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IRTRODUCTION

‘anser resparch has Leen directed along =any linss, wt the goals
are te find a cure for cancer or 2 means of provemting 1%, It ie tlvough
the deter-inebion of the etislogy and the pathogenssis that these goels
miy be sshieved. inimal experisentation affords the most fundemental
cbeervations in the ebiclogy of cancer. To understend the rrooesses ine
velved in the pathogenosis of cancer, one muet beglm with the exverimental
rroduction of this disease, and then modify the feotors concerned in suoh
& mamer that as few varisbles as nossible erpsar. If one were able to
mmmmdqmr,wm,wammmmwt»
proosas, arrest the vowkh, s large step towards the realisstien of the
second goal would bo acsomplished, Por this ressen, mch of cancer
ressarch hes boan directed towards studies in the inhildtlon of samerie
mentally induced cancer,
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REVIEW 0P THE LITERATURE

L has been 20 yeere eince hepatic cancers were firet produced
experimentally. An aso dye used in cnhamsing the yellow coler of
batter bad been suspected of inducing hepatomas in men, This led
Zassts and Yostsda (M2 (8) 4n 1935 4o attempt o produse hepstenss
experimentally by sdding this and related dves Se the dlet of rete.
Various types of hepatic cancer resulted, The most effective dys noed
by them wes o-smincasetoluene, 2 few years later Kinosita (3) tostod
additienal eompounds of related chemioal vemposition, He found that
Jemethyrieledingtiylaninoesobensene Induced the greatest insldence of
hepatomas, This compound, horein referred to as n'Hel3, iz the sme
a2 bubtter yellow with the 2ddition of a methyl sroup in the position
showm in the following strustural formmla,

» cHy
Bubser yellow m1NoDAB
p=dinethylaninessobenzens 3=ty lebedinethylaninorsobensons

Thare is & diveot relationship between the dally amount of mfMeDAB
consumed and the imeidence of tumors, The quantities used im the diet
varied, bot the maximum effectivenses was found to be 0,00 percent cone
contration fn the dtet, )

Morben investipated the careinopenis activity of varicue iydroe
sarbons and trisd to Pind 8 comsom chemical densminator in the strustural
formla, The most offestive sarcinogens hed ab least two bensene rings, 5)*
) (M vartous mothods of aduintstvation were trisd, and the oral
route wag found o be most effective. 8



While alteration in the ehemicel strueture of the eareinogen
ccoupied some investigators, othere studied the chenical chmpes in
the carcinogenic spente within the experimental snimel. JAocgording to
meller 77 tnore aro twe methods by vhish n'HeDAD 1s alteved by the
liver, The methylated parent compound combines with liver protein,
or the pareat compound is metabolised by the follewing reactiong!

1. The reductive c¢lesvage of the aso linkage.

2. Demsbhylation of the Nemethyl groups.

3« Hydroxylation of the L' pesition,

These resctions are represented oy m following disgremss

JCH
L Dl >,
CHy

TN

W,

o

)

Ho NH,

p=aninophensl

W o

Ho N-E-cH,

©.<.__

Hmaoabyl-p-aoinophanel

oY
N -3
A <—I—}”~cy,

%NQNH,

pwphenylened]aml ne

0 4 H 0

i, W adincotyY=pephenylensdianine
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Thoge degradation produote have been examined for osreimogonie
setivily without any general agreement anomy various investigmtere,
A% best, all of these are far lees affcotive s the parant gempound,
pedinethyleainoasobensens, 007 (13) This eugmusts that the careling-
genic action mush ecour before melabelic degradation, or the carvine-
gende setien occurs after the dye has combined with preotelin, 2)

The sotion of acents whish inhivit serclaogencsis nay bo explained
partially by an alteration in the rete of metabolie degradation,

The veduotivoecleavage is estalysed by ribeflevin whish way
acooust for the partial protection of the liver by thiz submtance, a8
(1) Other acents have boen reported %o setard tunor development.
fubstances such as yeast and riee ran may sot thwough their wiboflevin
sontanby The elfectivencss of muple distary easain ney Le atiribabed
%o the retenblon of ribveflavin within 4he Liver, (153, (16) 14ver,
liver extracts, lsnolin, nitrogen smsbard, snd ogp albumin have been
reported to Luhibl carcinogenesis, but thege ragulie have been poar

and nany are equivocals Their mede of sotion in cyboshentoenl hermw
resmaing unexpleined, (173, (38), (19), (20), (21), (2%), (23), {2h),

(28}, (R6), (27), (28), {29}

in an attempt to explain this saroinozencsis on 2 eyte~chewoal
besis, the cavelnogenis dye has been traced elostrepberetieally, 20)°
(31)s (32), (33), (3), (35), 36), (3) is bound in the liver o
8 protein molegule, This dys=bound protetin complax reaches s menimum
soncentration belwesn the third and sixdh week of contimous fouding,
Vhen the dye is removed frem the diet, the conceniration Calla *an saro
vithin two weeks, When the dye is contimed 1n the died » 1% begine %o
disappear from the iliver after the sixbh weel, parallelin: the individusl



blesua changes wiibin the Liver nere slusely than $he lougbh of feeding,
The dys euntliones to disapposr and Ly tie Lime carcinesma appears, Jrom
the g.xth week ony, Litlle dye 12 Jound in the eitered, wt nenmnsoplastic
tissve, Us protoln-bound dye has ever Leen found Lo the carelavans,
Relorping agein to ridoflaving 16 wee obeerved that the additicn
of this vitamin in & concentration of 10 mg/ Xg of food 184 Yo a lower
hepelic conbent of the dye, (38), (39) Thus, ame may theerise thab
riboflevin, Wy increasing the wate of roductivo«clesvage reduces the
quantity »f parent dye o be couvined with the prosein, While thie
might explain the protestive action of riboflavin, it doos net wocount
for the dimbwmilon of protein boumd dye with the sppoarance of hepatic
bumors.  Anothey theory lo that the liver protein, bound Yy the dye,
is vemoved by wxeretion In 2ile snd urine, Sherehy depleding the lLiver
eells of proteln, and theredy lesading to liver cells whieh have lort

bhely normel -rowih, Suveh celles mre cancorsus. (33)

The Impliieation
of this ie that protein depletion is the causs of hmpatic sorcinomas,
Tesides some eytochemicel chasapes, there are g number of Jifferent
morphologic changes in the liver of eignificance, Prior to the develope
ment of cercinemes the liver ghows such changes as fathy infiltrstien,
elrrhoals, bile duet proliferstion, benign hepetomas, and cholaarice
fibtromas, Clrrhosis begine at three weels and is present in 831 animsls
at six weeks, Dile duct proliferation teging at nine weelm and progrose
eively becomes nore sovere, The majority of snimals have berdgn hepee
tomas st twelve weekss The types of Liver sancers have bYeen wariously
elasalfied, (ko) (1), (h2), (i3), Oh) Prdes {1.5) foals that a1l
tumars of the liver regardlows of thelr appesrance, arise fyem sress

of Lanign bile duet edenome,



Ons of the major quesbionme in the pobhopensaie o7 the hepatio
oarcinonss is whether the effests, onse tegum with eirrhosis, are
progreseive ;m earainoma, or whethsy succssaive phases of injury and
tisgue chenre are nocossary, Fritseidisgle e was of the opimion
that cargloogenic agents produes irreversille lssinns, the effects
of which are additive, iowever, Corieil &7 found that rata fed
u¥aDAB 39 to L6 days, then followed 150 deye doveloved no Lumors,

This would indicete that the sirrhetle stage mlone dig mob lesd %o
eancer., I the dye was fed 69 days, 53 percent on fox show develeped
tumors, and 60 pereest on Basic dist developed twsors,

On 8 shorter uxveriment Claybon w9 found very 1itdle signifiecance
1a e d12fersaces af bumar ineldence when inberrupted fesdings of the
dye wore mracticed,

- Various fastors influense the appearance of tumors even though
the pame dye ia uped, Humelfeld m’:e«mtmmmtm
bumors more readily, Harris ‘wmammwmmw
ibdlity, lowever, fngel (L) reports a difference in strains, although
he used only § animals in hie study, Wite ) £inae that the ineidense
of tumors deecresses as the incidense of pnevmonia insreases,

In 1951 Riehardwon (52) reportad the inhibition of the liver tumore
by the use of 20-Metlylcholanthrene, The oral route was found te be the

most effoctive. This substance was symthesised in 1936, (33), (51D

waz Lfound 30 be a powsrful carcinogem, produsing both careinemas emd

51y (56), (87 .
,@{5")"{ ) 5T) Tt will be referred to se MJA, ‘When ihis

saroomas
strong cercinosen i3 given gubeuteneously, sarocmes of the ghin are
mrodoeed, Slace theee two careinegans, m'MeDAR snd MGA, indepandently

would oanse sencer in the majority of the snimale, it wss felt that the



=T

two suostanceg added bogethor should increase the ineldence and shorten
the time of cancer production. The resulis showed thet when miieDLB
in the concentration of 0.06 percent snd M4 in the concentration of
0,067 percent weve combined in the diet there wms a 95 percent decrease

in the ineldence of llveyr cereivoms.

CH

MOA
20=Mathylcholanthrene

(58)

Dauben found thal NCA is excreted in the bile and in the
wine

Although it is very carcinogenic some inhibitory asctivity has
besn cheerved, HOA in concentrations of GOmg/100 Grame of food re
tards the growth of the rat., Uystine and methlonine overcome this
inhibltion, (59)
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The sombwerowbth vesponae $o androgens in the Temale oldek wes
found to be retarded by Wik, (60) otrigmn (61) noted tnet the srew
liminary sdainistration of 2 ninute dose of MC' appeared %o produce &
refractory stede In the tissves to subsequent carclnegrnle doses of
MChs Vardious workers have found ne inhibiBory sebion eof HCE& wpon
twonre of obher organs, They -tﬁ.& not sbudy hepatio gancers, Sinoe
meDAl did net Inkibit the sareomas indused Wy MO4, 4% was postul-ted
that MGA and mYMeDAD asted Independently, (6275 (63) mmere 15 semm
evidence to sugpest that weak earcinopenic agents inhible the streng
esreinogens, (SU)s (65)y (65) yowever, this would mot epply to the
two strong earwinegens, MCA and m*MeDASD,

Some woriers have abtewpted to prodnce liver tumers with MCA,
but they were unable to do so. It was nobad thet “OR darletes the
Vitenin A sbores of the liver in 3 o & weeks, (67)» (68), (69), (70}
Blile aslts did net supmont the esrelnosenis astion of ESL upon the
gastrie miccsa of the meuse, 1V

Sinea there is a similarity of etwicture bebweea MCA and thw
(723, (13 Richardson (7h) noted chanres
in the adrennle of the animals edninistered MCA and m'MeDARB
simmltancously, asnd he powtulated s bormonal relationchip to the

sirenals-cortioal horsones,

inhibision thwoupgh the adrenal,



PURPOEE

In enr previous studies, MiA was found %o be Ilnhibltory
when viven simlteneously with ntNelAs, The purpose of this
experinent was to deternine 1f M0A wee effeotive with delayed
administration. This c#-rimm way espooially significant
singe the mer-holeplesl shengos up to carsinoma sppesr fo hewe
pome sequontisl relstionship. The definitive knowledpe sblalanable
frem this experiment bey be presentesd aw followst

1) Are the changes inttiated by n'Mel\B peversibie?

2) Does a'eDAD produss gancer by advanging through

gontinuous injury to sueccessive c@mﬁu aof hyperplasis

and benign negplesial

3) 1Is there s correlation betwsen the time of appesrsnce

of morvhological liver changss with n'Melil and the tine

of inmitlation of "GA feoding?
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MATERIALS ABD HRETHODS

AHLIALS

Three hundred snd fif8y albine rate of the Sprague-~Dewley Strain
ware used. There wers 137 males and 203 femnles. The saimsls were
houeed in individual wire osges, ﬂl:l.n't;nilnl& on Maping Laboratery Chow
prior to initistion of the experinent snd supplied with weter fram
glean drip bottles, The weight of the animale st the beglandng of the
expariaent renged from 120 grawe %o 320 grase. Thor were weighed
weekly during the experiwsnt and sherts of their weighte were wainbalned,

GRUUPE

The animals wers divided inte groups of 10 %o 15 enimels and plased
on & basal syndhetic dlet ‘e which 008 percent mMieDAD had been added.
After 3 weelts on the earcinogen, 0,067 pervent MCA wes added to the
diet of 15 animels, (Group 3) Oroups L thwough 18 similarly were given
HGA besinning on the week of the experiment designated by their group
mmbor, Two condtrol proups wers esbteblished, one proup received the
basle diet alons, and the other received m"eDAZ slone., 4% weekly interw
vals a fov m'ieDAR aninals were killed, he m'MeDAB plus HCA animals
vere killed at 2 to 3 weol intervals in exder that the llver chanpss
eould de nobedy, and %o see 1 proyrossive chasges could be determined,
The bapic diet snlmale were sscrificed lster in the experinunt in
order to show thebl the basic dlst war sdequate fer naintainence.

Anirele in groups 21 through 32 were seintained om & hasisc dled
far two weeks, and then the yprooedure listed on Tables I, II, ang IIT
was performed. The snimmle were killed daily in groups 2) dluough 2,
and owry othor day in groups 25 threngh 32, The sroupe are lsted on
Tables T, I, and 11T,
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DIETS

feparste spoons and jare were used for cach diet,
1« Puring leboratory Chew is wenufactured in pellet form by
the Palston Purine Company of 8t, louls, Misseuri, Ib containe
Grude Prodedin,; not less than 237
Orude Fat, not lees than 5%
Crude Pibre, not less than &

Hitrogenefree extract Lkt
ish, aot move then o5
Bone Meal 1
Spdiun Chloride | 0.5
Magnasine Salfate 0.2%

Vitexning &, D, B].l* Riboflaving
Hiesin, Thigmin, snd Brewers Yeast.
2. The basic myathetic diet was Toymulated by Grilffin, (15)

Gaseln g
Clueose Monohydrate 738
arn oll . g
Weseon Solt Mipture L

gontaining Hafl, mﬁ?’ﬂh}g’
o0 5 ¥01, YePi, Ma¥, KI,

Ous) , RilyP0, xzuitsah A

M™iaaln 60 agn / 20 Kg.
PMbeflevin 40 mgm / 20 ¥g.
Pyridexine 50 nga [/ 20 Kg.
Calelum Pantothenate 2o mgm / 20 Kg.

Choline 10 grans / 20 %g.
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3¢ Tho a'MeDAR diet was made Ly adding 6.0 grans of m'¥elil
te 10 Ege of bamic diet glviag a 0,06 percont misture, The food
wae mized in large barrels with 2 spoon,

i« The m*MeDAB plus NCA dlet wes prepared by adding 0.2 gress
of MCA %o 300C graws of the m"elMd dlet, This gave = 0,067 parcest
nixture of MO,

HO@MOEE IRJBCTIONS

1, ACTN vas mfmknﬂd by the Hstional Tyug Companye 1%
sontained 20 units per ec, Tho animale recalved D.4 eo, which wee
injeoted inte the bask musoles.

2. fortizone scotate wap mmnnfactured by Yersk end Sospany,
It contained 25 mgn per oo, The animals which were to recelive this

preparsiion recelved 0,8 ee. T™ids was infected into the bmek muecles,

TECHNIGUE OF sUTOPELES

The animnle weve kills¢ at the intervels stated by placiag thex
in a botile with 2 sponge soaked with ccmmeraisl other, The enimal
was then weighed, and & note wan wade s& to the aprearsnce snd the

phyeical condition of the andmel. Two and one half e¢o of blood were
drmm from $he inferdor wvona cava and wore placed in Yest tubes
contalining & sessured amount of dried oxylete, A hLlood smear was
taken fro~ the fresh blood, and 8 bone marrov smesr was taken o~
the fermr and prepared with Clemsa staln., The specific gravity of
the blood war dedermined by the eoprer sulfate method described in
The Laborsiory Mamual of the Vnited States Angy, (76)

A% the time of axtepsy Swo ernll seetione of the liver were
taken from portions of the 1iver which suspested satholerw. The
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{aterdor perdion of the loves were used se as not Lo pot ton mush of
ghe cepeule on the lids. The enall tloswes of Liver wers erushed and
eseared on the slide with a spatula and were irmedistely plaged in &
Keplen Jar of ﬁnﬁngﬁﬁ:'a solvtion, They were sllowed to remaln for 15
ninpbep, and Shen they were ftrassierred to m Koplan Jar sostelning 20 %o
30 persont Dloxan in 70 pervent isepropyl sloohel, They wore left in
the aloshel for sprrexinstely 12 slnutes; sad then they were plrged

in s Xorlan Jar contalning 70 poreent isspreryl alcehol. The length

of timp they were left in the lseproryl alechol wes not crueial, but
they ware usually stained the pame doy with Zowin, Orange O, and
Hemaboxyliine, The secbtions were "hen wounted in Usnads Salsam.

The »itultary, thyrold, petetiyroid, trachea, escshugus, lunze,
stonach, pancreas, liver, spleen, kidnaye, sdrenals, ovaries, tubes,
nborae, end testes were gtudied groesly and nievoscopically. Fet
staine were made of one adrenel, The animal welipht and the welghts
of the adrensls, pituitary, sand liver were recordsd, Inimals whish
died during the courss of the experizent were not insiuded in the
finsl snelyele, beomuse many of the shove preeodures could not be
performed on t.}m dend animale, ‘

| The tiewnes were fimd incediately with Vandegrift's Tixabive, \11)
and they were then stalned with Sowin, Orenge &, and Temntoxyiin,
Tandegriftte Pixative

Ethyl alechol P57 80,0 oo
Formalin, full strength 12,0 2o
flasial Acetic Acid La5 08
Plerie Aeid et Oms
Meraurie chloride 0u2 Uime

rea 05 Umm
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DBAZTRTATIONE AND RBCULYT S

LESCRIPTION OF PATHGLOGIC CLANG.E WITHIS Tk LIVAR

In oxrder %o understend more clesrly the different changes which
opour in the liver of the experimental anlnels, & Wwriel description
fe piven; and sopronriste fllvetrations sre vrepented,

The earlivet chauge consiets of oirrhosis, In 1%e mild or early
stare the only gross shange 1g a olizht veallor, JHistelocleally one
peos & rrollferation of filreblasts and u denceition of collagen
bepimning in the pordal arems and extending oul through the intere

lotular sceces., Thers 1s usuvally no distoriion of the lotule wntll

the sirrhoslis has advanced %o a moderate degres; at which time ihe
eirrhosln 1s resdily detectabls srosely.

2tle duet preliferation as o =or -holoric change 1= 4o be digw

inguished from cirrhoslis, since it dows not wsuolly oveur with the
mild stages of the latber, Bile duct proliferstion ssoowpanies the
lster rtages of cirrhoais.

Usually, thourh not always, whils the bile duet prolifevsetion
is beecoming more severe, benign hepatosas sppeer. Thess are dAige
dinguighed by a delicete copmule of fibrous tlssus, The ‘parenchy-al
gells aconnpising them have s distorted, nmwliebular arrangenent,
They are larger, lese m:.fni-: s mud stain more pelely then noreal sells,
Their muelel are slightly anlmrged and have »romisent mueleoll,
There 18 ne periphersl bile dued proliferation about thase benlsm
hepato-an,

Uresely the benign hepatomas canach be distinguighed From large

aress of hyperplasis in sivrhosis or fron garcinema, The sarcinesa
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never oeeurs without sceonpany ng elrehesis, which is umially sowvers,
but csemsionally mar be =ild, 5ile duet rrellferation iz zlso presend,
Hopstic carclinomas sre rarely unscosupsnied by benlgn hepetonmns, The
earcinomas oy ba of two general 13‘;;*;’)455, thoge erising fron bile ducte

and those fron the paronehyaal o cord cells,

BFFECTS OF THZ BASIC D&Y

The animals on the basis diet were followed until the thirtye
slith weeks The growbh of the animals progressed, althouph it wos
somewhat slower than lu anisals fed the laboratory chowes The 1liver
tipsve could not be distinguished froq thet of normpl laboratory
ani-alpe: Yo significant differenses were noted in the organ weights,
hewonlobing hematoerit, nleswms probolns, and the feb conbent end
digbribution in the sdrensl plande: The ~nly %issue choowe was the
shronie lung diseage seen in she majority of the laborstory sailmals,

Thie, howsver, was of ne greater ineldenos then in the solony eontrols,

EFFECTS OF THE n%eDAB DIET

| Thares weg an Iniddel weipght loss during the first 2 weels, Lud
afber this tiwe the animals bopan 0 zaln welzht., Between the third
and the ninlh week a conpiderable musber of mimales rapidly Lesams
detilitated md died. Iiver shenges were wininel during this time,
and death wes usually attrimtatle $o savere pulwonary disesse, In
those aninals regrificed on schedule, mildar pul-onery disesse weg
presont.: In these latter ani=als o signifieant differences were

noted in the organ wolghbs, blood work, or adrensl shudies.
4% the sixbh week, the first intervel of sbeervation after

iodtistlion of n""eliB, »1) saimals showed clrrhosis of mild %o severe
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dogres, Gile dust proliferatien was seen in the sajority ef animals,
and benlyn heratomas ware common. 4n unexpected finding was e
eareinonas in one snimel sacrificed at the sixth week,

After the ninth week all the anisals wub one showed benign
hepstonas, Oarsinumes were found sporadicslly up $o the eighteenth
weeks At this %ime, snd therveafter, all animals hed hepaiic cangers
exgont. two, one at tie twentyeseventh week and ore st the thirtyealsth
wonle,

The earcinomas most commonly metartasized to the golenie lyw-h
nodes and to the lunwe. Other sites of nelasteses wers the NENCTans,
soleon, and ompabun,

fiver omesrs roveslsd celluler ohanges cospetible with ssnger

ia all sninals found e have canser on histelogle seotions.

EPFEGTE OF DRLAYED ADULYION OF HOA PO ANIMBLS ON wmiNelAn

HZA Olven AfSer 3 to 5 Weoks on mtiMelwBs

¥o omroinomas were fownd, Benign heputomes cocurred, but
thelr sprearanse was dolayed, Civrhosie pecurred in al} andnals,
but it was of milder degree than that observed in She m'MelAl
controls.
MOA Given After & %o 10 Weeks on m'MenARy

Garcinomas wore found in groups 6, 8, 7, and 10, bot the
apprearance wap deleyed, and the ineldence was lowse then thome
animale receiving the mMeDAB dlet without MCA, In group 7 no
carcinomas accarred. Deniyn hepatomar were found In all of
these groups, b they were delayed, Clrrhcels apreared In all
groups, but the severity wee less then that found In the mMelin
anlrals,
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MOA Given ATter 12 Weoks on =tienAng

In those aninals whieh hpd MOA added afber 12 weake on
nielAl, no signifieant differconces in $he mumber of earcinowmas
or benign hepatomas or in the $ime of thelr spresrance from thase
on mWieTiAL eould be nohed, These relstionships are shown In
FPignres 1, 2, 3, and L,

Genorel Condition of the Animale:

Aninmals which dwd M2R added before the tenth wesk, had a
smch lower mertality rete than did those on the m"™MeDAR dist,
Ae vas observ.d in animals on m¥ieDAR, there wes & slisht loss
in weipht afber the addition of ¥ Ay bat aftor 2 %o 3 weeks
the anlcals began $o gals weight, The grecs spregrence of the
livars in these groups was remarieble betier than those an &he

m el Atek,

ADHEHEL GLANLS

Many changes In mwsbers of vacuolss, sive ef sells, vasoularity,
&nd compactness of oells coold be noted, There was, howewer, ne
eonelstont chanpe on elthar feb or homatoxydin and sosin ztaln that
- eould be sorrelatod %o time on the druge or tine at w-ish the MOA
was added, The adrensl welshts and adrens) mi‘gﬁt to body welight
ratios phowed no soneistent trend.

LIVER S0 ARS AND HOMATOLOGIC SMDISS

Ghanges in the individual liver eells in the suesr preparations
eould not be relied uwpon for a disgnosls of the Yyre of dlet the anl-pl
had recsived, The blood work stowed no comsistent changes w'lsh sould

Lo namlnmd_m the administration of the careinopen or the inhibiter,
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EFPLGTE OF PROLDITHANY BASTIC MIET SEPORS ADDITION oF miMel AN AR MCA
This experiment was desimmod %o dederaine sy enrly chsages whieh
might ooour on the varicue dlets of V0A and m'MelAB, These mimals
ware then killed st the rate of one & day for ten dxys, and the experie
ment waw not oarried beyond this point. No chances were ns'ed, snd

these were recorded ss normal smimals,

EFFECTS OF ACTH AND CORTIOONE

ASTH or cortlsone was given afSer twenty animels had been on
basic dled for tws weeks, These animmls wors Milled &b the rate of
one every othar day for ten days. No chaipes which wers statistionlly
signifisant could be noted, Aninals on ecortisose tesded to ehow many
vacunolss in the liver celle,

BISCELLANROUS FINDINGSE

The following changer oecurred rarely, snd they seemed %o boar
no relstionship %o any particulsy exverinentsl det.,

1. Atrophy of the testos.

2. Parasitie eyste of the liver and iddneys.

3+ Inflomentions cueh an bealn absescpes, lymchoeytie 4uf ltration
of the thyrold, panereatic filrosls, fibrous perisarditis, rerde
salpinzitis, hydronephrosis, pyvlenentritis, otitis modiz, fozel
myooarditis, and clhronde Wymertrechic oystie paeiritis,

be Adencmns of the parathyroid, edrenal, pancress, and lunce,

S« Sarooma of the musele of the thiph,

6, Squemons metenlasis of the uerus,

Te Adenocargineme of the reast,
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Figure 5. 572 male, m"MeDi! 21 weoks, MGA 10 weske,

Compare the liver of this animal, which has been on m'MeDAD
21 woeks and MUK 18 woeks, with that of tho enimsl helow, whieh has
hoen on basic diet 13 wesks, Also cospare 4B with BSE on the next
page which was on n*ieDiB for 27 weels and has & grossly detectable
Aver carcinoma,

Figure 6. B founle, DBesic dlat 13 weeks.
fote the reeemblange of the liver of $:1s conbrol snimal 4o
the and=al ahowve shich wes on n'HeRAn 21 weeks and HCA 18 weeks,
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Figure 7, B3 female, wn'MeDAB 25 wesks, ¥NCA 19 weeks,

¥ote the noraal appearange of tha liver of this maimal, whieh
vae on m'MeDAB 25 weeks snd NMCA 19 weeke, as contrasded with that of
the snimnl below, shieh has 3 liver carcinoms et the end of 27 weeks

on mteliAR,

Figure 8, B66 male, n"eDAS 29 weske.
This snimal haz s read'ly detectable carcinoms at the end of
29 weaks on atMeDAD,
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Pigare 9. B213 fewmsle, Basic dlet 1T weulws,
Thip is the sppeavance of the liver of a normel eontrel

animal on a basic diet 17 weeks, { x 100),

Figure 10. 3213 female, Basio diet 17 weeks,
This ploture shows s smesr from the same liver pictured above,
{ x koo),
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Figare 11, D47 fensle, mn'MeDab 15 weeks, MCA 7 weshkas,

Trie is & mierochotograph of a 1iver smeor 11lustrating
the drug offect nuclel geen in enimals which heve Leen on the
exparinental dled for a fow weeks. Compare the large sige of
these muelel with these in Figure 10 which sre from an animsl
on basie dlet, ( x L0O),

Plgure 12, BSE male, n'WeDAZ 29 weoks,
Thds i3 » nicrophotogreph of 2 liver smesr chowinz the

bissrre muclel of carcinems selle, ¢ x LUo),
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Plgure 13, B34 female, n%ieDAD 11 weels, NGB L weoks,
T™his seeticn of liver shows & moderste omewth of
elrrhosis with benign hevebomas., ( = 300),

Pigare 1. 13L female, mtUsDAB 11 weeke, MGA i weeke,
This is o higher power view of the swme liver pestion
showing the Lepatoma eells in more detail. { x LOO).
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Figure 15, BS6 female, n'HeBAR 6 weeks, MCA 2 weelks,
This plodure shows *he bile duct eyots seem in neny of
the snimels after eirrhosia booame advanced, { x 100},

Figure 16, B10L1 female, wn'MoTA® 11 weelts, MOA 2 weeks,
Tails 1s an Lllustration of the sty wetamorchoels
frogently seen ascommanying the sirrhosis., { x 300).
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Plgure 17, B37 fenale, mYielad 33 weeks, WOA 26 weeks,
Hote the condtrmet of the =mild elrrhosis in the liver of

an snimal on m¥ieDiD 33 woeks and MOA 26 weskss with the

gareivems of the liver in an andwal on mheDAB 3L weeks,

{ = 206},

Tigurs 18, D6k male, ntHeDAD 3k woeks,
This pioture shows an anaplastie cercinoms of the 1liwver
in 8u anins) on =Welal 3k wesks, { 2 100).
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Figare 19, 5156 female, wn'ieDAD 2L weeks, NCA 10 weoks.

Thie figure shows an snnpiestic careinoms of the liver,
{ = 100},

Figure 20, BAS6 femsle, m"elnd 2% woeks, PCA 10 weeks,
T™is e & higher power view of the swve gseetion of livey

@8 that shown above, glving sove aytolosic detall of the
cavoinomm eelle, ( x kOOY.
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Figure 21, DBSS male, m%MeDAB 39 wecks, MUA J1 weoke.
This is a miorophotograph of a cholsnglofibrosarcona,
a rather uncomson finding in this eeries of animals. { x 100),

Filgure 22. BTO fenaley nMeDAR 30 weoks,
This is a nicrophotogranh of sn sdencearcinoss of the liver,
{ 4 10&):
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Figure 23 B2L3 male, nMMalAR 23 wosks,
| _ This phodogrenh shows & mebastatis liver sarciness in bhe
1 Junge, { x 100),

Flgwe 2L, B2L3 male, n"eldB 23 weohs,

Thls photograph showe s earclaoma of the liwer stisched
to the capeule of the spleen. Thie war probably the resuls
of direct extgnsion biwourh the peritenesl esvity. ( = 100},
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This experiment, vhils dealing prisarily with the inhibitien Ly
ML upon aviebil inducsd eprelnomas, also yevealed that the other
moPpholocie changes 1o the liver ware Lnhibited. There iz & sequentisl
relation in the development of the eirrhosis, hile duet praliferstion,
benlign hematowss, and cereinome. The effect upon the sarlier chauges
ip loss then that wpon the later cheages, Thug, cirrhosis always ocours,
but 1t 15 of a milder form, bile duct proliferatfon Sends to be less
marked, benign hepa'cousy were deleyed in their spresrance, and carcinoma
aonld Do prevented by addition of NCA up o $he fifth week snd definitely
inhibited by sddition up to the tenth week,

The tine of adaintstration of MOA nay be roughly corvelated with
the time et which the verioue changes might be expectad from m¥MelAB
alone, Tror thip correlation it ie evident Shat YWOA will net reverse
s process that slready has been esiablished, but will deley the proe
grension of this stege., This may be ﬁ?&hﬂ"‘.aﬁi@ﬁm prasented 1n the

following wanners

= mMedsb

_r Cirthosss
Benigh
Heppgoma —> Cancer
o N 8ile Duct Bile
il e Due Chelangio
/‘M Reoliferation fe $ro'sgl’s &'i‘:::;r
Q= )
‘3;%/
> _orCirrhosi's >
Novemaf Dw’ Effect : -
Cell Colf — g -
epatoma < e
\ 3”{ bU‘t >
Pra&ferah'an .

1wk Bk, Swks- 1Ewts 18w,
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The nechanism through whiek Wi wil! alter the toxie effecte of
m¥elAl fg of fumdmwental Imvortance, » nce it may afford some =eans
of rveventing esyrolnomes, There ere wo clues as to ¢he exsct mechandsn
which ia invelved, Considerstion of the mephonieas 6an be divided inteo
& nurber of groupss and some of those possibilities san be expluded as
a result of this shudy, “one of these popsible meshanisne srer

., @"elAB is neutealised by MOA in the dipgestive trast v

cheviioal alteration, |

2, HOA competes for posiliion on the liver eoll snd does nob

allow the m'NeDAl So ash,

3. YOA cavpss some hermonal response which Luhibits the

induotion of the careinona,

ke ®Cp mets direetly on the ¢oll and suppresses the persinoma,

corte1l 7) gugerved that the wtMensn wmst be siven s aintwus
of 67 days before the dye ls steppad if hepabdle sarainoms ie to cscur
vith any regulority in the follewing 150 days., Por careinoma to
develop in all animels, they muet be continued for 30 weeks on the
diet, In our study the MOA had ne effoct on the inhibition of itumors
if added after the tenth week of the n'MelAB dlet., Therefops, the
wfMalAD muet be acting oo the liver and must not have been chemiesily
altered within the intestinal treet. From $1ls it would bs ressonable
o0 conclude thed WA doos net meutralize m'MelAl when added earliier
than the tenbh wock,

finee the M0 is spparently exereted throurh the liver, and
®'MeNAR In metabolised or bound to probein in this organ, one wight
gugpact that the siie of Inhibitory ection sould De within oy wen
the liver cell,
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One poselbility ~ight be the competition for vosition on the
liver cells. fince the m"MeDAD has been wcting 5 weeks before the
NOA is added, 1t wonld seem nalikely thet the MUA would compste for
;?_Hﬂ‘i%ioﬁ o the eell. Tet, ifnhivilion of the sereinsuas {9 10O
pargent at thie %ise,

There le little evidenca for or spainst the hormonal ssuse of
inhibidion,

The most 1ikely speculation fo that the HOA sobs upon the liver
eells indenendertly of the m'elAS mné suppresses the eveolution frow
what ray be brondly termed the %pregansercus changes,” It would
eppear that this effect is upon the bile duet and hepatie parenchymal
selis. This ectlon can, therefore, searssly be specific for ene sell
type. Prom this lsek of mpecificity on any epesific cell one would
suspest Shere was sowe effec® on the prowth of hepatic Slssue.

MCA hes been kmewn to slow growth temporsrily. Ib could affect
the Uver cells in this ammer, The m"Me'B could enuse the une
santrolled growth hy stiwulating he sells hrewgh iajury, But the
HGA does not slow the growih of the llver sascer. Ths present atudy
indleated no diminution in the insidense of carelinena within the
gascer«tine vhage of =hiehal,

While the present sbudr heg eliminsted some of the possidle
meehanigas of motion, it is obvious thet the exmet mecheaiss of
MGA inbibition ewribs further experimentsl study. OSome of the
inforaation of value would be obi~ined by the following suggosted
experinentst

1. The determination of prote’ bomd dye levele in the liver

during MG adminiztration,
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2. The determination of the sbility of tissue vlioss of benign
hepetonan and serainesss o mebebolize m'Me AL,

3. The determination of the sbility of MUA to ald the liver in
metabolizing m MeDiB,

e The determiostion of the exset effeot of shorter periods of
feedinns of n'Balal,

S¢ The determination of the hormonal effects of inhibdtien by
castrablon, sdrenalectemy, snd hypophysectony,

6 The detorainetion of the affect of Yprotecting® the liver
with MOA , and then sdding the a%ehal,



CORCLUBIONS

1. T is confivmed that in the majority of snimals, n*MelAD
alene eauses oirrhoslis at & woeks, tile dueh pyoliferation st 9
wooke, benigs hepateomes ab 12 weelkrs, snd careinoms et 17 wesks,

2. MOoA wAX1 inhdbit the mWieDAR induced gsarcinone cempletely,
if phiven 3 40 5 weoky efter %Al has been glven,

3. MOA will inhibit carsinouss 1o sowe extent, 3£ glven G to
10 weeks after n"eDAR has besn glven.

Le After 10 weoks MGA hop no offeat in inhibiting the carcinoma,

%, MOA inhibits beaign hepatoses before & weeks te soms exbent,
btut has no effeet after the animal has been on the n'lelAB & weaks.

e mah-mmmmmwm@mmu.

Te WA dees not completely inhibit the vroduction of eirrhesis,
bud 1% esuses a less rapid and less extensive pregression of the
protens

8, liver sgmear changes ¢an be demonstrated,

9« Yo demonsbrable changes ooeur in the sdrenels ar in the
rlesus profeins, hemoglobin, or hematoorit,

10, MCA probably ishibite by seme specifie sellules sstien,
and pome spaculations ere made as o the mocheanismg through which
MCA inhibite the esreinogenie sollvity of m%eDis,
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