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The rates of spithelial cell division in the mammary glands of
female Sprague-Dawley ratls were delermined, in the virgin state, during
pregnancy, lactation and invelution, using the colchicine methed. In
addition, the rates of cell division were ascertained in mammary tumors
induced in female Sprague~Dawley rate by oral administration of
7, 12 dimethyluenz(a)anthracene.

In the first series of virgin rabts, the mitotic rate for a
twenty-four hour period was 1,05 per cent in stage I of estrus; the
average six-hour mitotic rate (10:00 m.me to L300 p.m.) was 0.26 per
genbe

In the second series, the daily mitotic rate in the nmammary
glands of rats pregnant for btwslve days was ascertained o te 13.20 per
cent, implying a twelve-fold increase over the mitobtie rate of the
virgin animel, The average six-hour mitotice rate (10:00 a.m. to h:00
Peite) Was h.35 per cenb.

In the third series, the mitoble rates in the mammary glands of
rabs pregnant four, seven, fourtsen and eightsen days were determined
during siz-hour periods from 10300 aeune t0 L300 neme. These rates wers
compared with Bhe sixz-hour mitotic rates, (10300 a.me to L:00 pome), of
rats pregnant for iwelve dsys. On day four, the mean mitotic rate was
low {013 per cent). The rate atbtained the highest level at the mide
point of pregnancy, that is, on day twelve (L.35 per cent). It declined
Ly the fourteenth day to 2,01 per cent, and further to 1.02 per sent by
the eighteenth day. This signified that eellular preoliferation in the

£

rab mameary giend was oost rapid during the first halfl of sregnangy,
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after the fourth day, and condinued durinz the second half of pregnancy
at & slower rats.

In another séries of experiments, the six-hour mitotic vales of
magmary glands of rats on the second day of lactation were observed to
average 0.51 por cent. This indicated that the achivity in the
lsctating gland was direcied toward sesreblion rather than cell
proiiferation.

The mitotic rates of involuting mammary glands of rads, seven
days alter weaning, averaged 0.73 per gent for the siz-hour pericd,
wiich was sonewhabt higher than in the virgin animel.

‘The mitotic rates of mammary gland neoplasms, induged by
dimethylvenz(a)anthracene administration ranged from U.3% per cent to
Beli3 per cent for six-houwr periods, in & tobal of nineteen tumors from
sixteen animels. The siz-hour mitotic rates of most of the tumors,
{Grades I - III) however, rangzed between (.53 per cent and 3,05 per
cent, compared with the azverssze mitobtic rats of L.35 per cent for the
siz-hour peried on day twelve of pregnancy. This signified that
neoplasme of the mammary gland in the rat did not nesessarily proliferate
more rapldly than the normal mammary gland epitheliua in particular

phases of physiological activity,
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INTRODUCTION



It is the purpose of this thesis to report the rates of
gpithelial cell division in the mamsary glands of female Sprague-
Dawley rats, determined by the colchicine method. In this
investigation the mammary gland has been studied in four stages of
vhyegielogical activity, i.es in the virgin animal, during pregnancy,
lactation and invoiution. Further, the rates of cell division in
wammary tumors induced in the same strain of rats by the administra-
tion of 7, 12 dimsthylbenz(alanthracens (DHEA) has also been
deterained. These rates have been compared to the raies of epithelial
eell division in the normal memssry tissus.

The amitobic rates of meny sell populations in the rat have
previcusly been determined {Bertalunfiy, 196h)}, including those of
the female genital tract epithelia (Bertalanffy and lau, 1963). Howe
gver, & search of bthe literature has falled tv reveal a complete
investigation of the mitoble rates of the eplthelium of the memmary
gland. laguchev (1962) investizated the witotic rates of the mammary
glands of mice during different phases of the estrous cycle, and
Behave Llanos and Piezzi (1963) demonstrated diurnal wariation of
mitotic rate in the mamwary glands of pregnant mics. BHeece and
Yarbritton (1953), using colehicine, observed that the rate of cell
division was greatest ab the midepoint of pregnancy in the rat mammary
gland. This, howsver, was reported merely in a brief sbstract. It
thereiore seemed desirsble o make a more complete study of the rates
of cell division in the normal mammsry gland of the rat during

LW -

different physiologicsl stabes.




Previous attempis have been made o sscerisin whether a

relationship existed bkebdween the incidence of malignancy in the
various organs and the degree of mitotle seiivity of the tissues of
erigin (Lsblond, Storey and Bertalanffy, 1951). They observed that a
number of organs snowing a high mitobic rate, for example, stomach,
siin and vlood-forming organs, also showed 2 high incidence of
malignancy. A notable excepntion is the small intestine (L@hlﬂnd and
Stevens, 1948; Hertalanffy, 1960; Bertalanffy and Nagy, 1%61). On the
other hand, they observed thal orgsns with a low mitotic rate showed

s low incidence of primary cancsr in general, for exanple, endoerine
glands and the liver. Although the mitotic rales reported in the
above expeyizents were delspsived wainly ion animsl s ?%?i&ﬁﬁ%aﬁiﬁﬁg in
instances where the rates wers ascerdained in the same cell populations
beth in nan and in rodents an almost identical rate wes cbserved in
both species (Bertalanffy, 196h). This appavent relationship between
mitobic rate of the host tissve and the incidence of malignancy was
agn additionsl reason for inveshtizating the rates of rpell division in
the massmsry gland.

Furthernore, because carcinoma of the breast fregusnily ceours

in wonen and is a leading canse of death (HManitoba Cancer Treatwent

and Hesearch Foundation Repert, 1963-6lL), much research work has been
done using rabt memmsry tumors induced by 7, 12 dimethyluenz(a)aunthra-
sene {D¥BA). These induced tumors ave easily produced, and like some
mampary cencers im humans are hormone sensitive (Dao, 196L). It was

therefore one of the aime of the present sbudy to investizate the




rates of cell division in the induged tumors of the nammery gland to
deternine whether they are greater or lesser than the mitotic rates
which ocsur in the normal meamsgry gland during iits various physio=-

logical gtates.
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i. HETHODE UF

i. Wwhole Hount Hethod

Uowie and Folley (1947}, Cowie (1949) and Silver (1953a) used
whole mounts of the mumeary gland to estimate size and growbh. Hammary
glands of the rat were dissected cub under & low-power binooulsr migroe

geope. h line was trased sround the periphery of each gland on to

cellophane, and then the trscing was placed over millinmsire-sguared

papere. Flux (195L) used the same msthod to sbudy the mamssry zlands of
mice. This meilod doss not provide information on the contribubion of
geliuler proliferstion, sesreiion or eellular hypevirophy Lo the

observed growihe.
ii. DEA Hethod

This is @ chemical method used for determining growth in tissues.
it is based on the faet that the DHA content of sell nuclei is constant
in the sumatic oslis of the sawe spesios. (Boivin, Vendrely and
Yendrely, 19ué irmgy and Bis, 1949). DiA estimation therefore came
0 be used a8 & reference standard directly related to the number of
eells present (Davidson and Leslie, 1550; Davidson, 1%60). It was a
ghesical unlt which could be used as & measure of eell multipliecation.
Numerous experiments using the DA method have been performed o
estimate the growth of the wamsary gland in various phvsiclogical
shates. The disadvantage of this method is that it measures indiscrime

bhe contribuiions of all the celilular components of the nammary
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gland. The DA derived from somnective btissue and vascular slements
could contrivute signilicantly to the total DNA estimation in the early

93&5@@ of mamsary growth (Traurig snd Horgan, 196ha). The infiltration

of leuwrocytes in lactation likewise could affect results obtained by
this method (Greenbaum and Slat 57)s

iitl. Tritiated h;mzﬂine (?»ﬁB) and Autoradiography

Thymidine has been shown ©0 be 2 specific precurscr for DEA and

ig incorporated inte the DWA molecule during synthesis prior to mitosis.
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is incorporated into IBA,

bhus lsbeling the nuclel sbout $o divide. The label is retained, and

57

vecomes diluted only through subsequent cell division (Hughes et al,
1958). Cells lsbeled by=?u33 are visualized by radioautography
(%ébar%amng Bond and Cronkite, 1959). Hence the percentage of cell
nueiai‘in & popelasion ¢f c@l&a demonstrating an ineorporation of Tl
will provide an index of preliferation, or radicactive index (Messier
and Levlond, 1960). This teechnigue has been used to study many cell
populations (Mesazier and Isbtlond, 1960), including the epithelium of
the wmemmary gland of the mouse (Traurig and ¥ Horgan, 1%¢ka), and also
spontansous wammary Lumors in the mouse (Mendelsohn, 1564}, However,

it has nol, s0 far &s can be determined, been used Lo study the mammary

gland epithelium, or msmmary Sumors of the ratb.

ive Oolohinine
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gaffren plant, Colechicum aubumnsle, has veen used since ancient times

bo trest gout, The srystalline suistance, colshicline, an alkaloid,
sxtracted from colohicum, hae been cuserved in relatively recent tives
o arvest midosls in wetaphase beoth in plante and snimals, apparently
with spindle formation. Therefors, one of the most
striking features of colehicine, when injected into animals, was the
wawlation of %i§ﬂ@az arrasted at melaphass. This accumulation of
mitotic cells was soon undersitosd to be most useful in the analysis of

growth by cellular sulliplication, especially in those tissues in which

:,

mitoses are rare. Uolchicine, by arresiing cells in metaphase, allowed
these Yeolchicine setaphases? %o progressively ascumulate in a given
tissue for a speeified seriod of %ine thus facilitating the estimation
of eellular growth (Bilgeti and Dustin, 1955).

The technlyue of colchiedne treatument has been descrived many
tizes (Leblond and Stevens, 19h8; leblond and Walker, 19563 Stevense
Hooper, 196l; Bertalanffy, 198h}. The optimel colshicine dosage for
rats has besn found to be 8.1 mum. por one hundred grams of body welght
{Bertalanffy and Leblond, 1953), and the most sulilable time interval

=

etwosn injection and kiliing of the animels was determined by the same

o

authore to be fouwr to siz hours, depending upon the magnitude of mitotic
aetivity of the tissus under siudy. The methed of determining the
daily mitotic rate will be outlined in Chapter IIX.

The poszibility that eolchicine could exert a depressive or
stimulating action has been invesitipgaited by counting prophases in

&

golehicine~treated and unbtreated animals, using particularly the small
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Ei ? ﬁg‘gh Jés?.: .‘i";r:.

is Embyyology and Barly Postnatal Development

In & series of ardicles, J.4. Hyers (1936, 1917, 1919 and b)
degeribed the febal and sarly pogbnatzal developrment of the mamsary
gland in female albino rats. Nyers (19192} Found the Tirst indication

of mammsry gland development 1o & rabt exbryvo of eleven days? zestatlon.

2

Thisz was a faint 1izht streak on eibher side of the ventral midline

t Fed

extonding from the anderior limd bud near the site of the fubtuve

&

axilla bto the inguinal region near the pogterior 1imb bud. %Ths sireak
was composed of 2 siagle layer of sells which were larger than those
of the adjacent epldermis, Subpequently, several lsyers of cells were
formed along the sbreask, which was then called the milk lins. A
further proliferation of sells, ealled hillocks, occwrred at siltes

along the mamnary llne, corresponding to the number of glanda for the
specsies, and the 1&%@??@&1&@ line disappeered. Hillosks were ellipsoid
and sank into the mesenchyme wuntil they wers attached to the overlying
epidermis only by 2 thin cord of cells {15 day, 9 hour {stus). This
gord later became the primary duct {(Hyers, 1919a). 4 single bud of
epithelial cells formed at the desp surfage of the hillock, and by
dichotomous branching forued the dusts. (This is in contrast to the
mamnary sland of the human in which sixtesn to twenby-four bude develop;
Hamilton, Boyd and Hossman, 1962).

By ninetesen or btwenty days' gestation 2 plt was Tormsd by cornif-

iecatien and desguanatlon of epiitbellisl cells on the surface overiving




the hillogk, snd a papilla-iike emimence, the nipple primordium,
appesred at the botbom of the pit (Myers, 1917). 4% birth, the nipple
weg uevally level with the serrcunding epidermisz. It became elavated
four or Zive deys after birth, and continued gradusl growth until the
ninth week. The sulous around the nipple in new born vebs is the
apparent remmant of the embryonic memmary pit which persists in adult
rate as the epithelial ingrowth or hood. {(Figure 1.)

At elghteen or nineteen days of fetal life, lumine began to form
in the terminal portions of the dugts. 4t birth & lumen was present in
all ducte digtal to the intredermal portion of the primary dusct, which
was nob csnalized until the end of the second postnatael wesk {(MHyers,
1919b ).

The sounective tissue stroms arose from the eells of the
surrounding mesenchyrs, a@ﬁ masses of gsubcutaneocus fat developed soom
after birth., Slight amcunts of secretion were present in the lumins
after birth.

Growth and branching of ducte continued after birth with an
unusnally rapid rate during the ninth week, which, according to Hyers
{1916 ), corresponded ©o puberty. 4s will be shown, this faot was
apparently of signifiecsnce in the succeasful production of mammary
cavoinomes in Spragus-Dawlsy rats by the oral administration of 7, 12
dimethylbensz{a)anthracene (DMBA).

Hore recently it has been demonstrated by Cowie (1949) and
Silver (1953a), that inoreased growth of the mammary glend occurred

around the third week after birth, and that 1% was dependent om the




presence of ovariszn hormonss.

iie Adult Virgin

hes!

surface by six pairs of unipples, three thoragic, one atdominal and two
inguinal pairs. Astwood, Geschickiter and Rausch (1937) cuserved the
first thoracic glands to be anterior to the forelimbs. The second and
third thovacic zlands wers spread oubl between the muscular planss over
the zides of the thorax and into the axillise. The abdomingl and first
and second ingninal glands oecupisd a thick f£ab pad situated

inguinal regionm and extending from above the iliae crest to the lschial
tuberosity. N¥yers {191£) observed in examining one hundred femsle rats,

that twelve mammary glends (six peirs) was the normal nusber for the

=

5

white rat, bubd it rangsd Letween ten and thiriteen. The sesond thoracic
glands wers absent most freguenily.

Maeder (1922) descrived the microscopie sppesrance of the mammary
gland of the adult virgin rat to be composed of ramifying ducts and

alveoler end buds or ond pleces, ermbedded in adipose connecilive tissue.

Zurreunding the snd buds and small ducts was a thin layer of dense

gelle. (Figures 2 and 3)
Sutber {1521) described cvelic changes in the mammary gland
of the rat, brought aboubt by the estrous cycle. Using whole mounts,

ne observed at the end of the proesbtrus that the mammary tree exhiblied
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long slender branches with 2 few twigs showing bud-like projections.
During estrous there was a pronounced growth in the mamsary tree.

fwigs sprouted and new buds appsared. Following estrus, regression
sceurred. Cole {1933), studying whole mounts of mouse mammary gland,
described similar cyclic changes. ILaguchev {1962) observed that in
female mine of the Sg? gtrain the stage of the esstrous evele could be
determined in nearly every csse by study of histelogical sections of
mampary glands: "In proestrus and estrus nodules of proliferating
epithelium appeared at the ends and aleng the course of the small ducts

q N 2 -

of the gland., These were always absent in the stage of dlastrus.
Desguanation of epithelial cells into the lumsn of the alveoli and ducts
and a decrease in the size of the epithelial cells composing the

luminal segments was observed.® However, this pattern, he noted, was
obscured in rabs of the G4qH strain,.

Weatherford (1929) described the low cuboidal cells of the

epitheliun lining of the mammary glend ducts. The apices of these cells

¥

were narrower than the bases. The oyboplasm was pale and ztained
slightly basophilic with haematoxylin and eosin. The nuciei, containing
ong or more nuclecli, were ovoid and lay btowsrd the basal end of the
cells He noted desguamsited cells, and an acidophilic substance in the
luming of some ducte; mitotic figures cecurred in both ducts and alveow
iar buds.

Hyoepithelial cells, not readily demonstrated by routine

techniques, were described by Myers (1%19b) and by Silver (195h). The




1L
thelial cells of the parobld, as well as the mammary plands. Richarde
gon {1949) devised a silver impregnation methed for the demonstration
of the extensive proliferation of smyocepithelial cells arcund all the
alveoll and ducts of the mammery epithelium of lactabing goats. He
believed these cells to be a discrete tizsue, different in form eand
Location from smooth muscle, and to develop in pregnancy with the
development of the rest of the gland. Linzell (1952}, using the silver
teshnicue of Hicherdson il?&%)g gstudied the wmammary glands of & variety
of animal specles, including the rat. He noted & stellate variety of
myoepithelial cells forming & complicated irregular network around the
alveoll at the base of the secretury cells. Surrounding the ducts they

cngitudinally vetwesn the

became spindle-ghaped, and wers arranged 1
5

epithelial cells and th

©

tagenent membrane. Dempsey, Buniting and
Wisloski {1547} stated that myospithelisl cella were less evident in

s

the rat during pregnancy and lactatlon, and mitoses of these cells
during growih phases were absent. This appeared to differ from the
cbservations by Hichardson {see above) and Rees and Eversole {196h),
who stated that wmycepithelial cells "of course® increassed in nunmber
vogether with the epithelisl cells during pregnancy and lactation. It

X ‘i"‘

¢ imteresting to note abt this time that Hugging, Brizisrelli and

3t

Sutton (1959) observed great numbers of myoepithelial cells in careino-
mas of the mammary gland of ithe rat, induced by the administration of a
carcinogen (3-methyl cholanthrene). These cells were demonsirated by

meang of the alkaline phosphatase reacition.



The normal period of gestatiocn in rats has been aﬁﬁim&tad to be
bebusen twenty~two and twenty-three days (Farris and Griffith, 1962},
The mammary gland of pregnant rate has been studied by many invesbtiza~-
tors. Weatherford (1929) descrived the microscopic appearance of the
gland. He nobted the iner@aéé in glwe and nusber of the alveoll afier
conception. The epithelial cells Qf‘%ﬁﬂ alvecli became columnar, and
by the tenth day of pragnancg'vaaualgs apﬁe&reé in the cells. 4s
pregnancy conbinued, the cells beeamé swollen and distorted by the
accurilation of secretory materisl. The cells lining the smaller
ducts alsoc conbained vacucles, indicating a limited segretory activity.
Weatherford cbserved tnat by twendy days gestation, the apiecal ends of
many cells bulged into the lumina, which were of grﬁate? diaveter angd
contained secrebtion. During pregnancy the connective tissue surround-
ing the alveoll was obgerved to be scaﬁty, wnile s relatively thick
sheath of connective tissue enveloped the ducts. 4n inerease in
vagscularity was observed as well.

Weatherford (1929) and Roberts (1921) stated that cellular pro-
liferation was extremely rare in the mameary gland epithelium during
the second half of pregpancy. However, Jeffers (1935) observed mitoses
frequently between days twelve and nineteen of pregnancy. (Figures i o
1h.) Hore recently, Uriffiths and Turner (1961) and Tucker and Resce
{19c3a), using the DHA mebthed bo estimate cell growth, observed that

garmary hyperplasis occurred throughout pregunancy. The greatest
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inerease in mitotic sctivity in the mammary gland of rats was stated
to te at the midepoint of pregnancy by Beece and Warbritton (1953),
using the colehicine method, and by Kirkbam and Turner (1953), and

Tucker and Heece (1963a), using the DYA method.
iv. lactabtion

Acoording to Maeder (1922), the glands in the lactating rat
appeared ag an almost c@n%inuags shest in loose fatty comneciive
tissug jﬁsﬁ beneath the panniculus carmosus. It extended on sither
side of the midline from neck to anuz, bub was interrupted for a short
distance Just below the lower border of the ribs.

In early lactation, the alveoli increased considerably in sisze
mainly because the lumina were zreatly distended by wmilk secrstion.
{figure 15.) The epithelial cells of different alveoli showed different
stages of sctlvity. MNany were flattened due to the distention of the
lumina with gecretion, bub others were columnar with apical ends jazale s
truding inte the lumen. (Figure 16.) Hany leukocyies wers present
beneath and within the epithelial layer of the alveoli. & varisble
degree of cell degeneration was observed in glands of lactabing
animals {Jeffers, 1935},

According to Weatherford (1929), secrebion was most azctive bee
tween the elghth and tenth days after parturition, when more cells were
in the process of elaborating secretion than at any time during ths
previous week. After the tenth day of lactation the secrebory sctivity

of the eells graduslly lessened; and by the fourteenth day the sells
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showed less bulging, and fewer of them wore golumnar. Un the twentieth
day of lactation, he observed very few secretory vacuoles, and the
appsaranse of the ¢ells was similar to that durlng the first few days
of gestavion, apart from degenerated cells shed into the lumine.

Zmmel, Weatherford snd Strelcker (1%2¢) dessribed & leukopenia
in the circulating blood of lactating albino rats. This was atiribubed
to an inoreased passage of lymphoid cells and obher leukoeytic elements
into the mameayy gland at that time. Also, Gardner and Dougherty

{19hh) demonsirated 2 marked leukopeniz ln lactating mice during

nuraing.
Reece and Warbritton (1953} observed little mitotlic activity im

the rat pamueyy glend during lsctation, as did Heeder (31922}, However,
Jeffers (193%) cbserved an cocasional mitotic figurs, and demonstrated
an increase in the nuwber of cells per alveclus in lastation. Hore
resently, Kirkham and Turner {1953), Brookreson and Turner (1959),

Hoon (1962), and Tucker and Reece (1963b), using the DNA mebhod, demon-
sbrated such an inoresse im ihe nusber of cellis to cvecur in the muwmary
gland of the rat during lactation.

Greenbaum and Slater (1957) reported a doubling of the DHA
contsnt of the rabt mammary gland osourring between the end of pragnancy
and the third day of laciastion. Although sowme of this increase in IHA
wag wndoeubbedly due to the leukogytleo infilltration, these authors did
not believe it 4o aceount for 8l of the incresse. They suggested

that s wave of mitoses might oscur about the time of pesrburition,
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vie. Endverine Sonirol

The mammary glands, common to all mamwals, belong to the
category of sex organs parbtleipating in reproduction of the species.
The mamnary glands of female rats grow slowly from birth, with a slight
spurt in growth cccurving in the fourth week. A eight or nine weeks
of age they grow more rapidly, and during the fertile age show 2 waxing
and waning, corresponding to @ﬁ@‘cyelic changes of the ovaries, uterus
and vagine. During pregnancy the glands iﬁcr@ase further in size and
pecoms functionally active, producing milk secretion for the nourishment
of the infant after birth. Following %@&ﬂiﬁg‘ﬁhﬁ mammary glands
involute, regressing o a state similar bo thabt of the virgin zland.

it has been realized since 1895, that the control of the mammary
gland in its various physiclogical states, and the interrelationship
with other organg of reproduction, is sndocrine (Turner, 1939).
According to Jacobsohn (1961}, the hormones belleved to be involved in
the mamsary gland develiopment are the gonodotropic hormonsg of the
anberiocr §iﬁnitary and placenta, and the sterdid hormones produced in
the ovardes, adrenal cortex and plagenta. In addibion it sppears thad
also thyroxine and ingulin affect wammary growth indirectly by alterdng
the metabolic environment (Jacobsohn, 1961; Cowie and Folley, 1961).

Using female hooded Horway rats, Cowle (19L9) observed an
increase in allowetric growth of the sewmmzry gland at some point betuesn
twonty=-two to thirty days of sge, the specific growth rate of the glands

begoming three times thad of the body surface, Uvarian hormones were



eguired for this phencmenon to oeour. Silver (1933a) produced
allometric growth at this age in ovariectomized hooded Horws ¥ rats by
administering exogencus esbtrogens. Prior to thres wosks of a8,
anterior pituitary extract was reguired in sddition to sstropgsns to

produce an increase in growth (Silver, 1933). Hyers (191&) demon-

strated that a rapid growth oscurred in the mamssry glands of female
albino rats st azbout nine weaks of age. This time corresvonded to

puberty. This observation was confirmed also by Astwoed, Oeschickter
and Hausch {(1937). Neither Myers nor Astwood noted the earlier urowth
deserived by Cowise and Silver.

After nine weeks, the endecrine fluctuations of the estrous cvele
in the fertile rat coincided with flucbuations in growth of the mammary
gland. These fluctustions were noted in the rat mammsry gland by
Butter (1921} and Astwood et al. {1937). In misce, the Ffluctuations
were noted by Gole (1933) and more reeently by Laguehev (1962),

It has been discovered and widely accepted that estrozens are,
in general, f@spéﬁsi@l@ for the growth of mammary gland ducts, whereas
progesterone is necessary for complete lebular-slveslar growbth to occur
(Turner, 1933}, Hore recently, Traurig and Horgzan (196ha) have confirmed
once again this concept on mice with the aid of radicautozraphy.
Laguchev (1959), showed that lack of ovarisn hormones caused a cessation
of mitotie division of the mammary gland epithelial ecalls in mice.
Horsover, Bresciani (196h, 1965), alsc has shoun that adsministration of

stradiol-1 ?ﬁ 4 progesterone for three or four days did not only

ke

§

initiate cell division in the mampmary gland of

fi

. i
mice, but also
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The stercid

¢ mammery zizmds in the absence of the nitultary {?&ﬁer%«ms 194k
L}Jﬁdwg 19‘3 ”)a
In 1943, Ivong demongtrated that in hypophrssctonizedecophope

ectomized Long-Evans rats, estrogen, progesterone end prolaciin wers

reguired 0 preduce lobular-alveclar development, bub the degrse of

development wes lsas pronounced than ket in the ovarisctomized rab with

intact pituitary, receiving soi and vrogesterone. The addition of

somatotrople hormone to esirogen, progestercne and prolastin in hypos
physeetonisad-avariasctomized rats increased the lobulsr-alwveolar
dovelopment to & conditlion corrssponding to thst of the latier halfl of
pregnancy {Lyone eb al. 1932}, If this tebred was injected for seven
to ten days inte hypophysectonized-ovarisctomized rats, followed by the
injection of prolactin, somatobropin, thyrozine and sortissne for one
week, further development enswed, and finelly milk searetion., Purther-
rore, the comblination of hormomes used in the first wesk wes effective
in the absence of adrenals, ovsries and pltullery, if NaCl was added
to the drinking water (Iyoms et al., 1953). In 1957, Iyons studied the
lenal action of plinitery and ovarisn hormonss an the mammsry glands of

hypophysestonized-ovarisetonized rats, confirming his previous findings.

Bates ab al. {196}) cbserved in intsct rabs of H.l.H. Fischer




using hypophysectonized~ovariectoniged-adrenalectonized hooded Horway

of estrogen, progesterone, somatotropic hormones and ecordicocids. On

systemically.

In addition te ovarian, anterior pitultary and adrenccortical
hormones, Ray et al. {1955) discovered that the rat placenia contained
a pubgtance or substences with lubectropic, mammoiropic, lactogenic and

eropestimulating properties, and alsc some evidence of @ somsbobropic

a
&%
i

hormone~like principle, whish effect mams gland growth.

The effect on the mammery gland of hormones of the tesbis varied
in different speciss, and was similsr to those exerted by cerbain
hormones of the adrenal cortex (Jacobsohn, 1961). Using gonadectomized
enimals, Hamberger and Ahrdn (196h) found that hormones of the adrenal
cortex were negessary for the response of the rat mammsry gland %o
tegbosterone. Hore recently, Jacobsohn and Norgres (1965) observed that
mamnary gland responge to androgens was dependent on concomitant actions
of estrogens and adrenal coriex steroids.

The necessary presence of the anterior pituitary for the initise
tion and maintenance of milk secretion has b&aﬁ~kmﬁ%n foy many yoars
(Cowie and Folley, 1561}, and i%t has now been ostablished that prolactin

¥

and probably somabotropic hormone ave the most essenbtial principles in

this reaction (Lloyd, 1962). Alihough lactebion persisted after



ek
adrenalectomy, removal of these glands had & marked inhibitory effect
{Turner, 1939). ILess inhibition cccurred in the absence of the thyroid,
while ovariectomy 4id not appear to have sny deleterious effect on
lactatien (Cowie and Folley, 1%1). Parathyroid hormone, through its
role in c&lﬁiﬁﬁ,maﬁabolism, and insulin, also, affected milk secretion
(Cowie and Folley, 1961).

If prolactin and somatotropic hormone are the necessary
prineiples, then some inhibitory factor nmust be present during pregnency
to prevent the production of enough prolactin to cauge synthesis of milk
in large amounts. Hany hypotheses have besn proposed, suggesting
pogsible co-operative and iphibiting actions of various hormonss on milk
gsecrebion, but none of these has definitely besn proved (Cowie and
Folley, 1961). In addition, biochemical changes oscuy in mammary tissue
near the time of parturition {(Hees and Bversole, 196k}, and the effect
of suckling must be considered as well.

The sjectlon of milk is thought to be mediated through a neuro-
humsral gaﬁhwéya The suckling or milking sbimulus is carried from the
nipple to higher centres by sensory nerveg. This is thought to cause
an out-pouring of neurchypophyseal hormones. 1t is believed that
oxytoein is the specific humoral agent (Cowie and Folley, 1961), and
that it causes contrachion of the mycepithelial cells surrounding the

alveoli and ducts (Richardson, 1949).
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TYE S TR SRR T
.i.éi Y CARLIHOEENESIE

Jeneral

A& carcinogen is &n agent or process which signifiecantly increases
the yield of mslignant neoplasms in 2 population. There are three malsn
groupe of carcinogens, (1) Ioniszing rediation, (2) Viruses, and (3)

Ghemicals,

1) Radistion

&% has been established that mest fovms of radiation; ineluding
sunlight, ultraviclet 1izht, hard and soft A-reys and various formg of
fundamental particles such asy and 4 rays, {neliom nuclei and elsctrons),

may induce tumors (Clayson, 1962).

2) ¥iruses

The role of viruses in produsing tumors in animals ﬁa@ reviewed
by Imochowski (1957) and Martin {196L). The latter reviewed work on the
interactions of hydrocarbon carcinogens with viruses and nucleic acids in
vivo and in vitro. The subject hag recently been reviswed szgaln in a
symposium by Rowe, Brysn, lennetie and HacHahon (1965). 5o far there is
an almogt tobal lack of direct evidensce linking humsn canger with

ancogenie viral agents.

3} Chemicels

In 1932, Cook, Hieger, Lennsway aund Hayneord were the first to
show that & pure chemical was ecapable of indusing cancer in experimental

animals. Sinse then, over five hundred chemicals have been demonstrated
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o induce tumers in one or more sppecles of axpsrime
{Clayson, 1962). Hany of the chemical compounds £all into a few groups
of substances such ag

&) The polycyclic avowatic hydrocarbons, for instancs,
3 h=benzpyrene, Jemebhylcholanthrene (M04) or 7, 12 dimethylvenz{a)anth-
racene (DHBA).

b) The aromatic amines and azo gompounds, present in certain

g) The niolegisal alkylating agents, such a3 the nitrogen
mustards.

d) Other cherdcally diverse substances whish produce tumors atb
& specific site or possess specific physiocloglcal sciivitiss, for

inslance, certaln hormones.

Carginogenesis in the Rat ¥awmary Gland

Carcincgenesis in the rat mammary gland is of partieular interest
in research because?

1) Hammary tumors can be induced readily in young animals.

2} Induced tumors in the rat mammary gland are sensitive to
hormonal influenges,

3) Viral factors have sc far not been uneguivocally demonstrated
{Dao, 1964},

In the rat the incidence of spontanecus adenocarcinoms of the

mammary gland is low in most strains, and develops late in life

- % v d &
{(Rateliffs, 1940; Shey o% sl., 1949; Davis et al., 19563 Huggins, Horil
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nampsYy cancers among avoub 20,000 untrested fe

yomger then slight months. In conmtrast fo the "spontancous? appearance

Fd = - - P RS \ T ] . o o ER . 3 - I
of rab mammary cercinoma, mamuary glend neoplasnms can be induced readily
oy o i o 3 pitd N gvwd o g de A eman B E [ S T i 5 .
Brillantes, 1961}). Many investigators, for sxample; Huggins, Brisisr-

by chemical carcinogens are hornene-sansitive. So farg virasl factors
have not been demonstrated in rat memnary cancer {bao, 1364},
Rat mammary cancer has been produced bye
i. EBadiation.

- . S e a
ile & wvardieby of chen

i

cals, including hormones applied in various

i. BRadiation

Female albinc rats are known %0 e prone to develop mamaary gland
malignanciss after a single exposure to lonizing radiabion Shellavarger
8% al., 19573 Cronkite et al., 19603 Hugging and Fukunishi, 1963b).

The last authors observed & gignificant nusbsr of sarvcomas following
such treatmsnt. They compared the morphology of mams nary carolnomas
induged by radiation and by polyeyelic hydr ogarbons, and noted compape

able histological appearance and a similar regression after ovariesiony.

cancers ag wers gertain chemical cavcinogens, howsver.
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ii, Chemicals

Althouzh a variety of chemicals has been used o produce mammary
cancer in the rat (Noble and Qutba, 1959), the two most commonly used
were the polycyclic hydrocarbons, 3-mebhyleholanthrene {s0A) snd
7, 12 dimethylvensz(a)anthracene (DMBA).

The effeet of race-strain factors in the production of memmary
cancers in rats was investigated by Sydnor, Bubenandt, Brillantes and
Huggins (1962) and Boylend and Sydnor (1962). They cbserved that LXBA
was more effective in indueing mammary carcinoms in female Sprague-
Dawley rate than in Long-Evans, Wistar, August or Chester Beatly
straings. The Marshall strain of rais was resistant (o treatment.

Howell (1960) showed that normal male rats did not develop breast
tumors following administration of DMBAj; Huggins, Urand and Brillantes

(1961) made a similar ocbservation with MCA application.

Hethods of Administering Chemical Carcinozens

i. Application to the Skin

Orr (1953) painted the skin of three different strains of rats
with DMEA, and produced mammary necplasms in seventy-three per gent of
the animals, almost all of which were adenoccarcinoma. He failed to
produce mamsary twsors in rabe by MCA application. Howell {1960) alse

produced mammary tumors by palmbing the siin of rats with DHBA.

ii. Subcutanecus Injection

Dunning et al. {19L0) produced tumors, msinly sarcomas, by

i3 FIEE
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injecting polyeyclic aromatic hydrocarbons subcutanscusly into breast
tissue. Other workers (Noble and Cubts, 1959), spplying & variety of
hydrocarbons, produced similar tumors. Dao (196L) injected KGA into

mammary tissue, resulbing mainly in sarcomas.

iii. Intravenous Injection

Seyer et ale. (1953) induced adenccarsinomas and benign tumors in
the mammary glands of Wistar and Spragus-Dawley rats by multiple intra-
venous injestions éf B4, This procedure was subsegusntly repeated
in Sprague-Dawley rats by Huggins, Morii and Grand (1961). A single
intravenous injection of DHBA produced mammary twmors in one hundred
per cent of the rate; in sixty-eight per cent of the animals multiple

tumors appeared (Huggins and Fukunishi, 1963bj.

iv. Intrapsritoneal Administration

Huzgins and Fukunishi (1963a) observed in fifty day old female
Sprague=Dawley rats, that intraperitoneal administration of DFBA was

just as effective as intravenous injection im producing mammary tumors.

v, Oral Adminisipation

Shay et al. (19L9, 1961) discoversd that oral administration of
HOA to fermale Wistar rate produced mamwary carcinomas. Dao and
Sunderland (1959) also produced msmmary carcinomas with intragssiric
administration of MCA, as did Huggins, Brizlarelll and Sutten {1959),
and Daniel and Pricherd (1961, 1963a and b, 196ha). In 1961, an

important advance was made by Huggins, Grand and Brillantes, who
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)

demonstrated that a single dose (twenity mgm.) of DNBA, dissolved in
sesame oll, and administered uy gastric tube to fifty day old femzle
Spragus-Dawley rats, produced mammary cancer within sixbty days, in one

hundred per cent of the ratse

Production of Hamsary CJarcinoma by Hormones

Cutbs and Hoble (196h) and Cubts (198k4) produced carcinoma of the
mammary gland in a hooded strain of rats by the subcubtanecus implanta~
tion of estrons pellets. The latent period was long, and the tumors

regressed after removal of the implanted pellets.

Histology of the Tumors

In 1959, Huggins, Briziarelli and Subton examined 680 mammary
gland tumors induced by oral HCA. Of these, €78 were carcinomas. The
remaining two tumors were fibrosarcomss, that developed after a much
longer time then the carcinomas. The carcinomas exhibited a similar
eytologic patiern. The acini were lined with meny layers of epithelial
cells arranged to form gland-like structures, with papillary formstions
projecting into the lumina. The lumina of these gland-like sitructures
contained sosinophilic materiazl of protein and carboliydrate nature. The
alkaline phosphatase reastion revealed large nusbers of myovepithelial
cells irregularly arranged sround and within the neoplastic glands. Dao
and Sunderland (1959) noted that oval asministrabion of HCA to Sprague-

Dawley rats prodused only memmary gland cercinomss. Their histologle

B}
m
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Howall {1960) stated thad yrac*‘caily &1l mamsary gland tumors,

7’

produced by the adsm IFBA o the skin, were adenocarcinoma.

H2 noted thab the histclogisal structure varied between tumors, and
even belween different parts of the same tumore The @%r“cu&re ranged
from poorly differentiated solid sheets of cells, to alv&alar-typ@
growith vesesmbling the lactating breaste. Host tumor tissue was composed
of duct-like structures, sometlmes with cysts and intracystic papillary
growth, howsvar.

Toung, Cowan and Butherland (1963} described a similar histos
logical pigture in mammayy bumors following oral administration of DHBA,
Almost all the memmary gland tumors were adenccarsinoma, but their
cytodifferentiation varied from rab %o rat, tumor to btumor and within
the same %aésr, from arez to arsa. Some of the tumors regressed
spontanesugly.

The histology of mammary tumors induced by DMBA was studied also
by Daniel and Prichard (196hb). In addition to the usual type of tumor,
they obgerved milke-secreting adenomatsa, siz to twelve months after the
administration of carcincgen.

Si@veags Stevens and Currie (1965) attempted to correlate the
growth ehar&a%aristies$ histology, and the rate of nucleic acid
gyathesis in mammary tumors produced by DMBA. They divided the INBA

induced mammary gland tumors into threse types with a clese correlation

of their growth characisristics.
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Grade & - Foorly differentiated tumor tissue with some acinar formation,
and numercus mitobic figures.
Grade B « Reasonsbly well formed acinar or ductelike structures, some
papillary ;racéaﬁas,and not as many mitotle figurss as Grade 4.
Srade C - Well differentiated, often cyetic, zcinar or ductelike
structures, with & single layer of flattensd epithelium. Infreguent
mitotic figures. These had the appesrance of 2 "benign adsnoma’,
There was no correlation between these histologieal grades, the
proporiion of tumor cccupled by siroms, and the nature and nusber of
inflamatory and phagosytic cells infiltrabing the stroms. There were
varying proportions of mast gells, neutrophils and sosinephil poly=
morphs, lymphocybes, plasma cells and macrophages. The lumina of some
ducts and acini were distended @ith‘ﬁcﬁﬂg%ﬁ@mﬁﬁ eoginophilic material,
containing desquamated epithelial cells, macrophages, neutrephils, and
cellular debris. Most of the growing twiors belonged to Srade &s the
rest to Urade B. UGrade ¢ were mainly "regressing" btumors (Young and

Gowan (1963)). As might be expected DSA synthesis was most rapid in

the &e&gﬁ'diffar@ntiatedg and most rapidly growing bumors.

Effect of Hormones on Induced Rat Mammary Tumors

The role of hormones in the development amd growth of induced
tumors of the rat mamwary gland has been studied by many investigators.
It was observed that nost of the ﬁﬁmars induced by MOA or DMBA weye
hormone sensitive. In general, such indused tumors regressed

permansntly or temporarily following evariectomy, hypophysectomy, and
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administration of androzens, @ﬁ%radialul?ﬁ?wi%h progesierone,; or squine
gonadotropine. Accelerated growth of mammary cancers occurred in
pregnancy, pseudopregnancy, and with the administration of progesterons.

The effect of ovariectomy on the growth of tumors was studied by
Howell (1960), Huggins, Briziarelli end Sutton (1959), Huggins, Srand
and Brillantes (1959), Deo and Bunderland (195%), Shay, Gruenstein and
Hessler (1961}, Dao (1962), Daniel and Prichard (1963b) and Young, Cowan
and Butherland (1963), Ié is interssting to note that tumors induced by
irradiation alse regressed after ovariectomy (Huggine and Fuicunishi,
1963b). Adminisiration of ovariasn hormones to ovariectomized rats,
after tumor regression, reactivated the tumor (Huggins, Briziarelli and
Sutton, 1959). The effect of hypophysectomy was cbserved by Huggins,
Grand and Brillantes (1959), Huggins and Rriziarelli (1959), Huggins,
Briziareill and Sutton (19%9) and Danisl and Prichard (1963a). Hypo-
physectony was swre effective than ovariectomy in retarding growth of
tumors (Huggins, Briziarelll and Sutton (1959); Daniel snd Prichard
(1963a)).

The effect of the sdmninistration of testerone in causing tumor
regression was investigated by Huggins, Briziarelli and Sutton (1959),
Shay, Uruenstein and Kessler (1961) and Kovacs (1965). Further, it has
been ouvserved that mals rats did not develop mammary cancer fellowing
Hoh or DA (Dao and Bunderland, 1959; Howell, 1960).

A combination of progesterone and estradlol-l74 in proper dosage

was shown to decrease the incidence of mammary twmors, or to cause
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Hugging and Yang, 1962; Huggins, Moon and Horii, 1962).

ﬁlsa,;eqain@ gonadotropin was effective in preventing mammary
canger from developing (Hugging and Eriziarelli, 1959; Hugging, Grand
and Brillantes, 195%).

The acceleration of tumor zyowth during pregnancy was studied by
Dao and Sunderland (1959), Dao, Bock and Greiner (1960}, Hugginé, Grand
and Brillantes (1961), Huggins and Yang (1962), Hugsins, Moon and Morii
{1962). The effect of pseudopregnancy was similar to that of pregnancy
{Dao and Sunderland, 1959). ‘

It was observed that the sdminigtration of progzesiercne also
agcelerated ths onset and growth of nemmary tumers {Huszine and
Briziarelld, 1959; Huguins, Brizisrelli and Sutton, 19593 Huggins, Grand
and Brillantes,1959; and Huggins, Moon and Morii, 1962).

The effect of sstradiol-17g alone appeared to depend on dosage.
lLarge doses apparently blocked carcinogenesis, while smell amounts had
a permissive effect {Huggins, Briziarelli and Sution, 1959; Hugzins and
Tang, 19523 Huggins, Moon and ¥erii, 1962). |

The administration of ovarian hormones reactivated rat mamsary ; 3§Qj;j:
carecinomas which had been induced by DMEA and caused to regress by R
ovariectomy {(Huggins, Briziarelli and Sutton, 1959). In contrast,
induced mammary tumore thad had spontenecusly rezressed were not re-
activated by the administration of ovarizn hormones {Young, Cowan and

Butherland, 1963). The addition of growth hormone and cortiscne to
progesteyrone and @s%radiaiwlzg glse failed %o reactivate spontaneously

regressing tumors, (Young and Cowan, 1963).
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Taght Animals

Adult female Spragus-Dawley rats (Holtzman Rat Cowpany, Hadison
5, Wisconsin), ranging in body welght from 220 - 250 grams, wers used
in the experiments, apart from Bxperiment VI, In Experiment VI, as
required by the technigue applied, the animals were younger. The
animals were fed Victor Fox food pellets and given unlimited %apvwatar
to drink. ?he& wers exposed to a dally ecvele of twelve hours of light

and twelve hours of darkness.

The Jolebicine Technioue

The colchicine technigue was applied for ascertaining the mitotic
rates in the normel msmmary gland and in the mewpary gland tumors. The
details of this technigue are discussed on page 7. The colehicine was
obtained from Inland Alkaloid Inc., Tipton, Indiana. It was disgolved
in distilied wa%er, and injected, subcutaneously, in a dosage of 0.10

mgm. /100 zw. body weight, in the interscapular region.
Garcincgen

The zareinozen for the induction of mammary tumors in Experiment
VI was 7, 12 dimethylovenz(a)anthracene--Cyg Hyg (CHglgz, (DNBA). It was
obtained from Fastman Organic Chemicals, Rochester 3, New York. In
socordeance with the technigue of Huggins, Grand and Brillantes (1961),
and Huggins and Yang (1962), twenty mgm. of DMEA were dissolved in two
c.C. of sesawe oil, and adminisiered by gastric tube to each of {ifvy

female rats, aged fifty days.
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Sacrifice of Animals and Histological Technligue

The snimals were killed by chloroform siz hours after colchicine
injection. In the series of normsl mamnary zlands (Bxperiments I - ¥),
the abdominal and first inguinal mamwery glends were {ixed in Davidson's
fixative, a8 were the mammary zlend neoplasme of the bumor series
{Ezperiment VI)s All tissues were roubinely prepared. PFaraffin

gections wers cut at §}z@r Tus and stained with haematoxylin and evsin.

ﬁauﬁting

411 cell counts were smade by the investigator, in order to
minimize error. Using & binoccular microscope and a hand tally counter,
more than 2,000 nuclel were gounted under vil immersion for the btissue
of each animal, and the numbera of colchicine wetsphsses that cccured
in the counted microscopic fields were recorded separately. Prophases
were included with the interphase cells. Telophases and anaphases did
not ogeur following colchicine adminisirstion. From these data, the
percentage of cells that entered into division during each six-hour

pericd was caloulated for each animal,

Diurnal Veristion

In order to detect possible divrnal variztions in mitotdc
aetivity, it was necessary to determine the mitotie rate of the
epithelial cells both during day and night. This was done by spacing

evenly over & twenty-four hour pericd, four six-hour groups. For such
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twenty-four hour series, (Experiments I, II¥ end VI), sixteen animals
were used. They were divided into four groups of four rats each. The
rabe of sach group were injected with colchicine, the first group at
10300 a.me, the second group at L4:00 p.m., the third group at 10300 p.n.,
and the fourith group at Li00 a.dm.. ?he‘amimalﬁ were killed exastly six
hours after injection., By this method, not only diurnal variationa in
nitotic rate can be dotermined, bub the daily mitotic rate can be

ascortained 28 well.

Daily Mitetie Rate

This was &a%@rmiméd b& &vafagiﬁg the pereentages of colchicine
metaphages of the four rats c@m@riﬂiﬂg each six-hour group. Ihe
summation of the four siz-hour aveyage,p@r@entages yielded the percente
aze of ﬁ%liﬁ ént@riﬂg mi%asig during one twenbty-four hour perioed; that
is, the daily mitotic rate of the cell population. This procedure was
applied in Experiments I, II aﬁé VI, In the remaining experiments, the
mitotic rate was determined only for the six-hour period between 10200

fieMe AN é:;%t'}% Polise

Egtrous Cyele

Ags fluctuationz of mitobtic rate have besn observed during differ-
ent phases of The estrous cyele in the mejority of epithells lining the

genital tract of the rat (Bertalanffy and lau, 1963), the virgin rats in

*In Rxperiment II, 17 rats were used.
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Experiments I and VI were followed through several sstrous cycles by
the veginal smear technigue, and then injected and killed during the
Lirst eighieen hours of estrous--stage I of estrus (Bertalanffy and

Lau, 1963).

BExperiment I. Determination of the rate of epithelisl cell division in

the mamsary gland of ?irgin ratg.

Sixteen rate in stage I of the estrous cycle were divided inte

b

our groups of fowr animals easch. Hach group represented a siz-hour
period in the itwenty-four hour day. The animals were injected with

eolehicine and killed according to the procedure outlined above.

Experiment Il. Determination of the rate of epithelial gell division

in the mammary gland of twelve-day pregnsnt rats.
& twsniy-four hour seriss composed of four groups of four rats
% . , .
eagh , similar to that described in Experiment I was performed with

rats on the twelfth day of pregnancy.

Experiment III, Determination of the rates éﬁ epithelial cell division

in the REEAYY glanés of rats at different stages of pregnency.

The mitotiec rates of memsary glands of rats pregnant four days,
seven days, fourteen days and eighteen days were determined during sige
hour perieds, that is, from 10300 s.m. 4o L:0U pem.. FPregnancy was

confirmed after killing.

%Qna group contained five rats.
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Experiment IV. Determination of rates of epithelial cell division in
the mammary glands of lactating rats. |

Eight rats, on the second day of lachabion following parturition,
were injected with colehicine at 10:00 a.m., and killed at L:00 peme.

The mitobic rates were determined for this six-hour pericde

Experiment V. Determinstion of rates of epithelial cell division in
the involubing mammary gi&ﬁﬁ of rabg.

Twelve ratz wers allawaé to nurse thelr litters for tweniy-one
days. The litters were then removed. After another seven days, the
rabs were injected with colehicine at 10:00 a.me and killed ab L00

Deles The mitotic rates were determined for this siz-hour periocd.

Experinent VI. Determination of rates of gell division in mammery
tumors induced bty the adwministration of DA,

Each of & group of fifty female rats, aged exactly fifty days,
wag administered twenty mgm. of 7, 12 dimethylbenz(a)anthracens (DHBA)
in two ¢.c. sesame oil by gastric tube, (BF rubber catheter), in accord=
ance with the method of Huggins and Yang {1962, The animals were
exanined by palpation for memmary tumors, tulece weekly, starting twenty
days alter the carcinogen was administered. Of the animalsg which
developed mammary tumors, sixteen wsre used in a twenty-four hour §aries
gimilar to Experiments I and II. 411 the asnimals were in Btage I{gétrus
at time of injection and killing. The tumors were exaninsd and graded

by & pathologist.
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The grading of the tumors, by the consulting pathologist, waz
based primarily on the estimation of the degrse of cell anaplasia. In
addition, the tumors were classified histologieally, using the termine
ology of human breast cancer, €.g., infiltrating lobular carcinoma,
non-infiltrating manmry scereinoma, eto..

Statistical Nethods

Por each experimental series, the arithmetic mesns were salculated
for each sample, as well as samples variances and standard deviations, the

latter as measures of the amount of vepriation present in the data.

Heans were oompare
or nob significant depending on the magnitude of the difference coupared
to the amount of variation.

among treatments, (days), and were judged signiffcant




CHAPTER IV

RESULTS



BELFERIMENT I

In this series the mitotic rates of mammary gland epithelium were
determined in fowr sizehour groups of four rats esch. The groups were
gpread over @ itwenty-{our hour period. The animals were in Stage I
Estrug. The mitobie rates for the four six-hour psricds ave shown in
Table I. The average mitotie rate for the sixehour pericd from 10:00
2ems L0 15300 pom. was 0.26 per cent. The daily mitotic rate wag
determined by the summetion of the average siz-hour percentaze of the
four subgroups in this experiment, and proved to be 1.05 por sent.
aApalysis of variange discloged no evidence of diwrnal fluctuation in the

witotie rate. (Figuwres 2 and 3.)

EZPERTMENT 11

In this experiment, the rates of epithelial cell division were
determined in the mammary glands of rats pregnant twelve days. This was
a twsnty-four hour series similar %o Experiment I. The results of the
experiment are tabulated in Table II. The aversge mitotic rate for the
gix~hour pericd from 10:00 a.m. to 4:00 pome was L.35 per cent. The
sumsation of the four sean six-hour percentages yielded the daily mitotic
rate of 13.20 per cent. Analysis of variance disclosed statistiecal
evidence of diurnal variation in the twenty-four hour periocd. (Figures

8, 9 and 10.)



TABLE X

HITOUTIC RATES OF MAMMARY GLAXD
EPITHELIUN OF VIROIN RATS (ST40E I ESTRUS)
DURING A TWENTY-FOUR HOUR PERIOD

Time of Number of Bumber of Psrcentage of
Day Nuclei Hetasphases Hotaphases Hean
10 a.m. 2‘9?3. 3 G.llg
to 2018 l 0.20 0.26
L peme 2000 3 015
2028 i1 O.5h
L peme - 2043 b 0,20
to 2203 6 0.27
10 pete 2091 1 .05 0,32
2036 15 0.7k
10 peme 2053 2 .10
te 2029 3 0el5 0,17
b 2ot 2210 é .27
2054 3 .15
1«3 Relle 2091 é @.29
to 2023 10 Oehi® 0.30
10 a.m. 2032 2 0.10
2006 & 0.30
Daily Mitotic Rate -- 1.05¢ = 0,20
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TABLE

E

MITOTIC RATES OF
ITHELIUM OF 12-DAY PREGHANT RAIS

i
MAMMARY GLAKD

DURING A 2L4~-HOUR PERIOD

Time of Humber of Number of Pergenbtage of
Day Huclei Hetaphases Metaphases lMean
10 2.m. 2086 &5 he07
Lo El?% 5& i%»@h
Li. Paffe 23}.&2 ?g l!.»§3 23-035
2123 77 3003
2177 118 5042
b pofe 2062 &6 317
to 2127 9 2.17 3633
10 PolBie 2{}% 5& E'QB
2194 &5 2.9
10 Felle 2{}?6 ﬂ} 208
1o 2103 &6 3.1h 268
l gome 2085 59 2.83
2189 58 2.67
& S el 2@?3 '35 3.13& ,
1o 2107 L7 2623 2.8k
10 a.m. 2083 61 2,93
2085 6l 3.07

Daily Mitotic Rate = 13.20% 2 0.50

k5
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In this experiment the rates of epithelial cell divigion in the
mamsary slands of rate pregnasnt four; seven, fourteen and elghteen days
were determined for the sixehour period from 10:00 g.m. o 4300 Deites
Table ILI presents the results of this experiment. The 10:00 a.me Lo
1300 peme group of twelve-dsy prégaaﬁt rats from Experiment II was also
ineluded in Table III. The average mitotic rate for the six-hour
period (12:00 a.me to 1300 pom.) in the memmery gland of rals pregnant
four days was O.43 per cent, and for rate pregnant seven days, 3.99 per
gent. At day twelve of pregnancy the six-hour vate wss L.35 per cent.
The rate fell to 1.02 per cent on day eightesn of pregnancy. The
varistion among the five six-hour groups was statistieslly significant.

(Pigures L to 1h.)

EXPERIMERT IV

In this experiment the rabteg of epithelial gell division in the
mammary glands of lactating rets were determined on the second day aflter
parturition. The mitotic rates for the gix-hour peried from 10:00 s.m.
to 00 p.m. are tabulsted in Table IV. The average mitctle rate for

the six-hour pericd was 0.51 per cent. (Figwes 15 and 16J



TABLE III

MITOTIG RATES OF
EPITHELIUM OF FATS ON VARIOUS DAYS OF PH
DURING 4 SIX-EGUR PERIOD

HMAMHARY GIAND

EGHARCY

Tine of Huwer of HNusbey of

Percentags of

wﬁay 12 figurss taken from Table 11,

Day Husclel Hetaphases Hetaphases Hean
10 aqﬁlo_ 2111 16 Go?é
o 207k 16 .77
4 pesie 2052 22 1.08
2086 2 .01 O.li3
2010 3 0,15 '
2037 5 0.25
2012 b 0,20
Day 7 220k 118 5035
10 8.1 2201 851 368
to 2072 &b 3.28 3,99
2& Delle 21& %;‘5 3.93
2251 8l 3.73
pay 12% 2088 &8 107
& allle 23.78 8&3 hoeh
o 2142 96 3-58 Lo 35
L% Poelie ElEB ?7 BGéﬁ
2177 118 Bahi2
Day 1k 2087 51 2olily
&olMe 2105 L8 2.28
0 2130 37 L.7h 2.01
2308 h0 1.73
2097 39 1.86
Day 18 2158 2k 1.1l
1.5 & olite 213.%3 29 1038’ 1.02
2054 18 .88
2037 18 G.Th + 0.50

L7



TABLE IV

MITOTIC FATES OF BAMHARY GLAND
EPITHELIUM OF RATS ON DAY 2 OF LACTATION
DURING A BIX-HOUR PERIOD

Time of Humber of Number of Parcentage of

Day Hucleli Hetaphases Hetaphases Hean
10 a.m. 2107 L3 2.0
10 2136 }.i, Te 19
i Dot 2060 & 0.29
2053 15 .88 0.51 % 0.21
2314 b 0.17
2229 i 0.0k
2398 g 0.37
2022 2 0.0%

#
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The mitctic rates of mammary gland epitheliun in involution wers
agscertalned on the seventh day after weaning. The resulis are shown in
Table V. The sverasge mitotie rabte for the siwehour peried from 10:00

a.me $0 1300 pomo was 0.73 per cent, {Flzvres 17 and 18.)

EXPERIMERT VI

The rztes of cell division in mammary tumors induced by the

administration of HBA were sscerizined in this experimenk.

ﬁ.}

S

3f the fifty rets sdoinistersd THBA by gesivic iunbe, twenty-five
animals dled of respirstory infectiong, most within thirty days

following the administration of the careinogen. The infsctions may

have besn the reguld of ishalatl Bh-0il suspension. In the
renaining twenity-five rate, single or multiple bumers developad within
one hundred days of IMEA administration in all bubt throe animals. The
sites of the mamzary gland tumors varied from the neck to the inguinal
region along the milk line. The size ranged from three mm. to forty m.
in diamster.

Sixtesn of the tumor-bearing animals were used in Experiment VI,
One or mors bumors were sxcised from each animsl, a total of nineteen
tumors. %o exclude possible variations of mitotic rats during the
ggtrous cycle, the animals were injected and killed while in Btage I
of estrus. They were divided into four groups, cach one covering a

different pericd of the day, in an attemplt %0 determine whether daily
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ABIE ¥V

P

HITOTIC RATES OF HAMMARY GLAND
EPITHELIUM OF mATS IN INVOLUTION
DURING A SIX-BOUR PERIOD

Time of Humber of Hurber of Percentage of

" Day Nuclei |Mestaphases Metaphases |Mean
10 aee 2023 i 0,05
to 2106 o 0
L@. Deifle 202@ O G
2057 o o
2094 b 0.19
2061 15 0.73
2072 2 G.10
2081 B 0,19 0.73 % 1.05
2025 10 Ghi§
2076 3% .68
2076 56 2,06

2072 €t 3.2
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mitobie fluctuations ocowrred in ithe tumors. The results are tabulated
in Table Vi. It is cbvious that because of the wide range in mitotic
agtivity in the various tumors, no evidence of diurnal varistion in
gell division was apparent. Neliher was it @as@ible to caloulate a daily
mitotie rate of the tumors as has been done, for example, for Walker
earcinosaréama, and fibrosarcoma 1FlEF-5LFH in rats (Bertalanffy and
Lau, 1962b), and for spontanecus adenccarcinoma of the mammary gland in
633/%@6 mice {Berialanfiy, 1963). Therefore, the tumors were arranged
agcording to thelr grade and mitobic activity as shown in Table VII,

The twnors wore egamined and graded by a pathologist. All were
adenocercinomas except for cne. The grades corresponded very closely
to the mitotic rates of the tumors. A correlation betwesn tumor size

and rate of cell division was not apparent. (Figzures 19 to 2h.)




TABLE VII

51¥-HOUR MITOTIC BRATES OF HINETEEN DHBA-INDUCED RAT MAMMARY TUMORS

Animsl Tumor Sizs Percentage of

Humber {(Diam. ) Metaphases Grade
23 & mme Bols3 11319
21 18 mm, 521 I1i-1¥
3 5 mue 257 1i-111
20 12 mme 2.55 Iz
s hg e 21»33. i
b 18 mme 2021 11z
g 8 mm. 2.18 I1I=15%
19 8 mm. 2,18 Il=11%
i 5 e 1.82 iz
2 é e 10&@ ii
ihb 3 mte 1.59 iz
i 10 zme - 1.21 Iz
10 E‘r m&'ﬁu' logﬁ : IE
&b 8 mme .78 I-11
g 15 mre 0.T5 I-II
1ib 10 mme 0.67 II
iha 20 mme 0.553 Hiteses uncommon
&% & mmo 0.39  Proliferative
digeage
H&&ﬂ i 2.1?,% i 1.90

FR1L Twmors were adencearcincmas excepd for one which was prolifsrative
digeage,
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DISCUESI0N



Bxperivent L. In this experiment the mitelie rates of the mammary

gland epithelium were determined in virgin Sprague-Dawley rate in Stazs
I of estrus during 2 twenbty-four hour pericd. & twenty-Lour hour pilot
experiment by the investigator, disregarding the estrous cyele, lindica-
ted considerable variation in mitotlc rate, ranging from 0,19 per cent
to 2,05 per cent for a siz-hour period. In 2ddition, Bertelanffy and
Lau (3963) had noticed fluctuasticns in mitotie rate during the estrous
eyele in the majority of epithelis lining the female genital tract of
the rate. Bscause of these observabions, the znimals used in Experinent
I were f&;lawed through several successive estrous oycles, using the
vaginal smear technigue, to make sure that the sixteen animals had
regulay cycles and were in the first eighbeen hours of the estrous
avole, (stage I estrus), for the duration of the experiment.

It can be noted from Table I that the mitotic rate of mammary
gland epithelium of the rat in stage I of estrus is low (average for the
six-hour pericd from 10300 2.m. 40 L100 pom. was 0.26 per cent). This
result was not expected. laguchev (1962), investigating the mitotie
rates in the mouse mammary gland, had noted a higher rate of cell
divislon in the proestrus and esirus phases of bhe cyecle than in the
diegbrus phage in $§7 mice. Thess observations corresponded to the
observations of Sutter (1921) and Cole (1933) who, using the whole
mount method, noted a pronounced growbth in the mammary tree of rats and
mice during the estrus phase. This growth regregsed following estrus.
Laguchev noted, however, thalt the patitern observed in 35? mice was

obscured in @3& ricee. He thought this was dus %o an endocrine
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imbalance. In fact he found in some animals of the C.H strain thst the
3

mitotle rate wae higher in diestrus than in sstrus. It is the intention
of the present investigator to pursue this study further., To date,
the mitotic rate in diestrus has veen investigated in five rats. The
giz-hour mitotic rate for the pericd from 10300 s.me 10 4:00 pem,
ranged from 0.2l per cent to 2.48 per cent, compared to an averaze of
0e26 por cent in stage I of setrug. This would indicste that the mitoe
tic rate in diestrus mey be higher than in estrus in Spregus-Dawley
ratss It will be necessary to divide diestrus into twe twenby~four
hour periocds in order to make & more sccurate assessmend of the mitotice
rate in this phase, which lasts approximately fortye-sight hours in the
rat (Long and Bvans, 19223 Bertalanffy and Lau, 1963}. In addition,
the mitotic rates in prosstrue and metesirus will be investigated as
wells

BDiurnal fluctuations of mitotie agtivity have Leen cbserved im
some tiszues of the rat (E&r%alanffyg 1960), However, in other tissues
this phenomencn has not besn apvarent {Hertslanffy and Lau, 1%2a). In
the present oxperiment there is no statistleal evidence of diuwrnal
fluctuation in the mammary gland of the rab in staze I of estrus. This
apparent absence of diurnal variation may be due 0 the leow mitotic

rate, rendering any fluctustions undetectable.

e

Experizent II, In this experiment, mitobtic ratss were deternmined in

the mammery gland epithelium of rats pregnant twelve days, during a

twenty-four hour pericd, The daily mitolie rate of 13.20 per cent is
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about a twelve-fold increase over the daily mitotic rate of the mammary

sland apitﬁélium of the virgin rats in Experiment I, which was 1.05 per
cent. (Table II.} An inersase in raie in preguant rats was, of course,
expocted. Other investigators {ses Chapter II, pp. 15 and 1£) had
noted ihis incresase in mitotic activity especizlly arcund the mid-point
of pregnsney. It is interesting to note that the time to timeg vari-
ation in the twenty-four nour period is siatistically significant, and
therefors a diuvrnal fluctustion in sitotic setivity is apparent. The
peas of aebividy cecurred duriag the éix»hsar period from 10:00 .3,

to 4200 pome, while the lowest witotle activity occurred during the

period 10:00 p.m. to L300 aam;a

Experiment IIl. The mitotic rates for the six~hour period {10100 a.m.

to h300 peoma) in rabs pregnant four, seven, twelve, fourteen and
eighteen days is shown in Table IIX. Animals pregnant four days
exhibited considerable individual varistions of mitotic rate, ranging
from 0.10 per cent to 1.08 per cent. The fact that the average mitotiec
rate was low, {(O.L43 per cent), in the four-day pregnant rate, confirms
the work of Tusker and Reece (1963a) who, using the INA methed, found
only a 1.10 per cent increase in namnary gland growth over the wirgin

in hoodsd Borwsy rats by day four of pregnancy, ghii& by the eighth day
there was a twenty per cent increase. ?hé observation of a wmitodie
rate of 1.00 per cend in ong animel in the present sxperiment éugg@ats
that day {our may wmark the beginning of the hormonal stimulation of the

mammery gland in pregnasncy, the level prior to this date being nob
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sufficlently high to cause proliferation of the epithelisal eel
(exa@@ding aigniﬁi&aﬁﬁly that ozcurring in the virgin animal of stage I
of estrus. |

By day seven of pregnancy, the average m;baﬁza rate for the sige
hour period from 10:00 a.m. to L:00 pem. had incressed to 3.99 per
cent, and further, by the twelfth day of pregnancy %o L.35 per cente
Two dayes later, on day fourteen of pregnancy, the rate decrsased to
2.01 per cent, while by the eighteenth day of pregnancy the mitotie
rate had declined to 1.02 per cent for the siu-hour pericd. These
findings are in accord with the cbservations of Jeffers (1935}, Resce
snd Warbritton (1993), Kirkham and Turner (1953), Griffiths and Turner
(1961) and Tucker and Reece (1963a), detailed in Chapier II, page 15,

The present experiments revesl that during the first half of
pregnancy, in the cowrse of ths rapld development in the wmammary gland,
the mitotic.activity in the memmary gland bscomes grestly auvgmented.
Its peak is attained around ths midepoint of pregnancy, on or aboub day
twelve, and thereafter declines. However, parenchymal davalmpm@ai in
the mammary gland continues during the sscond half of pregnancy,
glthough at a glower rate. This iz indicated by the slower bub still

gomparatively pronounced cell proliferation {Takle III).

Zxperiment IV, In thizs cxperiment eight rate wers adwinistered

golchicine on the segcond day following parturition. The mitobtic rate
of the mammary gland parenchyma was determined during the siz-hour

period from 10300 a.me %0 1300 pem. {(Table IV)e The finding of a low
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average nitotic rate of 0,51 per cent for the siz-hour period, was not
unezpested. It implied that during lactation the activity of the gland
iz directed mainly toward secretion, and formation of new cells sube
gides to a low level. The low rate of csll preliferstion is not a
general finding, however. Thus some previous imvestigetors have found
evidence of an increase in c¢ell division in the mammary glsnd of rats
and mice during the early stazes of lactation. Urespbaum and Slater
{1957), using the DNA method, have reported & doubling of the DNA
gontent of the radl mammary gland betwesn the end of pregnancy and the
third day of lactation, and cib%ed 2 personal communication from Ilewin
and Iewin, who observed & rise inm the number of nuclel/mem. wet tissue
of mouse mammary gland from 136,000 te 260,000, during the pericd
betuween porturition znd the second day of lasgtation. Oreenbaum and
Slater (1957) suggested thet a wave of mitosas, of short duration,
might ccewr at the tims of parturition and subside within & few hours.
In the present investigation a higher mitetic rade of 2.0k psr cent
was observed only in one rat on the second day of lactation. Further
investigation of the mitotis rates in the mammery gland around the time
of parturitiomn, and in early lactation, is clearly necessary Lo

elucidate this phenomencn. In sddition, mitobic rates ghould be

deteranined at variocus intervails throughoud lactation.

Experivent V. In this experiment, the witotlc rates of the mannary

gland epithelium was determined on the seventh day after weaning. The

average mitotic rate for the siw-hour peried (10:00 a.m. to L:00 p.m.)
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in the involubting rat masmary gland on this day was J.73 per cante
£ f<3

Nine of the thirteen rabte in the experiment showsd a wit

ranging from zero to 0.73

e
&
]

L]

{Fa‘
&

w
&
oy
B
ot
o
("
o
o
by
&
(??
b
ﬁ?
(33
e
7
&
pete
g
g..a
tﬁ
i

Siaver {1762} observed an increase in DHA content of the rat
mamnary gland during the firet two days of involution, thought to be
due to an inerease in leukoeyle concentration. Ihis increase was
followed by a decrease in DHA coutent. & similar cbservation was made
by Tusker and Kesce {1963c), who alsc stated that by the twenbty-first
day of involution the DHA conlent had decreased to an amount similar
o that of the sexually meture virgin rabe A search of the literabure,
%ewavwr, has failed to reveal evidence of am increase in [BA con tent
after the firet few days of involublons The high rate in the throe
ratz on the seventh day of lovolutdon, in t
indicate a hormonal imbalance in these animals, maintaining the mitotie

ebivety ab a hig evel sinee the eerly pard Tregnansy.
activety abt 2 high level since ilhe early % of pregneng

ﬁxg@riment ¥I. In this experiment the mitotle rates of rat mammary
tumors induseé’“y oral DMBA administration were determined in & total
of nineteen tumors from sizteen rats. It is apparent from Tables VI
and ¥II thaed the mitotic rates of mosht of the msmmary tumors studled in
the present investigation wers similar to those of the memuary gland

epitheliun of the pregnant rab (Tables II and IIL). An excepblon was

one infiltreting carcimoma with a high mitotic rate of 8.43 per gend
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for ﬁke siz=hour pericd,

The relabionship bebtween hormones and DHPF4A in the induction of
memmary tumors, and the role of hormones in the promotion and mainten-
ance, or regression of wamary btumor growth in the rat, has been of great
interest in resesrch. Oub of the vasht amount of literature on the sub-
jest are several cbservations of particular interest in the present
experiment.

One cbservation of interest is the optimsl time of administratio
of the single doss of carcinogen to female rets. This has veen deter-
mined to be betwesn ity bo sixbty-five days of age {Hugping, Grend and
Brillantes, 1961). It was reported in Shapter II, page 21, that eight
or nine wesks of age in the rab corresponded to puberty. Therefore,
for mapimum induction of tumors by DMBA, the cercinogen must be given
vefore or during the omset of sexual maturivy in virgin rats. If the
sarcinogen is administered after sixby-five days of age, the incidence
of mammary tumeors is drasatically reduced (fiugzing, drand and Brillantes,
1961).

Dao {(196h) reported extensive studies of the consentration and
elearvance of volyeyelic hydroearbons in the fat, mamwmery gland and
other tissues of the rat. The adipose tissue of the mammry glands
apparently acts as a storage depot for the hydrocarbons and thers is a
siow rate of clearance from this tissue,

Furthermore, the observation that mammary cancer can be induced
in certain streins of rats by the administration of estrogens has not veen

studied extsnsively. The Pinteiguing guestion remains Lo be answered:
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How do estrogens induce neoplasia? (Dao, 196h).

Furthermore, Hugging and Yang (1962) pointed out the "remurkable
similarity in zeomstrie psttern (but not in molecular thickness)
betusen carcinegenie polynuclesr arcmabtic hydrecsrbons and the base
pairs of nucleic scids.....A molecular wodel was mede of guanine-
oytosine, and a frame was constructed teo surpround it. 'In this frame
similar atomic models of prozesterone, testosterone, and estradicl-17s
£it neatly®. Similarly, they noted, mammary carcinogens, for instance,
¥BA, could be inserted within the frame.

Dao (196h) sbated: "The carcinogenic effects of steroid hormones
are not vet understood. The steric resemblance between polyeyelic
hydrocarbons and steroid hormones suggests that the two types of
compounds may act ab the same sites in biologleal systems.® It is the
opinion of this author that ¢arcinomss indueed by the hydrocarbong msy

be the result of interference with normal steroid funchions.
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ILLUSTRATIONS



L. Hipple of virgin rat showing epithelial ingrowth or hood, remnant

of the embryouic mummary pit. Hoand B, 2 L0
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2. Hammary zlend of virgin rab in stege I of estruz. Duets and

alveolar end-buds are enbedded in adipose tissue. Ho and Ee, 1 160,

2L

3. Higher magnilisation of duste snd alveolar endebuds in virgin

ay

zammary gland. H. snd Ho, x BOD.
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o Hemmary gland of reb at day four of preguancy. H. and E., x 180,

5. Higher magnification of duets snd end=buds at day four of pregnancy.

4 "golehlcine mebaphase® is visible at arrow. H. and E., x 800.






o Hammary gland of rat at day seven of pregnancy. An increzse in
v & &
parenchyma ovey that of virgin anisel (Fig. 2) can be sesn.

Ho and Eo, = 150,

To Higher magnification of mammary gland at day seven of pragnancy.

Several "colehicine metasphases® are visible. He. and E., x 800,



81




PIGURE
Bo Mammary gland of rab at day twelve of pregnancy. HNote insreass in

parenchyma over day seven (Fig. 6). H. and Be, 2 150,

9. Humevrous "eolehicine metaphases® are visible in memaary gland of

rat at day twelve of pregnaney. H. and E., x BOO.

10, Higher magnification showing typical "colchicine astaphases” at

day tuwelve of pregnancy. H. and E., x 1040,




Bo Mammmry zland of rat at day twelve of pressnancy. Hote increase in

parenchyma over day seven (Fig. 6). He and B, x 150,

9, Humerous Ypolehicine metaphases® are visible in nammary gland of

rat ab day twelve of pregnancy. He and E., z 800,

10, Higher magnification showing typlesl "colechicine nmebaphases® et

day twelve of pregnancy. H. and E., x 10LO.
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1le Hemmary gland of vab at day Zfourtesen of pregnancy. He and 2., x 160,

12. Higher magnification showing alveoll of mammary gland ab day
fourteen of pregnancy. Several Ycolchicine metaphases® are

vigible. He and B, z 800,






FIGURE
13. Hammary gland of rat at day sightesn of pregnansy. Hobe inerease
in smount of parenchyms over day fourteen {(Fig. 11).

Ho and B, = 180,

i, Higher magnification of mammary gland at day eighteen of preghancy.
Epithelial cell cytoplasm is vasuclated, indicating secretory

asctivity. He. and E., x 800,






1%, gland of rat in lactaticn. Alvesli are distendsd with

segrotion. H. and €., x 140,

160 Higher magnification to show several slveoli in lactating

mammary gland. H. and E., z 800,






PIGURE

17. Low power phote-nlerograph of mammary gland, seven days alter
weaning. Farenchyma has regressed, with a concurrent inereage of
connective tissue. H. and K.y z 160,

18,

Higher powsy photo-sderegraph of invelubing mammary gland.

Iymphooytie infiltration ip apparent. He. and E., x 800,







19

20,

Hedullary sereinoms with lywphold siroma.

Hitones unoomEOn.

Stroml reagtion vigovous. He and B., = 150,

Hizher magnification of Figurs 19, H. and

E’eg Z %’@{3@
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il = 11X, He 2nd Zoy x 160,

22, Higher magnificatlon of Figure 21.
Hand 5., x 800,

21, Infiltrabing medullsry careinoms with lymphoid stroms, Orads

Hote Ygolehicine metaphases®,
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Infilivating adencesrceinome, bordering on snaplastic

{Orads 111 = I¥). ¥
Ho smd Zo, x 160,

Higher magpificabtion of Filgurs 23.

are visible. H. and B., z 800,

L

Hitoses very freguent. Ho stromal veastlon.

Humerous “eolshicine metaphases?
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