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A B S T R A C T 

Immature ovari e c t om i z e d  femal e mi c e  o f  the  NO S 

albino st rain were admini stered  a se r i e s  o f  est radiol 

t r eatment s, and e s tradiol plus three di f ferent levels  o f  

progest e rone , for 21 days i n  two separat e experiment s. 

U t e rine w ei gh t s ,  mammary gland are as , duct j unct ions/uni t 

a rea , t o t al duct j un c t ions, mammary D NA and RNA were 

m easured fo r all animal s .  Stat i st i c al analysis was 

c arried o ut on all dat a. 

At  e st radi ol do ses  b etween 0.00125-0.320 ug/day 

t here was a st eady increase in uterine  weight , while  

mammary areas, uni t  j unctions and t o t al j unctions  

increased  to  a peak at 0.020 and 0.040 ug/day e s t radiol 

r e sp e c t i v ely  foll owed  by an inh i b i t i o n  at higher level s .  

C hange s  i n  DNA and RNA did not follow t h i s  pat t e rn but 

w ere mo re  c onstant . 

( i i )  

At all pro g e st erone do s e s  an inhibition i n  ut erine  

growth was seen  when combined  wi t h  0.0050 ug/day e st radi ol , 

and a maximum was reached when the  prog e st erone was combi n e d  

w i t h  0.010 ug/day e st radiol , abov e whi ch pQint t h e  curve 

r emained flat showing an inh i b i t ion from g�owth observ e d  

with e s t radiol alone. The inh i b i t i on whe n  0.0050 ug/day 

e st radiol  was combined  with proge st erone w�s ob served w i t h  

all othe r  param e t e r s  and al so t h e  inhib i tion a t  high l e v e l s  

o f  e st radiol. Howe v e r  the  final levels  were highe r  t han 

w ith e s t radiol alone, 



A third small er  exp e riment was c arried o ut t o  

show t h e  time  c o u r s e  o f  developm ent o f  the mammary glands 

with 0 . 01 0  ug/e st radiol and 0 . 01 0 ug/day e stradiol pl u s  

( iii ) 

1 proge st erone t abl e t . Mic e  w e r e  slaught e red at 3 day int e rval s  

during the  21 day t r eatment p e riod . 

The r e sult s are disc u s s e d  in relation t o  

previo u s  st udi e s  o n  mammary growth in ovarie c t omized m i c e  

and further  areas o f  work sugg e sted . 
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CHAPTER ONE - LITERATURE REVIEW 



1 . 1 INTRODUCTION 

1 

Th e growth and deve lopmen t  of the mammary glands 

is known as mammoge n esis and is distin c t  from lac toge nesis, 

the syn thesis and se cre tion of the milk compone n ts. 

Lac toge nesis is normally the c onsequ e n c e  of adequat e 

mammoge nesis and a numb er of further fac tors are involve d  

in its initiation (Denamur, 197 1 ) .  

In general the fac tors which influence  

mammoge n esis are sex, wh e ther ovulation is spont aneous or 

re flex, the frequen c y  and length of the oestrous cyc le, 

period of gestation, siz e of lit t er, diet and me tabolic 

condition of the animal and general environmen tal fac tors. 

Closer examination of this list reveals that in fac t  all 

are linked to the endocrine syst e m  in general, and the 

endocrin e portion of the reproduc tive  system in particular, 

eith er direc t ly �· sex or indirec t ly �· environmen tal 

factors ac ting via the hypothalamus and pit uitary. The 

hormon es whose syn thesis and release is initiated b y  these 

stimuli may produc e  spe cific changes in the c e lls of the 

mammary tissue or provide general adequate me tabolic 

background without which the spe cific effects could not 

b e  elic i t e d. 

The growth an d d e v e lopmen t  of the mammary glands 

of a numb er of spe cies and the  endocrine fac tors which 

influen c e  these proc esses hav e b e e n  reviewed b y  a numb e r  

of authors (Folle y  19521 Lyonst Li a n d  Johnson 1 958, Cowie 
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and Folley 1961; Jacobsohn 1961, Topper 1968, 1970 ) . All 

these workers st ress that normal mammogenesis is depen den t 

on the simultaneous or sequen tial ac tions of a number of 

hormones wh ich may vary between spec ies and even between 

strains of the same spec ies . Nevertheless it is possib le 

to examine development at specific st ages under certain 

con ditions, and the ef fec ts of specific hormones, and 

still draw useful conclusions . 

1. 2 Methods of assessing mammary glan d grow th 

A number of stru c tu ral indices have been used 

to estimate mammary growth in roden ts. Surface areas 

may be measured using the planimeter (Flux 1 954a ) or 

length and b read th of greatest extent of the gland 

(Richardson 1 951 , 1 953 , Hoshino 1965 ) , the degree of 

b ranching of the duc t  system may be measured subjec tively 

(Lyons, Li, and Johnson 1 958 , Ahren and Jaoobsohn 1964 ) 

or objectively (Silver 1953a; Flux 1954a ) , the f requency 

of  mitosis (Ceriani 1970a ) and  number and  size of 

alveoli recorded. (Ah ren and Hamb urger 1962 ) 

Autoradiographic methods have also been used to estimate 

c ell proliferation (Traurig 1964, 

Kruglikov 1970 ) . 

Suetina and 

Biochemical indices have also been used. DNA 

is used as an estimate of c ell number and therefore glan d 

size (Kirkham and Tu rner 1954 ) . The incorporation of 

H
3

-thymidine int o  DNA can also be used as an indication 

of cell proliferation (Topper 1968, 1970). 
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1.3 Expe rimen tal Me thod 

a )  In vivo expe riments:  The removal of gonads , 

pituitary , adrenals , thyroid and varying c ombinations of 

the s e  organs allowed their replac ement  b y  c ont rolled 

d o s e s  of initially , c rude organ extra c t s , and lat er b y  

purified hormones , either  alone or  in c ombination . The 

effects of these  pro c eedures on mammary growth were 

o b s e rved and c ompared with the growth patte rns estab lished 

by killing intac t animals at inte rvals during no rmal 

developmen t .  

b )  I n  vit ro expe riments : The culture of p ortions of 

mammary glands  in c hemic ally defined media has proved 

v e ry suc c e ssful in e lucidating ho rmonal requirements for 

mammogene s is particularly in rodent s . ( Hardy 1950 ,  

Lasfargues and Murray 1 959 ; Topper 1968 , 1 970 , Ce riani 

1970 a ,  b ) .  The ma j o r  value of th ese  expe rime nts  lies 

in th e fact that the tis sue is is olated  from the effec ts  

of releas e of compensa ting ho rmones and  changes in 

general metab olism which may follow o rgan ablation . 

1 . 4  Foetal mammary development  

Raynaud ( 1961) has  dis c us s ed foetal mammary 

developmen t in s ome de tail . Sex differences  in mammary 

development in the mous e  b e gin to  appear  at  day 15 as a 

re sult of changes in gonadal hormone s e c retion . In 

female foe tuses  ovarie c t omiz e d  b y  lo cal  irradiation at 

day 1 3 ,  devel opment followed the female patt e rn .  A 

similar pat t e rn is obse rved in male foe tus e s  from mothe rs 
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t re a t e d  w ith the ant iandrogen c ytopro t e rone ac e t a t e  

( Elg e r  and N eumann 1 966 ) .  I t  has b e en  sugge s t e d  that 

no rmal d e velopment of  the f emal e gland is ind epe ndent of 

h o rmonal influe n c e s  and that in the male t e s t o s t e rone  

d ire c t ly inhib i t s  mammogenesis. A similar s i t uation  

o c curs in the diffe rent iation  of the  hypothalamus with  

r egard to  s exual b ehaviour  pat t e rns , although the time  

p e riod involv e d  in  rats  and  m i c e  is ne onatal rath e r  than 

f o e tal ( Harris 1 964, Barrac lough 1 966 , 1 967 ) . 

In the p e riod b e twe e n  b i rth and puberty in many 

spe c i e s  �g. mouse, rat, monke y ,  there  is a gradual 

inc rease in ·che mammary duet s ys tern ,  while in oth e rs e .  Pi.. 

guinea p ig, c at, rabbit , dog , the r e  is litt le  p�epub e rtal 

duct dev elopment  (Folle y 1 952 ) .  Following pub e rt y  the 

e yt e n t  and type of  deve lopment of the mammary gland is 

relate d  to th e type  of estrous cyc le.  

Flux ( 1 953, 1 954a ) reported that in v i rgin 

female CHI mic e  the mammary area growth was isome t ri c  

(<X = 0,9 8 )  from 7-28 days after v:hich  i t  was p o s i t iv e ly 

allome t ric (oc = 5.2 2 )  until  8 4  days while in t h e  same 

p e riod  ( 24- � ' : days ) gronth remai n e d  isomet ric  in 

ovari e c t omize d  mic e . A rapid in c rease in the  number of  

duc t  j u n c t ions  occurred b etween 24-56 days , the onset  

of  this  growth coinc iding with  vaginal opening ( 2 1 -22 

days ) and cyc lic changes  in v aginal smears ( 27-33 days ) . 
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Nagasawa, Iwahashi , Kanzawa , Fujimo to  and Kur e t ani 

( 1 96 7  a ,  b ) studied  the development o f  the mammary glands in 

virgin females o f  2 st rains of mouse f rom 30-230 days o f  age . 

Normal development of the 3rd mammary gland in v irgin fe male s 

of another  s t rain we re s tudied b e tween b i rth and 1 5  months 

( Matsuzawa, Yamamo t o, Suzuki 1 97 0 ) . Maximum development was 

reached  by  6 months fol lowed by a t roph ic  changes whi c h  

app eared  at 9 months and we re c onspicuous in 1 5  month old 

animals. 

In immature f emale mi c e  the mammary gland 

epi thelial c e lls proliferate  rap i dly and then at a c e rtain 

stage this ceases  and does not inc re ase  again until 

pregnanc y b egins . In 3 wee k  old  mic�  1 8% of the epithe lial 

c ells were lab e lle d with H3-thymid ine indic ating ac t iv e  

DNA synthesi� and b y  3 months this  had dec lined to  1 . 5% 

(Voytovich and Topper 1 967 ) . 

Sue tina and Kruglikov ( 1 970 ) showe d that mammary 

epithe lial c e lls  in the rat and mouse remain diplo id and 

there is no polyploidiz ation at any phase of th e lac tat i onal 

c ycle. 

Th e deve lopment of  mammary glands in normal male 

mi�e of  9 d i f fe rent st rains at  9 weeks of  age was 

inv e s t igated  b y  Richardscn and Cloudman ( 1 947 ) and 

Richardson ( 1 95 1 , 1 953 ) .  In c ont rast t o  some earl i e r  

views they f ound that i n  intac t male s , development a t  9 

w e e ks was gre at e r  �han at b irth . 
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In  the rat Silv e r  ( 1 953b ) f ound that isome t ri c  

g row th o f  the  f emale mammary glands oc c urs u n t i l  2 3  days 

when pos i t iv e l y  allome t ri c  («. = 3. 4 )  growth begins . Th is 

is 2-3 we eks b e f o re pub e rt y .  Sinha an d Tucker ( 1 966 ) 

found , that in  rats , DNA c on t e n t  inc reased allome t ri c ally  

as well  as mammary gland area  b e tween 1 0- 1 00 days . The y  

also found 2 peaks i n  mammary gland deve lopme n t  b e f ore 

pub e rty and sugges t that cyclic  hormonal c hanges  s t art 

approxima t e l y  15 days pri o r  t o  first e s t rous c y c le and 

that 2 "si le n t" c yc les  o c cur , sub-opt imal for v aginal o r  

b ehavioural change s b u t  suf f i c i e n t  t o  s t i mulate e arly 

mammary growth . 

The mammary DNA leve l in ra ts  has b e e n  shown t o  

inc rease 8% b e tween  pro-e s t rus and e s t rus with n o  fu rth e r  

change during the c y c l e  (Sinha 1968 ) .  Mammary RNA , and 

the RNA/DNA ratio  inc reased b e t we e n  pro-estrus and e s t rus , 

remained  c ons tant at me t es trus and then declined 9% at 

dies t rus . Th is  sugg e s t s  s timulation during the e s t rogen i c  

phase of the c y c l e  and involu t i on during the luteal phase, 

in c on t rast to the s ituation o b s e rv ed in animals w i t h  a 

long lut eal phase � ·  dog , fox , whe r e  there i s  extensive  

alveolar f o rmat ion during this  pe riod (Folley 1952 ). 

Mammary DNA in rat s  inc reased f rom the f i rs t , t o  a maximum , 

at t h e  f ourth e s t rous c yc l e  indicat ing that pub e rtal 

developm e n t  o f  the  mammary gland in the rat is relativ e ly 

rapid (Sinha 1 968 ) . 
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1 . 6  Ovarian h o rmones 

Th e re lat ionship be tween  the ovaries and the growth 

and d evelopment of the mammary gland was sugge s t e d  by  the 

stud i e s  on normal and psuedop reguan t animals in which it  was 

ob s e rve d that known changes in ovarian activity as e s t imated 

by o th e r  means � · vaginal smears , cou ld be c o rrelated wi th 

chang e s  in amount and type of  mammary d eve lopmen t . 

In b o th the rat and the mous e duct growth , but not  

alve olar growth , can be  induced by  e s t rogens alone . Some 

alve olar format ion may resul t but  this is usually abno rmal . 

Corpuc lu teum extrac t s  or  progest erone whe n c omb ine d with 

e s t rogen will induce d eve lopmen t  of the  duct and alve olar 

syst e�s to  the leve l charac teristic of  mi d -pregnancy  in  b o th 

the rat and the  mouse (Folley  1 952) . A critical rat i o  may 

b e  r e quired b etween  est rogen and proges t in leve ls and the 

acti o n s  of  these hormon e s  may modify or  be mod i fied  b y  

t h e  an te rior pi tuitary hormone s .  

In ovariec tomi z e d  CH I mic e admi nis t ration o f  

0. 01 u g  e s t rone/day f o r  2 0  days doub le d  t h e  area of  the 

mammary glands ove r that s e en in ovarie c tomi z e d  cont rols . 

At 0. 055 ug/day the gland areas were no t s ignifican t ly 

d i f f e rent  from intac t c on trols , and 0 . 1  ug/day produced  no  

further inc rease ( Flux 1954a ) .  The duc t j unc t i ons followe d 

the  same pat t e rn as surfac e are a .  In ovarie c tomized albino 

mic e  0 . 003 ug or 0 . 006 ug/day e s t rone f o r  21 days inc reased 

the t otal mammary areas by 2 and 4 t im e s  respect ively 

(Flux 1957 ) ,  This  alb ino s t rain appe ars to  b e  more s ensi t ive 
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to estrone than the CHI st rain. Fe rgusson ( 1 956 )  found 

that est radiol and progest e rone alon e or in combination 

did not affect the morphology of the mammary gland in 

hypohyse ctomize d-ovariec tomized mice,  although the dose of 

est radiol (0.01ug ) use d was effec tive main taining u t erine 

w e ight and vaginal cornification. Combin�tion of the 

ovarian hormones with GH or prolactin in c reased mammary 

d evelopmen t. Gardner (194 1 ) exposed mice  from seve ral 

diffe rent st rains to variab le doses of est rogens for 

several mon ths, Th e doses of estradiol b e nzoa te  range d 

from 1 0  to 50 ug/week and est radiol dipropiona t e  was also 

adminis t e re d  at 50 ug/week� At this dose leve l animals 

t reat e d  for long pe riods showed least developme n t ,  indicating 

that es t rogens may be inhibitory to mammary growth in high 

doses. 

Damm and Turner (1957, 1 958) using total DNA as 

an estimate of growth found that it remained low in the 

glands of mice inje c ted with con t rol levels of est radiol 

b e n zoat e  (0.75ug/day)� Mice receiving graded doses of 

EB+P a t  a ratio of 1 : 1 000 showed  inc reasing developme n t  as 

t h e  log dose of the hormon es. The optimal dose which 

evoked maximal mammary DNA was 0.75ug EB+0.75mg.P. 

Wh en ovariectomize d female mice received 

1 ugEB+3mgP/day they had significan t ly high er t otal mammary 

DNA than animals receivin g  1 ugEB + 1  or 2mgP/day and no 

difference was d e t ec t e d  b e twe e n  3 ,4 or 5mg P in the 

combination. DNA levels we re  57.6% of that obse rved 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 Turn8r 1961). If the EB levels 

were increased from 1 to 2 or 4 ug. and P levels reduced 

f rom 3 to 1.5 or 0.?5mg there was no significant change 

in the mammary gland DNA levels (Anderson, Bookreson, 

Turner 1 963 ) . 

Nagasawa, Iwahashi, Kuretani and Fujimoto (196&) 

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 f or 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 signifi�ant correlation between DNA and NGA, in 

contrast to intact controls where there was a high positive 

corr�lation. 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 f or 9 days. This total dose of 0.27ugE 

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 f ound 
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a dosage dependent growth curve over the range 0.001 to 

0 . 03ug est radiol/day which was optimal . The uterus weight 

was dosage depen dent between 0.003 an d 0. 1 ugE/day 

indicating that the uterus of these mice was less sensitive 

to est radiol than the mammary gland. The ef fect of various 

steroids on the growth stimulated by estr�diol was tested. 

Progesterone at 30, 300 and 3000ug/day inc reased mammary 

area b y  37, 3 1  and 37% respec t ively, and at the same 

levels depressed uterus weight. 

Using the uptake of 3H-thymidine as an index 

Traurig and Morgan ( 1 964) found that in ovariectomized 

mice the mamma ry gland labelling index was 0. 1 % . Whole 

mount preparations showed a system of thin duc ts with 

little b ranc hing 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 moun ts showed 

duc t  and some alveolar development. Reduction of E 1 7B 

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 signific antly 

greater than in ovariectomized controls. 

B resciani ( 1 964) found tha t  DNA synthesis in 

mammary tissue was completely inhibited 3 days after 

ovariectomy in mice. In in t act virgin female mice the 

mean duration of DNA synthesis in mammary tissue was 

20.7 hours. The administration of 1ugEB+ 1 mgP/day to 

ovariectomized mice for 3-4 days decreases the mean 

duration of syn thesis to 1 0. 7  hours and also decreases 
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the varian c e, The ovarian hormones the refore a c c e l erate 

t he rate of DNA syn the sis by almos t 100% by d e c reasing 

the durat ion down towards a theore t i cal min imum. 

Variat ions in DNA durat ion in intac t  ani mals may b e  due 

to varia tion s in circulating hormone t i t res. Similar 

m easurement s have b e e n  ob tained  for the dura tion of DNA 

synthesis i n  ute rine c e lls of intac t v i rgin female mice 

( 19-21 hrs ) . Ovarian hormon e s  depress t his pe riod to 

approximat e l y  9 . 5  hours in ovariec tomized mice (Di tore 

Ne ihs, Truhlsen, and Ban e rje e 1971 ) .  

Banerje e ( 196 9 )  also foun d that inc rease d  

ovarian hormone levels from e i the r e ndoge nous o r  exogenous 

sources augmen ts  init iat ion and dec reas e s  durat ion of DNA 

synthesis while ovariec tomy cause s c e ssation of s ynthes is. 

Thymidine lab e lling in in tac t BALB/c Crgl femal es was 2.8% 

which dropped to 0.6% 5 days af ter ovariec tomy. 

Corresponding figures for C3H/Crgl m i c e  were 2 . 5� and 

ze ro, while for C3H/He the y were 4.8% and 0. 25%- Ban e rjee 

and Roge rs (1971 ) inje c t e d  intac t and ovariec tomized 

BALB/Crgl mice with 1 ugE17B+ 1 mgP daily and killed them 

af t e r  21 41 6 or 9 injec t ion s� The s e  hormon es  caus ed an 

i n c rease in  DNA, RNA and protein·syn the sis in both groups . 

The RNA and prot e in synthesis was d e tectab l e  aft e r  2 days 

and reache d a maximum at 6 days whil e  DNA syn the s i s  ros e 

sharply to a peak af t e r  4 days . The ovarian hormone 

s t imulat ion of DNA s yn the sis is confi n e d  to the mammary 

parenchyma, although the bulk of the DNA is in c on ne c t ive 

ti.�sqe, Afte r  4 aqd 6 iqjec t ions of E17B+P there was 
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increas e d  duc t  and end b ud growth . In a furthe r  se ries  

of  expe rimen t s  ( Ban erj e e , and  Wagne r 1 97 1 ) they found that  

t he re was negligib l e  bNA.polym e rase ac t iv i ty in the 

m ammary glands of ovarie c t omize d  mice  and a s ix f o ld 

inc rease in ac t ivi t y  c ould be s t imul a t e d  b y  i n j e c t ing 

1 ugE 1 7B+ 1 mgP/day for  2 days . This inc rease in  DNA 

polymeras e ac t iv i t y  c orre lates  well  with the ob s e rvation 

that DNA synthesis  reaches a peak at 4 days as earl i e r  

reported  ( Ban e r j e e  and Roge rs 1 97 1 ) .  I t  i s  assumed  that 

the DNA polym e rase which is affe c t e d  is in the mammary 

par enchyma . Sinc e insulin has b e e n  sh own t o  indu c e  DNA 

polyme rase in vi t ro ( Lockwood , Voytovich , S t o c kdale , 

Toppe r 1 967 ) and now E+P in v iv o  they suggest  that the 

in vivo e f f e c t  may b e  a s yn e rg i sm b etween  exogenous E+P 

and endogenous insulin . They furth e r  s ugge s t  that the 

s equence  o f  a c t ion induc ed b y  ovari an h ormones is  

increased RNA and pro t ein synth e s i s  whi ch resul t s  in 

inc reased indu c t ion of DNA polyme rase which in t urn 

c auses a r e duc t i on in duration o f  DNA s ynthe sis and 

f as t e r  cyc l e  o f  c ell  division and proliferat ion . 

A s imilar relationship b e tw e e n  ovarian 

ac tivity and mammary g rowth has b e e n  ob serv e d  in the rat 

as well as t h e  mouse . 

Silve r  ( 1953a ) inv e s t ig a t e d  the role o f  

e s t rogen i n  d e v el opme n t  o f  the mammary gland in rats b y  

in j e c ting ovar i e c t omized animals w i t h  0 . 05 ,  0 . 075 , 

0 . 25 or  1 . 0  ug/2 d ays o f  est radiol  d ipropionate f rom 

20-80 days . A t  the two  highe s t  levels  growth s imilar 
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to  that seen  in intac t cont rols was induced , while  at  the 

lowe r doses growth was int e rmediate b e t ween  ovarie c t omiz e d  

and intact cont rols. There was allometric growth with all 

d o s e s  but the allome t ric constant was signific ant l y  lowe r 

than fo r intact female s .  When the e s t rogen dose  was 

inc reased as body weight inc reased the allome t ric cons tant 

app roached  that of intact animals . Growth was similar in 

b o th male and female treat e d  animals . 

Growth of  ducts , sid e buds and end buds with no 

e v id ence of  alve olar f o rmation occu rs wh en ovariect omiz e d  

rats are inj e c t e d  with est rone ( 20ug/2 days ) and 

p r o g e s t e rone ( 5mg/6 days ) . In ovariect omized­

h yp ophyse c t omiz e d  animals receiving the s ame t reatment 

mammary growth was ab sent or negligib le  ( Ahren and 

Jac obs ohn 1 956 ) . Lyons , Li and Johnson  ( 1 958 ) showed that 

e s t rone alone is no t mammogenic  in hypophysect omized­

ovariectomiz ed rats  but  ductal prolif e ration results whe n 

GH is comb ine d  with e s t ro ne . In the ovariect omized  rat 

e s t rone and proges terone induc e  L-A deve lopme nt similar 

t o  pregnanc y .  Smi th and Rich t e rich  ( 1 959 )  found that 

nei ther EB1ug/day nor proge s t e rone 5mg/day alone for 1 0  

d ays chang e d  the weight, DNA , RNA or  t�tal nit rogen o f  

mammary glands o f  immature ovariect omized rats over 

c ont rols and there were  no significant diff e rence s 

b e twe e n  the t re atments . A c ombination of  EB+P 

admini s t e r e d  t oge the r inc rease d all  these  c ons t ituents. 



14 

Total mamma�y DNA of  ovariect omized rat s  

rec e iv ing 1 ugEB/day f or 1 9  days was significant ly 

gre a t e r  t h an ovariect omi z e d  con t rols . EB+ 1 mgP increas e d  

t o tal DNA ab ove t h a t  seen  with EB alone and a further  

increase was  ob taine d whe n  P was  increased  to 2mg/day 

(Moon , Griffi t h  and Turn e r  1 95 9 ) .  I ncre ase  o f  P b e twe e n  

3- 1 0mg/day was inef fective in promo ting  any further DNA 

increase . Mammary DNA ob t ained from t re a t men t with 

1 ugEB+2- 1 0mgP/day did n o t  di f fe r  s i gnif ican tly from that  

i n  18-20 day pregnant  rat s ,  EB  alone  resulted in  

in c re ased duct and e nd-bud deve lopme n t, while EB+P 

re sulted  in L-A grow th. 

In cast ra t e d  male rat s  2ugEB/day f or 20 days 

produced a s light but non-s igni ficant i n c rease in mammary 

DNA over cas t ra t e d  c on t rols . I f  2ugEB+6mgP/day for  

20 days followed this  ini t i al period there  was  a highly 

significan t inc re as e  i n  DNA ov e r  that s e e n  wi t h  EB alone 

or in cas t ra t e d  con t rols ( Srivas t av a  and Turne r  1 966 ) .  

Panda and Turn e r  ( 1 966a) f ound that t reatmen t  

o f  intact male ra t s  wi t h  1 ugEB/day f rom day 20 resulted 

in no change i n  mammary DNA a t  40  o r  6 0  days , w i th a 

s light increase  a f t e r  6 0  days. They sugges t  that 

androgens are in fluencing growth up t o  60 days aft e r  

which EB can exert  i t s  influence. I n  a furth e r  

experiment s ubmi t ti ng immature female r a t s  to  iden t ical 

t reatment ( Panda and Turn e r  1 966b ) it was found that 

mean DNA was s ignificantly h i gh e r  at 40 days� n on­

signi f icant ly highur at 60 days and 20 , 6% lower at  
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80 days , than untreated c o n t ro ls. The s e  results  indic a t e  

that i n  the c on t rol gro up e s t rcus cyc les w e re s timula t i ng 

growth c omparab le t o  that produced b y  1 ugEB/day , at 6 0  

d ays o f  age . In castrat e d  male rat s , 2ugEB+6mgP/day f o r  

20 days s timula ted  L-A developmen t t o  the d e g r e e  s e e n  i n  

ovariec t omized female r a t s  (Panda and Turner  1 966c ) .  

I t  has b een shown that furthe r involution o f  

the  duc t  sys t e m  will oc c u r  i f  ovarie c tomiz ed rat s  a re 

h yp ophys e c t omized . The in j e c tion o f  2ugEB+6mgP/day for  

1 9  d ays into  h ypophys e c tomized rat s  c au s e d  a highly 

sig n i ficant  increase in  mammary DNA ove r  hypophys e c t omized  

c on t rols but  a non  s ignifican t increase  when c o mpared 

with ovariec t omi z e d  c on t rols  ( Hahn and Turn e r  1 966 ) . 

Es t radiol benz oate tab l e t s  c ontain ing 

0. 5 - 1 0u gEB; implan t e d  int o  the  3 rd tho racic gland of  

ovari e c tomi z e d  rat s , had  n o  effect on  the exis tiug 

rudimen tary duct  syst e m .  Whe n  pitui ta ries  were  implan t e d  

unde r  the kidney capsule there w a s  w e l l  d ev e loped m ammary 

growth around the pe lle t1 o n ly in �ats with 2 pituit ary 

t ransplan t s  and 10ugEB table t. This sugges t s  that EB 

i nc reases  the mammary response  to pituitary mamm o t rophs 

i n  amounts that alone do n o t  s ti mulate  mammary growth 

( Nagasawa and Yanai 1 97 1 ) .  

1 .7 Pituitary Hormo� 

The release o f  all the h o rmon es from the 

an t e rior pituitary i& c on t rolled by fac tors produc ed  in 

the h ypo thalamus and c arri e d  to the pituitary in the  
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portal c i rc ulat ion; an inhib itory fac tor for prolac tin 

an d releasing factors for ACTH , FSH , LH, TSH and GH 

(Guillemin 1964, 1967, �ot ta et al . 1970). Sin c e  the 

hypothalamus is subjec ted to i mpulses rec eived f rom the 

external environment � sight, sound, smell, these 

external influen c e s  may play a part in mammogen e s is by 

c hanging the sec ret ion pat t e rns of the an te rior 

p ituitary. The involvement of t he an t e rior pitui tary 

i n  the growth and dev elopment of the mammary glands has 

b e en exte nsively invest igat e d  in both the mouse and rat 

b y  in vivo an d in vit ro methods. 

The mammary glands  of hypohysec tomiz ed  f e male 

mic e show p ronounc ed at rophy 1 mon th af ter surge ry an d 

c onsist of slende r mai n duc t s, few b ranches an d no 

alveoli or buds ( Fe rgusson 1956). The re was no change 

in the morphology of the gland whe n  est rogen, 

p roge s t e rone, t estos t e ron e, stilbestrol or T4 we re 

adminis t e re d  individually to hypophysec tomized­

ovariec tom ize d animals . Prolacti n  alone inc reas e d  

mammary growth espec ially when inje c t e d  locally. A 

combi nat ion of GH and st e roids caused development of 

end buds and widen ing of the ducts , while GH + prolactin 

+ E + P produced a gland c losely resembling the normal 

morphologi cally. 

Flu� (1954) found that ACTH given alon e had 

no effec t on mammary gro-wth in ovariectomized mic e. 

It also i nhibited esttone (0.01 ug/day) induced growth both 

in t e rms of area a�d duct jwnctions� The administration 
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o f  0.5 mgGH/day f o r  21  days t o  ovari ec t omized albino mice  

increased  mammary a re a  f rom 96 mm2 in c ontrols t o  247 mm2 

in tre a t ed animals . C omb inat ion o f  GH + 0 . 006 ug/da y  

e s t rone inc reas e d  t h e  a r e a  t o  5 89 mm2 ( Flux 1 957 ) . In 

h ypophys e c t omized mal e  mic e GH or  p ro lac t in, alone o r  

t o g e t h e r, h a d  no eff e c t  o n  mammary growth (Flux 1 95� ) .  

C o mbina t i on o f  E + P + p rolac tin p ro duc e d  duc tal  and 

alveolar growth wh ich did no t oc cur when GH replac ed 

p r o lac tin.  Pro lac t in alone app ea red t o  have l i t t le 

e f f e c t  in t h e se hypoph ysec tomized animals . 

Rad ioautog raphic s tu d i e s  on ovariec t omized 

mic e giv en 1 mg/day p rolac tin showe d an inc reas e in th e 

labe l l ing index in mammary t i s sue from 0.1� in unt r e a t e d  

c ontrols  t o  2 . 7% .  Vari ous s i zed duc t s  were p r e s ent but 

no alv e olar f o rmat i on o c cur r e d  (Traurig and Mo rgan 196 4 ) . 

Admini s t ra t i on of GH also c aus e d  a s i gni fic ant inc r e a s e  

in lab e l l ing t o  1 . 2� and n o  alv e o lar  f ormat i on . Wh en 

p ro lac t in was added to a h igh E+P c omb inat ion which 

p roduc e d  an inc reas e to 8. 9% there  was no furthe r 

inc rease in the label l ing index although L-A d i f ferent ia­

t ion inc re a s e d . When added  t o  a low E+P dos e p rolac t in 

c aus e d  a s igni f i c ant inc reas e to 6 . 7% and d e f init e  1-A 

deve lopment . In ovari e c t omized -h yp o�uysec t o mized mic e 

t r eatment with E + P + p r o lac t in resul t ed in a labe l l ing 

ind e x  of 6.7%, the s ame as in ovariec t o mized animals 

similarly tre ate d  but there was no alve olar d i f f e rent ia t ion . 
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The additi c n of hypohyseal hormon es  to c ultures 

of embryon i c  mouse mammary tissue resulte d  in general 

improvem ent in ti ssue maintenanc e  and greater 

differentiation (Lasfargues and Murray 1 959 ) . When GH 

an d pro la c tin are combined with E+P, formati on of mammary 

e pithe lial tissue is incre3s e d  as alsu are adipose and 

connective t i ssue . 

When tissue from m i c e  pre-treated wi th 

E + P + Prolactin + GH was c ultured with GH and prolac tin 

in addi t ion t o  insulin , maint enance was s tandard wit h few 

end buds and no lobules. A sterc id was requ ir e d  fer L-A 

differentiation ( Ic h inose and Nandi 1 966) . The y  suggest 

that the syne rgism b e t ween anterior p ituitary hcrmon es and 

s t e roids lies at the targe t tissue level . 

The transpl�ntation of the p i tui t ary into the 

i ngu i nal  mammary fat pad of femal e mice resulted in duc t 

extension and  L-A devel opment oc curring locally around the 

graft i n  intact an imals . Mammary tissue ad j ac e n t  tu  the 

pituitary transplant in ovariectumi z e d  animals showed cnly 

minimal duct and L-A g rowth . Ovarian hormon es there fcr8 

appear necessary f�r a respons e to pituitary h ormones 

( Bard in, Leibelt  and Le ib e lt 1 962 ) . Th e same au t hors 

( Bardin et  al  1 968 ) found that in an ima�s bearing pituitary 

graf ts , the mammary gla nds uf R1 1 1  s train had gre at er L-A 

dev e lopme n t  than A or c57BL. If mammary tissue from 

th e s e  3 s trains was t ransp lante d into F1 hybri ds also 

b e arin g  transplants, the same pattern was exhib i t e d  

indicating that the s e n s i ti v i t y  l i e s  i n  t h e  mammary 
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t issue. Lruwning, Whi te an d Gibb ( 1 96 5 ) t ransplan t e d  

pituit�ri es  into the m�mmary f a t  pad and ovari es  into the  

e ye caps ule. The pituitary t ransplan t s  s t imulate alveclar 

growth both by d irect act ion of  pr�lact i n  and indi rectly 

b y  act ing en the c0rpus lut eum t0 p roduce p r0ge s t e rcne . 

Both the s e  e f f ects  increas ed wh en t he hcs t s  had re locat e d  

ovarian tis sue . In a further pape r  CBr0wning and Whi t e  

1 965 ) they reported  the e f fects � f  t ransplant ing both 

pituitaries  and ovaries i n to the mammary fat pad . The re  

was s t imulation uf alveolar growth in t he pad which had 

the  t ransplan t s  and  sligh t s t imulat ion in the oppos i t e  

gland. Glands with b o th ovarian and p i tu i tary g raf t s  

showed great2r develcprnent  than w i t h  e i t her alon e . 

Ahren and Jacob schn ( 1 956 ) found that grow th of 

the glands was ab s e n t  er n eg l igib l e  in hypophys ect omiz e d ­

ovari ectomized  rat s  in j ec t e d  w ith e s t rone and p ruge s t e rone; 

a comb i nat ion which produced ductal p ruli f e ratiun in 

ovari ectom i z e d  rats.  The mammary glands of th e s e  ra t s  can 

be mad e  responsive to ovarian hormones  in the ab s ence uf 

the p i t u i t ary by  adminis t ration o f  long  acting insulin. 

The y  conside r that any ho rmon e wi th a powerful me tabolic 

action can s t i mula t e  growth i n  this way. 

The admin i s t raticn of 1 mg GH/d�y in comb i na t i on 

with 2 ug EB f o r  1 9  days to ovariectomi zed  rat s  resul t e d  in 

alv eclar f o rmation  and an increase in  mammary DNA ove r  that 

obs e rv ed wi th e i th e r  hormone alo n e  (Moon 1 96 1 ) �  
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MacDon�ld and R�ece ( 1 963 a ,  b )  showed  that both 

pituitary extracts and purified prolactin and GH produc8 a 

mammoge nic response when inje cted togethe r  with 1 ug 

estrnd iol diprJpion ate into ovariectomized suckling rats . 

Ante rior pitui tary extracts from rats which had b een 

prev iwusly in j ec te d  with estrogen in c reased mammary area 

t o  a greater extent than d id extracts frGm non-in j ected 

rats indi c ating that estrogen stimulates the synthesis and 

release of one  uf the pituitary mammogenic hormon�s 

(prob�b ly prolactin ) . 

Estroge ns appear to have a central action in  

sti mulating th e synthesis and  release of prolactin . 

Ram i re z  and McCann (1964) demonstrated that prolactin 

secretion was inc reased b y  estrogen implants into th e 

hypothalamo-hypoph yseal region in  female rats . Similar 

implantati on i nto the median eminenc e ,  arcuate nucleus 

and anterior p i t uitary produc ed mammary L-A development 

in intact male rats (De is 1 96 7 ) .  He c on c ludes that the 

observed e f fects are due to inhib i t ion of  PIF b y  

estrogen . Afte r implantation o f  estradiol into the 

median eminenc e and arcuate nuc leus of adult female rats , 

e l ec tron mic roscope studies showed that the mam�otrophs 

( prolactin sec reting c e lls )  an d to a less e r  e xtent 

somatotrophs (GH) of the ad enohypophysis inc reased the i r  

sec retory activity while g onadotrophs appeared  atrophied 

(Zambrano and Deis 1970). In  hypophysectomized female 

rats with the pituitary transplanted und e r  the kidney 

capsule and b ilate ral median eminence  lesions the re was 



21 

s i gn i f i c an t l y  b e t t e r  mammary d e v e l o pmen t than c o n t r o l s . 

I t  was c on c luded t h at P IF f o rma t i o n  was ab o l ish e d  o r  

r e d u c e d  b y  t h e  l e s i o n s  and c o n s e que n t l y  t h e  t ransplan t e d  

p i tu i t ar y  s e c re t e d  more p r o l a c t i n . Th e r e  i s  indire c t  

e v id e n c e  o f  P IF i n  the p lasma o f  rat s f o l lowing 

hypophys e c t omy ( S u d , C l e m e n s  and M e i t e s  1 970) . In 

c on t ras t the imp lan t a t i o n  of p r o l a c tin i n t o  t h e  m e d ian 

emin e n c e  of mature , i n t ac t and o v a ri e c t om i z e d f e m a l e  rat s  

r e s ul t e d  i n  inc reased hypo thalamic c on t e n t  o f  P I F , 

d e c reas e d  p i t u i t ary prolac t in c o n t e n t and marked r e g r e s s ion 

o f  t h e  mamma ry glands ( C l e m e n s  and Me i t e s  1 968 ) . Th e s e  

r e s ult s sugg e s t  t hat e v e n  i n  t h e  ab s e n c e  o f  ovarian 

s t e ro i ds pi t ui t ary p ro l a c t in c an s upp o r t  mamma ry s t ru c t u r e . 

I t  has l o ng b e e n  known that c h l o rpr omaz i n e  and 

o th e r  ph e n o t h i a z i n e  d e riv a t iv e s  h ave mammogen i c  and 

lac t o g e n ic ac t i on s . Th e y  are t h ought to ac t on t h e  

hypoth al amu s c a u s i n g  d e pl e t i o n  o f  P IF a n d  thus enhanc i n g  

p r o l a c t i n  s e c r e t i o n  ( B e n -Dav i d  1 96 8 ,  Khaz e n , Mishki n s k y , 

B e n-David an d Sulman 1 968 , Dan o n , W e l l e r  and Sulman 1970 ) . 

Roth an d Ro s e nb l a t t  ( 1 968 ) have shown that 

prev e n t i o n  uf s e lf - l i c king ( of n ipple l i n e s ) in p re gnant 

rats r e s u l t e d in 50% depression of mammary growth . Thus 

re s u l t  is n o t  surp ri s i n g  in v i e w  of t he fac t t h a t  p r o l a c t i n , 

GH , AC TH and MSH hav e b e en shown t o  b e  released from the 

an t e ri o r  pituita ry f o l l owi n g  t h e  suc kling s t imulus ( Tindal 

and Knaggs 1 970 ) . P re sumab ly t h e  same n e ural pathway v i a  

th e h yp o thalamus would ope ra t e  t o  p romo t e  t h e  s e c re t i on and 

r e l e a s e  o f  the s e  h o rm o n e s  following s e lf - licking s t imulat ion . 
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1 . 8 Panc reat i c  Hormones 

Following the  demonst rat ion o f  Trowell ( 1 959 ) 

th at rat mammary t is sue mai n t e nance in t issue culture was 

imp roved by the addition of in sulin , El ias ( 1 959 ) first 

indica t e d  the ab solu t e  re qui re ment f o r  insulin in organ 

c ulture of mouse mammary tissu e . Th i s  requi rement has be en 

c on fi rmed by a numb e r  o f  l�ter inve s t igat o rs but surp risingly 

lit t l e  w o rk has b een d o n e on in vivo insulin requirements for  

mammary growth in the mouse. 

Riv e ra and Bern ( 1 96 1 ) sh owe d that emi s s ion o f  

i n sulin f rom i n  vitro ho rmonal c omb i na t i ons , o the rwi se c apable 

o f  produc ing responses, resulted in wi despre ad n e c ru s i s  and 

alveolar dege n e ra t i o n in mous e  mammary tissue . Max imum mammary 

response f G r  minimum insulin d os e  was o b taine d w i th 5 ug/ml 

( Riv e ra 1 96 4 ) . 

Tu rking ton  ( 1 968 ) found that mammary tissue from 

m i d - p r egnant m i c e  cultu red in insulin only showed a 280% 

i nc reas e  in DNA syn th e s is while tissue from 3 mon th old 

virgin mice had a 900% in c rease over c ontrol levels . 

Stimu l ation o f  t he ra� of  DNA syn th esis was a fun c t i o n  o f  

insu l i n  c onc e ntrat ion , bei ng zero a t  0 . 1 ug/ml and ris i ng t o  

a maximum a t  1 . 0 ug/m�. Simi lar results which sh o w  that the 

higher the non-sti mulated level of D�A syn thesis the less 

s t imula ti on c an be effected by insulin were obtained b y  

Wan g 1 Amor and  Bulb rook ( 1 970 ) . It h as been suggested that 

there is an uppe r  limi t t o  the number of cells which can b e  

stimulated b y  insulin. ( S t ockdale and Topper 1 966 ) . 
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A large numb e r  o f  pap e rs have b e e n  pub l i s h e d  

o n  t h e  e f f e c t s  o f  i n s u l i n  on mous e mammary tissue i n  

vi t r o u s i n g  mai n ly m i d - p regnan c y  t i s s u e . Howe v e r ,  t h e s e  

a r e  m o r e  c o n c e r n e d  w i t h  t h e  ind u c t i on o f  milk p r o t e i n  

s yn th e s i s  t h an mamm o g e n e s i s  p e r  s e . ( S e e  J u e r g e n s , 

S t o c kdale , Topp e r  �nd El ias 1 965 ; Turking t o n , Jue r g e n s  

and Toppe r 1 965 ; S t o ckdale , Jue rg e n s  a n d  Tcpp e r  1 966 ; 

Lo c kw o o d , Turkin g t on and Top p e r  1 966 ; S t o c kdal e and 

Topp e r  1 966 e t c . ) . 

V o y t o v i c h  an d Topp e r  ( 1 96 7 ) f ound in e xplan t s  

f r o m  i mm a t u r e  m i c e  that DNA s yn t h e s i s  �n d prolif e ra t i o n  

of m�mmary e p i th e l i al c e lls w e re quan t i t a t iv e ly 

i n d e p e n d e n t  of the pre s e n c e  of i n s u l i n  al though adult 

mamm a ry t i s s u e  i s  n o t . 

Insulin i n i t i a t e s  mam m a ry epi t h e l i a l  c e ll DNA 

syn t h e s i s b y  i n d u c i n g  t h e  f o rm a t i o n  o f  DNA polym e r a s e  

a n d  p o s s i b l y  o t h e r  c o mponen t s  o f  t h e  DNA syn the s i z i n g  

sys t e m . ( L o c kwo o d , V o yt ov i c h , S t oc kdale a n d  Topp e r  

1 967 ; Topp e r  1 968 , 1 970 ) . I t  a l s o  af f e c ts t h e  ac t i v i t i e s  

o f  a numb e r  o f  o t h e r  e nzymes i n  mamm a ry t i ssue p a r t i c ularly 

t h o s e  c o n c e rn e d  with glu c o s e  me t ab o li s m  v i a  t h e  g ly c o l y t i c  

a n d  p e n t o s e  phosph a t e  pat hways ( Rive ra a n d  Cummins 1 968 ) . 

I t  was found t h a t  in c u l t u re o f  m i d - p r e gnan c y  mouse mammary 

t i s s ue w i th insuli n , inhib i t i o n  o f  s y n t h e s i s  of any one of 

DNA , RNA o r  p ro t e i n r e s u l t e d  i n  an inhib i t i o n  of syn t h e s i s  

o f  t h e  o t h e r  2 c omp o n e n t s  ( Wang a n d  A m o r  1 97 1 ) .  Th i s  

ac t i on w a s  exe rt e d  e v e n  i f  i n su l i n  w a s  only ad d e d  t o  t h e  

m e d ium f o r  t h e  f i rs t  30 minu t e s , a n d  w a s  n o t  d u e  t o  c hang e s  
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in the uptake of amino -ac ids ur glu c o s e  since  insulin 

does n o t  inc rease gluc ose u p t ake u n t i l  af t e r  the f i rst  

d a y o f  cultu re ( Moret ti and D e  Ome 1 9 : 2 ) . Althou gh 

in su lin is pre s ent  in vivo the re i s  no  p roliferat i o n  of  

mammary epi th elial cells due t v  insulin in the  i n t ac t ,  

mature vi rgin female mo use . I t  has b e en sugge s t e d  that  

t he  requiremen t for  insulin ( and c ortisol ) in t h e  ab ove 

in v i t ro exp e ri ment s  may b e  p rimarily nu t ri t ional and 

that they may do no  more than res tore  the prope r 

environmen t  in whi ch a more s p e c i fic  h o rmone e . g .  

prolac tin may ac t ( s e e  d is c u s s ion f o l l ow ing Topp e r  1 970 ) . 

A number of inve s t igations o f  the  affe c t s  of  

insu lin in vi vo on mammary growth have b e e n  made in the  

rat . 

When hypophys e c t om i z e d - ovari ec t omiz e d  rats  w e re 

treated with e s t rone , p roge s t e rone  and p rotamine  z i n c  

insulin fo r  1 2� 1 7  days , th ere was p roliferation of mammary 

duc t s, s i d e  buds and end  buds  in c o n t ras t t o  animals 

t reated wi th es trone and prog e s t e rone a lone which h ad 

negligible duc t growth ( Ahren and Jac ob s ohn 1 956 ) . They 

c o nsider that this shows that insulin is c apab le o f  

making mammary tissue respons ive t u  ovarian ho rmones in 

the absence of pitui t ary h o rmoues . In a la ter paper 

( Ahren and Jacob s ohn 195 7 ) they f ound tt�t  t re at m e n t  of 

hyp ophysec tomized-ovarie c t umi zed rats with insulin alone 

produ c e d  only a small degree of duc t widening. In general 

the glands appeared as at rophic a f t e r  as before  t reatmen t .  
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Cas trat ed mal e rats made d i ab e tic b y  allo�an 

show e d  l ess  du c t  and alv e olar d ev e lopm en t aft e r  t re atme n t  

wit h e s t rone and proges t e rone  than did  n on - di ab e t i c  c ont ro ls 

( Ahren and Ange rvall 1 963a ) .  Th e y  als o found that  t h e  

of fsp ring o f  allo�an d i a b e t ic rats showed no  quali t a ti v e  or 

quan t i t a tive d i ff e re n c es in mamma ry dev elopmen t f rom c o n t rol 

animals . ( Ah ren  and Ange rvall 1 963b ) .  

The in j e c tion of 2ug EB+6mgP+3iu insulin i n to 

adult uvari e c t o mized alloxan-diab e tic rats  produ c e d a h ighly 

significant 66% inc re as e i n  mammary DNA over a s imilar group 

with  no insulin in the t re at m e n t  ( Kumaresan and Turne r  1 965 ) . 

Non -d i ab e t i c  ovariec t omiz e d  rats s i mi larly t reated  had a 3 2% 

incre as e in mammary DNA . Despi te the s e  results h o w e v e r ,  the  

same wo rke rs ( Kumaresan and Turn e r  1 966a ) found a non­

signif i c an t  increas e i n  mammary DNri whe n p regnan t ra ts  

re c eived 3 units o f  pro tamin� zinc insulin per day . Th e se 

animals w e re probab ly already rec e iving opt imal mammoge ni c 

st imula t i on . 

�h a n  C e rian i ( 1 970 a ,  b )  c ultured  mammary tissue 

from 17  day Fische r rat f o etuse s in a m e d ium c o n t ai ning 

5 ug/ml insulin fur 3 days . there  was a doub ling i n  the 

grow th of t h e  mammary anlag e n . Lume n  f ormation o c c urred 

aft e r  6 days and a f t er 9 days th a re we� · ductules g row ing 

i n t o  a well developed fat pad . Mi t o tic  ac tiv i t y  was a 

maximum af t e r  24 hou rs in the i nsulin medium . Las fargue s  

and Murray ( 1 95 9 )  did n o t  i n c lude i nsulin i n  the medium i n  

which they c u l tured emb ryonic m ouse mamma ry glands which may 

explain wh a t  appe ar to be anomalous findings � that 
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e s t ro gens an d prog e s t ins have no  s timulatory eff e c t  on 

mammary epithelial c ell growth. 

Th e re ap pear to b e  no  reports of exp e rime nts 

to d ete rmine what effe c t , if any, gluc agon has on  

mammogene sis in any spe c i e s. 

1 .9 Ad renal h o rmon es 

While a numb e r  of workers ( Lyons, Li John son 

1958 , Cowie and Folley 1961 ,  Meites 1965 ) hold the  view 

that the adrena l  ste ro ids are not ess ential in vivo for  

mammogene sis it has b e en d emon s t rated  that the re is  a 

spec ific requiremen t f o r  an adrenal s te roid f o r  full 

different iation uf the mammary glan d  in vitro . Ho wever, 

this appe ars to b e  more of a lactogenic than mammogenic 

requirement. 

Flux ( 1954b )  adminis t e r e d  a range of adrenal 

s t e roid s t o  ovariec tomi z e d  mic e als o treated with e s t rone. 

He found that 11 dehyd r o c o rtis on e , c o rtic oste rone , 17 

hyd roxy c o rtic ost erone , 1 1  d e oxyc ortisone and c o rtisone 

ac e t ate all inhibited e s t rone ind u c e d  grow th of b o t h  

area  a n d  duct  jun c tions with t h e  las t n amed b eing the 

most effec tiv e inhibitor. Only d eoxycorticos t e rone 

ac e ta t e  appeare d  t o  syn e rgize with the e s t ron e to 

s timulate  large in c reas e s  in b o th surfac e areas and 

du c t  junctions/uni t  are a. Howeve r  the low e s t  dose level 

of s t eroid  used was 50  ug/day which may be too high . 

F e rguseon ( 1956) found cortisone  ac e tate at  5 0  ug/day 

had n o  effect on  the  mammary gland s of hypophyse c t omized-
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ovari e c t omized  mice . 

Mun ford ( 1 956 , 1 95 7 ) f ound that in b o th 

ovarie c t om i z e d  and ovarie c tomized- e s t rone  t re a t e d  alb ino  

mice , t he re was a s mall but  s igni f i c an t  i n c reas e i n  

mammary a r e a  and t ot al duc t junc t ions but not duc t 

j unc t ions/uni t  area with 1 2 . 5  ug/day c o r t isol a c et at e .  

The e ff ec t s  o f  the c ortisol  were  addit ive  t o  thos e of 

e s t ron e . High e r  d o s e s  o f  c or t is o l  ( 25 . 0 ,  50 . 0  ug/d ay ) 

had no  e f f e c t  on the mammary gland s . 

Anderson  and Turn e r  ( 1 96 3a )  shJwed that whe n  

1 00 ug/day c o r t i s o l  ac e t ate  w a s  added to  t h e  1 ug 

EB+3mgP/day inj e c ted  into  ovarie c t omiz ed  female a lb i n o  

mic e , the re was an  inc rease of  7 %  in mammary DNA ove r  

that f ound w it h  EB+P alune . Th ey also found ( An d e r s on 

and Turne r  1 963b ) that 1 00 ug/day c o r t i s ol �c e ta t e  f o r  

5 days s igni fic an tly redu c e d  t h e  rat e  o f  involu t i on 

following n urmal lac tat i on i n  m ic e . 

Cor t i s ol alone does  n o t  m ai n tai n  the s t ruc tural 

i n t e g ri t y  of  mous e  mammary gland explan t s  ( Elias and 

Rive ra 1 95 9 ; Rive ra and B e rn 1 96 4 )  but  is required  i n  v i t ro 

t oge t h e r  with insulin and prolac t i n  f o r  full s t ru c t ural 

and f un c t ional d i f f e rent iation of mid-pre gnanc y  mouse 

mammary t i s sue ( Turkingt on , Ju�rgens , Topper 1 96 5 ; 

Jue rgens ,  Stockdale , Topp e r , Eli as 1 96 5 ; S t ockdale , 

Jue rgen s , Toppe r  1 96 7 )  b u t  n o t  v irgin mouse mammary 

t i s s u e  ( Turkington  e t  al 1 965 ) .  Lasfargue s  and Murray 

( 1 95 9 )  c on c luded f rom the i r  to v i t ro work 1 1 I t  appears 
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that cortisol  induces a new and i rrev ers ib le phase  o f  

mammary deve lopment and that the corticoi ds must b e  

p roduce d and released late r i n  t i m 8  than the oth e r  

hormonal �roups i n  o rd e r  not to inte rfere w ith th em . 

From this  it  would follow that cortisol should not b e  

inv o lved i n  the primary phenomena of differentiati on 

and growth " . 

Turkington , Jue rgens and Topp e r  ( 1 96 7 )  

investigated  the ste roid  structural requirements for  

mous e mammary gland d i f f e rentiation in  v itro and found 

that for h i gh activity at 3x 1 0-7M the pregnen nucleus 

must have a ketogroup at 2 0 1  an OH at 1 7  or aldehyde 

at 1 8  un d an 1 1 B-ol  o r  1 1 - one . �ld o ste rone , 

corticosterone and co rti sol  but n o t  de oxycorticoste rone 

o r  corti sone fulf i ll th ese  requirements . C o rtis one i s  

th ought to be  conve rte d t �  cortisol t o  become metab o l ically  

active . 

The inco rpo rati on u f  3H-uridine into mammary 

RNA in 1 5  day pregnant mice is reduc ed 20- 30% 24 hours 

afte r adrenalectomy whe re as in 5 or 1 0 day lactating 

mice th e reducti on was 9�fo and the re was also a more  

marke d morphological change ( Bane r j e e, Roge rs and 

Bane r j e e  1 97 1 ) ,  Thi s  suggests ad renal steroids  are 

mo re importan t · i n  lactation  than mammogene s i s. 

Nhen G riffi th and Turne r ( 1 963 ) treated 

ovari e ctomized rats w i th EB+P to induce mammary growth 

e quivalent  to the end of pregnancy and then added  250ug 

c o rtisol  ac etate alone o r  in combination with GH o r  
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p rolac tin a signific ant inc rease in  DNA syn thesis and 

some lac tation  were produc ed . They also conclude that 

adrenal stero ids are more important in lac t ogenesis than 

mammogenesis . 

The mammary glands of  c as t rated-adrenale c t omized 

rat s  at rophy i f  left un treated  for 25-40 days ( Jacobsohn 

and Norgren 1 965 ) . Treatme nt with cortis one ac e tate  

( C . A , ) 0 . 1 25 mg/day even when c omb ined with  es t rone 

p roduc ed negligib le  improvement . CA and E together 

p e rmi t t e d  the stimulat i o n  of  alv e o lar development  wh en 

the s e  animals w e re giv en  0 . 1 and 0 . 2 mgTP/2 days . These  

authors inc li n e  t o  the  v i e w  that  adrenal c orticoste roids 

fac ilitate  mammary reac t i ons tJ othe r hormone s .  

Thoman , Sproul , S e e l e r  and Levine  ( 1 970 ) f ound 

that adrenal e c t omy in f emale rats whi ch were sub s e quently 

mated  di d not  aff e c t  s uc c e ss ful pregnancy and lac t ation 

alth ough the weigh t  gains o f  the offspring indicated  that 

mammary deve l opment and lac tation were  less than i n  

no rmal animals . 

Aldoste rone alone in culture medium c an induc e 

a spe c ific  pat t e rn in foe tal rat mammary explan ts ( C e riani 

1 970a ) of duc tule dev e lopment and b ranching to  produc e a 

c omple t ely  b ranched w e l l  deve loped miniature gland . 

The gen e ral opinion is that the adrenal s t e roids 

c o n tribute  to mammary growth only as "generalized"  

s te roid s , .  a n d  n o t  i n  any spe c ific  role , but that th ey are  

o f  gre a t e r  importanc e in  lact ogenesis . 
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The p resenc e of and r o 3e ns suppre sses  mammary 

gland formation in f emale  rod e n t  f o e t u s e s  b u t  has no 

e ff e c t on mal e foetal mammo genesis  ( Ho shino 1 965 ) . 

G e ne rally the s e  c ompcunds also hav e an inhib i to ry effe c t  

o n  adu l t  mammogen e s i s  but , st imulati0n d u e s  occur  i n  some  

c a s e s . 

Flux ( 1 954b ) f ound th�t implant a ti on o f  tab l e t s  

of 1 7Vinyl t e s t o s t e ro n e  in ovari ec t o mi z ed f e male mic e 

resu lt ed in an inc rease i n  mammary are a , and t otal duc t 

junc t i ons ove r  ova riec t omi z e d , but  not  intac t ,  c on t rols . 

Ri chardson ( 1 953 ) obse rv e d  th a t  i n tact  adul t  male mic e had 

grea t e r  mammary gland d e v elopment than d id male m i c e  

c as t rated  at 4 days . Hori  a n d  M i yake ( 1 96 8 )  i n j e c t ed a 

s e ri e s  of ten diffe rent  androstan e  d e rivatives i n t o  

immature , ovarie c t omiz e d  mice  als o t reat ed wi t h  0 . 03 

ug/day es t radi ol . Signi f i c ant  inhib i t i on was ob se rv ed 

w i th all c ompounds t e s ted . Te s t o s t e rone  produc e d  

sign i f icant  i nhib i tion  at  300 a n d  3000 ug/day . 

In vitro t e s t o s t e rone inhib i t s  the pre­

di f f e rentiation mi t o s is o f  the adult mou s e  mammary 

epi thelium and all c onsequent  c e llular d i f feren t ia t i on . 

( Tu rkington and Topper 1 967 ) . Androgens have b e e n  shown 

to  prevent DNA synthe s is by inhibi ting the  induc t ion of 

DNA polyme rase ( Toppe r 1 970 ) . 
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Applicat i on u f  a lvw d o s e  o f  t es t o s t e rone  

p ropionate  ( TP ) locally t o  the mammary gland of  c as t ra t e d  

male o r  female rats s timula t e s  L - A  growth i n  that �land 

only ( Ahren and Hamb e rger  1 962 ) , Highe r doses result  in 

L - A  deve l opme n t  i n  b o t h  exp e ri me n t al and control glands , 

I n  in tac t male rats there was an i n c rease in mammary DNA 

b e t w e e n  40 and 60 days which Panda and Tu rner ( 1 966a ) 

c on s i de r  may have  been  due t o  endogen0us androge n s . 

However  the y  f ound ( Panda and Tur n e �  1 966b ) that 

t e s t o s t e rone  had n o  e f fe c t  in preventing involu t i on of 

th e L - A  sys t e m  which had b e e n  s t imulate d  by EB+P i n  

c as t ra ted  male ra ts . 

Treatment o f  i n t a c t  fe male rats with TP 

36-48 h uurs pos t-natally result e d  i n  their glands having 

1 8% less DNA than c on t rols ( Kumare san and Turne r  1 966b ) , 

A f t e r  t reatment  wi th E+P ovari e c t omized TP treated  

animals had  a DNA c on t e n t  33% lowe r than c orrespcnding 

ovari e c t o mi z e d  E+P c on t rols , 

Whe n  mammary explants  f rom 1 6  day rat foe tuses  

were  incub a t e d  with the opt i mal c omb ination o f  insulin , 

prola c t in and aldosterone , the  add i t i on of incr e as i ng 

c on c e n t rat i o n s  o f  t e s t o s t e rone ( 3 . 5x 1 0-7-3 . 5x1 0-5M )  

resulted  i n  a dosage depe nd e n t  inhibi tion curv e  ( Ce riani 

1 970b ) .  
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1 . 1 1  Thyroid h o rmon e s  

I n  a numb e r  o f  s p e c i e s  inc luding  the rat and 

mouse  mammary growth and lac t a t i on c an c ccur in the ab s e n c e  

o f the  thyroid gland (Folley 1 952 ) . Expe rimentally a 

numb e r  of  c on f lic t ing re sults  have b e en  pub lished . 

Admi n i s t ra t ion o f  thyroxine C T4 ) to 

hypophys e c t omiz ed- ovarie c tomized mi c e  had no e f f ec t o n  

mammary gland morpho logy ( Fergusson 1 956 ) ,  produc e d  a 

n o n - s i gni f i c an t  d e c re ase  in mammary are a  i n  in tac t mi c e  

(F lux 1 957 ) and i n c re as e d  mammary DNA i n  ovari ec t omized  

m i c e also treated  with EB  + P .  ( i\nderson  and Turn e r  

1 963 ) . In o rgan culture T3 had n o  e f f e c t  o n  DNA syn the s i s  

i n  mid-pregnan t mouse mammary t i ssue ( Turking t on 1 96 8 ) and 

T4 produc e d  a high ly signif i can t depre s s i o n  in L-A 

d eve lopment ( Singh and B e rn 1 96 9 ) . 

In rat s  thyroi d e c t omy has b e en s hown t o  in c re as e 

th e numb e r  o f l a t e ra l  duc t buds ( Le onard and Re e c e  1 94 1 ) ,  

i n c re ase alv e o la r  developmen t and inhib i t  duc t growth 

( Smi thc o rs and L e o n a rd 1 942 )  and d e c rease L-A dev e l opme n t  

produced b y  e s t r o n e  and proge s t e ro n e  ( Mixn er and Turn e r  

1 942 ) . While Gri f fi th an d Turne r ( 1 96 1 ) f ound a 22% 

inc rease in mammary DNA i n  normal p regnant ra t s  i n j e c t e d  

wi t h  T4 , Kumaresan and Turne r  ( 1 96 6a ) found that s imilar 

treatment  had n o  e f fe c t  on mammary DNA . The adminis t ra t i on 

o f  T4 to  ovari e c t om i z ed rats t oge t h e r  wi t h  1 ug EB+3mgP 

resulted  in no chan g e  in mammary growth ab ove that obs e rv e d  

w i t h  t h e  s t e ro i d s  alone ( Moon and Turn e r  1 960 ) . Howev e r ,  
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whe n the s t e roid dosep  were doub le d  the  addition of T
4 

resu l t e d in a s i gnific an t inc re as e  in mammary DNh . I n  

a furt h e r  paper Moon ( 1 96 2 )  show e d  t h a t  treatment o f  

hypo thyroid ovarie c t omized  �ats w i th 2ug EB+6mgP plus 

1 - 2ug T4/ctay re s u l t e d  in a significan t ly increased 

syn the sis and release  of pit ui t � ry prolactin ( Mo on 1 96 2, 

Nic oll an d Meit e s  1 963 ) ,  

Apart from t his e ff e c t of t h e  thyroid h o rmo n e s  

o n  syn the sis a n d  r e lease o f  prol a c tin mos t workers s e em 

to  b e  of  t h e  opinion t h a t  the involvement  of the  t hyroid 

in  mammogenesis  i s  in a gene ral m e t ab o lic role an d that 

its h o rmon e s  have lit t l e  speci fic  e f f e c t  on mammary 

tis s u e . 

1 . 1 2  P lac ental hormones 

In a review o f  fac t or s  influencing mammcgene sis 

and lac t ogenesi s, Folley ( 1 952 ) c onc luded that the chi e f  

role o f  t h e  plac ental hormon e s  i s  i n  t h e  initi ativn o f  

s e c re t ion i n  the  la t t e r  hal f o f  pregnancy i . e .  they are 

lac t og e ni c  rath e r  than mammogenic .  However, a numb e r of 

workers have demons t rated  tha t t he plac e n t a  is n e c e s s ary 

f o r  adequate mammary growt h  and tha t regression oc c u r s  

i n  i t s  ab s en c e . 

C e ru t ti an d Lyon s ( 1 96 0 ) demon s t r a t e d  that day 

1 2  mou s e plac e n tal ext rac t s  w e r e  c apable of  s t imu lat ing 

mammary L-A d ev e lopment  in i n t a c t C3H mi c e . Koh m o t o  and 

B e rn ( 1 970 ) c o n c lude d  t h a t  i n  A/Crg l mice a plac e n t al 

lac t og e n  i s  P+odu c e d  after day 8 o f  p regn ancy and sugg e s t  
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that the s i t e s  of produ c t i on are the c y t o t rophoblas t and 

syn c y t i o t roph ob last  o f  the foe t al labyrinth . Yanai and 

N agasaw a  ( 1 97 1 ) sugge s t  that d i f fe re n c e s  i n  mammary 

t issue s e n s i t i v i t y  to plac e n t al mammo t r ophins rath e r  

t h an t h e  amou n t s  of pla c e n tal hormon e s  w a s  rGsponsible 

for the mammogenic 1 i f f e r� n c e s  they ob s e rved  b e tw e e n  two 

s t rains of mous e .  

In p regnan t rats the pres e n c e  of  a v iab l e  

plac e n t a  i s  nec e s s ary for mammary g row th t o  o c cu r  

( Lyons 1 94 4 , Le onard 1 945 ) . Wrenn , B i t man , D e  Lau d e r  

and Me nch ( 1 966 ) s tu d i e d  mammary g rowth in 3 groups o f  

alb ino r a t s  w i th fu ll pla c e n t a  ( p r e gnan t ) , mat e rn a l  

plac e n ta ( d e c idu oma ) a n d  no  plac e n t a  ( ps eu do-pregnant ) . 

Up t o  day 1 0  deve lopment  was t h e  s ame in all groups bu t 

a f t e r  this t ime only t he mammary glands of pregnant rats 

c on t i nue  t o  g row . I n j e c t i ons of  suspensions of  p l ac e n t ae 

did n o t  prev e n t  the d ec reas e in mammary grow t h  i n  e i t h e r  

o f  the other  two  groups . Resu l t s  whi c h  show that t h e re 

is  n o  mammary response  i n  rats w i t h  d e c i du omat a  we re 

ob tained  by Shan i , Zanb e lman , Khazan and Su lman ( 1 970 ) . 

Thes e resu l t s  c onfl i c t  with  thus e o f  J renn e t  al  bu t are 

e s s e n tially i n  agre em e n t  with Des Jardin s , Pappe and 

Tu cker ( 1 968 ) ,  And e rs o n  an d Tu rne r  ( 1 968 ) and als o wi th 

Ma tthies  ( 1 967 ) who repo r t e d  th e e xi s t e n c e  of  a 

mammo t roph i c  hormone f ro m  the t rophoblas t ic elemen t s  o f  

the rat plac e n t a  at mid-pregnan c y , wh i c h  h e  c alls Rat 

Cho rioni c  Mammo t roph in ( RCM ) . All these  resul t s  

i n d i c a t e  tha t while m a t e rn al h o rmone s  are t h e  primary 
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r egulat o rs of  mammary grow th in the firs t half o f  

pregnan c y ,  the f o e t al plac e n t a  i s  b eginning t o  c ont rib ute  

i t s  hormones  lat e  in this  p e ri od . 

1 . 1 3  Mis c e llan e ous Endoc rine Fac t ors 

Th e re have b e en a few isola t ed reports  of the 

e ffec ts  o f  endoc rine o r  ps e ud o- e ndoc rin e fac t o rs apart 

f rom those  gene rally rec ognized  as affec t ing mammary 

grow th .  

Wada and Turne r  ( 1 95 8 , 1 95 9 )  showed t h a t  the 

c omb ina t i on of  opt imal amo un t s  o f  e s t rogens and re laxin 

would s ti mulate mammary L-A growth in intac t and c as t ra t e  

male or f emale m i c e  t o  the leve l s e en w i t h  c omb i n a t i ons 

of  e s t rogen  and proges t e rone . This effec t is n o t  s een if 

the pi tui t ary i s  remov e d  and i t  is sugg e s t e d  that  relaxin 

ac ts  t o  i n c re as e  release of  pituitary mammot rophins .  

Mammary development in ovary- thyro­

parathyroid e c t omized  rats was equal to that o f  

ovari e c t omized  rats  when 2ugEB+6mgP/day was adminis t ered 

(von  B e rsword t - Wallrab e  and Turne r 1 96 0 ) . Addi t i on of  

3ugT4 to  t he c omb ination did not  inc rease t o tal DNA of  

the expe rimen tal group over  c on t rols . They sugge s t e d  

tha t t h i s  showed  t hat parath ormone was nec essary f o r  

c o mple t e  growth s i n c e  i t  was t h e  only c o mpon e n t mi ssing . 

Neonatal thym e c t omy resulted in a reduc t ion of 

mammary gland developme n t  i n  b ot h  a high and a low t umour 

s t rain of  mouse and in b oth c o n t rol and e s t ro g e n  t reated 
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animals ( SakaKura and N ishizuka 1 96 7 ) .  Th e y  sugges t  that 

the thymus has an i n f luen c e  on the  regulation  o f  n o rmal 

ovarian dev e lopme n t  during e arly p o s t  natal life an d that 

c omple t e  re moval cf the thymus ne onatally resul t s  in 

disturb an c e s  in  its development ( b u t  n o t  that o f  the 

t e s t i s ) ( Nishizuka and S akaku ra 1 97 1  a ,  b ) . It has also 

b een rec e n t ly sugg e s ted that the thymus may fun ct ion as a 

typ i c al end o c rine organ , sinc e an  e x t ra c t c alled thymo s in 

may regulate lympho i d  tissue s t ru c t u re and fun c t i o n  

(Go lds t e i n  � n d  Whi t e  1 970 ) . 

Uhen mammary explants f rom  virgin , mid-p re gnant 

o r  lac t a ting mic e w e re incub a t e d  wi th  Epi thelial Growth 

Fact or ( EGF ) , a p rote in  e x t ra c t e d  f r om mouse sub -maxilla ry 

gland , the rat e  o f  DNA synthe s i s  r o s e  to 3-4 t imes that 

seen i n  c on t rols . This e f f e c t  was s imilar in magnitude  

a n d  time c ours e  tu  that induc e d  b y  i nsulin . Th e c omb i n a t i o n  

o f  insulin an d EGF did n o t  c ause a fur t h e r  inc reas e , b u t  

prolonged the maximal rate o f  synthesis . Auto rad iographi c  

s t udies showed that the inc reased D N A  s yn thesis w a s  c o n fi n e d  

to epi t h e li al c e lls , The re w a s  als o  an i n c reased mi t o t i c  

index a n d  rat e  o f  RNA synthes is . ( Turkington 1 96 9 ) . 

1 , 1 4 Despi t e  the numb e rs o f  e xp e riments  which have 

b e en done t o  d e t e rmine the e f f e c t s  of various h ormon e s  o n  

mammary growth i n  rats and mi c e , th ere app ear t o  have b e e n  

n o  inv e s t ig a t i ons  o f  the e f f e c t s  o f  a wide  range  of 

es trogen t r e a tme n t s , w ith  or w i thout c omb inat i o n  with 

various p rog e s t in l ev e ls , i n  the ovari e c t omi z e d  mous e , 
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Various autho rs i n t e r e s t e d  in modi fying the mammary 

response  to  e s t rogen by othe r hormones have  tested  a few 

e s t rogen dose levels i n  ord e r  to  find the  maximal respons e 

but  most  workers s e em c ontent  t o  accept  the v i ew that a 

1 : 1 000 e s t rogen : p roges t in rat i o  will produc e maximal 

growth ( s e e  s e c t ion  1 . 5 ) . 

To the authors know l e dge  the re have b e e n  no 

experiments in  whi c h  mammary g land deve lopment has b e en 

s tu d i e d  in  ov ari e c tomi z e d  mice  treated with e s t rogens 

and p roges tins ac c ording to  a c ompreh ensiv e fac torial  

d e s i gn . 

Th e ob j ec t  o f  th i s  i nv e s t iga t i on was the refo r� 

the admi n i s t rat ion at a wide range ( 1 1 ) of  d i ff e re n t  

es tradi ol treatmen t s , alone or  c omb ined fact orially w i t h  

3 prog e s t e rone levels , t u  imma ture ovar i e c t omiz ed alb ino  

m ic e ,  and me asure ment of  the response of  the  mammary glands 

b y  thre e s t ru� tural parame t e rs , mammary gland are a , duc t 

junc t ions/uni t area an d t o tal duc t junc ti ons . Two 

b i och e m i c al parame t e rs , DNA and RNA , were also  e s t ima t ed . 
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2 . 1  Animal Housing and Care 

The mi c e  used in  t h e s e  e xp e riments  we re all 

female s  of the NOS inb red s t rain whi c h  was d e rived f ro m  

a s t o c k  o f  alb ino  mic e  of unkn o wn anc es t ry . A charac t e r ­

i s t i c  o f  the  s t rain is  a h igh s e n s i tivi t y  to  the s t e r o i d  

and i s o f lav one e s t rogens ( Mou s e  Newsle t t e r  1 96 5 ) . Each 

t r e a t m e n t  group o f  mi c e  was h ous ed  in  a separat e  plas t i c  

mouse b o x  on  a f l o o ring o f  s awdus t  or wooden shavings 

with water an d pelle te d  food av ailable ad lib i tum 

( app e n d i x  1 ) .  All animals w e re ke p t  in the same mouse 

room in  the  Small Animal Re s e arch Un i t  wi th an amb i e n t  

t empe rature o f  6 8°F . 

2 . 2 An imal Preparat ion and G e n e ral Expe rime n tal Me thod 

All mic e were ovari e c t omiz e d  under light e th e r  

anae s th e t i c  w i t hi n  t h e  f i r s t  w e e k  a f t e r  weaning i . e .  a t  

approxi ma t e ly 2 1 -28 d ays o f  age , b y  e x t e rioriz i n g  the  

ovary through a b ody wall i n c i s i on and de taching it  by  

c au t e ri z at io n . Body weigh ts  w e re r e c o rd e d  at  the 

b e ginning o f  the expe riment and ev ery 4 th day during the 

t r e a t m e n t  pe ri o d . Mic e  were alloc a t e d  at  random t o  

t r e a tme n t  groups and all t re a t m e n t s  b egan a w e e k  af t e r  

ovarie c t o m y .  I n  thos e animals r e c e iving proge s t erone  as 

part of the t r e a t m e n t  tab l e t s  w e re implan ted sub c u t an eously 

i n  a d o rsa l  p osi tion a t  this time . Es t radiol i n  p e anut o i l  

was admin i s t e re d  daily i n  appropri a t e  d o s e s  b y  using 

"Agla" mic rome t e r  syring e s , all i n j e c t ions b e ing made 

sub c u t an e ously in the n e c k  regi on . In t ac t  and 
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ovarie c t omized  control  mic e  were  not  sham i n j e c t e d . 

At the  end of the treatment  p e riod  the animals 

were killed by c e rvi c al disloc a t i on or  b y  overdose of  e th e r  

anaesthet ic . Th e skins w e r e  removed  f rom t h e  c arc as s , 

proge s t erone t able ts  rec ov ered i f  p res e n t  and glands 4 and 

5 from e ach s i de remov e d  from the skin and frozen  f o r  

lat e r  biochemi c al e s t imati ons . The skins with gland 

pai rs 1 ,  2 and 3 remainin� were  plac e d  in  Bouin ' s  fixative 

for  3-4  days . The ut 8rus was disse c ted  out  c f  the  c arcass 

and weigh e d  on a tors ion b alan c e  and the ovari e c t omy s i t e  

insp e c ted  for  any gross ov arian t issue re s idue . 

2 . 3  His t ologi c al Me thods 

From the f ixat ive skins w e ra t ransfe rred to 70% 

e thanol for s t o rage b e f o re , and Juring , d i sse c t ion . The 

preparati on of whole mounts of gland pairs 1 ,  2 and 3 

was c arri e d  o u t  e s s e n t ially as desc rib e d  b y  Flux ( 1 954a ) . 

Skin , conn e c t i v e  t i ssue and mus c le was d i ss e c t e d  away from 

glands until  they were c l early v i s ible  as fine  whi t e  

thre ads wh ich w e re then washe d ,  s t ai n e d  in  Maye rs 

Hae malum and d e s tained  in a c i d  alc ohol .  Then the glands 

were removed f rom the skin , immersed in turn in 70% , 95% 

and 1 0�� e thanol  and xylol , and then mounted on 3x 1 �  inch 

glass slid es i n  DPX moun ting medium . 

The out lin es  of the 6 elands on the s l i d e  we re 

pro j e c t ed  on t o  a she e t  of  pape r at a macnifi c a t i on of 

25-30 times us ing a 35mm slide pro j e c to r  and the out line  

o f  the  glandular areas t raced  in penci l . �e surfac e areas 
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c o v e red by  the  outl�ne s w e re m e asured b y  an  " Allb ri t 1 1  

plan ime t e r . Abs o lu t e  areas w e re d e t e rmi n e d  by using  a 

1 c m  c alib ra t i on square , The e x t e n t  of  duc t b ranching 

was  measured  b y  c ounting the  numb ers o f  duc t jun c t i ons 
2 p e r  c m  a t  a p rc j ec t e d  m �g n i f i c a t i o n  o f  1 00 t i m e s . 

2 . 4  Biochemic�l  Me th od s  

The preparat i o n  o f  mammary gl �nd homogena t e s  

and ext rac t i on o f  DNA a n d  RNA was a s  d e s c rib ed b y  Mun f o rd 

( 1 963b ) w i th slight modi f i c a t i ons . The s tarting mate rial 

was both pairs o f  glands 4 and 5 whi c h  had b een f r o z e n  at 

time o f  s laugh t e r . The t i ssue was minc e d  w i th s c i s s ors 

an d homo g e n i z e d  f o r  5 mi n u t e s  with dis t i l l e d  wa t d r  i n  the 

micro chamb e r  o f  a " S o rv al Omn i mixer 1 1  which was imme r s e d  

in a n  i c e  b a th . Th e h o mogenate was f i l t e re d  th roueh 

squares of f i n e  nylon s t o c kin� mesh , In  the e x t rac t i on 

proc edure the f i r s t  2cm3 homoG e n a t e  plus 2cm30 . 5M 

p e rc h l u r i c  ac i d  was c h i l l e d  ov e rnigh t . The f i n al 

e x t rac t s  were  s t o r e d  a t  4°C  un t i l  all e x t rac t ions w e re 

c o mple t e d . 

Deoxyri b o se was e s t ima t e d  b y  a mo d i f i e d  

diph en ylamine m e t hod ( Mu n f o rd 1 963b ) . The c ol o u r  

d ev e lopm e n t  w a s  read a t  6 00nm on a n  SP500 spe c t ra-

pho t om e t e r  with au t omat i c  s ample chang e r  and  r e c orde r .  

The conc e n t ra t i o n  o f  d eoxyri b o s e  was c o nve r t e d  t o  a DNA 

c o n c e n t ra t ion by mul t iplying b y  the fac t or 4 . 93 ( Mun f o rd 

1 96 3b ) .  
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Rib ose was 8 S t imated  by  the C e ri o t t i  orcinol  

method  ( Ceri o t t i  1 955 ) without amyl alc ohol extra c t i on t o  

c o rre c t  for DNA . The c o lour dev elopment was read a t  

675nm o n  the SP500 spe c t rophotom0 t e r .  A c onversion f �c t o r  

of  4 . 1 3 c alc ulat e d  from data  o n  pentose  nuc le i c  acids  o f  

the mouse  ( Magas anik 1 95 5 ) was used to  c onvert /ug rib o s e  

to  /ug  RNA . 

2 . 5  Photographi c  Me thods 

Black and wh i t .e  p ri n t s , 5 1 1  x 3�" , w e re made of  

the whole  moun ts of  glan d p ai rs 1 ,  2 and 3 .  The  slides  

were  plac ed  in  the nega tive  chamb e r  of a pho t ograph i c  

enlarg e r  and t h e  image pri n t e d  direc tly on I l f o  b romo 2 

pho t ographi c  pap e r  at 4x magni f i c � t i on . A reve rse image 

is ob tained b y  this proc ess . 

2 . 6  S t a t i s t i cal Me thods 

hll data ( e xcept those of  Exp e riment I I I )  were  

t rans f ormed by  log�rithums to  s t ab ilize  the v ariance  b e f ore 

c arryin g  out analyses  of variance . The analys es  of varianc e 

w e re c omputed  by  fit ting  constants  to a linear mode l whi c h  

i n c luded  terms f o r  the  e f f e c ts  of  proges t e ro n e  doses , 

e s t radi o l  doses  and i n t e rac t i ons b e tween  progest erone and 

es tradi ol doses ( Harv e y  1 9 60 ) using programs w ri tten  for  

the  IBM 1 620 Series  I I  c omput e r .  
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2 . 7  Presentat ion of  Results 

hlthough measuremen ts of  mammary surf ac e area , 

d t · t ·  1 2 d t t 1 d t · t ·  d uc JUDC - �ons mm an o a uc J Une l ons were ma e 

indivi dually for  each of  the 6 glando from each mouse ; 

for  ease  of calculation and analysis , the se  hav e b e en 

c omb i n ed to cive a to tal measurement p e r  mouse fur each 

parame t e r . 

Indivi dual surfac e areas have b e en c omb ined t o  

give a s ingle are a measurement  de signated mammary area . 

D t · t ·  1 2 h b d l d t d t t 1 uc J Une  lons mm av e e en a c e o pro uc e a o a 

measurement which is  in  fac t jun c t ions/6mm2 and this i s  

des ignat ed  Uni t  Jun c t i ons for  simpli c i t y  a n d  t o  distinguish 

it from the sum of  the t o tal duc t juncti ons which is 

simply c alled Duct  Jun c tions . 

DNA and RNA measurements w e re mad e  on homogenates  

from  gland pairs 4 and  5 f or e ach  mouse , then  d ivided  by  4 

to give the amount/gland . This figure remains unalt e red  

sin c e  it is  a single measurement per  mouse  �s  �re ute rus 

weigh t  and b o d y  wei ght . 
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3 . 1  Method 

A tutal of 1 1 4 immature female NOS mi ce  were 

allocated  at  random t o  one o f  13 treatment  groups on  t h i s  

experimen t .  Treatment w i t h  e s t radi o l  was s tart ed one w e e k  

f o l lowing ovariec t omy and cont inued f o r  21  days . Elev e n  

e s t radiol  treatment  levels we re u s e d  i n  ad di t i on t o  

ovariec t o mi z ed and in tac t un t reated  c o n trols ( Table 3 . 1 ) .  

3 ;, s to c k  solu t i on of 40/ug/c m e s tradiol 1 7  in peanut u i l  

was d i lu t e d  to  f orm solu t i ons o f  1 0/ug/cm3 and 2 . 51ug/cm3 

and these  thre e  d i f fe rent  c oncen trat i o n s  us ed t o  c ov e r  th e 

dose  range  wi thou t i n j e c t i n g  exc e s s iv e  amoun ts of  the o i l  

vehicle . The amount s  of  solution  i n j e c ted using the 

mic rome t e r  syringes ranged from a mini mum o f  0 . 0005 c m3/d ay 

to a maximum o f  0 . 0008 cm3/day , c o rre sponding to  t otal 

v o lume s o f  0 . 01 05 cm3 and 0 . 1 6 8 c m3 r e s pe c t ively ove r  the  

2 1  day p e ri o d . (T3.ble 3 . 2 ) . 

In i t i al ly only two s olut i ons were us e d , the 

1 0/ug/cm3 and 4o1ug/c m3 , but examinat i on of the early 

result s i n di c a t e d  the ne c e ss i ty for s ome lower d osage 

levels , hence  the use of the 2 . 51ug/cm3 s olution . At 

t reatment  level  5 ( 0 . 005/ug/day )  b o th the 2 . 51ug/cm3 and 

1 0/ug/cm3 solu t i ons were us e d .  

All animals were killed on t h e  22nd day and 

h is to l og i c �l an d b i ochemical parame t e rs me asured as 

des c ri b e d  in Chap te�  Two . 



4 4  
T A B L E 3 . 1 

ESTRAD IOL TREATMENT S 

�-- - ··· · ·  I Estradiol  , 

I 
. ' i T reatment j Est radi ol/day i T o t al Est radiol i N um b e r  o f  I 1 C o de I ( ug/day ) ( ug)  1 animal s/group 1 L - .. ···--···--·-···-- ··-j- .. ... - - ---- - - - - - ·  - - --- - - �

-

- - ·- - - - --- - - - - - - - - - - - - - - - - -- - --- - - · - - - - - - --- - - - - - - - - · -- ,. 

! 
1 I , 

OVX . Control I 1 3  I 2 o .  001 25 1 o .  026 6 
I 

3 0 . 0025 0 . 052 6 I 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

0 . 00375 

0 . 0050 

0 . 0075 

0 . 01 0 

0 . 020 

0 . 040 

0 . 080 

0 . 1 60 

0 . 320 

Intact C ontrol 

I 

I I 
____ ____ ____!__ ___ _ ______ _J_ _ __ _ 

0 . 079 6 

0 . 1 05 1 4  

0 . 1 57 6 

0 . 21 0 9 

0 . 420 9 

0 . 840 9 

1 . 680 9 

3 . 360 9 

6 . 720 9 

9 



T A B L E 3 . 2 

VOLUMES OF INJECTED ESTRAD IOL SOLUT ION 

------ ----- - ---------------·-·---

E . t reatment E . conc entrat i o n  Mi c r om e t e r  Vol/day 

1 C od e D i v i sions ( cm3/day ) 

4 4a 

T o t al V o l  

( cm3 ) 
'-- - - ---- - - --- - --- - - - -- -- ------ -- ··· -- - - - ---·--- - - -

1 ! 
' 2 5 0 . 0005 

--- ·- ----·-----,' 0 . 01 05 

3 

�-

5 

6 

1 0  0 . 001 0 0 . 021 0  

1 5  0 . 001 5 0 . 031 5 

20 0 . 0020 0 . 04 20 

30 0 . 0030 0 . 0630 
. -- ------- · - -·------- - - - --·-- ------- --·--- ---·--·----- --- ---·-- --

5 

7 

8 

1 0  ug/cm3 5 

1 0  

20 

0 . 0005 0 . 01 05 

0 . 001 0 0 . 021 0 

0 . 0020 0 . 04 20 

I 



3 . 2  Re sults  

Re sults  fo r Exp t .  I are  p resented  in  Tab l e s  3 . 3 , 

3 . 4 ,  3 . 5  and Appendix 2 ,  Figures 1 -7 and Plates I �nd I I .  

( a ) B ody we if,hts . Mean final b od y  we igh ts for  the  groups 

range f rom 1 6 . 8-20 . 4  gms . i . e .  a mean rang� of 3 . 6  gms 

( Table 3 . 3 ) . The re appears to be no pattern of resp o n s e  

of f inal b ody weight to estradi o l  t reatment ( Fi g .  1 )  

although the  relat i onship is s ig n i f i c an t ,  at the p �0 . 05 

leve l  ( Tab le  3 . 4 ) . 

( b ) U t e rus  wei gh t . U t e rus  we ight  shows a s teady inc rease  

wi th inc reasing e s t radiol dose , f rom a minimum in  

ovari e c tomi z ed c on trols to  a maximum at  t he highe st  e s t radiol  

t reatment ( Tab le 3 . 3 ) . Thi s  response i s  highly s igni f i c an t , 

p �0 . 01 ( Table  3 . 4 ) . Uterus weigh t  for  intact  c on t rols  i s  

c lo s e s t  t o  that f e r  estradiol  t re a t me n t  7 among t h e  

experimen t al groups ( Fig . 2 ) . 

( c )  Mammary are a . Mammary a rea  inc reases  sign i f i c an t ly 

( p< 0 . 0 1 ) f rom a minimum of  0 . 33  c m
2 

in  ovarie c t omiz e d  c on t rols  

to  a maximum o f  4 . 67 cm2 at e s trad i o l  t rea tment 8 and then 

2 falls again  t o  2 . 99 cm  at the highest  t reatme n t  lev e l  

( Appen d ix 2 ) . The plot of m e an log t o t al mammary area 

again s t  e s t radi o l  t reatment (Fig . 3 )  shows that there  i s  

v e ry l i t t le change in area b e tween  ovarie c tomi z e d  c on t r ols 

and the f i r s t  d o s e  level followed by a s t eady inc rease  to  a 

peak a t  dose  l ev e l  8 and then  a d e c rease  in  area at  the  four 

h ighes t  t reatmen t levels . The mammary area in intac t c on t rols 

is l e s s  than that E\een at the h i gh e s t  levels and mos t  res emb l e s  

that at  t re atme n �  level 5 ( Table 3 . 3 ) . 



TABLE 3 . 3  

EXPT . I .  ESTRADIOL ONLY LOG TBftNSFO.W'IE:D DATA }: S . E . t'i . 

Estradiol !vlean body Mean log uterus  Mean log Mean log !vlean log !vlean log 

DNA pe r 

gland ( mg )  

treatment 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

we ight ( gms ) we ight ( mg )  

1 9 . 79 � 0 . 36 0 . 76 � 0 . 01 

1 8 . 08 � 0 . 59 0 . 89 � 0 . 03 

1 7 . 66 � 0 . 69 0 . 97 � 0 . 02 

1 7 :41  � 0 . 49 1 . 07 � 0 . 04 

1 9 . 50 � 0 . 84 1 . 1 8 + 0 . 02 

1 6 . 83 � 0 . 38 1 . 35 � 0 , 03 

2 0 . 44 � 0 . 94 1 . 42 + 0 . 0  

1 9 . 77 � 0 . 49 1 . 52 � 0 . 01 

1 9 . 66 ± 0 . 68 1 . 7 1  + 0 . 04 

1 9 .  94 � 0 .  94 1 . 73 � 0 ' Olf 

1 8 . 77 � 0 . 83 1 . 82 + C . 02 

2 0 . 1 6  � 0 . 50 1 . 87 � 0 . 02 

1 8 . 33 � 0 . 33 1 . 44 + 0 . 04 

total 

mammary 
2 area ( cm ) 

0 , 1 5  + 0 . 01 

0 . 1 6  + 0 . 01 

total unit total duct 

junc t s . junc t s .  

( 1 6mm ) 

1 . 99 � 0 . 02 1 . 9 1  + 0 . 04 1 . 63 + 0 . 04 

2 . 08 � 0 . 03 2 . 1 8 = 0 . 08 1 . 63 + 0 . 1 2  

0 . 34 � 0 . 05 2 . 05 � 0 . 04 2 . 46 � 0 . 08 1 . 58 � 0 . 08 

o . Lf8 + o . o2 1 . 82 � o . o2 2 . 49 � o . o2 1 . 46 + o . 2 o  

0 . 58 � 0 01 1 . 97 � 0 . 04 2 . 6 9  � 0 . 07 1 . 53 � 0 . 08 

0 . 6 1  + 0 . 03 1 . 89 = 0 . 02 2 . 70 � 0 . 07 1 . 54 = 0 . 03 

0 . 74 ± 0 . 03 2 . o6  � 0 . 07 2 . 96 � 0 . 1 3  1 . 60 ± 0 . 05 

0 . 75 � 0 . 01 2 . 03 ± 0 . 03 2 . 95 � 0 . 07 1 . 43 + 0 . 1 0  

0 . 74 ± 0 . 02 2 . 09 ± 0 . 05 3 . 02 � 0 . 07 1 . 45 + 0 . 06 

o . 7o + o . o2 1 . 97 _"!: o . o4 2 . 9Lf � o . o6 1 . 45 ± o . o9 

0 . 68 + 0 . 01 1 , 92 � 0 . 03 2 . 85 � 0 . 05 1 . 55 ! 0 . 05 

0 . 60 + 0 . 02 1 . 92 ± 0 . 07 2 . 57 � 0 . 1 0 1 . 54 � 0 . 1 1  

0 . 56 + 0 . 04 1 . 96 � 0 . 03 2 . 63 = 0 . 07 1 . 5 1  � 0 . 09 

Mean log 

RNA per 

gland ( ug )  

1 . 38 + 0 . 04 

1 . 30 � o .  1 3  

1 . 41 + 0 . 1 0  

1 . 69 � 0 . 23 

1 . 43 � 0 . 03 

1 . 39 ± 0 . 03 

1 . 47 + 0 . 06 

1 . 45 � 0 . 03 

1 . 4 1  + o . o6 

1 . 45 � 0 . 1 0  

1 . 41  + 0 . 03 

1 . 27 + 0 . 07 

1 . 32 � 0 . 03 

+:-0\ 



TABLE 3 . 4  

EX�T . I .  ESTRADIOL ONL Y .  ANALYS I S  O F  VARIANCE 

MEAN SQUARES 

SOURCE D . F . BW uw AREA UJ TJ 

TOTAL 9 1  5 . 25 1 3  1 1 42 . 8230 31 1 . 9484 252 . 9967 1 093 - 31 53  

BETWEEN 1 0  1 0 . 9227 944 2 . 2600 2354 . 65 60 535 . 4900 5043 . 1 000 

W ITH IN 81 4 . 55 1 1  1 1 8 . 201 2 59 - 7623 21 8 . 1 209 605 . 687 6 

F .  VALUES 

2 . 3999 79 . 88 29 39 . 4003 2 . 4550 8 . 3262 
* * *  * *  * * *  

DF 
-

87 

1 0  

77 

DNA RNA 

726 . 3678 544 . 8862 

337 . 91 00 7 1 4 . 7600 

776 . 81 68 5 22 . 8 246  

0 . 4349 1 . 3671  

N S  N S  

D egre e s  o f  fre edom are redu c e d  fo r DNA and RNA val u e s  since  there  were 4 m i s sing val u e s  

for  t h e se measure s . 

* p(O .  05 * *  p< 0 . 01 NS Not Signi fi c ant  

+ -...J 
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48  

( d )  Un i t  jun c t ions . In ovari e c t omi zed , es tradi o l  treated  

mice , the  re lationship be tween  the  numb e r  of  jun c t ions/6mm2 

and the es tradi ol  dose  is small , p< 0 . 05 ( Tab le 3 . 4 and 

Fig . 4 ) . At lev els 4 and 6 there are large depress ions  

in numb e rs of  j un c t i ons  followed b y  an increase b e tween  

levels  6 and 9 ,  the n a d e c rease again ab ove treatme n t  9 . 

Intac t c on t rols  show a value for uni t  j unc t i ons c lose  t o  

that of  the hich e s t  es trad iol treatment . 

( e ) Duc t  junc t i ons . The graph o f  log total duct  j u n c t ions  

in 6 gland s  ( F ig . 5 )  rises from a m inimum i n  ovari e c tomi z ed 

con trols , plat e aus b e tween  treatme n t s  3 and 4 ,  and 5 and 6 ,  

rises t o  a maxi mum at treatmen t 9 and then falls  again  at 

the top 3 t rea tmen t leve l s . The response i s  signi f i c a n t  

at  � 0 . 0 1 lev e l  (Tab l e  3 . 4 ) . Intac t c ont rols have a value 

for log to tal duc t  junct i ons whi c h  c o rresponds to the 

values s e en b e tween  t reatments  4 and 5 ,  on the upward s lope 

of  the graph . 

( f )  DNA/�land . Examination of Tab le 3 . 3 and Fig . 6 

reve a l s  that there is  no  obv ious re lat i onship b e tween  DNA 

levels  and e s t radi o l  treatme n t  and Tab le 3 . 4 shows a non-

sign i f i cant response . The pat t e rn of response b ears a 

slight resemb lan c e  to  that s e e n  wi th Unit  j unc t i ons ( Fi g . 4 ) . 

Desp i t e  t rans f o rma tion o f  the  data standard e rrors are s t i l l  

large i n  thi s  graph . Group means for  DNA/gland range f rom 

29 . 04 - 52. 51 /ug . ( Appendix 2 ) . 



( g ) RN A/gland . The re lat i onship b e tween  e s t rad iol  dose  

and  RNA/gland is non-signi f i c an t  ( Tab l e  3 . 4 ) . RNA levels  range 

from a minimum at t re �tment 1 2  to a maximum at  t re atment  4 

( Table 3 . 1  and Fig . 7 ) . Apart from the s teep rise at  

t reatment 4 ( 87 . 36
/

ug RNA ) ,  all other  v alues fall w ithin the  

range 1 6 . 6 1 - 48 . 93;ug RNA ( Appendix 2 ) .  

3 . 3  Discuss ion 

( a )  Ut e rus weigh t . The response of the uterus t o  

incre�sing e s t radiol levels i s  almost linear over the whole  

range o f  doses used . Relationships wi th B . � . , M . A . , U . J .  

and D . J .  within groups are s igni fic ant  (p<0 . 0 1 ) and these  

wi thin group re lationships do  not  differ  s igni f i c an t ly b e tween 

groups rec e iving differe n t  levels of e s t radiol . 

The increase in u t e rus � e ight loes  not refle c t  an 

inc re as e  in fluid c ontAined w i t hin the lumen since  all u t e ri 

were w e i ghed  a f t e r  removal o f  f luid and b l o t ting . 

The pat t e rn of  u t e rus response is diffe rent from 

that o f  the mammary glan d  parame te rs . 

The re sult of  f i t t ing p olynomial reg ressions 

( Tabl e  4 . 6 )  f o r  u t e rus w e ight t o  the s ix levels o f  e s tradiol 

alone , that were c ombined with proges t erone in Expt . I I , 

shows that whi le the  great e s t  c o mponen t of  the c urve is due  

to linear regre s s ion , the re is  a s i gnifi cant ( p <0 . 0 1 ) 

c o ntribution o f  5 . 7% from the  quadratic t e rm sugges ting t ha t  

t h e  flattenir1g  o f  t h e  c urve at  high e s t radiol l e v e l s  i s  a 

real e ffec t ! nd that  further inc reas i ng e s t radiol  l e v e ls ab o v e  



Body 

weight 

Uterus 

weight 

Mammary 

area 

Unit 

junc ti ons 

TABLE 3 . 5  

EXPT . I ESTRADIOL ONLY 

Analysis of variance with regre ssion - F ratios 

Duct Unit Mammary 

junc t ions junct ions area 

( 1 ) 1 3 . 6233 22 . 441 3 1 7 . 56 87 
* *  * *  * *  

( 2 )  1 . 2492 1 .5839 0 . 85 1 7  
NS NS NS 

( 1 )  1 4 . 2660 8 . 7904 1 9 . 7992 
* *  * *  * *  

( 2 )  0 .3056 0 . 1 355 0 . 92 1 2  

( 1 ) 45 . 4591 1 3 . 5591 
* *  * *  

( 2 )  1 .  0128 1 . 87 1 3  
NS NS 

( 1 ) 44 . 9049 
* *  

( 2 ) 1 4 . 1 444 
* *  

U teru s  

weight 

9 . 233) 
* *  

0 . 6359 
NS 

* p 0.,05 
* *  p 0 . 01 

NS Not signiJ 

p 0 . 05 

Line ( 1 )  is due to d e viations from average regre ssion with 1 and eo degre e s  of freedom . 

ic ant 

Line ( 2 ) i s  due to d e viati ons from individual regre ssions wi th 1 0  and 70 degrees of freedom . 

\Jl 0 



0 . 320/ug/day would probab ly  result  in furthe r inhib it ion 

o f  u t e rus weight . 

5 1  

Th e valid i ty o f  c omparing the polynomi als f i t t e d  

for 6 lev e ls of  e s t radiol with t h e  r e a l  curve  o b t ained with 

1 2  levels of  e s t radiol  may b e  open t o  que s t i on but is the 

b e s t  approximation for relating the c urve s  obtaine d with 

e s t rauicl alone to  those  ob tain ed  for  e s tradiol and 

prog e s t e r one . 

Flux ( 1 957 ) anu Mun ford ( 1 957 ) f ound that i mma ture 

ovari e c t omized alb ino mi c e  had uterine weights of 5 . 3  and 

5 . 0 mg . re spec tively whic h  inc re ased to 6 . 5  and 6 . 4  mg . 

af t e r  administration of  0 . 003/ug e s t rone/day and t o  8 . ?  and 7 . 6  

mg . af t e r  0 . 006/ug es t rone/day . Sinc e the same s t r�in of  

mouse was used in b o th the  1 957  and the  c urre n t  e�pe riment 

the respons e would ind i c a t e  that the uterus is more responsi v e  

to  e s trodiol than e s tro n e  ( Appendix 2 ) . The greate r potency  

o f  e s t radiol rela t ive  t o  e s trone in this strain of  mouse has 

b e e n  ob s e rved in several unpub li shed expe rimen ts whe re the 

two s teroids we re c ompa red ( Mun ford , unpub lish e d ) . 

In  CHI m i c e , o v a r i e c t o mi z e d  c ont rols had a mean 

u t e rus we igh t o f  8 . 3 mg . whi c h  increased to  1 3 . 0  mg . and 

1 6 . 3 mg . aft e r  treatment with 0 . 01 /ug and 0 . 020/ug 

e s t rone/day respe c tively ( Flux 1 954b ) . Comparable figures 

for NOS s t rain i n j e c ted  w i th e s t ra d i o l  a re 28 . 4  and 32 . 5  

mg . (Appe n d ix 2 ) .  I n t ac t c on t r ols in tha CHI expe rimen t 

had a m e an uterus weigh t  o f  6 9  mg . well ab ove the 

exp e rimen tal groups while  i n  the c urrent  exp e rime n t  me an 

u t e rus we ight o f  intac t  c ontrols was b �l�w that of 



5 2  

expe ri m ental groups a t  28 . 8  mg . 

Thes e  c omparis ons with previ ous experiments  

( Flux 1 954b , 1 95 7 , Munf ord 1 957 ) indicate  that the  ute ri n e  

response of t h e  N O S  s t rain h a s  changed l i t t l e  o v e r  a 1 5  

year p e riod , d e s p i t e  the prolonged inb reeding and 

d i f f e rences  in the type of e s trogen admini s t ere d . The y  

also indicate  that , whi le the uterus w e ight i n  ovarie c t omized  

and i n t ac t  c on trols is much less  in  NOS  than CHI ,  the NOS 

u t e rus  i s  far more respons ive  to exogenous s t e roius , b e i ng 

approximately d oub le  the weight  at  a c omparable e s t rogen  

dos e . In c omparat ive expe riments NOS i s  more sens i t ive  than 

CHI t o  aumin i s t e re d  s t e ro i ds alth ough pub e rty  is  an ave rage 

of 3 w e eks earl i e r  in CHI s t rain ( Munford , unpub lished uata ) . 

Hori and Miyake ( 1 96 8 ) found a u o s age  dependent  

response  of the  ut e rus in the  range 0 . 003 - 0 . 1 ug day 

when  they admini s t e red e s t radi o l  to  ovarie c tomizeu  DS  mi c e . 

Between  0 . 000 1 - 0 . 00 1  ug E/day the re was no  inc rease ab ov e 

the ovari e c tom i z ed contro l  lev e l , wh ich  was 5 . 0 mg , s i mi lar 

to  that in  b o th the NOS and CHI  s t rains . The ute rus of  the 

DS mouse appears more sen s i t ive  to  e s t rndi o l  than NOS , s ince  

at d os e  levels  0 . 03 m� E/day an d 0 . 1 mg E/oay c omparab le  

uterus  weigh t s  w e re obtained  ( 47 . 5  DS 42 . 6  NOS and 60 . 0  DS  

57 . 5  NOS ) although the  DS mice  w e re only  t reated for  9 Jays 

in c omparison to the 2 1  d ays f or NOS . In b o t h  s t rains the 

uterus  i s  less sensi tive  than the mammary glands at low 

es tradiol levels s in c e  the dose  required to  produce  a 

uterine  respon s e , greater  than that o f  ovar�e c tomi z e d  c on t rols , 

is  greater than f o r  a mammary respons e . 
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(b ) Mammary are a . The area c ov ered b y  the  

first  3 pai rs of glands i n c reases approximate ly f i f t e e n ­

f o l d  b e tw e e n  ovari ec t omized  cont rols and animals t re a t e d  

w i t h  0 . 020 m g  E/day b u t  th e n  drops t o  b e  6 4% o f  the 

maximum response at 0 . 320 mg E/Jay , the highe s t  e s t radi o l  

t re a t m en t .  This inhib i t i on o f  growth a t  t h e  four  

high e s t  lev e ls is v e ry mark a 0  ( Fi g . 3 ) , and  i s  paralle leJ 

b y  th e highly signi fi c a n t  ( p< 0 . 00 1 )  c o n t ribu t i on o f  the 

quadratic  c omponent  of the fi t t e d  polynomial for e s t rad iol  

alone  ( Tab l e  4 ) . The re are als o  small , b u t  s i gn i fi cant 

( p(0 . 05 ) c on t ributions f rom linear, cubic  and qu� r t i c  

c omponen t s . 

Mammary are a has signi f i c a n t  ( p( 0 . 0 1 )  w i thin 

g roup reg ress ion rela t i onships w i th the o the r four s truc tural 

param e t e rs ( Tab le 3 . 5 )  whi c h  do not d i ffer  signi f i c an t ly 

a t  s e parate e s t radiol lev e l s . 

Curren t results would indicate  tha t  i n  the NOS 

s t ra i n  th e mammary gland i s  mo re s e n s i tive  to e s t radi o l  

than es tron e . B o th Flux ( 1 95 7 )  and Munford ( 1 957 ) found a 

t wofold and fourfold i n c r e ase  i n  mammary surfac e area whe n  

0 . 003 mg/day and 0 . 006 mg/day e s t r on e , respe c t ively , was 

adminis te red , while i n  the pre s e n t  s tu d y  c omparab le levels 

o f  e s t radi ol produ c e d  glands 4 and 8 times as large as 

c on t rols . This is c omparable t o  the di fferen c e  of p o t e nc y  

o f  the t w o  s t e ro ids w i t h  r e sp e c t  t o  u t e rus w e i gh t  ( Munford 

unpub li shed ) . Th e i nhib i tion  i n  area a t  high e s t radiol 

l e v e l s  was not  unexp e c t e d  sinc e the adminis t ra t ion of 

large amounts  of es t l·og e n s  for  p rolonged periods to a 
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numb e r  o f  different  spe c i e s  result s in  stun t e d  and abn ormal 

grow th . Gardne r  ( 1 94 1 ) f ound th�t in male mic e re ceiving 

0 . 0 1 , 0 . 025 or 0 . 050 mg EB/we e k , those  re c e i v ing the highes t  

level  showed the least  re spon s e . 

In t h e i r  e xp e rime n ts wi th ovari e c tomi z ed , immature , 

DS mice  Hori and Miyake ( 1 96 8 )  foun d a J o s age depe nden t  

mammary g rowth resp onse , wh en e s t rad iol  i n  the range 0 . 00 1 -

0 . 03 ug/u ay was administ 0 r e d . A t  0 . 1 ug/d ny , the h i gh e s t  

dose us e d , the response was v i rtually t h o  same a s  a t  0 . 03 ug 

e s t rad i o l/day , in di c a tin g the pos s ib il i ty that i nhib i t i on of 

grow th was b e ginning t o  oc cur at th ese  lev e ls . I t  i s  

i n t e r e s t ing to  not e tha t t h e i r  range o f  e s t rau i o l  doses  

( 0 . 001  - 0 . 03 U s  E/d ay ) which s ti mul a t e an i n c rease i n  

mammary � r e a  i s  di r e c t ly c omparab le  wi th the  t reatme n t s  used  

i n  t h e  current  expe rime n t s  w h i c h  r e s ult e d  in inc reas e d mammary 

area ( 0 . 001 25 - 0 . 0 20 ug E/d a y ) and in b o th s tudies  

aJmi n i s t rat ion of  high e r  lev e ls results  in nu furth e r  i n c reas e 

i n  a re a .  I t  i s  n o t possible  t o  di rec tly c ompare  the c hang es 

in area s i n c e  Hori and Miyake ( 1 96 8 ) only rec o rded  the response 

of  th e third right thora c i c  gland . Howev er  it  appears that  at  

0 . 03 ug E/day the  mammary a r e a  was  o n l y  twice  that  of  the  

ov ar i e c t om i z e d  c o n t rols wh ich  would  ind i cat e that the  glands 

of  D S  m i c e  are less sens i t iv e  than N O S  to  estradi ol . The 

s imilari t y  o f  response to  the s ame  range o f  t reatments  

despi te  the  time d i fference  ( 9  v s  2 1  days ) sugges ts  the  

pos s i b i l i t y  that  the  rate  o f  admi n i s t ra t i on ( amount/day ) ,  

rathe r  than the t o tal quan t i t y  i n j e c te d  ( amoun t/2 1 d ays ) , 

c ould b e  the  fac t o r  d e t . · rmining t h e  s i z e  o f  the  growth 

r8sponse . 
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Nagasawa et  al ( 1 966 ) measu red the  area of  the 

thirC , thorac i c  mammary glanu i n  Swiss albino mice and f ound 

no  J i f f e renc e b e tween left  and right s iu�s  w i th respec t to 

mammary areas . Examination of the Jatn  for individual g l�nds 

in fua c u rrent expe rimen t indic ated  that this was also the 

c ase  w i th glands 1 ,  2 �nd 3 in NOS mi c e  nt any level of 

e s t radiol  t re atmen t . 

Nagasawa e t  al  ( 1 966 ) also suggested  that mammary 

area is a good e s tima t o r  of mammary growth in mice whic h  hav e 

reached  sexual maturity  b u t  not in others , the i mplication 

b eing that i t  is not a good measure of  expe rimen tally induce J  

g rowth . The maj o r  argument agai ns t using  mammary area alone 

is tha t it meas u res only the extension of  the duc t s ys t em and 

c ann o t  ac count for b ranchinc and end bud and alveolar 

format ion . In the current  exp e rime n t  e s traJ i ol s t imul a t i on 

does rosult preJominan tly in  duc t ex tension rathe r than 

inc re as e d  b ranching an d alveolar formation and there fore  the 

use o f  mamma ry area alone in this si tuation would b e  justifi ed . 

How e v e r  the measuremen t o f  mammary area toge the r w i th a 

quan t i tative  e s t imation of  the s tate  of the duc t  sys t em 

provides  more c omprehensive  inf ormati on on the  growth o f  

the gland and should b e  the pref e rred me thod i n  all 

exp e rimental s i tuations . 

( d ) Ufi t  junc t ions . The me asurement of  uni t  

j unc t i ons wa5 in\ended t o  p rovide in format ion o n  the d e gree 

o f  duc t  b ranching whic h  would not  be  available  from a 

measure of  e t th e r  mammary area or t o t al duc t j unc t ions . 

The pat t e rn e f  response , i f  any , o f  jun c tions/uni t  area  to 



i n c reas ing e s t rad iol doses  was c onfused . 

The obv ious c onc lusion t o  b e  drawn from a 

c onsid erat i on o f  Fig . 4 is  that i n c re as ing estrad i o l  Jose  

d o e s  not result i n  a gene ral inc rease in  t o tal unit  

func t � ons and that  uni t junc tions b e ar only a s light 

relationship to  e ithe r total a r e a  or t otal junct ions . 

Howev e r  from table 3 - 5 i t  c �n b e  s e e n  t hat the re are 

s igni f ican t  ( p(0 . 01 ) withi n  group relationships b e tween  
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uni t  j un c t i ons  a nd the o the r parame t e rs but  thn t  there are  

s igni f i c an t  ( p(0 . 01 ) d i fferenc e s  in  t his re lati onship 

b e tween uni t j unc tions  anu duc t j unc t i ons at d i f f e re n t  

l e v e l s  o f  e s t rad iol . The results  o f  f i t t i n g  polynomials f o r  

mean uni t j unc ti ons shows th3 t n o n e  o f  th e sour c e s  o f  

varia tion u p  t o  the 4th p ower  o f  Jose  is s ignifican t  

( Table 4 - 6 ) .  

The re la t i v e  c ons tancy  i n  unit j unc tions  after  

e s t raJiol  t reatment is  n o t i c ab l e  i n  plates  I and I I , 

esp e c i ally wh en c ompareJ with pla t e s  I I I  - V I I I  whe re there  

are mnrke J changes i n  unit junc t i ons . 

Nagnsawa e t  al ( 1 967 ) measured t he numb er  of  

b ranc hings o f  t he duc t s  o f  the  third thoracic  gland in  

i n t ac t  mi c e  and found n o  J i f f e r e nc e s  be tween left  and right 

siJes . Obs e rvations in  t h e  c urre n t  e xperiment  w ould supp o r t  

this ( s e e  p la t e s  I and I I ) . 

Flux ( 1 954 a ,  b ) app ears t �  b e  the only author  

t o  c onsid e r  u n i t junc t i o n s  in ovarie c t o m i zed , e s t rogen 

t re a t e d mic e  ( C H I ) .  H e  Jiscuss�s ( 1 �54 b )  th e v a l u e  o f  
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t h e  numb ers of duc t  jun c t ions/unit a r e a  as a n  e s t imate of 

mammary gland arb o re s c e n c e  i n  both ovari ec t omized  and i n t ac t 

mi c e .  He f ound that i t  was possible to measure th e same 

numb e rs of Juc t  j unc t i ons/uni t  area �t  seve ral d i f f e re n t  

s tages of development  and c onsi ders t h a t  t h e  degree  of 

b ranching is n o t  re la t e J in a s imple  way to mammary gland 

area which is amply c o n f i rmed  b y  Figs . 3 and 4 .  Flux found 

that  a d e c re as e  in total  mammary qrea and t o t al duc t  junc tions 

c ould be  ac compan i e d  b y  an i n c rease  in duc t junc t i ons/uni t  

area . c f .  Treatment  4 o n  Figs . 3 ,  4 anJ 5 ' ' Con s e quen t ly 

in the ab senc e o f  adequate addi tional inf ormat i on , c ompari son 

o f  the duc t j unc t i ons/uni t  area may not  give  a good i n d i c a ti on 

of d i f ferenc es in t h e  s t ruc t u re s  of duc t s y s t ems . ' '  

Silver ( 1 953 ) a lministe reJ a s e ri e s  of es trogen 

treatments  to ovari ec t om i z e d  rats and found that ' 'a  similar 

type o f  du c t  s t ru c ture was p r e s � n t  in mammary glands of 

w i d e ly 1i ffering t o t al surfac e area and that  this type of 

b ranc hi n g  system p robably J ev e lopeJ at  all lev e ls of 

o es t rogenic - s ti mulation 1 1 • Even wi th addi ti onal i n f o rma tion 

i n  the fo rm o f  t o tal area and t o t al duc t  j un c tions  

measureme nts  it  i s  hard t o  see  what us e ful informa t i on c an 

b e  ob t ai n e d  f ro m  uni t  junc t ions i n  an expe rimen t  whe re 

e s t rogen alone i s  adminis t e red . In this author ' s  view , the 

results  and c o n c lusions to b e  d rawn f rom a measure of 

j un c t ions/uni t  area do  n o t  justify  the time and e ffort  

n e c e ss ary t o  ob tain them . 
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( d ) Duc t jun c tions . Total duc t junc t i on s  in  

gland s  1 ,  2 an J 3 inc rease in  respon s e  t o  e s trad i o l  t re a t m e n t  

i n  the s a m e  manne r a s  t o tal mammary a re� . Of t h e  5 mammary 

gland param e t e rs mensurej they show t h e  grea t e s t  s im i lari ty . 

This is c on f i rmed by the highly s i gn i f i c ant ( p( 0 . 00 1 ) 

c o n trib u t i o n  o f  the quadratic  c ompon e n t  to th e po lynomial 

for t o t a l  duc t j u n c t i o ns ( Table 4 ) . I t  mus t b e  s t re s s ed that 

this is n o t  Jue to any ove rlapping of measure me n ts s in c e t h e s e  

two charac t e ris t i c s  w e re measured c omp l e t e ly i n d e p e n d e n t ly o f  

e ach othe r .  Sin c e  unit j u n c t ions vary only b e tw e e n  narrow 

limits it mus t b e  c o n c ludeJ that the  i n c rease in  Total Duc t 

j unc tions is a dire c t  c on s e qu e n c e  o f  the extension and 

b ran ching of Juc t s  t o  c ov e r  a gre a t e r  area , rathe r th�n an 

inc rease in j unc t i ons/un i t  ar� a . 

F lux ( 1 954 a )  aga in appea rs to b e  the only au thor  

t o  inv os ti�ate  total  l uc t j unc t i ons i n  ovariec t om i z e d , 

es trone  t r e a t d d  mi c e  i n  a quan ti t a t ive manne r . He  found 

s ieni f i c a n t  j i f f e r e n c e s  b e t w e e n  the t o tal jun c t ions  in  the 

firs t  an d s e c ond pairs of glands in  c ontrols and mi c e  t r e a t e d  

w i t h  0 . 01 and 0 . 055 mg e s t rone/d ay .  Differen c e s  w e r e  n o n ­

signi f i c an t b e t w een i n t ac t c on t rols and 0 . 055  a n d  0 . 1 m g  

e s t rone/d ay . 

I t  is  i n t e re s ting  t o  n o te th�t  the Jepre s s i o n  i n  

mammary a re a  ab ove t re atme n t  8 i s  ma t c h e d  by  an e quivale n t  

depres s i on  in  numb e rs of  b o th  t o t al u n i t  jun c ti on s  a n d  T o t a l  

Duc t  j un c t i ons  above t r� a t me n t  9 ,  which shows t ha t  the r e  i s  

i nhib i t i on o f  extension o f  alre ady exi s t ing duc t s , and h e n c e  

a more marke d depres s i 0n o f  t he t o ta l  d u c t  j .nc t i o n s . 
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( e ) DNA/glands . The non-significan t  re sults  

fo r  DNA/gland ob taine d  in  expe ri m en t  I are di sappoin t ing  i n  

v i e w  of prev i o us results ob tained for  DNA value s in  mous e 

mammary t i s s u e , espec ially those  in whi c h  the re was a high 

c o r re lati on b e tween  b i o c h e mic al and morphological f i n d in gs , 

e . g .  Nagasaw a  e t  al . ( 1 966 ) ,  Mun f ord ( 1 963 c ) . 

The plot  of log . DNA/glanu v e rsus e s t rad i o l  

treatme n t  ( Fi g .  6 )  b e nrs no  relation t o  a n y  o f  the o t h e r  

c harac t e rs measure d . 

Sin c e  the me th od used to ext rac t  and de t e rm i n e  

DNA c on t e n t  w a s  e s s e n t ia lly t h e  same as u s e d  suc c e s s fu l ly 

f o r  mous e  mammary glan d s  b y  Munf o rd ( 1 963 b ) the re are no  

obvi ous reas ons for t h e s e  anomalous results . But the 

amount of DNA/c e ll is c on s t an t  i n  s omati c c e lls and thus an 

i n c rease in  cell numb e rs , which is measured by  an � n c rease  in  

mammary a re a  and total  duc t j unc t i ons mus t  result  i n  increased  

DNA  c on t e n t .  The r e  arc a numb e r  o f  p o i n t s  in the o v e rall 

me thod whi c h  may have c on t ri b u t e d  to un r e liable resul t s . 

The hour of sl .::tugh t e r  o f  the animals has b e e n  f ound 

to a f f e c t  mammary glands DNA e s t i mat e s . Echave Llanos and 

Pi e z z i  ( 1 96 3 )  f ound a 24 h ou r  rhythm in the m i t o t i c  ac t iv i t y  

o f  m o u s e  mammary epi the lium , with a maximum value a t  8 a . m . 

and minimum v alue at midnight , on  a n o rmal lighting sc hedule . 

I t  is  c ons ide red that this would n o t  have affe c t e d  DNA values 

i n  this exp e riment  sinc e all  an imals were killed b e tw e en 

1 0  a . m . and 4 p . m . whe n  the diffe ren c e s  in mi t o t i c  ac t iv i t y  

are  non-signi fi c an t .  The fe i s  t h e  p o s s i bility that the  

m ic e  in the Mas s e y  c olony have  maxima and  minima a t  d i f f e re n t  
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t imes b u t  this is  unlikely . 

At s laugh t e r  wh en  glanJ pairs 4 and 5 w e re removed 

f rom the skin it was d i ff i c ult  anJ o f t en impossi b l e  to 

i de n t i fy and remove the lymph noJe from the unstained t issues  

u n l e s s  it  w a s  enlarg e d  and  had  an obvious b lo od supply . 

This  may b e  the c ause o f  s ome of the fluc tuations in  DNA 

v a � e s  sin c e N i c o l l  anJ Tucker ( 1 965 ) f ound that wh i l e  the 

lymph nodes c omp rise  1 4% of t i s sue w e t  weight o f  mammary 

gland , the y c on t rib u t e  65% o f  t o t a l  mammary DNA in  v i rgin 

mi c e . This i s  probably more i mportant  as a s ource  of e rror 

than the  abnormal rhy thm e f f e c t . 

Th e e x t rac t i o n  o f  DNA and RNA from the a c i d  unsoluble 

p r e c i p i t 2 t e  is c o mple t e  b y  the me thod use d . Curri e ( 1 96 9 ) 

show e d  that the thre e ext rac tions  i n  p e r c h l o r i c  ac i d  a t  70
°

C 

remov e d  all the ac id i n s o lub le nuc l e o t id e s  f rom bovine  

mammary homo genat e s . Sin c e  Mun f o rd ( 1 963 ) has  also  showed 

this f o r  p re gnan t and lac t a t ing  reG e n t  mammary gland i t  was 

ass ume d that this would a l s o  app ly to mouse mammary h o mogenates  

i n  t h�  c urre n t  expe ri m e n t . 

A furth e r  s o urc e o f  e r r o r ,  p robab ly the maj o r 

s ourc e ,  lies  i n  the am ount o f  t i s s u e  anJ h omog e n a t e  u s e d  f o r  

t h e  d e t e rmina t i ons . The t is s u e  used  t o  make the homogenat e s  

c ompris e d  4 glands . Mun f o rd ( 1 96 3  b ) , u s e d  5 glan d s  in  his  

de t e rminations  o f  mammary DNA . Howeve r  his  experimental 

an imals were e i the r pregnan t , lac tating o r  underg oing mammary 

invo l u t ion and as such c on t ai n e d  far more  DNA than the 

animals in  exp e riment  I .  The min imum value for  DNA/gland at 

day 2 o f  pregnan c y  f rom Mun f o rd ' s  res u l ts i s  approximately 
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1 1 0 mg , while the maximum val�e for this  e xperiment  was 

52 mg/gland . Th ere appears t o  be a prob lem of s e n s i t iv i ty 

involve � . It  may b e  tha t the d ilution o f  the i n i t ial 

homoge nate t o  1 0  c m
3

, from which 2 cm
3 

was taken for 

est imat ion , was too great 2nd that 2 c m
3 

f rom a 5 cm
3 

dilu t i o n  would b e  b e t t e r . 

There  i s  some  ress emb lanc e b e tw e e n  the plots  

for Log . D N A  an d Lo g . Unit j unc tions b u t ,  i n  v i e w  of th e 

large s tan Jard e rrors of the mean s , this i s  probab ly 

c oin c i den t al . 

( f ) RNA glan d . Th e results  of RNA/gland are 

as c o n fu s e d  as the DNA results  a n d  no  use ful  c on c lusions  

c an b e  d rawn from the m . Despite  tr an s f o rma t i o n  o f  the 

dat a ,  some of the varian c e s are s till  large  ( Fig . 7 ) . 

Th e p o ssible s ourc e s  of e rro r are , in  m o s t  cas e s , the 

s ame as for DNA . 
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4 . 1  Me thod 

I n  thi s exp e ri m en t  s e le c t e d  t reatmen t le v e l s  of  

e s t radiol  were  each c omb i n ed w i t h  t h r e e  t reatme n t  l e v e ls 

o f  prog e s t e rone ( Tab l e  4 . 1 ) .  Es t rad i o l  was 

admin i s t e r e d  i n  Exp e ri me n t  I .  P rog e s t e rone was a�mi n i s t e red  

i n  the f o rm o f  1 ,  2 or  4 p e l le ts implan ted sub c u t an e ou s l y  

i n  t h e  caudal d o rsal reg ion . Th� ?mm x 1 mm d i sc - shap e d  

tab l e ts o f  app roxima t e ly 50m� we igh t w e re mad e of  the pure 

s te ro i d  p owde r C t�-p re gn e n-3 , 20-J i o n e . Sigma Chemi c al Co . ) 

i n  a handpr e s s  unde r  a press ure of 4000 lb s/sq . in . Tab l e t  

w eigh ts w e re r e c ord e d  a t  the b e g i n n i n g  anJ e n d  o f  the 

tr e atme nt  p e ri o d  and the  amount o f  proge s t e rone ab s orb e d  

c alculated f rom the d i f f e re n c e . A t o t al o f  306 t ab l e t s  

w e r e  i mp l an t e d  a n J  t h e  mean w e ight of each t ab l e t  a t  t h e  

b eginning o f  the  expe rime nt was 50 . 9mg . 1 l  t o t e1l  o f  1 4 9 

mi c e  w e r e  u s e a  i n  t h i s  e xpe ri men t . 

Hi s t o logical and b i o chemic al measur e m e n t s  w e r e  

m a d e  a s  d e s c ri b e d  i n  Chap t e r  Tw o .  

4 . 2  Resul t s  

Results  f o r  exp G r imen t  I I  are pres e n t e d  i n  

Tab le s  4 . 2 ,  4 . 3 , 4 . 4 ,  4 . 5 ,  4 . 6 , Figures 1 an d 8 - 1 3  

an d p l a t e s  I I I  - V I I I .  

( a )  B o dy we igh t . As wi th e s t ra d i o l  alo n e , 

the f i n al mean b o - ly w e ights f o r  th e e s t radiol plus 

proges te r o n e  g roups d o  n o t  app e a r  to  show a well d e fi n ed 

relationshi� t o  d os e  level ( Fig . 1 ) .  There i s , h oweve r ,  

a sign i f i c an t  i n c re as e  in  final m e an body  w e ight due t o  t h e  
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E st radiol 

t re at m e nt 

No . pro g e st e ro n e  

tab l e t s 

No . o f  ----, 
animal s p e r  

i t r eatment � -·------------ --------l---- --- . -- ·- ----------·-· ----

1 ovx Cont rol  

4 ( 0 . 00375 ug/day ) 

5 ( 0 . 0050 ug/day ) 

7 ( 0 . 01 0  ug/day ) 

9 ( 0 . 040 ug/day ) 

1 1  ( 0 .  1 60 ug/day ) 

1 2  ( 0 . 320 ug/day ) 

1 OVX 

1 3 Int act C o nt rol 

- ·  - - ·-- ·-- - - �------

! 
1 4  ( 1 4 )  

1 , 2 ,  4 9 ( 3 , 3 , 3 ) 

1 , 2 ,  4 1 5  ( 5 , 5 , 5 )  

1 ' 2 ,  4 24 ( 8 , 8 , 8 )  

1 , 2 ,  4 24 ( 8 , 8 , 8 )  

1 ' 2 ,  4 24 ( 8 , 8 , 8 )  

1 , 2 ,  4 1 5  ( 5 , 5 , 5 )  

1 ' 2 ,  4 1 8 ( 6 , 6 , 6 ) 

6 ( 6 ) 

-I- �-



N o . 
Estnrl:bl Pro geR­
::Im.atme:t t e re n e  

1'able t s  

1 

4 

5 

7 

9 

1 1  

1 2  

1 

4 

5 

7 

1 

1 

1 

1 

1 

1 

1 

?. 

'-· 

2 

2 

T ;J.;:;LE 4 • 2 

EXPT . I I .  

l'.ean I o dy 
,._. e igt t 

.SSTRJ-.D IOL .t- 1  . :::;, r nOG .6 ST :S hU; E . LCG . T f:h.?i. SFORl'l,.i;D D ;-.T A  + .S . :t: . L .  
M ean L og .  
U t e rus  � t . 
( mg . ) 

M ean L J g . M e a n  Log . 

( gm )  
Total �·em�ry Total U:1i t "'rea ( c m ) J·;.nct s ( ·, 6rrm2) 

1 8 . 9 2�1 . 20 1 . 00±0 . 06 0 . 1 7�0 . 03 

21 . 66�0 . 72 1 . 4 1 �0 . 05 0 . 44�0 . 09 

1 7 . 9 0�0 . 94 1 . 27�0 . 04 2 . 03�0 . 04 

1 9 . 68�0 . 78 

21 . 1 8+0 . 61 

20 . 8 1 �0 . 55 

1 9 . 7 0�0 .. 58 

20 . 30�1 . 30 

2.0 . 33+0 . 88 

2J . 50�0 . S3 

1 . 53�0 , 06 0 . 7 2�0 . 03 

1 .50�0 . 03 0 . 80+0 . 02 

1 . 58�0 . 04 0 . 78�0 . 02 

1 . 59�0 . 01 0 . 76�0 . 03 

1 . 1 7�0 , 02 0 . 20�0 , 03 

1 . 55.:t,O . O G  0 , 74�0 . 06 

· 1 . 34�0 . 07 0 . 66�0 . �5 

1 7 . 50_:t1 . 4 1  ' 1 . 5 8,:t.0 . 05 . 0 . 7 1 �0 . 0 2  

1 . 97�0 . 04 

1 . 94±0 . 02 

2 .  r'3±o . o2 

2 . 20±0 , 03 

2 . 32�0 . t;2 

2 . 22+0 . 04 

2 . 22 +0 , 01 

2 . � 0�0 . 03 

2 . 39±0 . 07 

2 . 1 1 �0 .  0� 

2·. 23�0 . 03 

IV: ean L o g  

Tota l 
D u c t  J'J.Yl::tE  

1 . 8 1 +0 . 08 

2 . 56.:t,0 . 1 9  

2 . 54�0 . :Y4 

2 . 99.:t,0 . 06 

l'i e an L o g  
Dr-: ,, r�· e r  

e, l and 

1 • 6 5 _:!:0 • 1 2 

1 .  29�0 . 02 

1 . 5 2.:t,0 . 09 

1 . 49�0 . 1 0  

3 . 1 7±0 , 03 1 . 7 1 _:tO . o4 

3 . 09± 0 , 08 1 . 43,:t0 . 1 0  

3 .  07�0 ... 02 1 .  74.:tC' . 04 

1 ·e 9�.t 05 � , 2.0+0 c 22 . - ' -
3 . 2 1 �0 . 1 2  1 . ?8_:tG . 1 4  

2 . 79�0 . 1 6  1 . 67.:t,0 . 05 

3 . "1 ±0 .. 07 1 . 5 2_:t0 . 1 3  

lvi E: .:·. n L o,--:­
RNA per-' 

g l and 

1 .  27�0 . 1 2  

1 .  5 1 �0 . oii 

0 . 95�0 . 1 '.1 

., • 08+0 . 1  ( 

1 . 36�0 . 08 

1 . 48 +0 . 08 

1 .  26+0 . 1  0 

1 . 2).:t,C' . 1 6  

· :  . 49.:t,0 . 09 

1 . 06+0 . 1 0  

1 • 4 2+0 . 1 1  

0' + 



TABLE 4 . 2  ( cont inue d )  

1 1 1 8 . 9 2_±1 . 20 1 . 00+0 . 06 0 . 1 7_±0 . 03 1 . 9 7_±0 . 04 1 . 8 1 +0 . 08 1 • 65_±0 . 1 2  1 . 27_±0 . 1 2  

4 1 2 1 . 66_±0 . 7 2  1 . 4 1 .::!:,0 . 05 0 . 44.::!:,0 . 09 1 . 9 4_±0 . 02 2 .  5 6.=o . 1 9  1 . 29.±0 . 02 1 . 5 1 _±0 . 08 

5 1 1 7 . 9 0_2:0 . 9 4  1 .  27_2:0 . 04 0 . 5 2,::t0 . 04 2 . 03_2:0 . 02 2 . 54_±0 . 04 1 . 5 2_±0 . 09 0 . 95_2:0 . 1 6  

7 1 1 9 . 68_±0 . 78 1 . 5 3.±_0 . c6 0 . 72_2:0 . 03 2 . 20_±0 . 03 2 . 9 9_±0 . 06 1 • 49,!.0 .  1 0 1 • 08+0 r 1 0  

9 1 21 . 1 8 +0 . 6 1  1 . 50_2:0 . 03 0 . 80+0 . 02 2 . 3 2,::t0 . 0 2  3 . 1 7_2:0 . 03 1 . 7 1 _±0 . 04 1 . 3 6.::!:,0 . 08 

1 1  1 20 . 8 1 _2:0 . 55 1 . 58_2:0 . 04 0 . 78_±0 . 02 2 . 22+0 . 04 3 . 09.±0 . 08 1 . 4 3.:t,0 . 1 0  1 . 48 +0 . 08 

1 2 1 1 9 .  70,::t0 . 58 1 .  59.±0 . 01  0 . 7 6.::!:,0 . 03 2 . 22+0 . 01 3 . 07_±0 . 02 1 . 74.±_0 . 04 1 .  26+0 . 1  0 

1 2 20 . 30_2:1 . 30 1 . 1 7_2:0 . 02 0 . 20.±_0 . 03 2 . 1 0+0 . 04 1 . 98.±_0 . 05 1 . 20+0 . 22 1 • 23.±_0 . 1 6 

4 2 20 . 33_2:0 . 88 1 . 55.±_0 . 06 0 . 74_2:0 . 06 2 . 39_±0 . 07 3 . 2 1 _±0 . 1 2 1 . 78.::0 . 1 4  1 . 49_2:0 . 09 

5 2 20 . 150_±0 . 9 3 1 . 34.±_0 . 07 0 � 6 6.::!:,0 . 05 2 • 1 1 .±_0 • 09 2 . 79±0 . 1 6  1 . 67.±_0 . 05 1 . o6.=o . 1  o 

7 2 1 7 . 5 0.:t,1 . 4 1  1 . 5 8.±_0 . 05 0 . 7 1 _±0 . 02 2 . 23.±_0 . 03 3 . 0 1 _2:0 . 07 1 . 5 2.±0 . 1 3  1 . 4 2 +0 . 1 1  
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NEAN PROGESTERONE ABSORPT IO N FROM 50 mg TABLETS OVER 21  DAY 

PERIOD IN EXPT . II  

-·-----· r· --------··· 

T o t al progest e ro n e  

N umber  o f  tabl et s ab sorpt ion/day 

i mplant ed ( ug/day ) 

1 0 . 905 
--·-

2 1 . 89 0  

I I I 
I 
I 
I I I ·  

--· · - ---

Proge st e rone/ 

tab . /day 

( mg/t al::> . /d ay )  \ • " , I ' 

0 . 90 
---------

0 . 94  
---·-----

I 4 3 . 302 0 . 8 2  
_ _  j 

Range  o f  abso rpt i o n  per  t abl et per day was from 0 . 37 - 1 . 09mg . 

% �bsorpt ion o f  t ab l e t s per  group rang e d  from 20 - 43% 

w it h  a mean o f  3 6% . 

M ean prog e st e rone  ab sorp t i o n  ( mg/day ) fo r each t reatment  

group is  included i n  the  unmodi fied  data in  Appendix 3 . 



SOU RCE DE 

TOTAL 1 58 

K 3 

L 5 

KL 1 5  

RESIDUAL 1 35 

K 3 

L 5 

KL 1 5  

TABLE 4 . 4  

EXPT . I AND I I . ANALYSIS O F  VARIANCE '.'11TH INTERACTIO N . STRUCTURAL ONLY 

BW uw AREA 
- -

5 . 4797 343 . 9 9 1 6 2 .  0901 

3 . 6793 789 . 9333 1 2 . 6726 

3 . 7076 249 6 . 0780 1 7 . 9041  

1 0 . 9858 1 01 3 . 34 2 6  3 . 7631  

4 . 8 8 27 1 1 0 . 529 1 1 . 1 34 2 

F VALUES  

0 . 75 35N S 7 . 1 4 68 1 1 . 1 7 3 1  
* *  * *  

0 . 7593NS 22 . 5829 1 5 . 7856 
* *  * *  

2 . 2499 9 . 1 68 1 3 . 3 1 78 
* * *  * *  

K = PROG . 

L = E ST R .  

UNIT JUNCTS . TOT i..L JU NCT S .  

3884 . 9 765 4 29647 . 3400 

84 1 55 . 4660 3972673 - 3 

1 2592 . 6200 2535 1 74 . 0 

6 207 . 3000 69099 7 . 3300 

1 677 . 6044 264976 . 6600 

50 . 1 640 1 4 . 99 
* *  * *  

7 . 5063 9 . 567 
* *  * *  

3 . 7000 2 . 607 
* *  * *  

* * �0 . 01 

* p( 0 . 05 

NS p<.0 . 05 
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in t e rac tion  of  e s t ra d i ol an d pro�e s t e rone ( Table 4-4 ) . 

( b ) U t e rus weigh t s . �hen prog e s t er one t ab l e t s  

are i mplan t e d  sub c u taneous ly in ovari e c tomi z e d  animals , 

there  i s  an app roxi mat e  doub lin� of w e i gh t  w i th 1 tab le t , and 

thre e fold increase  wi t h  b o th 2 and 4 t ab le t s , c ompared w i th 

un t r e a t e d  ovari e c t omi z ed c on t rols ( Appendix 3 ) . Th e s lope 

of  the c urve in Fi g . 8 when proges t e ro n e  is pre s e n t  b e tween  

es t radiol t reatme n t s  1 and  4 is similnr t o  t h at s e en w i t h  

e s t rad i ol only , al th ou�h t h e  values are large r . Howeve r  

a t  e s t radiol t re atme n t  5 t h e re i s  a d e c rease t o  �lmos t t h e  

lev e l  s e en w i t h  e s t radiol alone . This e ff e c t i s  s e e n  at  

all  t h ree proges t e rone  t reatment  leve ls . A t  proge s t e ro n e  

plus e s t rad iol t rentment  7 u t erus w e i 5 h t  ris es again , b u t  

n o  furthe r inc r e as e i s  s e en a t  hi�h e r  e s t rad iol levels a n d  

t h e  c urve plat eaus s o  that  t h e  f inal mean ut e rus w e igh t s  a t  

e s t rnJi ol t reatmen t 1 2  a�« 3 8 . 3 0 mg , 34 . 50 m g  anJ 3 1 . 6 0 mg 

w i t h  1 ,  2 and 4 proges te rone  tab l e t s  re spe c t i vely . Thi s  

c ompared w i t h  74 . 6 1 m g  w i t h  e s tradiol alone i . e .  u t e rus 

weigh t was d epre s s e d  approximat ely 50% by the  add i tion  of  

proges t e rone t o  the  h i ghe s t  e s t radiol t re a tments . Thi s  

inhib i t ion inc re as e d  w i t h  level  of  prog es t e rone . 

( c ) Mammary area . Th e p l o t  of  t he mean log . 

mamma ry area again s t  e s t radiol  t reatment  i n  the p res e n c e  o f  

the  3 doses of p roges t erone  is supe rf i ci ally similar t o  that  

shown with  e s t rad i o l  only . Proge s t e rone alone a t  1 and 2 

tab l e t  levels , but n o t  at t h e  4 ta1Jle t lev e l , inc reases area 

sli g h t ly ab ove that s e en i n  the cvari e c tomi z e d  c on t rols . 

The re are s igni f i c an t  dif f e re n c e s  in mammary area due t o  
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both progesterone and e stradiol and their i nteraction ( Table 

4 . 4 ) . The depression in uterus weigh t  observed when all levels of 

progesterone treatme nt were combined with e stradiol treatment 5 is 

paralleled by an apparent depre ssion in mammary area at the same 

e stradiol dose with the 2 and 4 tablet proge sterone leve ls 

( Fig .  9 ) . 4 proge sterone table t s  depre ss t he area more than 2 

table t s ,  t o  below the area see n with e stradiol alone . This effect 

is not seen with 1 progesterone tablet and this level produces  less 

re sponse than 2 and 4 tablets  at e stradiol level 4.  The mammary 

area is greater at all progesterone c ombined levels than wi th 

e stradiol alone at estradiol treatment 9 and above , although there 

is a similar drop in area at e stradiol treatments 1 1  and 1 2 .  

( d )  Unit junc tions . There are significant differenc e s  

( p<0. 01 ) in unit junc tions due t o  both e st radiol and progesterone 

and to the i nterac tion between them.  ( Table 4-4 ) . When one 

progesterone table t is combined with the e stradiol treatments ,  the 

initial unit  junc t ions are similar , the re is a small decrease at 

e stradiol treatme nt 4 followed by a smooth increase to a maximum 

at estradiol treatment 9 and then a decrease at 1 1  and 1 2  (Fig . 1 0 ) . 

The unit junc tions are higher at c ontrol levels when 2 and 4 

progesterone table t s  are implanted and a t  e stradiol treatment 4 

there is a substantial increase over t he leve l  seen with both 

e stradiol alone and e stradiol plus 1 proge sterone tablet ,  Then at 

e stradiol treatment 5 with both 2 and 4 proge sterone table t s  there 

is a drop to the value see n  with one table t , From this point 

onwards the curves of unit junc tions for 2 and 4 progesterone table t s  

follow c lose ly the curve for 1 tablet ( Fi g , 1 0 ) . This curve for 

unit junctions in the presence of proge�terone is much more 

symmetrical t han the same curve in i t ' s  absence ( Fig . 4 ) . 
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( e )  Duc t junctions . Initial duc t  junctions for all 

progesterone levels are very similar to those for ovarie ctomized 

c ontrols ( Fi g .  1 1 ) .  

Difference s  in duct  junc tions 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  

junc tions at  e stradiol treatme nt 4 is only slightly above that 

seen with estradiol alone . When both 2 and 4 tablets of proge sterone 

are implanted , duct junctions show a large increase at E treatment 

4 but then at E treatment 5 a large depression i s  again observed . 

This decrease is evident grossly in the photographs of these 

treatment levels ( see Fig .  3 in plates  III , V and VII ) . \itith all 

progesterone treatment s there is an increase from E treatment 5 ,  

to reach approximately the same numbers of duc t  junctions as seen 

with estradiol alone , at E treatment 7 .  Above this point the numbers 

of junc tions increase more when proge sterone is present , to reach a 

maximum at E treatment 9 which then decreases at E treatment 1 1  

and 1 2 .  

( 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 pre sent is still 

see n  and e ve n  more striking is the depression which occurs at E 

treatment 5 ( Fig. 1 2 ) .  DNA levels with 2 and 4 tablet s  follow 

similar patterns e spec ially above E treatment 5 while the pattern 

observed with 1 progesterone tab le t is more varied , e spec ially the 

large drop at E treatment 1 1 . In general the DNA levels  o f  e stradiol 
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plus progesterone treated animals are above those of animals 

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 o f  log . RNA/gland against 

estradiol treatment whe n 1 ,  2 and 4 progesterone tablets  are 

prese nt shows an inc rease from E treatment 1 to :2 treatment 4 ,  

followed b y  a very large decrease at E treatment 5 , and then 

the recovery to RNA levels similar to  those seen wi th e stradiol 

alone from E treatments 7 - 1 2  ( Fig.  1 3 ) .  The sta1nard 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 . 3 Discussion 

( a )  Absorption of proge sterone . Some problems were 

experie nced in administering progesterone in table t form . 

Despite washing the tablet s ,  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 tablet s  as they began to appear through the incision 

site was also another drawback , which may have led to false 

measureme nt of absorption rates .  Individual absorption rates/ 

tablet/day ranged from 0 . 37 - 1 . 09 mg although group means were 

more c onstant at 0 . 90 ,  0 . 94 and 0 . 82 mg tablet/day for 1 ,  2 and 4 

tablets  re spe c tive ly ( Table 4 . 3 ) . Cowie and Flux ( 1 954) found 



Body 

weight 

Uterus 

weight 

Mammary 

area 

Unit 

junc tions 

I ( 1 )  ' 

( 2 )  

( 1 )  

( 2 )  

( 1 )  

( 2 )  

( 1 )  

( 2 ) 

!AJ3LE 4 .� 
EXPT . II  ESTRADIOL PLU:3 PROGESTERONE 
Analysis of Variance with regression - F ratios 

Duct Unit Mammary 

junc tions junctions area 

22 . 6 1 72 5 . 0924 28 . 6855 
* *  * * *  

1 . 1 824 1 . 0228 1 .  426 1 
NS NS NS 

9 . 7402 6 .  5201 8 . 4608 
* *  * * *  

1 . 1 327 1 .  1223 1 . 3530 
NS NS NS 

150. 3837 1 3 . 5367 
* *  * *  

1 .  1 977 2 . 0825 
NS * 

-· 

1 56 . 282 1 
* *  

2 . 2938 
* 

- -

* 

* *  

NS 

Uterus 

Weight 

2 1  . 5092 
* *  

0 . 9876 
NS 

p)0 . 05 

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

Line ( 2 )  is due to deviation fro� incividual reg�c nsions �ith 1 7 and 70 degrees of freedom . 

I 

-....) f\.J 
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Ti.BLE 4 .  6 

Re sul t e  o f  fit ting polynomial regre s sions  in log  d o s e  to  t h e  
r e sponse  to  six l ev e l s  o f  e stradiol within e a c h  o f  fo ur l ev e l s  

o f  proge s t. erone . 

U t e ru s  v"; eigh t  

S o urc e o f  N ean Square s , D egre e s  o f  Fre e dom & .Signi f i c an c e  

Vari a t i o n  L evel s 
Progest erone Do se  L ev e l  

0 1 2 4 

B e t w e e n  Dose s 8972 . 54+++ 793 . 26+++ 388 . 90n s  923 . 55+++ 

( d . f . = 5 ) 

Linear Regr e s sion  4 1 365 . 75+++ 
2270 . 69+++ 1 62 . 20n s  90 . 23n s  

( d . f · =  1 ) 9 2 . 2% 57 . 1%  8 . 3% 1 . 9% 

Exc e s s  due t o  Quandrat ic  
2549 . 9 1 +++ 1 9 1 . 80n s  61 . 44

n s  
1 039 . 58++ 

( d . f . =  1 ) 5 . 7% 4 . 8% 3 .  C(o 22 . 5% 
Exc e s s  d u e  t o  Cubic  1 82 . 67n s 

1 78 . 03n s  
1 4 2 . 1 5n s  

1 287 . 65++ 

( d . f . ::: 1 ) 0 . 4% 4 . 5% ? . 3% 27 . 9% 

Ex c e s s  due t o  �uart i c  1 33 . 37
n s  89 . 28

n s  
7 . 1 0n s  

29 . 28n s  

( d . f . =  1 ) 0 . 2:;6 2 . 2% 0 . 4% 0 . 6% 

'.v i thin  D o s e s  1 24 . 08 1 63 . 4 2 1 54 . 49  1 09 . 49  
( d .  f . =  45 , 31 , 29 , 29 ) 

Hammary Gland Area 

B et w e e n  Do s e s  530 . 678+++ 1 030 . 600+++ 1 20 . 734n s  
925 . 964++ 

( d . f . = 5 )  

Linear Regre s si on 229 . 702+ 2804 . 569+++ 272 . 87 2
n s 

759 . 1 95++ 

( d . f . =  1 ) 8 . 6% 54 . 4% 45 . Z0;6 1 6 . 4% 

Exc e ss due t o  �uadratic 1 91 0 . 557+++ 201 6 . 060+++ 1 1 0 . 1 89
n s  1 666 . 059+++ 

( d . f . =  1 ) 72 . 00;6 39 . 1%  1 8 . 3% 36 . 00;6 
Exc e s s  due t o  C ub i c  24 2 . 583+ 288 . 446n s  

1 29 . 237
n s  1 38 . 352

n s  

( d . f . =  1 ) 9 . 1% 5 . 6% 2 1  . 4% 3 .  CY/o 
Exce s s  due t o  Quart i c  223 . 041 + 40 . 654n s  1 9 . 1 55°6 39 1 . 1 8 2°6  

( d . f . =  1 )  8 . 4% 0 . 8% 3 .  Z% 8 . 4% 

Within  D o s e s  5 2 . 97 6  77 . 827 90 . 932 1 25 . 056  
( d . f . =  45 , 31 , 29 , 29 ) 



S -, urc e o f  

Va r i a t i o n 

B et w e e n  D o s e s  
( d .  f · =  5 )  

L ineP..r Regression 
( d .  f . =  1 )  

Exc e ss due to 
�uadrat i c  

( d .  f . =  1 ) 
Exc e s s d u e  t o  C ubic 
( d .  f . =  1 )  
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T hBLE 4 . 6  ( c ont i n u e d ) 

U nit  Duct J unc t io n s  ( 1 00 log 

M ean Square s ,  Degr e e s  o f  Freedom and Signi fi c anc e 
L ev e l s 

P ro g e s t e r o n e  D o se L evel 

0 1 2 4 

348 .58n s  94 2 . 1 6+++ 429 . 90+ 501 . 64+++ 

5E . 09n s  1 7 67 . 2 6++ 333 . 96n s  450 . 04ns 

3 - 9% 37 - 5% 1 5 . 5'?6 1 7 . 9% 

9 35 . 25n s  2575 - 70+++ 1 9 . 94ns 1 235 . 9 9+++ 

53 � 6% 54 : 7% 0 . 9% 49 . 3% 

54 0 . 02n s 
3 1 3 . 50n s 

1 37 � 88ns 40 . 63ns 

3 1 . 00/o 6 .  6o;� 6 . 4% 1 • 6% 
Exc e ss due to Quarti c  9 . 62n s 

45 � 59b s 8 65 : 9 1 + 68 � o4n s  

( d .  f . =  1 ) o .  6?6 1 • Cf/o 40 . 3% 2 . 7/o 
�hthin D o s e s  272 . 47 7 6 � 00 1 45 . 85 44 • 54 
( d .  f . =  45 , 3 1 , 29 , 29 ) 

T o t a l  Du c t  Junc t ions 1 00 log . 

B et w e en D o s e s  21 99 . 64+ 38-8 3 .  40 +++ 
( d . f . =  5 )  

L inear Regre s si on 2 . 1 On s  
9993 . 21 +++ 

( d .  f . =  1 )  O . OZ;-b 51 . 5% 

Exc e ss due t o  

Quadrat i c  9984 . 73+++ 7709 .  48+++ 
( d .  f . =  1 ) 90 . 8% 39 . 7% 

Exc e s s  due to C ub i c  l�o • 73n s 
769 . 63

n s 
( d .  f . =  1 ) 0 .. 3% 3 - 9% 

Exce ss due to Quartic 966 . 46n s 237 . 03n s 

( d . f . =  1 ) 8 . 8% 1 . 2% 
W i t hi n D o s e s  703 . 96 3 05 · 57  
( d , f . =  L�5 , 3 1 , 29 , 29 )  

1 224 . 90n s 

1 747 . 20n s  

28 . 5% 

23 1 . 99
ns 

3 . 8% 

532 : 93n s 

8 .  7'/o 

1 390 . 40ns 

22 -. 7% 

505 . 52 

+++ ++ + 
p 0 . 00 1 t 0 . 001 p 0 . 01 ' - 0 , 01 p 0 . 05 

4474 .. 1 0+++ 

" 502 1 . 44 +++ 

22 . 49� 

85 63 . 45++ + 

38 . 3% 

37 1 , 87
n s  

1 . 7% 

1 096 , 41 n s 

4 � 9% 

28 1 . 1 7  

ns p 0 . 05 

The p e rc enta�e s shown unde r  the mean sq uar e s  fo r l inear regre s s i o n , 
e x c e s s  due to q uadrat i c  and et � .  rel�t e t he se man squa r e s  t o  t h e  sum s 
o f  squares for between do s e s  and thu s  indic a t e  the proport i on o f  t h i s  
s um s  o f  square s expla i n e d  by f�tt ing t h e  t e rm to  whi c h  the  m ean 
squar� �  relat e s  aft er all t erms to lower o rd e r . 
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with one 50 mg tablet implanted into rats for 1 1  days t hat the 

absorption was 0 . 80 + 0 . 40 mg/day . They also found that dif ferent 

init ial treatments ( e . g . ovariectomy ) had no effect on absorption . 

rates in rat s ,  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 

table t .  Forbes ( 1 941 ) found that a c onne c tive tissue capsule 

with a good vascular supply fit ted the table ts c losely but did 

not adhere to them . Variations in absorption could be correlated 

with a typical connective tissue capsule s .  Forbes considers that 

the pellet s  are not nece ssarily 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 3 0  days implantation i n  rats 35 - 52% absorption of 

progesterone tablets  occurred ( Deansely R. and Parkes A . S . 

Lancet  235 : 6o6 1 938 quoted in Forbe s 1 941 ) .  A similar figure 

was obtained for mic e  in the present study ,  20 - 4376 with a mean 

of 36% . 

( b )  Uterus weight . The combination of 3 different 

progesterone treatme nts  with 6 of the estradiol treatments  

produced both stimulation and inhibition of  uterine growth . 

Progesterone alone or c ombined with estradiol treatments 4 ,  5 

and 7 stimulated growth to levels above that seen with estradiol 

alone , while progesterone combined with estradiol treatment s 

9 ,  1 1  and 1 2  resulted in uterus weights considerably below those 

obtained with estradiol alone . 

The estradiol c omponent of the e stradiol plus 

progesterons treatment is re sponsible for most of the uterus 
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weight increase , however both proge sterone and the interaction 

be tween E and P re su lt in a significant re sponse ( Table 4. � ) .  

There are significant group re lationships of UW with 

BiN , NA , Total Junctions ( p(0 . 01 ) and Uni t 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 re sponse is intere sting since in 

Fig .  8 there are 2 defini te peaks at E treatments 4 and 7 ,  a 

large de pre ssion 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 re sults were obtained for 

uterus weigh t  in ovarie ctomized animals of thi s  strain of mou se 

when inj ected with estradiol and a p�oge sterone suspension for 

6 days in a c lass experiment . The explanation sugge sted is that 

the first peak represe nts the uptake of H2o ,  glucose , amino acids 

e tc . , re sulting in a uteru s  of the " thin" type , while the sec ond 

peak represents the initiation of protein synthe sis and growth 

of the uteru s  muscle f orming the " thick" t ype u teru s .  

Howe ver examination o f  Table 4 . 6 shows that this 

biphasic re sponse is probably only real for the treatme nt 

c ombining estradiol with 4 progeste rone table t s .  Re su lts o f  

fitting polynomial s  show that with one tablet the only 

significant ( p(0 . 001 ) term is the linear o ne ,  with 2 tablets 

there i s  no significant c ontribution from any of the t erms , 

while with 4 tablet s  both the quadratic and cubic terms are 

significant ( p<0 . 01 � .  Thi s  i s  in c ontrast to the situation 

with estradiol alo n' · , where there are high ly signi ficant ( IJ<O. 001 ) 
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linear and quadratic component s .  Increasing the progesterone 

dose within the e stradiol treatment does not therefore produce 

the differences in  uteri ne weight that might be predic ted . 

Hori and Miyake ( 1 968 )  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 i s  approximate ly 

e quivalent to the amount of proge sterone absorbed from 4 implanted 

tablet s  and the e xtent of the depression in uterus weight is 

c omparable with that obse rved in experiment I I . 

( c )  Mammary area . TI1e ap�arent biphasic re sponse of 

the total mammary area when 2 and 4 tablets of progesterone are 

combined with the 6 leve ls of estradiol is shown to be non­

significant from the results of fitting polynomials . At the 

one tablet level the re sponse has highly significant ( p(0 . 001 ) 

linear and quadratic component s .  This pattern of re sponse i s  

also evident for the 4 table t leve l  although the linear component 

is less ( p<0 . 01 ) .  At the 2 tablet level , none o f  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 , U� , unit junctions and Total Junctions 

( p(0 . 01 ) .  This within group relationships differs significantly 

( p(0. 05 ) between treatment groups whe n  area and unit junc tions 

are compared , b'lt  not between the other paramet ers. This demonstrate s 

the independenc-cJ of the two f orms of growth in the gland , duct 
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exte nsion producing increased area and duc t branching , and 

reinforces the view that in E and P treated animals mammary 

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

From table 4 . 4 it i s  apparent that the estradiol 

component of the E and P treatment is  responsible for the major 

part o f  the increase in mammary area and that the interaction 

between the two steroids , while still significant , i s  only 

c ontributing a small part  to area growth . 

There appear to  be no reports of  experiments in  which 

mammary area has bee n  measured following treatme nt with several 

proge sterone levels combined with more than one estradiol level  

and only one in which there was combination of  seve��l 

proge sterone levels with one e stradiol treatment . Hori and 

Miyake ( 1 968 ) showed that the combination of 0 . 30 ug estradiol/day 

with 30,  300 or 3000 ug proge sterone/day produced a sig1nficant 

increase in area of the third thoracic gland over that obtained 

with e stradiol alone after 9 days treatment . 

( d )  Unit junc tion� . The increases in  unit junctions 

in the pre sence of progesterone , which is mai nly  due to an 

increase i n  the numbers of small  branches ,  can be seen clearly 

in the photographs , e specially Figs . 1 -3 in plate s IV , VI and 

VII I . 

The analysis of variance with int erac tions ( Table 

4 . 4 ) shows that the proge sterone component of  the combined do se s  

is  primarily responsible for the i ncrease i n  unit junctions . 
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Unit junctions have significant within group 

relationships with BW and UW ( p  0 . 05 )  and mammary area nnd Total 

Junctions ( p( 0 . 01 ) .  This within group relationship differs 

significantly ( p<0 . 05 )  when unit junc tions are related to 

mammary area and Total Junctions . 

In  contrast to the situ�tion with estradiol  alone , 

the fitting of polynomials ( Table 4 . 6 )  for one proge sterone 

tablet with estradiol shows highly significant ( p( 0 . 001 ) 

linear and quadratic terms . With 4 tablets the quadratic term 

i s  the only one which provides any significant contribution 

( p(0 . 001 ) indicating that the dec rease at e stradiol tre�tment 

5 in Fig .  1 0  is non-significant . The polynomial for 2 

proge sterone table ts has a significant quartic component 

( p<0. 05 ) . 

Unit junctions have not been previously measured in any 

e xperiment in which mice have been treated with estradiol and 

proge sterone . 

( e )  Duc t Junctions . As with unit junctions it is 

evident from Table 4 . 4  that most of the increase in duc t  

junc tions i s  due t o  the progesterone compone nt of the treatment . 

There are signi ficant ( 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 duc t junctions and unit junctions ( P(0 . 05 ) .  

The result� of fit�ing polynomials ( Table 4 . 6 ) for 

the 1 and 4 tablet proge sterone levels shows highly significant 

( P<0 . 001 ) contributions from the linear and quadratic terms , 
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indicating that the decrease at estradiol treatme nt 5 is 

non-signi ficant , the polynomial for the curve with 2 progesterone 

tablets has no significant contribution from any of the terms 

te sted . As wi th u nit junc tions there are no reports of 

estimations of duc t  junct ions after estradiol and progesterone 

admini stration to ovariec tomized mice , so any comparisons a!le 

impossible . 

( f )  DNA/gland . Combination of proge sterone with 

estradiol doe s  not markedly change the values for DNA/gland 

from that observed with e stradiol alone . The discussion on 

possible sourc e s  of error for DNA estimations in the ma.11mary 

glands after e stradiol treatme nt also applies to estradiol 

plus proge sterone treatme nt . However it is very i ntere sting 

to note that the depression at E treatment 5 and all 

proge sterone levels still oc curs and that there are two peaks 

on the graph ( Fig . 1 2 )  which correspond with the peaks at E 

treatment 4 and E treatment 9 obtained for the mammary gland 

histological parameters . But the se resu l t s  for DNA gland 

are probably non-signi ficant . 

It i s  grati fying to  find eve n this slight correspondence  

be tween biochemical and histological charac teristics  since no 

re lationship was observed in experiment I ,  e ven if  they are in 

fac t  non-signi ficant relationships . 

( g ) RNA/gland . The graph of log , RNA against 

e stradiol treatment in the presence of proge sterone shows the 

same depreesion at E treatment 5 and peaks at E treatme nt 4 

and E tre .... ;ment 9 as do the othe r mammary gland measurements .  
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However there i s  a strong possibility that the se e ffe c t s  may 

also be statistically non-si gni ficant . 

TI1e results are disappointing in view of the striking 

change s in RNA leve ls in mouse mammary tissue after admini str.J.t ion 

o f  estradiol and proge sterone in vivo . obtained by Banerjee  et  al 

( Baner jee  1 969 , Banerjee and Rogers 1 97 1 , Banerjee , Banerj e e  

and Wagner 1 97 1 ) .  

The di scu ssion on pos sible sour c e s  of error for DNA 

and RNA e stimations in experime nt I also applie s to experime nt II . 



CHAPTER F IVE EXPERH1ENT I I I  TIME RESPONSE 



5 . 1  Me thod 

Pairs of ovari e c t o mi zed m i c e  t reated  w i th 

e s t ra d i o l  ( 0 . 0 1 0ug/day ) , o r  e s t radiol plus prog e s t e rone  

( 0 . 01 0ug/day + 1 t ab l e t ) ,  w e r e  ki l l e d  at  i n t e rvals  of  

3 days a f te r  c ommenc ement  o f  t reatme n t  along w i th 

ov a ri e c t omi z e d  cont rols . All meas ure ments  we re c arried 

out as d e sc ri b e d  previously ( s ee Chap t e r  Two ) . 

5 .  2 Re s u l t s  

8 2  

Th e Re su l t s  f o r  Exp t . I I I  are p res e n t e d  in 

Tab le s  5 . 1  and 5 . 2 ,  Figure s 1 4 - 1 9  and Plates  IX and X .  

Data we re  n o t  t rans f ormed o r  s ub j ec t e d  t o  any s t a t i s t i c a l  

analysis in t h is exp e �ime n t . 

a ) As exp e c t e d  f i n al mean b ody weigh t i s  

high e r  i n  t h e  animals killed l a t a  in the experi m e n t . 

Ho wev e r  e arly  groups had rather high final b o d y  w e i gh t s  

s o  t h a t  ove ral l  t h e  d i f f e r e n c e  i s  n o t  v e r y  grea t . 

b )  Th e re w as a s ligh t inc re as e i n  me a� 

u t e rus we i gh t  w i th e s t rad i o l  t r e a t m e n t  b e tween 3 and 2 1  

days ( Fig . 1 4 ) . Th e re i s  a s mall d e p re ssi on a t  1 2  days . 

Comb in a t ion 0 f  o n e  proge s t e ro n e  t ab l e t  with  e s t radi o l  

resul t e d  i n  a greatly  i n c reas ed � � e �us w e ieh � a f t e r  9 

days , f ollowed by a drop a t  1 2  and 1 5  days and t h e n  

an o t h e r  inc rease a f t e r  1 8  and 21  days t reatmen t . 

c )  The admini s t ra t i o n  o f  e s t rad i ol 

alone re s ul t e d  in  � s t e ady increase i.n areR b e t w e e n  

3 - 9  days , a d r G p  at 1 2  days a n d  thep a furthe r s t e ad y  



TABLE 5 . 1  

EXPERIMENT I I I - T IME RESPONSE ( GROUP MEANS + S . E . Jv1 . ) 

( a ) Est radiol only 0 . 01 0 ug/day 

T reatment Mean body Mean ut erus Mean t o t al H ean t o t al 

days w eigh t  ( gm )  weigh t  ( mg )  mammary uni t  
2 

area ( cm ) j un c t ions 
2 ( per  6mm ) 

3 1 7 .  25 2: Q .  25 1 0 . 75 .:t 0 . 25 1 . 21  .:t 0 . 3 1  9 · 75 2: 0 . 35 

6 1 7 .  25 .:t 2 . 25 1 2 . 50 .:t 0 . 0 1 . 57  = 0 . 8 1  1 0 . 50  = 0 . 20 

9 1 9 . 75 .:t 0 . 25 1 1 . 25 .:t 0 . 75 1 . 87 .:t 0 . 36 1 2 . 45 = 0 . 1 5 

1 2  1 5 . 75 = 3 - 25 8 . 00 + 1 . 00 0 . 97 + 0 . 4 1  1 0 . 05 + 0 . 1 5 

1 5  1 9 . 25 ± 1 . 75 1 3 . 50 ± 1 :00 2 . 43 .:t 0 . 1 5 1 0 . 95 .:t 1 . 65 

1 8  22 . 50 + 1 . 50 1 5 . 50 + 3 . 50 3 . 43 + 0 . 56  9 . 25 + 0 . 95 

21 20 . 50 + 1 . 00 1 3 . 25 + 0 . 75 3 . 31 + 0 . 33 1 4 . 1 5  + 0 . 55 

Ivlean total M e an DNA/ Hean RNA/ 

duct gland gland 

j unct ions  ( ug ) ( ug ) 

1 80 . 00 + 48 . 00 57 . 80 .:t 4 1 . 00 1 4 . 60 _:t0 . 30 

223 . 00 .:t 98 . 00 25 . 1 0 + o . 0 24 . 20 +0 . 0 

334 . 50 .:t 85 . 50 85 . 85 + 3 1 . 75 40 . 1 0  +24 . 6  

1 37 . 50 + 58 . 50 1 01 . 80 + o . o 3 1 . 30 +0 . 0  

361 . 00 .:t 24 . 00 61 . 1 0  + o . o 75 . 30 +0 . 0  

450 . 00 + 1 4 . 00 57 . 60 + 8 . 20 54 . 05 .:t6 �5 

667 . 50 + 97 . 50 

\.) CXl \>I 



T r eatm ent 

day s 

3 

6 

9 

1 2 

1 5 

1 8 

2 1  

T ABLE 5 . 2 

EXPERIMENT I l l  - TIME RESPON SE ( GROUP MEJ,NS + S . E . H . ) 

( b ) Est rad i o l  ( 0 . 01 ug/day) + 1 Proge s t e ro n e  Tab l e t  

M e a n  b o dy Mean ut e r u s  M e nn t o t al 

we i ght ( gm )  we i ght ( mg ) mammary area 
2 ( cm ) 

1 7 . 75 .:t o .  25 1 3 . 25 .:t 0 . 75 1 . 02 + 0 . 28 

1 8 . 50 .± 1 . 00 1 6 . 5 0 .:t 3 . 0 2 . 54 :t 0 . 90 

1 6 . 75 .± 2 . 7 5  39 - 5 0  .± 7 . 0  3 . 65 .± 0 . 0 6  

1 9 . 50 .± 0 . 5 0  1 8 . 50 .± 3 . 0 2 . 1 9  .:t 0 . 06 

20 . 75 + 0 . 25 1 6 . 50 + o . o  2 . 1 5  + o .  68 

21 . 00 + o . o 4 1 . 25 + 9 - 75 6 . 29 + 0 . 95 

2 0 . 75 + 0 . 75 44 . 75 + 0 . 25 4 . 7 6  + 1 . 43 

M e an t o t al Jvl e nn t o t al M e an Mean 

uni t  j un c t i o n  d u c t  D NA/ gland RN A/gland 

j un c t i o n s  j un c t i o n s  ( ug ) ( ug )  
2 ( pe r  6mm ) 

1 4 . 85 z 1 . 1 5  225 . 00 .:t 7 1 . 0  49 . 4  .:t o . o  25 . 4  .± o . o  

1 3 . 00 .:t 0 . 9 0  45 1 . 5 0  .:t 98 . 00 9 4 . 1  .± o . o  5 7 . 6  .± o . o  

1 7 . 36 .± 1 . 50 898 . 00 .:t 85 . 00 6 2 . 30 .± 1 . 205 6 . 1 0  .:t 6 . 5  

1 3 . 9  .± 1 . 5 0 48 0 . 00 + 1 8 . 00 4 2 . 90 + 1 1 . 24 4 . 60 + 1 2 . 1  

1 6 . 65 .:t 0 . 65 7 1 5 . 50 .:t 33 . 50 9 6 . 40 .± o . o 3 3 . 8 0  .± o . o  

1 6 . 00 + 1 . 20 1 385 . oo z 59 . oo 50 . 55 .±5 - 85 5o . s o  z1 o . 5o 

1 7 . 20 .± 2 . 8 0 1 24 6  . 00 +6 1 2 . 00 

00 +-
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inc reas e t o  1 8 days followe d  b y  a sligh t d rop aft e r  2 1  days 

t re at m e n t  (Fig . 1 5 ) . The s t eady inc rease in area u n t il 9 

days s e en w i th est radiol alone is also s e e n  whe n  pro­

g e s t e rone is adde d ,  alt hough the  magnitude is greate r .  

Howev e r , the re is a d e c reas e in area at b o th 1 2  and 1 5  d ays 

which is f ollowed by a rise at 1 8 days and a sligh t 

d e c re as e  a t  2 1  days similar t o  that seen  with e s t radiol 

alone . 

d )  Uni t junc t ions . The numb e r  of duct  j unc t ions p e r  

unit  area changes v e ry li t t le b e t we e n  3 and 2 1  d ays when 

e s t radiol alone is the t r e a tme n t  ( Fi� . 1 6 ) . The addi tion 

o f  proge s t e rone increas e s  the unit junct ions b y  approxima t e ly 

4-6 j un c t i ons/6mm2 but d oe s  n o t  alter  the pat t e rn o f  the 

time  re spon s e . 

e )  Total junc t ions . W i t h  b o th e s t radiol alo n e  and plus 

prog e s t e rone  the plo t of t ot al j un c t ions agains t d ays 

t re a tm e n t  ( Fig . 1 7 ) , is v e ry similar t o  that of t o t al 

mammary are a (Fig . 1 5 )  partic ularly with regard t o  the 

depre s s i o n  af t e r  1 2  and 1 5  days of t reatmen t . 

f )  DNA and RNA . In  n e i th e r  DNA nor  RNA/gland i s  a 

d i s t in c t patt e rn of response to  the t ime of t re atment shown 

( Fig ! 1 8 and 1 9 ) . 
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5 . 3  Discus s ion . 

Exp e riment  I I I  was unde r t aken  as a c h e c k  on t h e  

vali d i t y  o f  us ing a 2 1  d a y  t re a t m e n t  p e ri od i n  Exp . I and 

I I ,  rathe r than a 9 or 1 2  day p e ri o d  as used b y  Hori and 

Mi yake ( 1 96 8 ) . From the  resul t s  it app e ars tha t 21 days 

is c e rt ainly b e t t e r  than 9 or 1 2  days f o r  a maxi mal 

u ter i ne  and mammary re sp onse . Howeve r ,  it may b e  that  

24 o r  27 days is an  e ve n  b e t t e r  p e ri od than 2 1  days . 

Th is re lationship b e tw e e n  time  and maximal respon s e  

requires f u r t h e r  inv e s t igation in  this  s t rain o f  mouse . 

The depre ssion in u t e rus we ight , mammary area 

and t o t al j un c tions a f t e r  1 2  days t reatment  wit h 

e s t rad i o l  alone  may b e  part ially e xplained  by a d e c re a s e  

in me an b ody w eigh t  o f  the an imals killed a t  t h is time . 

The d ep r e s s i o n  in  u t e rus we ight , mammary area and t o tal  

j un c t ions a f t e r  1 2  a nd  15  days t re a tme n t  with e s t rad i o l  

and pro g e s t e r one  c ann o t , h o w e v e r  b e  explained on the 

basis of b od y  weight changes ( s e e  Tab l e  5 -2 ) . If this  

d e c re ase is a re al e f f e c t and not  due  to  chan c e ,  t h e re 

are t w o  po s s ib l e b i o lo g i c al explanat i ons : 

i )  A f t e r  init ial s t imulation b y  es t radiol and 

prog es t e rone , b o th u t e ri n e  and mammary t issu e s  b e c ome 

re f rac t o ry t o  the s t eroid al s t imulus ; the tissues  regre s s  

due t o  lac k o f  s t imulat ion during the n ext  3 o r  6 days , 

but t o  s u ch a l e v e l  t ha t  they  are no longer r e f rac t o ry 

t o  t h e  s t imulus an( g rowth s t imulat i o n  again o c c u rs . This 

does not ex: lain th � i n c re a s e s  to a h igher level w h i c h  



t hen  oc c u r .  The ob s e rv e d  e f f ec t s  may b e  p �rt o f  a 

c yc le ; c on t inu�t ion  of the t re a t m e n t  period t o  24 or 27 

d ays would show wh eth e r  the re was anothe r c yc le of 

d e p r e s s i o n  of growth . 
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ii ) The d e p re ss ion in growth app rox ima t e l y  

half  way through the t o ta l  t reatme n t  p e ri od m�y re fle c t  

two  phas e s  o f  ab s orpti on from implanted  proge s t e rone  

t ab le t s . During  the first  9 days p roge s t e rone may b e  

�b s o rb ed b y  simpl e d i f fus i on from the s ur fac e o f  the 

t a b le t s . Howeve r ,  in c re asinG f o rmation of a c onnec t iv e  

t i ssue c apsule a round the  t ab l e t  may prevent  this , 

re s u l t i n g  in an inhib i t i on and/or regre ssion  o f  growth 

f o r  a t  l e as t  s ome o f  the  p e riod b e t w e e n  9- 1 8 days . 

Following this , incre a s e d  p roc e s t e rone  up t ake and 

absorption via mac rophages may again s t i mulate growth . 

( F o rb e s  1 94 1 ) . Furth er expe rime n t s  in which  prog e s t e ro n e  

i s  admi n i s t e re d  in  t h e  f o rm o f  a susp e n s i on ra ther than 

table ts would t e s t  this hypo thesis . 

Th ere i s  n o  d is c e rnib l e  pat t e rn o f  chang e in  

the numb ers o f  duc t  j un c t ions/uni t  area ov e r  the  21  day 

peri od . Addi t ion o f  p roge s t e ro n e  t o  the  e s t radiol 

increases  the numb e rs o f  uni t  j unc t ions but does  n o t  

c hange t h e  gen e ral respon s e . Th e depress ion in t o tal  

j un c t ions at days 1 2  and 15  the re fore i s  related only t o  

c hange s  in t o tal mamma ry area and n o t  t o  any change i n  the 

j un c ti ons/un i t  are a . 



Variations in  DNA and RNA valu e s  in this 

exp e ri me nt  a r e  so  larroe that  no  use ful c on c lusions  c an b e  

d rawn re �arding their rela t i o n ship t o  e i t her t ime o f  

t r eat me n t  o r  t o  any o f  . the  o t h e r  parame t e rs measur e d . 
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CHAPTER SIX - GENE RAL D I SC U S SION AND SUGGE ST IONS FOR 

FURTHER WORK 



6 . 1  G e n e ral D i s c u s s i o n  

( a )  F i t t i ng o f  po lyno�i al s .  D e sp i t e t h e  f a c t  

t hat fo r a n um b e r  o f  t h e  graph s th e f i t t ing o f  p o l ynom i al s  

i nd i c a t e s  that t h e  d e p r e s s i o n  o b s e rv e d  at all p ro g e st e ro n e  

l ev e l s a n d  e s t r ad i ol t r e a t m e n t  5 i s  no n- signi f i c ant , th i s  

may n o t  a c c ur a t e l y  r e fl e c t  th e t r u e  si t uat i o n  si n c e  t h e  

p o l yn o m i a l s  o n l y  g i v e  a gen e ral p i c t ur e  o f  t h e  re s p o n s e . 

T h e  f a c t  that t h i s d e p r e s s i o n  i s  o b s e rv e d  i n  all 

i nd e p e n d en t l y  e st imat e d  param e t e r s  r e i n fo r c e s  t h i s v i ew . 

M o re ext e n s i v e  t e st s o f  s i g n i f i c an c e  on the p o l ynomi a l s  

w o ul d  b e  r e q ui r e d  t o  c l ar i fy t h i s po i nt . 

( b )  �9dy w e igh t . Th e r e  a r e  signi f i c ant 

( p  0 . 05 ) di f f e r en c e s  d u e  t o  t r e a t m ent s i n  body w e i gh t s in 

� 
b o t h  exp e r i m e nt s I and I I .  I n  exp e r i m e nt I t h e  d i f f e r e n c e s  

a r e  d u e  t o  t h e  e f f e c t s o f  e s t r o d i a l  alone , wh i l e  i n  

e xp e r i m ent I I  t h e  signi f i c ant d i f f e r e n c e  i s  d u e  t o  t h e  

i nt e r a c t i o n  b e t w e e n  t h e  st e ro i d s  t h e  i nd i v i d ual c o m p � n e n t s 

b e i ng n o n- s i gni fi c ant . I n  b o th exp e r im ent s t h e r e  a r e  

s i gn i f i c an t  w i th i n  gro up r e g r e s s i o n  relat i o n sh i p s  w i th t h e  

m ammary gland param e t e r s  wh i c h d o  not change 

s i g n i f i c an t l y  b e t w e e n  g ro up s . Thi s i s  t o  b e  e xp e c t ed 

s i n c e  g ro w t h  o f  t h e  mammary gland forms part o f  t h e  t o t al 

b ody w e i gh t  i n c r e a s e . H o w ev e r  i n  n e i t h e r  e xp e r im e nt i s  t h e r e  

a d e f i n i t e  r e l a t i o n sh i p  b e t w e en e st r a d i o l  o r  e st radi o l  and 

p r o g e st e ro n e  t r e a t m e n t  a n d  b o d y  w e ight . 



Inst e ad o f  mea suring fi nal m ean body weigh t  i t  

would po ss ibly have been b et t er t o  hav e measured the  

change i n  body weight from the  b eginning to  the end o f  

the  experiment . Thi s coul d  po ssibly have shown syst emat i c  

e ffe c t s  due t o  the  t reatment s .  

( c ) U t erus weigh t . The li near log ados e  

r e sponse  fo r ut e rus weight in  exp eriment I is  well d e fined 
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up t o  e st rad iol t reatment 9 with a small queidrat i c  component , 

indi cat ing the de creased re spo n s e  t o  added stimulus at 

l ev e l s  high e r  t han thi s .  The d e creased re spo nse i n  ut erus 

weigh t  when  progesterone i s  incl ud e d  st art s at  a much  lower 

l ev e l  and pas s e s  into a phase where increasing do s e s  of  

st eroid  produce  a response lowe r than that fo r small e r  doses , 

i . e .  inhibi t i o n . Thi s  is  part i cularly evident for the  4 

t ab l e t  proge st e rone level whe r e  the  fi t t ing o f  polynomials 

indicat e s  that the depre ssion  at E.  t reatment 5 is a real 

e ff e c t . Thi s biphasi c int e rim re sponse has al so b e e n  observed  

in  unpublish e d  experiment s with  this  st rain of  m o u se . 

C ompari sons with  prev ious  exp eriment s show that t h e  ut erus  

i n  t h e  NO S mo use i s  more sensi t iv e  to  estradiol than e s t rone  

a nd that the  uterus of  t he NO S mo use  i s  more  sens i t i ve t han 

t hat of the CH I to  estrogens  ( Flux 1 957 , Hunford 1 957 , 

t'i unford  unpub l i shed ) .  The ut erus o f  the  NO S mo use  al so 

appears to be more sensi t i v e  to e st radiol than t hat o f  t h e  

J apan e s e  D 3  st rain ( Hori and Miyak e  1 968 ) . T h e  ut erus  i s  

l e ss re sponsive . than t h e  mammary gland i n  all t h e se st rains 

s i n c e  a high e r  dose le vel is required to produc e a det e c t ab l e  
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r e sponse but at l east i n  the NO S mouse the  region o f  li near 

r e sponse t o  log do se is wid e r .  

( d ) Mammary area . The area re sponse o f  the 

m ammary glands was w e l l  de fined in both exp e riment s I and 

I I  and followed a simil ar pat t ern . The curve obtained 

w i th e st rad iol alone is  almo st ent irely q uadrat i c  wh i l e  

w ith the  2 and 4 pro g e s t erone t abl e t s  p l u s  e st rad iol t h e r e  

i s  a n  i n c r e a s e d  li near component . In b o t h  experiment s 

mammary are a  i s  signi f i c antly relat e d  to  the other  4 

p aramet e r s  on a within gro up basi s whi l e  in Exp t . I I  there  

i s  a signi fi cant di f fe renc e in the relati o n sh i p  between area 

and uni t j un c t i on s , fo r di f fe rent gro up s .  The area re spon se 

i n  Exp t . I i s  due to t h e  a c t ion s  o f  e st rad i o l  alone and in 

E xp t . I I  the anal y si s o f  vari anc e sho w s  t ha t  whi l e  there i s  

a smal l , b ut signi fi c ant , contribut i on from the  int eract ion 

of t he  t wo st e ro i d s , mammary area growth i s  due predomi nantly  

t o  t h e  est rad i o l  component o f  t h e  t re atme nt . As  with u t e rus 

weigh t  these re sul t s  sh ow that t h e  NO S st rain i s  mo re 

s en s i t ive to  est rad i ol than est rone in t e rm s  of mammary area  

r e sponse ( Fl ux 1 95 7 , Mun ford  1 957 ) . 

( e ) Unit  junc t i ons . The re sponse o f  the  uni t  

j un ct ions to  est radi o l  alone  i s  confused . T h e  within  

g ro up relat i onships vary sign i fi c ant l y  when  unit  j un c t ions 

are c ompared with duct  j un c t i on s  indicat ing that duct  

j unct ions are d i f f e r ently rtlat e d  t o  uni t j unct ions  at 

d i f fe rent lev el s of st imu�at ip n .  From the  resul t s  o f  

f i t t ing o f  polynomia l s  ( no signi fi c ant contr ibut ion from any 

o f  the t erms t e st e d ) i t  catnot b e  c o ncluded that e s t radiol 



a lone has any signi f i c ant e ff e c t  o n  t h e  i n i t iat ion o f  

b ranching i n  the  mammary gl and . I t  app e ars that th i s  

s t e r o i d  st imulat e s  duct e xt en sion and some a sso c j at ed 

b ranching . hpparent vari ations  i n  uni t  j un c t ions  at 

d i f ferent l ev e l s of e st radiol could re sult from t h e  

s ampling o f  t w o  asso c i a t e d  pro c e s s e s  whi ch h a d  sl i ghtly 

d i fferent t empo ral r elat i onsh i p s .  Thi s  conc l u sion  c o n f i rm s  

t hat reached b y  Silver ( 1 953 ) and Flux ( 1 95 3a ,  b ) . 

However  in exp e riment s i n  whi ch e st radi ol and 

p roge st erone are admin i s t e red , uni t  j un c t ions  sho w  a 

r egular re sponse t o  the t reat ment . As w i t h  mi c e  t reat e d  

w ith estrogen alo n e , there  were variat ions  a t  d i f fe rent  

l evel s of  e st radi ol  and/or proge s t erone in the  rel at i onsh i p  

o f  uni t  j unct ions  to d u c t  j un c t i o n s  a n d  Qammary area . 

N everthele ss the anal y s i s  o f  variance  i ndi c at e s  that unit 

j un c t io n s  r e s ponse  is more mark e dly a f fe ct ed by the 

p roge s t e ro n e  t reatment . 
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( f ) Duct jun c t i ons . D e spi t e  t h e  fa c t  that 

e st radi o l  do e s  not st imul at e unit j unc t ions t o  any sign i f i c ant 

d egre e , it  do e s  stimulat e an inc rease in  t o t al d u c t  j un c t i on s . 

Thi s inc r e a s e  i n  th e t o t al numb ers  o f  duct j un c t i ons is  due  

primarily t o  t h e  i n c r e a se i n  mammary area . The r e s ul t s  o f  

f i t t ing polynomial r e g r e s sions c o n f i rms  t h i s  v i ew . The re i s  

a h i ghly signi fi cant q uadra t i c  c omponent analfagous t o  the  

r esul t obt ained  w i t h  mammary are a .  



The i n c rease in duct  j un c t i o n s  in Expt . I I  

i s  d u e  both t o  a n  i n c r ease  i n  area and more impo rtantly 

t o  an i n c r e a s e  i n  unit  j unct i o n s . As i ndi cat e d  abo v e  

m ost o f  thi s lat t e r  e f f e c t  i s  due t o  the  pro g e st e rone 

c omponent of the t reatm ent . 

( g )  DNA and RNA . In neither  o f  the  

e xp e riment s was there  any signi fi c ant relat i o n sh i p  

e stabl i sh e d  b e t w e en t h e  DNA and RNA e st imat i o n s  and t h e  

t reatment s admi ni st e red  or  t h e  s t r u c t ural parama t e r s . 

( h ) Experim ent I I I . I n  Expt . I I I  ut erus  

w eight s i n  animal s slaught e red  aft er  1 2  and 15  days w e re 

l ow e r  than in animal s slaught e red  earl i er o r  l at e r , but  

t he limi t e d  numb e r s  of  an imal s u s e d  prevent e d  any 

a ss e s sment of the  real i t y  o f  thi s apparent depre s s i o n . 

There was also a d e c rease  i n  mammary ar ea aft e r  1 2  and 

1 5  days t r e atment with e st radiol and progest e rone , b u t  as 

w i th ut e ru s  w e i ght thi s may be non- signi fi c ant . 

T re atment with e st radi ol  alone p ro d u c e d  a st eady i n c r e a s e  

i n  area , apart from a small d e c r ea s e  a t  day 1 2 . Unit 

j un c t i o n s  show e d  no relat i onship t o  the period o f  

t reatment eith e r  with e st radiol alo n e  o r  wi th est radi ol  

and proge st e ron e . Total duct  j un c t i o n s  al so show a 

d e c rease aft er  1 2  and 1 5  days t reatm ent w i th e st radi o l  

and pro g e st erone . DNA and RNA e st i mat ions showed no 

s i gni f i c ant relat ionship s .  
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( i ) General C o n c l u s i on s . The resul t s  o b t a i n e d  

i n  Expt s .  I a n d  II for st ruct ural measurement s i . e .  ut erus 

w e i ght , mammary area , uni t  j unct i o n s  and duct  j un c t ions , 

agre e sub stant i ally with r e sul t s  o b t ained in prev i o u s  

e xp e riment s ( Flux 1 954 a ,  b ,  1 957 , Munford 1 957 , H o ri and 

M iyak e  1 968 ) altho ugh o v e rall compari son s are not  p o s s i bl e 

s i nc e these earl i e r  exp eriment s i nvolved many l e s s  

e st radi ol l e v el s .  

The result s o b t a i n e d  fo r the biochem i cal 

e st imations  are l e ss grat i fy i ng .  Nagasawa e t  al ( 1 967 ) 

f ound a highly signi fi c ant po s i t i v e  corr elat i o n  b e tw e e n  

m ammary gland area and D NA cont ent in the sharply growing 

phase o f  the duct  sy s t em and i t  was exp e c t e d  that su ch a 

r el a t i on sh i p  wo uld eme rge i n  Expt . I I  i f  not i n  Expt . I .  
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T o  the cont rary no relat i onships c an be est abl i sh e d  b e t w e en 

e i th e r  DNA o r  RNA and any o f  t h e  struct ural param et e rs . 

The  so ur c e  o f  the erro r i s  t h o ught to l i e  i n  the method 

o f  nucl e i c  ac i d  ext rac t i o n  and e st imat i on wh i ch i s  

d i sc u s s e d  i n  Chap t e r  Three . 

It  may be c o n c l ud e d  from Expt s . I and I I  that 

t he primary act ion i f  e st radi o l  i s  to  stimulat e e xt ension 

o f  the  exi st ing d u c t  system t ogether  with som e b ranchi ng , 

t hu s  caus i ng an i n c r ea s e  in  mammary area and d u c t  j unc t ions , 

whi l e  prog e s t e rone s t i m ulat e s  i n c rea s e d  bran c h i ng o f  the  

d uc t  sys t em resul t i ng i n  an i n c r ease i n  unit j un c t i on s  and 

a l so duct  j unct i on s .  



The r eason for the depre ssion whi ch oc curs i n  

a l l  st ruct ural paramet ers when p roge sterone is  comb i n e d  

w i t h  0 . 01 0  ug e st radiol , wh e t h e r  or  n o t  this  i s  in  fact 
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a signi f i c ant re sponse , i s  ob sc ure . One po ssi b l e  explanat i o n  

i s  that , at thi s part i c ular st e ro i d  c ombinat ion , there  i s  

c ompet i t io n  f o r  rec epto r  sit e s  b e tween the  t w o  mol e c ul e s . 

It  m u st b e  stre s s e d  that the ob served  e f fe c t s  i n  

t h e  two experim ent s may not b e  solely due to  spe c i f i c  

e f f e c t s  o f  t h e  ho rmones  o n  t h e  mammary and ut erine  t i ssue s , 

s i nce  there  are other fac t o r s  which may have i n fl uenc ed 

growth . 

Firstly , the  stimul at ing e ffe c t s  of  est radi ol 

and prog e st erone may be  o f f se� by me chani cal and g e n e t i c  

f a c t o r s  whi c h  a c t  t o  limit  t h e  si ze  o f  t h e  o rgan relat i v e  

t o  body si ze  o r  sur fac e area . Silver ( 1 95 3 )  discusse s 

t hi s  in re lat ion to estrogen i nduc e d  mammary growth in 

o vari e c t om i z e d  rat s . In a similar vein , St o ck dale and 

T opper ( 1 9 67 ) consider that t h ere is an upp e r  limit  to  

t he num b er o f  cells  in  the  mammary gland wh i ch can b e  

s t imul a t e d  by  a given hormo ne , i n  t h e i r  case insul i n .  

P r e sumably this  limit  i s  s e t  by  st ruct ural and gene t i c  

fact o r s . Turkington e t  a l  ( 1 967 ) rai se  t h e  po i nt t hat 

' ' the  re sponse  of i ndividual c ells  to st ero i d  h o rm o n e s  m ay 

b e  all o r  none , b u t  t n e  who l e  t i ssue may sho w  a grad e d  

r e sponse ' ' · Part o f  this  graded re sponse may b e  due t o  the  

opera t i on o f  non-hormonal fact ors . It would appear that  i n  

b ot h  Expt s .  I and I I ,  t hat  t h o  mammary gland h a s  reached 



i t s  maximum growth po s s i b l e  unde r  t h e  prevai l i ng hormonal 

i nfluenc e s .  Furt h e r  deve lopru ent probably invo l v e s  

d i f fe rent iat i on o f  t h e  e x i st ing fram ework o f  c ell s fo r 

spe c i fi c  metab o l i c  func t i on s  und e r  the i n fl uenc e o f  a 

f urther  set o f  ho rmones  ( Topper  1 968 , 1 970) . 
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S e co ndly , whi l e  the animal s i n  t h e s e  exp e ri m e n t s 

had had their  o vari e s  remov ed ; all o t h e r  endo c ri n e  o rgans 

w e re int act  and p r e s umab ly o p erat i ng as  norma�ly as  po s s i b l e  

under t h e  c i r c umstanc e s . T h e  po s sible  i n fl ue n c e s  o f  

i n sul i n , adrenal st e ro i d s , p i t u i t ary and thyro i d  ho rmone s  

d i re c t ly o n  the mammary ti ssue or  i n t e rac t i ng wi t h  t h e  

a dmini st ered st e r o i d s  must n o t  b e  overlook e d . T h e r e  i s  

a l so t h e  possibi l i t y  that  exo geno us  e s t radiol  may have 

s t imulated  release  o f  prolac t i n  from the p i t u i t ary and that 

d i f fe rent ial e f f e c t s o f  the  st e ro i ds act i ng a t  the pi t ui t ary 

and hypo thalamus may c o nt r i but e to the o v e rall patt e rn 

o f  re spons e s . 

6 . 2 Sugge st i o n s  f o r  furt h e r  work 

There are a num b e r  o f  point s rai s e d  by t h e s e  

r e s ul t s  wh i ch may b e  clar i f i e d  b y  further  experiment s . 

( 1 ) The pat t e rn o f  growth o f  t h e  mammary gland 

in t h e  normal v i rg i n  NO � mo use sho ul d  b e  e stab l i sh ed . For 

som e  parame t e r s , � ut e.ru s w eigh t  and m ammary are a , t h e  

v al ue s  recorded  f o r  i �t a c t  control s are l e ss than st i m ulat e d  

v al u e s 4  The se anima l s  w e re slaught e re d  at app roximat ely 7 

w e ek s  o f  age and s i n ce: pube rt y  o c c ur s  i n  thi s st rain at 



a pproximat ely 6 week s ,  t h i s  would sugge st that the  intact  

c ont rols  had  probably undergo n e  only  one e st rous  cycle  and 

t heir  mammary glands had conse quently b e e n  expo sed to 

v e ry l it t le e st rogeni c stim ulat i on . 

( 2 ) The apparent i ngi b i t ion o f  growth t hat 

o c c urs when pro g e st erone  is combi ned with  e s t radiol  

t reatment  5 ( 0 . 0 1 0 ug/day ) c o uld be  furt her  inve st igated  

by  using a cl o s e r  range of  e st radiol t reatm ent s ,  at  p e rhaps 

0 . 001 ug/day int e rv als , comb i n ed with a range o f  

p roge st e rone  t reatment s • 

( 3 )  Ano ther area that could be explored  i s  

whe t h e r  a similar depr e ssi o n  in  growth i s  seen when  the  

app ro p riat e l evel  of  a di fferent st ero i d  � e st rone o r  

a no n- st ero idal e s t rogen  � d i e thyl s t i l b e strol i s  

combi n e d  with progest e rone  and al so wh ether  t h e  e f fect  o f  

c ombining two e st rogenic  st eroids  �� e st rone and 

estradiol , pro d u c e s  a sim i l ar re spo n se . 

( 4 ) The relat i o n sh i p  between  9 and 21 day 

t reatment periods  with  the  sam e e st radiol do se/day c o uld  

b e  invest i gat e d  in  vi ew of  the  result s of  H o ri and Miyak e  

( 1 963 ) whi ch , when  compare d  wit h  c urrent resul t s sugge st s  

t hat the  amount o f  hormone/day may b e  the  domi nant fac t o r  

d e t e rmining r e sponse . 

( 5 )  The c ause o f  t h e  apparent depre s sion  in  

ut erus we ight , area  and duct  j unct io n s ,  ob serv ed in  Expt . 

I I I  aft er 1 2  and 1 5  days t r eatrr,ent  with e st radiol and 

p ro g e st erone  and att ributed  to 4 1table t "  e f fe ct , could be 

t e st ed by adm i n i s t e ring proge st e ro n e  in  equival ent  amo unt s  

i n  t he fo rm o f  a su spensio n .  
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Key t o  P l a t e  I and I I  

All ph o t oc raph s are o f  w h o l e  m o un t s  o f  g land 

p ai r s  1 , 2 an d 3 , w i th thd 1 s t  p�ir on tha f ar l e f t , than 

the 2nd  and 3 rd res p e c t i v e l y  on th e right . Glan d s  are 

s t a i n e d  w i t h  Maye rs Haemalum �nJ pho t ograph e d  at a 

magn i f i c a t i o n  o f  4 .  

P l a t e  I .  

Fig. 1 • Ovar i e c tomi z e d  Cont rol . Desp i t e  th e 

l a c k  o f  s t i mulation the !:';lands re t a in s o m e  o f  the i r  

charac t e ri s t i c  shap e espec ially , the 1 s t pair whi ch are 

long a nd t hi n . In e�ch �land there i s  a main duct and 

a b o u t  3 s e t s  of b ra n c h e s . Th i s  exampl e  i s  s li g h t l y  lar ge r 

than m o s t  o f  t r e  o v ari e c t omi z e d  c on t rols . 

F i ,;r, .  2 .  Es t rad iol  t r8 a t m e n t  4 .  ( 0 . 003 75ug 

98 

Es t rndiol/day ) .  A t  t h i s  l e v e l  t h e re i s  al r e ad y c on s i d e r ab l e  

s t i mula t i on t o  b e  s e e n  in the g l  n d  s t ru c ture . Area o f  a l l  

g land s i s  g r e a t e r  due to  e x t e ns i o n  o f  th e duc t s  an d the re 

are  a f ew end  b uds . Howev e r ,  b ranching in this group is 

d e p re s s ed ( S e e  Tex t . Fi g . 4 and 5 ) , and this is ev i de n t in 

this pho tog raph which also shows an e xampl e o f  the u n e v e n  

g row th w h i c h  o c c as i onally oc cu rs i n  t h e  3rd glands . 

Es t radiol t r e a t me n t  6 . ( 0 . 0075ug 

E/day ) . Fu r t h e r  s p reading and b ra n � h i n g  of th e duc t s  i s  

e v i d en t .  A f ew e n d  b u d s  are p res e n t pa r t i cularly i n  

g l and 3 .  



DBRARY 
MASS : ( t;tt'. :...:-.S !TY 

Plate 
I .  

F ig .  
1 • 

Fi g .  
2 .  

Fig . 
3 . 



/ 

Pla t e  
I I . 

Fig . 
1 • 

Fig . 
2 .  

Fig . 
3 .  



P l::tte I I .  

Fig. 1 • Es t rad i o l  t r e a t m e n t  9 .  ( 0 . 040ug 

E/day ) .  Th is is an e xampl e of th e  group in which mammary 

area is  j u s t  b e g inning  to  d e c line f rom the maximum , and 

unit j un c t i ons  and duc t j unc t ions  are a t  the i r maximum 

v a lues . Numb e rs o f  small b r�nc h e s  are e v iden t . 

Fie. 2 .  :Es t rad iol  t re a t m e n t  1 1 . ( 0 . 1 6 0ug 

E/day ) . Th i s  ph o t o graph shows that the inh ib i t i on at  this  

e s t radiol lev e l  wh i c h  is revealed  by the  graphs anJ  tab l e s  

i s  c l early v i s i b l e  in t h e  ove rall app e a ranc e o f  the glands , 

e sp e c ially w h e n  c ompared with  the p revious  fi�ure . 

In tac t c on t rcl . In  c ompa ris on w i th 

the expe rime n t al groups the  glands o f  the  in tact  c on t ro ls 

c ov d r  a smal l e r  are a , have  f e w e r  j u n c t i o n s  and v i r tually 

n o en d  b uds . Th e ove rall appe �ran c e  i s  that of  glands 

expo sed  to v e ry low e s t radiol levels  ( c f .  Pla t e  I Fig 2 . ) .  

Key to  Pla t e s  I l l  and IV 

Range o f  e s t ra d i o l  t r e a tm e n t s plus one tab l 0 t  

p roges t e rone . 

P l a t e  I l l . 

Fig. 1 .  Ovari ec t omized C o n t ro l  plus 1 tab l e t 

proge s t e rone . Th is t re�tment  does  n o t  s t imulate marked 

ch �nges in the mammary glan ds  c ompared w i t h  ovarie c tomiz ed  

un t re a t e d  con t rols  ( c f .  Pla t e  I Fig . 1 ) .  The re appears to  

b e  an increase in tbe numb e r  of  small b ranche s . B o th 
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m emb e rs o f  p a i r 3 have f ai l ed t o  d e v e l o p  b e yond t h e  s t ag e  

o f  t h e  n ipp l e  a t t a c h e d  t o  a s i n g l e  d u c t . 

F ig . 2 .  Es t r a d i o l  t r e a t m e n t  4 p lus 1 t ab l e t  

p r o g e s t e ron e . � t  t h i s  t r e a t m e n t  l e v e l  t h e r e is l i t t l e 

i n c r e as e in mamm a ry a r e a  b u t  an i n c r e a s e  in the n u mb e r  o f  

j un c t i o n s  i s  c l e a rl y  e v id en t  ( c f .  P l � t e  I F i g . 2 ) . 

Es t ra d i o l  t r e a t m e n t  5 p lus 1 t ab l � t  

p ro G e s t e r on e . Th e re i s  l i t t le d i f f e r �n c e  b e t w e e n  t h i s  

t re a t m e n t  a n d  t h e  p r e v i ous o n e  e x c e p t  t h a t  t h e  v a l u e  f o r  

d u c t  j u n c t i o n s  i s  l o w e r .  This r e p r e s e n t s t h e  f i r s t  

app e aran c e  o f  t h e  inh i b i t i o n  b y  p r o g e s t e r o n e  a t  t h i s  

Es t rad i o l  l e v e l . 

P l a. t e  IV . 

F ig .  1 • Es t rad i o l  t r .: a t m e n t  :l_E_lus 1 t ab l e t  

£r0ge s t e ru n e . A t  t h i s  d o s e  l e v e l  th e a r e a  and d u c t 

j un c t i o n s  h a v e  re t u r n e d  t o  and i n c r e a s e d  b e y o n d  t h u  l e v e l  

s e e n w i t h  e s t rad i o l  o n l y . Th e r e  i s  an i n c r e ase i n  t h e  

u n i t  du c t s  e v i d e n t  i n  t h e  p h c t o g raph . 

F ig .  2 .  Es t r a d i o l  t r e a t m e n t  1 1  plus 1 t ab l e t  

proges t e ro n e . A s l i gh t  d e c re a s e  in a r e a  and uni t d u c t s  i s  

e v i d e n t  w h e n  c o mp a re d w i t h  t h e  p re v i o u s  f i gu re . 

F ig .  3 .  Es t ra d i o l  t re a t me n t  1 2  plus 1 t ab l e t  

1 00 

proge s t e ro n e . Th e r e  is V ? ry l i t t l e  d i f f e r e n c e  b e t w e e n  t h i s  

g roup and t h e  p r e v i o u s  o n e . I n  g l a n d  pai r 3 a numb e r  o f  e n d  

b ud s  a r e  e v i de n �  a ro u nd t h e  p e r i p h e ry o f  t h e  gl an d s . 
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Key t o  P l a t e s  V and V I  

Range o f  e s t radiol  t r e atmen ts plu s  2 t ab le t s  

proges t e r on e . 

Plate V .  

F h:: . 1 .  Ov ari e c t o m i z e d  plu s 2 tab l e t s  

proge s te rone . The addi t i on o f  2 p ro g e s t e ron e t ab l e t s  

s t imula t e s  an i n c r e ase i n  a l l  s t ruc tural pa rame t e rs ov e r 

th�t s e en w i th 1 o r  no proge s t e ro n e  t ablets , 

Fig . 2 .  Es t r ad i o l  t re a t m e n t  4 plus 2 t able t s  

pro ge s t e r on e . The inc rease in a ll f e atures esp e c i all y  

uni t  j unc t ions  i s  very marke d . 

Fig . 3 .  Zs t ra d i o l  t re a tmen t 5 plus 2 tab l e ts 

p roge s t e r one . Th e d e c rease  in  all p a r a me t e rs i s  

parti cu l �rly e v i d e n t  in  t h i s  ph o t o�raph whe n c o mpared 

wit h  the p rev i o us one . B ranchi ng  is sparse esp e c iall y 

in gland p air 3 .  

P la t e V I . 

Fig . 1 .  Es t ra d i o l  t reatment  7 plus 2 t ab l e t s  

proge s t e ron e . A large numb e r  o f  s mall s id e b ran che s  a re 

appeari ng . The g lands are s t i l l  t w o  d ime ns i onal shee t s . 

Fig . 2 .  Es t rad i o l  t re a tm en t 1 1  plus 2 t ab l e ts 

proges t e ron e . A t  th i� d o s e  leve l the branch e s  are 

b eginning to spread into the 3 rd dimension , e s p e c ially 

i n  the 3 J �  pa ir of glan ds . 
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fi5· 3 .  Es t ra d i o l  t re a t m e n t  1 2  plus 2 t d b l e t s  

proge s t e ro n e . The re is a s l ight J e c re a s e  i n  d u c t  

b ranchi n g  a t  t h i s  t re a t me n t  b u t  e n d  b u d s  3re m o r e  

p ro m i n e n t  than i n  o t h e r  g r oups . 

Key t o  Pla t e s  V I I  and V I I I  

Range o f  e s t ra d i o l  t re a t m e n t s  p lus 4 t a b l e t s 

o f  p ro g e s t e ron e . 

P l a t e  V I I . 

Fig . 1 .  Ov a ri e c t omi z e d  p lus 4 tab le t s 

p ro ge s t e ro n e . D oub l i n g  t h e  prog e s t e ro n e  d o s e  t o  4 

t ab le t s has l i t t l e  fur t h e r e f f e c t  on t he mamma r y  g l � n d s  

( c f .  P l a t e  V Fi g . 1 ) .  

Fig. 2 .  Zs t ra d i o l  t r e a t m e n t  4 plus 4 t ab l e t s  

p ro g e s t e r one . A d e c re a s e  i n  d u c t b r� n c h i n g  i s  n o t i c eab l e  

wh e n  th i s  l e v e l  i s  c om p a r e d  w i t h  Ss t rad i o l  l ev e l  4 p lu s  

2 p roge s t e rone t 3b l e t s  ( Plat e V .  Fi g .  2 ) . End b u J s  a r e  

a l s o  l e ss c ommon . 

Fig . 3 .  Es t ra d i o l  t re a t m e n t  5 p l u s  4 t a b l e t s  

p roge s t e rone . The i nh i b i t i o n  o f  g r o w t h  a s  s h o w n  b y  

d e c re a s e  in mammary are a a n d  t o tal duc t j un c t i o n s  i s  

g r e a t e r  a t  t h i s  p roge s t e ro n e  lev e l  in c omb i n a t i on w i th 

e s t ra d i u l  t h an at the o t h e r  t w o  l ev e ls . 
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Plat e V I I I . 

Es t r�d iol treatment  7 plus 4 t able t s  

p roge s t e ron e . At  this dose  level  a l l  parame t e rs are v a ry 

s imila r  t o  thos e s e en whe n  2 prog e s t e rone tab l e ts are 

p re s e n t  ( Plate  V I  Fig . 1 ) .  

Fie; .  2 .  Es t rad i o l  tre �tment  1 1  plus 4 t abl� t s  

p roges t e rone . Complex b ranc hing patt erns s t i l l  evident  

�lth ou5h mammary a r e a  i s  d e c re as ing . 

Fig . 3 . Es t rad i o l  treatment  1 2  plus 4 t Rb l e t s  

p roge s te rone . This i s  t h e  high e s t  c omb ined  d os e l e ve l .  

The appe ara n c e  o f  the glRnds i s  n e t  much d i f f e r e n t  from 

that s e e n  with 1 o r  2 prog e s t e rune tab l e t s . End buds  are  

again ubvi G u s  alth� ugh thd area  has d e c r e as e d  ( Pla t e  I V ; 

V i. Fi g . 3 ) . 

Key t u  Pla t e s  IX an J X 

Plate  IX . Estrad i u l  vnly . �ime re s p0 ns e . 

Fig. 1 .  Es t rad i�l  treatment  7 ( 0 . 0 1 0ug 

1 03 

E/d ay ) f v r  3 d ays . C umpared wi th untreated v v a r i e c t o mi z e d  

c on trols  (P l a t e  I ,  Fi r, . 1 )  there  i s  n o t  muc h G f  an 

i n c rease in  area but the re is m o r e  b ranchin g in this 

pho tug raph which  aeain i l lu s t ra t e s  the inequali t y  o f  

development  o f  glanJ 3 .  

Fig . 2 .  �s t radiol t reat men t 7 f o r  9 d ays .  

Cun side rable  g ruwth b o th in t e rms o f  area and b ranching 

has oc c u rred i n  6 days . 
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Fig. 3 .  Es t rad i u l  t re a t m e n t  7 f e r  1 5  d ays . 

V e r y l i t t l e  c h a n c e  h a s  0 c c u r r e d  s i n c e  9 d a ys . A t  t h i s 

t i m e  d e v e l o pm e n t  i s  mu c h  l e s s  t h a n  t h a t  a c h i e v e d  i n  t h e  

f u l l  2 1  d a y  t r e a t m e n t  i n  Exp t . I wh i c h  f a l l s  b e t w e e n  t h a t  

s h o w n  i n  P la t e  I F i g .  3 a n J  t h � t i n  P l a t e  I I  Fi g .  1 .  

P l a t e  X .  Es t r ad i u l p lus p r c g e s t e r u n e  - Time R e s p o n s e . 

F ig .  1 .  Bs t ra d i c l  t r e a t m e n t  7 ( 0 . 0 1 0ug E/day ) 

pl us 1 t ab l e t proge s t e r c n e  f o r  3 d ays . C o m p a r i s o n  wi t h  

P l a t e  I X  F i g . 1 s h o w s  t h a t  t h e  ad d i t i o n  o f  p r o g e s t e r o n e  

c au s e s  gr e a t e r  b ra n c h i ng a n d  e n d  b u d  f G rm a t i 0 n . 

F i � . 2 .  E s t r a d i u l  t r e a t m e n t 7 plus 1 t ab l e t  

1 04 

E r uge s t e r o n e  f e r  9 days . 9 d ays c f  � + P  t r e a t m e n t  p ru d u c e s  

g l a n d s  w h i c h  a r e  l ar g e r  and h �v e  � b e t t e r b ran c h e d  duc t 

s y s t e m  t h a n  c om p a r a t i v e  t r e a t m e n t  m i n u s  p r o g e s t e r o n e . 

F ig .  3 .  Es t ra d i o l  t r e a t m e n t  7 p lus 1 t ab l e t  

p r o g e s t e r o n e t 0  1 5  d a ys . Th e r e  i s  l i t t l e  di f f e re n c e  i n  

e l an d  app e a ran c e  a t  t h i s  t i m e  f r om t h a t ob s e rv e d  a t  9 d a y s  

e x c e p t  f o r  t h e  a n o m a l o u s  g ro w t h  o f  g l a n d s  3 .  D e v e l o p m e n t  

i s  f a r  b e l o w  t h a t  s e e n w i t h  t h e  s am e  d o s e  l e v e l  f o r  2 1  

d ay s  i n  Ex p t . I ( P l a t e  I V  F ig . 1 ) .  



Pl ate 
X .  

Fig . 
1 • 

Fig . 
2 .  

Fig . 
3 . 



APPEND IX 1 .  

SMALL AN IMAL RESEARCH UNIT kOU SE D IET 

( Amo unt s exp r e ssed in lb s/2000 lb ) 

Wheat meal 800 

Barl ey  700 

B ut t e r  H i lk Powder 400 

D r i e d  blood 70 

Salt 1 0  

Lime  20 

V i t . A  and D3 1 2  o z . 

Th e D iet i s  fe d as  cyl i ndrical pellet s ,  2 cm . x 1 cm . 



APPEND IX 2 .  
GROUP r1EANS o 

+ S o E o M o  3XPT o 1 .  ZST'RAD IOL ONLY UNMOD IF IED DAT • 

------------------ - -- - ------------------- ------ - - - - - - - - - - · - - - - ·-·---- --- -------·----- - --- ----------

ESTRAD IOL 

TRBAI'MENT o 

NUMBZR PER 

GROUP 

I'I2:AN UTERU3 f'LE.AN TOTAL 

',,!EI GHT (mg )  l"lANl'·IARY AREA 

( c m2 ) , . . . · ·- - -- -- . . . . .. ·---------- - -- ... -- - - -- - - - -- _ ____ _ ,_ ------- -- .. .. . _ .. - ---- . ·- · . . . .  

! 1 27 4 . 82::t0 . 21 0 . 33�0 . 04 
I + + 2 6 6 . 81 -0 . 74 0 . 37- 0 . 06 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

6 

6 

14  

6 

9 

9 

9 

9 

9 

9 

1 5  

+ + 8 . 41 -0 . 62 1 . 20-0 . 27 

1 0 . 91 �0 . 99 1 . 95::t0 . 1 7  

1 4 . 64�0 . 85 2 . 79�0 . 1 6  

21 . 75�1 . 62 3 . 1 0�0 . 28 
+ 28 . 44-5 . 68 
+ 32 . 55-1 . 48 
+ 52 . 88-4 . 67 
+ 56 . 1 6-5 . 70 
+ 67 . 27-4 . 08 
+ 74 . 61 -4 . 80 
+ 28 . 86-3 . 22 

+ 4 . 52-0 .43 
+ 4. 67-0 . 29 
+ 4 . 49- 3 . 69 
+ 4 . 08-0 . 31 
+ 3 - 77-0 . 1 6  
+ 2 . 99-0 . 23 
+ 2. 79-0 . 35 

NEAN TOTAL 

UNIT JUNCT3 o 

( 1 6mm2 ) 

1 0 . 1 8�0 . 48 

1 2 .  26� 1 • 06 . 
+ 1 1 . 53-1 . 1 8  

+ 6 . 66-0 . 38 
+ 9 . 87- 0 . 85 

+ 1 2 . 67-2 . 1 2  
+ 1 1 . 21 -1 . 03 
+ 1 2 . 90-1 . 44 

+ 9 . 86-0 . 99 
+ 8 . 45-0 . 71 
+ 9 . 56-2 . 27 
+ 9 . 46-0 . 72 

VJ.EAN TOTAL 

DUCT JUNCTS . 

+ 93 . 07-9 . 23 

1 65-1 6::!:29 . 6  

31 7 . 1 6�1 38 . 3  

3 14 . 50�1 6 . 1 2  

569 . 1 4�66 . 34 

535 - 50�77 . 97 

1 305 . 44�365 . 7  

1 002 . 44�1 50 . 1 4 

1 1 96 . 1 1 �21 7 . 32 

949 . 77�1 31 . 99 

762 . 44�93 . 27 

439 . 22±66 . 20 

51 5 . 1 3:!::73 . 26 

MEAN DNA 

p e r  g l a nd 

+ 47 . 42-5 . 1 0  

5 2 . 51 :!::1 5 . 66 

42 . 38±1 0 . 65 

40 . 72�1 5 . 53 

42 . 30�7 . 91 

+ 41 . 35-5 . 01 
+ 31 . 68-5 . 53 
+ 2 9 . 04-4 . 46 
+ 32 . 02-5 . 1 1  
+ 37 . 08-4 . 20 
+ 44 . 70-1 2 . 3  
+ 41 . 93 - 7 - 93 

MEAN RNA 

p er gland 
+ 28 . 30-4 . 73 
+ 22 . 86-4 . 8.5 
+ . 29 . 88-9 . 91 

87 . 36�4 . 34 

27 . 62�2 . 6'1 

24 o 1 5�2 . 33 
+ -

30 . 42-4 . 02 
+ 28 . 1 6-2 . 48 

26 . 95::!:4 . 38 I 
I 

36 . 35±1 2 . 58 ! 
I + ' 

25 . 57-2 . 1 8  I 
I 

1 9 . 51 �2 - 90 I 20 . 88-1 . 60 1 
I 

· - · ' .  -·-- � - -· - ·-- ---- - ---··--- -- - - - ---- � - � -- ··- ·----··- -·- - �  ------ -------· ---- -- --- --�---- --· -- - · 



.APPEND IX 3. GROUP MEANS 
ESTRAD IOL PLUS PROGESTERONE UNMODIFIED DATA + S . E  . f'L 

�8-TRA!ffot!PROGEST �"T-FRO GEST--. -1 NO-. -PER : MEAN UTERUS �REATMENT I TABLETS . !  ABSORPT- GROUP i wEIGHT ( mg )  1 i _j ION : ' ' 1 I .  - - - - -- ---- ----�--------··· ---- - - - ·-t------

1 I 1 I 0 . 75 7 1 9 - 74:!:1 . 80 

4 1 1 I 0 . 48 3 25 . 33:!:3 . 1 3 

5 1 1 o .  84 5 1 8  • 1 o:!.: 2 .  1 5  

? I 1 a .  9 5 s 36 . 40:!.: 5 • 60 

31 . 37::!:2 . 72 9 1 0 .. 98 

1 1  1 1 . 07 

1 2  1 1 .. 1 1  

1 2 1 . 57 

4 2 1 . 00 

5 2 1 . 56 

7 2 2 . 1 1  

8 

8 

5 

5 

3 

5 

8 

+ 39 . 1 5-4 . 25 
+ 38 . 30-1 . 04 
+ 1 4  .. 1 4-1 . 08 
+ 35 . 86-5 . 20 
+ 22. 80-5 . 26 
+ 3 9 . 43-5 . 1 0  

--
-

-
--

-
-

--
-

-
-

-
-

- -
-

- -
-
- -

- - - -
-

- -

--1 ' MEAN TOTAL MEAN TOTAL : MEAN TOTAL ; YLEAN DNA I !'JEAN RNA 
t MAM11ARY AREA UNIT JUNCTS �  DUCT JUNCTS . ) p e r  gland per gland I 

: 0�::�� 1 - --9-�::����r ;;:���:� - � ,� -- �� - 01 �;��:t �2-:�7���1 3  I 

1 . 79-6 . 06 ; 8 . 73-0 . 60 1 439 . 00-1 75 . 61 ' 1 8 . 86-1 . 03 , 3 3 . 06-6 . 01 
+ 11 + I + I + I + 

I 2 . 3 3-0 . 31 
I 

1 0 . 76-0 . 60 i 355 . 80-35 - 57 
I 

35 . 62-6 . 99 , 1 0 . 36-3 . 28 
l + I + ' + I + + , 4 . 33-0 . 37 I 1 6 . 51 -1 . 37 f! 077 - 70- 1 60 . 45 35 . 06-5 . 98 ! 1 3 . 33-3 . 1 8  

1 I I 
5 . 34:!.:0 . 32 ! 21 . 28:!.:1 . 07 � 549 . 87:!.:1 33 - 72

. 
52 . 04:!.:5 .00 1 25 . 1 2::!:5 . 72 

I I ' I 1 5 . 1 1 :!.:0 . 40 l 1 7 . 33:!.:1 . 67 p 375 - 3 7::!:21 9 . 32 l 30 . 85:!.:5 . 69 ! 34 . 03:!:6 . 91 
I ' 

+ . + ' + + I + i 4 . 75-0 . 42 ' 1 6 . 74-0 . 41 p 1 91 . 40-72 . 1 3  55 - 30-5 . 1 8 1 1 9 . 88-5 . 83 
+ 0 . 52-0 . 1 2  

4 . 55:!.:0 . 89 
! + i 3 . 69-0 . 55 
I I + 1 4 . 1 8-0 . 34 
i I ' 

+ ! + + . + 1 2 . 80-1 . 31 : 99 . 40-1 4 . 92 23 . 42-8 . 1 3  I 20 . 52-5 . 83 
I 

+ : + 25 . 1 6-4 . 07 p 799 . 00-530 . 71 
I + ' + 1 4 . 28-3 . 20 1 836 . 60-31 0 . 91 
l 

+ ' + 1 7 . 50-1 . 66 P 1 62 . 75-207 . 63 
l 

+ + 66 . 26-21 . 39 3 2 . 00-8 . 1 6  
+ + 47 . 62-5 . 94 1 1 1 . 52-2 . 1 7  
+ + 43 . 1 6-1 1 . 53 30 . 32-4 . 61 

� 

J� ___ _L___L__-+-------'-----------+---___:_____,__ -------'------'"- - - --- --- -



�4f?EN'D I�\. 3 (c ontd . )  

ES:rRAD IOL : F'RO GEST o · F'ROGE3T� -Ti,j0.-PSi_R_; riEAN_U_':rE-< R_U_3 · ·-J.VJ.-.G��-, H-TO-T-AL-- __,_; I"'-Lw-'i'Al�--T-01AL-· . --l"LS.Al'-T -T
O-'I'A_L _______ MEAN--D-�TA----· ·.-r·��AN.-RNj�- ---· -- --- -· 

i TABL..i:T3 AB30RPT- ! GROUP : W3I GHT (mg ) l'·IAl'TI'·IARY _J.REA • UNI '.r J�"WCT3 , DUCT J1LfC'rB 0 p er gland .  ) p e r  gl and . 

I! ION j ! ( c m2 ) I ( 1 6mm ) . ( mg ) ( d ay ) l I , , . 
· - -·-·--- -- --- -- ---- -·------- ----- ------- --1- ---- -- -----J. �-------

----- -�-- -----+ -·-- - · - ------- - - -- - - - · · 
2 2 . 07 I 7 ! 32 . 002=2 . 86 5 . 1 22=0 . 63 I 2 1 . 882:: 1 . 60 � 1 71 6 . 282=3 67 . 69 ! 46 . 742=4 . 55 1 26 . 95=6 . 41 9 

1 1  
1 2  

1 
4 
5 
7 

9 
1 1  
1 2  

2 1 . 98 1 7 ! 3 3 . 23=2 . 25 5 . 1 6::!:0 . 35 1 1 9 . 38::!:2 . 23 ! 1 483 1 4=236 . 97 ; 41 . 57 ::!: 3 . 31 21 . 05::!:5 . 1 5  
l I + + i + I + I + + 2 2 . 38 I 5 1 34 . 5 0-2 . 21 4 . 48-0 . 45 ! 2 o . 8o-1 . 4o ; 1 41 0 . 60-1 1 9 . 92 1 46 . 22-2 . 44 21 . 62-5 . 1 4 

4 3 . 05 I 6 1 1 3 . 1 62= 1 . 63 I 0 . 342::0 . 04 ! 1 3 . 002=1 . 63 ! 80 . 662=1 4 . 43 l 42 . 462=4 . 1 6  1 1 2 . 562:: 3 . 02 
4 2 . 1 8  3 126 . 36:':3 . 1 6  1 4 . 23:':1 . 03 1 1 6 . 40:':0 . 98 ! 924 . 00:': 21 6 . 31 1 94 . 06:':1 4 . 65 1 24 . 90:':6 . 25 

1 1 . 59::0 . 48 1 1  . 22:':0 . 70 i 249 . 50:!:58 . 47 i 3 9 . 87:!:7 .  50 i 1 9 .  25:!:7 . 07 4 4 . 01 + 4 
4 3 . 28 8 
4 3 . 50 8 
4 3 . 44 7 
4 3 . 24 5 

1 7 . 3 7-2 . 08 
! 46 . 06:!:3 0 76 133 - 3 6=2 . 45 
34 . 452=4 . 75 
3 1 . 60:!:1 . 04 

l 4 . 1 2:!: o . 56 1 8 . 57::1 . 37 1 1 1 61 . 75:':2 1 7 . 85 1 36 . 24:<: 3 . o5 [ 27 . o5:!:3 . 1 3  1 5 - 60:':0 . 43 21 . 95:!:0 . 82 r 81 8 . 52:!:1 35 . 93 1 5 0 . 73 :!: 5 . 89 1 33 . 1 1 :!:5 . 1 4 1 4 .  5o:!:o . 32 2 0 . 1 2:':1 . 23 11 374 . 35:!:75 . 20 j 5 0 . 90:!:3 . 24 ! 1 8 . 04::!: 3 . 51 
I + + 9 + 1 + jl + i 3 . 76- 0 . 58 1 6 . 66-0 . 83 86 . 00-1 75 . 65 l 58 . 48-5 . 66 1 9 . 66-6 . 97 i 

I I 

I I I 
I i 

I 
- - - · - _______ L__ __ __ _j ; -

t 
-l.....-- .. - - -----� ..... ----�- -� 



.t..F l- ENDIX 4 

P o lynomial Equa t i o ns whi c h b e s t  d e s c r i b e  t he r e s po n s e t o  
o e s t ra d i ol f o r  eac h l e v e l  o f  p r o g e s t e r o n e � 

U t e ru s  � e i g h t  ( 1 00l o g  m g )  

F r o ge s t - C o ns t a n t  
e r o n e  Term 
D o s e  l e v e l  

0 2 1 6 . 3 2  

1 1 75 - 3 1  

2 1 5 1 . 6 6 

4 35 . 8 1 

( 

C o e f f i c i en t s  f o r  

X 

1 08 . 8 1 
1 6 . 3 4 )  

1 1  • 602 
( 2 . 8 45 ) 

2 60 . 42 
( 7 8 . 0 9 ) 

-2 2 . 654 
( 5 . 2 43 )  

- 1 63 . 88 
( 5 4 . 5 9 ) 

3 X 

3 1 . 7 48 -
( 1 1  • 6 8 8 ) 

�ia mmary G l a n d  A r e a  ( 1 00 l o g  Cm 2 ) 

0 - 397 - 7 4  447 . 8 8  - 41 5 . 5 9  1 66 . 1 4  - 2 4 . 47 1  
( 1 8 6 . 6 9 ) ( 2 0 4 . 9 8 ) (  92 . 99 ) ( 1 4 . 8 90 ) 

1 1 0 . 49 8 2 . 5 7 4  - 2 2  • .) 1 0 
( 1 Lt . 2 7 1  ) (  4 . 555 ) 

2 7 4 . 3 2  

4 22 . 2 2 7 0 . 9 7 4  -2 0 . 6 1 9 
( 1 4 . 4 85 ) ( 4 . 598 ) 

F er ­
c en t c=, g e 
:) f  
V a r i a n c e 

57 . 1  

0 . 0  

52 - 3  

9 8 . 1  

93 - 5  

o . o 
5 2 . 4  

ha mmary Gl a nd J u nc t i o ns p e r  U n i t  A r e a  ( 1 OOl o g  2 J un c t s/6mm ) 

0 

1 

2 

4 

0 

1 96 . 2 8  0 . 0  

204 . 40 R8 . 995 -25 . 443 9 2 . 2  
( 1 9 . 255 ) (  6 . 1 45 ) 

473 . 43 - 68 6 . 02 758 . 9 1 -339 - 52 53 . 1 47 7 3 . 1  
( 2 7 2 ' 7 6  )(Z,01 . 2 8 ) ( 1 37 - 7 3 )(22 . 2 4 4 )  

./ 
2 1 2 . 45 60 . 8 1 0 - 1 7 . 7 9 6  67 . 2 

( 1 9 . 5 43 ) (  6 . 2 0 4 ) -

T o t a l  Mammary G l and Junc t i on s  ( 1 00 l o g  j un c t s )  

7 5 7 . 8 6 1 38 . 7 ? - 4 4 . 85 0  
( 3 0 . 5 4 )  ( 9 . 800 ) 

90 . 8  



APPENDIX 1 .  

SMALL ANIMAL RESEARCH UNIT MOU SE D IET 

( Amo unt s expressed  in lb s/2000 lb ) 

Wheat meal 800 

Barl ey  700 

B ut t e r  f'ii ilk Powder 400 

D r i e d  blood 70 

Salt 1 0  

Lime  20 

V i t . A  and D3 1 2  o z .  

The Diet  i s  fed as  cyl i ndrical pel l e t s ,  2 cm . x 1 cm . 

' \  



E qua t i o n s  f o r  T o tal D u c t J unc t i o n s  c n t d  

1 2 3 1 . 09 1 60 . 60 - 4 4 . 0 1 8 9 1 . 2  

( 3 4 . 3 1 ) ( 1 0 . 95 1 ) 

2 3 0 7 . 96 0 . 0  

4 2 1 1 . 1 2  1 63 . 50 - 4 6 . 7 9 6  60 . 7  

C olumn h e a d e d  F e r c e n t a g e o f  V a r i a n c e s h o ws t h e  s um s  o f  s q u a r e s  

d u e  t o  f i t t i n g  t h e r e l e v a n t e � ua t i o n  e x p r e s s ed a s  & p e r c e n t a g e  
o f  t h e c o r r e s � o nd i n g  s u m s  o f  s qu a r e s  d u e  t o  d i f f e r e n c e s  b e t w e e n  
o e s t r o g e n  l e v e l s . 

T h e  V a l u e  e n c l os ed i n  pa r e n t '. e s e s  b e l o w e ::.. c h  c o e f f i c i e n t  i s  t he 
s t a nd& rd e r r o r  f o r  t ha t  c o e f f i c i en t . Th e s e ha v e  b e e n  c a l.'<ruilaved 
f r o m t h e  p o o l ed w i t h i n  d os e  mean s q u a r e  f o r  t h e  f ou r  p r o g e s t ­
e r o n e  l e v e l s . 

The s i g n i f i c a n c e o f  d i f f e r e nc e s  b e t w e e n  c o r r e s p o nd i n g c o ­
e f f i c i e n t s  i n  e a c h  s e t  o f  f o u r  e qua t i o ns i s  t e s t ed b y  
c a l c u l a t i n g " t " , w i t h  1 3 4 d e gr e e s o f  f r e e d om , a s  f o l l o w s : 

t .. 
d i f f e r e nc e b e t w e e n  c o e f f i c i e n t s  

s um o f  t h e s qu a r e s  o f  t h e  
t w o  s t a nd a r d  e r r o r s  
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