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INTRODUCTION

There is much experimental evidence to Indicate that the adrenal
cortex is not altered by the dovelopment of neoplasme in other orgens of
tho body. Ball et al(}) fivet noted adrensl gland enlargement in rats
bearing experimental tumors but felt that this change was dus o cachexis
resulting frem the tumors. Dalton(?) aleo reported adrensl gland enlarge-
ment with geoeraliyed lipoid depletion in tumor=bsaring mice snd attri-
butes it to eithar the relesse of tuxie substance from large smounte of
neerotic tumor tlssue, to clwonic shook from emancistion, or to concur-
rent infection, Me could demonstrste no specific affect from the tumor,
only a slight generalized lipeid depletion associated with eachewls, which
mght represent adrenal insufficleney. mﬂ) studisd autopsy spoci
mens of adremal plands from lumans dying with cancers and divided them
into two groupt. %The glands from patisnbe with cachexis were enlarged
and showed varying degrecs of lipold depletion. The glands from patlemte
dying suddenly with no sppreciable welght loss were normal in sise and
enly slightly enlarged and contained @ nomal smount of lipold materdal.

Rocent, experimental evidence published by Richerdson et a1(®)
that the stereid Methylsholamtimene inhildlted liver cancer in rate fed
a carcinogenic diet of I-lethyl-lmdimethylamineascbensens suggeste a
wido fleld of investigation into the affacte of stercids on cancers. In
common with other chemotherapoutic agents known to irhibil or slow the
progression of neoplasme, Hethyleholamthrens itself hos earcinogenic pro-
pertiss. GBguamous coll carcinomas follow ite application to the sidn,
and sarcomas are produced by embedding it subcutanecusly or applying it
to sercsal suwrfsces, With this evidones ab bhand, it soemed desirable to
study the histologic effects of this anticarcinogenie stercid en the
adrenal cortex.



PURPOSE

These experiments were designed to study the adrenal cortical
histolegic changes at frequent lntervals during liver carcinogenesis
and careinogenic inhibition. Groups of rate wore fed Jediotlyledidl-~
mnothyladinossobengane® and administered 20-Metiylcholanthrens™ by
various routes and, with control animals, were sacrificed at frequent
intervels, The adrensl, pltultary, and body weight were recorded, and
the Dyesh tissues wore Lmmediabely fixed while still in @ fresh state
to aveld the mtleroscopiesl changes produced by postmortem autolysis,

‘ A general microscepical study of all the body organs was made,
with epecial emphasis on the adronal cortex, and representative photoe-
graphs were taken in an effart to concisely and accurately define the
adrenal cortical changes cocuring with cancer inhibltion.

MATERTAL AND METHODS

Andmals

E e

Two hundred and seventywfive healthy young adult white rats
of the Sprague-Dewley strain were used, one hundred and twenty-four
males and ome hundred and fifty-one females, ravnging in weipght from ohe
mndred and thirty grame to tlwee hundred and sixty grons, These animals
were ralsed in owr animal room and maintained on Purina Laboretary Chow
pince dirth, |

¥ Hereafter referred to as m'Hedab.
#% Heveafter roferred to as MOA.



groups

Group 1 included forty-elght rats, tmentyons males and twentye
seven females, wiich were placed on a basal semlesynthetic diet to wideh
was added 0,062 m'tiedsb(5) and 0.1 grane YOA par 3000 grans of fosd
(0.003%)(6),

Group 2 conwisted of forty antnals, twesty males and twondy
fmmlos, which were fed the basal sani-gymthetic retion comtaining G.08F
a'lisdad, In addltdon, each rat recelved m injection of 0.050 greme MCA
in 3 oee of an aguesus suspension. subcutaneously.

(roup 3 emprised forty rete, twenby males and twenty females,
wideh wore fed the basel diet to which 0,067 mitledad was added, Bash
rocadved an inttial injection of 0.090 grams NGA in 3 ec. of an agueous
syapanglon lntrapartonsally.

Group L included twenty rats, tea males and ten females, and
sorved 88 o condrol group. Thay ware fed the basal diet containing 0,068
nfliedab and received ome 3 co. subsutancous injection of the atpeocus Fuse
pengicn at the begimxing of the experiment. , '

Group 5 gonsisted of twenty rads, ton males and tem Cemales,
and also acted as & condrwl proup. They recelved the basal diet containe
~ ing 0,067 m'ledad and in sddition ome 3 ea. intreperitonsal injection of
the aqueous suspension at the indtletion of the arperiment.

Oroup & was made up of twenly vais, bten males and ten females.
Thay were fed the basal diet to which war added 0.1 grams MOA per 3000
grams of food (0,003%).

Group 7 included twendy vats, ten malee and ben femalos, widch
were fod the basal diet. In addition sach received one indial suboutans
eous injection of 0,090 grems MCA in 3 oc. of agueous suspension,



Group § comprised twentywnine amimals, twenty-four fesales
and five males, wideh were fod the basal diet. Esch also received one
inftial injection of 0,090 grams MA intraperitonsally,

Group 9 was conposed of twenty-four rats, twelve males and
twolve feaalos. These wore maintained an the Purina Laboratory Chew
dot, | |

Group 10 cousisted of six rats, thres males and bhres fe-
nales, which were fed the basal diet caly.

Group 1 included eight animals, three males and five fe-
males, which were medntained on Purine Laboratary Chow diet and in
addition received 5 milligrams of Cortisone subcutanecusly dally for
eight days, |

Digts

WA SO

Purine Labaratory Chow is 2 commarelal preparstion mamufac—
tured in pellet farm by the Ralston Purdps Company of St. lLouls,
lissouwd, for the malndainance of Labaratory amimals, IY consiste ofs

Orude Protein, not less than 238

Crade Pat, not less than o
Crude Fitee, not lase than (4
Hitrogen=iree extract Lig
Ash, not mare than 9%
Bone msal s
Sodiun Chloride D58
Magnagiun Sulfabe 2%

Vitandns Ay Dy Byg, Uboflavin, Niacin, Thismin,
Breware Teast



The basal sami-gymthetic diet was formulated by Grdiffin et
a'?) and contatnes

Cagein 18¢
(lacose lomohydrate 738
Corn 041 5%

Yesson Sglt Mixture 4, containing:
Hagl, Cas(POy)p, ¥ghly, KC1, Pe 81, KilpPoy,

Kohdg(80y)n, Cus0),, KaF, KI.
Vitamine 4, D, Thlamdin, Riboflavin, Caloiu:m Pantoe

thenate, Choline, Pyridoxine

It was mpplied in dally portions of approximately 15 grams in a pomder
form %o each animal of Groups 4, 7, 8 and 10,

The 0.05¢ a'lledsb that was fed to animuls of Groups 1, 2, 3,
L ond S end the 0.003% I0A that wes fed to Groups 1 and & were weighed
oot on an smalytical balance, mixed with the basal ration in 3000 grem
lots, and rationed to the andmals in a similar manner.

mw“-mmwjaxymmmmam,uw&
solid metal sides and 1/2 inch wire mesh bLottoms, each ecage equipped with
ite om feod ean and water bottle., The waight of each animal was recorded
&% weekly intervals,

Injectioms

Past axperinomel) have shown that incision of the sicdn snd
peritoneal cavity under anesthesia for the pwrpose of depositing ehrystal-
line MCi was timowconsuming and produced 8 high morbidity and mertality
in the aninals, Therefars, an aguecus suspension of M0A{8)wms used wihich



conmisted of3

HCA 0.3%
AZROB0Ly DeTe 0.01%
HiPHDCRL, LOOO 0.8
ERL, ALCOWNY, 1.08
UISTIIIZD WATER Qe
BOAH %o pi

3 oo. of thir aquecus suspension wus injected under the akin of the
back of rats in Groups 2 and 7 and intraperitonsally tiwough the antere
lor sbdomingl wall in rete of Groupe 3 and §, weing & 15 gauge needls
on & ten te. syringes The control animals in Groups b and 5 reseived
3 vbe suboutancous and imraperitenesal injections respectively of the
aguecus suspansion which cortained no Q4.

Rabs of Group 11 received 5 mdlligrass of Corbison in 0.2 co.
nornal saline dally for eight days under the sldn of the back using a
21 geuge neodle on o Tubsroulin ayringe.

Killing Schedulo

Animals 4n Groups 1, 2 and 3 were killed at 3-day intervals
for the firet two weks, then weekly until the wontywainth week. The
remaiming sight animals in Oroup 1 were sacrificed during the fartye
 saventh and forty-eighth wesls,

Rats of Groups L, 5, 6 and 7 were killed at weeldy intervals
wntdd the twentywninth week. |

MMMMWH-WIWWW
dng the imtreperitonssl injectien of MOA 50 one Oroup O/was sserificed |
3, 7, 11, 24, 38, L8, 60, 72 and 96 hours respectively after the irdtial



injestion. The remaining snimals were killed at weekly intervals thwough
the seventesuth weok.

| Oroup 9 animals were Mlled st irregular intervals throughout
mmmeft:aempwm:hmdmwmumuahtm normal welght
wmd appearance of the adrensl gland.

- Rate of Grwup 10 wero also killed st irregular intervals and
war'e used to detarmine the influsnce of the basal somleaynthetic diet

én the adrenal cortex. .

Autopay foutine

ALl aminals weve killed by ether ishalation, weighted oo &
pharmageutical balance and the terminal body weights recorded. A note
was made of the general physicel condition of each snimal, An ebdominal
mmmmm“,mmmmm&mmmm‘
10f formalin fixative approximately three mimtes after death, The body
was then desapltated, the cranium opensd, the train removed and the ro-
malning head with the pitultary still in ite bed was placed in 108 form~
alin approximately five minutes after death. The liver, spleen with
panereas attached, ovaries, visible lymph nodos, and & segment of the
m'mmmmvwimmﬂ(?)mhmmmmm
proven to give the bost cellular deteil(3®), e stomach, lavge snd
amall bowel, lddneys, testes, lunge, heart, trachea with thyroid attached,
salivary glonds, and any abnormsl abdomingl lesions were rumoved and
placed in 10F forwalin, The aldn of the back wes incised on all emimals
receiving mubcutaneous injections and all leslons were removed and £lxed
in 07 femsaline A detalled deseription of these tissues was recmrded.

Af%er o minlmm of three days represaentative blocks were cub



from these tissues for histologic study, The pituitary glands were
shalled out of the skull and weighed on an snalytieal balance. The
adrenal glands were slmilarly welghed snd both organs were submitted
in their emtirety for ssctioming,

fistologic sectlons were etuined viih Hematogylin and Beein
and all the aforementionsd tissues wore mlcroscopleally studied., Fro=
sen seoctions of one adrenal gland from each of the animals in Group 8
kKilled during the first four days of the exporiment and from each of
the rats in OGroup 9 were staimed for fat with Sudan IITI. Thie wes dome
to study the lipoid distribution iv normal glands and those subjected
to asute abdominal insult, Detailed microscopic demorlptions of all
eoctions ware recorded.

Colored o black and white photomlerogrephes under low and
mgh powsy were taken of all representative changss in the adrenal
glands and other arpans. |

CBSERVATIONS
Heights

Since the animals used in the experimemt varied so groatly in
woight it was declded that the most acourate detersination of alterstions
in adrenal and pltwltery gland welghts could be made by expressing those
walghte as paroentage of the total body weighte of tiw animals,

Group ¥ (Labaratary Chow diet) was killed to establish normal
valuge for pitultary snd adrensl weights of animals in the stock cagos.
The twelve male rate were all large vigorous adult animals weighing mere



than 200 grams and the percentage of sdrenal gland weights was found
to vary from 0.0155 to 0.0275% of the total body wedghts. The twelve
fonnle rats included six fully-grown snimals weighing over 200 grams
and six yvunger enimals weighing 100 grams or lose, It was found that
the adrenal gland weighte were closcly ocmparable within each of theme
weight categories btut differed appreciably between the two groups. Thus
the younger female# adrenal glands tended %o Lo somewhat heavier, vary-
ing from 0.030% to 0.0L6L of the total bedy welght, On the other mand,
mmw:m*mwmwmghma,m
fron 0,0237% to 0,033% of the total body weight, Since ths animals used
in this experdrment were fully-grown and the great wajority weighing over
200 grams 1t wes doclded that the lower range of 0.023F %o 0.033% would
be considered a3 the normal pereentage of adrenal welght to total body
weight for the femmles. These figures arc in close agreement with nore
mal values established hy other M&mm(m. The proportions are
ot consideved to be absolute velues; sinece ne preat offort was made to
remove all the excess periadrensl tissue, but 1t is felt that the arror
introduced is relatively constant throughout all the animals in the
experiment end those figures are accurste enough far comparison botween
groups. |

The percentage of pituitary gland weight to body welght was
found to be highly variable., This in part ean be explaingd bty the small
sise of the glands and the difficulty of removal in toto withoul extren-
eous tisous elinging %o them. The male glands of Oroup § varied widely
in @ range of 0.00L7% to 000843 of body weight, the female glands vary-
ing fron 0,0032¢ to 0.,0066f. Both saxes were rether evenly distriluted
throughout these ranges without respect to 8ge oy weight of the animals.,



The percantege of pltultary gland to adrenal gland welght was
ealovlated for sach animal and it was found %o Mange fion 107 to 248 ia
malss and from 135 to 2h% in the fomales with the younger femeles all
varying from 137 ¢o 19%. Thus, there was no significant differences bow
twean saxes in the parcentage of pliuitary to adrenal weight so the
range of 107 to 2% wae assmsed to be normal for both semes (Chard Wo. 1).

Rate in Oroup 10 (Basal Diet) were studied to detecwmine the
difference that dist alons would malke on the organs, The small mumber
of animals precludes any defindte conolusions, but the range in pore
centage of adrenal to body weights did not differ sppreclably frem that
gmm‘mmmmawr Chow, varying from 0.012% to 0.026%
Wimmamwo.mMmm. The percentage of
pltuitary welghts to body weights and tharefors the proportion of pitule
tary to adreml wights aleo foll into the renge designated ss nomsel
for the parpese of this experiment, lany experiments have reported the
influence of high and low protein dists on the weighti of the adremal
glond(12s 135 I4) wp 4ho proteln content in the two dlvbs used in this
exporiment did not differ sufficlently to cuuse this change.

Throughout the experiment great variations were found to eccw
in the propertion of adrensl and pituitary to body mights, depending on
the hoalth of the animals, and %o the type of drug they were receiving.
It was noted that the glande of the animals spontansously dying under-
‘mmmmmmmmmmammwtmm.
Jo it was decdded 4o omld these glands from the weight curves, only cone
eldering immedistely fixed glands obtained from freshly killed animals,

In Group 1 (nfliedab + M4 dist) the adreml glands in gemeral
showad an inorsass in welght with & gradual return to normal in 2 %o 4



woels, After the twentlieth woek the adremal glands agein show & tende
engy to gain in welght. This is considered to be a valid assumption
sime the majordity of thess animels wore in good physleal condlticn

and eny body welght less ccowrred very slowly.

The pituitary glands showed & deorease ia the relative pro-
portion to body welghhs which was maintained throughout the duration
of the experiment, though with wide varlations and only the generel
trond can be comsldered.

Thevefore, ths proportion of pltuitary welght o adrenal -
gland welght docroased at tho onset of the expsriment and remalned low
for the dwration (Chart No. 2 ).

Group 2 (mtiMedad diet plus MOCA cubcutanecusly) displayed
espontlally the same trend in adremal and pituitery weiglt changes as
did Oroup 1, though to & losser degres. o teminal rise in the advensl
weights was noted, bub this may be duwe %0 the fact thad this group was
not allowed to go farther than 29 weeks, Uhart No. 3 shows an lnmdtial
emall rige in the adrenal weights lasting for about b weeks, with a
retwn and malntenance of normal values fo the remainder of the eperie
ments 1t appears that the famles adronsl glands tended o remain heavier
for o longer time, %31l sbout 10 weeks, and then to fall slightly below
normal for the remsinder of the experiment. '

The pituitery gland welghte showsd an Lmmediste and permancnt
decrecse. Thoss of the females showed 2 tendendy to insresse in welght
lzbe in the experiment which cammot Le attriluted to & decresse in body
weight oince this was not greal.

Ths proportion of pltultary weighte % adrenal welghts reflscted
these changes by premptly falling below norsal and remaining so wmtil the



25¢h woek when the mise in the pliuitary weighte resulsed in o retwm
$o normal (Chart Nes 3)s

Group 3 (m'edsh et plus MCA intraperitonesily) showed o
slndlar carly incresss in adremal gland weights, bub in this series the
welzhts tended to remaln elovated timwonghout the expardment. The pitui-
ary welghts in cowson with the other serdes lLmmadiately deewessed belew
normal which was maintadined wntil the twentleth week, follomwed by & ten-
dency to retiwom towsrd normal. As & result tho pereentage of pltultery
wedght to adrensl weight deoreased immediately and remained bolow normal
thronghout the experiment (Chart Ho.l )s

Group & (m*lNedad dlet plus squeous suspension subcutancously)
adrena) gland weights showed & transient sarly inorease, then progressively
diminished in weight rosching submormal levels by the edghth weelcs The
pituitary glands showed the usual immediate decrease in welght wﬁah wus
madntalned during the entire agpoyiment, although thers seemed to be scome
tendoney to incresgs toward normal after the tenth weelks The resultant
mtuitarr to advemal gland proportion decreased primarily but after tha
$anth weok showed & definite tendency to e¢limd back to normal (Chart Hes 5)e

Group 5 {(atlodab diet plus aguoous suspension intraperitonsally)
adrena). and pituitery welght changes resembled those of the presseding
group closely. There was a privary inomease in adrenal welghte with a
roturn to normal in 6 to § weoks, followed by a slow and progressive do-
croase 4n advonal welghts dwring the Memaining exporimarte The pituitsry
wedghts likewise showed an irmediste fall below nermal with only a ton-
dengy to increass toward mormal beyond the twentleth wesk. The resuliing
pltuitary to sdremal gland relationship foll below normal Lmediately and
gradally olinbed back to normal after the twentieth week (Chart ¥o. 6).



Group 6 (Basal plus MOA dlet) adrenzl welghte showed the fasdl.
lar early rise to above normal with a retwrn to the normal yenge at adout
the elghth to temth week. The normal adrenal waight was goneTally alne
tained throughout the rest of the experiment, The pituidary weichis also
fell below normal imnediately but after the eightesnth wesk thare was a
definite tendency for the glands to galn is woight toward normal, Thoroe
fore, the pitultary to adrenal gland ratic fell below normal Lmmvediately
with only a slight tendemcy to retwrn to normal after the sixteonth weak
(Chart No. 7). . .
mw‘é‘{ﬂmidiatplmmmw}twwlyﬂu
in adrenal gland weights was mot o apparent as the other series, and in
the maln rempined within normal lisits throughout the experiment. The
pltuitary weights again dropped below nermal early snd remainmed subnormal
during the entire experiment. The resuliing pliuitary weighte in propor.
tion to adrensl weighte were maintained constantly bolow normal during
the entire experiment (Vhart Ne. 8).

Group B (Basal dist plus ¥CA intraperitonsally) suffercd a
high mortality rete and only females survived beyond the second weel
%0 1o comparison oan bo made betwesn the saxes. Bub the females showed
the same early increase in adromal gland welghte which returned after
about t'ree weeks ond remained nermal during the rest of the study {Chart
Hoe 9).. |

Oroup 11 (Laboratory Chow + Cortigsone aub&utanmwly) aninala
‘mmmmummuugmmmnmamgmmm
adrenal gland weights at that times The pereentage of pitulitary weighis
to body weights was highly variable but it is felt that these olso showed
& decresse below normal. No significant alteration from nowml oocurred
in the relstionaidp of pltuitary to adrenal gland weights (Chart No. 10).



Antopay Hmﬁnlg

An effort wsa made to M1l aninals as soon &8 they eppeared
0 be failing in heslth, tut this prectice was mot entirely suocossful
in preventing deaths, ﬂm‘yweftha animals, ewposially thoss re-
ecelving J.am;m*nmul injectionn of 4, slckened and died in &
matter of hours. Thess dead animuls were autopsied in the desoribed
manmer and the findings were included in the follewiny discuseion with
the exeeption of the adrenal glands whlch underwent postmortem changes
hawmmmmingﬂzmunﬂtfﬁrmw‘ The gross finde
ings in this emporiment fell into certain broad categuries and they
will be discussed as such.
| Oroups 1 (m'liedab plus 404 diet) and 6 (Dasal plus A diet)
presented similar autopsy findings. Sponteanesus desths were quite une
usual in Group 1, ocowrring in enly 2 andmals (5%), but meve commen in
Group 6, including L animals (20%). None of the Livers or any obher
abdominal wgw in sither of the groups showad any gross ebnormulitics.

Groups 2 (m'Medab diet + MOA subcutansously) showed similar
findings on ws examination end will be discussed together. Aftes
the thirteenth week the livers of Group 2 begsn to show evidence of
olrrhosis by enlarging, becoming paler and mobtled yellosebrown in cone
trast to the normal beefy-reds The surfmses graduslly became roughensd,
later ¥rogularly lobulated, affecting all lobes to & varlable axtemb.
fo cirrhosis cocurred in Group 7. Five animals dled spontansously in
Qroup 2 (12%) while L died in Group 7 (20%).

For the first month after subeutaneous injection nothing
could bo palpated in the siin and on exeision thero was found a small
collettion of MUA powder in the subcutansous tiesus. This wes surrcunded



by & thin fibrous capsule and was loosely attached %o the underlying
fuscia and muscle. During the seoond month & soft 1 om. frecly-moveabls
mage eculd bo palpated under the skin, On exoleion this proved to be &
maps of MCA powder which was surrounded Ly & thiok £ibwous capsule with
mumerous trabseulations extending throughout the MCA deposit. During
the following weels tihis mass gradually enlarged and beoame firmer in
consistangy, though remaining quite diserete and wsually unsttached from
the wnderlying musele. The MOA nidus gpradually diminished 4in sise and
finally disappeared, though occssionally in the late sarcomss & small
collsstion of unaltered powder could be found in thelr centar. It was
imposaible to tell with certaimty by gross lmspection when these grame
lomatous masses underwent malignent degeneswtion. Thay eventually
reaghed two o Lfive cm, in diameter and en cut seetion the Lfranidy
malignant lseions were firm and pearlyegrey in color and made up of
very dense fibwrous tissue arranged in whwrls and trubeeulations, the
m-u'hmwnmma:mmmm. The
fibrosarcomss remained locslised discretely under the sidn and only
lopaely attached to the underlying fesela, though & fesr of the advenced
tmmors grosaly invaded the museulature and bowy therex. Occasieonally
the larper tumors would ulcerats the overlying sidin,

Group 3 {(m'Nedad diet plus MCA intraperitoneally) and § (Sasal
diet plue G2 intraperitoneslly) likewise will be eonsidered topether,
These serles suffered & high morbldity end mortality vhich resulted in
& rather llwdted number of andmals evallable for adremal gland study.
Fineteen sndmals (L47%) of Group 3 and twelve (L1S) of Group 8 dled fyom
~ the intense chemiecal peritonitis or complications produced by the dense
adheslons that formed. Three hours after intreperiteonsal injection of



M4, the powder was found spwead evenly and diffussly over the parietal
paritoneun and in small collections ameng the loops of bowel, bub most
had become adharent over the surface of all lobee of the liver. Bven
this early there was & thin filrin deposition over the mufage of the
liver. The stemach, ducdenum, sploen, and disphregu had become loosely
adharest te the liver swiace. During the eosulng weels there was a
steadily inoreasing deposition of fibrin end fibrous tissue with cone
tlmouws formation snd contraction of adhesions untdl in the move severe
cases all the abdaminal viscera were insxbricably eaveloped by o meso
of denge fibrous tissue entirely filling the abdominal cavity. After
~ thirteen woole small hard wesses wore fowwd over the swrfuce of the liver
amd dlaphraga. These were clroumscribded, chally-sdte is coler, and oub
with a gritty eensation. As theme masses greow to soveral cm. in dlsmeter
they peftoned and bacams more fleshy in consistansy with areag of hemore
rhage and necrosis. Harely similar tumor originated from the imtestinal
Berces. Usually they appeared in the rogion of the liver and diaphwagm,
spreading by direct extension dom the parevertebral gutters to invelve
the spleen, stomach, kidneys, and edrenzl glands secondarily. Cirrhosis
was noted oscasionally on gross lmspectdon in anisals of Group 3.

Groups L and 5 received mtledab in the diet and the aquecus
suspension subgutancously and intraperitonsally, respectively, and will
be considered bogethar. NHo losion could be found in eny animals thad
was directly atbributable to the aguoous guspension, Spontanscous deaths
wors nindmal in these groups. Only ons (5¥) dled in Greup 4, and tw
(10£) in Grouwp S.

The livers in both groups begen o show chinges of mimimal
eirvhosis by elght weeks. From this period on all the livews showed
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progressively more pevere cirrhosis, At the termination of the sxperi.
mont the livers wore almost doubled in sise, the surfaces very lsbula~
ted with many podunculated masses along the edges of {hs lobes, In
addition thwes livers from animals of Oroup L conbained tumora on gross
examinetion, These consisted of numsrous pale gray hard Lrrepularly
circumsoribed seselle nodules renging from 2 mz. to 2 ome in diamoter.
One liver also contained a large 5 ome pedunculated eoft hemerrhagis
and oesrotic tumor hanging dowm into the pelvis. The abdordnal surface
of this animall diaphrapm was covered with pinhesd-slzed hard nodules
representing transporitonsal metastases. Ovoup 5 combalined mo liver
tumors visible 4o the naldd eyv.

Ho mignificant pathology woes goen on gross examination of the
aninals in Growps 9 (Leboratery Uhow diet), 10 (Dasal diet), and 11
(Laboratery Chow dies plus Cortdsons subsutemscusly), Tharo were no
spontanoous deaths in these groups.

- Yo dneight into tho mierescople sproarunce of the adrenal
glande could be geined on groes examinaticn of the klled animals, re=
gardlese of groap. ALl appeared pale pdnk o iverywwhite in scler,
gmooth, firm, and agy ostimation of weipht proved to wwrellsble. The
adromal glands of animals dying spombancously showed & variable ot
of enlargement, depending on the smount of postmortem change thet had
cccarred. Hany were two o tireo dimes enlarged and all beoome a &lrty
motted grey in colar, very soft and friable.

Many of the animals, regardiose of grouping displayed a fooal
clvoale pnmmonia on gross examlnation which appeared as pinhead to ons
m. fims areus of consolldation ovar the surfages of the lugs with
coutraction of the overlying rlewres, In a fow of the animals this pmatw



monda was wore serlous with varisbleegized sbscesses seattered through
the lung parenchyma, Those coosisted of thiok filvous walls and oone
tained & thick dry gresmisheseliow cheesy material,

The plivitary glands of all snimols, regerdless of grouping,
appeared gimilar on gross examination and no egptimation of verlendlity
in welght could bo made. '

The tostes of many males rocelving the basal dlet {Growps 1,
25 35 by 5, 63 T, § ad 10) gracuslly diminished in sise and softened
in conslgtancy. Lete in the courpe of the esperiment thay sypeared
tramalucent, quite uystie in conelmtensy, and one-thivd @ onowhalf of
normal siss,

Elorcasopls Uhanges

Group 1 animals (m'Medab plus MCA diet) commenced to show
early cirrbesis of liver ai three weelts, sonsisting of a minimel insresse
in the perilebular comsctive Yissue. Throughout the remainder of the
experinant twanty-four aninals (52%) showed this miner change. In addi-
tion seven livers (15¥) contained microseopio bile duet cysts afber the
trantyesixth wook, Pour livems (9%) contained focal areas of fabty
motaplasia after the olovonth week. These twu findings are & ccmamm
acoompaniment and considered $o be part of the process of olrrhosis,
In addition, one liver (2%) contained several misroscopic benlgn hepa-
tomas after the forty-elighth week. Ancthar ldver (2f) contained minie
mal bils duct proliferation at the twenty-sinth week. 4 is interesting
that one liver (21) cornteined a malignant hepetoma. IV has been preve
ously reparted (4) that w'kiedsh md 10A aduinistered arally give coue
plate inhibition of liver carcinogemesis. O0f several hundred animals



treated to o slmllayr deb In owr laboratory thia is the anly one to show
a malignant liver changos

The adreaal glands of forty-five animals were found fo be Mt
for mloroseople study. During the izt two weeks the glands becans
Igpavesie. . . Thore wog & lose of lipold vacuoles Dron the glo-
meralosa and fagioulata moness Tharo was evideroe of hyparplasia of
the reticularis gone by an inorease in cellularity and entroachment on
the large blood spapes of this lgyor, Yo mitolle Sipwes were seen but
Wnuoleatod cslls wore commone After the third week tiw glossrulosa
cells began' to enlarge ad therewss & shmltancous gradeal ioss of
vaguoles and gramles fros 4he cytoplasm of tho cells (Figsl)s Soon
after the process was ianitlated in the glomerulosa it began in the
fasoleulata, The fascleulata cells begen to lose thelr rieh gremulare
ity, ot {iret in individual celle ssattersd amonig the normal cells
{(Pigs, 2 and 3} This was accompanied by a loss of the large lipoid
vagucles o a varlabie extent. The reticularis sone retained ite lipodd
vaguales and oytoplassde pramularity. By the twenty-fifth weok these
changes had progressad to a general loss of vacuolarity and grenularity
affesting 81l the colls of the glemeruloss and fuscloulata, though many
vacuoles 57 B4i11 be found (Pigse b and 5)e The antmals living umil
the L7¢h and 45th weeks presented tids change in its most advanced form,
Both glowerulosa and fesciounlsta cellawere anlarged, with extrens deple-
ton of cytopiasmic gramiss snd MHpoid droplets, wtil the eytoplasm
had become very pule and vesicular with caly & finme fibrillary network
mesent (Fig. 6), ., A% this labe stago the reticular is showd &
slight loss of gromalarity and vecuoles. The Sraneitional sons ddsape
peared fsom adrensl gw: damongtrating this extrene sbage of depletien,



but remadned unaltered in other glands .

Group 2 (m'liedsh diot plus MCA eubcutanccusly) animals shoved
many Ilver clanges. After 3 weslw tdrfywose enimals (915) presented
varying degroos of liver cirriwegis. C(yeide dilitetion of blle dusts
was found in 13 enlmals (13%). Faity meteplasia, in focal areas or
gonerslized throughout the liver parenclyms was soen in 15 animals (36%).
This wos agin wied 1 be an secoupaniament of clrrhosis. Hile duch pro=
liferation covwrrod in § animls (207) and benign bile duct adestmas in
one aslmal (3%). Reven anisals (20%) had bendgn hepatomes, Halignant
nwmmmwwmtwmamnm
snimals of this seriew (20%). Malignant hepstomas first apmred at 17-1A
mmduﬁmtmiam&?mlﬁpdemmﬁwm of npoplas.
tic cells scabbered troughaut the lLivers. laber these ealarged 4o one
conpase several low powar flelds, Ho molsstapes were found to arise frem
these cansers. , ‘ ,

The ckin losions consisted at first of a mild edema of the
subcutansous tissue with a slight memonuclear cedl infiltratlon. After
severdl weels there wes s filrolldastic prdliferation indo the aves and
nany wery large miliimuglosted glant eells appeared., The enbive lesion
took on the sprearance of & pramloms and wie relatively avasoulars A%
the twantloth weok these granulemes wlerwent nalignant change, [itwo-
sargonas orising Oroas smaltiple slies in thw granulomas. One of these
tumors also curtalued rhabdomyosarcamatous elesets. Mmmeﬁm
of the experinsd thege Wmors were sess $o be inveding by direst extens
sion into the spinal wsmlature, bub no dlstent metastases were found,
'Mvucfw-m{mt)ummmmmmkmwhpﬁ
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Thirtyetouwr pairs of adrenal glands were suitabls for histoe
logie study and ths adrenal cortical changes roughly paralleled those
in the mrevious groups Changes in the firet tlwrec wooks were limited
to gemeralised hyperemia and hyperplasic of the reticularis with wini-
mal lipeid vacuslar depletion of the fasciculata soue. .« Alber
the fourth week there was a praduelly progressive depletion of the large
lipoid vacuoles from the enlarging plomoruloss and fuselenlata cells,
later a deplotion of the cytoplasmie gramiles in these two layers (Fige.
1y 2, and 3). DBut the process did not appear to advanoe as far as it
did in the first group, sven at the twenty.ndnth weelk, The transitiomal
gsone remained relstively unaltered tiwough the entire cowrse of the eme
perinent. —

Group 3 (m'Nedsb diet plus MDA intreperitonsally) snimals
developed very severe chemisal parditonitiss Pour daye afber the intial
injection the abdominal viscera was coversd by & thin sxudate consiste
ing of fibrin and monomolear inflamatory cells. Large multimicloated
glant cells were found in abundance. Filwoblasts and capillary tufte
soon were sean proliferating in the emdate. %he gramlomatous resetion
gradoally mrogressed untlil the organs were fimlly bound $o each othar
by dense fibtwous bands which were highly vasenlar and thickly invaded
by chronie inflamatory and glant cells. After the thirtesnth weok
malignant changes could be found arising from smidtiple sites through-
out the peritoneum tat most consistantly from the surfage of the liver.
They were primarily fllwosarcomas, but nost also contained anglosare
comatous, liposarcomatous, lelomysarcomatous; snd rhabdomyosarconstous
elemants. These tumors spread rapldly by direet extension thrsughout
the peritoneal cavity, and late in the experiment eculd be found ine



wading the bowel, spleen, kidneys, adrenels, and even the pelvic arguns
oocasionslly (Fige 7)..

Hieroscopic clrrhosls of the liver was seen firat at sixteen
woelss. It ccouwrred in thirteen of the animals (65%) after this tice and
mafmhwwmmMMQMﬂt&mw
liforation, In addition 2 amimals (10F) had bile duct cyets, 2 (107)
showod fooul areas of fatty metaplasis and ote (5%) showed & small
 amount of biliary proliferstion. No malignant liver tumors were found
in this series.

An additionsl finding of interest woe soen in the kidmeys. It
wis sharscterised hy roumded, focel, nodular hyaline arsas in the slomer-
mmm»wmmammmmawmm These
losions closely resemblod those sesm in dlabetis Flomeruloselerosis in
the mmen. It coturred in 5 animals (12%) iu this serles. The yenal
arterioles and tubules remained unaltered (Pigs 8)..

The adrensl glands of twaniy-one animals ware studisd and they
behaved in @ menner sluilar to the provicus groups. Thers was emrly
hyperemia of the cortices with seme hyperplasia of the retioularis cells
and slight loss of lipold vacuolarity from the fasciculate sud glomeru-
losa zones .. .. After aboubd the sixth week the glowerulosa eells

enlarg dand undawent & depletion of the oytoplamule gramlarity (Fisz. 1).

The cells of this layer becase pale mnd vesleular in appearenwe. The
fasoiculata oells similarly enlarged and gradually lost their eytoplasmic
gramles, first in individusl cells amd finslly the eutire layer was ine
volved (Mgs. 3, L, and 5}y The reticuleris sone remaived relatively
unalfected except for perhaps a elight less of vecuclarity. The transie

unaltered
tional sone remuinsd/throughout the experiment.

az



Oroup 4, receiving m'lledab in the diet and the agueous suspan~
sion subcutansously, acted as a eontrol group. No dein losion wams found
any of the animels thet could be eseribed to tiw agquesus suspension,

The livers bagan to show microsoopleal evidence of eirrhosis
after 4 weeks, Thereafter, 21l of the remulning eighteen enimals dls-
played wirdous dogrees of pirrhosis proportdionsl 4o the longbh of tine
on the carelnogenic dlet. Iu the late sbtages this wus very severs and
the Uver consisted of thick sheets of commective tisew with {eclated
hepatic lotules imbedded iz the meshes. Thn other common ascompord-
mente of clryrhosis were alse present in marked degreee, includings bils
duet oysts in 0 aninala (L0%),benign hepatouns in 13 animals (65¥),
fatty netaplosia in 1b snimals (705), and blle duet proliferation in
13 animals (65%). In addition, benign biliary adencmas (cholanglomas)
occurred in one animal (57).

Malipnant liver tumors appeared at 15 wecks and thereafter
ccourred in all of the remaining ¢loven animals, ALl of these animals
had malignani hepatomse, three had hepatic «nmdmiﬁ?ﬁ,k
and five had bile duet adenceareinomas (LSS)e One animal also had en
interstiteal flbrosarcoms arising feon the cirrhotic perilobolar b
rous tissus.
| Hetastases coowrred in three anlsals (27¢). One melignant
hepatoms produced grossly visible trensperitonsal implants on the dise
piraga and also pulmensry motagieses seen a5 vencus bhrombi. 4 biliayy
sdenocareinoma in ancthor anlmal alss epread as venous thrombl bo the
langs. 4 sectnd Mliey edencgarcinoas was found to have sprepd via the
Iynphaties 4o the periasrtic lywph nodes in the reglon of the coeliac
axlo. '

as



The adrenal glend changes in the eighteen animals studied
wore limited to lyperenmia, minimal 1ipoid vacuoler depletion, and hypere
plasia of the retlcularis sons for the first six woeks . . fherow
after, thore was a progressive 1lipoid depletion of the glomerulosa and
fascieulata sones. Ihls cocurred first ag a loss of vacuodarity in the
glomérulosa followed by & similer loss in the fascloulatas Then there
was a gradual depletion of the cpboplasuic grenularity with swmelling of
the cells of the gloweruloss and fascleulale layers; at {irst ocomrring
in lodivideal cells, bub finally diflusely involving all cells of both
layors. ihis depletion process became vary advanged in this serdes and
tho animals beyond twenty waeks were in an advanced stete of lpoldal
depletion, the cells appearing large, yale, and vesicular with & fibrile
lary network in their gyitoplasa. The reticularis remained relatively
malfected by thic sequence of events until the terainal wstege, whan it
too showed cellulur enlargenent with marked vicuolsr and gromlar de-
pletion, but never to the extent of the other layers. ILikewise; the
transl tlonal sone remained wnaliered untll the extrene stage of deplow
tion wien it ms occasionally seen to be abwant (Plge. 1 thoough 6).

No psthologic evidence was found in Urcup 5 (m'ledab diet plus
squecus suspension intraperitonsally) to indicate that ths aguosus suse-
pension w/m hermful affect. Senign liver changes woi'e common
in this group also: Clrrhosis appesred at 3 weels and was fowsd in all
elghtesn of the rate aftor thet time; Wile duet oyste were sewn in &
mts (327), venign hepstomae in § (LVY), fatty metaplasis in 12 (637),
bile duct proliferation in P (47%), snd bLillery adencmes in 2 {110),

Malignant liver tumors appesred al lfowrtesn wecks and were
found thersafter in & (50%) of the wemaining animals, ALl of those
tumorous livers gontained malignud hepatomas, In addition one alse
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vontained a biliary asdenccarcinoms. No mstastases were found in this
Sroupy

Adremal cortical shanges closmely paralleled those of the pre-
ceeding group, though they were less extensive, The adrenal glands of
saventeen animals were suitable for study, Tho one animal showing a
aignificant early inerease in adrensl gland welght was found to have
extroms hyperemia of that sland assoclated with hypertrophy of the
fascioulata cells . . After L wookes the glands began ¢o show
fooal areas of liipoid vacuolar snd gramular depletion in the glomares
loga and fasoloulata sonep with swelling of thess cellse After the
fifteenth week this process becams genoralised, effecting all the cells
of both these layers. The terminal animals showed very marked lose of
vaguoles ard aytoplammic gramiles, the colls being very large end pale-
staining, containing only a fine fiteillary network in their oytoplasm
(Figs.1 tilwough 6).

Group 6 received only MOA in the besal diet, The liver changes
were insignificsnt, only 2 animels (11%) showing meroseapicsl fatty
metaplasia. Yo MOA-induced sarcomss developed im this group.

The animals killed in the Tipst 5 weeks showed the familier
evidenoe of reticulayis hyperplasis snd & slight loss of the lipold
vacuolarity in the glomerulogsa and fasciculata sones, but these finde
ings diseppeared promptly, : for the remainder of the emperiment
the adremal glands appeared relatively normal in the healdly eaimals,
Hate killed besause of & pour or moribund condition showed evidenses of
Lipoid graoular depletion and losw of the lipeid vacuclarity in the
glomerular and fasicular sones, with swelling of these cells (Figs.

1 through 6).



8ipnificent pathology in Group 7 (Basic dist plus JCA sube
cutaneously) was limited to the site of the HCA injeection. The earli-
est animals killad showed & diffuse monomaclesr inflammatory cell infil-
tration of moderate intensity imto the area injected. This was soen
followed by fidroblastic proliferation and the appsarance of many malil-
nawleated giant cells, the whole gramlonatous sone remaining relatively
svasoular, After the twentisth wesk multiple foci of malignant degen~
eration began to appoar which sooa fused inte large sarcomaious masses.
Hine animely ehowod suboutaneous saroomes which Iﬂphmmd 907 of the
andmals living beyond the twentieth week, A1 the tumcrs ware prodone
inantly flbrosargomes, but three also had llposarcomatous olements and
two othore contalned areas of rhabdomgaarcomas .

The adremal glands of ssventeen animels were fit for study and
only bwe aninals showed the sarly changes in the adrenal cortex of hyper-
smla, Wyperplasia of the reticular sone with some lipoid vaguole déplee
tien of the fascleular and glomerular layers.. . Theveafter, the
glands in general remalred relstively normal microscopically exesb for
an thal animal which showsd thn Familisr dopletion of the fasciou-
lata and glomerulosa sones of their lipeid vesuwoles and eytoplasaic
gramnlarity, with swelling of the fascloulata cells (Figs. 1iwough 6).
The tramsitional sone remained relatively norml throughout the course
of the experiment. , |

Group § regeived HOA intreperltoneally and was faﬁb the bagal
diets Only one animel {5%) hed microscopical evidence of minimal oire
riwels, and no malignant liver tumors ocacurred.

Ap early as 3 hours after the injection the internal organs
were covered with a thin filn of fibrin sparssly interspersed with
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gramalogytic oollss This gradually organised in later animals to bo-
come & dense layer of fibroblasts infiltrated by many chronie inflame
matory oelle and multinucleated glant cells, with rich vaseculavity.
Thick adhesions bound the internal viscera tigitly to esch other. After
the thirteenth week mltipls sarconas began to appear in this grennlomae
tous peritonesl reaction. Only four animals lived beyond the thirteenth
weok but thoy all contained fibrosarcomes, These tumors epresd rapidly
Shroughout the perdtonsal cavity by trunsperitoneal extension end were
seon %o invelws the liver, sploen, stomaoch, lavgs and sowll bowel, kide
neya, ond advenal glands (Fig, 7).. Twenty-fouwr houwrs after the
intreperitonesl injection; the advenal glands becams quite hyperemic,
and the llpold vacucles began to disappesr from the fascieoulate and
glomerulosa soned, . . This was accompanied by hyperplasie of the
retioular layor, Throsghout the remainder of ths experiment almost adl
of the adrenal glande showed varicus degrees of lipoid vacuolér end
gytoplasmic gramlar deplstion of the fascicular and glomerulsr sones
with smalling of these vells., In many of these animals this process
roached an extreme degree, with pells appearing vesy palo with enly a
fine fibrillary network in the cyboplasm (Figs. 1 through 6). Pot stains
ware made on sectlions of adrenal glands from animals killed in the frot
four days of the expesriment, Seven hours after the intrapsritonesl ine |
Jootion of MCL 2 loss of lipoid vesuolarity was detected in the reticus
ler pone, After eloven hours the retloulsr cella were almost devold of
lpold veouoles and the faseleulats oells showed vacuolo depletion. Ab
toarty-fovr and thirty-eight hours both the reticularis and fascloulate
#oues ware almost entlrely deplated of thelr fat vacuoles. By

slxty hours after the initial injection the lipoid vacuoles had besn



restored to the reticuler and fascloular cells in sorsal congentration.
The glomeruless sons remalned spparently undltered, retaining ite rich

supply of lipold vasuoles. The $ransitional zons ramined fab-tros in

all the sections. Sevanteen palra of advensl ylands were suitabls far

etudy in this group,

Group § was amzpumﬁ%&ﬁs chosen at random fyon the stosk
cages on the lLaboratory Chow diet %o study the normsl spperance of the
adrensl glands. Yo aignificant pathologleal findings were seen in eny
of the organs excepd for o mindmel amount of focal slwontic pnsumonia in
 a few rate.

It was lemediately obvicus that ihers wae a definite vorlaw
tion in the microscopical appearanse of these glands in the male and in
the female. Tha male glands gonbain & glossruloss wone which s made
up of mmall densely~packed cells with & moderats amount of groapulsr gybde
plags, ALl the cells of this layer contalned many emall lipoid wacucles
in their eytoplamm. Tho trunsitional sone wes four b0 five cells thick,
made up of very small darkly-nucleatod cells with a sinimm of homdgenow
aytoplasnm apparently dovoid of gramules or lipoid vacuoles. The fepoicu=
lsta eolls were somewhat larger, being sbout ogual io size to the
glemerulosa ocells, and were allignad a8 fascleules in orderly fashion
axtending from the transitionel sonw 10 the reticuleris zons. The nuclel
wore pale, contsining diffuse chrowstin somewhat condansed peripherally
and ususlly only one ceubral miclooluss The gytoplasn m rathey plontie
ful and was evenly gramalar but displaced by 8 varisble mmber of smll
lipold droplets which gave the cyioplase a falnt honeyeconbed appearauce.
The reticularis gells were swaller and cunbalned daricer nuslei. They
ware arronged in irregular clusters and cords pepurated by large blood
- simuses. The cytoplasm was sparce and hemogenous in charscter, with
fow apparent lipoid dreplets.

28
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The colls of the female adrenal corter appesred fo be sip-
nificantly larger than those of the male, The glomerulosa sells were
mere locsely distyributed, the mwcled palery and the gytoplasn was leso
gramdar then those of the male. lany large cells were present which
contained little oytoplasmic gramlarity mad were engorged with large
lipoid vacuoles, Neny fat cells were present in the glomeruloge. The
transitional sone resembled thst of the mmle. The fascloulats oells
were mmeh larger in the female, though also arranged in regular fasel
- oules. The cytoplasm was more profuse, the grooularity less pronounced
and eagh oull eonbtained many largs and small lipodd vacucles, Individe
val fasclcular cells were 80 vacucle=laden that they resembled ot cells,
The reticulirie of the fomale resembled that of the mele except the
cells wore scnevhet larger, pales, and with fewer lipoid vacuoles (Fira,

9 throwgh 1h}.

“nie sex differentwas not absolube, in that some glands of
each sex tended toresenbls glands of the opposiis sex, but in peneval
this deseription held btrue.

Group 10 was examined to determine if there was my difference
in the glands of animels of the baslc diet. It was found that the plands
of this group exactly resembled those of troup 9 {Figs. 9 thwoush 11).

’ Group 11 was ineluded to obssrve the changes that cocurred

in advenal slande after the sdwinistration of Cortisone for sight daye.

The glands of the 3 mals animals wers very uniform in appesrance. They
all showed lipeld vasunle etorage in the faseieulate sone, whose colls
ware all extremoly engorped with wacuoles of all qiws, untll the normal
cytoplasmiv granularity was almost entirely replased. The roticularis,
glomerulosa snd transitional sonss remained reletively unchanged (Fig. 15).



The five females showed simili chenges of less everity (Fig. 16 ).

Other interesting microseopic changes oceurred i bhe sdrenal
glands which were not confined %o the glands of any particular serles
&nd did not seem to be influenced by any dlet regime of route of ine
jection, Faity mebaplasis wes o common cocurrence in the glomerulosa
and faseloulata of all glands thot had undergons extensive pramular
and lipedd vacuolar depletion of these layers, |

Accassory ¢ortical modules of glomerulose cells were u common
and normal ocecurrence in all rats regardless of saxe These ware sube
capsular collections of kglﬁmmlom cells partially separated lrom the
remeining glomeruler layer by a band of conngclive tisoue extending
imward from the cupsule (Fig, 17). These are reported to cccur fre-
quantly in human uhml glands a}w(ls}. They are nost common in
children and are thought to hnéamn ingorporated into the sona ggl_:ﬁ-
losa during adult ife.

Semorrhage with cystic dsseneration im the adrenal cortex was
& rare occwrrence, present in two animale late in the af:mé of the e
periment snd amsocisted with malignant tumors and extremes grermular and
. vaguolar depletion of the gland, This phenamenon alse ocewred in one
animal four days after the intraperitoresl injection of MCA {Fiz. 18).

Fogal areas of negrosis in the ‘fmaienlar zone was found in
three animals in different series distribvuted tiwoughout the course of
the experiment (Fig, 19}). ‘

Poculiar round homogencus pinketalning {ntracytoplesmic bodies
ware seen in the fascleulsta cells of six animals uithaui rwpﬁ;:t to
series or duration of the expuriment (Fig. 20)s The significence of
these formetilons is unknm nd heve been referred to a8 “oolloid formae



tien® Ly Selye who folt that they might represent storage of cortical
hormones(16), i11er(37) pofers to these bodies as "iiposomes® and
reparts thelr presence in normal mouse adrenal glande,

' Capeular thickening was a comson but not inverisble sosoupan-
iment of oxtreme vacuolar amd gremular depletion of the fascloular and
glomerulor sonss., In & few cases the capmuls was seen to be actively
yra:l.ttmtmg into the substance of the Flomerulosa mons,

Focal adenomas of fasciculate cells ccowwed in five rats
whose adrenal cortices were undergoing extrems gramular and vaguolar
depletion, This phemomenon appoarsd as clrcumscribved colisctions of
tremendously enlanged fasoieular cells with gremler cytoplasm and vone
taining & variable mumber of lipoid vacuoles (Fige 21).
| Postmorten change was microscopleally evident inm the adrenal
glands in a matter of minutes affer the death of the amdnsl, This cone
slsts of swelling of the cells in all layers, gereraiized hyperemia,
loss of vacuolarity, and replacssment of the oyboplasmic gramlerity
with a homogenous pink-stalning material, Far this reason these prlands
were congidered wnfit for study of adrensl woriical changes in this
axperiment and were discarded.

iiyeleid notaplasia was & common ocowrrence in the Jiver of all
rats ineloding thoss fed laboratory Chow, Its incidence was 2659, It
also wag seen in all spleens i{n weriable amounts. 7This phencmenon is
consldered %o be a normal occurrence in the livers and sploens or rats.

Focal clwonic pmeumonia was misroscopieally evident in 32 of
all ardmals in this experiment. %i&ia#emmminwm
colony. It did not appear $o affect the health of the animals except
in a fow cases in which large abscesses were presant, These were asso-

b3 §



ciated with large arcas of exudate and conmolidation which caused the
death of the animals, .

The pléaitary glands ware exceedingly wndferm in all the rats
used in this experiment. One gets the ispression thet there is an occae
edonal alteration of the normal acidophil - basophil oell relationship,
tut this change did not correlate with any of the adrenal pland changes
or any of the drug regimess It iz felt that & paraffin section stained
with Hemotegylin and Zosin is not an ascurate method of studylng cyte-
logleal changes in the pltuitary gland,

An occasional eplthelima-lined cyet filled with homogenous
pink staining material was soen in the pars intermedialis.

Testicuwlar atwophy coowrred in 227 of all males fed the Basal
diet, Mmmiﬁﬁa%aﬂmmmmm#fm
semenifeyous tubules., Subsequenily the geminal epithelimm degensrates
and desquanctes inte tho lumen of the tubules. Large mitimclosr
glant cslls then appear in the tubules. Lastly, the Sertoll cells dise
appear from the walls of the tulmles lssving them collapsed mnd smply.
The Leydig cell clusters sppear to be uwnaffected by this pwocsss (Mlg. 22).
There was no significamt alteration nobed 4n the ovarles of any of the
:mummamm;.

DIBCUSEION

The adrenal glands of all series underwent transient inereases
in weight early in the course of the experiment. This was produed by
hyperplasia of the reticular sone, hyperemla of the entire glund, and
some depletion of the llpoid vacuoles in the faselculsr and glomerular



—— This was interpreted as represonting etdmilation of the gland
with hypersearetion and depleotion of ite hormonal stores. This was
sogy Go understand Iin those groupe receliving subcutancous and intires
paritonsal injectlons which might act a¢ & atress tp the animail, But
it was diffioult to explain in those animals videh were only placed oa
& different diet. Perbaps just a change in diet smd the hendling necosw
sary o place these amlmals in new and strengs surroundiangs with the
foar that they perhape feel might constitute a etimalus $o the adrenal
glandss The resulis of this exporiment show that the adrenel plands
in rats are vory loblle and ugy be undergoing almost continual morphe
ologiec changes, The early inorease in weight of the glands and the
agsociated Mrtologle changes afber vardious types of strees have been
noted bty many experimentere(lSs 19, 20, 21, 22)

Afber the Injtlsl rise in edreual gland wedghte and their
retwrn to nomel the adrenal welghts tend to fell imko thres separate
patterns, Control animele receiving the liver carcinegen orelly and
mwm.wmbywﬂm{mmhmﬁw
enimals in which liver corcincgencsis was allowed to procoed uncheciced,
sinee the aguecus suspension was found to be innocuous. 7he adrenal
glands became progressively lighter throughout the course of the exper—-
Inent. Mstologleally, thess glands showed a progressive loss of vaguol-
arity and intrecytoplamic gramlarity of the glomeruloss, fascleulata,
and flmally the reticularis svnes. PFinally the cells appeared swollesn,
pals, with ouly a fine fibeillary netwerk in the cyboplasn. These
changes correlated more closely with the state of health of the animals
and the pathological lesions they sontained rather then to the length of
tine they were maintained on the earcinogenis dlet. Thess adrensl gland



changes have beon noted by other suthors in emimals undergoing emperi-
momtal earcinogencsis{?s 23), sarapon(3) has studled the fAmds of
thirteen mmans dying of cansers and reports simllar changes. Many
explainations have been proposed for this change. Mton-(a} sugpestod
that it wmight represent a respomse of the gland to relense of toxie
substances from large ameunts of necrotic tumor tissue. Selyeld®) sre.
posed that it might represant sxhaustion of the gland fyom coctinuous
stress exerted on the body by the neoplasa. Saresontd) sugmests that
it might represent & resporse to infectdon of the neoplastic tissus,
But 411 snthors agree that it sceompanies the general ocachexis of the
amdmal and could be & result of an indtial stimmlation of the adremal
cortex baing nsintained end loading to eventual cortigal exhanstion,
Bogz‘2h) theorises that the clinlcal state of malignant cashexia may
be due to iypofunction of the adremal corbex.

Another type of adrenal weight ewrve and mievoecopic finmding
cecurred in aninmals fed the Besal diet and receiving WUA in the food ar
subcutenecusly (Groups 6 and 7). After the initial increase in adrenal
woights there was & prompt return %o normal vhich wae malntained throughe
out the remaining experiment. Histologie study of the glands showed
that there was s minimal smount of lipodd depletion in the cortem. This
is understandable since mmmwwammwﬁadmnu—
tively good health, Even the aminsls that developed subeutanecus pare
caas in Group 7 remained in falyr hoalth since the tumors remained rather
localised $¢ the suboubtanecus tisvue and did not invade any vitel shruo-
tures.

Oroup 1 (m'Medad + HCA diet) representeda third type of adremal
response. After the initial inerease in welght of the advenal glands,



they promptly returned to narmal untdil the sevemtesnth weok when a
gredual lnerease in woight occurred wp to the forty-eighth week. Moro-
ssopically, the glands showed maried lipedd deplotion of all layers
afber the seventeenth weak comparabls to animals suflering fvom maried
eachaxia, yob these animels had madntadned thelr body wolght and the
great majority of them sppeared in quite good health when iilled. Only
ane Lumor oourred in these animals, demonstrating almost complete inide
bitlon of liver cancars, and eirrhosis was never mare than moderate.

Oroups 2 and 3 (m'Medab dist plus MOA subcutansously and
intraperitoncally) also demonstrated inlibition of liver cancer, but
these anlmale s&lsoe exhibited clrrhoslis or suroomas sl many ouliored
from markod cachexia, so that the lipedd depletion seen in the adrenal
glands could be due to these changes rather than the tumor inhibdtion.

An occaalonal moribund animal was found to have vary heavy
adrenal glands, lderoscopic examination revealed those glands %o be
leaded with Jipeid droplets, filling cells of all layere. This change
rescubles that seen in adrenal glands afber the administration of Core
tisone, except it wus genoralised and not confined to the fassioulata
layer 48 1t was 4n Oroup 11, Vogt'=>’ has noted the ssme phenonsnon
in the adrenal cortex during various stresses and he belloves that iX
a siress is severe enough or sufficlemtly prolonged the usual lipedd
depletion may be replaced ly Lipaid storege. Thars was no apparent
eorrelasion with sy of the drug regimes. These glands asccount fo
the few emgeedingly heavy adreral glands on the grephs depieilng per-
centage of adrensl gland weights to body weighte.

% was of interest to note that thowre wes a sex variation
in momal ret adremal glands, reflected toth du the welghte of the



glande snd their histologle appearance. Throwghout the experiment the
female glands tendsito remain heavigr than the wmalee, although the welght
ohanges ave in tho sane direction and of approximstely the seme magni-
tudes Afber the male glands had. undergone gome swelling and intrecyiow
Flasnic grelar depleotion in the foscioular and ploserulsr sonss they
more closely resesbledfemale glande snd theresfter the sex dilffesemce
botween the adrennl glands became indistinguishable.

& recerd repart in the Mterature indicates that thave in &
sex difference in the suseoptabllity of rete to m*Nedabeindused liver
canvers, males tending to develop tamors nove readily than femalesS),
This is supported by the grester froquoncy of iiver cangere ia huwn
males than in females®), Results from this experinent vere analysed
with this poselibllity in mind end it was found that there wes no signie
ﬁ@tmmiaﬁmmmwlmww”wnm
changes; MCA sevoomes, or in the iuhildtton of liver cancers. It has
Mmmmm&mmﬂmmwm-mu
both the male and fomale adrenal plands end with deplation the glands
eventually bocome indistinguighable. This lack of sex veriation mmy
be dus to tho high doses of drugs used in this experiment or to thelr
cortirmed use in the diet,

Some suthors refor to the extreme Yipodd depletion and leos
in wight of the advema) glands sesn in cocheotic animals as “atrophyw(16),
The tera has been avodded in this paper since 1% 1s felbt that this
change does nob vepresent etroply in the true pathologlesl sense of
the words By defindtion, atrophy is "a decreese in pise dus to fower
olenents or smaller elements or both."(26), Thy appemrense of thess
glands did sob 111 these criteria. On the contrary, the sells were



gesn %0 swell in sise as lipald deplotion progressed. And in no case
w9 & doorosse in the mumbey of cells demonstrated. If one may be exe
cuspd for using & plysicloglesl twn for o psthologioal entity, porhaps
fexhanstion” might be & move scourate description of these glands, The
only true atrophy seen in adrenal glands Ly this invesidgatee ocoourred
following hypoplymectomy, though there is no doubd thed 1% ocourw albor
othar conditlons. The gells of all layers hecome very amall, with very
amall dark mudlel and sparss oytoplasm devodd of any gresnlarity o
vaguolarity.

 elye ropartsl35) tnay wyparplasia cocurs dn the advensl core
bex following any mone-apecific stress, with the appesrance of muy
mitotie flgures, binuclsated colls, and assecisted with hypertrophy of
the colls. This experisent falled to reveal any mitotlec figures in any
. of the layers during conditions wirich certainly could be classified as
siress. Dyperplasia oseurred in the retioular sone in all animals ad
the onset of the experiment, with evidence of inurvased cellularity
and thickening of this layer with enchroachment and partial obliteras
tion of the noymally widely-dilated blood simses. lany bimeleated
~ealls were soen, yeb mitotie figures were abaent.

The incldance of Yesticular atrophy in male rats fod tho
Dasal semigynthatic dlet was very high, and in onc ocase was ovidant
 oloven houre afber being pleced on the dist. In contrest, mo Alterse
tdon in ovarlan appearsnoe wes noted. This atrophy could not be core
relsted wiih any adrenal cortieal changes o with any of the drug
rogines. It is lknown'®7) that vitasin T s necossary far fimotlonad
integrity of the testes and that atrophy ogcure in iis sbeenpo, Lack
of vitmin & sy aceount for the testlcular atrephy cecurring in this



experiment, Perhaps the ovaries do not depimd on vitamin B for thelr
fuanction.

mmwmmmmwmw
in animals that recelved MCA intreperitoneally and thus mst have ve-
sulted from & toxle action of MCA given by this route on the kldney,
aince HOL sdministered by any other route did not produce this change.
It occourred as oarly as one weslk after the admimistration of the drug.
It is not felt that this influenced the mortality of the animals bo-
cause it was only & focal phenomencn and meny glomerclae were spared
and apparently nommel. '

There wes a significant differsnce in the induction times of
subgutansous and intraporitonsal sarcomas, The subeutansous tunore were
first seen at twenty weeks while the intraperitoneal sarcomas appeared
at thirteen weels. This correlated well with the increased severity of
the peritonssl response and the greater vascularity of the peritonsal
gramulonss compared o the suboutanecus resotiom. It 1s felt that the
induotion time of MCA-induced sarcomas is iaversely proportionmal to
the degree of tissue response to the irritant,

CONCLUBICHS

The adrenal glands of Sprague-Devley rats were stadied during
the induction of Liver canser by Jeliethyleldimethylanincasobonsiens sud
during the inkibition of liver carvinogenesis by 20-liethylcholantiwens.

The adrenal glands of all animals undorwent o trensient early
inorease in welght wish histologle chenges thought to represent stimslae
tdon of the glands with hypersecretion and deplotion of thelr hovmensl



 stores. Thereafter, the glands fell into three separete patberns:

1. The adrensl glands of rats dewvelopdng liver cancers pro-
gressively decreased in weight. This was wanifested histologiosily by
dgpletion of lipold vecuolarity and eyioplasmie gramlarity with collue
lar hypertrophy, occurring meinly in the glomsrular and fascicular
sonst. This chmge was thought to represent adremal cortical exhaustion
fron long-contimied stimulation and might heave contributed o the marked
cachexia that ocowrred in these animals, |

2. The adrensl glands of rate recelving MCA subcuaneously
microscopically showed only » mimimel emount of lipoid depletion and
ocallunlsr hypertrophy. These animals developed suboutancous fibrosare
comse which remmined rather localised, did not invade vital structures,
‘and produced litils emanclaticn, '

3« The adrenal glands of yate recelving both carcinogens cwally
@odually increased in weight late in the experiment, Histologically
these glands showed maried lipoid depletion and cellular hypertrophy
indistinguishable from thet seen in casheetic animals with liver can-
cars. You these rats developed no tumcrs and remained in pood health
tiroughout the experlment, This suggests that caneer inhibition might
eonstitute & chronie stlmlation leading to adrenal cortisal exhavetion.

Thers was found Lo be & sex varieilon in normal rat adrencl
glands, both in weight and hMistolopioal appearance, After lipoddal
depletion and cellular hypertrophy the glands of the two sexes became
microscopically :l.ﬁd:l.ltiugﬁs!nbh, bt the fﬂl.'h glanls remsinsd
msmmmazwmﬂm@mmw,

Study of adremsl glands which have undergons even minimal poste
mortem changs is & fruitless cccupation in thet no insight can be gained



68 %o thelr morphologledl or fumetional state during life.

Inmadinte fixation of the fresh tissue 1s essential,

Boutine Homotenyline &nd Fosin stained sections give & very poop
insight into the functional sitate of the adremal cortex. Vet stains show
that radieal changes in the lipoid content of the glands is sttended by
only mindzel changes in the routinely stained seotiona, Therwfors, it
ie recommended that fab stalos be included in ey Wistologic study of
the adrenal corbax. |



Graph I. Group 9. (Ilbmm'hw diet)
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Oraph 11, Group 1, {m'Medab plus MCA diet)
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Graph IIT. Oroup 2. (w'Medah dlet plus MCA subcutanecusly)
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Graph ¥, Group Lis (m'Madab dlet plus aguocus suspension mm}-
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Geaph VII, Oroup 6. (Bassl plus MOA Met)
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Graph VIIZ. Oroup 7. {Dasal dled plus MO mm:zwmir}
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Oraph IX, Group 0. (Basal diet plus NoA lstraperitonsally)
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Moae 1.

Flgure 2.

El Mpiv: ci;gll-le granular deplstion of the soma

The process is confined to this some, the :amiauln- cells
remain normal in cell sise and cytoplasmic content.

Fozal hyportrophy, cytoplasmic granular and vecuolar deple-
tion in cells of the mona domerulosa and fapeiculata, 200x

The process is sowewhat more advanced in tho sona plomerulosa,
The transitional sone is unaltercd. Compare with the normal
adrenal cortex in Figwes 11 and 12.
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Figure 3, Focal - and voguolar
el R Y Mo e cpletion

Many walfested cells are seen which are smallor in sise and

contain & normal amount of gytoplasmic gramlarity and vaguo-
larity. Uotiee the wnaltered transitional sone at the upper

odge of the pleture. Compre with the normal adremal cortex in
Ploures 13 and 1.

Figure 4« Osnmralised hypertrophy, cytoplasmie granular and vacwslar
w«nmm@:mmmw:mm.

The process is more advenced in the sone glomerulosa, while
the transitionsl gone rapaine wnaffectod. Compare with the
oormel adrensl cortex in Figwres 7 and 10.
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Figwre 5. CGoneralised hypertrophy, cytoplammie gramidar and vacuolar
depletion in cells of the moma fascloulata. L78x

41l oells are affected though the severity of the chanpe
varies between gells. Cowpere with the normal adrensl core
tex in Figares 13 and 14,

Figure 6. Bxtreme gensralised hypertrophy, sytoplasmio gramlar and
vacuolar depletion in cells of the seua fascloulata, 475k
The cytoplamm of the cells econtains only a very fine fibrile

networlk the calls a faint GPpoaronce,
mﬂm&%mmmmmnmm
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Figare 7. mmmamm the ocapsuls of an
adrenal cortex undergoing hypertroply,
m:hmmmmmamum

Figure 8. YNephroscleresis. L7t
Capillary tufis of the gloserulus are underpoing focal
mwumhhwsmmmmmm
uaffectod.






FMguwre 2. Adrenal cortex of & normal male rat. 100x

Comparison with Figure 10 reveals that the male cortex is
thinner and the cells are darler-staining.

Figare 10, Adrenal cortex of 2 normal femals yrat, 100x

Comperison with Figure 9 shows ths female cells to be same-
what larger then those of the male.






Pigure 11, Adrenmal cortex of & normal male rat, 200x
Compare with Figme 12,

Ploure 12, Adrenal cortex of a normal fomale rat. 200x

The larger eslls in the famale gland are demonstrated,
with thelr gramule-~poor cytoplasm., Compare with Figare 1l.
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Figure 13, Adremal cortex of & normol msle rat. 475x

mmmnthmmmmammm
slrated, Compare with Pigure 1.

Fgwre 1. Adeenal eortex of & normal femle rat, Li7%¢

The vaouoclewrich oytoplasm of the fasgicular cells is demone
strated. Compare with Figure 13.






(1

Mgure 15, Adrenal cortex of & male rat after eight daily subsutansous
injections of 5 ugm. of Cortisone Acetate. 100x

The fascloular cells are engorged with ¢ytoplasmic vacuolss
whereas the glomerulosa and retisularis mmmmu:
Compare with Figure 16,

Figure 16. Adrenal cortex of & femala rat after eight daily subeutansous
| injections of Y mgm of Cortisone iAcstate. 100x

Vacuolar storage is not as marked as in the male, Figwre 18.
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Figare 17, Aectcessory adrenal gortiocsl nodule. 100x

A small nodule is poen in the sonk glomerulosa at the top

gi‘. the photograph lmmediately wxder the capusle of the
rde

Plgwe 18, Focal hemorrhage and eystic degemeration of the aona

Intact reticunlum cells form sepla between the cymias.






Pigare 79, Focsl necrdmis of vhe faseiculata some. L75x

The upper laft-hand part of the photegraph shows nearotis
colls with areas of aywtic degenoration.

Flgare 20. Colloid Formatien, L78x

These are the small round bodies in the nﬁapmaefthu
fascleulats cells indicated by arrows.
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Figmre 21l. Ademoma of the sona fascioulata, 100x

A elreamseribed collagtion of vary large tells are seen in
the sona fascioulata, the ramadndng cells of the layer show
eytoplasnic granular depletion and hypertrephy.

Pigure 22. Testicular atrophy. 100

The semeniferous tubules aro develd of sparmatoscs, the
germinal cells have desguamated intc the tubular lumens and
degenswrated. The Leydig cells are not affected.



533

o TP

3
wy
-
x
3
e
.5
T
S
5y

- .‘_.‘h



1. Ball, He 4. and Semuels, Le Te Adrenal Weights in Tumor-Dearing
Hats, Proc, Soc. Exps Blol. and Mods, Vol. 38, pp. LLLULS,
1930,

2+ Dallton, Je 4s idstologic Changes in Adresal Glands of Tumor-Desring
Woe, J. Nabe Cas Inmte, Vole 5, ppe 99=109, 10LL.

3. Garason, Ze Le The Adremal Cortax in Syvtemlc Disepse, Arch. Int.
Nod.; Vole T3, ppe 702-T22, 19L3.

o Richardson, H. L., Stiery 4. B, and Borsos-liashinebel, &, Idver
Tumor Inkibdtion and Adrenal Histologle Responses in Hats
Simmlteneously Admindgtered Two Carcinogens Jediobiyleli |
Dimethylamincascbensens snd 20w-ipthylcholeutirene, GCa. Res.,
ewalting publication, Muy, 1952, ‘

5. Richardson, H. L. and Borscs-lachinsbel, K, Study of Liver Tumow
Development and Mistologic Changes in Uther Organs in Aats Ped
&30 Dye J-llothyl-l=-Dimethyanincescbonsens, Ga. Hes., Vol. 11,

Ppe 390403, 1951.

Gs Stowart, i, Personal comamication. Wational Gsiver Institute.

Te GFAffin, Ay C.p lye, Ve Ny Hoda, L, and Lusk, J. B. Tigsue Probeins
and Carginogenssis. The Effect of Careinogenic Aze Dyes en Liwer
Proteins, J. Biol. Chem., Vole 176, ppe 225235, 1940.

8e Dumdng, W, Foy Curtls, ¥, . and Blson, ¥, J. The Carclnogenis
Activity of Hethyloholanthrens in Hate, Am. Je Cae, Vol. U0y
Poe 35327, 1940.

9. Vande Grift, W, B. A Dehydrating Fixative for General Use, Including
a Desoription of Techniques and Stains for Paraffin and Celloidin
Sections, Bull, Johns. Hopllns ibsp., Vole 71, pp. 91-110, 1942,



8L

10, Smith, M, By A Study of the Smear Pyeparations of Livers of lats
Fod the Azo Dye n'Metlylep-dinsthylamincascbenmene. A Thosis.
University of Oregon Hediosl School, Juns, 198,

11, Doass, He T, atd Creep, Re 0. & Howphological and Nistochemical
Study of the Rab's Adeenal Gorbex after Hypophysectony, Fith
Coments on the Liver, im. J. mfm; Vol. ?9:’ QP-I 11 7=145,
2906,

12, Demms, R, S, sad Howard, Gy The Effoot of Distary Proteln on Adrenal
Gland Welghts and om Orowth After Unilstoral Adrenclectony.
Endocrinole, Yole 36, ppe 170150, 19h5.

13, Toppersan, J.s Bagle, Fe Le and Long, Ce N, He Effapt of ligh Proe
teln Diets on Sige and Activity of he Adrenal Cortex in the
Albine Rat, Endocrinol.; Vols 32, ppe 403409, 1943

1, Howard, H, end Cemus, Re S.. The Effect of Protein Deficiency and
Cther Distary Fastars on the X Zene of the Mouse Adrenal,

Jo Tatrition, Yol L3, ppe MS7-L73, 1950. |

15, (ruemwuld, P, hebryonic snd Postnatal Developmond of the Adrenal
Cortax, Particularly the Zona Glomsruloss and Accessory Nodules,
Anate Reos, Vols 955 ppe 393-118, 1945,

16, Selye, M. and Stone i, The Bxperimental Norphology of the Adrenal
Cortex, Thomas Publishers, Springfield, Ill., 1950,

17. ¥ler, Re Ae The Cytologic Phonomens Assoslated with Expordmental
Alterations of the Secretary Activity in the Advenal Corteax of
Mice, Am, J. Anabe, Yol 86, ppe LOS-437, 1950,

38, Teppernan, J., Bngle, F. L. and Long, C. ¥s B, A Review of Advenal
Cortioal Hypertrophy, Indocrinol., Vol. 32, pp. 373-002, 1943.

19, Portier, G., Skelton, F, R., Constantinides, P., Timiras, F. S.,



- Berldant, M. and Selye, H, A Comparative Study of Some of the
Uheeical and Harphologle Changes Ellicited in the Adrenals by
Stress and Purified AOTH, DBndoorinol., Vol. L6, pp. 21.29,
1950,

20. Vogt, M. Cortical Lipids of the Nermal and Denarvated Suprarenal
Glands Under Conditions of Stressy J. Physiol., Vol. 106,

e 39Uedills, 1947,

21, Sayers, D, and Seyers, M, 4, The Pituitary-idrenal System, Bocent
Progress in Hormone Research, Vol. II, pp. 61 - 1948,

22, Papjak, Gy  Lipids of the Rat Adrenal
in Shouk Cansed by Crushing Injwry, J. Pathe and Bucte., Vol.
56, ppe Lil5=lis6, 190k

23. Larionow, L, T. The Endocrine Glands in Exporimental Cancer
Induced by Benspyreme, Ame Js C8.; Vole 385 ppe L92+505, 1940,

2k, Begg, He W, Systemie Effects of Tumors in Rata, Ca. Res., Vol. 11,
ppe 323k, 1951.

25, Pumsfeldy; He ey Miller, W, L. and Daumamn, C. Ae 4 Sex Difference
in the Development of Liver Tumors in Rats Fed Jelotiylel
Dimethylaminoasobensene or L-i"lyoro-i=dinethylanincascbennens,
Ca. Res., Vol. 11, pp. 814019, 1951,

26, Anderson, W, A, D, Pathology, lot edition, The G, V. ¥oslay Co.,
St. Louls, 1948,

27. Ham, A. M. Textbook of Histology, lst edition, J. B. Lippincott
Go.; Philadeliphia, 1950. ‘

26, Haggins, Co md Borgenstal, D, ¥, Inhitition of Mumen Mammary and

Prostatic Carcinoma by Adremalootomyy OCae Res., Vols 12, ppe 13k-

U, 1952,

85





