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A B ST BRA G

Immature ovariectomized female mice of the NOS
albino strain were administered a series of estradiol
treatments, and estradiol plus three different levels of
progesterone, for 21 days in two separate experiments.
Uterine weights, mammary gland areas, duct junctions/unit
area, total duct junctions, mammary DNA and RNA were
measured for all animals. Statistical analysis was

carried out on all data.

At estradiol doses between 0.00125-0.320 ug/day
there was a steady increase in uterine weight, while
mammary areas, unit junctions and total junctions
increased to a peak at 0.020 and 0.040 ug/day estradiol
respectively followed by an inhibition at higher levels.
Changes in DNA and RNA did not follow this pattern but

were more constant.

(ii)

At all progesterone doses an inhibition in uterine

Zrowth was seen when combined with 0.0050 ug/day estradiol,

and a maximum was reached when the progesterone was combined

with 0.010 ug/day estradiol, above which paint the curve
remained flat showing an inhibition from growth observed

with estradiol alone. The inhibition when 0.0050 ug/day

estradiol was combined with progesterone was observed with

all other parameters and also the inhibition at high levels

of estradiol. However the final levels were higher than

with estradiol alone,



(iidi)
A third smaller experiment was carried out to
show the time course of development of the mammary glands
with 0.010 ug/estradiol and 0.010 ug/day estradiol plus

1 progesterone tablet. Mice were slaughtered at 3 day intervals

during the 21 day treatment period.

The results are discussed in relation to
previous studies on mammary growth in ovariectomized mice

and further areas of work suggested.
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CHAPTER ONE - LITERATURE REVIEW




1.1 INTRODUCTION

The growth and development of the mammary glands
is known as mammogenesis and is distinct from lactogenesis,
the synthesis and secretion of the milk components.
Lactogenesis is normally the consequence of adequate
mammogenesis and a number of further factors are involved

in its initiation (Denamur, 1971).

In general the factors which influence
mammogenesis are sex, whether ovulation is spontaneous or
reflex, the frequency and length of the oestrous cycle,
period of gestation, size of litter, diet and metabolic
condition of the animal and general environmental factors.
Closer examination of this list reveals that in fact all
are linked to the endocrine system in general, and the
endocrine portion of the reproductive system in particular,
either directly e.g. sex or indirectly e.g. environmental
factors acting via the hypothalamus and pituitary. The
hormones whose synthesis and release is initiated by these
stimuli may produce specific changes in the cells of the
mammary tissue or provide general adequate metabolic
background without which the specific effects could not

be elicited.

The growth and development of the mammary glands
of a number of species and the endocrine factors which
influence these processes have been reviewed by a number

of authors (Folley 1952, Lyons, Li and Johnson 1958, Cowie



and Folley 1961; Jacobsohn 1961, Topper 1968, 1970). All
these workers stress that normal mammogenesis is dependent
on the simultaneous or sequential actions of a number of
hormones which may vary between species and even between
strains of the same species. Nevertheless it is possible
to examine development at specific stages under certain
conditions, and the effects of specific hormones, and

still draw useful conclusions.

1.2 Methods of assessing mammary gland growth

A number of structural indices have been used
to estimate mammary growth in rodents. Surface areas
may be measured using the planimeter (Flux 1954a) or
length and breadth of greatest extent of the gland
(Richardson 1951, 1953, Hoshino 1965), the degree of
branching of the duct system may be measured subjectively
(Lyons, Li, and Johnson 1958, Ahren and Jacobsohn 1964)
or objectively (Silver 1953a; Flux 1954a), the frequency
of mitosis (Ceriani 1970a) and number and size of
alveoli recorded. (Ahren and Hamburger 1962)
Autoradiographic methods have also been used to estimate
cell proliferation (Traurig 1964, Suetina and

Kruglikov 1970).

Biochemical indices have also been used. DNA
is used as an estimate of cell number and therefore gland

size (Kirkham and Turner 1954). The incorporation of

3

H”-thymidine into DNA can also be used as an indication

of cell proliferation (Topper 1968, 1970).



1.3 Experimental Method

a) In vivo experiments: The removal of gonads,

pituitary, adrenals, thyroid and varying combinations of
these organs allowed their replacement by controlled

doses of initially, crude organ extracts, and later by
purified hormones, either alone or in combination. The
effects of these proceedures on mammary growth were
observed and compared with the growth patterns established
by killing intact animals at intervals during normal

development.

b) In vitro experiments: The culture of portions of

mammary glands in chemically defined media has proved
very successful in elucidating hormonal requirements for
mammogenesis particularly in rodents. (Hardy 1950,
Lasfargues and Murray 1959; Topper 1968, 1970, Ceriani
1970 a, b). The major value of these experiments lies
in the fact that the tissue is isolated from the effocts
of release of compensating hormones and changes in

general metabolism which may follow organ ablation.

1.4 Foetal mammary development

Raynaud (1961) has discussed foetal mammary
development in some detail. Sex differences in mammary
development in the mouse begin to appear at day 15 as a
result of changes in gonadal hormone secretion. 1In
female foetuses ovariectomized by local irradiation at
day 13, development followed the female pattern. A

similar pattern is observed in male foetuses from mothers



treated with the antiandrogen cytoproterone acetate
(Elger and Neumann 1966). It has been suggested that
normal development of the female gland is independent of
hormonal influences and that in the male testosterone
directly inhibits mammogenesis. A similar situation
occurs in the differentiation of the hypothalamus with
regard to sexual behaviour patterns, although the time
period involved in rats and mice is neonatal rather than

foetal (Harris 1964, Barraclough 1966, 1967).

1.5 Normal pre- and post- pubertal mammary development

In the period between birth and puberty in many
species e.g. mouse, rat, monkey, there is a gradual
increase in the mammary duct system, while in others e.g.
guinea pig, cat, rabbit, dog, there is little prepubertal
duct development (Folley 1952). Following puberty the
evtent and type of development of the mammary gland is

related to the type cf estrous cycle.

Flux (1953, 1S54a) reported that in virgin
female CHI mice the mammary area growth was isometric
(¢ = 0.98) from 7-28 days after which it was positively
allometric (or = 5.22) until 84 days while in the same
period (24-"" days) growth remained isometric in
ovariectomized mice. A rapid increase in the number of
duct junctions occurred between 2L -56 days, the onset
of this growth coinciding with vaginal opening (21-22

days) and cyclic changes in vaginal smears (27-33 days).



Nagasawa, Iwahashi, Kanzawa, Fujimoto and Kuretani
(1967 a, b) studied the development of the mammary glands in
virgin females of 2 strains of mouse from 30-230 days of age.
Normal development of the 3rd mammary gland in virgin females
of another strain were studied between birth and 15 months
(Matsuzawa, Yamamoto, Suzuki 1970). Maximum development was
reached by 6 months followed by atrophic changes which
appeared at 9 months and were conspicuous in 15 month old

animals.

In immature female mice the mammary gland
epithelial cells proliferate rapidly and then at a certain
stage this ceases and does not increase again until
pregnancy begins. In 3 week old mice 18% of the epithelial
cells were labelled with H5—thymidine indicating active
DNA synthesiec and by 3 months this had declined to 1.5%

(Voytovich and Topper 1967).

Suetina and Kruglikov (1970) showed that mammary
epithelial cells in the rat and mouse remain diploid and
there is no polyploidization at any phase of the lactational

cycile.

The development of mammary glands in normal male
mice of 9 different strains at 9 weeks of age was
investigated by Richardscn and Cloudman (1947) and
Richardson (1951, 1953). In contrast to some earlier
views they found that in intact males, development at 9

weeks was greater than at birth.



In the rat Silver (1953b) found that isometric
growth of the female mammary glands occurs until 23 days
when positively allometric (o = 3.4) growth begins. This
is 2-3 weeks before puberty. Sinha and Tucker (1966)
found, that in rats, DNA content increased allometrically
as well as mammary gland area between 10-100 days. They
also found 2 peaks in mammary gland development before
puberty and suggest that cyclic hormonal changes start
approximately 15 days prior to first estrous cycle and
that 2 "silent" cycles occur, sub-optimal for vaginal or
behavioural changes but sufficient to stimulate early

mammary growth.

The mammary DNA level in rats has been shown to
increase 0% between pro-estrus and estrus with no further
change during the cycle (Sinha 1968). Mammary RNA, and
the RNA/DNA ratio increased between pro-estrus and estrus,
remained constant at metestrus and then declined 9% at
diestrus. This suggests stimulation during the estrogenic
phase of the cycle and involution during the luteal phase,
in contrast to the situation observed in animals with a
long luteal phase e.g. dog, fox, where there is extensive
alveolar formation during this period (Folley 1952).
Mammary DNA in rats increased from the first, to a maximum,
at the fourth estrous cycle indicating that pubertal
development of the mwammary gland in the rat is relatively

rapid (Sinha 1968).



1.6 Ovarian hormones

The relationship between the ovaries and the growth
and development of the mammary gland was suggested by the
studies on normal and psuedopregusant animals in which it was
observed that known changes in ovarian activity as estimated
by other means e.g. vaginal smears, could be correlated with

changes in amount and type of manmmary development.

In both the rat and the mouse duct growth, but not
alveolar growth, can be induced by estrogens alone. Some
alveolar formation may result but this is usually abnormal.
Corpus luteum extracts or progesterone when combined with
estrogen will induce development of the duct and alveolar
systems to the level characteristic of mid-pregnancy in both
the rat and the mouse (Folley 1952). A critical ratio may
be required between estrogen and progestin levels and the
actions of these hormones may modify or be modified by

the anterior pituitary hormones.

In ovariectomized CHI mice administration of
0.01 ug estrone/day for 20 days doubled the area of the
mammary glands over that seen in ovariectomized controls.
At 03055 ug/day the gland areas were not significantly
different from intact controls, and 0.1 ug/day produced no
further increase (Flux 1954a). The duct junctions followed
the same pattern as surface area. In ovariectomized albino
mice 0.003 ug or 0.006 ug/day estrone for 21 days increased
the total mammary areas by 2 and 4 times respectively

(Flux 1957), This albino strain appears to be more sensitive
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to estrone than the CHI strain. Fergusson (1956) found
that estradiol and progesterone alone or in combination
did not affect the morphology of the mammary gland in
hypohysectomized-ovariectomized mice, although the dose of
estradiol (0.07ug) used was effective maintaining uterine
weight and vaginal cornification. Combination of the
ovarian hormones with GH or prolactin increased mammary
development. Gardner (1941) exposed mice from several
different strains to variable doses of estrogens for
several months, The doses of estradiol benzoate ranged
from 10 to 50 ug/week and estradiol dipropionate was also
administered at 50 ug/week. At this dose level animals
treated for long periods showed least development, indicating
that estrogens may be inhibitory to mammary growth in high

doses.

Damm and Turner (1957, 1958) using total DNA as
an estimate of growth found that it remained low in the
glands of mice injected with control levels of estradiol
benzoate (0.75ug/day). Mice receiving graded doses of
EB+P at a ratio of 1:1000 showed increasing development as
the log dose of the hormones. The optimal dose which

evoked maximal mammary DNA was O.75ug EB+O.75mg.P.

When ovariectomized female mice received
1ugEB+3mgP/day they had significantly higher total mammary
DNA than animals receiving 1ugEB+1 or 2mgP/day and no
difference was detected between 3,4 or Smg P in the

combination. DNA levels were 57.6% of that observed at
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day 18 of pregnancy. In male mice 1ugEB+3mgP also proved
optimal and the DNA level was 48.3% that seen in pregnancy.
L-A development was also most extensive at this dose level
(Anderson, Bookreson and Turner 1961). If the EB levels
were increased from 1 to 2 or 4 ug. and P levels reduced
from 3 to 1.5 or 0.75mg there was no significant change

in the mammary gland DNA levels (Anderson, Bookreson,

Turner 1963).

Nagasawa, Iwahashi, Kuretani and Fujimoto (1966)
examined DNA content and duct width in ovariectomized
albino mice treated with 25ug estrogen and 5mg progesterone,
as a long acting oil preparation, once a week for 4 weeks.
Both these parameters were significantly larger than in
ovariectomized controls. But there was no difference in
mammary gland area (MGA) and duct branching between groups,
and no significant correlation between DNA and MGA, in
contrast to intact controls where there was a high positive
correlation. They consider these results may be due to
end bud and alveolar formation in E+P treated animals
which would not contribute to area increase as would

duct elongation.

Rapid growth of the 3rd thoracic gland in
ovariectomized immature mice was achieved by administering
0.03ug/estradiol for 9 days. This total dose of 0.27ugk
doubled mammary gland area over ovariectomized controls
and exceeded normal gland growth in intact mice of the

same ag> (Hori and Miyake 1968). They initially found
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a dosage dependent growth curve over the range 0.001 to
0.03ug estradiol/day which was optimal. The uterus weight
was dosage dependent between 0.003 and 0O.1ugE/day
indicating that the uterus of these mice was less sensitive
to estradiol than the mammary gland. The effect of various
steroids on the growth stimulated by estradiol was tested.
Progesterone at 30,300 and 3000ug/day increased mammary
area by 35, 31 and 37% respectively, and at the same

levels depressed uterus weightT

Using the uptake of 3

H-thymidine as an index
Traurig and Morgan (1964) found that in ovariectomized
mice the mammary gland labelling index was O.1%. Whole
mount preparations showed a system of thin ducts with
little branching or end bud formation. E17B 1.0ug/day
and P3.0mg/day for 15 days stimulated an increase in
labelling index to 8.9% while the whole mounts showed
duct and some alveolar development. Reduction of E17B
to 0.5ug/day and P to 1.0mg/day gave an index of 2.4%.

Both these dose levels of E & P give results significantly

greater than in ovariectomized controls.

Bresciani (1964) found that DNA synthesis in
mammary tissue was completely inhibited 3 days after
ovariectomy in mice. In intact virgin female mice the
mean duration of DNA synthesis in mammary tissue was
20.7 hours. The administration of 1ugEB+1mgP/day to
ovariectomized mice for 3-4 days decreases the mean

duration of synthesis to 10.7 hours and also decreases
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the variance, The ovarian hormones therefore accelerate
the rate of DNA synthesis by almost 100% by decreasing
the duration down towards a theoretical minimum,
Variations in DNA duration in intact animals may be due
to variations in circulating hormone titres. Similar
measurements have been obtained for the duration of DNA
synthesis in uterine cells of intact virgin female mice
(19-21 hrs). Ovarian hormones depress this period to
approximately 9.5 hours in ovariectomized mice (Ditore

Wweihs, Truhlsen, and Banerjee 1971).

Banerjee (1969) also found that increased
ovarian hormone levels from either endogenous or exogenous
sources augments initiation and decreases duration of DNA
synthesis while ovariectomy causes cessation of synthesis.
Thymidine labelling in intact BALB/cCrgl females was 2.8%
which dropped to 0.6% 5 days after ovariectomy.
Corresponding figures for C3H/Crgl mice were 2.5/ and
zero, while for C3H/He they were 4.8% and 0.25%. Banerjee
and Rogers (1971) injected intact and ovariectomized
BALB/Crgl mice with 1 ugE17B+1mgP daily and killed them
after 2, 4, 6 or 9 injections. These hormones caused an
increase in DNA, RNA and protein synthesis in both groups.
The RNA and protein synthesis was detectable after 2 days
and reached a maximum at 6 days while DNA synthesis rose
sharply to a peak after 4 days. The ovarian hormone
stimulation of DNA synthesis is confined to the mammary
parenchyma, although the bulk of the DNA is in connective

tissue., After 4 and 6 injections of E17B+P there was
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increased duct and end bud growth. In a further series
of experiments (Banerjee, and Wagner 1971) they found that
there was negligible DNA polymerase activity in the
mammary glands of ovariectomized mice and a six fold
increase in activity could be stimulated by injecting
1ugE17B+1mgP/day for 2 days. This increase in DNA
polymerase activity correlates well with the observation
that DNA synthesis reaches a peak at 4 days as earlier
reported (Banerjee and Rogers 1971). It is assumed that
the DNA polymerase which is affected is in the mammary
parenchyma. dSince insulin has been shown to induce DNA
polymerase in vitro (Lockwood, Voytovich, Stockdale,
Topper 1967) and now E+P in vivo they suggest that the
in vivo effect may be a synergism between exogenous E+F
and endogenous insulin. They further suggest that the
sequence of action induced by ovarian hormones is
increased RNA and protein synthesis which results in
increased induction of DNA polymerase which in turn
causes a reduction in duration of DNA synthesis and

faster cycle of cell division and proliferation.

A similar relationship between ovarian
activity and mammary growth has been observed in the rat

as well as the mouse.

Silver (1953a) investigated the role of
estrogen in development of the mammary gland in rats by
injecting ovariectomized animals with 0.05, 0.075,

0.25 or 1.0 ug/2 days of estradiol dipropionate from

20-80 days. At the two highest levels growth similar
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to that seen in intact controls was induced, while at the
lower doses growth was intermediate between ovariectomized
and intact controls. There was allometric growth with all
doses but the allometric constant was significantly lower
than for intact females. then the estrogen dose was
increased as body weight increased the allometric constant
approached that of intact animals. Growth was similar in

both male and female treated animals.

Growth of ducts, side buds and end buds with no
evidence of alveolar formation occurs when ovariectomized
rats are injected with estrone (20ug/2 days) and
progesterone (5mg/6 days). In ovariectomized-
hypophysectomized animals receiving the same treatment
mammary growth was absent or negligible (Ahren and
Jacobsohn 1956). Lyons, Li and Johnson (1958) showed that
estrone alone is not mammogenic in hypophysectomized-
ovariectomized rats but ductal proliferation results when
GH is combined with estrone. 1In the ovariectomized rat
estrone and progesterone induce L-A development similar
to pregnancy. Smith and Richterich (1959) found that
neither EB1ug/day nor progesterone 5mg/day alone for 10
days changed the weight, DNA, RNA or t-tal nitrogen of
mammary glands of immature ovariectomized rats over
controls and there were no significant differences
between the treatments. A combination of EB+P

administered together increased all these constituents,
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Total mammaiy DNA of ovariectomized rats
receiving 1ugEB/day for 19 days was significantly
greater than ovariectomized controls. EB+1mgP increased
total DNA above that seen with EB alone and a further
increase was obtained when P was increased to 2mg/day
(Moon, Griffith and Turner 1959). Increase of P between
3-10mg/day was ineffective in promoting any further DNA
increase. Mammary DNA obtained from treatment with
1ugEB+2-10mgP/day did not differ significantly from that
in 18-20 day pregnant rats. EB alone resulted in
increased duct and end-bud development, while EB+P

resulted in L-A growth,

In castrated male rats 2ugEB/day for 20 days
produced a slight but non-significant increase in mammary
DNA over castrated controls. If 2ugEB+6bmgP/day for
20 days followed this initial period there was a highly
significant increase in DNA over that seen with EB alone

or in castrated controls (Srivastava and Turner 1966).

Panda and Turner (1966a) found that treatment
of intact male rats with 1ugiB/day from day 20 resulted
in no change in mammary DNA at 40 or 60 days, with a
slight increase after 60 days. They suggest that
androgens are influencing growth up to 60 days after
which EB can exert its influence. In a further
experiment submitting immature female rats to identical
treatment (Panda and Turner 1966b) it was found that
mean DNA was significantly higher at 40 days, non-

significantly highe¢r at 60 days and 20.6% lower at
1
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80 days, than untreated controls. These results indicate
that in the control group estrcus cycles were stimulating
growth comparable to that produced by 1ugiB/day, at 60
days of age. In castrated male rats, 2ugEB+bmgP/day for
20 days stimulated L-A development to the degree seen in

ovariectomized female rats (Panda and Turner 1966c).

It has been shown that further involution of
the duct system will occur if ovariectomized rats are
hypophysectomized. The injection of 2ugEB+6bmgP/day for
19 days into hypophysectomized rats caused a highly
significant increase in mammary DNA over hypophysectomized
controls but a non significant increase when compared

with ovariectomized controls (Hahn and Turner 1966).

Estradiol benzoate tablets containing
0.5-10ugEB; implanted into the 3rd thoracic gland of
ovariectomized rats, had no effect on the existiug
rudimentary duct system. When pituitaries were implanted
under the kidney capsule there was well developed mammary
growth around the pellet, only in rats with 2 pituitary
transplants and 10ugEB tablet. This suggests that LB
increases the mammary response +to pituitary mammotrophs
in amounts that alone do not stimulate mammary growth

(Nagasawa and Yanai 1971).

1.7 Pituitary Hormcnes

The release of all the hormones from the
anterior pituitary ig controlled by factors produced in

the hypothalamus and carried to the pituitary in the
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portal circulation; an inhibitory factor for prolactin
and releasing factors for ACTH, FSH, LH, TSE and GH
(Guillemin 1964, 1967, sotta et al. 1970). Since the
hypothalamus is subjected to impulses received from the
external environment e,g. sight, sound, smell, these
external influences may play a part in mammogenesis by
changing the secretion patterns of the anterior
pituitary. The involvement of the anterior pituitary
in the growth and development of the mammary glands has
been extensively investigated in both the mouse and rat

by in vivo and in vitro methods.

The mammary glands of hypohysectomized female
mice show pronounced atrophy 1 month after surgery and
consist of slender main ducts, few branches and no
alveoli or buds (Fergusson 1956). There was no change
in the morphology of the gland when estrogen,
progesterone, testosterone, stilbestrol or TL+ were
administered individually to hypophysectomized-
ovariectomized animals. Prolactin alone increased
mammary growth especially when injected locally. A
combination of GH and steroids caused development of
end buds and widening of the ducts, while GH + prolactin
+ E+P prodhced a gland closely resembling the normal

morphologically.

Flux (1954) found that ACTH given alone had
no effect on mammary growth in ovariectomized mice.
It also inhibited estrone (Q0.01 ug/day) induced growth both

in terms of area apd duct jwnctions. The administration
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of 0.5 mgGH/day for 21 days to ovariectomized albino mice
increased mammary area from 96 mm2 in contrcls to 247 mm2
in treated animals. Combination of GH + 0.006 ug/day
estrone increased the area to 589 mm2 (Flux 1957). 1In
hypophysectomized male mice GH or prolactin, alone or
together, had no effect on mammary growth (Flux 195°%).
Combination of E + P + prolactin produced ductal and
alveolar growth which did not occur when GH replaced

prolactin. Prolactin alone appeared to have little

effect in these hypophysectomized animals.

Radioautographic studies on ovariectomized
mice given 1 mg/day prolactin showed an increase in the
labelling index in mammary tissue from 0.1% in untreated
controls to 2.7%. Various sized ducts were present but
no alveolar formation occurred (Traurig and Morgan 1964).
Administration of GH also caused a significant increase
in labelling to 1.2/ and no alveolar formation. when
prolactin was added to a high £+P combination which
produced an increase to 8.9/ there was no further
increase in the labelling index although L-A differentia-
tion increased. When added to a low E+P dose prolactin
caused a significant increase to 6.7% and definite L-A
development. In ovariectomized-hypopuysectomized mice
treatment with E + P + prolactin resulted in a labelling
index of 6.7%, the same as in ovariectomized animals

similarly treated but there was no alveolar differentiation.
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The additicn ¢f hypohyseal hormones to cultures
of embryonic mouse mammary tissue resulted in general
improvement in tissue maintenance and greater
differentiation (Lasfargues and Murray 1959). #hen GH
and preclactin are combined with E+F, formation of mammary
epithelial tissue is increased as alsc are adipose and

connective tissue.

When tissue from mice pre-treated with
E + P + Prclactin + GH was cultured with GH and prolactin
in addition to insulin, maintenance was standard with few
end buds and n¢ lcbules. A stercid was required for L-a
differentiaticn (Ichinose and Nandi 1966). They suggest
that the synergism between anterior pituitary hcrmones and

steroids lies at the target tissue level.

The transplantation of the pituitary into the
inguinal mammary fat pad of female mice resulted in duct
extension z2nd L-A development c¢ccurring locally arcund the
graft in intact 2animals. Mammary tissue adjacent to the
pituitary transplant in ovariectumized animals showed <¢nly
minimal duct and L-a growth. Ovarian hcrmenes therefore
appear necessary fur a response to pituitary hormones
(Bardin, Leibelt and Leibelt 1962). The same authors
(Bardin et al 1968) found that in anima.s bearing pituitary
grafts, the mammary glands of R111 strain had greater L-A
develcpment than A or C57BL. If mammary tissue frum
these 3 strains was transplanted intc F1 hybrids also
bearing transplants, the same pattern was exhibited

indicating that the sensitivity lies in the mammary
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tissue. Drouwning, White zand Gibb (1965) transplanted
pituitaries intc the mammary fat pad and uvaries intoc the
eye capsule. The pituitary transplants stimulate alvzolar
growth both by direct acticn of prolactin and indirectly
by acting c¢n the courpus luteum tc produce pregestercne.
Both these effects increased when the housts had relccated
ovarian tissue. In a further paper (Brcwning and white
1965) they reported the effects «f transplanting both
pituitaries and ovaries into the mammary fat pad. There
was stimulation ¢f alveclar growth in the pad which had
the transplants and slight stimulation in the opposite
gland. Glands with both ovarian and pituitary grafts

showed greater develcpment than with either alcne.

Ahren and Jacobschn (1956) found that growth of
the glands was absent cr negligible in hypcphysectomized-
ovariectomized rats injected with estrone and prugesterone;
a combination which produced ductal prceliferation in
ovariectomized rats. The mammary glands of these rats can
be made respocnsive to cvarian hcrmones in the absence of
the pituitary by administraticn of long acting insulin.
They consider that any hormone with a powerful metabolic

acticn can stimulate growth in this way.

The administraticn of 1mg GH/day in combination
with 2 ug EB for 19 days to c¢variectomized rats resulted in
alvesclar formation and an increase in mammary DNA over that

observed with either hormocne alone (Moon 1961).
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MacDonald and Reece (1963 a, b) shcwed that both
pituitary extracts 2nd purified prolactin and GH produce a
mammogenic response when injected together with 1 ug
estradiol dipropiovnate into ovariectomized suckling rats.
Anterior pituitary extracts from rats which had been
previcvusly injected with estrcgen increased mammary area
to a greater extent than did extracts frcm non-injected
rats indicating that estrougen stimulates the synthesis and
release of one of the pituitary mammogenic hormones

(prcbably prolactin).

Estrogens appear tc have a central action in
stimulating the synthesis and release of prclactin.
Rzamirez and McCann (1964) demonstrated that prolactin
secretion was increased by estrogen implants into the
hypothalamo-hypophyseal regicn in female rats. Similar
implantation intc¢ the median eminence, arcuate nucleus
and anterior pituitary produced mammary L-i development
in intact male rats (Deis 1967)., He concludes that the
observed effects are due to inhibition of PIF by
estrogen. After implantation of estradicl into the
median eminence and arcuate nucleus of adult female rats,
electron microsccpe studies showed that the mammotrophs
(prolactin secreting cells) and tu a lesser extent
scmatotrophs (GH) of the adenohypophysis increased their
secretory activity while gonadotrophs appeared atrophied
(Zambranov and Deis 1970). In hypophysectomized female
rats with the pituitary transplanted under the kidney

capsule and bilateral median eminence lesicns there was
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significantly better mammary development than controls,
It was councluded that PIF formation was abolished or
reduced by the lesions and consequently the transplanted
pituitary secreted more prolactin. There is indirect
evidence of PIF in the plasma of rats following
hypcphysectomy (Sud, Clemens and Meites 1970)., In
contrast the implantation of prolactin into the median
eminence of mature, intact and ovariectomized female rats
resulted in increased hypothalamic content of PIF,
decreased pituitary prolactin content and marked regressicn
of the mammary glands (Clemens and Meites 1968). These
results suggest that even in the absence of ovarian

steroids pituitary prolactin can support mammary structure.

It has long been known that chlorpromazine and
other phenothiazine derivatives have mammogenic and
lactogenic actions. They are thought to act on the
hypothalamus causing depletion of PIF and thus enhancing
prolactin secretion (Ben-David 1968, Khazen, Mishkinsky,

Ben-David and Sulman 1968, Danon, #eller and Sulman 1970).

Roth and Rosenblatt (1968) have shown that
prevention (f self-licking (of nipple lines) in pregnant
rats resulted in 50% depression of mammary growth. Thus
result is not surprising in view cof the fact that prolactin,
GH, ACTH and MSH have been shown to be released from the
anterior pituitary following the suckling stimulus (Tindal
and Knaggs 1970). Presumably the same neural pathway via
the hypothalamus would operate tc promote the secretion and

release of these hormones fcllowing self-licking stimulation.
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1.8 Pancreatic Hormones

Fcllowing the demonstration cf Trowell (1959)
that rat mammary tissue maintenance in tissue culture was
improved by the addition of insulin, Elias (1959) first
indicated the absolute requirement fcr insulin in organ
culture of mouse mammary tissue. This requirement has been
confirmed by a number of later investigators but surprisingly
little work has been done c¢n in vivo insulin requirements for

mammary growth in the mouse.

Rivera and Bern (1961) showed that cmission of
insulin from in vitro hormonal combinations, otherwise capable
of producing responses, resulted in widespread necrusis and
alveolar degeneration in mouse ma2mmary tissue. Maximum mammary
response fur minimum insulin dose was cbtained with 5 ug/ml

(Rivera 1964).

Turkington (1968) found that mammary tissue from
mid-pregnant mice cultured in insulin only showed a 280%
increase in DNA synthesis while tissue from 3 month old
virgin mice had a 900% increase over ccntrol levels,
Stimulation of the rateof DNA synthesis was a function cof
insulin concentration, being zerc at 0.1 ug/ml and rising to
a maximum at 1.0 ug/ml. Similar results which show that the
higher the non-stimulated level of DNA synthesis the less
stimulation can be effected by insulin were obtained by
Wang, Amor and Bulbrcok (1970). It has been suggested that
there is an upper limit to¢ the number of cells which can be

stimulated by insulin. (Stockdale and Topper 1966).
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A large number of papers have been published
on the effects of insulin on mouse mammary tissue in
vitro using mainly mid-pregnancy tissue. However, these
are more concerned with the inducticn of milk protein
synthesis than mammogenesis per se. (See Juergens,
Stockdale, Topper and Elias 1965; Turkington, Juergens
and Topper 1965; Stockdale, Juergens and Tcpper 1966 ;
Leckwood, Turkington and Topper 1966; Stockdale and

Topper 1966 etc.).

Voytovich and Topper (1967) fcund in explants
from immature mice that DNA synthesis and prcliferaticn
of mammary epithelial cells were guantitatively
independent of the presence of insulin although adult

mammary tissue is not.

Insulin initiatee mammary epithelial cell DNA
synthesis by inducing the formation of DNA polymerase
and possibly other components of the DNA synthesizing
system, (Lockwood, Voytovich, Stockdale and Topper
1967; Topper 1968, 1970). It also affects the activities
cf a number of other enzymes in mammary tissue particularly
those concerned with glucose metabolism via the glycolytic
and pentuse phusphate pathways (Rivera and Cummins 1968).
It was found that in culture of mid-pregnancy mouse mammary
tissue with insulin, inhibition of synthesis cf any cne of
DNA, RNA or protein resulted in an inhibition cf synthesis
of the other 2 components (Wang and Amor 1971). This
action was exerted even if insulin was only added to the

medium fcr the first 30 minutes, and was not due to changes
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in the uptake ¢f amino-acids vr glucouse since insulin
does not increase glucose uptake until after the first
day of culture (Moretti and De Ome 1972). Althcugh
insulin is present in vivo there is no prcliferation of
mammary epithelial cells due tou insulin in the intact,
mature virgin female mcuse. It has been suggested that
the requirement fcr insulin (and cortisol) in the above
in vitrc experiments may be primarily nutritional and
that they may do nov more than restore the proper
envircnment in which a more specific hormone e.g.

prelactin may act (see discussion following Tupper 1970).

A number of investigations of the affects of
insulin in vivc on mammary growth have been made in the

Kat e

Wwhen hypcphysectcmized-ovariectomized rats were
treated with estrone, progesterone and protamine zinc
insulin for 12~17 days, there was proliferation of mammary
ducts, side buds and end buds in contrast to animals
treated with estrone and progesterone alone which had
negligible duct growth (ahren and Jaccbsohn 1956). They
ccnsider that this shows that insulin is capable of
making mammary tissue responsive tu ovarian hormones in
the absence of pituitary hormcunes, In a later paper
(Ahren and Jacobsohn 1957) they found tkat treatment of
hypophysectomized-cvariectumized rats with insulin alone
produced only a small degree <f duct widening. In general

the glands appeared as atrophic after as before treatment.
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Castrated male rats made diabetic by alloxan
shcwed less duct and alveolar development after treatment
with estrone and prcgesterone than did non-diabetic contruls
(ihren and Angervall 1963a). They alsou found that the
offspring of alluxan diabetic rats shcwed no qualitative cor
quantitative differences in mammary development from control

animals. (Ahren and Angervall 1963b).

The injection of 2ug EB+6mgP+3iu insulin into
adult cvariectcmized alloxan-diabetic rats prcduced a highly
significant 66% increase in mammary DNi cver a similar group
with no insulin in the treatment (Kumaresan and Turner 1965).
Non-diabetic ovariectomized rats similarly treated had a 32%
increase in mammary DNaA. Despite these results however, the
same wcrkers (Kumaresan and Turner 1966a) found 2 non-
significant increase in mammary DNAi when pregnant rats
received 3 units of protamine zinc insulin per day. These
animals were probably already receiving cptimal mammogenic

stimulation.

When Ceriani (1970 a, b) cultured mammary tissue
from 17 day Fischer rat fuetuses in a medium containing
5 ug/ml insulin four 3 days . there was a doubling in the
growth of the mammary anlagen. Lumen formation occurred
after 6 days and after 9 days there vere-ductules growing
intov a well develcuped fat pad. Mitotic activity was a
maximum after 24 hours in the insulin medium. Lasfargues
and Murray (1959) did nct include insulin in the medium in
which they cultured embrycnic mouse mammary glands which may

explain what appear tc be anomalous findings e.g. that
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estrogens and progestins have no stimulatcry effect on

mammary epithelial cell growth.

There appear tu be no reports of experiments
to determine what effect, if any, glucagcn has on

mammogenesis in any species.

1.9 4Adrenal hormones

While a number of wcrkers (Lyons, Li Jchnson
1958, Cowie and Fclley 1961, Meites 1965) hold the view
that the adrenal steroids are not essential in vivo for
marmogenesis it has been demonstrated that there is a
specific requirement fcr an adrenal steroid for full
differentiation of the mammary gland in vitro. However,
this appears to be more of a lactogenic than mawmmogenic

requirement.

Flux (1954b) administered a range of adrenal
steroids to ovariectomized mice also treated with estrone.
He found that 11 dehydrocortisone, corticosterone, 17
hydroxycorticosterone, 11 deoxycortiscne zand courtisone
acetate all inhibited estrone induced growth of both
area and duct junctions with the last named being the
most effective inhibitor. Only deoxycorticosterone
acetate appeared to synergize with the estrone to
stimulate large increases in both surface areas and
duct junctions/unit area. However the lowest dose level
of steroid used was 50 ug/day which may be too high.
Ferguseon (1956) found cortisone acetate at 50 ug/day

had no effect on the mammary glands of hypophysectomized-
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ovariectomized mice,

Munford (1956, 1957) found that in both
ovariectomized and ovariectomized-estrone treated albino
mice, there was a small but significant increase in
mammary area and total duct junctions but not duct
junctions/unit area with 12.5 ug/day curtisol acetate.
The effects of the curtiscl were additive tc¢ these of
estrone. Higher doses of cortisol (25.0, 50.0 ug/day)

had no effect on the mammary glands.

Anderson and Turner (1963a) showed that when
100 ug/day cortiscl acetate was added to the 1ug
EB+3mgP/day injected into ovariectcmized female albino
mice, there was an increase of 7% in mammary DNA over
that found with EB+P alcne. They alsu found (anderson
and Turner 1963b) that 100 ug/day cortiscl acetate for
5 days significantly reduced the rate of involution

following normal lactation in mice.

Cortiscl alone does nout maintain the structural
integrity of mouse mammary gland explants (Elias and
Rivera 1959; Rivera and Bern 1964) but is required in vitro
together with insulin and prolactin for full structural
and functional differentiation of mid-pregnancy mouse
mammary tissue (Turkington, Juergens, Topper 1965;
Juergens, Stockdale, Toupper, Elias 1965; Stockdale,
Juergens, Topper 1967) but not virgin mouse mammary
tissue (Turkington et al 1965). Lasfargues and Murray

(1959) concluded from their in vitro work "It appears
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that cortisovl induces a new and irreversible phase of
mammary develoupment and that the corticcids must be
procduced and released later in time than the other
hormonal groups in order not tc interfere with them.
From this it would follow that cortisol should not be
involved in the primary phenomena of differentiation

and growth".

Turkington, Juergens and Topper (1967)
investigated the steroid structural requirements for
mouse mammary gland differentiation in vitro and found

that for high activity at 3x107"

M the pregner nucleus
must have a ketogroup at 20, an OH at 17 cr aldehyde

at 18 and an 11B-0l or 11-cne. Aldosterone,
corticosterone and ccrtisol but not deoxycorticosterone
cr cortiscne fulfill these requirements. Ccrtisone is

thought to be ccnverted to cortisol to become metabolically

active.

The incourporation of 3H—uri:iine into mammary
RNA in 15 day pregnant mice is reduced 20-30j% 24 hours
after adrenalectomy whereas in 5 or 10 day lactating
mice the reduction was 90% and there was alssc a more
marked morphological change (Banerjee, Rogers and
Banerjee 1971)., This suggests adrenal steroids are

more important:-in lactation than mammogenesis.

Wwhen Griffith and Turner (1963) treated
ovariectomized rats with EB+P to induce mammary growth
equivalent to the end of pregnancy and then added 250ug

cortisuvl acetate alune or in combination with GH or
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prolactin a significant increcase in DNA synthesis and
some lactation were produced. They also counclude that
adrenal stercids are more important in lactogenesis than

mammogenesis.

The mammary glands of castrated-adrenalectomized
rats atrophy if left untreated for 25-40 days (Jacobsohn
and Norgren 1965)., Treatment with cortisone =acetate
(Ceis) 0.125 mg/day even when combined with estrone
produced negligible impruvement. CA and E together
permitted the stimulaticn of alveolar development when
these animals were given 0.1 and 0.2 mgTP/2 days. These
authors incline to the view that adrenal corticosteroids

facilitate mammary reactions tu other hormones.

Theman, Sproul, Seeler and Levine (1970) found
that adrenalectomy in female rats which were subsecquently
mated did not affect successful pregnancy and lactation
althcugh the weight gains of the offspring indicated that
mammary development and lactation were less than in

normal animals.

Aldosterone alone in culture medium can induce
a specific pattern in foetal rat mammary explants (Ceriani
1970a) of ductule development and branching to produce a

completely branched well developed miniature gland.

The general vpinicn is that the adrenal steroids
contribute tu mammary growth only as '"generalized"
steroids, and not in any specific rcle, but that they are

of greater importance in lactogenesis.
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1.170 Testicular hormones

The presence of androugens suppresses mammary
gland formation in female rodent foetuses but has no
effect on male foetal mammogenesis (Hoshino 1965).
Generally these compcunds also have an inhibitery effect
on adult mammcgenesis bﬁt, stimulation doues cccur in some

casese.

Flux (1954b) féund that implantaticn of tablets
of 17Vinyl testostercne in ovariectumized female mice
resulted in an increase in mammary area, and total duct
junctions over ovariectomized, but not intact, controls.
Richardson (1953) observed that intact adult male mice had
greater mammary gland development than did male mice
castrated at 4 days. Hori and Miyake (1968) injected a
series of ten different androstane derivatives into
immature, ovariectomized mice also treated with 0.03
ug/day estradiol. Significant inhibition was observed
with all ccmpounds tested. Testusterone produced

significant inhibition at 300 and 3000 ug/day.

In vitro testostercne inhibits the pre-
differentiation mitusis of the adult mouse mammary
epithelium and all consequent cellular differentiation.
(Turkington and Topper 1967). Androgens have been shown
to prevent DNA synthesis by inhibiting the induction of

DNA polymerase (Topper 1970).
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Lpplicaticn of a lew dose ¢f testusterone
propionate (TP) locally tc the mammary gland of castrated
male or female rats stimulates L-a grcwth in that gland
only (shren and Hamberger 1962). Higher doses result in
L-A development in both experimental and control glands,
In intact male rats there was an increase in mammary DNA
between 40 and 60 days which Panda and Turner (1966a)
consider may have been due to endogencus androgens.
However they found (Panda and Turner 1966b) that
testosterone had no effect in preventing involution of
the L-Ai system which had been stimulated by EB+P in

castrated male rats.

Treatment c¢f intact female rats with TP
36-48 hcurs post-natally resulted in their glands having
18% less DNA than controls (Kumaresan and Turner 1966b).
After treatment with E+P ovariectomized TP treated
animals had a DNA content 33% lower than correspcnding

ovariectomized E+P controls,

When mammary explants from 16 day rat foetuses
were incubated with the optimal combinaticn cf insulin,
prolactin and aldostercne, the addition of increasing
concentrations of testcsterone (3.5x10-7—3.5x10-5M)

resulted in a dosage dependent inhibition curve (Ceriani

1970b).



2

111 Thyroid hormones

In a number of species including the rat and
mouse mammary grcwth and lactation can cccur in the absence
cf the thyroid gland (Fclley 1952). Experimentally a

number of ccnflicting results have been published.

Administration of thyruxine (Tq) to
hypcphysectomized~ouvariectomized mice had nc effect on
mammary gland morphology (Fergusson 1956), produced a
non-significant decrease in mammary area in intact mice
(Flux 1957) ane increased mammary DNA in ovariectomized
mice also treated with EB + P, (.inderson and Turner

1963). 1In organ culture T, had no effect con DNi synthesis

3
in mid-pregnant mouse mammary tissue (Turkington 1968) and

T4 produced a highly significant depression in L-A

development (Singh and Bern 1969).

In rats thyroidectomy has been shown to increase
the number of lateral duct buds (Leonard and Reece 1941),
increase alveclar development and inhibit duct growth
(Smithcors and Leonard 1942) and decrease L-4i development
produced by estrone and progesterone (Mixner and Turner
1942). While Griffith and Turner (1961) found a 22%
increase in mammary DNA in normal pregnant rats injected
with T4’ Kumaresan and Turner (1966a) found that similar
treatment had no effect on mammary DNA. The administration
of T4 to ovariectomized rats tougether with 1ug EB+3mgP
resulted in no change in mammary growth above that observed

with the steroids alone (Moon and Turner 1960). However,
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when the steroid doses were doubled the addition of T4
resulted in a significant increase in mammary DNA. In
a further paper Moon (1962) showed that treatment of
hypothyroid ovariectomized rats with 2ug EB+6mgP plus
1-2ug Tu/day resulted in a significantly increasecd
synthesis and release of pituitary prolactin (Moon 1962,

Nicoll and Meites 1963),

Apart from this effect of the thyrcid hormones
on synthesis and release of prolactin mcst workers seem
to be of the opinion that the involvement of the thyroid
in mammogenesis is in a general metabolic role and that
its hormones have little specific effect on mammary

tissue.

112 PFlacental hormones

In a review of factors influencing mammcgenesis
and lactogenesis, Folley (1952) concluded that the chief
role of the placental hormones is in the initiation of
secretion in the latter half of pregnancy i.e. they are
lactogenic rather than mammogenic. However, a number of
workers have demonstrated that the placenta is necessary
for adequate mammary growth and that regression occurs

in its absence.

Cerutti and Lyons (1960) demonstrated that day
12 mouse placental extracts were capable of stimulating
mammary L-A development in intact C3H mice. Kohmocto and
Bern (1970) concluded that in A/Crgl mice a placental

lactogen is produced after day 8 cf pregnancy and suggest
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that the sites of production are the cytotrophcblast and
syncytiotrophoblast of the foetal labyrinth. Yanai and
Nagasawa (1971) suggest that differences in mammary
tissue sensitivity to placental mammotrophins rather
than the amounts of placental hormones was responsible
for the mammogenic differences they ocbserved between two

strains of mouse.

In pregnant rats the presence of a viable
placenta is necessary for mammary growth to occur
(Lyons 1944, Leonard 1945). ‘Wrenn, Bitman, De Lauder
and Mench (1966) studied mammary growth in 3 groups of
albino rats with full placenta (pregnant), maternal
placenta (deciducma) and no placenta (pseudo-pregnant).
Up to day 10 development was the same in 211 groups but
after this time only the mammary glands of pregnant rats
continue to grow. Injections of suspensions of placentae
did not prevent the decrease in mammary growth in either
of the other two groups. Results which show that there
is no mammary response in rats with deciducmata were
obtained by Shani, Zanbelman, Khazan and Sulman (1970).
These results conflict with thuse of JWrenn et al but are
essentially in agreement with Des Jardins, Pappe and
Tucker (1968), Anderson and Turner (1968) and alsc with
Matthies (1967) who reported the existence of a
mammotrophic hormcne from the trophoblastic elements of
the rat placenta at mid-pregnancy, which he calls Rat
Chorionic Mammotrophin (RCM). All these results

indicate that while maternal hormones are the primary
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regulators of mammary growth in the first half cf
pregnancy, the foetal placenta is beginning to contribute

its hormones late in this period.

1.13 Miscellaneous Endocrine Factors

There have been a few isolated reports of the
effects of endocrine or pseudo-endocrine factors apart
from those generally recognized as affecting mammary

growth.

Wwada and Turner (1958, 1959) showed that the
combination of optimal amounts of estrogens and relaxin
weculd stimulate mammary L-A growth in intact and castrate
male or female mice to the level seen with combinations
of estrogen and progestercne. This effect is not seen if
the pituitary is removed and it is suggested that relaxin

acts to increase release of pituitary mammotrophins.

Mammary development in ovary-thyro-
parathyroidectomized rats was equal to that of
ovariectomized rats when 2ugEB+6mgP/day was administered
(von Berswordt-Wallrabe and Turner 1960). idditicn of
3ugTh to the combination did not increase total DNi cf
the experimental group over cuntrols. They suggested
that this showed that parathormone was necessary for

complete growth since it was the only component missing.

Neonatal thymectomy resulted in a reduction of
mammary gland development in both a high and a low tumour

strain of mouse and in both control and estrogen treated
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animals (SakaKura and Nishizuka 1967). They suggest that
the thymus has an influence on the regulation of ncrmal
ovarian development during early pcst natal life and that
complete removal ¢f the thymus neonatally results in
disturbances in its development (but not that of the
testis) (Nishizuka and Sakakura 1971 a, b). It has also
been recently suggested that the thymus may functicn as a
typical endocrine organ, since an extract called thymosin
may regulate lymphoid tissue structure and function

(Goldstein and White 1970).

Wwhen mammary explants from virgin, mid-pregnant
or lactating mice were incubated with Epithelial Growth
Factor (EGF), a protein extracted from mouse sub-maxillary
gland, the rate of DN: synthesis rose to 3-4 times that
seen in countrols. This effect was similar in magnitude
and time course to that induced by insulin. The coumbination
of insulin and EGF did not cause a furthcr increase, but
prolonged the maximal rate of synthesis. Autcradiographic
studies showed that the increased DNA synthesis was confined
to epithelial cells., There was alsov an increased mitotic

index and rate of RNaA synthesis. (Turkington 1969).

1.4 Despite the numbers of experiments which have
bezn done to determine the effects of varicus hormones on
mammary growth in rats and mice, there appear to have been
no investigations of the effects of a wide range of
estrogen treatments, with or without combination with

various progestin levels, in the ovariectomized mouse.
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Varicus authors interested in modifying the mammary
response to estrogen by other hcrmones have tested a few
estrogen dose levels in order to find the maximal response
but most workers seem content to accept the view that a
1¢1000 estrogen:progestin ratio will produce maximal

growth (see section 1.5).

To the authors knowledge there have been no
experiments in which mammary gland develcpment has been
studied in ovariectomized mice treated with estrcgens
and progestins according to a comprehensive factorial

designe

The cbject of this investigation was therefourc
the administration at a wide range (11) of different
estradiol treatments, alone or combined factorially with
3 progesterone levels, to immature ovariectomized albino
mice, and measurement of the response of the mammary glands
by three structural parameters, mammary gland area, duct
junctions/unit area and total duct junctions. Two

biochemical parameters, DNA and RNi, were also estimated.



CHAPTER TWwO - GENERAL METHGCDS
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2.1 Animal Housing and Care

The mice used in these experiments were all
females of the NOS inbred strain which was derived from
a stock of albino mice of unknown ancestry. A character-
istic of the strain is a high sensitivity to the stercid
and isoflavone estrogens (Mouse Newsletter 1965). Each
treatment group of mice was housed in a separate plastic
mouse box on a flooring of sawdust or wooden shavings
with water and pelleted food available ad libitum
(appendix 1). All animals were kept in the same mouse
room in the Small Animal Research Unit with an ambient

temperature of 68°F.

2.2 hAnimal Preparation and General Experimental Method

A1l mice were ovariectomized under light ether
anaesthetic within the first week zafter weaning i.e. at
approximately 21-28 days of age, by exteriorizing the
ovary through 2 body wall incision and detaching it by
cauterization. Body weights were recorded at the
beginning of the experiment and every 4th day during the
treatment period. Mice were allocated at random to
treatment groups and all treatments began a week after
ovariectomy. In those animals receiving progesterone as
part of the treatment tablets were implanted subcutaneously
in a dorsal position at this time. Estradiol in peanut oil
was administered daily in appropriate doses by using
"Agla" micrometer syringes, all injections being made

subcutaneously in the neck region. Intact and
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ovariectomized control mice were not sham injected.

At the 2nd of the treatment period the animals
were killed by cervical dislocation or by overdose of ether
anaesthetic. The skins were removed from the carcass,
progesterone tablets recovered if present and glands 4 and
5 from each side removed from the skin and frozen for
later biochemical estimations. The skins with gland
pairs 1, 2 and 3 remaining were placed in Bouin's fixative
for 3-4 days. The utecrus was dissected out cf the carcass
and weighed on a torsiocn balance and the ovariectomy site

inspected for any gross ovarian tissue residue.

2.5 Histological Msthods

From the fixative skins were transfecrred to 70%
ethanol for storage before, and during, dissecticn. The
preparation of whole mounts of gland pairs 1, 2 and 3
was carried out essentially as described by Flux (1954a).
Skin, connective tissue and muscle was dissected away from
glands until they were clearly visible as fine white
threads which were then washed, stained in Mayers
Haemalum and destained in acid alcohol. Then the glands
were removed from the skin, immersed in turn in 70%, 95%
and 100% ethanol and xylol, and then mounted on 3x1% inch

glass slides in DPX mounting medium.

The outlines of the 6 glands on the slide were
procjected onto a sheet of paper at a magnification of
25-30 times using a 35mm slide prcjector and the cutline

of the glandular areas traced in pencil. The surface areas
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covered by the outlines were measured by an "Allbrit!
planimeter. Jsbsclute areas were determined by using a
1cm calibration square., The extent of duct branching
was measured by cocuntlng the numbers of duct junctions

per cm2 at a prcjected magnification of 100 times.

2.4 Biochemical Methods

The preparation of wmammary gland homogenates
and extracticen of DNA and RNA was as described by Munford
(1963b) with slight modifications. The starting material
was both pairs of glands 4 znd 5 which had been frozen at
time of slaughter. The tissue was minced with scissors
and homogenized for 5 minutes with distilled water in the
microv chamber of a "Sorval Omnimixer® which was immersed
in an ice bath. The homogenate was filtered tarough
squares of fine nylon stocking mesh, In the cwxtraction

B 2

procedure the first 2cm” homogenate plus 2cm”0.5M
perchloric acid was chilled overnight. The finnal
extracts were stored at 4°C until all extractions were

completed.

Deoxyribose was estimated by a modified
diphenylamine method (Munford 1963b). The colour
development was read at 600nm on an SP500 spectro-
photometer with automatic sample changer and recorder.
The concentration of deoxyribose was converted to a DNA
concentration by multiplying by the factor 4.93 (Munford

1963b).
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Ribose was estimated by the Ceriotti orcinol
method (Ceriotti 1955) without amyl alcohol extraction to
correct for DNa. The colour deveclopment was read at
675nm on the SP500 spectrophotome¢ter. 4 conversion factor
of 4.13 calculated from data on pentose nucleic =acids of
the mouse (Magasanik 1955) was used to convert /ug ribose

to g Ria.

2,5 Photographic Methods

Black and white prints, 5" x 33", wecre made of
the whole mounts of zland pairs 1, 2 and 3. The slides
were placed in the ncegative chamber of a photographic
enlarger and the image printed directly on Ilfo bromo 2
photographic paper at 4x magnification. A reverse image

is cbtained by this process.

2.6 Statistical Methods

411 data (except those of Experiment III) were
transformed by logarithums to stabilize the variance before
carrying out analyses of variance. The analyses of variance
were computed by fitting constants to a linear model which
included terms for the effects of progesterone doses,
estradiol doses and interactions between progestercne and
estradiol doses (Harvey 1960 ) using programs written for

the IBM 1620 Series II computer.
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2.7 Presentation of Results

filthough measurements of mammary surface area,
. . 2 . .
duct junctions/mm~ and total duct junctions were made
individually for each of the 6 glands from each mouse;
for ease of calculation and analysis, these have been
combined to give a tctal measurement per mouse fur each

parameter.

Individual surface areas have been combined to
give a single area measurement designated mammary area.
Duct junctions/mm2 have been added to produce a total
measurement which is in fact junctions/6mm2 and this is
designated Unit Junctions for simplicity and to distinguish
it from the sum of the total duct junctions which is

simply called Duct Junctions.

DNA and RNia measurements were made cn homogenates
from gland pairs 4 and 5 for each mouse, then divided by &
to give the amount/gland. This figure remains unaltered
since it is a single measurement per mouse 2s 2re uterus

weight and body weignt.



CHAPTER THREE - EXPERIMENT I - ESTRADIOL ONLY
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3.1  Method

A total of 114 immature female NOS mice were
allocated at random to one of 13 treatment groups on this
experiment. Treatment with estradiol was started one week
following ovariectomy and continued for 21 days. &leven
estradiol treatment levels were used in addition to
ovariectomized and intact untreated controls (Table 3.1).
i stock solution of L+O/ug/cm3 estradiol 17 in peanut oil
was diluted to form solutions of 1O/ug/cm3 and 2.5/ug/cm3
and these three different concentrations used to cover the
dose range without injecting excessive amounts of the oil
vehicle. The amounts of solution injected using the
micrometer syringes ranged from a minimum of 0.0005 cm3/day
to a maximum of 0.0008 cm3/day, corresponding to total
volumes of 0.0105 cm3 and 0.168 cm3 respectively over the

21 day period. (Table 3.2).

Initially only two solutions were used, the
’IO/ug/cm3 and QO/ug/cmB, but examination of the early
results indicated the necessity for some lower dosage
levelsy hence the use of the 2.5/ug/cm3 solution. At
treatment level 5 (0.00S/ug/day) both the 2.5/ug/cm3 and

1O/ug/cm3 solutions were used.

Al1]1 animals were killed on the 22nd day and
histologic2l and biochemical, parameters measured as

described in Chaptexr Two.
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Estradlol/dayl
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OVX. Control
0.00125
0.0025
0.00375
0.0050
0.0075
0.010
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VOLUMES OF INJECTED ESTRADIOL SOLUTION

blg

E.treatment ¥.concentration

Code Divisions (cm?/day) (cm3)
2 2.5 ug/cm5 5 0.0005 0.0105
3 10 0.0010 0.0210
L 15 0.0015 0.0315
5 20 0.0020 0.0420
| 6 = 30 0.0030 0.0630 =4
5 10 ug/cm3 5 0.0005 0.0105
7 10 0.0010 0.0210
8 20 0.0020 0.0420
9 4o ug/cm3 10 0.0010 0,0210
10 20 0.,0020 0,0420
19 40 0.0040 0.0840
12 80 0.0080 0.1680

Micrometer Vol/day Total Vol
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3.2 Results

Results for &xpt. I are presented in Tables 3.3,

3.4, 3.5 and Appendix 2, Figures 1-7 and Plates I and II.

(a) Body weights. Mean final budy weights for the groups

range from 16.8-20.4 gms. i.e. 2 mean range of 3.6 gms
(Table 3.3). There appears to be no pattern of response
of final body weight to estradiol treatment (Fig. 1)
although the relationship is significant, at the p<0.05

level (Table 3.4).

(b) Uterus weight. Uterus weight shows a steady increase

with increasing estradiol dose, from a minimum in
cvariectomized controls to a maximum at the highest estradiol
treatment (Table 3.3). This response is highly significant,
p<0.01 (Table 3.4). Uterus weight for intact controls is
closest tc that fcor estradiol treatment 7 among the

experimental groups (Fig. 2).

(¢) Mammary area. Mammary area increases significantly

(p%0.01) from a minimum of 0.33 cm2 in ovariectomized controls
to 2 maximum of 4.67 cm2 at estradiol treatment 8 and then
falls again to 2.99 cm2 at the highest treatment level
(Appendix 2). The plot of mean log total mawmmary area

against estradiol treatment (Fig. 3) shows that there is

very little change in area between ovariectomized controls

and the first dose level followed by a steady increase to a
peak at dose level & and then a decrease in area at the four
highest treatment levels. The mammary area in intact controls
is less than that seen at the highest levels and most resembles

that at treatment level 5 (Table 3.3).



TABLE 3.3

EXPT. I. ESTRADIOL ONLY - LOG TRANSFORMED DATA + S.E.M.
Estradiol Mean body Mean log uterus Mean log Mean log Mean log Mean log Mean log
treatment  weight (gms) weight (mg) total total unit total duct DNA per RNA per
mammary juncts. juncts. gland (mg) gland (ug)
area (cm”)  (16mm)
1 19.79 + 0.36  0.76 + 0.01 0.15 + 0.01 1.99 + 0.02 1.91 + 0.04 1.63 + 0.0k 1.38 + 0.04
2 18.08 + 0.59  0.89 + 0.03 0.16 + 0.01 2.08 + 0.03 2.18 + 0.08 1.63 + 0.12 1.30 + 0.13
3 17.66 + 0.69 0.97 + 0.02 0.34 + 0.05 2.05 + 0.0k 2.46 + 0,08 1.58 + 0.08 1.41 + 0.10
4 17.41 + 0.49  1.07 + 0.0k 0.48 + 0.02 1.82 + 0.02 2.49 + 0.02 1.46 + 0.20 1.69 + 0.23
S 19.50 + 0.84 1.18 + 0.02 0.58 + 0.01 1.97 + 0.04 2.69 + 0.07 1.53 + 0.08 1.43 + 0.03
6 16.83 + 0.38  1.35 + 0,03 0.61 + 0.03 1.89 + 0.02 2.70 + 0.07 1.54 + 0.03 1.39 + 0.03
7 20.44 + 0.94  1.42 + 0.0 0.74 + 0.03 2.06 + 0.07 2.96 + 0.13 1.60 + 0.05 1.47 + 0.06
8 19.77 + 0.L9  1.52 + 0.01 0.75 + 0,01 2.03 + 0.03 2.95 + 0.07 1.43 + 0.10 1.45 + 0.03
9 19.66 + 0.68 1.71 + 0.0% 0.74 + 0,02 2.09 + 0.05 3.02 + 0.07 1.45 + 0.06 1.41 + 0.06
10 19.94 + 0.94  1.73 + 0,04 0.70 + 0.02 .97 + 0.04 2.94 + 0.06 1.45 + 0.09 1.45 + 0.10
1 18.77 + 0.83 1.82 + C.02 0.68 + 0.01 1,92 + 0.03 2.85 + 0.05 1.55 + 0.05 1.41 + 0.03
12 20.16 + 0.50 1.87 + 0.02 0.60 + 0.02 1.92 + 0.07 2.57 + 0.10 1.54 + 0.11 1.27 + 0.07
13 18.33 # 0.33  1.4h + 0.0% 0.56 + 0.0k 1.96 + 0.03 2.63 + 0.07 1.51 + 0.09 1.32 4+ 0.03

o4



SOURCE
TOTAL
BETWEEN

WITHIN

TABLE 3.4

I. ESTRADIOL ONLY.

ANALYSIS OF VARIANCE

EXPT.
D.F. Bl
91 SNEEE

10 10.9227

81 4,551

2.3999

MEAN SQUARES

uw AREA
1142,8230 311.9484
9442,2600 2354 .6560

118.2012 59.7623%
F. VALUES
79,8829 39.4003
* % * %

ug i3]
252.9967 1093.3153
535.4900 5043.1000

218.1209 605.6876

2.4550 8.3262

* * %

10

7

DNA
726.3678
337.9100

776.8168

0.4349
NS

L
544,8862
714.7600
522.8246

1.3671
NS

Degrees of freedom are reduced for DNA and RNA values since there were 4 missing values

for these measures.

* p<0.05

** p<0.01

NS Not Significant

o
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(d) Unit junctions. In ovariectomized, estradiol treated

mice, the relationship between the number of junctions/6mm
and the estradiol dose is small, p<0.05 (Table 3.4 and
Fig. 4). At levels 4 and 6 there are large depressions

in numbers of junctions followed by an incrcase between
levels 6 and 9, then a decrease again above treatment 9.
Intact controls show a value for unit junctions close to

that of the highest estradiol treatment.

(e) Duct junctions. The graph of log total Jduct junctions

in 6 glands (Fig. 5) rises from a minimum in ovariectomized
controls, plateaus between treatments 3 and 4, and 5 and 6,
rises to a maximum at treatment 9 and then falls again at
the top 3 treatment levels. The respcnse is significant

at p<0.01 level (Table 3.4). Intact controls have a value
for log total duct junctions which corresponds to the
values seen between treatments 4 and 5, on the upward slope

of the graph.

(f) DNA/gland. Examination of Table 3.3 and Fig. 6

reveals that there is no obvious relationship between DNA
levels and estradiol treatment and Table 3.4 shows a non-
significant response. The pattern of response bears a

slight resemblance to that seen with Unit junctions (Fig. 4).
Despite transformation of the data standard errors are still
large in this graph. Group means for DNA/gland range from

29.04 - 52.51/ug. (Appendix 2).
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(g) RNA/gland. The relationship between estradiol dose

and RNA/gland is non-significant (Table 3.4). RNA levels range
from a minimum at treatment 12 to a maximum at trcatment &4
(Table 3.1 and Fig. 7). Apart from the steep rise at

treatment 4 (87.36/ug RN4), all other values fall within the

range 16.61 - 48.93/ug R¥a (4ippendix 2).

3.3 Discussion

(a) Uterus weight. The response of the uterus to

incre=sing estradiol levels is almost linear over the whole
range of doses used. Relationships with B.w., M.a., U.J.

and D.J. within groups are significant (p<0.01) and these
within group relationships do not differ significantly between

groups receiving different levels of estradiol.

The increase in uterus weight loes not reflect an
increase in fluid contained within the lumen since all uteri

were weighed after removal of fluid and blotting.

The pattern of uterus response is different from

that of the mammary gland parametcrs.

The result of fitting polynomial regressions
(Table 4.6) for uterus weight to the six levels of estradiol
alone, that were combined with progesterone in Expt. II,
shows that while the greatest component of the curve is due
to linear regression, there is a significant (p<0.01)
contribution of 5.7% from the quadratic term suggesting that
the flattening of the curve at high estradiol levels is a

real effect #£nd that further increasing estradiol levels above



Body
weight

Uterus

weight

Mammary

area

Unit

junctions

TABLE 3.5

EXPT. I

ESTRADIOL ONLY

Analysis of variance with regression - F ratios

Duct Unit Mammary Uterus
junctions junctions area weight
(1) 13.6233 22.4413 17.5687 9.2339) ]
* Xk * %k * Xk L3 3
(2) 1.2492 1.58%9 0.8517 0.6359
NS NS NS NS
(1) 14,2660 8.7904 19.7992
(2) 0.3056 0.1355 0.9212
(1) 45,4591 13.5591
(2) 1.0128 1.8713
NS NS * p 0,05
1) Ly, 9049 ** p0.01
*x NS Not significant
(2) 14, 1444 p 0.05

Line (1) is due to deviations from average regression with 1 and £0 degrees of freedom.

Line (2) is due to deviations from individual regressions with 10 and 70 degrees of freedom.

0s
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0.320/ug/day would probably result in further inhibition

of uterus weight.

The validity of comparing the polynomials fitted
for 6 levels of estradicl with the real curve obtained with
12 levels of estradiol may be open to question but is the
best approximation for relating the curves obtained with
estradiol alone to those obtained for estradiol and

progesterone.

Flux (1957) and Munford (1957) found that immature
ovariectomized albino mice had uterine weights of 5.3 and
5.0 mg. respectively which increased to 6.5 and 6.4 mg.
after administration of 0.00B/ug estrone/day and to 8.7 and 7.6
mg. after 0.006/ug estrone/day. Since the same strain of
mouse was used in both the 1957 and the current experiment
the response would indicate that the uterus is more responsive
to estradiol than estrone (Appendix 2). The greater potency
of estradiol relative to estrone in this strain of mouse has
been observed in several unpublished experiments where the

two steroids were compared (Munford, unpublished).

In CHI mice,ovariectomized controls had a mean
uterus weight of 8.3 mg. which increased to 13.0 mg. and
16.3 mg. after treatment with 0.01/ug and 0.020/ug
estrone/day respectively (Flux 1954b). Comparable figures
for NOS strain injected with estradiol are 28.4 and 32.5
mg. (Appendix 2). Intact controls in tha CHI experiment
had a mean uterus weight of 69 mg. well above the
experimental groups while in the current experiment mean

uterus weight of intact controls was belaw that of
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experimental groups at 28.8 mg.

These comparisons with previous experiments
(Flux 1954b, 1957, Munford 1957) indicate that the uterine
response of the NOS strain has changed little over a 15
year period, despite the prolonged inbreeding and
differences in the type of estrogen administered. They
also indicate that, while the uterus weight in ovariectomized
and intact controls is much less in NGS than CHI, the NOS
uterus is far more responsive to exogenous steroids, being
approximately double the weight at a comparable estrogen
dose. In comparative experiments NOS is more sensitive than
CHI to administered steroids although puberty is an average

of 3 weeks earlier in CHI strain (Munford, unpublished data).

Hori and Miyake (1968) found a dosage dependent
response of the uterus in the range 0.003 - 0.1 ug day
when they administered estradiol to ovariectomized DS mice.
Between 0.,0001 - 0.001 ug E/day there was no increase above
the ovariectomized control level, which was 5.0 mg, similar
to that in both the NOS and CHI strains. The uterus of the
DS mouse appears more sensitive to estradiol than NOS, since
at dose levels 0.03 mg E/day and 0.1 mg E/day comparable
uterus weights were obtained (47.5 DS 42.6 NOS and 60.0 DS
57.5 NOS) although the DS mice were only treatced for 9 days
in comparison to the 21 days for NOS. 1In bYoth strains the
uterus is less sensitive than the mammary glands at low
estradiol levels since the dose required to produce a
uterine response, greater than that of ovarjectomized controls,

is greater than for a mammary response.
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(b) Mammary area. The area covered by the

first 3 pairs of glands increases approximately fifteen-
fold between ovariectomized controls and animals treated
with 0.020 mg E/day but then drops to be 64% of the
maximum response at 0.320 mg E/Jday, the highest estradiol
treatment. This inhibition of growth at the four

highest levels is very marked (Fig. 3), and is paralleled
by the highly significant (p<0.001) contribution of the
quadratic component of the fitted polynomial for estradiol
alone (Table 4). There are also small, but significant
(p€0.05) contributions from linear, cubic and quartic

components.

Mammary area has significant (p{0.071) within
group regression relationships with the other four structural
parameters (Table 3.5) which do not differ significantly

at separate estradiol lcvels.

Current results would indicate that in the NOS
strain the mammary gland is more sensitive to estradiol
than estrone. Both Flux (1957) and Munford (1957) found a
twofold and fourfold increase in mammary surface area when
0.003 mg/day and 0.006 mg/day estrone, respectively, was
administered, while in the present study comparable levels
of estradiol produced glands 4 and 8 times as large as
controls. This is comparable to the difference of potency
of the two steroids with respect to uterus weight (Munford
unpublished). The inhibition in area at high estradiol
levels was not unexpected since the administration of

large amounts of estrogens for prolonged periods to a
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number of different species results in stunted and abnormal
growth. Gardner (1941) found that in male mice receiving
0.01, 0.025 or 0.050 mg EB/week, those receiving the highest

level showed the least response.

In their experiments with ovariectomized, immature,
DS mice Hori and Miyake (1968) found a Josage dependent
mammary growth response, when estradiol in the range 0.001 -
0.03 ug/day was administcred. At 0.1 ug/day, the highest
dose used, the response was virtually thc same as at 0.03 ug
estradiol/day, indicating the possibility that inhibition of
growth was beginning to occur at these levels. It is
interesting to note that their range of estradiol doses
(0.001 - 0.03 u¢ E/day) which stimulate an increase in
mammary area is directly comparable with the treatments used
in the current experiments which resulted in increased mammary
area (0.00125 - 0.020 w E/day) and in both studies
alministration of higher levels results in nuv further increase
in area. It is not possible to directly compare the changes
in area since Hori and Miyake (19638) only recorded the response
of the third right thoracic gland. However it appears that at
0.03 ug E/day the mammary area was only twice that of the
ovariectomized controls which would indicate that the glands
of DS mice are less sensitive than NOS to estradiol. The
similarity of response to the same range of ftreatments
despite the time Jdifference (9 vs 21 days) suggests the
possibility that the rate of administration (amount/day),
rather than the total quantity injected (amount/21 days),
coulld be the factor determining the size of the growth

response.
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Nagasawa et al (1966) measured the area of the
third, thoracic mammary gland in Swiss albino mice and found
no difference between left and right sides with respect to
mammary areas. Lxamination of the Jata for individual glands
in the current experiment indicatel that this was also the
case with glands 1, 2 and 3 in NOS mice at any level of

estradiol treatment.

Nagasawa et al (1966) also suggested that mammary
area is a good estimator of mammary growth in mice which have
reached sexual maturity but not in others, the implication
being that it is not a good measure of experimentally induced
growth. The major argument against using mammary area alone
is that it measurcs only the exteansion of the duct system and
cannot account for branching and end bud and alveolar
formation. In the current experiment estradiol stimulation
does result predominantly in duct extension rather than
increased branching and alveolar formation and therefore the
use of mammary area 2alone in this situation would be justified.
However the measurement of mammary arca together with a
quantitative estimation of the state of the duct system
provides more comprchensive information on the growth of
the gland and should be the preferred method in all

experimental situations.

(ad} Upit junctions. The measurement of unit

Junctions was intended to provide information on the degree
of duct bran¢hing which would not be available from a
measure of ejther mammary area or total duct junctions.

The pattern ¢f response, if any, of junctions/unit area to
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increasing estradiol doses was confused.

The obvious conclusion to be drawn from a
consideration of Fig. 4 is that increasing estradiol Jdose
does not result in a general increase in total unit
functions and that unit junctions bear only a slight
relationship to either total arca or total junctions.
However from table 3 - 5 it can be se¢en that there are
significant (p<0.01) within group relationships between
unit junctions and the other parameters but that there are
significant (p<0.01) differences in this relationship
between unit junctions and duct junctions at different
levels of estradiol. The results of fitting polynomials for
mean unit junctions shows that none of the sources of

variation up to the 4th power of Jose is significant

(Table 4 - 6).

The relative constancy in unit junctions after
estraldiol treatment is noticable in plates I and II,
especially when comparel with plates III - VIII where there

are marked changes in unit junctions.

Nagasawa et al (1967) measured the number of
branchings of the ducts of the third thoracic gland in
intact mice and found no Jdifferences between left and right
sildes. Observations in the current experiment would support

this (see plates I and II).

Flux (1954 a, b) appears to be the only author
to consider unit junctions in ovariectomized, estrogen

treated mice (CHI). He dJdiscussas (1954 b) the value of
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the numbers of duct junctions/unit area as an estimate of
mammary gland arborescence in both ovariectomized and intact
mice. He founl that it was possible to measure the same
numbers of Juct junctions/unit area 2t several different
stages of Jdevelopment and considers that the degree of
branching is not related in a simple way to mammary gland

arenx which is amply confirmed by Figs. 3 and 4. Flux found
that a decrease in total mammary area and total Jduct Jjunctions
could be accompanied by an increase in duct junctions/unit
area. cf. Treatment 4 on Figs. 3, 4 ani 5 "Consequently

in the absence of adequate additional information, comparison
of the dJduct junctions/unit arca may not give a good indication

of d1ifferences in the structures of duct systems."

Silver (1953) alministered a series of estrogen
treatments to ovariectomized rats an:d found that "a similar
type of duct structure was prese¢nt in mammary glands of
widely differing total surface area and that this type of
branching system probably Jdeveloped at all levels of
oestrogenic-stimulation''. kven with additional information
in the form of total area and total duct junctions
measurements it is hard to see what useful information can
be obtained from unit junctions in an experiment where
estrogen alone is administered. In this author's view, the
results and conclusions to be drawn from a measure of
junctions/unit area 1o not justify the time and effort

necessary to obtain them.
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(i) Duct junctions. Total Zduct junctions in

glands 1, 2 and 3 increase in response to estradiol treatment
in the same manner as total mammary area. Of the 5 mammary
gland parameters mensured they show the greatest similarity.
This is confirmed by the highly significant (p<0.001)
contribution of the quadratic component to the polynomial

for total duct junctions (Table 4). It must be stressed that
this is not lue to any overlapping of measurements since these
two characteristics were measured completely independently of
each other. Since unit junctions vary only between narrow
limits it must be concludeld that the increase in Total Duct
junctions is a direct consequence of the extension and
branching of ducts to cover a greater area, rather than an

increase in junctions/unit areca.

Flux (1954 a) again appears to be the only author
to investigate total iuct junctions in ovariectomize:d,
estrone treatcd mice in a quantitative manner. He found
significant differences between the total junctions in the
first and second pairs of lands in controls and mice treated
with 0.07 and 0.055 mg estrone/day. Differences were non-
significant between intact controls and 0.055 and 0.1 mg

estrone/day.

It is interesting fo no%e that the Jdepression in
mammary area above treatment 8 is matched by an equivalent
depression in numbers of both total unit junctions and Total
Duct junctions above treatment 9, which shows that there is
inhibition of extension of already existing ducts, and hence

a more marked depressicn of the total duct j.nctions.
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(e) DNA/glands. The non-significant results

for DNA/gland obtained in experiment I are disappointing in
view of previous results obtained for DNA values in mouse
mammary tissue, especially those in which there was a high
correlation between biochemical and morphological findings,

e.g. Nagasawa et al., (1966), Munford (1963 c).

The plot of log. DNA/gland versus estradiol
treatment (Fig. 6) bears no relation to any of the other

characters measured.

Since the method used to extract and determine
DNA content was essentially the same as used successfully
for mouse mammary glands by Munford (1963 b) there are no
obvious reasons for these anomalous results. But the
amount of DNA4i/cell is constant in somatic cells and thus an
increase in cell numbers, which is measured by an increase in
mammary area and total duct junctions must result in increased
DNi content. There arc a number of points in the overall

method which may have contributed to unreliable results.

The hour of slaughter of the animals has been found
to affect mammary glands DNA estimates. fchave Llanos and
Piezzi (1963) found a 24 hour rhythm in the mitotic activity
of mouse mammary epithelium, with a maximum value at 8 a.m.
and minimum value at midnight, on a normal lighting schedule.
It is considered that this would not have affected DNA values
in this experiment since all animals were killed between
10 a.m. and 4 p.m. when the Jdifferences in mitotic activity
are non-significant. There is the possibility that the

mice in the Massey colony have maxima and minima at different
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times but this is unlikely.

At slaughter when glanl pairs 4 and 5 were removed
from the skin it was difficult and ocften impossible to
identify and remove the lymph nole from the unstained tissues
unless it was enlarged and had an obvious blood supplye.

This may be the cause of some of the fluctuations in DNAa
values since Nicoll and Tucker (1965) found that while the
lymph nodes comprise 14% of tissue wet weight of mammary
gland, they contribute 65% of total mamaary DNa in virgin
mice. This is probably more important as a source of error

than the abnormal rhythm effect.

The extraction of DNi and RNA from the acid unsoluble
precipitate is complete by the method used. Currie (1969)
showed that the three extractions in perchloric acid at 7OOC
removed 21l the acid insoluble nucleotides from bovine
mammary homogenates. Since Munford (1963) has also showed
this for pregnant and lactating rodent mammary gland it was
assumed that this would also apply to mouse mammary homogenates

in the current experiment.

A further source of error, probably the major
source, lies in the amount of tissue and homogenate used for
the determinations. The tissue used to make the homogenates
comprised 4 glands. Munford (1963 b), used 5 glands in his
determinations of mammary DNA. However his experimental
animals were either pregnant, lactating or undergoing mammary
involution and as such contained far more DNA than the
animals in experiment I. The minimum value for DNA/gland at

day 2 of pregnancy from Munford's results is approximately
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110 mg, while the maximum val®fe for this experiment was
52 mg/gland. There appears to be a problem of sensitivity
involved. It may be that the dilution of the initial

3 3

homogenate to 10 cm”™, from which 2 cm”™ was taken for

3

estimation, was too great and that 2 cm”™ from a 5 cm

3

dilution would be better.

There is some ressemblance between the plots
for Log. DNi and Log. Unit junctions but, in view of the
large standard errors of the means, this is probably

coincidental.

(f) BRNA gland. The results of RN4i/gland are
as confused as the Dia fesults and no useful conclusions
can be drawn from them. Despite transformation of the
data, some of the variances are still large (Fig. 7).
The possible sources of error are, in most cases, the

same as for DNa.



CHAPTER FOUR - EXPERIMENT II - WSTRADIOL AND PRCGESTERONL
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4,1 Method

In this experiment selected treatment levels of
estradiol were cach combined with three treatment levels
of progesterone (Table 4,1). . . Estradiol was
administered in Experiment I. Progesterone was administered
in the form of 1, 2 or 4 pellets implanted subcutaneously
in the caudal dorsal region. The 7mm x 1mm disc-shaped
tablets of approximately 5Omg weight were made of the pure
steroid powder (&&—pregnen—},20-dione.Sigma Chemical Co.)
in a handpress under a pressure of 4000 lbs/sq. in. Tablet
weights were recorded at the beginning and end of the
treatment period and the amount of progesterone absorbed
calculated from the difference. 4 total of 306 tablets
were implanted and the mean weight of each tablet at the
beginning of the experiment was 50.9mg. A total of 149

mice were used in this experiment.

Histological and biochemical measurements were

made as described in Chapter Two.

L.2 Results

Results for expcriment II are presented in
Tables 4.2, 4.3, 4.4, 4,5, 4.6, Figures 1 and 8 - 13

and plates III - VIII.

(a) Body weight. As with estradiol alone,
the final mean bo'ly weightsfor the estradiol plus
progesterone groups do not appear to show a well defined
relationshiyn to dose level (Fig. 1). There is, however,

a significant increase in final mean body weight due to the
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T ABLE 4.1

ESTRADIOL AND PROGESTERONE TRSATMENTS

Estradiol No. progesterone No. of
treatment tablets animals per
- o L, — treatment
!
1 OVX Control | - 14 (14)
4 (0.00375 ug/day) 1, 2, b 9 (3,3,3)
5 (0.0050 ug/day) % 1, 2, &4 15 (5,5,3)
7 (0.010 ug/day) | 1, 2, & 24 (8,8,8)
9 (0.040 ug/day) 1, 2, & 24k (8,8,8)
11 (0.160 ug/day) 1, 2, 4 24 (8,8,8)
12 (0.320 ug/day) 1, 2, & 15 (5,5,5)
1 0VX 1, 2, 4 18 (6,6,6)
13 1Intact Control = 6 (6)




No.

Zstrediol  Proges-
Testmet terdine

Tatlets

1 1

4 1

5 4

7 1

9 1

11 1

1} 2 1

1 2

a

5 c

7 2

BXPT. II.
leen Eody
"eigkt
(gm)
18.92+1.20
21.66+0.72
17.90+0.94
19.68+0.78
21.18+0.61
2C+81+0,55
19.70+0.58

20.30+1.30
20.33+0.88

23.5040.53

17.50+1 .41

Mean Loge
Uterus iit.
(mg.)

1.00+0.06
1.41+0.05
1.27+0.04
1.53+0,0¢€
1.50+0.03
1.58+0,0k
1.59+0.01

1.1740,02
1.55+0.03

-1.34+0.07

*1.58+0.05

Mean Log.

TABLE 4.2

Mean Log.

Total Memmary Total Unit

nrea (cmc

0.1740.03
0.44+0.09
2.03+0,0k
0.72+0.03
0.80+0,02
0.78+0.C2
0.76+0.03

0.20+0,03
0.74+0.C6

0.66+0.05

.0.7140.02

J:ncts (16ma2)

1.974C. Ok

1.94+0,02
2.03+0,02
2.20+0.03
2.32+0.62
2.2240,0k
2.22+0,01

2.%€+0,03
2.39+0.,07

2.11+0. 0%

2.23+0.03

liean Log

Total
Duct Jurcte

1.8140.08

2.5640.19
2.54+0.3

2.99+0,0€
3.17+0,03
3,09+ 0,08
3.07+0.02

Tee ’\Q"__'_f_cf 05
3.21+0.12

2.79+0.16

5.01+0.07

BSTRLDICL LS raUGLSTIACNE. LCG.TEANSFCRMID DeTh + S.LGH.

Mean Log
Dis. mer
=land

=

1.65+0.12

1.29+0.02
1.52+0.09
1.49+0.10
147140, 0k
1.43+0,10
1.74+C O

44204022
1.7840.14

1.67+0.05

1.5240.13

Meen Log
kN4 per
zland

1.2740.12

1.5140.04
0.95+0.1
1.08+0.1¢
1.36+0.08
1,48i0,08
1L26id.1o

1.2240.16
1.49+0,09

1.06+0.10

1.42+40.11

19
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i1

12

18.92+1.20
21.66+0.72
17.90+0.94
19.68+0.78
21.18+0.61
20,81+0455
13.70+0,58
2043041, 30
20,33+0.88
20,50+0.93

17,5041 .41

TLBLE 4,2 (continued)

1.00+0.06
1.4140.05
1.27+0.04
1.53+0.C6
1.50+0,03
1.58+0,0k
1.59+0.,01
1.1740.02
1.55+0.06
1.34+0.07

1.58+0.05

0.17+0.03
0.44+0,09
0.52+0.0k
0.72+0.C3
0.80+0.02
0.78+0.02
0.76+0.03
0. 2040, 03
0.74+0.06

0.66+0,05

0.7140,02

1.97+0.Ch
1.94+0.02
£.0340.02
2.20+0,03
2.3240.02
2.22+0.04
2.22+0,01
2.10+0,0k
2.39+0.07
2.1140.09

2.23+0,03

1.81+40.08
2.56+0.19
2.54+0.0k4
2.99+0,06
3.17+0.03

.09+0,08

(Y|

3.07+0.02
1.98+0.05
3,21+0.12
2.79+0.16

3.01+0.07

1.65+0.12
1.29+0.02
1.52+0,09
1.49+0.10
1.7140.04
1.4340.10
1.74+0,0k
1.20+0.22
1.78+0,14
1.67+0,05

1.52+0413

1.2740.12
1.51+0.08
0,95+C.16
1,08+0.10
1.36+0.,08
1.48+0,08
142640410
1.2340.16
1.49+0,09
1.,0640410

1.4240411
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MEAN PROGESTERONE ABSORPTICON FROM 50 mg TABLETS OVER 21 DAY

PERIOD IN EXPT. II

Total progesterone Progesterone/

Number of tablets absorption/day tab./day
implanted (ug/day) {mm/tab./dav)

1 0.905 0.90

2 1.690 0.94

b 3.302 0.82

Range of absorption per tablet per day was from 0.37 - 1.09mg.

% absorption of tablets per group ranged from 20 - 43%

with a mean of 36%.

Mean progesterone absorption (mg/day) for each treatment

group is included in the unmodified data in Appendix 3.




SOURCE
TOTAL
K

L

KL

RESIDUAL

KL

TABLE 4.4

EXPT. I AND II. ANALYSIS OF VARIANCE WITH INTERACTION. STRUCTURAL ONLY
K = PROG.
L = ESTK.
DE BW UW AKEA UNIT JUNCTS. TOT4L JUNCTS.
158 5.4797 343,9916 2.0901 3884 ,9765 429647, 3400
3 3.6793 789.9333 12.6726 84155 .4660 3972673.3
5 3.7076 2496.0780 17.9041 12592.6200 2535174 ,0
15 10.9858 1013.3426 3.7631 6207 . 3000 690997. 3300 ** pL0.01
* pc0.05
1 4,882 110.5291 1.1342 1677 .6044 264976 .6600
35 7 529 3 77 97 NG p<0.05
F VALUES
3 0.7535N8 7.1468 11.1731 50.1640 14,99
* %k * ¥ * % * %k
5 0.7593NS 22.5829 15.7856 7.5063 9.567
15 2.2499 9.1681 3.3178 3.7000 2,607
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interaction of estradiol and progesterone (Table 4-4),

(b) Uterus weights. dhen progesterone tablets

are implanted subcutaneously in ovariectomized animals,
there is an approximate doubling of weight with 1 tablet, and
threefold increase with both 2 andi 4 tablets, compared with
untreated ovariectomized controls (Appenlix 3). The slope
of the curve in Fig. 8 when progesterone is present between
estradiol treatments 1 and 4 is similar to that seen with
estradiol only, although the values arc larger. However

at estradiol treatment 5 there is a decrease to almost the
level seen with estradiol alone. This effect is seen at
all three progesterone treatment levels. at progesterone
plus estradiol treatment 7 uterus weight rises again, but
no further increase is secen at higher estradiol levels and
the curve plateaus so that the final mean uterus weights at
estradiol treatment 12 ane 38.30 mg, 34.50 mg and 31.60 mg
with 1, 2 and 4 progesterone tablets respectively. This
compared with 74.61 mg with estradiol alone i.e. uterus
weight was depressed approximately 50% by the addition of
progesterone to the highest estradiol treatments. This

inhibition increased with level of progesterone.

(¢) Mammary area. The plot of the mean log.

mammary area against estradiol treatment in the presence of
the 3 doses of progesterone is superficially similar to that
shown with estradiol only. Progesterone alone at 1 and 2
tablet levels, but not at the 4 %tablet level, increases area
slightly above %that seen in the cvariectomized controls.

There are signiflcant differences in mammary area due to
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both progesterone and estradiol and their interaction (Table
L4,4), The depression in uterus weight observed when all levels of
progesterone treatment were combined with estradiol treatment 5 is
paralleled by an apparent depression in mammary area at the same
estradiol dose with the 2 and 4 tablet progesterone levels
(Fig. 9). L4 progesterone tablets depress the area more than 2
tablets, to below the area seen with estradiol alone. This effect
is not seen with 1 progesterone tablet and this level produces less
response than 2 and 4 tablets at estradiol 1level 4., The mammary
area is greater at all progesterone combined levels than with
estradiol alone at estradiol treatment 9 and above, although there

is a similar drop in area at estradiol treatments 11 and 12.

(d) Unit junctions. There are significant differences

(p<0.01) in unit junctions due to both estradiol and progesterone
and to the interaction between them. (Table 4-4). lihen one
progesterone tablet is combined with the estradiol treatments, the
initial unit junctions are similar, there is a small decrease at
estradiol treatment 4 followed by a smooth increase to a maximum
at estradiol treatment 9 and then a decrease at 11 and 12 (Fig.10).
The unit junctions are higher at control levels when 2 and 4
progesterone tablets are implanted and at estradiol treatment 4
there is a substantial increase over the level seen with both
estradiol alone and estradiol plus 1 progesterone tablet. Then at
estradiol treatment 5 with both 2 and 4 progesterone tablets there
is a drop to the value seen with one tablet. From this point
onwards the curves of unit junctions for 2 and 4 progesterone tablets
follow closely the curve for 1 tablet (Fig. 10). This curve for
unit junctions in the presence of progesterone is much more

symmetrical than the same curve in it's absence (Fig. 4).
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(e) Duct junctions. Initial duct junctions for all

progesterone levels are very similar to those for ovariectomized

controls (Fig. 11).

Differences in duct junctions due to estradiol,
progesterone and to the interaction between the two steroids are

significant (p<0.01 Table 4-4).

With one tablet of progesterone, the increase in duct
junctions at estradiol treatment 4 is only slightly above that
seen with estradiol alone. When both 2 and 4 tablets of progesterone
are implanted, duct junctions show a large increase at E treatment
L but then at E treatment 5 a large depression is again observed.
This decrease is evident grossly in the photographs of these
treatment levels (see Fig. 3 in plates III, V and VII). With all
progesterone treatments there is an increase from E treatment 5,
to reach approximately the same numbers of duct junctions as seen
with estradiol alone, at E treatment 7. Above this point the numbers
of junctions increase more when progesterone is present, to reach a
maximum at E treatment 9 which then decreases at E treatment 11

and 12,

(f) DNA gland. Despite the large variations which appear
even in transformed data, the initial increase from E treatment 1
to E treatment 4 which occurs when progesterone is present is still
seen and even more striking is the depression which occurs at E
treatment 5 (Fig. 12). DNA levels with 2 and 4 tablets follow
similar patterns especially above E treatment 5 while the pattern
observed with 1 progesterone tablet is more varied, especially the

large drop at E treatment 11. In general the DNA levels of estradiol
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plus vrogesterone treated animals are above those of amimals
receiving estradiol only. However the significance of these
results is doubtful because of the very large variances., Tests
of significance were not carried out on this data because of the

number of missing values.

(g) RNA/gland. The plot of log. RNA/gland against
estradiol treatment when 1, 2 and 4 progesterone tablets are
present shows an increase from E treatment 1 to & treatment U4,
followed by a very large decrease at E treatment 5, and then
the recovery to RNA levels similar to those seen with estradiol
alone from E treatments 7-12 (Fig. 13). The standard errors in

this graph are larger than for any of the other parameters measured.

The absence of any significant effects for both DNA
and RNA/glands means that the effects seen cannot be said to be

not due to chance.

4,2 Discussion

(a) Absorption of progesterone. Some problems were

experienced in administering progesterone in tablet form.

Despite washing the tablets, and swabbing the implantation site
with zephiran solution, some incisions did not heal well although
this did not appear to impair the animals general performance.
Chewing the tablets as they began to appear through the incision
site was also another drawback, which may have led to false
measurement of absorption rates. Individual absorption rates/
tablet/day ranged from 0.37 - 1.09 mg although group means were
more constant at 0.90, 0.94 and 0.82 mg tablet/day for 1, 2 and 4

tablets respectively (Table 4,3). Cowie and Flux (1954) found



TABLE 4.5
EXPT. II ESTRADIOL PLUS PROGESTERONE

Analysis of Variance with regression - F ratios

Duct Unit Mammary Uterus
junctions junctions area Weight
1) 22.6172 .092L4 { 28.68 21.5092
Body ( * % 5 9 * | ?2 5 * %k
weight (2) 1.1824 1.0228 1.4261 0.9876
NS NS NS NS
(1) 9.7402 6.5201 8.4608
Uterus = i H
welght (2) 1.1327 1.1223 1.3530
NS N3 NS
(1) 150.3837 13.5367
Mammary B S
ance (2) 1.1977 2.0825
NS *
(1) 156.2821 *  pL0.05
Unit * **  pL0.07
e (2) 2.2958 NS Not significant

p,0.05

Line (1) is due to deviations from average regression with 1 and 87 degrees of freedom.

Line (2) is due to deviation from individual regrecsions with 17 and 70 degrees of freedom.

2
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T4LBLE 4.6

Resulte of fitting polynomial regressions in log dose to the

response to six levels of estradiol within each of four levels

Source of

of progesterorne.

Uterus vieight

Mean Squares, Degrees of Freedom & Significance
q ' 8

IR Levels
Variation Progesterone Dose Level
0 1 2 4

Between ?oses 89’72.5L++++ 793.26+++ 388.90ns 923.55+++
(d.f.= 5
Linear Regression 41365.75" 2270.6977" 162.20"%  90.23"°
(defe= 1) 92.2% 57.1% 8.3% 1.9%
bxcess due to Juandratic

: 2549.917F"  191.80"° 61.447% 1039.58%"
(defe= 1) 5.7% L, 8% 3.2% 22.5%
ixcess due to Cubhic 182.67ns 178.03ns 142.15ns 1287.65++
(defe= 1) 0. 4% L, 5% 7. 3% 27.9%
Excess due to gquartic 135.37ns 89.28ns ’7.10ns 29.28ns
(defo= 1) 0.2% 2.2% 0.4% 0.6%
Within Doses 124.08 163.42 154 .49 109.49
(d. fu-: 45131 729y29)

Mammary Gland Area

Between ?oses 530,678 1030.600"t 120.7347° 925,961
(defe= 5
Linear Regression 229.7027  2804.5697" 272.872"° 759.195%7
(defe= 1) 8.6% Sk 4% Ls., 2% 16.4%
Excess due to wuadmtic 1910.55777F 2016.060""" 110.189"° 1666.059 "
(defe= 1) 72.0% 39.1% 18.3% 36.0%
Excess due to Cubic 242,58%F 288.446"° 129.237"% 138,352"°
(defe= 1) 9.1% 5.6% 21.4% 3.0%
Excess due to Quartic 223.0417 40.654"°5 19,155 391,182"°
(d.f-z 1) 804% 008% 3.2% 8.4%
Within Doses 52.976 77.827 90.932 125.056

(d.f.: 45131929v29)
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Ti4BLE 4.6 (continued)

Unit Duct Junctions (100 log

Mean Squares, Degrees of Freedom and Significance

Levels
3‘U?°:.Of Progesterovne Dose Level
ariation
0 1 2 L
Between Doses 348,585 942.16+++ 429.90+ 50’1.64-’—‘++

(d.fo= 5) - |
Linear Regressicn 5¢.,09"% 1767.26"F 333,96 ° 450,047
Gdl. = 1) 3.9% 37.5% 15.5% 17.9%
Excess due to ) ‘

N e 935,255 2575,720%7F 19,947 1235,997FF
(d.fe= 1) 53« 6% Sh.7% 0.9% kg, 2%
Excess due to Cubic 540.02"° 313,507 137,885  40,63"°
(defe= 1) 31.0% 6. 6% 6. 4% 1.6%
txcess due to Guartic 9.62ns 45;59bs 865;91+ 68,0415
(defo= 1) 0. 6% 1.0% Lo, 3% 2.7%
vWithin Doses 272.47 76.00 145.85 Li, 54
(defe= 45,31,29,29)

Total Duct Junctions 100 log.
Between ?oses 2199647 3833.401YY  1224.90"°  4upu. 10T
(d.f.= 5 .
Linear Regression 2.10"% 9993,217"  q7u7.20"° 50244477
(defe= 1) Co02% 51 .5% 28 .5% 224 4%
Excess due to .. ey = Pt

Quadratic 9984.73 7709 .48 231.99 8563,45
(defe= 1) 90. 8% 39.7% 3.8% 38.3%
%xcess dge to Cubic 40.7Zns 769.6;ns 53§l92ns 371.8Zns
dofo= 1 0-30 3-900 070 1'70
Excess due to Quarticgee 1eR8 535 0205 1390.40%°% 1096,412°
(dofe= 1) 8.8% 1.2% 22.7% 4. 9%
Within Doses 703%.96 205457 505.52 281.17

(ds fo= %45,31,29,29)

*5 0.001, *fo.001 p 0.01, ‘*0.01 p 0.05 P 0,05

The percentages shown under the mean squares for linear regression,
excess due to quadratic and etg. releste these man squares to the sums
of squares for between doses and thus indicate the proportion of this
sums of squares explained by fitting the term to which the mean
squarea relates after all term& to lower order.
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with one 50 mg tablet implanted into rats for 11 days that the
absorption was 0.80 + 0.40 mg/day. They also found that different
initial treatments (e.g. ovariectomy) had no effect on absorption.
rates in rats, as also had the injection of a second steroid

(e.g. estradiol). The rate of absorption from individual

tablets was not affected by the implantation of more than one
tablet. Forbes (1941) found that a connective tissue capsule

with a good vascular supply fitted the tablets closely but did

not adhere to them. Variations in absorption could be correlated
with a typical connective tissue capsules. Forbes considers that
the pellets are not necessarily absorbed at a constant rate.

The absorption of the tablets may be by solution in tissue fluid
or there is the possibility of phagocytosis by macrophages.

After 30 days implantation in rats 35 - 52% absorption of
progesterone tablets occurred (Deansely R. and Parkes A.S3.

Lancet 235:606 1938 quoted in Forbes 1941), A similar figure

was obtained for mice in the present study, 20 - 43% with a mean

of 36%.

(b) Uterus weight. The combination of 3 different

progesterone treatments with 6 of the estradiol treatments
produced both stimulation and inhibition of uterine growth.
Progesterone alone or combined with estradiol treatments 4, 5
and 7 stimulated growth to levels above that seen with estradiol
alone, while progesterone combined with estradiol treatments

9, 11 and 12 resulted in uterus weights considerably below those

obtained with estradiol alone.

The cestradiol component of the estradiol plus

progesteronae treatment is responsible for most of the uterus



76

weight increase, however both progesterone and the interaction

between E and P result in a significant response (Table 4.4),

There are significant group relationships of UW with
B, MA, Total Junctions (p<0.01) and Unit Junctions (p<0.05)
and these within group relationships do not differ significantly

between E and P treatment groups, (Table 4.5).

The pattern of the response is interesting since in
Fig. 8 there are 2 definite peaks at E treatments 4 and 7, a
large depression at E treatment 5 and a plateau above 9. This
suggests a biphasic response of the uterus to estradiol in the
presence of progesterone. Similar results were obtained for
uterus weight in ovariectomized animals of this strain of mouse
when injected with estradiol and a progesterone suspension for
6 days in a class experiment. The explanation suggested is that
the first peak represents the uptake of HEO’ glucose, amino acids
etc., resulting in a uterus of the '"thin" type, while the second

peak represents the initiation of protein synthesis and growth

of the uterus muscle forming the '"thick'" type uterus.

However examination of Table 4.6 shows that this
biphasic response is probably only real for the treatment
combining estradiol with 4 progesterone tablets. Results of
fitting polynomials show that with one tablet the only
significant (p<0.001) term is the linear one, with 2 tablets
there is no significant contribution from any of the terms,
while with 4 tablets both the quadratic and cubic terms are
significant (p<0.01§. This 1is in contrast to the situation

with estradiol alon:, where there are highly significant (p(0.001)
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linear and quadratic components. Increasing the progesterone
dose within the estradiol treatment does not therefore produce

the differences in uterine weight that might be predicted.

Hori and Miyake (1968) obtained significant depression
in uterus weight when 30, 300 and 3000 ug/day progesterone were
combined with 0.30 ug/estradiol/day. 3000 ug/day is approximately
equivalent to the amount of progesterone absorbed from 4 implanted
tablets and the extent of the depression in uterus weight is

comparable with that observed in experiment II.

(c) lMammary area. The apparent biphasic response of

the total mammary area when 2 and 4 tablets of progesterone are
combined with the 6 levels of estradiol is shown to be non-
significant from the results of fitting polynomials. At the

one tablet level the response has highly significant (p{0.001)
linear and quadratic components. This pattern of response is

also evident for the 4 tablet level although the linear component
is less (p{0.01). At the 2 tablet level, none of the terms

tested provided a significant contribution to the description

of the curve. Mammary area at both the 2 and 4 tablet progesterone
levels had a more significant linear component than does the

corresponding curve for estradiol alone.

There are significant within group relationships of
mammary area with BW, UW, unit junctions and Total Junctions
(p{0.01). This within group relationships differs significantly
(p<0.05) between treatment groups when area and unit junctions
are compared, bit not between the other parameters. This demonstrates

the independenc: of the two forms of growth in the gland, duct
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extension producing increased area and duct branching, and
reinforces the view that in E and P treated animals mammary

area alone is not a good estimator of the overall growth response.

From table 4.4 it is apparent that the estradiol
component of the E and P treatment is responsible for the major
part of the increase in mammary area and that the interaction
between the two steroids, while still significant, is only

contributing a small part to area growth.

There appear to be no reports of experiments in which
mammary area has been measured following treatment with several
progesterone levels combined with more than one estradiol level
and only one in which there was combination of several
progesterone levels with one estradiol treatment. Hori and
Miyake (1968) showed that the combination of 0.30 ug estradiol/day
with 30, 300 or 3000 ug progesterone/day produced a significant
increase in area of the third thoracic gland over that obtained

with estradiol alone after 9 days treatment,

(d) Unit junctions. The increases in unit junctions

in the presence of progesterone, which is mainly due to an
increase in the numbers of small branches, can be seen clearly
in the photographs, especially Figs. 1-3 in plates IV, VI and

VIII.

The analysis of variance with interactions (Table
4,4) shows that the progesterone component of the combined doses

is primarily responsible for the increase in unit junctions.
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Unit junctions have significant within group
relationships with BW and U#¥ (p 0.05) and mammary area and Total
Junctions (p{0.01). This within group relationship differs
significantly (p¢0.05) when unit junctions are related to

mammary area and Total Junctions.

In contrast to the situation with estradiol alone,
the fitting of polynomials (Table 4.6) for one progesterone
tablet with estradiol shows highly significant (p(0.007)
linear and quadratic terms. With 4 tablets the guadratic term
is the only one which provides any significant coatribution
(p<0.001) indicating that the decrease at estradiol treatment
5 in Fig. 10 is non-significant. The polynomial for 2
progesterone tablets has a significant quartic component

(p£0.05).

Unit junctions have not been previously measured in any
experiment in which mice have been treated with estradiol and

progesterone.

(e) Duct Junctions. As with unit junctions it is

evident from Table 4.4 that most of the increase in duct

junctions is due to the progesterone component of the treatment.

There are significant (p{0.01) within group
relationships with BW, UW, MA and UJ and this within group
relationships differs significantly between groups only for the

relation between duct junctions and unit junctions (p{0.05).

The resultg of fitting polynomials (Table 4.6) for
the 1 and 4 tablet progesterone levels shows highly significant

(p(0.001) contributions from the linear and quadratic terms,
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indicating that the decrease at estradiol treatment 5 is
non-significant, the polynomial for the curve with 2 progesterone
tablets has no significant contribution from any of the terms
tested. As with unit junctions there are no reports of
estimations of duct junctions after estradiol and progesterone
administration to ovariectomized mice, so any comparisons are

impossible.

(f) DNA/gland. Combination of progesterone with
estradiol does not markedly change the values for DNA/gland
from that observed with estradiol alone, The discussion on
possible sources of error for DNA estimations in the mammary
glands after estradiol treatment also applies to estradiol
plus progesterone treatment. However it is very interesting
to note that the depression at E treatment 5 and all
progesterone levels still occurs and that there are two peaks
on the graph (Fig. 12) which correspond with the peaks at E
treatment 4 and E treatment 9 obtained for the mammary gland
histological parameters. But these results for DNA gland

are probably non-significant.

It is gratifying to find even this slight correspondence
between biochemical and histological characteristics since no
relationship was observed in experiment I, even if they are in

fact non-significant relationships.

(g) RNA/gland. The graph of log. RNA against
estradiol treatment in the presence of progesterone shows the
same depression at E treatment 5 and peaks at E treatment 4

and E tre&-ment 9 as do the other mammary gland measurements.
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However there is a strong possibility that these effects may

also be statistically non-significant.

The results are disappointing in view of the striking
changes in RNA levels in mouse mammary tissue after administration
of estradiol and progesterone in vivo. obtained by Banerjee et al
(Banerjee 1969, Banerjee and Rogers 1971, Banerjee, Banerjee

and Wagner 1971).

The discussion on possible sources of error for DNA

and RNA estimations in experiment I also applies to experiment II.



CHAPTER FIVE - EYPERIMENT III - TIME RESPONSE
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5.1 Method

Pairs of ovariectomized mice treated with
estradiol (0.010ug/day), or estradiol plus progesterone
(0.010ug/day + 1 tablet), were killed at intervals cf
3 days after commencement of treatment along with
cvariectomized controls. All measurements were carried

out as Jescribed previously (see Chapter Two).

5.2 Results

The Results for Expt. III are presented in
Tables 5.1 and 5.2, Figures 14-19 and Plates I¥Y and X.
Data were not transformed or subjected to any statistical

analysis in this experiment.

a) Body Weight. As expected final mean body weight is

higher in the animals killed late in the experiment.
However early groups had rather high final body weights

so that overall the difference is not very great.

b) Uterus weight. There was a slight increase in mean
uterus weight with estradiol treatment between 3 and 21
days (Fig. 14). There is a small depression at 12 days.
Combination u¢f one progesterone %tablet with es%radiol
resulted in a greatly increased uterus weight after 9
days, followed by a drop at 12 and 15 days and then

another increase after 18 and 21 days treatment.

c) Mammary ~rea. The administraticn of estradiol
alone resulted ir ~ steady increase in area between

3-9 days, a drcp at 12 days and then a further steady



TABLE 5.1

EXPERIMENT III - TIME RESPONSE (GROUP MEANS + S.E.M.)

(a) Estradiol only 0.010 ug/day

Treatment Mean body Mean uterus Mean total Mean total Mean total Mean DNA/  Mean RNA/
days weight (gm) weight (mg) mammary unit duct gland gland
area (cm2) junctions junctions (ug) (ug)
2
(per 6mm~)
3 17.25 + 0.25  10.75 + 0.25  1.21 + 0.31  9.75 + 0.35 180.00 + 48.00 57.80 + 41.00 14.60 +0.30
6 17.25 + 2.25 12.50 + 0.0 1.57 + 0.81 10.50 + 0.20 223.00 + 98.00 25.10 + 0.0 24,20 +0.0
9 19.75 + 0.25 11.25 + 0.75 1.87 + 0.36 12.45 + 0.15 334,50 - 85.50 85.85 + 31.75 40.10 i24.6
12 15.75 + 3.25 8.00 + 1.00 0.97 + 0.41 10.05 + 0.15 137.50 + 58.50 101.80 + 0.0 31.20 +0.0
15 19.25 + 1.75  13.50 + 1500  2.43 + 0.15 10.95 + 1.65 361.00 + 24.00 61.10 + 0.0  75.30 +0.0
18 22.50 + 1.50  15.50 + 3.50  3.43 + 0.56  9.25 + 0.95 450.00 + 14.00 57.60 + 8.20 54,05 +6.35
21 20.50 + 1.00 13.25 + 0.75 3.31 + 0.53 14.15 + 0.55 667.50 + 97.50 - -

¢Q



TABLE 5.2

EXPERIMENT III - TIME RESPONSE (GROUP MELNS + S.E.M.)

(b) Estradiol (0.01 ug/day) + 1 Progesterone Tablet

Treatment Mean body Mean uterus Mean total Mean total Mean totzal Mean Mean
days weight (gm)  weight (mg) mammary area unit junction duct DNA/gland  EKNA/gland
(en) junctions junctions (ug) (ug)
(per 6mm2)

3 17.75 + 0.25 13.25 + 0.75  1.02 + 0.28 14.85 + 1.15  225.00 + 71.0 49.4 + 0.0 25.4 + 0.0

6 18.50 + 1.00 16.50 + 3.0 2.54 + 0.90 13.00 + 0.90 451.50 + 98.00 94.1 + 0.0 57.6 + 0.0
9 16.75 + 2.75 39.50 + 7.0  3.65 + 0.06 17.36 + 1.50  898.00 + 85.00 62.30 + 1.2056.10 + 6.5
12 19.50 + 0.50 18.50 + 3.0  2.19 + 0.06 13.9 + 1.50  480.00 + 18.00 42.90 + 11.244.60 + 12.1
15 20.75 + 0.25 16.50 + 0.0  2.15 + 0.68 16.65 + 0.65 715.50 + 33.50 96.40 + C.0 33.80 + 0.0
18 21.00 + 0.0 41.25 + 9.75 6.29 + 0.95 16.00 + 1.20 1385.00 + 59.00 50.55 +5.85 50.80 +10.50
21 20.75 + 0.75 ) + 0.25 L,76 + 1.43 1720l B 2.80 1246 .00 i612.00 - -

L]
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increase to 18 days followed by a slight drop after 21 days

treatment (Fig. 15). The steady increase in area until 9
days seen with estradiol alcone is also seen when pro-
sesterone is added, although the magnitude is greater.
However, there is a decrease in area at both 12 and 15 days
which is followed by a2 rise at 18 days and a slight
decrease at 21 days similar to that seen with estradiol

alone.

d) Unit junctions. The number of duct junctions per

unit area changes very little between 3 and 21 days when
estradiol alone is the treatment (Fig. 16). The addition
of progesterone increases the unit junctions by approximately
L-6 junctions/6mm2 but does not alter the pattern of the

time response.

e) Total junctions. With both estradiol alone and plus

progesterone the plot of total junctions against days
treatment (Fig. 17), is very similar to that of total
mammary area (Fig. 15) particularly with regard to the

depression after 12 and 15 days of treatment.

%) DNA and RNA. In neither DNA nor RNi/gland is a

distinct pattern of response to the time of treatment shown

(Fig. 18 and 19).
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5.3 Discussion.

Experiment III was undertaken as a check on the
validity of using a 21 day treatment period in Exp. I and
II, rather than a 9 or 12 day period as used by Hori and
Miyake (1968). From the results it appears that 21 days
is certainly better than 9 or 12 days for a maximal
uterine and mammary response. However, it may be that
24k or 27 days is an even better period than 21 days.

This relationship between time and maximal response

requires further investigation in this strain of mouse.

The depression in uterus weight, mammary area
and total junctions after 12 days treatment with
estradiol alone may be partially explained by a decrease
in mean body weight ef the animals killed at this time.
The depressicn in uterus weight, mammary area and total
junctions after 12 and 15 days treatment with estradiol
and progesterone cannot, however be explained on the
basis of body weight changes (see Table 5-2). If this
decrease is =@ real effect and not due to chance, there

are two possible biological explanations:

i) After initial stimulation by estradiol and
progesterone, both uterine and mammary tissues become
refractory to the steroidal stimulus; the tissues regress
due to lack of stimulation during the next 3 or 6 days,
but to such a level that they are no longer refractory
to the stimulus anc growth stimulation again occurs. This

does not exrlain the increases to a higher level which
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then occur. The observed effects may be part of a
cycle; continuation of the treatment period to 24 or 27
days would show whether there was another cycle of

depression of growth.

ii) The depression in growth approximately
half way through the total treatment period may reflect
two phases of absorption from implanted progesterone
tablets. During the first 9 days progesterone may be
absorbed by simple diffusion from the surface of the
tablets. However, increasing formation of a connective
tissue capsule arcund the tablet may prevent this,
resulting in an inhibition and/or regression of growth
for at least some of the period between 9-18 days.
Following this, increased progesterone uptake and
absorption via macrophages may again stimulate growth.
(Forbes 1941). Further experiments in which progesterone
is administered in the form of a suspension rather than

tablets would test this hypothesis.

There is no discernible pattern of change in
the numbers of duct junctions/unit area over the 21 day
period. Addition of progesterone to the estradiol
increases the numbers of unit junctions but does not
change the general response. The depression in total
junctions at days 12 and 15 therefore is related only to
changes in total mammary area and not to any change in the

junctions/unit area.



Variations in DNA and RNA values in this
experiment are so large that nc useful conclusions can be
drawn regarding their relationship to either time of

treatment or to any of .the other parameters measured.
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CHAPTER SIX ~ GENERAL DISCUSSICN AND SUGGESTIONS FOR
FURTHER WORK
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6.1 General Discussion

(a) Fitting of polynomials. Despite the fact

that for a number of the graphs the fitting of polynomials
indicates that the depression observed at all progesterone
levels and estradiol treatment 5 is non-significant, this
may not accurately reflect the true situation since the
polynomials only give a general picture of the response.
The fact that this depression is observed in all
independently estimated parameters reinforces this view.
More extensive tests of significance on the polynomials

would be required to clarify this point.

(b) Body weight. There are significant
(p 0.05) differences due to treatments in body weights in
both experiments I and IT. 1In experiment I the differences
are due to the effects of estrodial alone, while in
experiment II the significant difference is due to the
interaction between the steroids the individual components
being non-significant. In both experiments thcre are
significant within group regression relationships with the
mammary gland parameters which do not change
significantly between groups. This is to be expected
since growth of the mammary gland forms part of the total
body weight increase. However jin neither experiment is there
a definite releationship between estradiol or estradiol and

progesterone treatment and body weight.
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Instead of measuring final mean body weight it
would possibly have been better to have measured the
change in body weight from the beginning to the end of
the experiment. This could possibky have shown systematic

effects due to the treatments.

(c) Uterus weight. The linear log adose

response for uterus weight in experiment I is well defined

up to estradiol treatment 9 with a small queidratic comniponent,
indicating the decreased response to added stimulus at

levels higher than this. The decreased response in uterus
weight when progesterone is included starts at a much lower
level and passes into a phase where increasing doses of
steroid produce a response lower than that for smaller doses,
i.e. inhibition. This is particularly evident for the &4
tablet progesterone level where the fitting of polynomials
indicates that the depression at E. treatment 5 is a real
effect. This biphasic interim response has also been observed
in unpublished experiments with this strain of mouse.
Comparisons with previous experiments show that the uterus

in the NOS mouse is more sensitive to estradiol than estrone
and that the uterus of the NOS mouse is more sensitive than
that of the CHI to estrogens (Flux 1957, Munford 1957,
Munford unpublished). The uterus of the NOS mouse also
appears to be more sensitive to estradiol than that of the
Japanese D3 strain (Hori and Miyake 1968). The uterus is
less respomsive. than the mammary gland in all these strains

since a higher dose level is required to produce a detectable
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response but at least in the NOS mouse the region of linear

response to log dose is wider.

(d) Mammary area. The area response of the

mammary glands was well defined in both experiments I and

II and followed a similar pattern. The curve obtained

with estradiol alone is almost entirely quadratic while

with the 2 and 4 progesterone tablets plus estradiol there
is an increased linear component. In both experiments
mammary area is significantly related to the other 4
parameters on a within group basis while in Zxpt. II there
is a significant difference in the relationship between area
and unit junctions, for different groups. The area response
in Expt. I is due to the actions of estradiol alone and in
Expte. II the analysis of variance shows that while there is
a small, but significant, contribution from the interaction
of the two steroids, mammary area growth is due predominantly
to the estradiol component of the treatment. 4s with uterus
weight these results show that the NOS strain is more
sansitive to estradiol than estrone in terms of mammary area

response (Flux 1957, Munford 1957).

(e) Unit junctions. The response of the unit

junctions to estradiol alone is confused. The within

group relationships vary significantly when unit junctions
are compared with duct junctions indicating that duct
junctions are differently r¢lated to unit Jjunctions at
different levels of stimulatipn. From the results of
fitting of polynomials (no significant contribution from any

of the terms tested) it capnot be concluded that estradiol
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alone has any significant effect on the initiation of
branching in the mammary gland. It appears that this
steroid stimulates duct extension and some associated
branching. A4pparent variations in unit junctions at
different levels of estradiol could result from the
sampling of two associated processes which had slightly
different temporal relationships. This conclusion confirms

that reached by Silver (1953) and Flux (1953a, b).

However in experiments in which estradiol and
progesterone are administered, unit junctions show a
regular response to the treatment. As with mice treated
with estrogen alone, there were variations at different
levels of estradiol and/or progesterone in the relationship
of unit junctions to duct junctions and mammary area.
Nevertheless the analysis of variance indicates that unit
junctions response is more markedly affected by the

progesterone treatment.

(f) Duct junctions. Despite the fact that

estradiol does not stimulate unit junctions to any significant
degree, it does stimulate an increase in total duct junctions.
This increase in the total numbers of duct junctions is due
primarily to the increase in mammary area. The results of
fitting polynomial regressjions confirms this view. There is
a highly significant quadratic component analpagous to the

result obtained with mammary areas



The increase in duct junctions in Expt. II
is due both to an increase in area and more importantly
to an increase in unit junctions. As indicated above
most of this latter effect is due to the progesterone

component of the treatment.

(g) DN&4 and KNA. In neither of the

experiments was there any significant re¢lationship
established between the DA and RNA estimations and the

treatments admninistered or the structural paramaters.

(h) Bxperiment III. In Expt. III uterus

weights in animals slaughtered after 12 and 15 days were
lower than in animals slaughtered earlier or later, but
the limited numbers of animals used prevented any
assessment of the reality of this apparent depression.
There was also a decrease in mammary area after 12 and

15 days treatment with estradiol and progesterone, but as
with uterus weight this may be non-significant.

Treatment with estradiol alone produced a steady increase
in area, apart from a small decrease at day 12. Unit
junctions showed no relationship to the period of
treatment either with estradiol alone or with estradiol
and progesterone. Total duct junctions also show a
decrease after 12 and 15 days treatment with estradiol
and progesterone. DNA and RNA estimations showed no

significant relationships.
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(i) General Conclusions. The results obtained

in Expts. I and II for structural measurements i.e. uterus
weight, mammary area, unit junctions and duct junctions,
agree substantizlly with results obtained in previous
experiments (Flux 1954 a, b, 1957, Munford 1957, Hori and
Miyake 1968) although overall comparisons are not possible
since these earlier experiments involved many less

estradiol levels.

The results obtained for the biochemical
estimations are less gratifying. Nagasawa et al (1967)
found a highly significant positive correlation between
mammary gland area and DNA content in the sharply growing
phase of the duct system and it was expected that such a
relationship would emerge in Expt. II if not in Expt. I.

To the contrary no relationships can be established between
either DNA or RNA and any of the structural parameters.

The source of the error is thought to lie in the method

of nucleic acid extraction and estimation which is

discussed in Chapter Three.

It may be concluded from Expts. I and II that
the primary action if estradiol is to stimulate extension
of the existing duct system together with some branching,
thus causing an increase in mammary area and duct junctions,
while progesterone stimulates increased branching of the
duct system resulting in an increase in unit junctions and

also duct junctions.
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The reason for the depression which occurs in
all structural parameters when progesterone is combined
with 0.010 ug estradiol, whether or not this is in fact
a significant response, is obscure. One possible explanation
is that, at this particular steroid combination, there is

contpetition for receptor sites between the two molecules.

It must be stressed that the observed effects in
the two experiments may not be solely due to specific
effects of the hormones on the mammary and uterine tissues,
since there are other factors which may have influenced

growth.

Firstly, the stimulating effects of estradiol
and progesterone may be offse€ by mechanical and genetic
factors which act to limit the size of the organ relative
to body size or surface area. Silver (1953) discusses
this in relation to estrogen induced mammary growth in
ovariectomized rats. In a similar vein, Stockdale and
Topper (1967) consider that there is an upper limit to
the number of cells in the mammary gland which can be
stimulated by a given hormone, in their case insulin.
Presumably this limit is set by structural and genetic
factors. Turkington et al (1967) raise the point that
"the response of individual cells to steroid hormones may
be all or none, bul the whole tissue may show a graded
response''« Part of this graded response may be due to the
operation of non-hormonal factors. It would appear that in

both Expts. I and II, that the mammary gland has reached
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its maximum growth possible under the prevalling hormonal
influences. Further development probably involves
differentiation of the existing framework of cells for
specific metabolic functions under the influence of a

further set of hormones (Topper 1968, 197@).

Secondly, while the animels in these experiments
had had their ovaries removed; all other endocrine organs
were intact and presumably operating as normally as possible
under the circumstances. The possible influences of
insulin, adrenal steroids, pituitary and thyroid hormones
directly on the mammary tissue or interacting with the
administered steroids must not be overlooked. There is
also the possibility that exogenous estradiol may have
stimulated release of prolactin from the¢ pituitary and that
differential effects of the steroids acting at the pituitary
and hypothalamus may contribute to the overall pattern

of responses.

6.2 Suggestions for further work

There are a number of points raised by these

results which may be clarified by further experiments.

(1) The pattern of growth of the mammary gland
in the normal virgin NO$ mouse should be established. For
some paranieters, e.g. uterus weight and mammary area, the
values recorded for intact controls are less than stimulated
values. These animals were slaughtered at approximately 7

weeks of age and sings: puberty occurs in this strain at
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approximately 6 weeks, this would suggest that the intact
controls had probably undergone only one estrous cycle and
their mammary glands had consequently been exposed to

very little estrogenic stimulation.

(2) The apparent infibition of growth that
occurs when progesterone is combined with estradiol
treatment 5 (0.010 ug/day) could be further investigated
by using a closer range of estradiol treatments, at perhaps
0.001 ug/day intervals, combined with a range of

progesterone treatments .

(3) Another area that could be explored is
whether a similar depression in growth is seen when the
appropriate level of a different steroid c.g. estrone or
a non-steroidal estrogen e.g. diethylstilbestrol is
combined with progesterone and also whether the effect of
combining two estrogenic steroids e.g. estrone and

estradiol, produces a similar response.,

(4) The relationship between 9 and 21 day
treatment periods with the same estradiol dose/day could
be investigated in view of the results of Hori and Miyake
(1963) which, when compared with current results suggests
that the amount of hormone/day may be the dominant factor

determining response.

(5) The cause of the apparent depression in
uterus weight, area and duct junctions, observed in Expt.
IIT after 12 and 15 days treatment with estradiol and
progesterone and attributed to *'tablet" effect, could be
tested by administering progesterone in equivalent amounts

in the form of a suspension.



PLATES
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Key to Plate I and II

All photographs are of whole mounts of gland
pairs 1, 2 and 3, with the 1st pair on the far left, then
the 2nd and 3rd respectively on the right. Glands are
stained with Mayers Haemzlum and photographed at =z

magnification of 4.

Flate 1.

Fig. 1. Ovariectomized Control. Despite the
lack of stimulation the glands retain some of their
characteristic shape especially, the 1st pair which are
long and thin. 1In ezch zland there is a main duct and
about 3 sets of branches. This example is slightly larger

than most of tre ovariectumized controls.

Fiz. 2u Estradiol treatment 4., (0.00375ug
Estradiol/day). At this level there is 21rcady considerable
stimulation to be seen in the gland structure. Area of all
glands is greater due to extensicn of the ducts and there
are a few end buds. However, branching in this group is
depressed (See Text. Fig. 4 2nd 5), and this is evident in

this photograph which also shows an example of the uneven

growth which occasicnally occurs in the 3rd glands.

Fige 3. Estradiol treatment 6. (0.0075ug
E/day). Further spreading and branching of the ducts is
evident. A few end buds are present particularly in

gland 3.
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Plate II.
Fig. 1. Estradicl treatment 9. (0.040ug
E/day). This is an example of the group in which mammary

area is just beginning to decline from the maximum, and
unit juncticons and duct junctions are at their maximumn

values. Numbers of small branches are evident.

Fig. 2. Estradiol treatment 11. (0.160ug
E/day). This photograph shows that the inhibition at this
estradiol level which is revealed by the graphs and tables
is clearly visible in the overall appearance c¢f the glands,

especially when compared with the previous fiyrure.

Fig. 3, Intact contrcl. In comparison with
the experimental groups the glands of the intact contrcls
cover a2 smaller area, have fewer junctions and virtually
no end buds. The overall appearance is that of glands

exposed tc very low estradiol levels (cf. Plate I Fig 2.).

Key to Plates III and IV

Range of estradiol treatments plus one tablcet

progesterone.

Plate III.

™

Fig. 1. Ovariectomized Control plus 1 tablet
progesterone. This treatment does not stimulate marked
changes in the mammary glands compared with ovariectomized
untreated controls (cf. Plate I Fig. 1). There appears to

be an increase in the number of small branches. Both
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members of pair 3 have failed tu develop beycnd the stage

of the nipple attached to a single duct.

Fig. 2. Astradiol treatment 4 plus 1 tablet
progesterone. At this trcatment level there is little

increase in mammary area but an increase in the number of

junctions is clearly evident (cf. Plate I Fig. 2).

Fig. 3. Estradiol treatment 5 plus 1 tablet
pruzestercne. There is little difference between this
treatment and the previous one except that the value for
duct junctions is lower. This represents the first
appearance of the inhibition by progesterone at this

Bstradiol level.

Elgte IV.

Fig. 1. Estradiol trcatment 7 plus 1 tablet

prougesterone. At this dose level the area and duct

Jjunctions have returned tuv and increased beyond thce level
scen with estradicl only. There is an increase in the

unit ducts evident in the phcotograph.

Fig. 2. ELstradicl treatment 11 plus 1 tablet

progestercne. A slight decrease in area and unit ducts is

evident when compared with the previcus figure.

Fig. 3. BEstradiol treatment 12 plus 1 tablet

progesterone, There is vary little difference between this

group and the previous one. In gland pair 3 a number of end

buds are eviden® arcund the periphery of the glands.






Key to Plates V and VI

Range of estradiol treatments plus 2 tablets

progesterone.

Plate V.

Fige 1. Ovariectomized plus 2 tablets
progesterone. The addition of 2 progesterone tablets
stimulates an increase in all structural parameters over

that seen with 1 or no progesterone tablets.

Fige 2. Estradiol treatment 4 plus 2 tablets
progesterone. The increase in 2ll features especially

unit juncticns is very marked.

Fig. 3. sstradicl treatment 5 plus 2 tablets
progesterone. The decrease in all parameters is
particularly evident in this photograph when compared

with the previous one. Branching is sparse especially

in gland pair 3.

Plate VI.

Fige 14 Estradiol treatment 7 plus 2 tablets

progesterone. A large number of small side branches are

appearing. The glands are still two dimensional sheets.

Fige. 2. astradiol treatment 11 plus 2 tablets

progesterone. At this dose level the branches are

beginning tu spread into the 3rd dimension, especially

in the 31d pair of glands.,.
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Figz. 3. Estradicl treatment 12 plus 2 tablets

progesterone. There is a slight Jecrease in duct

branching at this treatment but end buds are more

prominent than in other groups.

Key toc Plates VII and VIII

Range of estradiol treatments plus 4 tablets

of progesterone.

Plate VII.

Fig. 1. Ovariectomized plus 4 tablets
progesterone. Doubling the progesterone dose to 4
tablets has little further effect on the mammary glonds

(cf. Plate V Fig. 1).

Fig. 2. Sstradiol treatment 4 plus 4 tablets
progestercne., 4 decrease in duct branching is noticeable
when this level is compared with Sstradiol level 4 plus
2 progesterone tablets (Plate V. Fig. 2). End buds are

also less cowmmon.

Fig. 3. mstradiol treatment 5 plus L4 tablets
progesterone. The inhibition of growth as shown by
decrease in mammary area and total duct juncticns is
greater at this progesterone level in combination with

estradiovl than at the other two levels.
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Plate VIII.

Fig. 1. Zstradiol treatment 7 plus 4 tablets
progestecrone. 4t this dose level 2ll parameters are very

similar to those seen when 2 progesterone tablets are

present (Plate VI Fig. 1).

Pig. 2. Estradicl treatment 11 plus 4 tablets
progesterone. Complex branching patterns still evident

although mammary area is decreasing.

Fig. 3. Estradiol treatmcnt 12 plus 4 tablets
progesterone. This is the highest combined dose levels
The appearance of the glands is nct much different from
that seen with 1 or 2 proeogesteroune tablets. End buds are
again vbvicus althcugh the area has decreased (Plate IV;

Vi. Fig. 3).

Key tu Plates IX anl X

Plate IX. Estradicl cnly. Time respconse.

Pig, 1, Estradicl treatment 7 (0.010ug

E/day) for 3 days. Cumpared with untreated vvariectomized

ccntrols (Plate I, Fig. 1) there is not much <f an
increase in area but there is more branching in this
photugraph which again illustrates the inequality cf
devclopment of gland 3.

&

Figes 2. Estradjol treatment 7 for 9 days.

Cunsiderable gruwth bhoth in terms of area and branching

has occurred in 6 days.
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Pige B Estradiovl treatment 7 for 15 days.

Very little change has uccurred since 9 days. At this
time develcpment is much less than that achieved in the
full 21 day treatment in Expt. I which falls between that

shcecwn in Plate I Fig. 3 and that in Plate II Fig. 1.

Plate ¥X. [UBstradiovl plus prcgestervne - Time Response.

Pige L fistradicvl treatment 7 (0.010ug E/day)

plus 1 tablet progestercne for 3 days. Compariscn with

Plate IX Fig. 1 shows that the addition of progestercne

causes greater branching and end bud foermaticon.

Filfe 2o Estradicl treatment 7 plus 1 tablet

prugestercne fer 9 days. 9 days of £+4P treatment produces

zlands which are larger and have 2 better branched duct

system than comparative treatment minus progesterone.

Pifes 3. Estradiol treatment 7 plus 1 tablet
progesterone toe 15 days. There is little difference in
gland appearance at this time from that observed at 9 days
except for the anomalcus growth of glands 3. Development
is far below that seen with the same dose level for 21

days in Expt. I (Plate IV Fig. 1).






APPENDIX 1.

SMALL ANIMAL RESEAKRCH UNIT 1OUSE DIET

(Amounts expressed in 1bs/2000 1b)

Wheat meal 800
Barley 700
Butter Milk Powder Loo
Dried blood 70
Salt 10
Lime 20
Vit.A and D3 12 oz.

The Diet is fed as cylindrical pellets, 2 cm. x 1 cm.



AFPENDIX 2. GROUP Mi3ANS.

¥ o o
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515.13%93 .26

IXPT. 1. S3TRADIOL ONLY UNMODIFIZD DAT . * 5.E.M.
' E£3TRADIOL  NUMBUR FER  I12AN UTERU3 MEAN TOTAL MEAN TOTAL MEAN TOTAL MEAN DNA MEAN RNA |
' TRELTMENT. GROUP WEIGHT (mg) MAMMARY ARZA  UNIT JUNCTS. DUCT JUNCTS. per gland per gland |
: (cm?2) (16mm2) |
:}V - .- e - - e .- oS ade - o —— e e = A oo e Ssw——ret e — . arme G rm a - e o B 2 |y onli i . e Sin R g p—. s i S g s =1 S i St S A~ A —_— - . —3
; 1 27 4.82%0.21  0.3320.04 10.18%0.48 9%.07%9.23 47.42%5.10 28.30%4.73 |
i i
| 2 6 6.8120.74  0.37%0.06 12.26%1.06 " 165-16%29.6  52.51215.66  22.8624.85 |
| 3 6 8.4120.62  1.20%0.27 11.53%1.18 317.161138.3  42.38%10.65  29.8829.91 -
| 4 6 10.9120.99  1.95%0.17 6.6620.38 314.50316.12  40.72%15.53  87.3624.34
| 5 14 14.6420.85 2.79%0.16 9.8720.85 569.14%66.34  42.30%7.91 27.62%2.61
| 6 6 21.7531.62  3.10%0.28 7.80%0.50 535.50177.97  34.3512.31 24.15%2,33
|
% 7 9 28.44%5.68  4.52%0.43 12.67%2.12 1305.44%365.7 41,3515, 01 30.42%4 .02
! 8 9 32.55%1.48  4.67%0.29 11.21%1.03 1002.44%150.14 31.68%5.53 28.16%2.48
? 9 9 52.88%4.67  4.49%%.69 12.90%1.44 1196.11%217.32 29.04%4.46 26.95%4,328
' 10 9 56.16%5.70  4.08%0.31 9.86%0.99 949.77%131.99 32.02%5.11 36.35i12.58i
11 9 67.27%4.08  3.77%0.16 8.45%0.71 762.44%932 .27  27.08%4.20 25.5712.18
12 9 74.61%4.80  2.99%0.23 9.56%2.27 439.22266.20  44.70%12.3 19.51%2.90
13 15 28.86%3.22  2.79%0.35 9.46X0.72

20.88%1.60

41.93%7.93
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APPENDIX 3. GROUP MEANS

EXPT. 2. ESTRADIOL PLUS PROG=STERONE UNMODIFIZED DATA T BeE-M.
& e — |
BSTRADIOL | PROGEST. PROGEST. | NO, PER MEAN UTERUS & MEAN TOTAL  MEAN TOTAL | MEAN TOTAL |  IMZAN DNA | MZAN RNA
MREATMENT | TABLETS.| ABSORPT- | GROUP {WiIGHT (mg) | MAMMARY AREA' UNIT JUNCTS. DUCT JUNCTS.: per gland |per giand
" 10N ; (cm2) . (1emm2) i
SRS\ (B Rl _,_-_41____,,*‘ S S ..,_.,_,_.__*-,,._5... e NS .L. <o -1 RN T 3 PP, S ST - M1 WL o LR
1 1 0.75 7 9.74%1.80 ! 0.41%0.11 | 9.68%0.91 | 72.00%14.15 52.01%7.86 | 22.87%7.13
| t
4 1 0.48 3 25.33%3.143 | 1.79%6.06 | 8.73%0.60 |[439.003175.61| 18.86%1.03 | 33.06%6.01 |
5 i i !
5 1 0.84 5 18.1022.15 |2.33%0.31 | 10.76%0.60 i355'80t55°57 35.62%6.99 | 10.36%3.28
l H |
7 1 0.95 8 36.4055.60 | 4.33%0.37 | 16.51%1.37 ?077.701160.45' 35.06%5.98 | 13.33%3.18 |
9 1 0.98 8 31.37%2.72 | s5.34%0.32 | 21.28%1.07 h549.87%133.72|  52.04%5.00 | 25.12%5.72 |
11 1 Ay 8 39.15%4.25 | 5.11%0.40 % 17.33¥1.67 1375.375219.32|  30.85%5.69 | 34.05%6.91
12 1 1.11 5 38.30%1.04 | 4.75%0.42 % 16.7420.41 1191.40%72.13 55.30%5.18 | 19.88%5.8%
1 2 1.57 5 14.14%1.08 ]0.52%0.12 | 12.80%1.31 | 99.40%14.92 23.42%8.13 1 20.52%5.8%
4 2 1.00 3 35.8655.20 |[4.55%0.89 | 25.16%4.07 1799.00%530.71| 66.26%21.39) 32.00%8.16
i !
5 2 1.56 5 22.80%15.26 |3.69%0.55 E 14.28%2.20 1836.60%310.91| 47.62%¥5.94 | 11.52%2.17
7 e 2.11 8 39.4325.10 [ 4.18%0.34 | 17.5031.66 1162.755207.63 | 43.16511.53| 30.32%4.61
| | § E
! : ] !
| ‘ |
a | | i
! s |
| |




AFPENDIX 3(contd.)

MEAN DNA 1MZAN RNA

ESTRADICL |ERUGEST.

2 I0L 3837, | FROGEST. | NO.FER MEAN UTERUS Moal TOTAL | MuAN TOTAL MSAN TOTAL

TRaGTUENT | PABLIDS ABiggff— EGROUP WITGHT (mg) M%§E§§Y ARES LU?Eémi.NCTS‘ DUCT JUMCTS. | per gland. fper EEm0 .
(ng)(day)! i | | o2 | ?

oo 2 lawor | 7 j32.00%2.86 | 5.12%0.63 21.881.60 11716.288367.69 | 46.74%4.55 |26.95%6.41
| 11 2 1.98 7 33.23%2.25 | 5.16%0.35 19.38%2.23 5483 14i236.97§ 41.57%3.31 |21.05%5.15
12 2 2.38 5 !54.5oi2.21 | 4.48%0.45 §20.80i104o %410¢6Ot119.923 46.22%2.44 121.62%5,14
A 4 505 6 |13.16%1.63 | 0.34%0.06  |13.00%1.63 | 80.66Z14.43 | 42.4674.16 [12.5623.02
4 4 2.18 3 126.3613.16 | 4.2311.03 16.40%0.98 i924.00i216.31‘ 94.06i14.65i24,90f6.25
5 4 4.01 4 |17.37%2.08 | 1.59%0.48 11.22%0.70 %249.50158.47 39.8717.50 §19.25i7.o7
W mn 2.28 8 |46.06%3.76 | 4.12%0.56 18.57%1.37 1161.75%217.85 | 26.24%3.05 (27.05%3.13
oo m 3.50 8 33.36%2.45 | 5.60%0.43 21.9520.82 1818.62%1325.93 | 50.73%5.39 |33.11%5.14
11 4 3. 44 7 34.45%4 .75 | 4.50%0.32 20.12%1.23 W1374.85%75.20 50.90%3.24 118.04%3, 51
18 4 13,24 5 31.6031.04 | 3.7620.58 16.6620.83 986.00%175.65 | 53.48%5.66 [19.66%6.97

| |

' ;

|

i Ll .




AFFENDIX 4

Polynomial Kguations which best describe the response to

oestradiol for each level of progesterone.

Uterus weight (100log mg)

I'rogest- Constant Coefficients for Fer-
erone Term > L L centage
Dose level e X X % oif
- Variance
0 216.32 108.81 -22.654 - 97.9
( 16.34) ( 5.243)
i 175501511 11.602 - - - 5% .9
( 2.845)
151.66 - - - = 0.0
L 35,81 260,42 -163.88 21,748 - Dies NS
(78.09) ( 54.59) (11.688)
Mammazry Gland irea (100log Cm2)
C -397.74 L4728 -L15,59 166.14 -2L.Lp1  98.1
(186.69) (204.98)( ©92.99) (14.890)
1 10.49 82.574 -22.,10 = - 93.5
(14.271)(C L4.555) -
74,32 - - - - 0.0
22.22 70.974 -20.619 - - 52.4

(14.485) ( 4.598)

inammary Gland Junctions per Unit Area (100log
Juncts/6mm")

0 196.28 o - - = 0.0

1 20k4. 4o R8.995 -25.443 - - 92.2
(19.255)( 6.145)

2 L7343 -686.02 758.91 -329.52 53,147 750

o (272.76)X301.28) (137.73)k2.24k)

L 212 .45 60.810 -17.796 - - 67.2

(19.543)( 6.204) - -
Total Mammary Gland Junctions (100log juncts)
0 757.86  138.79 -44.850 - - 90.8

( 30.54) ( 9.800)



APPENDIX 1.

SMALL ANIMAL RESEARCH UNIT 1MOUSE DIET

(Amounts expressed in lbs/2000 1b)

Wheat meal 800
Barley 700
Butter Milk Powder Loo
Dried blood 70
Salt 10
Lime 20
Vit.4 and D3 2} [©izf

The Diet is fed as cylindrical pellets, 2 cm. x 1 cm.



Kgquations for Total Duct Junctions cntd

1 231.09 160.60 -L4L4,018 - - 91.2
( 24.31) (10.951)

2 207.96 - - - - 0.0

L 211.12 162.50 -46.,796 - — 60.7

Column headed Fercentage of Variance shows the sums of squares
due to fitting the relevant equation expressed as a percentage
of the corresponding sums of sqguares due to differences between
oestrogen levels.

The Value enclosed in parentleses below eizch coefficient is the
standerd error for that coefficient. These have been caloullated
from the pooled within dose mean squzre for the four progest-
erone levels,

The significance of differences between corresponding co-
efficients in each set of four eguations is tested by
calculating "t", with 734 degrees of freedom, as follows:

difference between coefficients

sum of the squares of the
two standard errors
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