significant,

the other is). Both measurements were negatively associated”

with %stroma as are all of the hormonal parameters except

insulin binding. However, when correlations were calculated

after removing the effects of "stage of gestation" only

prolactin binding and %epithelia were significantly

correlated (r = .57, P<.10, Table 12).

There were no significant correlations between serum

growth hormone concentrations and measures of mammary gland

growth whether calculated for the whole of gestation (Table

11) or after removal of "stage of gestation" effects (Table

12). ‘

Calculated for all of gestation, insulin binding was

significantly (P<.O5) and negatively correlated (r = -.68 to

-„79, Table 11) to all measures of mammary growth except (

labeling index, for which it was not significantly

correlated, and % stroma, for which it was significantly
‘

positively correlated (r = .79). However, binding was not

significantly correlated with any growth measurement when

the "stage of gestation" effects are removed (Table 12).



DISCUSSION
4.1 Mammary gland Growth

The various biochemical and morphological measurements

employed in this study to assess mammary gland growth

indicated that no significant growth occurred between 50 and

80 days of gestation in the ewe. By 115 days of gestation

there was a markedly significant increase in the relative

percentage of tissue area occupied by epithelium which was

reflected in increased total DNA, RNA and trimmed udder
weight (Table 2). Indeed, it was between 80 and 115 days of

gestation that a lobulo—alveolar structure was formed. A

significant decrease in the relative percentage of stroma

(negatively oorrelated to growth of secretory tissue)

occurred between days 80 and 115 of gestation, and a

complementary peak in the number of [BH]-thymidine labeled

epithelial cells was observed, thus indicating that dividing

epithelial cells displaced stroma during this interval.

The initial major phase of mammary epithelial growth in

the ewe, therefore, appears to occur between 80 and 115 days

of gestation. Similarly, Jeulin-Bailly et al. (1975) found

lobulo—alveolar structures to be present at 80 days in ovine

mammary tissue used for explant culture, and Denamur (1964)

‘ 63
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observed the presence of lobulo—alveolar structures in ewes

at approximately 120 days of gestation. Differences among

data could probably be ascribed to the use of different

breeds of sheep.q

Total DNA results indicate that epithelial growth

continued well into late gestation. Further evidence is

provided by the presence of [BH]-thymidine labeled cells in

autoradiographs of tissue from 140 days of gestation.

Continued growth was not evident in quantitative

histological data since there was no significant difference

in the relative amount of epithelium present in mammary

tissue from ewes at 115 or 140 days of gestation (Table 1).

In fact, the quantitative histological data indicated that

h the primary changes ocurring between 115 and 140 days of

gestation were an increase in lumenal area and a concurrent

decrease in stroma. Expanding lumena probably compressed

the stroma between alveoli and account for the observed

decrease in relative stromal tissue area.

If the epithelial cell population doubled between 115

and 140 days, why was this not observed in the histological

evaluation? The answer was found by examination of the data

for concentration of DNA (mg/g of tissue). Because DNA

concentrations did not differ significantly between 115 and
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140 days, it is possible that the increase in total DNA _
(

resulted from epithelial growth at the periphery of the

glandular matrix rather than by a doubling of the number of

epithelial cells per alveolus. This idea is substantiated

by the observation that [3H]—thymidine labeled cells in the

140 day autoradiographs were located almost exolusively near (

the periphery of lobules or near proliferating ducts rather

than at intralobular locations.

The DNA concentration data do not agree with those

reported by Swanson and Poffenbarger (1979) on mammary gland

development in pregnant heifers. They reported a steady

decline in DNA concentrations over the course of pregnancy.

The descrepancy may be_explained by their data being
U

reported on a dry, fat—free basis rather than on a wet

weight basis.

Mammary gland growth results in sheep were reported by

Anderson (1975). Although his values for nucleic acid

content in ovine mammary glands at the end of pregnancy were

very much in agreement with those of this study, his values

for early gestation were substantially higher. Furthermore,

in contrast to his conolusion that the ratio of RNA to DNA

(1.04) did not change from the third month through the end

of pregnancy, we detected a significant increase between 80
(
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(.652) and 115 (1.19) days of gestation. Furthermore, the

ratios in this study are similar to those previously

reported for goats (Anderson et al., 1981) and dairy heifers

(Swanson and Poffenbarger, 1979).

Significant F values and high R2 values oaloulated for

all histological and biochemical measures of growth (Table

5) indicated that stage of gestation had a profound effect

on growth of the mammary gland. This illustrated the

usefulness of each of these parameters to confidently

measure differences in relative growth of the mammary gland

over the course of pregnancy.

It is important to know if the quantitative morphological

assessments of growth agree with the biochemical and physical

measurements of growth. Large, positive and significant

correlations among %epithelia, %lumena and total trimmed

udder weight, DNA, RNA, and RNA:DNA ratio during gestation not

only demonstrate close oorrespondence between histological and

biochemical measures, but indicate all to be associated with

advancing growth and maturity of the mammary gland. Because

large values for %stroma indicate little parenchymal growth,

highly negative correlations between this parameter and all other

y measures of growth substantiate this relationship.

When the effects that "stage of gestation" has on each
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parameter is removed (Table 7), we find that total DNA, RNA,

weight and %lumena are still significantly correlated.
a

These data indicate that weight is most likely as good an

indicator of mammary gland growth as the biochemical

measures. However, because weight is not significantly

correlated to %epithelia and %stroma when the gestational

effects are removed, shows that weight is not a good

indicator of the relative morphological character of the

gland.

4.2 Hormonal Changes During Pregnancy

It was hypothesized that the pattern of mammary gland

growth reported above is under endocrine control and can be

explained by changes in serum hormone concentrations and/or

changes in mammary tissue hormone receptor concentrations

_ over the course of pregnancy. This investigation,

therefore, sought to elucidate the potential influences of

progesterone, prolactin, growth hormone and insulin on

mammary gland growth during pregnancy.

4„2J Progesterone

Highly significant peaks in both serum progesterone

concentrations and mammary tissue progesterone binding
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capacity were observed at 115 days of gestation (Table 5 and

4). The high serum progesterone concentrations probably

correspond to enhanced synthesis of the steroid by the

placenta (Delouis et al., 1980). In fact, if ovariectomized

after 55 days of gestation, the placenta can still maintain

7 pregnancy in the ewe (Dickson, 1970). The marked decrease

in serum progesterone concentrations by 140 days is likely

due to corpus luteum regression and less production by the

placenta (Delouis et al., 1980).

Changing cell populations during pregnancy could

influence interpretation of the physiological meaning of

the 115 day of gestation peak in progesterone receptor

binding. For example, progesterone receptor content per

epithelial cell may have remained constant during the first

115 days of gestation. Thus, increased binding capacities

would reflect an increase in the number of epithelial cells

(assuming stromal cells contain little, if any, progestin

receptors).

The relative increase in mammary progesterone binding

between day 80 and 115 of gestation (Table 4) was greater

when expressed per gram of tissue (15.9-fold) and per mg of

DNA (14„2—fold) than for mg of cytosolic protein (4„4-fold).
4

This suggests that much of the increase in progesterone



69
binding at day 115 results from increased numbers of

receptor sites per cell. Since the mammary cell begins to

biochemically differentiate during the last third of

gestation, it could be argued that progesterone binding per

mg of cytosolic protein was increased to a lesser degree

because of increased cytosolic protein per mammary cell
n

(i.e. induction of other cytosolic proteins required for

initiation of milk synthesis). Thus, the relative increase

in progesterone binding would be suppressed because of

"dilution" by other cellular proteins. The appearance of

lipid droplets in secretory cells and accumulation of

secretions (Fig. 5 and 4) support this idea. Also, there

was a quantified increase in yield of cytosolic protein per

gram of tissue progressive with stage of gestation (Appendix

III, Table 3).

It is of interest that progesterone receptor

concentrations decreased sharply just prior to parturition,

when serum progesterone concentrations were decreasing. .

This phenomenon suggests that progesterone regulates its own

receptor concentrations. Though this is certainly

plausible, work reported in normal (Mohla et al., 1979) and ·

neoplastic (Horowitz and McGuire, 1977; Koenders et al.,

1977) murine mammary tissue demonstrated that progesterone



receptor synthesis is primarily under estrogenic control.

Nonetheless, with fewer receptors available, mammary cells

would presumably be less responsive to progesterone.

Reduced receptor number is likely a normal prerequisite to

overriding the inhibitory effects of progesterone on

- initiation of lactation (Delouis et al., 1980).

Furthermore, because progesterone also binds to

glucocorticoid receptors (Capuco and Tucker,

1980),decreasingserum progesterone concentrations near term

provide greater opportunity for glucocorticoids to stimulate

the mammary epithelia. ·

Obviously, the concentration of serum progesterone and
e e

of progesterone receptors in ovine mammary tissue is

modulated during the course of pregnancy. The physiological

significance of the observed peaks in serum progesterone and

mammary progestin receptor concentrations at 115 days of

gestation is unknown. However, the peaks occur during a

period of rapid mammary gland growth and correlations

indicate that serum progesterone concentrations were

significantly and positively associated with most of the

measured growth parameters. Both serum progesterone and

progestin binding were significantly correlated to [BH]-

thymidine labeling of epithelia even in the absence of a
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"stage of gestation" effect (Table 12). These results not

only implicate progesterone in lobulo-alveolar development

but lend credence to the theory of receptor—mediated growth.

The presence of progesterone receptors in mammary tissue

from pregnant ewes suggests a direct relationship between

progesterone binding and secretory cell proliferation.
‘

4.2.2 ProlactinThere

was no significant increase in circulating '

prolactin concentrations until 140 days of gestation. These

results agreed with those reported by Chamley et al. (1973)

for the ewe and were similar to those of the cow (Convey, ‘

1974). This prepartum surge in prolactin has been well

documented and is important for induction of copious milk

secretion, probably by overriding inhibitory effects of

progesterone and initiating further structural

differentiation of the alveolar epithelium.

Although it has been established that adequate

concentrations of prolactin must be present to permit the

induction of udder growth and subsequent lactation by

administration of exogenous estrogen and progesterone (Cowie

et al., 1966; Fulkerson et al., 1975; Peel et al., 1978;

Hart and Morant, 1980), details of the mechanism responsible



1 72

are unknown. Absence of alterations in serum prolactin

concentrations early in pregnancy or during the phase of

rapid mammary growth (80-115 days of gestation) implies it

is not necessary that prolactin concentrations increase at

least during initial phases of mammary growth during

pregnancy.Unlike

serum prolactin concentrations, concentrations

of prolactin receptor increased significantly between 80 and

115 days of gestation when rapid mammary growth occurred.

The increase in number of available prolactin receptors

suggest a role for prolactin in stimulation of lobulo-

alveolar growth, even though circulating concentrations of

· prolactin are not significantly greater than those of early

pregnancy. This is further substantiated by a significantly

positive correlation between prolactin binding and „

%epithelia in the absence of any "stage of gestation"

effects (Table 12).'

Although prolactin appears to be the major inducer of

prolactin receptor synthesis, it has been suggested (Bohnet

et al., 1977; Djiane and Durand, 1977) that both estrogen

and progesterone are capable of regulating mammary gland

prolactin receptors. This study provides strong

coincidental evidence to support regulation by progesterone
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p since both serum progesterone and progesterone binding were

positively and significantly correlated with prolactin

binding, but serum prolactin concentration was not.

However, there is a strong "stage of gestation" effect since

there are no significant correlations when the effect is

removed. u ‘

It can be concluded that the marked increase in

prolactin binding in tissue obtained at day 115 of gestation
·

is primarily caused by an increase in number of binding

sites per mammary cell. For example, the relative increase

in specific prolactin binding was 17.5—fold (per gram of

tissue) or 16.2-fold (per mg/DNA). Considered in light of

the histological observation that the majority of the cells

in tissue obtained on day 115 of gestation are epithelial,‘

it seems clear that changes in lactogenic hormone binding is

associated with mammary secretory cells. Certainly, mammary

secretory cells undergo marked structural differentiation

during late gestation, characterized by a profound increase

of cytomembranes. Evaluation of lactogenic hormone binding

sites have generally been expressed per unit of membrane

protein. As suggested by Akers and Keys (1984),_this

procedure likely underestimates the total number of
f

receptors per cell since the quantity of membrane per cell
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is not quantified. Prolactin binding per mg of membrane

protein increased 4.2—fold between day 80 and 115 of

gestation (Table 4), This suggests that not only do number

of prolactin binding sites per cell increase, but that—
receptor sites become more concentrated per unit of

membrane. Thus, changes in prolactin binding likely reflect
‘

increases in membrane content of cells as well as increased

numbers of binding sites within membranes.

It is unknown why prolactin receptor concentrations

decreased from 115 to 140 days of gestation in the same

fashion as progesterone receptor concentrations. Since

concentrations during lactation are usually higher than

those during pregnancy (Delouis et al., 1980), this

occurrance appears contradictory. However, a drop in

receptor concentrations at term has also been reported in

rabbits (McNeilly and Friesen, 1977a;b). Two plausible

explanations exist for this phenomenon. First, if the

conditions of the assay do not permit exchange between

radioligand and endogenously bound prolactin, the high

circulating concentrations of prolactin at 140 days of

gestation could fill many receptor sites which would then be

undetected. Second, high serum prolactin concentrations

might render many receptor sites unavailable due to post-
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binding internalization of the receptor in vivg.
Furthermore, any binding of endogenous placental lactogen

(known to be present during pregnancy in ewes) to the

prolactin receptor may mask binding sites. If prolactin _'

receptor concentrations at 140 days of gestation are

actually higher than those measured, prolactin binding
4

during pregnancy would likely be more strongly and

significantly correlated with the biochemical measures of

growth. Consequently, binding reported in this thesis

should be considered an estimate of free or availablebinding sites. U
4.2.3 Insulin -

Insulin receptor concentrations, expressed on the basis

of membrane protein, were highest at 50 days of gestation

and decreased over the course of pregnancy. Additionally,

binding was significantly and negatively correlated to all

biochemical and morphological measures of growth except the

[BH]-thymidine labeling index, and the relative percentage

of stroma, for which binding was positively correlated.

These results imply that insulin receptors are primarily

associated with adipose tissue, which is most prominent at

the beginning of pregnancy and lowest at term. The
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decreasing receptor concentrations would then likely reflect

the progessively lesser contribution of adipocyte membrane
to the total membrane fraction. However, insulin receptors

are also present on epithelial cell membranes (0'Keefe and

Cuatrecasas, 1974). Reported on the basis of tissue weight

or DNA, insulin receptor concentrations at 80, 115 and 140

days of gestation, though fluctuating, were not _

significantly different from those at 50 days of gestation.

This suggests that regardless of changing cell populations

(in tissue going from primarily adipose to primarily

epithelium), receptors per cell, whether adipose or

epithelia, remain relatively constant throughout pregnancy.

Lack of a marked change in insulin binding per cell

suggests that insulin most probably does not function as a

regulator of mammary gland growth. lt is hypothesized that

the higher protein content of epithelial cells, especially 6

those during the later stages of gestation which are .

preparing for secretion, likely "diluted" receptor

concentrations and explains the decrease in insulin receptor

concentrations over pregnancy when data are expressed on a

protein basis. This dilution effect was also seen in

prolactin binding, but because the number of prolactin 1
receptors per cell were greater at 1156uui140 days of
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gestation, the effect was seen to a much lesser degree.

4.2.4 Growth Hormone

Mean serum concentrations of growth hormone increased
during pregnancy from a low at 50 days to a high at 140 days.

Serum growth hormone concentration was not significantly

correlated to any of the other hormones measured nor any of

the growth measurements (Table 11 and 12). These results

indicate that serum growth hormone, though necessary for

mammary gland growth (Cowie et al., 1966), probably does not

play a major role in regulating mammogenesis during

pregnancy in the ewe and that concentrations are likely not

a limiting factor.

4„2.5 Qther Hormonal Factors

The potential influence of estrogen on mammary gland

growth observed in this study is unknown. A plethora of

research exists on the stimulation of mammary growth,
· l

development and subsequent lactation in virgin animals by

exogenous injections of estrogen and progesterone (Erb, 1977

for review). Although results reported were variable, the

mammogenic capability of estrogen was firmly established.

Indeed, ductal and lobulo-alveolar growth require estrogen
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(Schams et al., 1984). It is uncertain, however, whether

these effects are modulated by a direct or indireot mode of
‘ action.

It was hypothesized that the three primary mammogenic

hormones, estrogen, progesterone and prolactin, interact

directly and indirectly to elicit growth through as yet 1

unknown endocrine mechanisms. The presence of estrogen

reoeptors in mammary tissue during pregnancy (Muldoon,

1979), as well as those for progesterone and prolactin,

certainly suggests direct mechanisms of control. Moreover,

work by Terqui et al., (1974) correlated low total estrogens

at day 11O of gestation in the ewe with low milk yields

„ during subsequent lactation. Estrogen administration near

term (day 144) apparently increased subsequent milk yields

through increased RNA, since total udder DNA did not change.

Also, estrogen has been found to stimulate prolactin

secretion in cultured rodent pituitary cells (Lieberman et

al., 1978; Miller et al., 1977) and both estrogen and

progesterone elioited post-infusion increases in serum

prolactin concentrations in the cow (Schams and Karg, 1972;

Schams et al., 1974; Erb et al., 1976; Mollet et al., 1976;

Willet et al., 1976; Keller et al., 1977). Furthermore, it

has been suggested that both prolaotin (Bohnet et al., 1977;
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Djiane and Durand, 1977) and progesterone receptor

concentrations (Mohla et al., 1979) in the mammary gland are

modified by changes in receptors for estrogen.

The present study indicates that increases in serum

progesterone, progestin binding and prolactin binding

correspond with initiations of growth and development of the

mammary gland during pregnancy. If secretion of these

hormones and/or the concentrations of their respective

receptors in the mammary gland are under direct and/or

indirect estrogenic control, estrogen could well be the

primary regulator of the hormonal events responsible for

mammogenesis. Indeed, since most variation in serum

concentrations of estrogen during pregnancy appears to be

linked with steroidogenesis by the placenta, especially

during the second half of pregnancy (Hendricks et al.,

1972), it is possible that the placenta is ultimately

responsible for control cf mammogenesis. This could explain

how an increased number of fetuses, and thus more placental

mass, might induce both increased mammary growth and

subsequent milk production for support of the young.

Therefore, further study of the effects of estrogen on

mammogenesis is warranted to investigate whether estrogen

can provide us with a simple tool for manipulation of the
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endocrine system to elicit greater mammary gland growth

during pregnancy.

4.2.6 Other

Since it has been determined that no significant growth

of [the
gland occurs during the first 8O days of gestation

e

(Table 1 and 2), it would appear that hormones have a

relatively small effect on mammary growth during the first

half of pregnancy or at least the low concentrations of

serum hormones and hormone receptors (except insulin)

present at this time do not provide enough impetus to

~ stimulate growth. _



SUMMARY AND CONCLUSIONS

The various biochemical and morphological meaeuremente
employed indicate that no eignificant growth of the ovine

mammary gland occurs prior to 80 days of gestation. A major

phase of parenchymal growth occure between 80 and 115 days

·
as evidenced by large and eignificant increaeee in total

“ DNA, concentration of DNA, total RNA, trimmed udder weight
and the relative percentage of tieeue area occupied by

epithelia. Additionally, a peak observed at 115 days in the

relative number of [3H]—thymidine labeled celle indicated

that epithelial celle were actively dividing. 1Epithelial
growth continued well into late geetation (140 days) as

shown by further increases in total DNA and RNA ae well ae

the continued preeence of [BH]-thymidine labeled celle.

Highly eignificant peake in concentrations of eerum

progesterone and mammary tiesue receptors for progeeterone

and prolactin occurred at 115 days of geetation, when rapid

mammary gland growth wae obeerved, and were eignificantly

correlated to each other and to biochemical and

morphological meaeuremente ae well. Concentratione of eerum

growth hormone and mammary tieeue ineulin receptors did not

change eignificantly during pregnancy and were not etrongly

81
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correlated to measurements of mammary growth. This suggests

that these hormones are likely not regulators of mammary

gland growth. Serum prolactin concentrations were not

significantly different during the first 115 days of

gestation, but rose significantly by 140 days. This

prepartum peak is well documented in the literature and

appears neccessary for induction of lactogenesis. The

physiological significance of the observed peaks in serum

progesterone, progesterone receptor and prolactin receptor

concentrations is unknown. However, because little growth

of the mammary gland occurred prior to increases in

theseparameters,their increases suggest that mammary gland

growth is receptor—mediated and it is hypothesized that

direct or indirect regulation of progesterone and prolactin

receptors is ultimately responsible for the observed growth

phenomenon.
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APPENDIX I

PROCEDURE FOR ANALYSIS QF DNA AND RNA IN MAMMARY TISSUE

TISSUE PREPARATION

1. Weigh out 1CLO g of frozen mammary tissue into 125 ml
Ehrlinmeyer flask.

2. Add 50AO ml ice cold DDHZO to each flask for a dilution
factor of1:5 (w/v).

5. Homogenize tissue using a Brinkmann Polytron with large
probe for three 10 s bursts at medium-high speed
followed by 1 min cooling periods on ice between
homogenations.

4. Filter homogenate through 8 layers of standard gauze or
cheesecloth into small beaker on ice.

5. Add stir bar to beaker and stir at low speed.

6. Pipette aliquots of filtered homogenate into a
minimum of 8 clean, labeled plastic test tubes -provides duplicates and extra tubes for reassay. (Preps
are ~ 200 mg tissue/ml or .2 mg DNA/ml)

7. Cap and freeze tubes at -20 OC for future assay. y
(

Nucleic Acid Extraction Procedure

8. Take 2 of the 2Ä)IHl aliquots through extraction
procedure.

9. Add 1.0 ml of 1 N perchloric acid (PCA - HCIO4) to each
tube UION ICEIU.

10. Allow to incubate for 50 min while stirring
intermittently with a small glass rod (DO NOT VORTEX).

11. Centrifuge tubes at 5000 rpm for 15 min. (Beckmann
model J-2B)

12. Carefully siphon off supernatant.

98
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15. Wash pellet by repeating steps 9 - 12 with 2.0 ml of
.25 N PCA

14. Add 2.0 ml of .5 N PCA to tubes and resuspend pellet
using small stirring rod.

15. Incubate tubes in 70OC water bath for 20 min while
stirring intermittently.

16.V Cool tubes in ice bath for 10 min.

17. Centrifuge tubes at 5000 rpm for 15 min. (Beckmann modelJ-2B) _
18. Using Pasteur pipette,‘carefully transfer supernatant

into clean, labeled plastic test tubes.

19. Repeat steps 14 — 18, but centrifuge at 4000 rpm and
_ combine corresponding supernatants.

20. Cap tubes and freeze for DNA/RNA analysis.

DNA ANALYSIS — DIPHENYLAMINE METHOD
(Modified from: Burton, K. 1956. A study of conditions and
mechanisms of the diphenylamine reaction for the
colorimetric estimation of deoxyribonucleic acid. Biochem.
J. 62:315.)
Standard DNA Solution

Stock solution is prepared by dissolving 40 mg calf
thymus DNA in 100 ml of 4.0 mM Na0H. From this, working
standards (**) are prepared by mixing a measured volume of
stock solution with equal volume of 1 N PCA 86 heating at70OC for 50 min.

No deterioration of stock standard occurs in 6 mo. of
refrigeration.

Diphenylamine Reagent t

Solution A - In a graduated cylinder (glass) dissolve
1.5 g diphenylamine in 100 ml glacial acetic acid and add
1.5 ml conc.H2S04.(Reagent is storedi11dark at
room temp)
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Solution B — In a ventilated hood, using glass pipette,
pipet 2&>ml ice cold acetaldehyde into a glass bottle
containing 98A) ml DDH2O. Store acetaldehyde (VOLATILE)
and dilute acetaldehyde in refrigerater.

On day of use, add 0.1 ml Solution B per 20.0 ml Solution A

Assay (USE 16 X 100 mm GLASS TEST TUBES)

1. Construct standard curve with 0.1 — 1.0 ml of working
(**) standard DNA solution.

2. In duplicate, pipet 250 ul of each unknown sample
solution into test tubes. (This will provide a total of
4 tubes per original tissue - duplicates of duplicates)

5. Adjust final volume of samples and standards to 1.0 ml
with..51IPCA including at least 2 blanks of.5 N PCA.

4. In hood, pipet 2.0 ml of Diphenylamine reagent
(containing acetaldehyde) per test tube.

5. Vortex tubes, cover with foil (to keep in dark), and
incubate at 3o°c for 16 — 20 hr.

6. Measure optical densities at 600 nm.

RNA ANALYSIS — ORCINOL METHOD
(Modified from: Ceriotti, G. 1955. J.B.C. 214:59.)

Standard RNA Solution

1. Weigh out .0125 g highly polymerized calf liver RNA.

2. Add RNA to 50 ml volumetric flask and bring to volume _ p
with .5 N PCA for a concentration of 0.25 mg/ml.

Orcinol Reagent (WEAR GLOVES AND WORK IN HOOD)

Solution A - Dissolve .80 g FeCl3*6H2O in 250 ml conc.
HC1. (use a volumetric

flask)Reagent- Dissolve 1.0 g orcinol in 100ml of Solution A.
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Assav (USE 16 X 100 mm GLASS TEST TUBES)

1. Construct standard curve with standard RNA solution:
(4, 8, 16, 24, 40, 80, 100, 200, 300, 400, and 600 ul)

2. Pipet 250 ul of each unknown sample solution into test
tubes. (This_will provide a total of 4 tubes per
original tissue - duplicates of duplicates)

3. Adjust final volume of samples and standards to 1.0 ml1 with.5 N PCA including at least 2 blanks of.5 N PCA.

4. IN HOOD AND WEARING GLOVES, pipet 2.0 ml of Orcinol
reagent into each test tube. -

5. Vortex tubes, cap with marbles, and incubate in boiling
H20 bath for 30 min.

6. Cool tubes in cold water bath to about room temperature.

7. Measure optical densities at 670 nm.

SOLUTIONS NEEDED ‘

1.0 N PERCHLORIC ACID (PCA) -HCl04_0.5
N PCA

0.25 NPCA4.0
mM Na0H

GLACIAL ACETIC ACID
CONC. SULFURIC ACID — HZSO
CONC. HYDROCHLORIC ACID — HC1
ACETALDEHYDE (keep in refrigerator until use)
DDH2O · ICE COLD (suggest keeping lg. quantity in

refrigerator)

CHEMICALS NEEDED

DNA - HIGHLY POLYMERIZED CALF THYMUS
RNA — HIGHLY POLYMERIZED CALF LIVER
DIPHENYLAMINE
ORCINOL
FERRIC CHLORIDE — FeCl3*6H2O



i · APPENDIX II

PROCEDURE·EQE EQSAX QE PROGESTERONE RECEPTORS

Materials
w

[17a—methyl-3H]R5O20 and nonradioactive 65020 were

purchased from New England Nuclear (Boston, MA)1 and ORG2058

from Amersham (Arlington Heights, IL). Other steroids,

dextran, tris hydrochloride, monothioglycerol, sodium

molybdate, and calf thymus DNA were from Sigma Chemical Co.

(St. Louis, MO) and charcoal (Norit A) from Matheson Coleman

6.¤a B@ll (N61~w66d, 06).

Preparation of Mammary Cytosol
‘

Minced mammary tissue (2-3 g) was weighed and

homogenized in buffer (1:6, w/V) in an ice-water bath with

three 10-sec bursts of a Brinkmann Polytron (Generator PTA-

10) at medium speed followed by 30-sec cooling intervals.

Buffer was 10 EM Tris-HC1, pH 7„4, containing 1.5 EM
ethylenediaminetetraacetic acid (EDTA — disodium salt), 10%

glycerol, 10_EM monothioglycerol and 10 EM sodium molybdate

(TEGM+Mo buffer). The homogenate was centrifuged for 30 min

at 105,000g and the clear, supernatant (cytosol) was

withdrawn from beneath the lipid layer with a Pasteur pipet.

lO2‘
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Determination of Hormone Binding Sgecificity

Mammary cytosol (0.1 ml) from a 140 day pregnant animal
C was added to 12 x 75 mm test tubes containing 5.0_gg

[3H]R502O and 1 gg cortisol in 0.1 ml of TEGM+Mo buffer with

or without additional nonradioactive steroids, to test

specificity of progestin binding sites. Competing steroids

included ORG2058, progesterone, estradiol-17B, testosterone,

5a-dihydrotestosterone, dexamethasone, and cortisol at a

concentration of 1 gg. Final volume was 0.2 ml. Incubation
was for 16-18 hr at 4OC, after which CL2 ml of a suspension

of dextran-coated charcoal (DCC; 10_gg Tris—HCl buffer, pH_

7.4, containing 1.5 gg EDTA, 0.1% dextran and 1.0% Norit A)

was added and the tubes vortexed immediately. After an

additional 10 min incubation, the DCC was sedimented at 4OC

by a 10 min centrifugation at 2500g. A 0.2 ml aliquot of

each supernatant was removed and radioactivity quantified by

liquid scintillation spectrometry. Data were expressed as a

percent of the inhibition of [3H]R5020 binding obtained in

the presence of 1 gg nonradioactive R5020.

Determination of Number and Affinitg of Cytosolic Progestin
Binding Sites

To titrate the number and affinity of cytosolic
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progestin binding sites, mammary cytosol was added to tubes

COHt&i¤iHg O•15—5•O_g§ [3H]R5020 and a 100—fold molar excess

of cortisol with or without the additional presence of a

200-fold molar excess of nonradioactive R5020. After

incubation for 16-18 hr at 4OC, free steroids were adsorbed

by DCC treatment, and bound radioactivity quantified.

"Ligand", a computer program written by Munson and Rodbard _

was utilized to calculate binding constants and binding U

capacities. Protein was determined by the Bio-Rad assay

procedure, based upon the dye-binding assay of Bradford

using bovine serum albumin as standard. Deoxyribonucleic

acid (DNA) content was determined by the diphenylamine

method on a 0.5 N perchloric acid hydrolysate of the pellet

from the 105,000g centrifugation . A



· APPENDIX III

PROCEDURE {QR AUTORADIOGRAPHY

Adapted from: Kopriwa, B.M. and C.P. Leblond. 1962.
Improvements in the coating technique of autoradiography. J.
Histochem. Cytochemistry. 10(5):269 and Traurig, ILH. A
radiographic study of cell proliferation in the mammary
gland of the pregnant mouse. Anat. Rec. 159:259.

MATERIALS NEEDED:

{QR DIPPING PROCEDURE

KODAK NTB2 Nuclear Track Emulsion
6O ml wide mouth glass bottle (1)
1OO ml glass graduated cylinder (2)
water bath
thermometer
double distilled water (DDHZO)
glass stirring rods
plain glass slides
small gauze packages of drierite
aluminum foil {

. roll of black electrician's tape
roll of colored paper tape for labelling
sharpie marker
paper towels
wood drying racks for slides

{QR DEVELOPING PROCEDURE
KODAK Developer D-19 (1:1)
KODAK Fixer ·
double distilled water (DDHQO)
Weaton Duplex Staining Dishes complete with 1O slide
removable trays and wire holders (5)
large dishpan for an ice water bath
small cooler of ice
thermometer
wood drying racks for slides
paper towels
timer

105
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SLIDE PREPARATION

1. Embed and section tissue as per normal routine.

2. Place sections (5 - 2O per slide) on labeled glass
slides towards unlabeled end.

3. DO NOT STAIN SECTIONS PRIOR TO AUTORADIOGRAPHY AS AZURE
II REACTS WITH THE EMULSION.

DIPPING PROCEDURE ‘

< IN DARKROOM WITH RED SAFETY LIGHT MORE THAN 4 FEET AWAY >
1. Heat water bath to 45OC.

2. Place bottle of NTB2 emulsion gel in water bath for 1
hr to liquify.

3. Measure 3O ml DDHZO into 1OO ml graduated cylinder and
place cylinder into water bath for a few minutes.

4. Gently pour 3.0 ml of liquified emulsion into the warmed
DDHZO in the graduated cylinder with the aid of a stir
rod so that the emulsion flows down the glass rod and
down the sides of the cylinder and into the DDH2O
without incorporating bubbles into the mixture.

5. Gently, but thoroughly, stir the 6O ml of emulsion
solution (ES) to mix.

6. Again using the,glass rod technique, pour ES into small
wide mouth bottle or small beaker to a predetermined
level that will coat all sections when glass slides are
dipped.

7..
Place the small bottle/beaker into the water bath and
maintain at 45OC during dipping. Also return unused
portion left in cylinder to water bath for use in
maintenance of proper emulsion level in dipping vessel.

Note: If more ES is needed, follow above procedure for
diluting emulsion, only make up 1O or 2O ml at a time.

8. One by one, holding by the labeled end, slowly dip all
slides vertically into ES for 2 sec.
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9. Remove slides from ES and place vertically in drying
rack with the dipped end down. **DO NOT WIPE OFF THE
BACKS OF THE SLIDES OR ATTEMPT TO DIP TWO SLIDES BACK
TO BACK**

10. Allow slides to dry for at least 3O min to 1 hr. _

11. Place dry slides into black slide boxes allowing plenty
of space between slides.

. 12.- When full, place a couple of gauze Drierite packages in
box, close and seal with black electricianßs tape.

13. Completely cover box with aluminum foil, tape shut and
label.

14. Include some clean slides without sections or with
sections of the tissue that have not been labeled with
[3H]—thymidine for evaluation of background levels.

15. Also, make up a box with some extra slides for
evaluating needed exposure time.

16. After above procedure has been completed for all
slides, store boxes standing on edge in a refrigerator
(5OC) so that slides are exposed in the horizontal
position, emulsion side down.

17. After 2 weeks, develop some test slides to check
exposure time. If exposure is adequate, proceed with
developing.

DEVELOPING PROCEDURE

< IN DARKROOM WITH RED SAFETY LIGHT MORE THAN 4 FEET AWAY >
1. Set up a large ice bath with dishpan, ice and water for

chilling of solutions to 15°C.

2. Five Wharton staining dishes are to be set up in 5
steps as follows:

Step 1 - KODAK Developer D-19 (Develop — 5 min) °
Step 2 — DDH O (Stop - 1O sec)
Step 3 - KODAK Fixer (Fix — 5 min)
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Step 4 - DDHZO (Wash — 5 min)
Step 5 - DDH2O (Rinse - 5 min)

Note: Place enough of each solution in dishes to
completely cover slides when immersed via slide rack.

5. Chill these solutions to15°C in the ice water bath
before developing procedure begins. Once chilled, these
solutions can be removed from the ice bath and will
generally stay in the 15 - 18°C range for at least one
run of 5 slide racks (5O slides).

4. Immerse first rack in developer (Step 1) and set timer.

5. After 5 min, remove first rack and immerse for 1O sec
in DDH2O (Step 2).

6. After 1O sec, place first rack in fixer (Step 5) and at
the same time place the second rack in§5tep1 and set
the timer.

5. Once started, 5 racks can be run through consecutively
and up to 4 racks concurrently. After the fifth rack
passes out of a solution, change the solution and begin
chilling it for the next run in order to save time.

6. After a group of slides passes out of Step 5, allow to
dry on drying rack.

‘ 7. After developing is complete, slides may be stained for
evaluation by light microscopy using the Wharton dishes
and slide racks. However, emulsion should be '
thoroughly dry prior to staining procedure.
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APPENDIX IV

TABLE22 CONCENTRATION OF MAMMARY DNA PER ZONE

DAY OF GESPAPYDN-----------------------
50 8O 115 140

AN#—Z# [DNA] AN#-Z# [DNA] AN#-Z# [DNA] AN#—Z# [DNA]
(11-1) 2.159 (59-1) 2.601 (32-1) 2.223 (16-1) 3.102(11-2) 1.740 (59-2) 2.736 (32-2) 2.687 (16-2) 2.361(23-1) 2.259 (26-1) 2.687 (7-1) 1.962 (41-1) 2.430(25-2) 2.207 (26-2) 2.155 (7-2) 2.190 (41-2) 2.769(19-1) 1.662 (37-1) 1.939 (6-1) 3.766 (16-1) 3.337(19-2) 2.364 (37-2) 5.144 (6-2) 4.521 (16-2) 5.536(9-1) 1.740 · (53-1) 2.450(9-2) 1.164 (55-2) 2.310

* AN#—Z# = ANIMAL # - ZONE #
[DNA] = OONCENTRATION OF DNA IN mg/g of tissue



APPENDIX IV

TABLE 5 PROTEIN COHCENTRATIOHS OF MAMMARY CYTOSOLS

---—-------------—---DAY OF GESTATION---—-—------—------—-—-
50 80 115 140

AN#-Z# PRT AN#-Z# PRT | AN#-Z# PRT | AN#-Z# PRT |

(11-1) 2.540 (59-1) 2.851 (52-1) 6.881 (16-1) 8.705(11-2) 2.146 (59-2) 4.033 (52-2) 8.750 (16-2) 9.905(25-1) 2.673 (28-1) 3.166 (7-1) 6.773 (41-1) 6.913 7(25-2) 2.655 (28-2) 2.621 (7-2) 11.014 (41-2)10.188(19-1) 2.197 (57-1) 2·556 (6-1) 7•470 (18-1) 9.251(19-2) 2.771 (57-2) 3.277 (6-2) 8.040 (18-2) 8.610
(9-1) 1.716 (55-1)12.772.(9-2) 1.666 (55—2)12.075

* AN#-Z# = ANIMAL # - ZONE #
[PRT] = CONCENTRATION OF PROTEIN IN mg/ml OF CYTOSOL
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