BTUDIES ON CARCINOGENESIS WITH
3 1 METHY Lmly=D IMETHYLAMINOAZORENZENE
AND ANTICARCINOGENESIS WITH METHYLOHOLANTHRENE

Dennis Bugens MeCafferty

A THESIS

Presented to the Department of Pathology sand the
Oraduste Divisiom of the University of Oregom Medieal School
in partlal fulfillment
of the requiremente for the degree of
Master of Solience

June 198,



AFPIOVED ¢

Frofessor in char)

of Thesis)




PABLE OF CONTENTS

Review of the Literature

Purpose

Materiale and Mothods
Animals
Groups
Diets

Toohnique of Autopsy
Iiver Blice Teochmique

Observations and Resulis
froups A through I

Groups M end L
Iiver Siioe Incubation

Discussion
Conelusions

Bibliogrephy



LIS? OF TABLES AND ILLUSYRATIONS

Table I Diets and Procedures
Table 11 Diete and Procedures

Chart 1  Ineidenoe of Cirrhosis in Groups A %o I
Chart 2 Caneer Inoidense in Croupe A %o X
Chart 3 Cumlative Feroentage of Animals with Canoey

Figure 1, Minimal niwhmh

ﬁm& 20 Noderste Mhsia

Figure 3, Marked eirrhosis

Figure L. Cholanglofidrosis

Pigure 5. Bile duet proliferation and bile dust oysts
Figure 6. hﬂy lihlorphoain

Figure 7 Nodulsr hyperplasia

Figure 8. Maligment hepatoms

Plgare 9. Ademoccarsinema of the iiver

Figure wm‘ﬁ bile duet oell proliferation
Figure 1l.Mariked bile duet cell ym:lifmiim

page 20
page 21

pege 29
page 30
page 32

page 33
page 33
pge 35
mge 35
page 37

pge 39

page

page 12
pege L3
page L3



ACKIOWLEDC EMENTS

In the preparation of this paper, I have beeeme gratefully
indebled to

Dre Russell 8. Jones, who has given assistance, advies, axd
encouragenent towards the completion of Lthies paper,

Mr. Ralph Thompson, whoso onccuragement and teshnicel
assistance wers equally iadispensable,

Drre Carl Hepkins, whose help as & ststistical eonsultant ws
of great wlue,

Hrse. Mo Kuge, who prepared the slides,

Mr. James Phillips, who did the photographle wark,

Dre. Robesrt Meeehan, ilr's S. Seruggs, Mre Perry Hunt for their
technical sasistance, }

The Ue So Publie Health Service, Oregon Divieion of Ameriean
Cancer Soslety, ilontana Cancer Graunt, Manley Ceaser Nesearch Fund,
and & Cancer Teaching Grant whe supplied financial assistance,



REVIEW OF THE LITERATURE

Work on the experimental production of liver cancer in rats origi-
nated in Jepan in the early 1930's when it became apparent that liver
cancey ranked third in cancer frequancy emong Japanese mm.(n
Yoshids, in 1932, was the firs’ %o report of the successful experi-
memtal production of hopatie careinoms im rats by feeding them o=
aninsacotoluens, o substanse used to enhanse the yellow color in butber
and oalled "butter yellow®.

For the next few years most of the work in this field uentered arcund
either the experimental testing of other suspected hepatic eareinogens
or studylng ths effeet of various diets on the speed with which liver
eanscers oould be produced using the known carcinogens. liany aso sompounds
related to the original carcinogeniec ase dyes heve been studied in an
sttempt b0 find & more powerful carcinogen. lost of the compounds tested
were Pound %o be less eareinogenic than pedimsthylamincasobensens (DAB).
One notable exceptionm to this wasz ¥'methylel=dimethylamincasobenszens (2)(3)
(m'MeDAB), which was found %o be the most powsrful hopatie osreinogems
White found a direot relationship between the daily amount of DAB oon~
sumed snd the inoidense of hepatoms. - By usage, howsver, 0.06 per cent
dye came to be the standard amount of dye fed, and this greatly facili.
tated comparison of resulta. Of the warious roubtes of administration
tried, the oral route was found to be the mest gftuﬂﬂ.‘ﬁ Batan bhave
been used by most of the experimenters in studying the earoinogenioity
of thess substances, snd Kinosita falled to produce sancer in guinea pigs,
rabbits, squirrele, and chiokens using DAB, ’ A sex difference was noted

by Rumsfeld and eo-~workers who foumd that males developed tumors more
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repidly than females when fod m'MeDAB and that esstrates hold an inter-
mediate patiﬁ:tm.(n

Kensler, Dexter, snd Rhoads developed the "spliteproduct hypothesis"
in shich they set forth the belief that it was & breakdown product of the
parent dye that was the real carcinogen, rather than the parent dye itaslf.
They found that p-phenylemsdiamine and N, Hedimethylepephenlenediawmine,
breakdown produsts of DAN, were toxie in low concentraticns to & fere
menting system inm whioh diphosphopyridine nuocleotide (DPN) was the limite
ing mm.(a)(g)(m)m” and oo=workers also found that ¥, N-dimethylepe
phenylensdiamine destroyed normal or neoplastic glandular epithelium at
nnemﬁnt&m of 0.001 l(.{u) Ksnsler, Dexter, and Rhonds thought that
they sould predict the carecinogenicity of a methyl derivative of p=~DAB by
the inhibitory action of its pediamine aplit produst on & yeast symase
eysteme(8) This view was challenged by Miller and Baumsmn who found that
many of the sompounds that Kensler and his associates had listed as being
carcinogenies were sither nn-urmgm:. weakly oarcinogeniec, or else not
oareinogenic to the degres that Kensler had ;'Opﬂ'ﬂqw) The outooms of
this is that although some of the eplit products of the ase dyes ars
toxie 4o certain engyme systems, it is prebably the parent aso dye itsel?
whioh is the ecareinogen. |

That diet might have something to do with the prosess of caroino-
genssis was first hinted st when Japanese workers found that they obtained
delayed tumor formation if liver wore andded to the usual mo&mgmi?éiﬁzum :
Ilater it was found that kidney feeding had e similar but less marked -tfeatfw}

The samo suthors found that feeding vitamin By had mo effeot on the
pathologio changes which ovcurred im the llver, but that yeast had soms
inhibiting effect on the tumor tuz-tion.ué)(n)m workers subsequently
obbtained well dooumented evidence that suoch things as yeast, wheat, and
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wheet bren extract all inhibited tumor Pormation when added to the carei~
(1)3(18)(19)(20)(21)

nogeniec diet.

Some expleneticn of why euch a diverse group of substances should
inhibit tumer formetion wae offered in 1541 by FKensler end co=workers whe
discovered partisl protecticn from the effects of ?g;)eaminom eould be

afforded by wdding riboflavin end cesein to the diet. Other workers con=
{23)(25) (24)(26)(27) (28)(29)(30)

Pirmed these results (25) and it was sstublished
23
that st leuf.(ia)per cent cagein and 20 mievograms of riboflavin per
{30

grem of food vas necessary to obbein the maximum inhibitery effest
egeinst the eercinogen.

fumerous other supplements were added to the diets in an sttempt to
Pind some beslc food substance which would delay or completely imhibit
tumpy formetion. Sinee rather definite inhibitien of cereinogemesis was

obtained with riboflavin, it neturslly folloved that other v%za?m fell
. 7
under serutiny. The majority of vitacins, inecluding thiemin, nicotinde
(22)(24) (29) {(25)(29) (31)  (29)
ecid, pantothenis seid, inositel, , folie wodd, PiBA, oand
: (32)
wheat germ oil whish is rich in vitemin E, hed little or no effect on

tumor Permetiom or other pathologle shanges in the liver. Contradictory

results vere obtained 'who? c!ixgu:}ae, in suprlemental auvounts, ves added
: 23)(2y
to the diet. Two mt.h.ogs found thet choline hed no effect on
{3
dumor formetions fme%} thought it end methionine spoeded up tumor fore
(

mabion, and snother found thet it afforded some pretsctiosn against
the pranecplestic chenges of negrcsie and eirrhosis. Thees equivosal
resultes are probably best expleined by the smell number of mimls‘uaad
in some of the experiments, the verying lemgth of time the diets were fed,
end the time ohosen for killing the enimals.

Fyridoxine was found to increase the incidence of tumors, but only

(26){27} ,
elightly. Du Vigneaud and hie sssocistes reported in 1942 thet
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biotin exerted a rrocarcinogenic effect when it was fod with DAR to rate
veooiving o Mg!;iy rrotective diet.(”} Kline and his co-workers subaeti~
tuted ogp w!;l_tegfar 12 per cent casein end found thism died o be antiw
asreinegonic»ﬁﬁ } They proved, however, that this wae not due te alﬁerud
biotin belenss by feeding ﬁigh lovels of biotin end getiting no reversal of
this. Relmonn, 3timeon, and Medes sould find no corrsletisn b&tweeé the
biotin sontent of the diet snd the incidence of tmru.mﬁ}m and go-
workera found that ’nhey sould incremse ths incidence of hepatoma fronm
17 per cent to T8 per cent by edding vitamin Byo te & methionine defloient
diet containing Bﬁ!-{ﬁ?j

Among other food substances tcﬂuﬂ, fat feirly oconsistently ase-
celerated tumor nmdmﬁmm{%x%)rha type of ful us well as the level
of fab in the diet was Pound o he 1mnnrtnﬁt‘ Twanty’per gont corn oil
rroduced tumors fester thah b mf ecent eorn oll,wgﬂ)mbuﬁ 20 per sent
olive 24l produced dumors more elowly than 5 per cent olive oil ‘{5;} on
the oiher hend, cw!saméoﬁ oil, whether at 5, 10, or 20 per cent produced
tumore st the seme rates A differemce was aleo mtnd‘ between cocommt ol
and corn oil. The Petty avide of hydrogensted coconut oil emd the origie
nal cooonut oil cmused reterdetion or hepstoma development, uﬁ,ﬂe the fetty
ecids of corn oll, end eorn oil teaif caused an incresse in the incidence
of tumrm(M)Enm and so-ugrirere postulated %at leuric agid, which kis
present in cccomut 01l but met in enrn ai’!,mig}zt be the eritical fa@targ%)‘
This, however, appears unl.ﬁmly in view of the fact that the same euthors
uoed nineral oil in plese of corn oil and got a decreesed inoidence of
tumurn.€41)‘

Contradictory resultis were obtained by the mddition of the emino soid

eystine to the dist with DaB. While some suthors found that oystine had

- , -~ {42){235)
no effect on tumer formation, sthers found thet a high cystine
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| (43)(33)

diet (0.5 per cent) would decrease the latemt period of tumopy formation.
Gyorgy and so=workers in contradistinotion to this found that eystine or
choline wﬂuiﬂimhanes the effect »f ocasein im deleying necrosis and eirrhosis
ef the Mmr,‘%)anﬁ Harris found that 1 per cent cystine delayed tumor
formetion *( = |

Other substances which scemed to decresse the incidence of tumors,
or delay their famﬂan to some extent, included Beta s‘itastewl,(%j
0405 per cent wiwmu,(ﬂ)m dut-argantm(kl) Substences tested end

- (29) (29)
found te have no effect on carcinogenssis were linccals, sucoinic seid

(23)
end xanthine.

The reault of thie work on the influence of muirition on the process
of careinogenesis with DAB cen be fairly well eummerized by steting thet
e nutritionally edequate dlet with supplememts rich in protein and vitamin
B somplex, seresislly riboflavin, afforde some protoction epeinet tumor
develonment «

Since u knowledge of the fate of the carsinogen after it entere e
somplex biclogic system es the rat is essential in studying the mech=
eniem of tumor production, it is not surprising thet meny workers begam in-
vestigeting the metabolism of m'MeDAB. Stevenson, Dobriner; end Rhosde
jeoleted several breskdown producte of DAB in the urine of rets end fzt:am
this postulated the existence of tuo pther intermediste Mamntou( o

They presented the scheme on the follewing page as rapresenting the

broakdown of DAB.
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The products below the dobted line are the omes whish have astually been
isolated from the urine. From this, it was thought that the first step
in the degradation of DAB wes the splitting of the eso linkage.

That DAB might have "labile methyl®™ groups wae suggested by feeding
rats DAB in a eholine~free diet and finding that thie prevented the
development of kiduey hemorrhages, s characteristic of other campounds
containing "labile methyl™ groups. It was later shown by ifiller and oco-
workers that DAB and its related compounds eould bs both methylated and
dembthyhtod.(w) Vhen p-ﬁuthyluinumbmm was fed to rats,
p~d imethylaminsasobensens,p-monomethylaninoasobsnsens, and aminos

0=
, \ , _ ue){br)
bensens weres all found im rat tissue, mostly in the red blood csils.



!-7-

When pemoromethyleminceszcbenzene wes fed, ell three compounds were found
in ret tiseuve, eles indicubting thet the rat is capable of methylating the
mone dye. ihen p~sminoszobenzene was Pfed, however, the only dye found
wag the one fed, These suthors by this work also demonetrated that DAB
was demethyleted in wivp prior %o reduction of the ago linkege end
speoulated that the Nedimethyl=p-rhenylendismine step might be ekipped.
Vhen the methyl group of DAB was lsbeled with O14 and tﬁg dggie fed to rats,
the radicmectivity epreared raridly in the expired mgo( . lg)ﬁy forty-
eight houra, 50~70 per cent of the 614 ned been expired ao 93%2, 2&;;50
por cemt exorsted in the urine, 4«9 per cent excreted in the f@waf "
Some radiosetivity of ereetinine, choline; and serine wae found but only
in negligibls mauﬁtm(%)wmay labeling sach of the three nitrogens of
DAB with ieotopie W13, 1t was fourd thet SO per cent of the W15 wes ox-
oreted in 72 hourssz 70 per cent in the urine, and 20 per sent in the fwei?o)
Frem this study 41 wes determined elso thet the amounnt of DAB nitrogen in
the liver ism very small and thet it is grester st 56 veeks then st 4
nonths or cne deys
Mpeller and Miller obtained evidence that the breakdswn of m'ieDAD

was oP on enzymatio nabure in thet it wee insotiveted by heat, it re=
quired DPN for setivity, end thet reduced DPN wes unable 4o roduce the
égmwl )Thay poebilated thet demethylase, e riboflavin enzyme which oxe
idetively demothylates certain Nemethylei~smino acids may be invelved in
the demethylation of the azo dyes in the rel liver. These seme authors
felt that the enzyme responeible for the cleavege of m!eDAB was most
probably o flavoprotein with riboflavinadenine dimuelectide as the
prosthetic gx‘ouwwa) They came to this conclusion after finding that

the enzyme systen mediating the reductive cleavage of m'NeDAE was lorgely

inactivated by (75 and wes subsequentily resctiveted by the srecific
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addition of ribeflavinadenine dinucleotides Kenaeler has provided

further evidence thet riboflevin Ls impllested in the breskdown of
n'MeDAB by showing thet rats fed a diet deficlent in ribeflevin have

o deorsnsed amount of riboflevin in their liver end a decressed abllity
(53) (-'5*‘4}(:“:5)iti

of this liver to destroy m'leDAB in vitro. {enslor and his eow

worlors also found that liver tumor slices from damaged livers result= -
47

in from m'MelAB feeding destroyed less m'MeDAR than did normel liver tissue.

This tied in with the above stated fect thet the sffielency of liver tissue

in destroying the dye was provortional to the riboflevin eontent in the

liver when it wes found thet the ribeflavin sontent of the liver de~

- (32)(56)(5T)
cronsed progressively with continued foeding of the dye, and

thet ite dgw;ua was roughly provertional to the potenoy of the careinmo-
5& ;
genic dye.

If this is true, thet the breakdown of m'MeDAR is mediated through
a riboflavin conteining enmyme oystem, this helps explain the protective
sotion afforded by high ribeflavin diets. Riboflavin may participste in
the cleavage of the ‘namimgun to relativéiy insctive enmines such as I,
ﬁ-dmﬁhylwhmluaﬁiﬂins end eniline.

Mthm.gh ﬁos’t af the m'MeDAB fed to rats is demethylated m" spl 1tb
at the amp linkage, thia is mot true of all of the dye ss was chown by
Hiller and Miller when the# found sminocaze dyes bound tightly to liver
pmteimwg)(&) Althm@ this dye was found in the .lfw@r, 1t wae not
found in ret tissues in uhib.ch m'leDAE does pot induce tumors, us smell
intestine, kidnay, splesn, ldng, heart, or skeletal muscle. Heither
wes dy§ found in spesiss where w!¥eDAB doas not form tumors. The amount

of dydbcunki to the liver protein resched a maxinum lavel after 3=6 veeks

of n'MeDAR feeding and then decreased until st the time of the appeersnce
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of gross tumors only ebout helf of the maximum level was present in the
non~tumcrous portions of the livers This eorrelstes well with the findw
ing that the smoumt of DAB nitrogen in the liver, as shown by lsotepic
N19 sbudies, is greatest at this time. o protein bound dye could be
detected in the liver tumors. Diots high in ribkoflavin decressed the
emount of protein bound by the azo dyes.

The suthore interpreted these mesults ae imdicoting = quﬁlitauw
difference betwesn norasl liver protein end protein of liver tumors.
They suggest that thie may be ome »f the first sters in the careinogenie
process whereby the proteins of the liver are altersd in such & way that
specific eymthetic mecheniems are interfered with, resulting in cells
whish have completely lost those systems eontrolling normal growth and
hence representing the iniilel tumer "3&11&(60}

dorof and Cohen found the m'MeDsB binding proteins to be in ithe slow
migreting electrorhoretic components ond found thet these were decronsed
in mecvlastic tissoue, thus giving eupport tn the theory of Miller and
Mil.lor.(m)(szy Hoffman and scheotnan showsd thet the slow eleeirepheretie
c;:mpmmt.;s were alss deereased when rats werg fedd the non=ourcinsgemic dye
sminoaszobenzene and alge in 818 dey olé rales They proposed that thie
chanze wes wost probably a non-specifis change awsoclated with raﬁiély
growing tiesue and tlosue cerrying on vigoroue proteln symhsam.m”

Further investigstion into the intrecellulsr changes which oecur
during carcimogenesis wes wade by homogenizing livers of rets fod m'MeDAR
and peparsting various eellular comronente by differontial centrifugetion.
The frecti-ns studied were the muelei, the largs grenules (mitochondris)s

(6h)(65)(66) '

small gramles and supernstemt fluid, The protein, DA, RN, and

riboflavin content were =1} increesed in the rueclear fraction end decreesed

in the lorge grenule fraction. The emell gramules showed a decresse in the
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protein end RNA, but hed the hirhest eoncentration of protein~bound dye.
The sunernetemt fluid showed en incrcase in M4 snd & desrease in ribo-
flavin, but alss showed the highest concentretion »f protein=beund dye.
When tumor tissue was studied similer changes were found excert there wes
no protein bound dya,(67}

Another ster in the procsss of m'MeDAR breskdown wes added when
rueller end ¥iller discovered thet liver homogenetes demethyleted added
n'ieDAB mad hydroxylated it}ta form a new metsbolite, 4'hydroxy=i=-
dimathylaminmasabunaau&.g51’Thu@g the bnown metebolie reactions which
n'lieDsB was subject to aPter ingestion by the rat wers four in pumber:

1.} Reductive cleavage of the amo linkefe, 2.) demethyletion of the Hellethyl
grours, 3.) hydroxylation of the 4' poeition, 4&% the cﬁmhinaﬁisn of the
methyleted verent compound with Yiver yrateim.{ )

The theory thet a normal cell might be sonverted Bo a oancer cell by
the depletion of enszymos im, of sourse, &n sttrestive thecry snd s thet
has stimulated muech investigetion. Meny studies were undertsien o
dsternine which subetences beceme depleted in the liver and which enuyme
undervent o decresse in their activity durin§(the process of carcinogencsis

(54) (95)(56)(57) (58)

from feeding m'MeDAB was fed. This decrease was found

(58)
to be roughly vroportisnal to the potensy of the carcimogenic dye used,
Kemsler and his co-woriers found that DIFN (Coensyme I) was decreased &0 per
eont in the liver of animals fed m'MeD:B snd thet some of the breskdown
produste of m'HeDAR were toxic in low concentretion to a fermenting system

- (35)(8)(%)
in which D'K wes the limiting factor.
Nelketeni snd co-workers reported an incremse in the aneeroble glyeolysis

g8 »'HelAB ves fed and & sudden increese in aersble glyeolyeis with hepatoma

(62)
Pornatione Orr and Strieklond, on the other hand,
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observed no change in the glyeslytie matebolism of liver tissue in the
pregancercul phase. They found, however, thel tumsrs produced by |
='HelAR showed & qualitative difference in metebolism from normal or
eirrhotic Jiver in that the substrate for glycolysis was glycogen in liver
tissue and glucose in the ‘!&umars-(m)
The descxyribenuclelic scid was found Lo inoresse progressively as

(T1) (72)(73)(T4)(56)

mNeDAB wes Ped. Pibsaucleds aclid showed this seme

(73)
trend, This is not surprising in view of the increased mitotic metiv=
ity stimulnted by the w'MeDAB, particulerly im the cencerous stegoe.
Other ensymes whose schivities have been reported as being decrenned

(79) {(71)

include glyoxalase, catalase, xanthine oxidese, ‘gaveral mlmydryl

(78) (19) (79) (80) (e} (72)(T)
anBynes, . histidase, erginace, guccinoxidooe

(72) (n)

Diti=oytochrome C roducianes, and ¢ybochrome oxldase. These have boen
pure esplricel observetions and though theorles shound, no csusal re=
1ation has been demomstreted between the reductisn in the astivity of
these enzyues end the pracess of carsinogenssis.

Another vhase ‘vi’ carcincgenosis that hes been investigated is thast
of tnhibition of hepatome formetions The effcct :sff diet on the rets of
grovth of hepetic tumors hee elresdy been discugeeds Hethylcholanthrene,

@& potent carcinogen in ite own right, has been shown to iphidit the
formation of m'leDAE induced liver tumorss Richardgon and Cumninghem
were the first to report on %hi.& inhibitory action of f‘j:fa,,n(&a) Since their
Piret report, 't.giﬁ gza been confirmed end slaboreted uvon by other
mvaatigatnrm( ”(» )"m@ mode of astion of thie inhibmi#n hes not bhoen
determinsds Thet 1CA might ect by mppréaaim of tiesue growth has been
shown by white, who eloved the growth of rets by feeding them Tiﬁ&tgs)and

by Hertz who inhibited eomb growth in chieke by topleal sprliestion of
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”12‘
(85)

MGA. Ctrong suggested that HCA might ceuse sometic matetion when he

ot thi;t.asn mitstione in cost color in mice after tresting them with
(&7 |

MOA.

Witrosen musterd has alsn been found to inhibit m'MeDAD induced
(88)(89) N

tumore. Griffin's studies indicsted that Nitre;gen mwbord might

‘ : (88

act by blocking mitrosis amd the synthesis of DA



The purpose of this experiment was threefolds

i, To utt’.blhh the minimal length of time that m'leDAB must be fed
%o rats to produce liver camcer. In comjunction with this the pathoiogle
changes which occur in the liver prior to the formation of cancers were
to be studied. { =

£+ To make further studies into the inhibition of m'MeDAB imduced
tumors by the use of liGA. It has been shown by previous investigation
in this laboratory that the addition of MCA to a basloe diet conbaining
the carsimogen m'MeDAB prevented the formation of tumors ordinarily pro-
duoed when m*MeDAB slone was fed. %The purpose of this phase of the
experiment was to see if pretreatment with MCA had any influence on bumor
incidence when m'MsDAB was subsequently fed.

3. %o determine if any correlation existed between the pathologic

state of the liver and the emount of m'leDAB 1% could destroy in vitro.



MATERIALS AND METHODS

Animale:

Five hundred and twenty~eight aldino rats of the Sprague-Dawley
strain mﬁc used. There were 258 mmles and 270 females. Durinmg the
sxperiment these animals were housed in fndividual wire cages snd were
given water ad 11b from drip bottless
Groupss

Two hundred end sixteen animmls were used for the experiment in which
tiao basal diet and m'leDAB were fed. All of these animals were started
8t the ssme time on & basal synthetie diet %o which 0.06 per cent m'lieDAB
had been added. At two week interwale, starting with the seeond week,

a group of animals (Groups A to I) were taken off n'ieDAB and maintained
on the basal diet for the rest of the experiment as showm iz Teble I.
At the end of 18 weeks all of the aximals still alive were on the basal
diet. After s group of animals had boen on the basal diet for two weeks
four of the animals woré killed and two to four were killed every two
wooks until all the snimels in that group were gome. The killing of
the animals was staggered in this mamner so that the sequemce of patho-
logical change in the liver eould be followed up %o the point of eancer
formation,

Pwo hundred and seventy animals were used for the mixed feeding of
m'MeDAD and MCA in the lﬂntl diete These animals were divided into
three groups of 90 animals per group. Sach group contained threse series
of 30 anlwmmls per series.

The first group (Group K) was started on the basal diet to whieh
0406 per cent n'MeDAB had been sdded. Three series of thirty animals
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each were then taken off the m'MeDAD at 8, 10, and 12 weeks respsctively,
and fed the basal dlet containing 0,007 per cent UCA for the remainder
of the experiment as shown in Table IX, It was intended that four animals
from each series be killed after they had besn on the diet containing the
MOA for four weeks, and four animals from each series be killed every sube
sequent four weeks for the remainder of tho experiment. The animals died
so rapidly, however, that this schedule sculd not bs adhered to.

The secomd group (Group L) was started on the basal diet to which
both 0.06 per cent m'MeDAB and 0.0067 per cent MCA had been added.

Three series of mﬁy animals each were then taken off the diet con=
toining both the m'MeDAR snd the MCA at 5, 7, and O weeks respectively,
and wers maintained on the basal diet contaiming euly the 0.06 per cent
n'MeDAB, Four animals from esmch series were killed every four weelks
after they were on the diet sontaining only the m'MeDAR as shown in
Table IX.

The third group (Croup M) was started on the basal dlet to which
0.,0067 per cent MCA had been added, Three series of thirty enimals
sach were then tekem off the MCA et §, 7, end § weeks respectively,
and fed the basal diet containing 0.06 per cent m'MeDAB for the ree
mainder of the sxperiment. Fm animale from each series were killed
every four weeks after they were on the diet oontaining 0.06 per cent
n'MeDAB, as shown in Table II,

Porty-eight somtrol animels wers used for this phase of the experi-
neat, Twelve animals were on basal dicﬁ conteining 0.06 per cent n'ﬁmg
twelve animals were on bassl dist containing 0,0067 per cemt MCAj
twelve animmls were on basal dlet containing 0.06 per cent m'MeDAB plus
0.0067 per cemt MOA; and Ih;lﬂ animals were on the basal diet alome.

The animals were maintained throughout the upwimnt on the
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original diet started. As noted in Table II, several of thess animals
wors not sutopsied, This was because of ocannibalism which resulted

unless the animals wers removed from thelr cages ilmssdiately after

death,
Dietes
The Nz;é):ma-ﬁp diet used in this experiment was one formulated
by Griffin. It consists of the followlng:
Casein 188
Glueose ionohydrate 5%
Corn 01l
8alt Mixture

Containing Na0l, Ca m]iha.
ugsn“, KCl, Fesi, WAP

e Babla(80))ae
Thismin ‘ 6o ’
Riboflavin o ng/mga
Pyridoxine q/aolt‘.
Caloium Pentothenate ng/mu
Choline 10 gms/208g.

The 0.06 per cent m'MeDAE was made by adding 6.0 Cuse of m'NeDAD %o
10 Kgs of the bassl diets

ma.m&wpu pent LCA was made by adding 200 mge of MOA %o 3,000
Gmss of the bassl diets No mere than 3,000 Gus. were mixed at ome time
to insure a homogeneous nixture.

The 0,06 pé:* oent nm'MeDAB ﬁlﬂs 040067 per cent MCA was made by adde
ing the 200 mge of MCA to 3,000 Gme, of 0,06 psr cent m'MeDAB rather
than the basal diets
fechnique Of Autopsies:

Autopsies wers performed and liver $issue saved from all animals

whether they were killed or whether they died in thelr cages. MNost of
the animals wers killed by putting them in & jar saturated with ether,



e o
“17=

but seme of the animals used in the metevolism experiment were killed
by & blow on the head.

The liver mu';md from the animal and notes were made on its
generel appearance and amy pathology present. Four or five representa-
tive ssctions were takeam from various portions of the liver snd transe
ferred %o Vandegrift's Hntﬁ.n.(%) |

Vendogrift's Fixatives

Ethyl Aleohel 958 80.0 ove
Pormalin, ull Streagkh 12,0 ec.
Glacial Acetie Aoid LoD coe
 Plarie Aeid L0 tms.
¥orouric Chloride 02 Gume
Urea 065 Oma,

All tissue sooﬁons were stained with Eosin, Orange f., md Hermboxyline

Liver Slice i'éormima

Rats used for Hhe liver slies sxperiment were abhim& from the L
mﬁ M groups of enimdls. Larly in the experiment ﬁn rats were killed
with ethor like th- other rats, but later it was felt that betler resulis
nere obtained i the rats were killed with & blow on tho hesds The liver
was removed fvom the snimal immediately while the heart wam still beating
and four sections of iiver were taken for slioing. These sections were
placed on top of a Jar filled with ice wabter used to forestall autolyais
as mich es p-uibh. Two strips of sover glass 1 em. wide end L5 em.
long wé fized %o sn ordinary glass slide 1 om. apart. The depression
between these strips of cover glass allowed slioces of liver epproximetely
045 mme thlak to be out when the glass ‘nis.da ms ;;rdn-l @mt the
seoction of 1i.1ar and & resor bliad- hnld with o hemostat was drown along
the twe strips of cover glass. After onough slices of liver to make
150-200 mg, wers obtained, the remeining seotion of liver wss placed in
e eeparabe labeled Wottle of ﬁ#tin g0 that microscopie sections sould
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be made. The liver sliees wers placed in & pre-welghed 35 ml. flask
containing 1.9 ml. Ringer Phosphate ;olwm# {pH 7)) and re~weighed

so that the exaot weight of the liver slices aouid be obtaineds, Ome=
tenth mge of m'ieDAB im 001 mls of 95% ebhyl alochol was then added

to the flask and it was plu?d in the water bath. Three of en& four
flasks containing the liver alices from one animal wore trniad in this
fashion. To the fourth flask 1 ml. of 20 per cemt trichlorcacetioc aeld
iz 321 asetone-ethancl was also added to kill the liver tissue before
ineubation. This was used as a sontrol ia determine ﬁt proportion
#’ the m'MeDAB added could be recovered. |

The tissue slices were incubated aeyrcbically im the water bath at
375 ¢ under constant agihﬁaﬁ for 90 minutes. :lt the end of 90 |
minutes the flasks wers removed from the water bath and 1 ml. of
20 per cent trichloroacetioc ascid im 11l acetonswethanol was added e
kill the tissue and stop the breakdown of m'MeDAB.

The tissue wes them transferrsd to a glass homogeniser with the
2id of 2 ml. of 20 per cent hriahlarmaeﬁa acid solution and homogenized.
The homogenate obtalined ﬁu transferred to a centrifuge tube with the
aid of n small amount of the 20 per cent trichloroacetic acid solution
and mater (1sl), and centrifuged at 2500 R.P.. for approximately 10
- minutes. The supernatant fluid was ammtﬂl into a 25 ml. volumetric
flask. Another small amount of the 20 per cent trichlorcacetio asid
solution and water (1:¢1) was added %v the precipitate, mixed thoroughly,
and reéantrimg-d. The supernstant from this was poured into the same
25 ml. volumetric flask with the first portion. The sontents of this
2% ml, volumetrie flask were them diluted to the mark with the triche
loroacetic meid sclution and water (1s1). Two ml. of this solution
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were put in o 25 ml., Erlenmeyer flask containing & ml. of trichloro-
acotic acid solution and water (3.:1),, making a colored sclution
suffisiontly dilute to bs read with a spectrophotometer. The per ocent
transmittance of the solution was read spectrophotometrically, using a
wave length of 525 milimiora. The mioragrams of m'leDAB per ml. of
solution was then read from a curve made by plotting the per cent trane-
nittance of various conoentrations of m'lMeDAB in trichlorcacstlo acid

solution and water (1sl).
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TABIE 1
Sumber
of Animals Animals
Group Animals Diet Died Killed

A 4  m'MeDAB 2 weeks 2 38
Basio until autopsy

) 36  miNeDAB I weeks L 3
Beaie wntil autopay

¢ 32  m'MeDAB & weeks 8 aly
Basie until autopsy

) 28  m'MeDAB 8 weeks 5 23
Basiec until autopsy

B 2y =m'MeDAB 10 weeks 7 A7
Basioc until autopsy

) 4 20 m'MeDAB 12 weeks 5 15
Basie wntil autopsy

6 16 m'MeDAB 1) weeks L 12
Basio wntil autopsy

| 12 =m'MeDAB 16 weeks 5 7
Basie until autopsy

1 8  m'MeDAD 18 weeks b L

Basio until aubopsy



TADLE 1Y
Humbey
of Animale Andmals
Group Animals Diet Died Killed
Ky 30  n'HeDAB 8 weeks a5 5
(7 died before B woeks)
MOA wntil autopsy
Kg 30 n'lebAD 10 weeke 50 ]
(13 died before 10 weeks)
MCA until) sutopsy
Ky 50  m'MeDAB 12 weeks 30 0
{10 died befors 12 weeks)
; MCA wmtil autopsy
% 12 m'MeDAB until autopsy 11 1
ontrols) (I not mutopeied)
Ly 30 m'MeDAB + MCA § wosks 10 20
‘m'MeDAB wmtil autopsy
Ip 30  m'NeDAB + MDA 7 wooks 16 111
n'MeDAR wntil autopsy
iy 30  =m'MeDAB + JCA 9 wesks 18 12
m'MeDAS until autopsy
hb 12 w'MeDAB + MOA wmbil -] 7
(Controlsa) antopsy (3 not autopsied)
LY 30  MCA 5 weeks é 2l
mMeDAB until autopsy ,
iy 30 MOA 7 weeks 7 23
u'MeDAB until aubopsy
i 3 MDA 9 weeks 9 a
n'MeDAB until autopsy
1% 12 MOA wnbil mubops 5 7
{Controls) (1 not sutopsied
Q@ 12  Basio until autopeied 0 12



OBSERVATIONS AND RESULTS

droups A through Is
This wup of 216 snimals was fed m'MoDAB for frem two to eighteen

woeks, maintained thereafter on basic diet, and killed at imtervals so
that the pathologic changes in the liver could be observed. As oen be
seen from Chart 1, minimal eirrhosis appeared after only two weeks on
n'MeDAB in 28 per cemt of the animals, The amount and severity of the
oirrhosis increansed progressively after this until by the ol ghteenth
week of feeding m'MeDAB 82 per ecent of the animals had severe oirrhosis.
After eight weeks on the dye, 100 per cemt of the snimals had oirrhosis
of verying degrees.

The grading of the cirrhosis as minimal, moderate and merked was,
af course, arbitrary and eanch clessification covered a rather wide
range of liver damage. A liver was considered %o have minimal cirrhosis
when the commective tissue proliferation was confined to the portal
spaces with some extension between the lobules (Figure 1)s Moderate
eirrhosis was an extension of this same process to often times oompletely
surround a lobule, fh-ra was generally an inorease in commective tissue
throughout all areas of the liver but without too mueh disruption of
liver srohitecture (Figure 2). In marked cirrhosis the comnestive
tiesue had invaded ths liver lobule and distorted the liver srohitesture,
many times to the extent that true liver lobules could mot be distinguished
{Figure 3)» In gemersl, both the gquantitative and qualitative approashes
wore used in 81l three groups in an attempt to separate them. In actual
pneﬁu it was found impossible to adhere strictly to these oriteria

besause of waristions betwsen lobes in the same liver and even varigtions
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betwesn é;rrwmk areas in the sams lobs. It was occasionally necessary,
therefors, to use such terms as "minimal to }mdonh“ and "moderate %o
marked"” when desoribing the ohanges seen in these livers,

Chert 1 summarises the findinge in regard to oirrhosis in this
group. The degree of cirrhosis ia the liver usually serrelated well

- with the amount of damege in that liver, but this was not always true.

Other pathologieal changes oocurring alomg with the olrrhosis were bile
duet x&?oxumﬁm, blle duet oysts, fatby metamorphosis, nedular hypere
plasiea, qnd cholangiofibrosis. In most cases these ooccurred commensurate
with the emount of cirrhosis, becoming progressively more severe as the
cirrhosis Lecame more severe. Oocasionally, however, & liver with only
moderate eirrhosis would have large seotions of it destroyed by imumere
able bile duét eysts, or massive sholmngiofibrosis.

Furthey pathologlieal deseription of these ancillary changes should
be given at this time.

Bile duet proliferation comsists merely of an inorease in the nmumber
of dile ducte normally found in the portal spaces. Thls increase may
vary from enly a fow bile duots to hundreds of bile dusts. These
froquently become filled with fluld, expand, and form bile duct oysts.
The lumen of these m many times the size of a normal bile duct lumen
and are lined with a single layer of cuboidal bile duoct epithelial cells.
The liver parenshyma surrounding them is sometimes compressed and if the
oysts are massive, they may greatly alter the liver pattern (Pigurs 5).

Fabtty metamorphosis eonsists of fab globules within the liver cells
widoh distend thems This oosurred usually in isolabted gells throughout
the liver lobule, but oceasionally was more coneentrmted in restrioted
arens of the liver (Figure &).

Hodular hyperplasia has been designated by wvarious other namas,
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such as benign hepatoma, but in as much s it most probably represents

& rogensrative attempt on the part of the livey, we prefer the term
nodular hyperplasia. These are well airoma;-i. ’q.mc surrounded

by varylng amounts of commeotive tissus. Tho ui\h are larger and

peler staining than normal liver cells bub thoé.y pattern of distribution
is orderly and not unlike that of an ordinary Eli.\ﬁr lobule (Figure 7)e

Cholangiofibtroels represents s yathsr -r’kad :ugam from say-
thing seem in a normal liver. The basic pattern is that of a marked
proliferation of dlle dusts swrrounded by ewirls of conmective tissue
which ocrowd and distort the bdile ducts. The bile duots are filled with
an eosimophilie materis} and frequently meny polymorphonuclesr leukosytes
and other signs of scute inflammation. The bile duct cells are usually
darker staining than normel and they assume more bisarre shepes tham
normal cells. This oholanmgiofibrosis may involve au area as smll ae
e high power or as large as an entire lobe (Figure L),

Bile duct proliferation and bile dust oysts oeourred uncommonly
after two or four weeks on m'HeDAB, but became oommon after six weeks
on the dys. This was also true of ‘the other changes of fatty mota~
morphosis, nodular hyperplasia, end cholanglofibrosis, although the
latber did not becoms marked until eighd to ten weekas,

The ineidense of Sumors found in these animals is represented graphic-
ally ia Charé 2. This experiment showed that it was necessary to feed
the animals m'MeDAB for a ten week pericd befors tumors ccowrred, In
addition %o this, 1% was uecvssary that the auimal live twemby weoks
after n'MeDAB was first fed before tumors began te appear, Only one
animal with & tumor lived less than twonty weeks and this one wes on
ntioDAB for sightoen weeks.

The reason for the discrepancy in the & and ¥ groups is not readily
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spparent. There were 18 animale in the F group and 1 enimals in the
¢ group. Of these, 8 in the P group developed tumors whereas only L
in the @ group developed tumorse.

The liver tumors urpﬁnlogluny were basioally of two types,
mlignant hepatomas and adencearcinomas. Many other olassifications
have been proposed, but even this one seems somewhat arbitrary simce both
types of tumors wers freguently found in the same animal and many times
one type was seen to merge inte the other.

The hepstomas were not unlike normal liver tissue. The cells were
more basophilio, hyperchromstie, and varied more in size md shape, but
the basie architectural patbern was not mﬁﬂ!y different from that
of normsl liver. There were usually emough neoplastic characteristies
ts t!ic_u tumors, howsver, that little trouble was ensountered in distin~
guishing them from the normal er regenerating liver tissue (Figure 8}

The adenoearcinoma type of tumors eonsisted of cuboidal or eolumar
epithelium arrenged in acini and surrounded by verying amounts of eon~
nective $lssue. These frequently became scutely infected. These were
readily distimguishable from non-nesplastic liver tissue (Figure 9)e
@roupe il and Ls

Group M oousisted of 90 animals which had been fed & basie diet
containing 0.0067 per eent MDA for & period of § to 9 weeks and then fed
n'MeDAB for the rest of the experiment, The L group eonsisted of 90
animals which had been fed the basie diet containing hnthvo.uﬁ per cent
m'MeDAD end 00067 per eemnt MDA for & period of § to 9 weeks and them
maintained on basle diet containing only m'MeDAB for the remainder of
the experinment.

As shown by the acecmpanying graph (Chart 3) the pretreatmsnt with
MCA did lower the incidence of hepatic tumors within the length of time



the experiment was conducted. It did not, however, prevent the form-
etion of tumorss The snimsls represemted on the graph as being o
mtleDAD only are from a previcus laxperimnt and are used ss the standapd
against which the animals from this experiment are eompared.

The 90 animals in group M had beem divided inte thirds and placed
on MOA for 5, 7, and § wesks. In order to enlarge the groups used in
the graphs, these were combined into one group and all were eonsidered
to have been on MCA for 7 weeks. The sams thing was done with the
snimals in group L end all animals wers oconsidered to have been on MOA
plus m'MeDAB for 7 weekse

Odrrhosis and other struotural changes in the liver developed at
essentially the same rate and in the same sequence as in the A %o I groups
previously discussed. The only difference was that in the M tné L groups
s marked proliferation of bile duct cells oceccurred, a comndition not seen
or sesn only to & minimal degree in the A to I groups. This proliferation
of bile duot oells began to appear at L weeks, reached a maximm botween
8 and 12 weska, and them deoreased until it was aimost entirely absemt
by the tims the moet advanced sbtages of eirrhosis were reachsd.

Horphologieally this bile duot vell proliferation consisted of an
inorense in bile duct eslls whioch did not form bile ducts but rather
extended from the portal areas, surrounded the lobules and imfiltrated
into the periphery of the lobule. As the more advanced stages were remched,
the bile dust eells infiltrated deeper into the lobule (Figures 10 and 11).
This sosounted for the majority of the deaths that cocurred im the animals
whioh had beon on m'MeDAB only a short timee The animals that survived
this peried of marked bile duet ocell proliferation amd infiltration showed
s progressive decrease in the mumber of bile duot cells as eirrhosis
began to get more marked,
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The K animals were not izcluded in the graph comparing the in-
cidense of tumer formation. The reason for this was that these animls
began dying three weeks after being placed on the m'MeDAB dlet and the
longest any of them lived was 16 wesks. Only five of the animals in
this group were killed, the rest died. In most of the cuses there was
enough damage to the liver Qi,th-r by the bile duct cell m;myieu or
eirrhosis to sccount for their deaths.

fwelve animals wore placed on the basie dlet and msintained on this
throughout the sxperiment as aonﬁ*w&s on the adequasy of the 'bmiq diete
Vhen these animals were sutopsied, all were found to have mormal livers.

Twolve animals were put on MOA at the start of the experiment as
contyols against sny liver damage that MOA might produce. Eleven of
these were autopsied and all had normal Iimt.

Twelve animals were maintained om MCA plus m'MeDAB as aemtroh for
this diet. Twe of these enimals killed after five weeks showed ninimal
oirrhosis and minimal bile duet eell proliferation. Seven killed after
being on this diet for 28 to 3, weoks showed unly mederate to marked
eirrhosiss nons had cancers. Three animals did not reach autepsy dus
%o cannibaliem,

~ Twelve animals wers maintained on & dtot mhining m'MeDAB through-
out the experiment, Of the seven animals whioh reached sutopsy, all had
massive liver cancers.
liver Slieo Inoubatioms |

The results of this part of the upu-l.-nt were dissppointing. Four
slices from each liver were incubated, three 0;‘ these were living tissus,
and one was killed by the addition of #r_hhlwumt asid prior te in-
oubation. The killed $issue was to serve as a control om the amount of
wilMsDAR that was lost in the process of extraction. Although the
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morphologio changes in the slices takea from the seme liver ware
essentielly the same, there was & marked wariation in the amount of m'MeDAB
the slices destroyed. No consistent éifzcme& existed Detweon the smount
of n'lnm é&atroyaé by sormml liver tissue amd pathologle thimo. Also,
while in the majority of the cases the smownt of m'MeDAD extraebed from

the killed ssmple was greater than that extracted from the samples of
viablo liver, there were emough exeeptions to this to east doubt on the
validity of the others, The results inm general were o0 Anecnsistent %o
allow afy definite conclusions to be drawne '
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Figure 13 v
Minimal oirrhosis in a rat onm m'MeDAB for 6 weoks and
basie diot for h weoks .

Figure 23

lioderate oirrhosis in & rat on MCA for 9 weeks and n'iaDAB
m 30 weskse This rat had markesd eirrhosls in most of the liver,
but there were also areas only moderately invelved,
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Figure 3t
iarked eirrhosie in a vab en MCA for 7 weeks and m'MeDAD
Loy 16 woeks.

Pigure b

Adirea of eholangiofibrosis in a rat on MIA for 5 weeks and
n'MoDAR for 16 weeks. This rat had moderate eirrhesis.
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Pigue 53

Area of bile duot proliferstion in lower half of photegraph
and bile duct oysts ia upper half. Bat on MIA plus m'MeDAB for
9 wooks and m'MeDAB for 12 weeks.

Figure 62
Example of fatby metamorphesis iz @ rat om m?MsDAB plus MTA
for 9 weeks, and n'NelAB for & wesks,



-37-



-38-

Figure 7s

Hodular hyperplusia in o rat on m'MeDAD for 12 weeks and
basie dlet for & weeks, Twe hyperplosic modules are separabed
by & strip of relatively mormal liver tissue.

.

Figure 8s
Halignant hepatoms in & rat on MUA for 5 weelks and m'eDAB
Poy a‘.l. woeks,
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Figure 9
Adonocarcina of the liver im a rat on MIA for O weeks and
n'ileDAB for 20 weeks. |

Fi 10 ‘
Hoderate bile duet cell proliferatiom inm & rat on m'MeDAB
plus MOA for § weeks and m'MeDAB for L weeks.
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Figuro i1

 Merked bile duet oell proliforatiom and infiltration en
Bt UeDAB plus MUA for 7 wesks and m'MeDAB for 12 woeks.
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DISCUssIoN

The experiment in whieh mSMeDAS was fed ©o rats for warying lengths
of time showsd that the rats must bs exposed to the earoimogenie Iu-
for a minimmm length of time before tumers develop. This minimum
length of time was found 4o b ten weeks. An additiomal dem weeks,
making o total of twenty weeks t‘m the %ime ths dye was f&rst fed, ma
found to ‘h necessary befores tumors began ¢o appear. This agrees, for

\ (91)
the moat par, with the work of Cortell

who found ﬂlﬁ it was necose
sary €0 feed 0.05 per cont m'leDAB for 69 days to yrodum’ tusors. Howe
ever, she began %o observe tumers by abdominal palpation as early as
tMrtoen, eixteen, and ‘sighteen weeks after first fooding the dye. This
disorepaney is probably acsounted for by the faet that she was using &
diet low in protein and rihamﬂn. & oondition lmown to speed up tumor
formation, |

The sequential pathologiec ehanges that ocewr in the liver on oone
tln?ng rsﬁigg c;‘ the aso dye earocimogens have been well worked cud b§

92) (93) (o) {95)
o Ople o Béwards sund White ¢ 8nd Price and co-workers.
The changes found in this experiment agree essentially with these found
by these authars with one exeeption %o bs discussed later.

Many typea of tumors have been deseridbed as coourring in livers of
rats fod azo dyes. )

Orr olassifiecs the tumors as bdile duot ceroinoms (cholangioma), bile
duet eystadencma, and liver cell carcinoma. His blls duct carcinomm cor-
responds to what we called eholangiofibrosis, & condition whioh we consider
to be benign., This condition wna ouvnsldered to be benign because it may
 ocour very early, it was not found to metastasize, it cosure in multiple

foel throughout the liver, and it zrows more slowly than the tumors



considered to bs malignants What Orr oalls bile dust eystadencma we
have ealled bile dust proliferation sad bile duct eystes In only ons
sase did this have the suggestion of meligmemoy. Orr groups as liver
coll caroinoms the only two tumoys that were considered %o be malignant
in this paper.

Opis lists four tumors as occourrimg in the livers of rats fed the
as0 dyes, namely trebecular hepatomns, adenchepatomes, eystadencmas,
and oholamgiomas, but states thad & large part of these tumers should
be regarded as benign, The »mhmm hepatomas ocorrespond to the
mlignent hopatomas in this paper, sand the sdenchepetomas correspond
to the adenccarcinomas. The eystadenomas Opie desoribes are the same
as the bile duot oystadencma desoribed by Orr, and biles fuot prolifer-
ation and oysts described in this peper mmnd considered bemign with one
possible exeeption. The cholangiomes were the same aa the cholangio=
fibrosie in this paper.

The classificetion of Edwards and White is the same as the one
used in this paper exeept that they further classify the }upﬂm an
to Type I and Type IX. Although the characterisitics deseribed for
the Type I and Type II hepatomas wers aleo sesn in the animals in this
experiment, it was not felt that these tumors presented snough morpho-
logie dissimilarity t> warrant separate classifisation,

Price and eo-workers classifiecation of hepatomms, cholangiomss,
end mixed tumors slse corresponds with the ono used in this paper, the
eholangiomas being the same ss the osimnocarcinemas desoribed here., The
mized tumors merely sonsisted of both types of tumors ccsurring together,
& very common oocurrends in this series. k

Ae has been memblomed previously, the morphological changes in the
K, L, end i groups were the same as in the 4 to X groups sxcept for the
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marked bile duot coll proliferation seen early afber m'MeDAR feeding
was started, MNo referemos to this bile duet cell proliferation was
mdes by Or&{%). Oﬂu{%). or Bdwards and mn.u‘} This eould per-
haps be moaounted for by the faot that thess workers were using the
less carcinogenic aso dye DAB. The more potend carcinogen m'MeDAB,
however, was used in the first experiment with the groups A to I and
in previous experiments in this hhm-ltqa'y.& and this bile dust eeld
proliferation wms not seen,

The only referense to this eomdition found in the litersture was
in the work of Frise, Harman, Miller, and ﬁner.wg) They found that
en inerease in the mmber of bile duet cells began eccurring at 182l
days in the snimals fed m'MeDAD and by 26-28 days these bad inoreased
in musber wntil they had pemstrated elose %o the cestral veins of most
lobules. By six %o eight weeks most of the bile duot cells had dige
appeared.

In this experiment in the L snd N animals, which were pretreated
with MCA before being fed m'MeDAB, this proliferation of bile duot cells
was first seen after four wesks of m*MeDAB feeding when the first animals
wore killeds It was found ¥ reach s maximal degres snywhere from 8 %o
12 woeks and persist until eirrhosis was marked, In the X animals fed
n'MelAB from the start, the bile duct cell proliferation was noted as
early as 2-1/2 weeks in animals that died. It can be seen from this
that the bile duet ocell proliferation in this experiment reashed a maximum
later and persisted much longer than in the experiment of Prios and
assoolates. '

Price and his co-workers postulated that some of these bile duct
oells went to form the cholangiofibrosis, but that the majority of them
were transformed inbto parenchymal liver cells. They postulated this %o
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"~ explain the disappearancs of the bile duot eells and the appearance

of now paremshymal cells. PMurther evidense offured to support this
was that the new parenchymal colls had a low mitotie index, their mito-
chondria content was lower than that of the residusl paremchymal cells,
thely maclear charncteristics were more like those of bile duet oells,
and they had some tendsnsy o oceur arovnd lumina.

This postulate ean neither be sonfirmesd noy denled from the results
of this experiment. The tims relstions in this experiment were certainly
different than those observed by Price cad co-workers, but the morpho-
logic ohanges desoribed wers essentislly the same and the impression wae
obtained that the bils duot ecells and the liver parenchymal ocolls were
mtually oapable of transformation inte the other type. Vhy the X, L,
and ¥ animals showed this change while the A %o I animals 4id not, can~
not be explained.

Previous experiments in this laboratory have shown that whem 0.0067
per cent MIA is added to s diet eontalning 0.06 per cent m*MeDAB before
the £ifth week of feeding liver cancer is complétely inhildted. If the
MIA is added 6 to 10 weeks after m'MeDAB has been fed,there iz some ine
hibition, but it is not complete. The present experiment showed that
feeding MDA for five %o nine weeks before giving m'MeDAB or feeding MUA
{4 combimation with m*MeDAR for five to nine weeks before giving m'lisDAR
by itself also imhibited, but did not completely prevent, liver canoer.
The meschanism of this inhibition has mever been ¢larified. This emperimemt
fairly woll rules out the possibility that MCA has a “neutralising” action
oun m'HaDAD in the intestinel trast, as the two substanses were never pre-
sent together im the imtestinal tract. Other possibilities exist which
camuot be ruled iz or out by this experiment. These imelude the peoesibility
that MCA might alter the metabolism of the liver in some way so as te make
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it more cepeble of destroying m'MeDAB., If binding of ths aso dye by
the liver proteins 4s ame of thé rirﬂ‘tmg in onreinamnu. ag is
suggested by Miller and his so-workers, MiA night prevent this gwuin-
agoedys oombination and thus prevent the tumors. MCA sould conceivably
cause & hormonal respomse in the rat which imhibited tumer formatiom.
The exset mechanism of this inhibition is still ebsours and further work
will be necessary to elusidate it.

The reasons behind the fallure of the liver slilce hnuﬁun expoyrie
ment to yleld results are unknown., Since this teohuique has ylelded

(53)(54) "
good resulés in the hands of Kensler m& his so-workers using liver

(51)
slices and Mssller and Miller mﬁu umr homogenates,it is not likely
that the veehnique is at fault, bub nther the applieation of ths teehe

nieau.
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CONCLUSIONS

1, MN'MeDAB mmst be fod 4o rats a minimm of 10 wesks 4o produce
ORTIOBY

2, An additional 10 weeks, making a tobal of 20 weeks from tiw om~
sot of m*'MeDAR taia&nc. is neeessary before the canmeers begin to appear.

3. There is progressive liver dammge including inoressing severity
of oirrhosis, fatty metamorphosis, bile duet prelifermtion, blle duct oysd
formation, cholangiofibrosis, and nodular hyperplesia before liver caneers
appeste

Le lLiver cancers are of two 4ypes; malignant hepatomms and sdenoe
careinomad.

5« Pretreatment of rats with MUA for five to nine weals prior %o
m'MeDAR feeding inhibits to some extend, but does not prevent liver cancers
vwhen ntMelAB is subsequently fed.

6¢ MIA fod by itzelf has no effeet on the liver of the s,

Te Although the meshenism of action of MCA in inhibiting m'MeDAD
induced tumors has not been elarified, one poseibility, that of “neutralie
eation” in the intestinal tract, has besn eliminated,

8z Bile duct eell proliferation was found bo acour in three groups
(K, L, and M) fod m'MeDAB, This reached a maximum st six to eight weeks
and disappeared by the time marked eirrhosis was present,

9+ No ocomslusions sould be drawn from the liver sliee ineubation

experiment,
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