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IRTRODUCTION

The morphology of the nucleus in fixed &i--ue smesrs will be
studied from week to week as earcinogenesis progresses. Although the
Snear technique is exteosively used in practical medicel gytolopy, it
has not yet been ubtiliged in eny invegtigation of eareclnorenesis. Howe
aver, a gimllar method, the squash repiration, has been saployed in the
study of carcinogenesis in the mouse skin. This did not include & dee
talled study of mecloar wmorvholony, ut wes concerned mortly with nuelear
slze chonges end chromosome changes. “ethylcholanthreme, cne of the
rhenanthrene series, was the earainogenis sgent, In this study, nt-
mothyl-n-dimethylamincasobensene, an eso dye, w1l be the carcinogen end
the ret's liver will be the site of careinogenssis, It is hoped thet tée
resunlts obtained will be comparable, indiceting that the sareinogenic pros
cess may be the same regardless of the ergan, cersinogenic agent, and kind
of animal. Neinly, it is hoped thet some of the confusion snd controversy
regarding the cherscteristics of csncer ruelel end their evelutionary
changes will be clarified. In order that the problems invelved in thie
investigetion can be retter understeod, the following review of the per-

tinent literature igz or-sented:

I. Gytology in General, (1)
Oytology, (the study of the cell) 1s e field which le beinp

intensively investigated st present. Thie includes sytochemistry, syboe
morohology, evtorhysies end crtogenetics. Many teoole and technigques have

been utilized such sp the uitremioroscops, the eleetron mlcrogcones, wmlorce
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disgection avraratl, polarimation optiecs, wersy diffrastion, new =icro-
teehninues, snd lnet, bub aot lesst, the emesr technique. The smear
technique consiste essentially of crushing a risge of resh tissus, Se«
crotions, sediment, or othor masteriasl, along & slide and dropping it im~
modiately in fixutivu§ The smeor sonsists of a thin layer of Individusl
gells. Az ¢en be readily appreciated, thie rrocess has several sdvant-
sges over the usual wmethods of tissus preservation, in addition to beine
very rracticsl. Offects of sutolysis sre kept at o minimunm, singe the
smear is fixed immedistely. TFor the ssme reason, all manner of flzation
srtefscts are minimised, All cells are simulteneonsly fixed end are
fixed in the same mannoy snd to the same depree. There are ne fimation
current effects. 7ach cell cen be individuelly studied end there is
better preservation of the mlnute detall. The one bip dissdventage i
that the general srchitecture is lost, since the gmesr cenziste only of
individusl cells, and sectiomed =materlal is necessary to demonsirste
this. The method depends on satiszfactory preparation of the smesrs. Dry
smeers have been used tmt the celluler detnll is not ag deflinite, Jells
and nuolel lose theilr shery contours, become swollen and flattened, end
do not take up stein se well. Although the Vincent Yeworisl Fosnitel
Staff (2) says thal dry smeers sre "edequate for imbervretation,” Papan-
igolau end Treut (3J state that they may be sufficient for endocrinoloe
gic sand obther evaluation, but are not satisfactory for cancer disrmnosie.
Papanicolau and Traut, who popularized thie method, recommended equel
parts of ethyl ttﬁer and absolute ethyl alecohol for Tixation., This hes
been used almost nniformly. The stsin technique vnriss somewhat with
each laborstory, the importsnt thing being that it be satisfactory and
the microgeopist familisr with it. Pepanicolau and Treut complsined that



kL.
the usual stains used for secbioned materisl did not differentiste
ruelel sufficiently and stelned cytoplaen and blood go heavily thet in
thick and bloody smears indlvidual cells were not well differestisted.
They devised ¢ stain of thelr own and recommend that omission of the
countersbain, which can be done subseguently to make & complete study of
2ll eelluler elements, may facilitete recognition of cereinome cells in
emnll mumbers,

In the living cell the nucleus avpesrs to be orticelly homo-
rensoue, heving no struetures tmi the muelesr menbrane and the nueleolus,
Jecange of thie, results of micronanirulation and the fact that the chrow-
natin structure in fixed materisl iz se variable, many suthore have gues~
tioned the sipnificence of the svpesrance of ths fixed nuclevs. Frey-
Wyasling () sugpests that gsinece differsnt fixing methods revesl similer
nuclesr structure, its pre-exlstence is likely, fenseley \>7, using the
freesing-drying method with its instantoneous fixstlion, found & nuclesr
structurs slmilsr to thet in seetioned msterial and thinks this proves
that the nuoleus is not, in fsct, homogenecus. DeRebertis and Vowinski,
summing up, (1 state that "all the facte pormit ue to affirm that, al-
though the living mueleus mey be opticelly homogenscus, this does not
signify thet there is structursl homogeneity., This structure, slbthough
i1t may be somewhet albered Ly Mixastives, is charac’erised by the segroe-
retion of the chromstin in speeial regleone of the muelear space. lever-
theless, the lunage of flwxed muolel should not be aseepted without o
eritical sttitude beceuse, besides true sirusture, there sre obhers, such
as the linin, whisch seem %0 be the reeuld of & protein precipitetion,®
byrrs, vhe used unlived, strined, vell suspensions, mays that in fixed
preparations chromatin precipitates on the inner nuclesr wall, network

and outer nucleolus obsouring outline end deteil. 6} on fixing, the
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fibrils of the nucleus are dehydrated snd beeome ageesslible to steindne.
They usually clet togebher e a result of the adherive sction of the co-
agulsted rroteins of the nuelear esp. {tsJ In stained and fixed meberial
the struoture of the nucleus is distinguished b ite pgreet complexity
and veries with the fizative. The parts of the nucleus are: the nuclear
mewbrane, the structure of which is disputed; the muclemr sar, whieh is
uneteined or lightly scidophilic; the nucleoli; filsmente with linin,
{osychrometin, more seidestaining chromatin and basichromatin, more basic
stoining chromating) and the coarser chromatin flakes, othorwise knowm es
plasmosenes or falss mucleoli. () Ingingion bodies may also be found in
the nusleus acsocleted with certain virus diseases. Qrean{7} has found
ervebele in the muclel of mouse lunc, mese liver end other tiesves, which
ara protein and lipid in nature, snd seem to be correlated with age,
tumors, and chronic inflsommetion. ﬂthér wvorkere have =ise cbserved oryee
tals in nuelel. In o tomorrhosis, the musleus often steins more intense-
1y end le ghrunken, Simultenecusly ite structural detsils are rrogres-
sively lost, {Pyknosis) lowever, csch type of tissue wmet be studied
separately in thie regerd. The most reliable eriteria of cell desth
soans to be a diffuse stain of the nucleus snd cytoplass by vital dyes.
{In living cells, the dye is found in granuvies snd vacucles.)} Postmor-
tom, the mucleus resiste avtolytic ohanges longer than the oytoplasm, It
becones nyknotic and shrunken with loss of structursl debsil., Ileter karoe
lyeis and loss of stainebility, with or without keryorrhexis, occur. ¥

The definition of the mucleocluns is not rrecise in the litersture
snd often inoludes nucleolus-asrociated chrometin, and even larger heteroe
chrometic narte of the chromatin., Caspersson of fers the following defis
nition to pesolwe these difficuliice: “dence, rounded, as » rule optie

eally homormensoue, endomuclesr bodies conslsting of mroteins Iin hirh eon-
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sentrations, rich in diemine scids and assooleted with the oytoplaenic
protein formation,® (8 The nucleslus vigorouvsly colleects most basis
dyestuffs, but storse eosin. Ite resotion %o dyes is strongly proporw
tionnl to the fixation and the method. Xt hes a gpecific alffizity for
methyl preen. DProtein crytallolds, which sometimes rerlace wolsoll,
grow in smell muclear vmuelﬁé. (L 1% hes been demonstrated in niant
celle thet the nucleoll are In intimete relstionshin with gnecific chroe
mosomes with secondary conetrictions. The point of union is referred te
as the orgenizer of the mucleolus. The miclesr materisl is derived from
all the c¢hromosenes present, twit it le sccummlated and orgenised only in
the region of the orgenizer of the mucleolus, (8} Caspersson, in W« in-
vestigation of cells with nlireviclet absorpiion techniques, (8) shatas
that geveral endosellular organelles participate in the mlk of eyto-
plasmic protein formetion, which he refers o as the "systen for cyvtoe
plasmic protein formation.® ‘The moct imporbtant parde of this syetem are
the nuoleolus asvociated ohromatin, the mucleolue, and the nucledr meme
brane system, The chemienl composition of the nueleclius is releted to
genetic contrel, Rearrangements in helorochromstic regions of chromo-
semes in Drosovhils or sex differences lzad 20 a chemge in 3he ratio of
protein to auelelie acld and in the type of protein, ) Cagpersson notes
that the inoresse of mcleoler mase §9 2 conspicucus phenomenon during
eytoplasmic proteln eynthesis. It incresser, "sometinmos snormously,"
during intensive growth., Nucleoll are wery smsll or abrent in cells which
do not form any cytoplasmic protein. Txeertions were found only in cells
prepared for very rarld growthe-i,e, dormant plant enbrys. During differe
eantiztion, large nucleolsr masses were found and presumed %o be dus rrie

marily to pene products, (8)
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Aosording to Irey-Wyssling, chromotin iz ¢ morpholoricsl con-

S

eept for reglons of the nucleus showing idenbical staining behavior. &
Chromstin structure veries mucht grenules varying in size from very sawll,
(dust), to very large; cccasmionally a chrometic membrane along the cdie
ol the nucleus; and often derosited on the inmner karyothesz and around the
mislecius, meking them etand out. Benseley, usiag the frecsing-drying
method, deseribes chrowetin as distributed in the form of a lerge nusber
of small, Jow vyromidsl wasmes, distribubed along the inney m:rfaoe of
the nuclear membrane; a small number of lerger masses in the interior of
the nuclensy and sn investaent of chremstin sround the ngeleclur. Somaw
times a Cine network cen be seen in the background jfoining the various
chrom=tin massee, This is known as the reticulum or limin metwork, which
is a protein fremevork with embedded muclein aside. & ihe heterochro-
matin is the regione of the ohrematin which after cell division do mﬁ
lose thelr high muelein scid eontent,~-1.6. chromosome parts wibth proe-
served spiral structure. The euebromatin is the reglome of the chroma-
tin in which the muclein acids ere decressed after cell division. L

The hetorochromstin sbsorbe less staln than that gonerally found in
chromogomes, (euchrometin) and ie often aseooisted with the nuveleolus.

(9] There ie some sontroversy sbout whether the chromstin eloments,
which are considered t¢ be uncolled chromosomes, form a definite struce
ture or are in the form of Ireely dimnersed particles. Frey-Wyssling

is “eonvinged® the former is true.

Chromogomee ean be studied by fixstion with minimum fimatlon
aftefacte. (2] Chromosomes are gcomposed of chromonemsta, t'e only rart
in the interphasic nuclous snd metrix, The chromonemsta are Fibrils ond
sach clrcmosone conteins one te four of them. Pelytene chromosomes,

Tiret found in the salivary plamds of the larwal fly, "most probably”



arise fror a series of successive longitudingl divielons ¢ & common
chromonens until a glant ehromosome rosulbs, L These have alzo been
found in other insect tiveuss, crowm gell tissue, wndetr non-goancerous
experinentel conditions, and fn tumors, I1 hos been postuluted that Yhe
nuzber of nuoleol! cen be used s an index of polyploidy, (which iz ce-
sazlonally feound in normel cells) end polytene chromosomes, because more
than the ordinery number of nuelesolsr organlzers would be present aad
more nucleoli would be cresent. Also, it hes beon rostulated that bee
cauge the nusleoler orgenlzers must be closer together in polvtene chro-
mogomes, the micleoll ere larger duc %o gosloscing of sdjecent orgmnie
gers. (30) Chromosene sizes vary in genersl with muclesr volume, from
organ to ergan, and snimal to snimal, They very least in enbryos and
mest in older animale., The volume serms most likely to ohsnge when the
eell is differentiating or moduleting in sccordance with quantitstive
changes in chromsome function. (M1# 12} Iu nes been proposed thet dif-
fercncas in chromosome size from eme normel coll tyre to smwther depend
on euchromstin development, (11)

The cells of 2 glven tissue do nol vory in size irregularly,
but depend on the lews of growth, Heidonhain'e law of Urowih in Cone
stant Proportions siates that a given tissue containg cells vhose vol~
wmeg sre vithin ¢ geomstrical line, a3} Jaeab] observed & goometric
progression: Mn/Me, 2Mn/2Me, IMn/io, OMn/Bie ... where Mn s the mass
of the nucleus and Me is the cytoplassmic m&.im) The eytoplasmic
voluse and the nuclear volume are direotly rroportional, Ihere existe
an optimum equilibriva, the nueleocytoplesmic index, which cannot be exw
cended, (within limits) without important changes in eell physiolegy.

ip » Ynuclms/%éll « Vnueleus, "The lack of maintenange of the nuelec
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plagmie retlo would seem tosot a8 & timmlus 4o cell division.® (u In
general, the younger cells have more columinous muclel. Huclesr sizes
pleo vary with the individusl snimal, and from orgen to organ in the same

snimsl. Shalrer found inthe lactatling end non-lactating breast that se-

(18)

ereting nuele’ were larger thuan nonegecreting nuclei, Ehrich noted

that as organe ineressed in functlonal aeltlvity the nuelei increased in

(13) Ludford thought Shet the grester the meisgbolic seblivity, the

{16}

slae.
groater the totel volume of the nucleolar materisl. The relitive
slga of the nucleus 1s also less at high temperatures compared with low
temperstures, (r) Moet subhorg agred that thore ie cousiderable am—:’in‘wn
age of the mucleus with fixation, exvept for SckelelT, who used a grecst
variety of fixatives in his inveehipations and claimed thet they played

an "insipnificant role® in nuclear sise. (18)

11 hepatie oells sre essontlslly similer, Thers is no eybo-
logic evidence that maialﬁanﬁ groups exieb. (19 Hepatic gells are
polygonal in shepe with six or more surfages. Vsuslly thore is one
large round nucleus, quite wvesiculsr with o smooth mexbrane, one or more
very prominent nucleoli and » few emzll chromstin dots. The eytorlas
varles tremendouvely with glycogen, fat end vrotsin inclusione, ¢ oytoe
aentrum, very variable sitochrondela, = Oolgl ned, and oecssionsl neubrsl

(20) Tn normal rot liverthe ohrametin in Mxed

red steaining vacuoles,
ereprrpabions often seems recinitated on a network. The intermediate
spece 1s uede up of 2z continpows mess constitubing the organie reslidue
of the keryolymph, which has a very mimtely grenul -r aspect snd ls

() Westherford found in an aversge of 1.037

falntly Feulgen positive,
of heputiec nucle! of rresummably normel dogs and other canidee nighly re-

refractive, hexagonsl, prixm-like ory-tals, 7«12 sicra long, which were
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strongly asiderhilie or strongly basorhilie., #8 & result of many chomi-
ocal tests, he concluded thet they wure protein in neture end were derived
from & vurine bass, They wers unaltered by fasting, snephylexie and ine
travenous hemozlobin ndministration, (21 Opeen found in 28 of hepstic
meclei of mouse livers eosinochilic inclusion odies. n dividiap eells
of mouse livers sfter fizsbtlives nobt preserving mitochondris, Green alsc
found basorhilic gramulez which were not Feulgen rositive sround and
within the snindle &mu.{ﬂ Diserete bodles ocesupy most af the eylo=
plaem of liver cells of rats, Part of these have the cherasterietics of
mitochrondria, and part do not, The latter asre found in cells around
portal spaces, in fool of regencration, and tumors, They are basophilic
and contain ribomelein eeid. Ther incresse towsrd the central velin,
forming clumpe end & nallsade arrangemendt in the margin of liver columne.
(22) Often binucleate ecells are seen in the liver, Because of this thers
wae msh ‘wﬁ*‘mwmy about t.}a& mechanisn of cell division in the liver,
Towever,; {4 geome penerally agreed now that smitopie does not oncur and
thet the binuclest oells originste &g the result of dusghter cells fail-
ing to divide in mitopis 2ftor the oucleus has, (19) Another controv rey
concerns whether or not the hepstic cells ever arise from bile doet cells.
Haximow and Cloom in 1930 conceded that nrobably seme of them do. Mitosile
flgures are rare; 1 in 10-20,000 nucle! normslly. (23) Bleeele states
that the larger normal rat liver chromeormes are not due to sn ineressed
number of disbrote strands and ere oot polytene because bthe rhythmie
nuclear volume doublings are not underiaid by rhyttmic chromosone velume
doublinge, {except in relyploidy and there the totsl chromsomeal mnterial

doubles ard not the volume of lndividurl chromosomes) and there is a

maxinmum of only pix miclepli in 211 tiseues with 21l gizes of dipleid
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mel«ah(x‘” Beem says that “eofforts %o use the sueleoli, ss has been
dome in eertain sther materisl, to determine the ohromesoms murber wam
found unrelisble for the hepatie cell,” but does mot say ulay‘(lg} Chro-
mogone volume veries with sge in the rat liver, being larger seon after
birth ond meintained or sugnembed with meturity snd old sge. (32) 1p
nermel liver the frequency and magnitude of polypleidy is imorsased in
the regions of the centrel veln over other sreas, thought o indieste
continuous slow replasement of normsl hepstic cells, occurring mostly
ir that ares. (24) Chromosome volume in normal rets does not very in
proportion to the oytoplaamie concenmtration of ribenucleic seid, or with
the relative development of hetercehramtin and sueleolis It does
perallsl the totel concentration of B vitereng--sxcept inositel. In pore
ral rat organs, the chromcsome solumes, in nrder of decreasing sise, are
us follows: liver, kidney, sdrenal, lung, amsll intestine and cplm.(m

After partisl hepatestony, there is a latent period of aboud
24 hours during whioh the liver incresses 50+80% in size with mo signifi-
oant chenge in the nusber of oellss During this time the meen volumes of
eytoplaem, nuclevs and mucledlus incresss 2.6, 2.2 and 4.1 ti~es respec~
tivelys (28) The sesond day, nuclesr snd mueleoler sreas are largest,

with & mesn iveresse in muclesr dismeter of 6. (24)

Afber oell divigion
gtarts, there is & deoresse in the moen cell size whioh remsins o little
more then normel for 12 days. (26) Ko amiteosse or abnormel mitoses were
seon. Brues and Narble state that the percentapge of mitoses verles wide-
1y from hour to hour and is different in different livers so thet a
single sount tells nothing of growth retes The mitoses sre evenly dis~
tributed and there ia no prepondermnce neer bile duet owlle. Twenty-four

hours sfter hepateotomy, the nitosis rete aversges 2,134 and docremses
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from then one (23) Bienele Pound no new chromogomal camplaxity not pre
gent in eontrals in regemerating ret liver, ne insresse in chromoseme

(27) Sulkin says there is

sige or iuama_n in frequency of polyploidy.
an imerssse in polypleidy, but he uses the nuclesr mesgurevents ss 8 nmos-
surs #f pelyploddy, which Biesele deploress Sulkin found e deercese in

binuoleats selle in restored liver 28 deys after the cperstism. If omly
25-457% of the liver is removed, thare wag no incresse in dinucleate svells

or in “"polyploidy." (28)

II. Cytolegy of the Cancer Fucleus.
The gsancer cell has been mush studied and meny cbservetions

heve boon mads of it such ss pleomorphise, eniscoytosis and peilriloey
tuii. sbnermal oyteplasmio nuclear ratio, abmorrel maloar-»naeiwur
ratios, extreme hyperchromesis, condensetion of chrometin, irreguler
puclear pattern and chromatin network, giant celle with mucleold, multie
micleated oolls, vecuolated and dogesnerate eytoplesm, sherp muclesr bore
ders, sbmermel distridution of oytoplaasm, wrinkled muclel, lerge suolesli,
eell size larger then the mother tissue, mumercus ﬂ%ﬁm yhagoaybeaia
esusing inclusions, imslusions due to chromatin extruded from a hyper-
chromet io nucleus, e sepoiffie Gelgi apperstus, veristion in chromosanes
sbout the diploid nunber, ssymmetriosl end atypicsl mitoses, irreguler
fragmentotion of nuoled, grouping of cells in smears, eccenmtric nuelesr
positicns, nuslel stripped of eytoplssm, atypiesl eteining properties,
deoreased mutusl odhesiveness, irreguler gheet formetion, srd “gqualie
tien words cemmet deseribe.” The appesrance of large amoutte of bleod
and leuvcoytes on & smesr is coneidered suspiocious, snd invesiom of larpge
olurps of cells by polymerphonuclesr leucooytes i¢ "highly sugzestive.”
(8) Undifferentisted carcinomas all look sivilsr on a smeer and ere dis-
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tingulighed from differentistel oercivemes by thelr sbaence of eytoplaes
and indistinet cutline of eellular berderss (2)

Is there eueh & thing es & chersctoristic and disrmostie melipe
nant oell oytologieslly? This questien hse been sush disputed, slthough
st prosent it seems ss theugh the majority opinion is the affirmative.
Hauptmann stetes thet there are “msny suggestive chemges of melignency,
nonme corstent snough or premirent emough to heve disgnostie eignificanpce.*
Tie addy thet theugh it ie poasidle in gome tumora to have ene detsil of
the oell corstant amd eherscteristie enough to be dlognostic o= “genoral
spplivation of such & rule does not seem Justified.® MeeCullur teaches
"it la not possible with the reans pow st cur commend te distinrulsh with
certainty & esll of the epithelium which hap this (malignent) exmggersted
power of growth from e cell of the epithelius of a benigr tumor or even a
norzel cell.” (20) Borst seys definite morphelogic chersoteristies of
carcinemh oelle do mot oxist and the sutodestruetive type of prowth must
be regarded sg the most irportant, if met the omly, histelogie proof of
méi.am. (s0) Shairer ssys that there is no evidnes of sush clesrout
differences betwesn nalignent and banigu. (18) Hengemarm, Arnold, and
Beveri uphold this viewpoint that there is nothing positively diegnestioe.
(31) o the other hamd lacCarty affirms thet the semcer cell san bo sbe
golutely disgnosed. (82-57) Quensel, Heiberg, Zedek, Xerp, Hertwip,
Aichel, Sokoloff, Hertmenn and other Jermsn workers uphold this view, as
well ss obher nglish, (Dudgeen), and American workers, (leCermack, Strohl,
Haumeder, snd Fidler.) Fepenioolsu snd Treut stste that “the typlesl
relignent celle ere unmistekable,” but theas are less mumerous. There
are many more etypieal, sboormal cells whieh semnot aktinitqiy be elsggiw
fieds e recommends thet the veginel ewesr should be comsidered es an
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asccessory or prolisinery method of dispgnesis enly. (3) Aokerman states
thet elthough in » few instences, such as mouge hepatomms with sheractere
istic shanges in mitochondria and the Golpi net, single cells »ay de
encugh different from surrounding normals to be recognised as neoplastie,
no strietly speeifie shsracteristic of the oancer cell has been gwnh-
1ished yut. (88) Fidler apd beeCarty, as well as weny other yatholegiste,
emphasize that in erder to diagnose walignancy experience is necessary iw—
csuse the malignant cells have "qualities words cennet deseribe.” (s2)

» Muoh time emd effort has been gpent meaguring melignent nuelei,
nuolevli and the whole eslle MecCarty, using fresh, unfixed, unembedded
humen tigsuos, found thet the mean arsss of the nuoleoli of malignent
celle ere more than those of eorreasponding non-msl ignant cells. UHe also
found that the difference bDetween rueleclar ereas in melignmant epd nome
velignant sells is mere than the difference betweon ruclear aress. In
this matoriel, the ratio of the muoleolar srea to the nucleer sres varied
from 1/6 to 1/17 in malignant sells end 1/15 o 1/48 in non-malignent
colls, imoluding reparstive regenerstive sells. Under some chromic in-
flemmatory conditions, he found ancther type of regenerative cvell mized
with the others ~~ spheroidel or slightly oveidal, relstively lerge puc~
leus with larger granules and one or more lerger spheroidel or oveidal
mieleoli with nueleclar-puclesr diameters of 1/4. He at Piret deoiznsted
these ae "secondory oyboplesis,” but later recognised them as ceneer oells.
From this he comcluded thet it "mey now be positively stated that all
malignent ocells arise from the regenorative eells of normal tissue.” iee~
Carty for yesrs carried on quite & crussde trying to get petholozists So
uge frosh tissues (claiming that other tissues eculd not de used to demon
strate these rmeleolar chenges) by means of whioch all censer oellas could
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be positively diagnosed early. (32-37) But the metheiwas tedious, time-
consuming end &id not give the same results in other hands. (39) However,
Heumedor, an saamuh of laelarty's, énf&mﬁ his work by messuring
mucleoler and moleer aress and thedr retios in careinomas, nermsls, apd v
oytoplesise fm TANY AOUr0O8s (40) Quensel in Germany, using body fluida
and supravitsl stains, found sverage muoleolsr dlameters of 1-1.5 miera,
cccasionally 2«3 miers, in controls and 8-10 miors, ceoasionally 1.5 to 2
mers, in malignent cellss The ratio of pucleolus to mucleer Alameters
wag o320 to 80 In malignanoies and <14 %o 420 in controle. Howaver, he
found that the mucleolsr size changos 444 not oecur in the sercomss
studied. (41) Guengel’s work wes cenfirmed by Zedek end Xarp ss woll as
cther Serman workers. Zadek found & /N ratis of 1/4 to 1/20 in mslige
nenetes sgeinst 1/28 to 1/100 in sontrolas (%%) Hauptmann observed that
the majority of cancers de heve lerger cells then thoso they origlnated
fros dbut he wkes not eble te cenfirm the work of Quensel and imoCarty for
a1l the osncers he studied. Netastatie turors in his series often had
enly small muelesli er none. (43) Guttman, using sectiomed materisl snd
aseuming that the third diamster was squal to the shortest o tremsverse
diameter, ssleuleted volumes of muelel end mueleoli in censer cells. FHe
notod that the ratle of nuelesr to muelecler velumes inm normsls, hyper-
plastic tissues end denign and melignant tumore was not essentially differ-
ents The wolumes of mucleoli in normals, however, were significsntly lewer
than thowe of hyperplestic tissuss, benign spd melignent tumers. But, bee
gauge of the merked veristion in mucleoler voluses, he mainteirei that this
sriteris sould not be decisive in determining esroinema. Von Pasm snd
Alexander uuﬁr# 10,000 colls in benign and meligmant tigsues in paraffin
seotions, frosen seotlons snd cell susponeions. Winety-six porsent of the
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ecsrcinomas had mucleer to nusleolear erss retios distimetly less than bee
nignes likewise, vorpus luteus cells had very low rah&ot.("’} Saxen,
Btenius, Castrem, ieCormack, Strobl and Neidw slso messured and found in-
erecsed mwslecll im cercers. Ofovius found musleoler diamveters of S-4
miocrs in malignest bladder tumors apd dismeters of 1-2 miere in benign
oness (31} Cogtren was unsble to find enlerged mueleold in ell types of
sarconsss Stowell found thet the individusl nuoleoli size snd the totsl
rueloolar mass per muclear aiaﬁim inorensed three tinmece dﬁriug protein
diet. Using ultrevéclet lisht, he elec discovered thet colls with ler-
geet nueleoli did not have an incressed sbsorption of ultreviolet light
end were probebly nmet produeing large amounts of sellulor protein sube
stansese Colin in which more repid growth would be expected, regenoret.
ing tissue apd rat haepetonas duo to butter yellow, hed sonewbat gweller
| ruclecli, wmore mueleoli per sucleus and usuelly imorsssed mucleie neid of
rusleolus mnd oyboplsem. He wes uneble to demomstrate en entirely sene
sistent relatiomnship betweon nucleoler eize snd rate of growth or protein
forration. Hepetome eells had the smellest mesn muoleoler smd muclesr
volumss and wvolune ration of all the cell types studied, (28) Epantsebin,
in tar tumors, osneoroids enmd tarred skim muclel, discoversd that the
miclel were incressed in size, ospsalally inm the eeroinometous loaions.
(45) Biosele found in mouse ocarcinmoma thet the nuslei fell into volume
olagaes as in nermels, though fer from as distinot, presumbdly due %o
mmpln.i&y-s(mj In methyleholanthrene skin eareinopencsis, Biessle aleo
fournd that the nualesplesnic retic shenged wvery little though there wae
sn incresse in volume of both the nuocleus amd the eybeplasw. (46) Haung-
der alsc found that the eellulomuclesr rutic was falrly constent for eash
eell type, in cancer. (40) A high mielecplasmis retic wae at firet
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thought disgnostie for maligmeney but is slso found in enbryocs and is
thought merely %o mean fast growth end divieilon. (Haiberg, Vertwig,
Alehel, Sckoleff, Hartmann) Sokeleff thinmks, therefere, that sercinems
is closely related to embryomsl cslla.

In the esnoer oell nusleclus, inersased sise st of yrepertion
to the ineresse in puclesr size, irregulerity in sheve, inoresse in mus-
bor, end veriation in mumber have been deserided. Ayres, using fresh oell
- suspensions stained with Azure«C, added fine mucleolsr strands betwesn the
mielooll (thought to be evidemows of nuclevler division) and loss of
polarity to the 1dst. (3?0 Quensel, in sereus exudates, noted that the
nucleolar shepe in wslignencies is ususlly ovel or polygenal, rarely round
a8 in pormels. (a2) Ssxen, in melignsncies of the nasel cevity end einu-
ses, found extensive weristion in size and mumber of mucleoli, Stemius
found muolesli in bladder tumors ovel and irregular in shape. Stowsll
fourd imereased ultravislet light ebserption of mucleoli in regemerstion
end protein repletien, and sp insignifisent imeremse in eerly rogemoration,
protein a@hﬁan. eslls pear hepatomas and in hepstomas. (¢7) Casper sson
end Santesson studied vericus malignencies with the misrespectrograph.
They found twe extreme sell types: the first type showed extrewe stimue
lation end setivity of the system for protein formatiom, end reprosented
areag where the mutrition wes good end the n@ilu ectively inveding; the
second type showed extreme stimulation ut litéle sotivity, the muclesler
epperatus showed signe of intense funotion but no immm protein in the
eytoplasn. Then these cells apparently cemse te grow, rarely divide emd
eventuslly underge neorcsis. Doth differ from normals in thet the endee
oelluler inhibitory meebmnism has more or loss consed to function. They
postulste thet the mucleolus-assoointed chrometin and gemes, whioh regu~
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lete nuelesler funstion, must play & proamiment rele not enly in the malige
nant eell growth but alsc in osreinogemssis. A sories of saroomss studied
gave thew approximstely the seme results. (8) Heuptmann womparved the ohyrow
zatin struoture in control snd malignart nuclei. The control chrometin wes
usuelly dense and olumpeds. IXf net-like it wes delicate end roguler, fn the
walignent nuolei the chromatin wes irregulmr with ecarse strands forming &
net structure. The meghes were irreguler snd veried grectly in sise. Other
vucleer chromatin srrangesents formed & grid, or consisted of irregular,
coarse gremules, with perhaps e dense smorphous appearance. Coonelomally
the chromtin wue eondensed in a ring st the periphery of the mucleus. (48)
Bisnele noted & slight incresse in displecesbility of the mucleoli snd
besephilic ehromatin under ultrecentrifugal foreh{w} Lewis studied a
large pusber of malignsnt cells from enimel csrcinomes, sareowas and humen
tumors. All malignest cells had some hypertrophy of the chromatis and
nueleolar satoriel. Some tumors had such hypertrophied nuelsell they re-
seubled herpetie inclusion bodies. Others hed greatly ineressed nusbers
and pises of keryosomes« The malignant sells of eseh tumer had miclear
structures oharacteristie for them which were waintained throuph nany
generetions of transplante in vivo. ¥No one sbnormality was found common
to all Sunors. (48) Hsuptmenn, among ninety, proved eercinowss emd in
srsary divided all the meligmant eells imto five typos: sguemous eell,
eolumnar oell, round eell, undifferentisted cell and ost cell. %) pude
geon and Derrett noted phagooytie properties in maligmant cells leeding
to inclusions; Horning end Richerdson found inclusions due to chrometin
extruded fyom & hyperchrometis muoleusy DeFane and Luiferd found & spocie
fio Golgi spparvatusy MsoCarty meted intrenuoleoler bodles and even &
minute, sotive, motile bodys Opie, in butter yellow rat hopatomas, found
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swollen eytoohondris, which mey form comaplouocus eell inmclusioms. Opie |
also noted besephilic bodies in the eytoplesm, which imoreamsed in munber
in butter yellow ret hepatomas and did not have the cherseteristics of
nitochondris. Thege bodies disappenred iulor the w&ion of ribonuclense
and were essumed to sonsist of ribomucleie mold, probably essooicted with
inoreased protein synthesis in tumorse (22)

} There hag beon grest argument sbout the significence of heterc-
typical mitosws, esymmetrical mitoses end the cesting ocut and degeneration
of chromosones in melignancies or even whether they o¢cur. Hensemenn
notad stypleal ntasn.(m) One school of thought for a time believed
that these atypicsl end heterotypleal nmitoses were the most charsoteris~
tic thing ehout malignent mucled. HseCorty saw occomsiomal multipoler mie.
toses but never sn asymmetricel, irregular cme. Lewis, ap well as Ziesels
ind others, sew ccoasional mitetie figures whish were ehﬁaml. Levine
contended thet the mmltipoler spindles in the giant cells of eanimsl tumors
srise by mitosls of their severs] muolei snd thet a unimueleate glent cell
ey give rise to & bipolar :pmﬂ-.“n Biesle, ameng othere, found an
inorensed mitetic freguency in melignancies. Biosele alsc found muoled
bearing sultiples of the normal mumber of heterochremstie segrmente in
hyperplesis, predominent in xouse skinm sarcinomas whieh he thought were
explicable on the basis of multiple stranded chromoscmes end polyploidy.
(s2) In the smeer preperation however, mitoses are rare and have little
significence. Levine studied the stages in ehromoseral disintepration
and diffusion ir meny tumors. Il coutends thet chromosome proliferstien
without regerd %o muolser orgenisation is sn serly stege ir chromesome
disintegration apd diffusion into the eytoplasm, sugpesting thet the chro-

mosome substance wtimulates the other oells to grow and diﬂ&a.{m} Te
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sum up, it is gretty well agreed that atypioal,; ssymmetrical mitoses and
multipolar mitoses de oocur but there is wide disagreement sbout the oe-
surrence of heterotypicsl mitoses. Biosels, in & study with the equash
preperation on mouse cercinoms, found that the muclel fall imte volume
classes as in normels, though far from ss distinot, dus apperently to eonw
sidorable sneuploidy. Class I hed s maximum of four muclecli end morwel ape
pearing ohromosomes, presured to be non-meligmant or hypedipleid malipment
nucleie Clase II, the provasling clase, had sbout the diplodd msber of
shromosomes but they wers twice normel sige end there wers sbout twiee the
normal musber of nueleoli. Blessle thinks this enlsrgemont is due to twice
the nusber of chromenemets, dus to endemitssis or growth of the ghromoneme
without division of the centremeres. In melignent sells, chromogomas have
been ween which have sepsrsted a little for s tine apd appesred double
without any mitoels taking plecee The inerensed nusber of meleoli would
be dus theoreticelly to the inoressed nusber of nueolecler ergenigers, due
to the presence of mere chromenemstes The enlerged nueleoli are eccountes
for by eoelescence of sdjecent nuoleoler organisers, bessuse thoy would in
such oago bs oloser together. Clmes IIT conteines totraploide the game
sise ss Cless II, dipleids with four times the nusber of shromenemats as
normels snd even more numerous, lsrger nusleoli. Class IV sontained ootoe
ploide with chromosowes twice normel sise, tetrapleids with ehromogsom &
four times normel sice, diploids with chromosomes eight times norwel size,
plus more end bigper malaon.(w) Lovine found essertielly the geme
thing in many types of tusore e~ animal tumors, husen ovithelionas, Rous
ehioken tumor snd ret serooma. lHo devided the muclei into thres olagses
proportiomel te the size and the ehromosome munbey {finding that the chro-

mosone nunber was & good imdex of the dm) normel size end apperently
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diploid; tetreplodd end seni-glant; snd plent cells with many chromosores.
(83) PFlegele extended his imvestigetions to meny tumor types -- ret hepe-
toms 31, Walker eareinossroore 886, animel leukenis, humen edenceareinome
of the uterus end huxen mermmary esroinoma and othoru(m’n’m‘m'%’“‘
52,68,64,86) Ie 211 he found the seme enlarged chromesomes, often sappesyr-
inp double, which he took to be polyteme. The imoreesed muclesr volume
and incressed purbers of mucleoli, he ressondd, were geguelas of polytene
shromesomens The frequensy of endomitoeis wes roughly proportiemal to
the degree of maligmavey. In addition, his finding that the enlerged chro-
mogomes shrank under p&min digestion mors than normels confirmed thet
theres was & true inorssse in smount of setuel chromogomel meteris), not
awolling or loose ooiling. However, the proportion of pelypleid divisien
figures in all instances was greatly exceeded by the propertion of rest-
ing muolel with more mueclecli then the diploid normsle. 211 the nermal
tissuss studie”’ by Biesele and one bemign uterine tumor hed no incoresss
in oueleoler munber or enlerged chromosomess However, in methyleholene
threne hyperplssia and other conditions enlerged chromosomes were found.
(46) Lewis noted that weny sormal, es well ws malignent, cells of tumors
were undergeing mitosis. The pormal cells in sll types of tumore studied
haed the normal number of chrowosomes snd the maliznant cells in somwe of
the tumor types had more than the normel mumbsr of chromosemess The chro-
mogsome nurber chabaeteristie of each tumor survived unchanged through many
transplents in ﬂw.(w)

Ancther frequent soures of sontroversy concerns which ie the
mogt relisble eriterion of the relignent cells NacCarty seys thet the
enlergoment of the nucleolus is “unquestionebly dlsgnostic.” Zadek afw

fires that the inoreased nunber of lerge and polygomel mucleoli in emall
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mzolel =mst be loocked upon aa‘ the moat churacterigtic sigrn of tumor colls,
Heumpder statess “The iaoinn:i pusleolar size in reletion to the muelel
is charsctoristic for the cell of malipgnent nsoplagws found in tnnm_atn
end exuiates,” and ghould be most helpful in dhg;nodt». Zhe ¢leims thet
weny if mot all the sells in every fisld wers ohangw.(m} Quensel, Hauptw
remn ot al sey fletly that the mueleolus is diegnostic. | Adams saserts thet
VeocCerby's work does not give the seme resulis in other Mn.{“} Yom
Haar and Aleoxender say that the atudy of the nusleol! muat be erphesired
es & valuable help in disgnosis, though nome of the changes whishlave been
reported are sdsolutely charseteristic for sach cereinora cells (This
seers bo be the majority opinmion st the present tims as far ss muelesli
go)s At one time the nucleoprotopleasxis retic wes thought to be disgnos~
tis, but it hes since been disesrdei. BPButimen believes thet the nucleolar
volume may be used only sa an sdjunet to differentinte rmligment end mon-
salignent oells. Heuptmann indicates thet it seems impossible to meke o
diegnosis of malignenoy on the basie of cell size of mucleceybtoplagmic
ratios. Papanicolau, in his veginal smear estudies, states: "should put
more emphasis on the presence of structusl sbnormalities in tho cell and
more pertioulerly the sucleus. Inequelity im cell size of the ssme group
of muclel is » frequent end important disgnostie eriteria. MNuclear en-
lergement is an important eriteris, espeeislly with sugrestive structural
@Mnm“‘ﬂ Borst thinks thet the sutoldestruetive type of growth must
be regerded as the most importent if mot omly hietologie proof of melige
nengy, though sertsin cytelogic changes may be helpful. FHensemsmr theupht
atyplosl mitoses were most churseteristic and Helberg thoupht weriation
in size end shape of the nucleus wes. Ackermen motes thet slthough there

ere sharsebaristic mitochondris and Golgl eppsratus in some mice hepato-
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meg, there is ne strietly specific gherscteristic of a cencer ullawg)

| Similer oytologie changes to those found in melipnent cells are
found in inflsimatory lesiems, benign tumory end repsrative regenerative
¢olle. Thess are espeeially spperent to the inexgerienced. VecCarty even
desipnatel sa “secordery oytoplesie” gore peculisr muelel found under
shronie Inflamsetory chenges, which he lster recognized as true relipgnant
sellses He wemt further to state that all melignant cells erise frow the
rogoneretive osells of normal tissue. The bapign regeneretive ¢olls sre
recognized by thely move delloate copstrustion, fine chrometin grenulss,
lighter stain snd the srell muclsoler sire compared to the nuclesr sise.
(33) Papanigoleu gtrasses much the seme eriteris and notes thet enlsrped
nuelel are to be found 4n vaginal smgsrs whi‘uh, however, ars of normal

tapect ond struoturs. (See the parsgraph on the regenereting rat liver).

11%e ?rwmur and cureing ennalise

Sacdorsy considers that most medern suthors "regardless of the
morpholegie structure present, consider as precsncerous chengee from
wirioh soomar or later in a grest pwaanugc’ of instences cencer develeope,”
He further alaims thet the trensition lsdow and rerphologieslly unfixe
eble and that there is ne #harmt&hth ohange of wwmr.“?) 1t hee
beon noted thet inflammatory change is not an essentiel precursor to cen-
cer due %o earcinopenio hydrocerbons apd that eirvhosis is not en sssene
iﬂi j;mwwr to the meoplastic resction either. MaoCerty, &s hes ale
ready been noted, believes that ell melignent cells arise from reparetive
regenerative cells, Des Lignercus studied several types of sowsslled pree
cencerous meterisls Roue bumor end spontemecus mepmmery osrciness (with
hormone edministration) showed mo precancer stepge. No chenges et sll
wore noted before the eencer cells appesred. 3ié4-benspyrene end methyl-
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cholanthrene always had e preomncercus stage. %hen the ocell resched e
sortein staile of constitutional alteration, cercineme oecurred without
the aid of further uhericals Nomegpeeifio irritents produced the semwe
effects as in the shemicel precsmsers bdut no esncer resulted. Thers was
an inorengsel rete and frequemey of tumers when both chemicel and vone
epecific irritante were m}wlnr-d'(m} Aokermen stetep that there is no
evidenoe of sudden morphologie chenge but gredual transition of chenmpes
turning imperoeptibly into cercimomss'®®) fuseh and Kline desigmated
thres phases in tumor formstiom: peried of 13 months between two care-
oinogen periods. After s lag in the rest period the tumors quiokly formed
during the second csrcimopen pericd. Thers was no differsnce in the rate
or ineidence of tumors with ¢ ome month rest but with an inorease to 5
monthe, the incidenve of tumers deopped 34 to 42%. COroton oil, a nonw
epeeific irritent, spplied during the rest or eritical period resulted
in an inoressed ingidevee of tumors 'bhaa«(sﬂ

Several studies heve besn mede of methvlcholenthrene carcino
genseis in mouse skim. Pego, using peraffin and frosen sections, (with
about the seme results) fourd an immediste inoreass in eell, muolssr ond
sspevislly nusleolar sizes. These resched & meximum efter chout one weok
of treatment, then imcressed egein with the sdvemt of the esreinowa. The
sure resulis were obteined with cholenthrene ss were obtained with methyle
cholenthrene but bensene spplied in the sawe mumney did not result in ine
erersed sise of the mucleus or the nucleolus. PFage comeluded thet one of
the astions of thess carocinogens seoms o be s direet stimileting effeot
on wuolsus and m&hakxh{m} Comiry end Faletta found an incresse is
eoll size with more of en imeresse in the volume of the eytoplasr than of

the nucleus so that a lower nuoleccytoplessie retio resulted. In 18 hours
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there was an inoreese in oytoplesmie ribopucledic eeld, mexinum for 3«10
deye, end ther & decronee. The mitosis rete inersssed progressively, them
fell, snd them rose sgein just befors the senvers appeereds The chromoe
somog were incresssd in gire by the Znd dey. Thie ineluded 13% of the
motapheses by the Srd day and fronm then on wes somewhet lower. He alse

(62) Bispele fcumd diplos-

noted en incresse in nuelecler displeeability.
chromosones and other polyteme chromosomeg fron the 2ud day on, but none
were found in normel and bensene~trested mice. The frequenecy of diploe.
chromosones stayed st 8F through the first £ vonths but leter incremsed
to more than BOY in the csmeers. Mitotio frequemcy was incressed at 2
deys from » normal of 17 per 15,000 muslei to 26,3 per 15,000 mnelel. At
9 deys the mitotie count was 78 per 15,000 muclel and st 20 deys 140.7.
There alsc wore sberrations in the chromosome nmusber by the #rd day which
"way have beon more apparent thenm resl," The mucleceytoplsemic rebie
chanped very little slthough there wns an iverosse in volume of ﬁ-eth the
nucleus and the oytoplasm. Thore wes & slight imoresse in Atspleceebility
of thn' nueleoli apd besophilic ehrometin under ultrecentrifurel forse.

The eytoplesmic ribomeloeic soid inersased one-half the day after trestw
ment, resching & maximum st 3-10 deys with as intermediste value at the
57¢h day. In oune tumor 1t was found %o be high agein. Fuelei besring
miltiples of the normal musber of heteroshrometiec segments were seen fron
the 2nd dsy on end were prodomimsnt in osnoers. fuch nuslei «- whioh ale
so ccnteined inoressed murbers of muoclecii snd w;: reletively large w=

elosely parslleled the metephases containing smlarged chromosomes. (48)
H
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Ve m'NeDAB.
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n*ieDAB Butter Yellow
{=' emothylep-dimethyleninoascbensene) (pedimeshylemincssobensene)
m'iionAE (seo sbove structural formules) is a dorivetive of the
woll-imomn enreinogen, butter yellow, which has been studied intemsively
for meny yeorse. n'ieDAR was first reported to ds 8 esrcinogen in 1946
when ¥iller end Beurenn were studylng the carcincgenie propsréies of &
nusber of derivetives of bubtter yellow, which they had prepareds It wes
fourd to be more oarcinogenic snd more toxic than the parent émm(%)
fiese, diller and Baumenn, later in the seme yesr, rechecked the eeréino
genioity of m*MeDABs The someluded that “n'NeDAR proved to be the most
potent cnrocinogenie aso dye hiterte reperted for the liver of the ret."
On equivalent concentretions of dye, rets fed w'MeDi® lmwerisbly lost
more welght, "dsveloped » more severe oirrhosis,” spd formed large heps-
tic tumors more rapidly thar tutter yellow ratss Wher 0.0487 (8/4 molar.
Butter yellow is usually fed st 0.06X or L moler) wes fed for 2} menths,
the ineidence of hopstic tumors 2 momtha leter was 100%.(%®) gngs hes
gince been confirmed by meny other workers. Cortell found thst the mini-
wam length of time the ret must be exposed wms ebout 70 deys, efter which
807 to 9374 developed tuzers even though mo wore corcinogen wes tﬁ.waa
This hes slsc been eonfirmede The metabolism of butter ysllow hee been
worked out to be somewhst es follows by Stevemsom. The metebolites shown
es follows were found in the uripe end wore unmsffected by diet chenges.

(64) The blood level of butier yellow weries direotly es the concemtree
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tiom of the drug in the dist. The netabelie rate of w'lteDAB is very prob
ably similer,

—»~\ C.,Ha
LY NENEONY

/ Butter yonw\

/
5
{Possible ine CHy
7 \>NH tornediary proe | H N 5‘\?‘/
<m duoug ; \ 2 C \(;H_
\ | .
hJ 1 \V N
o {_DNHa. HNG__ YN,
p-aminophenc} p-phenylenedienine
Ho &_S>NHCOCH; B COCH N SNHEOCH,
Hegoetylep-aninophenol ¥, ¥t -dinoetyl~pephenylonediomine

There seeun to be some uautmnry /8 %o whether the inteast oye, or ite
split products, or eves its oxidestior produste ere the true earsinogen.
iller and Beumspr favor the intact molecule theory and point ocut thet
the evidenes is more againet then for the split product theory st the pre-
sext time, Other Pfaetors whieh may affeot onreimogmnosis are fmotors whieh
ray alter the stebility of the dye in the gastroeintestinel tract, sffect
ite ebeorpbion rete, alter the oxidetive or other mesns of dye destruction
in the body or enter directly into the carcinopenie resction itself, eto.
(e2) Although eontrel diets containing butter yellow cem be exposed ot
room tempersture for st lesst lef months witheut destruction of the drug
or obvious ransidity, ones diets containing corn oll becore raneid, #es-
truction of the dye is feund, Thers was no destruetion or remeidity with
cosonut oil or low fot diets but ‘diem nade rencid with lincleio mold will
rosult in breskiown of the carsimeogen, starting in o fow am.‘;“’
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The effects of &let end other netebolie problese relating to these csrei-
nogens are being studied in meny piscss st the present time -- gueh intere
esting phenomens as an inerecse in desoxyribonuclec-protein ir the liver,
deorensed sathepsin~sotiveting adility of butter yellow livers, izhibition
of sertein ether liver enzymes snd changes in liver homogenete cooguebility
heve slready been cobserved. The effeet of diet on tumor formetion has ex-
eited epesial interest, The rios-cerrot dist heos been used sxtensively in
the study of these tumors bevsuse that was the dlet smployed by the orie
ginsl Jepanese workers. However, it csuses mltiple d-flolencies in the
albine rat; they do not grow well snd when the dys is sdded the food con-
sumption is still lower with # resultent high persentege of compliseticns
and & bigh mortslity. Bith semisysthetic diets however, the rite grow well
and the tumor formation is nhﬂ.ﬁzh{“) The ordinery leboretory chow |
seems o retard esrcinogenesis, (67) slthough Cortell found that the Peed-
ing of fox chow after the reoplastio foous, dus to high ceroincrenis semi-
synthetic diet, hed arisen led to en eablier omset of tumor ormation with
significently more metasteses. Heny feotors hawe bean reported whioh re-
tord tumor formetion due to butter yellow ~- liver, yeset, cusein plus
riboﬂ.nua. protein plus B-vitamins, oystine plus choline, ﬂbﬂi‘lwim
hydrogensted cooonut oil, ege white, commercisel symthetie aatarg,aﬁtt e
even though the protected svimels ste more dye. The riboflevin lovel in
the liver correleted well with the proteetive ability of the aia‘k, iuar&»
ing to sller ot 62,57} Alec, rate recsivimg e low bictin dtet wore
given suboutanecus blotin, which provented deficiency symptovs but did
not elter the protective sbility of the diet. Sowe festors found to ine
oresse tumer inoidemce imoluded pyridoxine, roplecement of the erystale
line B-gomplex by rice-bran extract, lowering riboflevin centent to 1 mp.

por kg, mamuing sorn oil to 20¥, biotin emd eystine, With m'VeDAN,
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the inhibition of tumors due to dietary ribaﬁu&n and hydrogensted sogo-
nut oil was mot nesrly us meried sa with bButtor ycl.tw. svon when the dye
was fod ot lower Mﬂm( 5) Glese ot al sugpest that "s very noticesble
effect of diet should not be expeoted in experiments in whieh tumors ere
produced ao rapidly.”‘:“) Rioe-bren eoncenmtrate, selenium, cmsein end
casein plus methionine were found o reterd m'LeDAR tumor formstion. 294
nicotinsmide, 20% uaw‘ oil end celorie restriction incremsed tumor for-
mation. The effect of protein on weight and well beimg wee much mere
mariced than on tumor inocidemce. With n'MeDAR, dletary riboflavin led to
& moderste inoresse in hopetic ridoflavin compared to a marke! inereess
with butter ysllow. The n'¥eD2B elone lowere: hopotic ridboflevine mueh
more then butter yellow amd other weakor azo dves :!e.(w) {# sinilar
rivoflavin iffut hes been foumd with spontenocus marmary tumors snd
mothyloholanthrene tumors.) A dlet rocommended by Miller ot sl as & oon-
trol dist for medium tuwor incidense is as tcilms(“)

Bme /e
Caseln {vitanin low) ‘Iﬁ'

Olusose 790

Corn oAl 80

falts minture 40

Buttor yellow 046
Ridoflavin 001,002
Thiamine h:drochloride «003
FPyridoxine hydroohloride #0028
Caleiur psntothenate +007

Choline ehleride «080

Halibut liver oil 1 drop/rat/feonth

Aocording to P. . Harris, who fad butter yellew to veriscus
strains of reta, there is so differenee in tumor Formetion between the
Bvens, Spregue-Dewley amd Harlan {from Wister) strains, In Wister strain
rats, tumor formation wes foumd to be somewhat reterded snd in the Care
worth Faras stralp, tumor incidemce was someshet incressed. None of the
strain differences wore marked however, °¥)
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The poetholegy of butter yellow veries little. Grosaly Orp

noted in rat liver at 2 momths, occesionmsl olight obsourring or exsgrers-
tion of the lobular pebterny st 11 weoks end more & vertsdle eoancmu'
net always evenly distrubed to all lobes, with yellow or pink nedules on
& red-grey background; ot 4 memths, sems greyishewhite nodules -« not ale
weye oarcinome but accumulations of gramulstion tissue; leter ineremsing
size and inoidence of tumors, usually sultiple with verisble color and
sonsletency, Mamy eysts, usually multiple, were often seen. £ few livers
showed no granulsrity but » tough consistemey and obsourre? lobules en
seotien. ™) nawards, ot 2 weoks, found the liver yellow, soft amd glis-
tenings st 100 daym, the cepsule was often pitted; at 150 deys, & olassis
cel eirrhosis, umually with ineressed consistency, yellow er browm gran-
ules end nodules, wide flet~tepped depressions snd osospionelly & shrunken
white lobe with s eorrugated sapeule. On out sestion the srchitesture was
dietorted with yellowlshebrown modules sepsrsted by strends of connestive
tissues The shrunken srens ware glistening, homoganecus end grey, often
with sultiloculsr eysts conteining colerless or Teintly yellew sercus
fluid. The virious lebes were aqually involveis The tumorcus livers
almoet always were grossly cirrhotics Early, smell tumore mﬁ white,
reletively flrm nodules protroded from the liver aurfese. 7ith extonw
sive involvemsnt, mumerowe locelised modules were sosttered threughout
the liver with inoretse iv sise spd mush irregulsrity in cutline of the
ergan, The tumors verded from rubbery firm, white onos to #ofter, semi»
fluctuent, purple te pearlegroy omes. ©ften ene xesy was definftely larw
per ther the rest. Cocnsionally there wes » lerge dependant :éau with «
reletively thin pedicle, rerely twisted with sizns of hemorrhagis infarce

tien. WFioroseoploeally, Sesski end Yoshide thoupht thet the tumors atartefi'
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as hyperplasis of the portel parenchyms, eontinwously progrescive until
the earcinons wpwrn(ﬁ) Others suggested thet dogeneretive srd re-
genorative changes played & roles OUrr found thet ‘he usual s8Guence wWag
proliferstion of commeetive tissue with imoressed sellulerity in the por-
tel system; extension from the lstter inte the parenchysa with degerors-
tion of comtigucus liver oslle; and stypieal regemsretive ~roliferstion
of bils duct end liver erdthelium lecding to nemearshitscturel medulsr
hyperplasis (end miorescopiesily hobnail liver) im whish e sertein per-
centage of tumers srosss Inm s fow instences, those livers which grocely
showed 1o gremulsrity but a tough corsistency, the predemimept charre wes
et the centers of the lobules, but mo tumers cosurred. Orr belleved the
primery affect is destruotive snd thet the proliferetive ehanges sre re-
gemerstive in neturs. He sloo moted thet csncer sould sriss while the
sirrhosis was still reversible.(??) Rdwarde, o8 esrly es £ weoks, ob-

- served extensive fetty deposits demonstreble with osmie seid end Scdan

I¥e Ususlly airrhéi&a was not microscopically observed defere 100 deays
with bends of comneotive tissue in irregulsr fashion leeding to congider-
eble distortion of the erchitecture. Xarrow vands wore sompoge® of fibroe
bluste end oollsgen plus occasionel narrow sapillieries. Yido bands cone
teined pigmented mmeropheges, numercus prolifersting bile ducts and weny
smell blood vessels. "igmant wae fourd serly in the Tupffer eslls, leter
in the meorophuges mostly, end meme in bile duct enithelium. Two typos
of pigment were obeerved:s brown, gremler, positive to Frussion hlue »e
prebebly on the besis of hewolysis due to butter yollow administretion;
and globuler, pale ocsnmary yellow, soid-fagt, positive to canmie eeid. it
60 days bile duct proliferation wes eppsrert, not infroguently sescois ted
with oyets limed by & single layer of flst or cuboidsl opithelium and sur-
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rounded by & small emcunt of commective tissus. Sdwerds saye these oysts
sre not part of ¢ tumor -~ the cells sre uniforz spd simileyr to lesiens
that cocur with nopegcercinogenic heprtotoxing «= theugh Orr rofers te
these lesions ss "cystadenoma.” At Pirst this bile duct proliferstion
wee gonfined to portel sress but leter axtended into the lowule. The
overgrowth ot times replaced oxtensive areas of perenchyms with rogulting
white, flat-topped depressions mioroscopisslly. The cenneotive tissue gup~
porting the ducts greduslly inoressed umtil the dusts spponred ss soattered
islands ix o dense collagen matrix and the epithelium of the dusts atroe
phied and degenersted, being replaced by shadow eells, With or without
fully doveloped tumors, there wers "pumerous sugprestive nrees,” inerssse
ir sire and loss of vacuolization of the peremchymsl cells of part or ell
of & lobule, with ssscolated inoresse in sizs of muclei, incressed promie
nence of nucleoli and desreased glycopen. Biwsrds olsims thet the mome
neoplestic neturs of the lese extensive srses of bile duot proliferation
was obvious end thot the evidenmos egeinst neoplastie neturs of the more
extonsive aress included: that the cells elosely resembled each othors
there wes no stratification; the muelesr-oytoplasmie retio waw unchunged;
ritoses were rars and net stypisal; they were not traneplantable «« in two
instances; there was no losel irvesion of blood vessels and thers wers no
metastosos. Other suthors hauve interpreted this bile duot preliferstion
8 wmmaremm.(m) Orr claseified the tuwore ss liver cell wereinore,
bile duct sarcinera or bile duct oystadenceercinome. "iwsrde clsesified
them se hepstoms, types I or 1I, or sdencosrcinwmas. Hepetomes were charec~
terizec by epithelisl cells in cords sltermeting with endothelielelined
sinuses. Tvpe T was welledifferentisoted end eoceslonelly encepsulated.

The cells were lerge with sbundent seidophilie oytoplesn srd well-deVined
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sell mergine. The muclei wore large end veslioulsr with gingle levge,
procinent vucleclis These wore erranged in cords slternsting with simue
ses, often separated by delicste retioulum, They resemble” hepotio Gigw
sue closely end cccepionslly were difficult to differentiste fron roLanars
eting parepchyme in the cirrhotic process, Mt they were cherseterized by
papillery structuree, oysts limed by liver-like sells, wide cords or she ts
of eells and invesior of blood vessels. Vo axtrahepatio metssteses were
obeerved snd not infrequently scinmsr structures closely resenbling hepatic
parenshy=al oelle with trensitions te the oerd srrsnperent ware noted.
These gtructures were also noted in byperplastic stypieal mocules, appors
ently eerly neoplemm. Por these letter reasons, Zdwards thought that some
of his hepstomas, Type I, wight be benign. Type 11, thieh WRE mOre eommon,
hed cords of cells with poorly cutlined eell nerging, in meny sress sug~
gestive of & symeytiun. The cytoplasn was feintly steined, usually baso-
philic end the nuclel were lurge snd vesicular with large prosminent mao~
leolls 7The structure wes etrikingly 1ike liver with cords, often covered
with delicate reticulum, siternsting with sizuses. Sinuges veried fyom
wide, slmost saverncus, to simost collapsed, giving o solid chersoter teo
the tumorss This tumor elso econteined solper structures, eysts and trene
sitionel forme with eome cells resembling hepstoms, Type I« The sdeno~
corcinosas wers oherestarised by eubeldal or solummar epdthel iun in eoini
surrounded by commeotive tissus. Almost svery one olessified as sdenos
ourcinoms wes ssscolsted with hepatoms, but mot with elterneting epithelial
sells end simuses. Adenocereinomss wore differentlsted froe bile duot pro-
liferation by thelr celluler stratification, numerous and etypicel mitoses,
irrsgularity in size snd shape of cells, irmereased nueloer-eytoplaswic
retio, solid sheetn of sells present end papillary structures, invesion
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of blood vessels, motastasee and transplantability, The, are differentis~
ted from the soinar structur s in hopebtoma by their charscteristic rel s«
tionship to connective timeue and the loes of blood vespels. The styrom
in hepatemas is seanty ard reticular; in sdenccarcinoma mush more sbundant
with mmerous fibroblasts and wriable ecollsgen, Two cspes contalned mem.
bransoue bone and one hylaine sartilape in sddition. The tumors wors uge
uslly devold of demomstrable fat, Bmell amounte were noted Lo ore s of
necrosis, usually in maerorheges and occasionslly in nesyby tumor cells,
In addition, some peculiasr, ususlly acidophilie inelusion bodies wers noted
in some of the tumer oell's ¢yborlasm, Although it is generally sgreed
that the hepatomss arise fyom the perenchywsl cells, there is disagreement
concerning tihwe eell of origin of the adenoesreinomss, Bdwards believes
that the adenocarcinems i eo nonw-spesific that it is Aiffieult to indi-
cate the eell of erigin on oytologic bases alome, contrary to Orr who
thought the adencoarcinoma arose from bile duct cells on this besis., The
spleen was found to be st first grossly enlarged ad firm, later even dew
ereosed insime with & pltted surface and light sdhesions. ¥Merozcopically,
the rulp wes engorged end there were extensive derosite of ivoneconiaining
pigment. According to Bdwards, there was no fiiposis in the srleen al-
though other workers sesy thot there was, ILymohosarcoma has been produced
in the svlesn with lsmlantation of butter yollow pellets in that organ,
(73) The kidneye grossly had s dark brown eortex st two wooks, contrasting
sharply with the medulls. The )ining o6lls of the sonvoluted tubules and
oceaslional stromsl macrovhages of the ocortex contained a granulsr brown
pigment. The mediastinel and regionsl nodes have been found to pontalin
motaptatic tumor in some instences and irvon-gentzining end canary yellow
pigment. They were prominent and greyishebrown grozsly. In the perltoneun
hemorrhagic mscites wys often found; the omentunm wes often = dherert o the

v
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tumor and occeaplonally inveded; and sometiuss the peritopews was etuddsd
with plok or rurple implants, mostly on the mesentery and along the hilum
of the spiesn, Often there was dircot extension of tumsr into the spleen
and ocosslonally the disphrsgm wap lnvaded es well se the nortal vein,
Occasionally, tumor was found in the lunpe as muiorous rurplisbegrey Sube
pleural nodulss, Iﬁ eome instances; multiple paplllomas of the forestomach
have been found, which consisted of s papillery overgrowth of pquamous epie
thelium ever a plug of connestive tissue,

The patholsxy of ='NeDAR, 1o 200 rete, was studied by Richerdsen
and ﬁaehi.nam‘hém} Gunninghem et al also ntudied m*¥eD22 ohanges found
in ret livers ur to 12 weeks, to a lesser extenmi?{;} Gross changes were
firet avparent by 6 %o 9 weeks, when the liver would be enlsrged, brownish-
yellow, with miltiple cysts end nodules of rvolifersting dusts. By 12
weeks, the gross apperrance of the liver wes that of cirrhosis. Tumora,
whieh appesred grossly from 19 to 29 weels, were the seme as those seen
in the butter yellow vats., No gex difference was noted, Hieroscapicelly,
proliferstion of bile duets and parenchymal cells in interlobular sreas
wes the first change ssen, at sbout 3 weeks. By 6 to ? weeks, & nodular
cirrhosis wm_widmt with formation of mmltiple bile duct cysts, often
chronioslly inflammed. Adenomatous hyperplasiz, fatty iafiltretion and
various stages of neororls were present with the cirrhosis. Foosl elustors
of hyperehrometis glant celle were first gesn st 9 weeks and wore mumercus
6t 12 weere, Trameltion of these cells intc dumors was demonstrated.
¥a'ignant neoplasme of liver oell origin were hepstoms, sdencuarcinoms and
saaplastic carcinoma. The malignant bile dwet cersinemas were adencosrgle
nonn and reniliary cystadencesrsinema. 'liznent neorlasme of gtromal orie

#in were fibrosarcoma mnd sauglogercome., One snimel developed & benign
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billery adenoma, which were common, snd ne melignancies., The biliary
adenomac coneisted of proliferated ducts lightly invested with sonmestive
tiesue, TIn the simple biliary adencearcinomas, there were comsonly mi-
toges, alterstlon in cell size and sheve and much sallagenous tierve
stroma. The rapillary biliary cystadenceercinomas, differed fros the
=imple tyre by 1te vepillary arrangosent and often excessive mcous nrow
duction., Large snd small Qallih@paﬁamaa were sean. The large cell tyre
wee well differentisted and ologely resemblsd normel liver but the smell
sell type wes lese differentiated with & more hypershromstic, less vesicu-
lar nueleus and seenty, basophilic oytoplesm. Large snd small eell variee
tiee of the vdenccareinoms were slso fuund, sometimes mixed with She hepa~
tomas. These were composed of cuboidel end columnsr eelle in seini or
glandular form with en etundant strome. The anaplastic carcinomas were
eon~osed of smell celle with leggu, denge muclei and =many mitotic figures,
These sprecred %o rediate from & central) blood vessel, The fibrnsarge@as
were composed of compect groups of elongeted rrindle-like cells with larre
moled with manmy mitosee. The anglossrcomss were composed of snerlastie
calls with comuon miteser forming irregul r chammels,

In some cases, true bene, cartilage snd celoification was rree
sonta 211 the ypee of tumors metestasized, sommonly te lung, peritonsal
eavity and lymph nodes. Obher changes obeerved were hyporplasisz of bone
marrow in 21l and syeloid meteplasls in the liver, spleen and lymph nodee,

Primery carginoma of the liver &n the human is rare in the Unie
ted States, but rether frequent ia the Japanese, Chinese, Halaysn races
and Seugh Africans. OCirrhosis, parasitiss or long=standing intrshepatie
ductal disease sre often associsted with it and have been indlecated as

the cause, or at least a predisposition. There sre two main types, the
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cholangiome and the hepatoma. The hepatoma is spperently derived from
parenchymal cells with the cells arranged in cords and avca*g}illary stroma,
It frequently produces bile, "i"ha cholangiona is thought to be derived from
bile duct cells with the cells arranged in ducts snd & fibrous stroma.'75)
In addition there is a cholangiohepetoma snd benign tumors of both types
with transitional forms, which may be Alffiecult to diffemnti«aﬁa.{‘?‘ﬂ}
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I« UATERIALS AND METHONS IN GENORAL

to The Rete.

411 experizents in this series wore conducted with the ordinary
white slbine laborstory rat, Sprague<Dawley strein, purchesed fros the
Biochenistry Depsrtment's ret colomy at the University of Oregon lediecal
Schoels In the eolony, they hed all been given s diet of lsborstory chow
end water «d libitum. The majority of the rets were edult wmale, ebout
two and one~helf memths old, weighing 220280 Om. st the start of the ex«
periments. 211 oxceptions to this will be specifically motel. Hech rat
wae kopt 4n an individual eage tagped with the ret murber; s differemt
consecutive nunber being sssigned to sach ret. ZNsch ret wee weipghed weeke
1y, except for s small pumber of preliminsry smimale and the wolght wes re-
sorded slong with any unusuel festurss such ea heir felling out, luny die-
sesse, ote. Straight lime graphs were mede of the weekly welphts for esch
ret, The experimental snimals were subject to the gume spontanscus end
endonie disenses es the animels iz the gtoek ret solony, although it would
have been more desiredble to have rets free Prom suoh disesses. Among
these inotdentsl findings were such oonditions me tapewornm oysts ir the
iiver, which ware apparemiiy primery in osts, fungue infections of the
surs, lch&riathim disease, occesionsl spontaneous mermary tumors, scute
ounonis end & very common chromic pneumenis. Noet of the epentensous
deaths of enimals without lerge tumors were due to either acute poeunonis
or much more sommonly, shromie pnsusonia.
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B. Diet. (m‘%ﬁﬁlvg«diummwﬁmm}

All rets were given wobter end food ad libituw. Eagh rat cenw

sumed on the sverage, 15 Gn. of food = doay -» although the aml als repeive
ing the vercinegen in their diet ate slightly less then the control anie
valss The contrel snimels were pleced on & bassl semisynthetic diet as

followss : ,
Casein 5600 Cuwe
Glueese momohydrete (Coreloss) 14600 Om.
Corn o1l (agols) 1000 @m.
Wesson gelt mixture 800 fm,
Thiawine hydrochieride 80 mgs
Ribeflavin | ‘ 40 mg,
Colesum pantothenate - 140 ng.
Fyridoxine hydroehloride 50 mg.
Uholine 10 Ome

This dlet i¢ similer te the one recommended by Miller et ai(%) 88 & 00ne
trol diet for medium tumor incidense, sec thet it s koped strong distery
influonces on esrcinogenesis van bw elimineted ag nﬁtrly &e poanible. It
was made up in smuell quertities, which 484 not last mere then two weols.
Therefore, slthough kept et room tompersture, it did mot have s ohense teo
hmﬁ renold end thus possibly cause destruction of the esmimm«(“)
With this diet slone, the laborstory ret cen be meinteine! in gocd hesith
mth.gocﬁ w-téht pain end without vitemin or okher deficiencies aloogt in-
definitely. For induction of tumors, rets were plaved on the same basal
senisynthetio diot comtaining 0.08%, or one meler, m' lothyleped imethyle
arinoazobengene, The mtilsthylepedimethylesincaschenzens used, which will
be hereinafter designated m'¥eDAR, wes obtained from the Bicchenistry Dee
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partment of Stamford University, where it wag eynthesised, A one meoler
concentration is e=ployed here beceuss thet is the concentretion which has
besn used almoet wniformly by cther investigators and therefers, the rebe
and pethology of cercinogenesis should be wvery similer to thet obtained by
thems I some of the first experiments om technigus, rete dirsetly from
the stosk coleny, which had been fed the ordinary laborstory chow, were
ugeds This will be specifically noted in every esse whore it ossura.
le Letor, the Wesson seli mixture wee exchanged for Salt ¥ixture Fe, 2,
Vel P

Ge Aubopsies and mqa Ireperation. Perfusions.
Wost of the animale were sserificed by ether ansethesle, usually

followed by desapitation with subsequent exssnguinstions In o few cages,
specifically noted in overy instance, the enimals died spomtaneously & very
short tinme hfom sutopsy wee performed. The thoroughness of eutopsy veried
& grost deal proportiomsl to the meterinle enmd technieal help sveilabdle ot
that partieuler stege of txmimnﬁit—im¢ In all ceses, proas pathology
wig recorded with spesciul reforence o the liver, spleen sn? lungs. In sll
cages, ssotions of liver and ususlly spleas, wers dropped in verious fixe~
tives st sutopey and thex given to tochnieciems for preparation of pereffin
seotions, after the nosessary prelimimery waghing ot el required for each
partiouler fixstive. In eddition, stomasch end bone marrew ere often pave’
end in many oases, sections of mearly all the orgsns were obtained. The
fixstives used were spooificeily recorded for each anixal, Ir goume of the
enimele, the liver was perfused at eutepey with verious eolutioms, speoi-
fienlly noted in sach cene, a# fanum;.

After laparotony, the portel vein snd right lesf of the

diephrage wore sevored and ¢ porfusion needle wes intro-

dueed inte ﬁm hopatic vein vis the superior vens seve.
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A& hewostat was then plesced om the superior vens sava,

proximel to the needle, to‘ yrevent refluxing of perw

fusion fluideg inmte the beart: The perfusion nesdle

wag an ordinary §20 bevelled syringe nesdle bent at

sbout & 1207 angle. The ucedle wes comneeted, by way

of & plece of rubber tubing fitted with e pimek olanp,

%o sn ordinary 16es. syringe, without plunger. The

syringe conteining the perfusing soluth on was mounted

on &n ordinery riang stesd sbout ore end ome-half feot

sbove the lovel of the liver preperstiem. Thus, the

porfusing solutions would Clow into the hepstie welsn,

through the 1liver and out of the portal vein. The

rete of flow wag found to be about 1/10ce. per second

and the amoun® of flow sould be messured in the syringe

end comtrolled Dy the sforementioned pinoh clemp on the

rubber tubinge Once in ewhile soms 4iffisculty was ooe

osesioned by clots getting inte the needle. Aleo it wes

discovored that the rapidity with whieh the liver chonged

in eolor and enptied of bleod and the aress in which it

d4id so veried with the position of the needls in the

hopatic vein (potuslly @ lerge sinus in th rat) Bow-

overmthe whole, this method worked very well.
411 slides were prepered by the ugusl paraffin methods by experienced
technioienss 'n ell ocsges hemotoxylin and eosin was um 88 the stein;
in gsome ocessy Ciemsa, conmective tissue or fat steing were experimente
lly tried in sddition. {(The Giemex and # i % wtains wers mads by ex~

periencsd techniciene; the connsetive tissue and fat stains by myself.)
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ALl sliden wore studied in the ususl mamner with the binocouler micreseops.

Bs Smeer Preparetions snd Their Pethologie Interpretstien.
Smeer preparations of the liver and cecasionally other orgens

wore aleo nade in every ease, oxcept for some of tho esrly teshnigue exe
periventss This was done se noovn as possible after death by rubbing e
slice of liver about 2 mm. thiok between two #lides until well srenred,

or by emesring & liver slice 2 wmm. thiok on & elide with the sid of the
flet of o sealpels The thiclkmpss of the emesre wes comtrolled emly by
Judgement and sxperience, an attenpt belng mede to keep the sme-ra ag unie
form as possible compsred with esch other and such ss was desirable for
rmieroscopie atudy. The slides thus prepared wore ansgh imedintely dropped
inte a £ xetive befors they had a ohenee to dry in the air. It wea dliae
sovorsd that only e wory short fixetion tive was nooagsary for the amesrs,
1.0 10-20 pinutes =~ sfter shish they were Srenaferre? to 707 alechel snd
given to the technlolans for stalrming with Thrllek's hemotoxylin, eosin
apd Orange-i's The resultent liver preparstiom, umder the nfsrosecpe,
demenstrates mainly individus) muolei. There are very thick aress where
the muclel ere indistinguishable from esoh other and wery wore thin arees
whers the hepatis end bile duct zuclel sre d1iffusely seattered or slightly
clumped snd 4o mot Souch emok others 7In the baskground are found emorphe
ous debris, blood eells, fibrin strends end oecasional comnective tieeme
selle snd/or thelr mucleis A very few of the ponttered mucle! retain some
cytoplesm, poorly presarved or mot, but the thick aress exhibit wueh pro=
gerved eyloplaenm although ususlly no dstsil oan Be seon becsuse of the
thicknesss Occasional bile duct tubulsr structuros een be seon. For ail
practieal purposes, mitoses are met to be found in the smeer properetion,
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although ahmmi:m aend nucleer deteil is purticulnrly well preserved. The
emesr prepurstiong had te be cbeerved under the #&1 izmersion leme of the
vinceulsr misroscops for best detail, elthough the high dry lens ecould be

utilised to disvover pertirert arees for study.

Be Yemsureyent Hethods.

A1l nesguroments were nade on nuelei of the smeor preperations
under oil imsersion. The Bsusch and lond miorometer stiachment, indi-
vidusily ealibreted for the mioroseops, wes the meaguring device smployed.
Too~-hundred puclel wore msasured in eash ret in which measurements wore
teken, but the two-hundred naelui neagured wore not ususlly all taken frem
the seme slide, depending upom the puuber of slides sveilsdle. Wo eignifi.
cant statistical difference, as determined by the Chi-gquere test, wes
found botween different slides of the nuolei of the same ret with the
nethod hers utilised. At first, ettempts were mede to messure vertios! die~
moters with the vertiasl foousing device of ths microseops, sz Biesele did,

(20) but this was found %o be extremely unmrelisble for us ewnd wes discerded

ssriyve The m%hma finally mlné"

utilised messurements of one dismeter
only of #ll nuslei under rendom fields spaced as fer spert as feesible.
The diameters measured were alse random, depending upon which side of the
nucleus the moving verticel erossheir of the miorometer happened to oon~
tects The following ssloulations were sade for smch nueleus with the sid
of the ordinmary iype of elide rules (These inolude ssleuletions based on
meaguremants of nucleoli, which were slso token et first),

Assaming thst D= one diameter of the mucleus and

that ¢ = one dismeter of s nmuoleolus:

1. In Part IV, under ®Suclear Yessursments” is prosented the evidence which
led to the use of this particulsr method.
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Aves of the nuoleus.
Volume of the nuoleus.
Area of the nusleslus.
Volume of the puoleolus.
Sum of nueleolar arees of the nueleus.
Sur of nusleolar volumes of the nucleus.

Hucleor ares v
SBum of its nmucleoler ersas

fuglesr voluses -
fum of its nueclealsr volumes

From this deta varicus streight lime grsphs were waede and compared statisw-

tieelly by mesps of the Chi-squere test at 0.06 level of significances

Chi-sguere —

{'&" } s
S - ?T = £ 1

As cen reedily be apprecisted, this method is very time~comsuming sc thet

not s meny messurements were made ss originelly were plemned.
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LIVER PERPUSION EXPRRIVENTS
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Seline versus Ringer's solutien,

Influsnce 8L Temperature.

Sexpordecn of Fixatives.
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PABLE Y.
THE LIVER FERFUSIONS

fat ¥o. Fhysiolopioal Tixative
JDet, opd Sex. Sols. Perfusionm. Ferfusion.
m'“ﬂ_uﬁan
8 wiea. # 10 1, Re seline.} R. Regesud.
3 vicn, ¢ 12 M. Re maline, Hone. ™
3 wka, § 18 K. Re saline. Fone .2
S vis. + 17 . B¢ ssline. Re Boulp.
$ wiks. # 18 M. Re saline. B« Togeud,
€ wks. ¥ 20 M. B+ snline, Be Rg‘uﬁ
2 wis. £ 27 M Te Ringer.® We 108 formalin.
2 wikse I 28 i ¥ Ringer. W»s Bouln.
11 wiee. a7 . We Ringer. We Bouin.
11% whie o ¥ 39 i We Ringer, ¥s 05X mleochol.
9 wha, & 40 e We Ringer, We 04 formalin,
Tl wkee ¢ 62 M, R saline. Re Bouin.
8.7 wkae # 84 . Re analise. , Be VendoOrift.
8 wiae § 66 ¥. Re Soline. ~ Re VondeOGrift.
9 wko. # 66 ¥ Bs saline. R» Vande(rift.
9 wite. & 87 ¥. E» seline. Be Yendelrift.
9 s, & 69 B Re saline. Rs VandeQrift.
1 wk, § 10 M. Re aeline. R VendeOrift.
6 wise ¥ 71 M. Re ssline. Be YendeGrift.
Beste Betien.
3 wikse # 31 M Re saline, Re 'ﬂ&rﬂs
& witn. 1?* 18 ¥ Be saline. Hone
8 wie. # 16 . Fe saline. R» Bouin.
3 wkn« 7190 R+ saline. Rs Rogaud.
2 wks. # R6 i, We Rinmger. We 80% aleohel.
@ wiee f 86 M. Wa g*”‘.’l We mhl.
11 wke. ¢ 58 M. W« Ringer. We 967 nlochel,
T8 whus § 81 M R saline. Re Rereud,
8.7 witne Z%‘" 83 ¥. Re Iﬂlmc R« VandeOrift,
8 wka. ¢ 88 ¥, R+ saline. Re Vandetirift.
Leborstory Chow.
i 2 We Ringor. W. BOS aleohol.
428 N W Ringer. v We 98K alochol.
¥ 23 M. We Ringer. We 108 formalin.
$ 24 Mo We Ringers ¥. Bguin
# 25 Y We Kiﬂg‘l’* We Rogmad.
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TABLE 1.
{continued )
» Rat ¥o. Fhyelologioal Fizative
Nete and Sex. 2oln, Perfusion. Farfusion.
Leberatory Chow.

] e
i 80 gﬁ* R. Ringer. R+ 80% elechol.
# 31 w4 R, Ringer, Re Bouin.
& 82 #eh Re Ringer. Re 108 formwelim.
¢ 88 u.t k. Ringor. R 987 sleohol,
4 86w w. pimger. %e Regeud.
v 41 P W. Ringer. We R30rQg.
§ 48 P, e Ringer. e Kipods
# 48 P Ve Ringer. We Znlilg.
ﬁ 44 P We m“!‘o We mi,ga
i 48 P By Ringer. Re K@lﬁo
4 46 P R Ringer, Re Phosphotungetie seid.
& &7 V. Rs Ringer. Re Helly.
4B P, R Ringer. Re Omalic moids
# 49 W, R« Ringer. R+ Copper scotete.
& B0 M. We Ringers Ws Ursnium nitrate.
# Bl Me We Ringers We Barium nitretes
¥ B2 ¥, We Ringer. We Cobrltous soetate.
v B8 ¥, We Ringor. We lLead !Q”iﬁ*c
# 86 M W. Ringer, We AgNOZe
§ 65 M. Ye Ringer. ¥ Awmonium vanedete.
¥ 86 %, Ws Ringers We Molybdio aoid. '
# 87 r. We Ringer. We Codminm nitrete
§ B8 M. We Ringer. We Palflge '
§ 89 ¥ Te Rlngere e Lanthanum soetate.

1. R means roon temperaturs,

2. After perfusion with the physiolozicel golutions, pisces of those
livers were immedistely fixe: in 807 aloochel, 957 slochol amd 107 fore
ralin. No f'ixetive perfueion was done.

$. W moang werm ee 370.¢,
4+ These animels had boen injected with wvaricus esraincgems wmonthe before

with negetive resulte. They ware old, feebls and hed sxtemsive chromic
lung dissase,
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Ils LIVER PYBFUSION B PERYMEWTS

Those experimente ware performed serly in the study of mViehan,
while essting sbovh for techniques whish would best demonstrate 1t pathe
ology. They are ot imtended to be & oomplaﬁt study of all tiaq aspeets
of the porm;dm %cahaiqum Ultimetely, the nut' w#p-nﬁm with 4ts
find delineation of muolear detnil was solected for this nﬁudy. but
eerlior the paraffin seotions of porfused livers wsrs ‘tounﬁ to have ad-
varteges over paraffin seotions of uapsrfuged iivers, Therefore, stud#
was made of wvarious sspeets of the perfusion %Quhniqm-.l‘

. t}mzmx; of Forfused and kmmm Livers:

1. laterisls end Hethods:

The majority of the rets in this compsrisen were mele, 220-260
fm. vats of the Sprague-Dawley strain. Fowever, & ta; :;oiiaié rote and »
few smeller, slthough full-grosn rets were utilised. Thres of & nper
fused rate, (§7, 8 snd 9) hed Deen injected with Cholehleine 9«10 hours
befors seerifice. Cholohioine stops mitosis in the metaphase but ghould
not affeot thie oempurison. Altogether, the livers of 88 4ifferent ruts
wore perfused under many verious econditions, {es mfzimmﬂ below). (8ee
Table I.) Twanty-nine of these had beor meinbeined en lsborstory shows
ter on basic ration and ninetesr on basic wvation contealning 0.067 wiiiehaP,
To soupere with them there were more than anm equal rurber of similer un
porfuged rat livers. These perfused snd nomperfused livers san be come
pered mot only in presumably mormel rats, but st the 4ifferest stages of

1+ The Llver porfusion technique used is deserided in Fart 1. under
"Autopsies and Tissue Fropersiion. Per‘usions.”
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liver chunpge dus %o ntiisDAR. The observavions noted sxolude sll those
found due to veristionsa in technigue.

Al) snimels were ssorificed immedistely befors the perfusions
wore carried out, Perfusion with the physiological solutions was continued
until the liver wes epparently bleodless (ebout 1Booc.), snd then perfusion
wae ocpbinued with the fixing eclutions until the liver wes seen to herder
end teke on the eclor of the fixative (sbout 16ee.). Various physiologie
eal and fixing solutions st verylsg temporstures were utilised «« the
speoiel offents of which are reported later in this seriss of perfusion
expsrimenta, The conditions of esch perfusion ars tabulseted in Teble I.
After perfusion, smsll pleces of liver sbout 4 »m. thick snd 2 on. long
wore removed from the tips of the lobes and dropped dirsetly into ¢ fixe-

tive «» usuelly the geme one the liver wes perfuged with.

2. E‘lumtig'
First 1t sust be moted thet there is wide verietion in different

rata with the same procedure, different pieces of liver from the same ret
or different parts of the seme slides The follosing is the general overe
all picture whick {s somm.

The prineiple cutstanding difference betwesn the perfused asnd
nonporfused metorial is thet in the perfused material the sinuselds are
wom and washod elear of blood sells and debris sc thet the overall
architecture is more clearly delinesteds In the unperfused meterial the
eelles seem swollen, the sinusoids snd capilleries are cblitersted or full
of blood oslls and debris snd ehrometin Sords to be either washed cut or
precipitated in lerger granuless Iz the perfused meterisl the sinuselds
sre lerge end clearly demsrceted with epitheliel muclel projecting imto

the lumens here snd there. These sinugoide sre often joined by eapiller~
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fos extending betwesn the cells. Hepetie cords between the sinusvids are
never more than two cells thiok in normal livers sand there tends to be &
more dellicste chromstin etruoture. Figure 1. demonstrates wost of these
differences beeutifully. iuestionsbly, the muclei sre more distinet in
portel oress, compered to central ersss of the lobule, in perfused livers.

Ameng the aninels or m'XeDAB, the difference between perused
tnd nonperfused livers veries imvereely with the nusber of wecks the drug
hes been fei end thus, the extent to whieh the architesturs has been des
troyede Aleo, individusl eells sre more difficult to differentists in

u'MeDAR livers due %o celluler proliferstion slove.

3¢ Digoussion snd Summery:

The perfuged livers decidelly have sdventages over the BNPOF~
fused preparetions as far ss demonstration of genersl srohitecturs! ere
rengement and uniformity of fimatien goes. Noreover, thers seems to be »
tendenoy to preserve the delicate chromstin structure of the muelei in the
perfused materiel. The technique ie simple and requires no semplicsted
appsrati. However, ites advanteges deorease with distortion of the arehiw
teotursl pattern and elsse n'MeDAB csusss distortion of the erchitectuprsl
pattern of the iiver, the sivantages of this method beoome gorewhst limite
od with insressing durstiom of time over whish the drug is fed.
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Figure 1« Oomperiaon of & Parfused and an Unperfused Liver:

Rat & 9. Unporfused Liver, Bouln Fizetion. 7Twe weoks Basie Netion.
B and By, 440x. Poraffin seotion.

Binusoida and eapilleries sre slmost oblitereted, being very
parros and hard to sees The cells sre swollen. The muolear chrometin
te olumped, centraliy end periphersllys (With this high power it is dif7iw
oult to see the bleed snd debrie in the sinusoids). Muolecli sre of &
solid eolors Cell boundaries are feirly well distinguished.

Rot § 1le Kegaud periusions Two weeks Basieo Ration. Ii and B, 440x.
Paraffin section,

The simusolida sre lerge end elearly demsrested wit! spithelisl
nuslei projecting into the lumens haere snd thers. Theose simisoids ere
often joined by eupilleries extending betwesn the sells« Dark pertieles
of chromtin sre seen st the periphory of the mucleus and there iz & chroe
sadin potwork sentrelly. Yuclesoll consist of s centrel light srea with a
derk rim« Cell doundsriss are not well distiza_guubod sxoopt where capile
lariss demoroste them. (This difference wﬁn boundary delinsstion is
isrgely due to tha difference in fixatives).
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Be Seline versus Ringer's Solutiom

1, Materisls and Methods:

The rets esd methods utilized are the sewe as previously de«
soribeds The purposs of this geries of cbaerwtions is talaetmmina
whether Ringer's solution or nomsl saline is preferable to perfuse the
rat livers with befors the perfusion of the fixing solutisn. Alvogether,
21 rst livers were perfused with esline and 87 were periused with Finger‘s
solution. (Ses Table I.) After perfusion with thees physioliesziesl golu~

tions, the livers were perfused with verious fizing solutions, etec.

2+ Obsorvetions:

ifeer differepves betweoon sestions in quality of steiping, exe
tont of dehydrstion, ete. wore eliminested, me sppreoishls difference was
found betweenr Hinger's emd ssline perfusion.

8. Diseussion and Sumserys

It wag thought that perbaps Ringer's solution would be more
physiological than saline end lessen any ertefacts thet might arise dure
ing the parfusion. Such {s epperently mot the case or the difference 1e
too minival to be noticesble under these conditions.
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Ce inﬂ._mm of ‘E‘ﬂnﬁums

1. _ihﬁrhh and Lethodas

In an stteupt to digoover whother the tempereture of the perfuse
irg flulde might not heve an eoffeet on the quality of the liver sections
cbtained, a sonperisan wes msde bebtwosn the resulis cbtained with perfu-
sion flulds kept at room tempereture end wmnm fluide kopt ot 87° C.,
or spproxisately body temperstures It was felt thet the lstter ‘ktmyor;t-t
ture might de more physiologie than room tempersture. Altogether, 26 rets
wars perfuged with reoom tempersturs fluide end 32 were perfused with fluids
-h«ﬁﬁﬁ o 37° ¢, More rerticularly in this regard, rats & 2126 wore sll
perfused with Ringer's solution heated te 37° ¢, Rats # 30-3¢ wore oil pore
faged with Einzer's colution st roon tenpersture and then each with the same
fizstive as in rets § 2128, The rets end sethods used were tho seme se

preavicusly d-goribed.

2, Obserwetions:
In comparing the geries ¢ 21«25 with series § 30-8¢, it seened

8t first thet the wern perfusions were elightly superior. The oytoplass
in the portsl aress of the room tempersture perfusion slides sesmad demses,
pinker ard more gresuler. The sinmusoide secmod soeswhet more chlitersted
in the room temperature perfusion meterisl. However, sfter resteining end
compering with other perfusions, very little if any difference oculd be
soen betwesn the room temperature end $7° ¢. materisl,

S Diseussion snd Swamary;
Agein it peoms thet whet would geem to be mors phyeiologic and
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benefieclal to the end maulﬁ is not, or the differences srs too slight %o
ebaerve. Forhaps the whole procedure hes siresdy sltersd the normel physi-
ology, even immedicstely after desth, so much that a Gemperature change no
longer vakss any 4ifferencey or, the reverse mey be true =~ the perfuaion
and immeifete fixetiom, eto. take ploce before a factor like temperature

change hss & chence to take much offect. Probably thie is more likely.
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Te Compariscn of Fizetives:

1., JMetorials snd dethodss

Exolusive of the heavy metul perfusiens, which will be deseribed
later, six fixstives were used {or all the liver perfusions. Thepe were
807 othyl elochel, 28% ethyl alechol, 10% formslin, Bouin's, Pegeudts end
VendeOriftas. (77} faree ret's livers wore parfused with 80% alochol; four
with 06% sloohol; four with 104 formaling sight with Bouin's Pixetive,
eight with Repsud's fixetive and nine with VindeGrift's fixetive. (Ses
Teble f.)

The H and Z steined peraffin sectlioms chiained frov these ret
1livers wore studied microessopleslly and sre compered here for the effeots
of the differsrt fixetives. PFevticulsrly studied in this respeet were the
rats which had mot been on ihe earcimogen, sspeoisily § 21-25 and 30-84,
{Bee Toble 1.)

2., Observetions: (Bee Pigure %.)
80L ethyl slechol. 7The generel erchitesture is well preserved,

Hepstie nuelel sre very well dofined with sherp nueclesr sewbranes, one or
more prominent, ecosnbtrie micleoll and e fimely distributed gramuler chrow
retine The hepetic ocell cytoplesm is coersely graspuler. The eell houndars
lee sre falrly distinet. Sinusold endotheljum is feiriy well preserved ee
ere the von Kupffer cells. Bile ducts snd vessels are well delimested.

86% sthyl aloohol. The gemersl erchitecture is eclearly discern~

ible. Hepstie nuclel ere very well defined with sherp puclesr mesbranss,
prominent central pucleoll end & gramuler, even ehrometin network, The
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hepatie osll sytoplesm is cosrsely granuler with clumps of grenules. Near
vessels, the oytoplssm ¢ more densely ecidophilie with fewer gramules.
Cell boundsuriss ore feirly well preserved. Sinusoid emdothelium is well
preserved end von Kupffer cells are prosiment. Dile ducts and vessels ere
well delineated.

10% formelin. In many pleces the simigolds sre oblitersted end
the genorsl srchitooture is none too olear. Hepstic muelsi ere very dis-
tinet with distinet muolsar mevbrenes, but sppeer small with ¢ hale forma-
tion eround thems The ochremstin is gremulsr snd diffuse but sonmewhat derk.
Central nuoleoll are marked. Hepatic ayboplasm is cocargely granuler and
clumpeds Cell boundaries ere fairly well defined. Simiscid endotheliunm
is very well preserved snd von Eupffer gells sre promiment. Bile ducts and
vessels sre well delinssted.

Bouin's fixetive. Uemeral srohitecture is vasily discornible end

sinusoids sres well preserved. Hepatic puclel wre Mirly distinet with promi-
pent nuelear mombrones, disticet nucleold snd s greanmuvler, evenly disbursed
ohremstine The hepatie oytoplesn ie cterscly grenulsr with eluwmping. Csll
boundaries sre feirly well defined. Sipusoid emdcthelium is feirly well pro-
served with distinet von Kupffer cells. Bile ducts snd vesasle sre woll de-
lineated.

Regeud'y fimabive. Architesture is very well proserved md LEELT
soide are very wide open. Nuelel sre Tairly distinet with gremuler, diffuse
chromatin, prominent nuclser membrenes and distinet nuelesli. Hepatie oell
eytoplase is ocoersely gramuler with s diffuse, pink deckground oonteining
some veouoles. Cell bounderies sre mot well dofined except where cepilleries
eross betwesn cells. Sinusold endothelium is feirly well preserved and von
Kupffer cells sre distinet. Bile ducte and vessels are well delineated.
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Vendefirift's fixstive. Oenoral erchitecture is well proserved.
Hepatio muslel are distinet with preminent nuslesyr rewbrenes, prominent
nucleoli or centrul ohrometin ocondenseiions and e gramulsy; diffuse ohyrow
matine Cytoplesm is gresuler end slumped. Cell boundaries are well de-
fined, OSimigoid endotheliuvm is well preserved, es are the von Rupffer
cellss Bile ducts and vessels sre wall deliveeted.

8. Discussion snd Summary;

Thers is little appsrent difference detween the 80F and 967 aloo-
hol fixation, except for the grester incidemce of peculisr steining oytow
plasm of cellis neer vesssls with m 955 alochol. The aleohols give excel~
lent fizetion with well ummiipd histooytolopgie oonfiguration for thie
partiouler meteriels 101 formalin seauses the shrinkege of muelei with
hale formatlion sand ths nuclesr structure is derker and not as distinet es
with the sloohola. Ite enly sdvantage over Shem seeme te be the very good
delinestion of sinusold endothelium. However, VandeOrift's fixetive has
this property without the poorer preserwvetion of mucled. Bouin's fixedive
Ls good but does not preserve mclear struoture gquite as well as the sleo~
hols or 10% formalin. Reguudts fixative Iscks the Pixstion of eytoplssmic
granules and boundaries thet the other fixstives demonstrate. Although
nuslear structurs is more distinet then with Bouints, it is loss so than
with the sloohols or 108 formalin. Reting the fixatives, with specisl ref-
oronce Yo muclesr detall, in order;

1+ BOX sleghol.

2+ 857 eloohol.

S« VendoGrift's fizative.

4+ Bouin's fizetive.

6. 105 formelin.

6+ Regeud®s fixative.
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Figure 2+ Comparison of Various Pixetivea Used in Liver Perfusions.

Rt § 21 Ret § 22
807 othyl aloohel 887 othyl aloohel
{1eft) (righe)

Bat § 25 Rat § 84

108 formelin Bouints fixative

{1eft) {right)
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f. Clemsa Steins snd Heavy Metel Perfusions:

le Materials and Hethodus
Ople, uaing the Clemss snd other steins, bas reported finding en

inoroased pusber of gmail bescphilic bodies in the oytoplese of butter yol-
low ret h-pnms.(w} Becauses of this, Olemss steins were made of all the
liver seotions then swailsble, i.e, rats § 1-26. These included pormal con~
troi rets, rete whioh had buen wsed ir verious perfusion experiments and
rete whioh had beon op m'ieDiR wariable lengths of time. loet hed had liver
perfusions but & few had nots Verious fixetives had beon used in preparing
the liver swstions. GSinoe the pearticuler fixstive used affects grently the
mapver in whioh the Glemsa stain "takes”™ or whether 4t deoes et 2ll, e great
variety of regults wae te be sxpected on this begie alone, excluding the ef.
foots of sercinogemesiae. Therefore, enly rats &n whish the gsme fixstive
hed been used were compered ss to the effect of cercinogenssie or eyboples-
mio bagophilioc bodies. Normsl end/or control rete were slse ecwpered se to
the effest of the wverious fizmstives on Lhe guality of stein cbteined.

Opie believed that these besophilic bodlise in the cyloples: were
rot all mitoohomdria amd that they contsined high eoncentrations of muclels
woide, whioh weuld be expeobed to be incressed in neoplasmes To support
this theory he found thet ribonuclense omused these bodies te lose their
stain snd Deoome scidophilic. However, beosuse of the mervredly different
offect whioh different fin&wu heve on the Ziemsa stailn, and thereby the
gresents; sbaende and mumber of sytoplasmie basophilio bodies, it was felt
that they might be artefects such es would be obtelped fron protein pre-
eipitation due to the heavy metals in the fizstives. Therefore, nineteen
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norral rats wore teken from the stook colomy end eseh of their livers was
perfuged with a sstureted solution of @ different heavy metal. (8ee Teble
I. Rets § 41-8D) Eaoh hosvy metel perfusion wrs preeeded by & perfuston
with Kinger's solution. All perfusing flulis were kept st 37 C. Host of
thege gsolutions fixed the liver, turning it hard, l:lﬁ the potessium dichro-
rate, oxelie seld, berium nitrete, cobeltous ncetete, leed scetate, emmonius
vanadate, molybdie aeid amd lepthemun scotets did not end ths liver remain-
ed of normel conslstensy, The silwver nitrate solution apperently resoted
with the Ringer’s solution so that silver chloride was precipiteted, pluge
ging up the needles Thie slowed this periusion and the following melybdic
soid one considersably. After perfusien, pleces of liver wers dropped in
80X slachole Clemes stains wore mede from paraffin sections of these livera
and eoxpered.

2. OQObservations of Ciemss Staims,
105 formalin.
Eormel livers. (Hatas 4 1, 2, 5 and 88)

The muglel have prominent central muoleer cordensstions, some
delinitely soldophilic, on » eolorless, clear beokground or with o fow
olumps and strends of chromatin. Fuclesr membranes are promivent end there
is no ohrometin netwerk. The bile dust nuelel heve heavier chromstin as
dovs an lsclated hepatie oell nuoleus here snd there. In the hepetic eyte-
plesm sre olumps end aggregetions of basophilic meterial, sosttered evenly
or spplisd close to the nuoleus. In 8 few sress, they ars more numercus od
the periphery of the aytoplasm. Osccasionally, they sre slizned in a ring,
e short distance from the nueleus. In some cupes, they rediste out from

the mucleus like the spokes of & wheel. In meny snses, these elugps appesr
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1ike small, oval bodies. In & few of these slides the stain is too light.

80% slcohol.

Formal livere. (Hets # @ snd 21)

Hepatic nuclel are similar to thet geen with 108 formalin. Alw
rost all cells have marum eytoplasmie bawphﬂm stippling with a fow
indistinet perticless However, some slides show no syteplessdie basophilis
st all, Adjacent veasels, in some aress, &rs well defined, ovel, base-
philiec bodies spplisd olowely to the mucleus, radicting from it or scettered
in the oytoplesm.

11 days m*ueDiBe (Ret § &)

The stain is very uneven. Nueclei ere unchenged. Only sporadi.
cally are bascphiliec perticles seen Iut thers seems to be en ino-vased baso~
philie stippling toward the pertal wvein.

5 wooks m'Monas., (Rets | T, 8, 12 sxd 13)

A fow hepatic nuclel have darker snd mors numerous clumps end
strands of chromatin, espeoially in the portel sress. The sress of bile
duet proliferation contrest sharply, dus to inoresmed oytoplssmic bssophi-
1ia there. Cytoplsamic buscophilis ie also inoressed st the edges of the sec~
tions end sround veins. The oytoplesmic basophilia, 4n this seve, conslate
of stippling with s few imiistinet particles. In the portel hepstie eeslls,
however, are ¢ few olumps end sggregetions of basephilie bodies sround the
nuclei and alsc sume stippling.

¢ wooks m'NensB, (Rat § 14)

There ig little oytoplesmioc ’buuphuﬁ snywhore except for & supe
gestion arouni vesssls and et seetion edges. Jany of the hepetic muelei

have = hesvisr chromatin, more beagophilis end some olumps.
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864 sleshol.

Formal I.ivor-. {Bate 4 5, 16 snd 22)

fuelel are clear-gut with preminent certrel muclesr condensa-
tions, some definitely seidophilie on & light buscphilic background with
8 fow olumps end strands of chrometin snd & dark muclesr mewbreane. Host
pells have & moderate eytoplasemic besophilic etippling with s few indie-
tinot perticles or a fow i»mmm sgeregotions and olumps seattersd hers
and theres. There i1s some imoressed oytoplasmie basophilis sround vessols,
where some well defined, owel bodies sre seen applied mext to the nuelei,
redisting from them or sesttered in the eytoplamm.

11 days ntienaB. (Rat §§ &)

fualei are unohsngeds Cytoplusmie beecphilis is sesrce snd
particles are enly cocesionally seen.

8 wooks m'ileD’B. (Bate # 7 and 8)

, Tt asems thet chromstin elumps ere more pumerous in nuclei of
the prolifersting lrﬁm The sytoplasm of the prolifereting bile ducte
hes & light basophilie atipgling but bascphilis ig absent elsewhers.

Bouin's fizative.

Normal livers. (Rasts # 9, 16 and 24)

The stain is pale. Namy muclei are not etained ot 2ll. Yhen
they are, they wsuslly have dark nucleoli on ar scidephilie beckground
with no chrometin seems Only & few of these have derk nuclear membranes.
Some nuclel however, have o deep basophilia with sostbered derk perticles
of chromatine There are oll gredstions of molel betwesn these two exe
tromess There sare large oyvtoplasmic bessophilic oluwps end appregstions,
some definite oval bodies, npplied close to the muclel. These sre especiecl.

1y prominent around vesesls end st sestlon sdges.
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31 deys m'leDAB., (Ret # 4)

Yuelsi sre the ssme. lsolated cybtoplagmic basophilic bodiwe sre
soem in portal arens but they sre scurce elsewhere,

% wooks u'SghAR. (Rets § 7, 8 and 17)

The stein is pale. In some slides the stain is a peculier agus
eclor ard muelel are seon only ceseaionslly. No cytoplesmic besophilis i#
seen exoopt for @ light stippling emd a fow indistinet particles in the
eytopismm of the prolifersting bile ducts.

Regeud's fixative.

Yorral livers. (Rats # 5, 11, 19 amd 285)

Nuclel are not toc well dofined in eome slidess They have promi.
nant oentral muclear condensations on & colorless or gremuler blue backe
ground end s dark muclesr rim. iany aytoplesmic besophilie perticles ere
seen. They sre for the mﬁt part sonttered through the eytoplssm but some
are found applied mext tc the mucleus, redisting out from the muclevs or
slong the edges of liver cords. Some sre oven comvantrated at the oell
poriphery -« in fagt, they sre found in ever scnoeivable ;ﬁ&t&m. They
ere sapecislly prominent around veins. In some slides, there iz & bduok-
grourd of basophilie stippling in addition to the partieles, sspesisily
sround portel ereas. Around hepatie arsas, the particles seom to be finer.
Seme of the perticles vresemble ovel bodies and some eppesr like oval spsces
with haaplﬂno rims. dostly however, they sppesr ss large clumps snd age
gragations.

| 11 doays m'sepaB. (Bate § 4 and &)

Suslel ars unchenged. Ir most aress there iz more of s busophilie
stippling in the oytoplasm than astusl particles. ‘!.‘yis is ivoressed in por-
tal sroms and sround central veins. Many oells demometrete little or mo
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basophilie. lany bascphilic ovel bediles sre slso seen however, sround
voing. Some of these sre ssatiered aimlessly through the syteplesm, some
are sppliei mext to ‘ﬁn melous, scme are rediating froo the nucleus and
some are arranged in purauoi rowes st the edges of liver cords.

' 3 wooks m'MeDAB. (Rate § 10 end 18)

¥any nuolei do not show up wells Those aseen oftenm sontain
sosttered dark chrometin gremules. The sress of proliferstion in the por-
tal regions eontrest sharply with the rest of the liver due te¢ & deep oyio-
plaenic bascphilis, whioch is nlso somewhat inerensed sround cemtral veins.
In these ﬂaufmrdting aress are deep blue sytoplesmic granules or stip-
pling and some indistinet and some distinet oval bodies. Tlsewhere, dis-
tinot besophilis psrticles and bodies enly ere seen in the eytoplesn.

These are found ssattered throughout the oytoplasm, spplisd next to the
nuolaug, redieting from the muwoleus like the gpokes of & wheel end often
oriented at the extreme gell periphery.

6 wooks ='MeDiB. (Rat § 20)

Hepetic muolel have & gramulsr chrometin but ususlly ne nueleoli.
any ceolls bave little eytopleamic basophilie, ranging from none to a vegue
slump or two. Soettered smong these cells, sspocially nesr arcas of cone
neotive tissue proliferation, are é'ﬂwr oulls with deeply besophilie oyto~ 7
plasus, stippled or finely veeuolsted. OCocssionelly, eantire nedulss of
these desply basophilie aalh wﬂtmw sharply with the swrrounding peren~
chyma. - In areas of cholangiofibrosis the proliferating bile duots heve a
dosply steined, bascphilie, stippled #yﬁeyum.

Potessium diohromste., (Ret © 41)

Hepatie muclei have prominent cemtral nuolesr condensations with
8 diffuse blus, Mhr ohrematin end s prominent muclesr mewdrape. Very
alizht basophlilie stippling of the eytopleomm wee seon at the edges of the
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sentions. No other bescphilie was presont.
Potsgsium pormengunste. (Rt § 42)
FPor s considorsdle distance intc eech lobule all sround the pore

tal veina, perenchyma is destroyed snd the mrutiﬁ roemmanty are stefined e
vory deep blues. Elsevhore, celle are considersbly shrunken and distorted.
Hepatio puclsi have proninent centrs) muclesr condensations on a solorless
background with & few clumps and strende of chremmtin and & prominzest nue-
lesr menbrane. Occasionel slight basophilic stipplinmg of the oytoplaem ia
seon sround portal veins wnd ot swotion odges. No other basophilis ia seen.

2ine chloride. (Ret § 43)

Sirusoids are distendel. Cytoplasm is vwry ehrunken snd digbore
ted. Tueclei are stained & very derk blue se that little strucbure ean be
seon, Apparently there is & grepulsr chromstin snd cecseliomslly, central
meolear condengotions can be discerned. Thers is s moderste oytoplssmic
basophilie stippling throughout, especislly nesr muelei. WNo other bess -
philis 12 seon.

Forris chloride. {Rat § 44)

Hepetie nuclel lave prominent oentral muelesr cendensetions,
sometimes definitely seidophilic,and promimnent nuclesr mwerbrenss. Chrome~
tin i¢ iz some plsoes & diffuse granuler bluey in cther pleces lighter and
structurelegs; and in still other plsces there is nothing but s clear, un«
stained Dackground for the mualeolus. In one slide of four there wes gome
eytoplasnic bssophilio stippling, more merked in central sreas, eod oytoe
piegmie besophilie olunps resembling ovel bLodies scattered through the
oytoplasm or redisting from mwolei like the spokes of & wheels In the

other slideun, no basophilis was seen,
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Herourio chloride. ( Rst § 48)

These slides very tresendcusly. Centrsl nuclear condensstiona
ere either prominent or oaly uciumny seon. Fuelear menbranee are
prominent. Chromstin strueture ranges from s 4ifuwse, grenuler, light
browm to irrepiler dark clumps, which sppear to bs preeipiteted on the sur-
fece of the pucleus rather then pert of ite structure. Cytoplssmic stip-
pling is entiraly sbsent in memy plsces end s bromish-purple eoler in
otharg. Srmiahnp\xrpl.u elurps and egeregetions of meteriel, some times
regsembling oval bodies, ers seex in places in the cytoplasm of hepatie
salls. Thess may bo scettered throughout the oytoplasm, redisting from
the puclens or applied olose to the muoleus.

Dhosphotungstie seid. (et § ¢4)

Thers is much shrinkege and distortion of ocells. Often the
eytoplosm seems pertislly dimsolved outs iemy nuclel are mot sesn ot sll.
Otherwize, they ere derk, pykmotic, blue o blue, gramuwler, indistinot
bodies. Besophille eytoplasmic etippling is msssive, espscially im portal
arsas. Ocﬁlimuy; indistinot basophilie ;’1’-” sre seen in the eytoplasw.

Helly's fixative. (Ret § 47) |

Buolel are mot too well defined in some slidess, They heve promi-

nent, eentral muocleer condensctions oo & colorleas or gramuler, blue back-
ground snd & derk nuclesr rim. leny oytoplemmie basophilie particles are
80N, my ars for the most part, sosttered through the oytoplasm, but
some are found applied mext to the mima, roadiating out frem the mnoleus
or aleng the edges of liver cords. Some sre even compentrated st the oell
periphery -« in fset, they ere found in every conceiveble positiem. They
are e-p«huj prominent around veins. In gsome slides thors fe o baoke
ground of basophilic stippling i» eddition te the particles, esresielly
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around portal eress. Arcund hepatic arems, the perticles sesm %o be finer.
Seme of the perticles r&smbh ovel bodies end some eppeer liks ovel epaces
with bagophilic rims. ifostly however, they sppeer e lerge clumps and ep-
gra;ﬁtimm

Oxslic seid, (Rat { 48)

lobules sre collepeed. Cytoplesm ie¢ disselved out lesving just
s thin rim of mediur dlus atippling sround the cell boundery. Hepatie
méloi heve prominant central muclesr condensetions, s light gremuler blue
chromatin end & prosinent nuclesr membrane.

Coppsr acetste. (Rat § 48) |

VYory fow hepetio muclel are seen: Those seen have prominent cemt-
rel ruclesr condensstions, s light gremuler blue ohrometins end e derk nuce
lear membrenes Cell boundsriss are poorly defimeds. Slight cyteplasmie
basophilic stippling is present around portal aress. lManmy dagophilic olurps
and aggrogeticns are seen in the oytoplesm, some regembling ovel bodies.
These ere found scattered through the eytoplesm, applied next to the nucleus
or rediating out frem the nusleus.

Ursndum nitrate. (Ret § 50)

Cyteplamm is distorted, shrumken or dissolved out, sspecielly in
portsl aress. Yany lorge veoucles sre present in the oytoplasm. Soms hepe»
tie nuelei appear just as diffuse blue gzramuler ovals. Others heve promi«
nant oentral nuclesr oendensstions; s diffuse blue zrezuler chrometin and
prominent muolesr manbrapes. Hoderate sytoplesmio basophilie stippling ia
seen §u portsl aress. Ko other besophilis iz seen.

Bariux nitrate. (Rst § B1)

The stain is very pale. In the ventrsl aress cytopleosm is dise~
polved out, leaving only s thin rim st the osll bourdsries. ¥o eytoplesmie
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besophilis is sesns Only & fow muclet sre steined at alls Theso have
prominert central puclear cordensstions on s diffvas blue baskground son~
saining elunps and strends of ohrematin and a derk nuslesr mewbranc.

gobalteus soetate. (Rat § 52)

The lobules ere collepsed. Cytoplasx is lsrgely diseclved out,
espeecinlly in hepstic sross. This makes Lthe extenmt of oytoplasnmic beso-
philis diffioult to evelusts. Nucled tomd to bs guile derkly staived with
proxipent muclesr mambrancs and & 4iffuse granuler obromstine Cmatral sue-
lear sondongetions sre often seen. There is moderate nytoplasmic besophi-
1ic stippling in portal arems., Besephilie partieles, of'tem resmmbling owsl
bodies, are nlso present scattered through the eytoplsen, slirned pext %o
the nuelous snd in eoll the ususl positions.

Lesd soebate. (Ret {f 83)

Yot sll the nuclel took the steins However, central muclesr cone
dangetions sre prominent, chrometin is Dlue and gramuler end nuolear men~
branss sre prominepts There is & modersts oyteplssmic besophilie atippling
with occasional indistinet olunmps eround vessels and st section edgea.

Silvar nitrate, (Rat § 54)

Heputic suelei have prominent sentrel nuclesy ﬁmﬂmntim on e
ecoloriess bockground with & few olumps and strands of brown chromamtin or &
diffuse brown bsckground. luclesr menmbrapes sre prominent. Thore 4s s
light brown eytoplasmic stippling throughout the seetions. There sre many
clumps snd sgerogetions of brown mstarisl in the eybopleem of the vells 4n
the uwauel errepgenents, slrosdy deseribed. There are derker, bleck clumps
which questionsbly resosbls oval bodies,

Ausoniue vepedste. (Rat # £8)

The stain ie very pale. Few muclel are seen. These have promi.
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nent sentral muclesr condenpations, prosinment muclesr membrenes end & volor-
lses to blue background with cscasionsl clumps and strende of chromstin.
ODovasional oytoplmsmic besophilic stippling ls seen nesr portel aress and
ot seotion edges. Ococasional imdistimct eytoplesmic bagophilie elumps sre
seon.

~ Eolybdie acid, (Ret § 66)

Lobules are collapsed. Cytopleam is dissolved cut in pleces,
leaving only & rim sround sell doundariess MNaolel are very poorly seen.
Uguslly 4f seon, they sre just diffuse lizbt blue ovels with no structure.
Vodersis oytoplasmie besophilie ottpp}.ﬁsg ig present throughout. leny oyto-
plasmic basophilic clumps and sggregetions, often resembling oval bodies,
are seen in the usual sreancements slready desoribed.

Cadmium nitrste. (Ret § 67)

Yany nuelei sre not seem, but many atend out. Rucleoll sre use
uelly obsourred, molear menbrenes are not prominent and the chromstin
strusture conoists of dark clumps snd strends on s blue buckpground. ¥No
eytorlasmie basophilie is present.

Ferrous sulfate. (Rat § 88)

The stein is very pale. ¥ost muelei sre not seem at sll. If
seen, they ers medium biue ovels without strusture, Ccoesiomal cytoplesmie
bascphilie stippling, egeregetions and olumps sre seem, inm all the ususl are
rangemante already deseribed at seoction edees and arcund vessels.

Lanthspum scetete. (Het § 69)

Cyteplasmn ig sgain dissolved out, making evalustion of the extent
of eytoplesmic bescphilia diffieult, Ceptrsl nuolesr cordangstions are
promipent, nucleer membrenes sre prominent and the beckground is ususlly
eclorless with a fow clumps snd stromds of chrematin. Occesionally, there
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is & diffuse blue gnnulﬁr ehromatin structure. There are many cytoplans-
wic besophilic slumps snd apgregations in the arrangsaents usually de~
saribed, which are often not too well defined.

8. Discupsion and Oummary:

This experiment certainly bss dewonstreted the tremendous influe
ence of the fixetive Ian the quality of the mubeequent Clemss stein, which
we slready knew. ‘i‘hla fizetives thet proved to be sbgolutely worthless, se
for s demonstrating besorhilic oytoplsemis bodies go, inelude: potsssius
diehromte, potsssiun permangenste, sine ehloride, oxslio aeid, barium ni-
trete, oadmium nitrste, 807 sloohel snd Bouin's fixative. Other fixstives
whioh are slightly better but still peor, imoludes ferric chloride, phos-
photungstio soid, urenium nitrate, lead acetate, smmoniur vanedete, ferrous
sulfate and 957X sloohol. These are fixetives which demonstrated no basoe-
philic bodies, but only basorhilie stippling or basorhilie atippling plus
coocssionsl ill-defined basorhilie perticlesy Pfixetives which demonstrated
only few basophilic bodies in certain sreas of the slides, suech ss srcund
veins and at gestion edgem; and Pixstives whioh were too uneven and erratic
to be trusted. Perhaps under the proper econditions, somwe of these fixa-
tives oould be made to work, sﬂu other fixatives were found te demone
sbrate the besophilie bodies well, dut they uﬁ‘é serious artefects, such
as dissclving out of oytoplaem with shrinkege end distortien of the eell.
These inolude: copper asetate, sobaltous soetate, lanthepum seetste and
molybdie seid. It is interesting thet three of them ere scetetes. Fere
haps if the artefsets ocould be comtrelled (by diluting the fixative or
changing the dehydration teochnigue), these too could be made to work. Mer-
guric chloride eaxd silver sitrete demonstretel the oytochondria mn.' but
it 4o diffieult to gey whether they are seidophilie or bescphilie since
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they were steined s brown Ime. Probably, the eybochondrie wore stained
thie wey direstly by salts of thess heavy metsls. 10 formelin gives e
fair demenmstration of the oytochondrie, but Regeud's end Nelly's fixstives
sre even better.

The bescphilic bodies sppesred, when demomstrated, much as Ople
nad dessribed them. Horeover, ss Opie described, they were mere prominent
in portsl sress end in regemerating eress, muoh ae demonstrated Ly the pro-
1iferating bile duots in three wecks m*¥eDiB livers end uodules of regen-
ersting liver in six weeks n'MeDAR. livers. As demonmstreted by Oples, this
basophilia deorensss st some stagen of caroinogenesis. (78) The six weeks
n'¥eNiE livers showed a greet decresse in eytoplasmis basophilie compared
with the thres woeks ='leDAD livers. Howewer, it seems streange thet the
basophilis was often inoressed arcund oemtrsl veirs and at seotiom edges,
vhers there would be more vortact with the fixetive. This wes sspesielly
preminent wher the perfusion technique wagy used, Furthermore, why 414 sore
of thess heavy metals demenstrate basophilic stippling without demonstret-
ing basophilic bodiss, while other heavy metsls demomstreted besophilie
bodies without besophilic stippiing? 58ill other hesvy metels demonstreted
both. There seems to be no rhyme ¢r resssn to explsin whioh hsavy wetals
worked end whieh 4id not. Are these different phsses of protein precipi-
tetion? OF coures, protein precipitetion iy the beals of most steinine and
fixetion, which losds us to ths dissdvsntages of studying deed tissues. It
is very 4ifflcult to suy in this cuse what is artefect snd what is not, s
well ag whet is true and what ig not,
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Po Busmerys

This is & series of experiments, deeling with the liver perfu-

sion technique, performed while csating sbout for methods whish would bast

demonstrate the pathology of m'NeDAB 1p the ret liver.

2.

&

&

Bs

Perfused livers desidedly have sdvantages over unperfused livers hiatoe
logically. However, this sdvantsge deoresses with the distortion of

liver erchitecture, much sas ccocurs with m'lileDAB.

Thers is no aignificsnt difference, histelogieslly, between livers per-
fuged with normal seline and livers perfused with Ringer's solutien.

There is no significant difference, bhistologically, between livers per-
fused with fluids ot roan tempersture and livers perfused with fluids
ot 37° €.

Livers perfuged with different fixetivea are compared histologieslly

and reted; with special reflerence t¢ nuclesr deteil, ir order;

1+ 808 ethyl alechel. ée Bouln's Pixetive.
2. 95% ethyl alcochol. B« 10% formalin,
5s VandelGrift's fixative. 6. Regaudts fiyetive.

Livers perfused with verions fixatives and hesvy wetels are compered
histolorionlly with the Cleomse stais eaa to demonstretion of sytoplaexic
bagophilise The signifiesnce of this is discussed.
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IXI. OBSERVATIONS OF THE SiWAR TECHNIGUR

As YVermag Beotioned Neterimnl:

Ae can readily be apprecicted by reviewing the histolozicel obe
servet iong made in the previous secticn om perfusion experimemts, the nuo-
lear structurs of lLivers preparad by the pareffin method veries tremendous-
1y end ie subjeot to much srbefact. DBecsuse of this, abtempie made to fol-
low seourstely nuolesr structural changes in secticned msterfsl during
early m'¥eDiP osrcinogonvels were larpgely frustrated. This wes very unfore-
tunate since canver ia considered by mamy to be » disesse of the nucleus or
originating there, | g0 thet nuelear changes sz esrcinogensais progrossos sre
of great interest. Por this reasen, the smear technigue wes investipgate!
epd found to be highly superioer. &rtefsots are mininiged by immadiate
fixation and minute nuolear structure eean be onsily seen and studied. Im
the sestioned material, muclel vary widely in size and ghape, even in nore
mal livers, dua to the plane ir which they were eut, dehydretion apd dis-
tortion due to fization. For the same ressons, vuclei are smeller than in
the smosr preparstions. The whole meleus is seen ip the smerr prepsration.
Chrometinz is olumped and distorted vary gresctly in the seectioned materisl.
In & normal liver seotion, chrometin varise widely frem nueleus to sueleus
but in e smesr preparstion of nomal liver, chrometin is esrentislly simi.
lar from nuocleus to muclens, Definite ochanges in ehromrtin etrusture with
n'MeNAE sould be essily detected with the smeer prepsration thet wore not
even suggestei by s study of secticned material of the same liver. There~
fore, sectioned matorisl wes disoarded eg o mesng of demonstrating the eve-

iution of the suclesr changes chareoteristic of cencer.
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Be Pizetives:

1. uweriﬂs apd Hethodsgs

Three male rata were utilized in this experiment: Ret j 63 hed
been fod basie retion for 8.7 weeks; Ret § 64 had been fed the besio ra-
tien conteining 04085 m*'BeD2B for 8.7 woeksn; and Rat § 88 had been fed the
mtileDiR roation for & weeke. All three underwmnt the seme procedure, os
follows: All perfusion fluids and fixstives were at reom tempersture. Us-
der other smoathesia, the ret was decapiteted and n liver perfusion prep~
eration wag immedietely set up in the usuel mammer. Afber sterting & liver
perfusion with saline at the rete of sbout lﬂm. per sevond, six gmall
pieces of liver sbout 2 mm. thick were removed for the purpose of meking
tiasue smesrs. The ssears wers mede by rubbing ench ene of the liver
ploces between twe slidess Thus 12 slides wers mede por ret. 7Two were
{mmesistely dropped inte s solution of one pert ether to one part BET
ethyl alochel; two into Schaudimn's fixatives two into Bouin's fimative}
two jnto VandeGrift's f&ntiﬂ;(”) two into fuming formaldehyde; and two
into methyl slochols The slides were then turnei over to the techniciens
end stained with Fhrlich's Hemotoxylin, eosin end Orange~i. The slides
ware then studied histologiocslly to compars the fixetives erd to determine
whioh fixstive gsve the best resulis se to demopstretion of muolesr detall.
Provious to this experiment, sll liver smears msde had been Pixed in the
sloohol-ether solution, the fixetive recommended by Tepanicolsu for vegi-
nal msu.-(aj AMthough slooholeether fixetion was satiefectory, it was
thought thet perhsps, for the liver smesr, an oven better one might be
found,
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2, Obserwations:

Bouin's fixative:

in one slide, slthouph 3t is toc pale in meny pleces, lerge muce
lei with diffuse end greanuler chrometin are seens In all the other slides,
puclei show in meny places simply as rings with the chrometin ecompletely
waxhed out, or seem shrunken and very pale. In isolatedl sreas, chrowatin
network stends out very well, however. In some areas stain was precipi.
teted on the slides. |

VendeOrift's fixstive:

Puclel and ehrometin are clesr<sut and well defined. Chremetin
is exvellently preserved, diffuse and gramulsr. Retisulum is well demone
strateds Frominent vemtrsl muclear vondensations sre observed, some dofie
nitely noidophilie.

Mothyl aleohols

Fuolei sre well defined with & diffuess, granuler, homogeneoue
ohromatin, Acidophilie and Dssophilie vecuoles ere occssionslly found in
the suoleus. PFrominent contrel nuslear vondensations, definitely baso~
philie, are seen in some srens. FPortions of the slides sre poorly stained,
however +

Funing forsaldehyde:

Most of the muolai appeer ss rings or ecidophilic ovel bedies,
with no definite or only very feint chrometin dlscernible. Only in very
sxall arees ie chromatin demonstrated et sll. In seme places, suclel ep-
petr distorted.

foheudinn'e fixstive:

¥any nuclei appear ss blue rings. Some heve & blue background
sontaining indistinet or faint chrowetin, eepecielly in thir sress. In
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other thicker sress, nuclei are distimet with clumped, dleck chrometin end
prominent, seidophilic central puslesr condensetions. Some nuclel have
prominent nuclesr mesmbrenes. Occesionslly vecuolas are geen in the mucleus.

Eﬁﬁtr-ﬂ.@mh

¥aclel ars olssr-out and well defined. Chramatin is homogenecus,
diffuge and granular. Veouoles ere seen in the nucleus, ovossiopally. Some

ruclecli sre dizcerned.

8+ Summary:
Bouln's fixetive, Scheudimn's fixstive and fuming formeldehyde

seom abeolutely worthless for this meterials MNethyl elechol is good but ine
oongistent. Bther-aloohol is good, but there ig not es sherp end clear-cut
delineation of chromatin dotall as with Vendelrift's fixative, Vandedrifite
Pixetive is the Dest of the six fimatives tested here, glving very exosllent
nuelear detail. There seems o be no differemce in fizatiom between the con-
trol ret end the two rats undeor the influemos of the cercinogen. The order
of prefersnve is, therefore: |

1s VandeGrift's fixstive.

2, BEther-aleochol.

8. Hethyl aloohol.
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s Time of Fizetiom:

1, laterisle and lethods;

Rat § 28, s 280 Gu. fomale ret with e mesmary tumor, wes %teken
frox the stock cclomy. Under ether anesthesie, the rat was desepiteted
and allewed to sxsanmuinste os much ss possible through the parotid ertery.
lapsrotomy wes porformed and the liver wes exposed. Tisgue smesrs wore
made by outting swall slices of liver about 2 mm. thiok from the tips of
the large snterior lobes, fletteming end rubbing them between two slides,
and dropping the alides into sther-sloochol solution. One smeer was made
irmed iately, within sbout one mimute after desth, spd subsequant sseers
wore made overy five mimutee for one hour, i.s. ome esch ot 8, 10, 16, 20,
26, 30, 85, 40, 45, 6O, 58 and 60 minutes. The stained Tinighed slides
were studied mioroscepically to determine the effect of the time of flwma-
tion on the muolear structures, (The memmery tumor apposred well emcapsue

leted with no evidenses of degenerstion).

2+ Cbaservetionss

On esch individuasl slide, there are some varistions in the grenu-
lerity of the nucleer ohromstin. Nuslei whieh heve orinkled edges snd ere
fragmented or misshapen, have lerger clumps sni granmules of chromatin then
mclel with more mormel morphology. WNoreover, in muclei oecourring in large
clurps with much oytoplass preserved, the ehreoetin detail is oftem obw
sourred by the overlying eytoplasm, ete. Therefore, only muelei in siriler
positions are compared.

The swear msde et one minute demonstrates, for the moet pert, nuee
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lei with a diffuse, homogeneous chromatin strusturs with very fine ohrome-
tin gramiless The five mimute smesr may have some slight iverense in the
size of the chromatin grenules but this s very guestiemsble. All the
leter alides seem to definitely demonstrate sn incrcase in size of the
chromatin elumps and less homogeneity of the ohrometin structure, which
is not markel. However, thls occurs in wvsrioue degrecs amemg these later
smears and is not exsotly proportionsl to the time of fixstion. VYor ex-
arple, the chrometin in the fifteen minute gwesr loocks lese olumped them
that in the tern minute smesr and the chrometin in the aixty nimute smear

is sbout like that in the thirty minute gmesr.

8. Sumnerys

Thers is & slight incresse in the sice of the ohrometin grenules
and less homogemeity of chrometin dﬁmutﬁra. 82 the time after desth ot
which the emear is made ineresses. The obsarvetion that frogmented end
distorted nuolei almo have ineressed chromatin gremularity temds to cone
firm this. Uy conclusions sre that the liver smesrs should be made within
the firet five minutes after desth in order to obtain the very bdest moe
leer delinention and deteil. After the first five mimutes, e chrometin
olurping temds to ocoour, but fairly satigfectory smesrs cen be mede up to
one hour. However, in s study sueh sa this where s progression of fine
miolear changes is boing followed, 61l smeers should definitely be made
ue soon as possible after desth <~ not only to procure the dest nuclesr

detsil, but so that the smears from differemt snimels will be comparsble.
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Tis Olemse Jtains:

i« lnteriales end ihth_odu

Three mele rate wore ntilize! in this experiment: Betes 7/ 86 end
§ 87 had been fad m'MeDAB for B weoke apd Bat # 68 hed been fed the besio
control diet for 6 woeks. All three underwent the eeme procedure, as fol-
lowss All perfusion fluids and fixetives were ot room temperature. 'nder
sther anssthesis, the ret was decepitated axd 2 liver perfusion wee im-
mediately set up in the ususl menner. After sterting s liver perfusice
with saline st the rete of sbout 1/10cc. per secord, elght smell pleces
of liver about 2mm. thick wers removed for the purpose of meking tiesue
smears, by rubbing each of the liver pleces bhetween m' ¢lides. Thus 18
amears were mude per ret. Two wers dropped into sleoholeether; two inte
Sohaudiyn's fixetive; two M" Douint's fixetive; two inte Vendelriftts
fizative; two into formaldehyds; two into methyl sloohel; twe into Re-
geudts Pixstive; and two inte Helly's fixetive. The slides wers then given
to technicisng for further preperation and Oienss-steining., These were
then studied nicresceplonlly tec determine which fimetive or fixsbives gave
the best results with the (lemse stain, or if any of them did4. It wee
thought that with the smear preparstiom, bdesophilic eytaplasmie material
might be more ensily demonstrated. Rats § 66 end § @7 should heve less
eytoplesnic besophilic substence in the liver, since they ere developing

-
hewetorss, than the eentrol Ret i 68. (78)
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2+ Observebtlionm
Helly's fixative:

In most of these slides the stein is too faint and details ere
too blurred to observe anything clesrly. Two of t;hu' slides are somewhat
betters In these, howewsr, the chrometin is mot well def&ned» end the
1ittle eytoplasmic basophilie substence seen ig in the form of 8 diffuse
stippling, Yo significent differencs is seon bebween the rate.

Pormsldehyde:
| In weny places the stein is feint and deteils sre blurred. Chro-
metin is washed out or pale with larpe greoules end olumpe. In some places
muoleoll show up welle In some places lerge, rediish gremules are d4iffuse~
ly sosttered through the oytopleam. MNuoh besophilie stein is precipiteted
on the slidess Mo sipnificent differencs 1s goon betwmeesn the rets.
Rogaud's fixetive:

Yo chrometin detsil can be sesn. Huclel sre stained very derk
greenish-bleck to dark blue. Cytoplesm demenstrates s very diffuse, light
blue basophilie stippling: ¥o significant difference is seen bdetween the
rats. |

Bowin's fixetive:

In meny places ruslei sre faint snd blurred with no chromatin
detail. | In other placer nuclel staln well with s homogenesus gramuler
ohromstin, Cytoplasm is stained s diffuse groem color dut no perticles
or etippling sre rresent,s Ne significent differsnoe is sesn botweer the
rats.

Vendelrift's fixatives

Chrometin detall is exsellent, but waghed out or overstained in

s fow pleaces. Nucleoll ere often dietinet. Cytoplasm is full of an emors



83,
thous green, granulsr materisl, but no definite cvel bodles or pertielss
~ wap be differentieted. Yo significent diff'erence is sesn between the rabs.

j-:et:l;;z}_ aloohols

Stein is faeint ix nsey places. In other pleces ruclei gbain well
with a homegensous granuler chromatin. Most oytoplaesm hes ne bssophilie,
but & few iscloted nlum;;a of cells have s diffuse light besophilie stip-
pling. Fossibly, 8 few more of these olumps are seen in the control rat
than in the others.

fohsudinnts fixative:

Btein is faint. 1In some pleces chromatin ia in lerge clumps or
waghed out snd veouolated. In other pleces nuelei demonstrate e homopene-
ous, grapuler, wellegteined ohromatine Occesiemally, prominemt besophilic
ecentral nuclear sondensstions sre seen. In some olumps of cells & fine
diffuse cytoplasnic stippling is found and ocsccesicnelly a fow indistinet
basophilic particles. FPossibly, more of these cell clumpe are seen in the
eentrol rat.

Ether~alochols

Rat # 67 {5 weoks n'MaDAR), and Rat § 68 (control), are similer.
Chrematin appeers wellestained, homogeneous and greamulsr in geme ploces.
Tn other places, it is cluaped, vecuelste! or weshed out. Mpessionel cenmt~
rel nuclesr condensetions ars seen. There is often & merkei bascrhilie
stippling of the eytopleaams In Rab § 88 {9 wosks n'HeDAR), everythirg is
stained blue« Nuclel gemerally appeer as blurred blue objsots. Cyteplsem
denonptrates & diffuge blue stippling and cesasionslly, indigtinet basoe
philic particles.

8. Disoussion snd Summayy:
Eone of the smecrs demonstrated st all well besophilic bedies in
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the eytoplesme A fow demonstrated erratiselly, basophilie stipplings It
is quite possible thet further esperimemtstion with staining end technique
methods mlﬁ result in diseovery of a good means of delinecting oytoplas-
mic besophilie bodiss in the emeer preoporstiom. Unless, of eourse, the
eytoplasnie basophilic bodles ere ertefects pn&u-ﬂ by the enbedding
method and may, therefore, only be seen in seotioned materiel. BEthers
sloohol, Hegaud'a fixative, Vendelrifits fixstive snd possibly Scheudinn®s
fixetive offer the most provises. Bo significant difference in cytopleanis
besophilis is seen betweon the vantrol rat snd the rats on m'VelAR, except
for a very questioneble greater insidenve of cell olumps scnteining eyto-
plasnic basophilis in the eontrol snimals.
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Bs Smears of Verlous Crgenss

1. MNateriels end letheds:

Seven rets were utilised in this experiments Rat { 66 hed been
fol the cersinogenic diet for ¥ weeks; Kat J 70 for 1 week; Ret § 71 for
6 wooks; BRet § 78 for 7 weekey Ret ¢ 74 for 10 weekss Ret | 75 fer 2
wooksy ond Rat § 72 hed been fd the basic control diet for 7 weeks. #11
ware decepitated under ether anesthesle and partislily exsanguineted through
the oarotid ertery. 2 waline liver perfusion wes imnmedietely set up in the
usuel memner, liver swmesras were made and then smeers of veriouve cther ore
gens were made. Theee were prepered the gemwe way the liver smesrs were --
by rubbing thirn tissue slices botween two slidess Four kidney smesrs,(two
from ench kidney), four spleen smearg epd four testee swesrs, {(bwo from
esch testis), were mede fron emoh of the rats i 69, 70 and 7l. Your emears
of the adrenmals, {two fros osch sdremsl), were msde from esch of the rate
# 72, 78, 74 and 76. Pelf of the smears from sach orgen were fixed in
ethor-slcohel solution and helf were fixed in Vendelrift's fixstive. The
slides were then given to techrioisne for further preperstion end stain-
ing with Shrlich's herotoxylin, eosin end Orange-0. These were then studied
wiorescepieally to determine whether the other orgene lend theowaselves tco
the smear technique, ag the liver dves, end whether eny muclesr chenges oo~
our in these other organs during ='VeDAR oarcinogenesis. 7The two fixatives,
Vendelrift's and ethar-slochol, cemnot be properly compared for sach organ
8¢ was planned bessuse the Vandelrift's fixative reccted with the paper
olips used to hold the slides epert. This resulted in precipitetion of a

browelsh materisl on the slides, and ususlly & poor stein.
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2. Obgervetions:

Kidrey smebrs:

These exvellont smesrs look much like the liver smeers, ic gene
ci-ul; There are meny blood ocells, much debrie snd mumerous, larger, scst~
tored single kidney nuoleli, mostly without eytoplasm. Sems clumps of vells
are elso seen voossionelly. The kidney nuclei heve much less veristion in
eslze ard ghepe then the normal liver nuelei. They ere greller, more
rounded end the aﬁarm«tin structure is different. The nuclesr merbrane is
very prominent, usually. ¥o nuclesr changes sre sesn, the chrometin appenr-
ing uniformly grenuler and homogenecus iy ell the three rets studied.

Svleen sm@sre:

Theso slides demonstrate meny different kinds of colls «- all
kinde of blocd vells, mostly mepomuclesrs end comnective tissue cells. The
smenrs sre vory sstigfectory histolegieslly althcugh occesiorally there sre
arees where detail is blurred. Huclear chrometin is bhomogenmsoue end rranu-
ler, usually., Thie, of course, veries with the type of ocell. ¥o obvious
difference la seen between the thres rats, sxcept for possibly the ccour-
ronce of & fow larger nuelei without chroma' in change, in the 6 and 5 weeke
n'leDAE rats. llowewer, the greet wvariety of cell typss end their nuelsi
makes it diffioult o rule cut whether or not there sotuelly is nucleer
changas

Testos amonrsy

These slides asleo demonstrate u verlety of cell types <= spers,
Sertoli cells, the ateges of spermetogenesis, conneotive tissue sells, sto.
Colls seex vary distorted and frepmented in meny arems. Agmin, with the
variety of ¢ell types whiech sre presenmt, it is diffieult te rule out mue~
lear change. However, no cbvious differemce iz seen between the three rate

studiel. Nuclesr chrometis is homogeneous end gremlsr, usuelly, werying
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with eell types but not with weeks on m*'NeDAR. Thet appesr to be mitotic
figures ere of'tan seen ix all these slides.

Adrersl smeurss |
These smesrs sre very poors Only debris is seer on nemy slidos.
On cther slides, fregmented, distorted, vacuoleted muclei ere seen. In
sore aress where the nuclel sre not toc distorted, ohrometin is not dis«
tinet, Very ocoasional, undistorted muclei with gramular, hemopenesus
chromatin ere seen, however. COecomsionel eell olumps, also distorted, are
seens There is more waristion in cell type thsm oocurs in the liver smears,

but not nesrly comperable to thet in the testes and spleen smesrs.

8. Disouasion and Summarys

The kidney and spleen snewrs sre excellent histelogloel meterislj
tostes asmesrg are fair but there is often fregmentetion; and edremal smesre
are no good at all with this perticulsr technigque. In the kidvey smears,
po nuelesr changes are geen 3¢ they will not be gtudie! further. Uo ob-
vicue differences due to m'ieNiR are seen in the spleen smears but the ocel!l
typos are too numerous to be cdequately studied in this present werke. The
sere is troe of the testes mmesrs, in edditieon to the fregmentetion often
goen in them. This leeves the sdrensl smeers, whioh are eompletsly ungaiias.
festory with this technique. If a satisfactory technigue could be dige
covered, ruclesr chenges mey bes revealed in the adremal. (Later, & satis~
festory techrique was develeped by Dostor Howsrd L. Risherdson, wtiliring
impressions of the adresal. Thie would prodably be more gstisfectory for

the testes also, since the testis is e more friable organ).
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Fareffin-soctioned preperstions of liver sre entirely unsatisfectory
for demomstrating fine nuclesr changes coeurring during m'VeDif esre

cinogenesise. The liver smesr prepsrstion is muek superior for this

PUYpeeds

Por the liver amsar, VandeSrift's fixetive is by fer the best, for
dancnatretion of nuclesr detell, of eix fixetives studiel. TFthere

gleohel ie second and methyl alochoel is third.

Liver smears should be made within five uinutes after desth in order
to obtein the very best nuclesr delinestion. Smerrs made ur te one

hour after desth however, are feirly satisfuctory.

Cytoplaemio basophilie iz not st all well demonstrated in the Slemss-
stained smenr preparations studied, though veriocus fixatives wers tried
ir am abtempt to bring 1t out.

Kidney snd spleen smenrs, prepared as sre the liver smesrs, proved ox-

eellent histologiocel specimens and testes swears are feir. ¥Fo positive
ruclear chenges sre observed in these during the early stepes of m'lelaAR
cercinogenesis studied. Adremal emessrg preparsd in this wenner are cov-

pletely unsatisfactory.
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TABLE II,
RATS 14 THE CARCINOGENIC SMBR SERIES

Rets ‘ed Resle Rete f'ad@%es leg Raﬁ%m

Time on diet Rotion alone, m

1 week, § 70, 123, 151r%,

2 weeks, £ 1277, # 75, W6, 147, 161.

3 weeks. # 9, 15, # 7, B,y 12, 13, 17, 106, 1347,
L weeks. # 10k, 1224, 180, 181.

5 weels. # 134%.

6 weeks. # M, 71, 98, 27

7 weeke. £ 6, 124 # 62, 73, 134>,

3 weeks, 768 ¥ 65, 139P.

9 weeks, ¢ 36, 63. § Lo, 64, 66, 67, 62, 13LP, 198,
10 weels., # Th.

11 weeks, # 39, 139P, ¢ 37, 1347, 165, 188,

12 weeks. & 39,

1) weeks. # 183.

1k weels. # 1397,

18, weeks. # 790, 8P, 81P, 85®, 1397,
16 weelks., # 1277, # 88», goP, 1227,

17 weeks. # 87, 1377, 1367, 194,

18 weels, 17k,

19 weoks. £ {ggﬁ,wgﬁ.%% 5P, 1377,
20 weeks. # %07, 129, 138, 137, 156,

159, 162, 173,

P mosns that the exenrs were prepered from meterial obtained by iliver punce
ture blonsies.



TABLE 1X.
(eontinued)
Rats fed Dasie
Time on diet. Retion alone,
21 weeks.
22 weeks.,

Rate fed Lasie JAation
with 0,06 m'MabaB,

& 137, 169.
# 128, 176, 178,

2%,
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IV. OQBSERVATIONS OF LIVER SMEAAS DURLNG QARG HOGERNESIS
i. Pa TeA

1. Msterials and Mebhods:

Table IT. shows the rats which were studied In Lhis s ries.
fSioxe of the animsle were pivan gastric washings, blood intraperitoneslly,
etc., as rarts of other emperiments -- all prosodures which did sot affect
the liver pathology. 28 noted in the table, 11 were countrol animels and
76 were fed the careinogen, m'WeDii, Control mni=male were maintained and
gtudied under the same sonditions s the rate fed the carcinogen. In the
following nages detalled desorintions of the liver saeasrs caf gach rat will
be presented in chronological order mccording to the number of wecks om
the diet =~ first the control series and then the carsinegen series. Since
the chiect of the experiment is %o follow the nusisar changes in the liver
gmenr 28 carcinorenssis ~rogresses, snimeslis which survived the eareinogenic
diet more than 22 weeks sre net included, slthough they are avallable,
These animals, necessarily, e&ll have cercinonss mnd ithe series already con-
talng a represontative mumber of these. Thie whols series of animels is
part of the group studied by i, L. Richardgon and Horeos iiacm-m’m‘l,w&}
g0 that the pathology of n'MeDAR and its tumors reported by them iz the
gane ag that found here, Thelr results are fully desoribed in the intro-
duction to thia raper. In thig series, all the m'*MeD4D rate frow 16 weelks
on hed ebvions 1liver careinosas, usunily with metastases, domonstrable in
tha remaffin sections. Rate / 30, 15 z&aka, had hepatomas. (This does not,

of courge, include those rats ‘n which emo:re woere obtalned by amctuwre bi~
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opey, since tlssue from Lhem wor not avellable for paraffin sections), The
erect majorlty of thwee rats, controel and m'lieDiR, had nseudsn-tubereulosis.
This, miorcseordeslily, is a2 chroniec foesl rmeumonis snd ohronie poribron-
chities with occasional formation of large csseoue obspesses. Severa’l ani~
mele hed scute rmevmonia, porenchymatous degeneration of the kidneye or
other semelan of aschexia.

Mowt of the pmenrs wore made within five minutes efter deat: Ly
the methods already describved. GSome, however, were sbbeined by i'ver runc-
ture blovsies. These are noted in Table IX, Ether-alechol or VandeMrlift's
fixative or Loth were used for fixetion. BRate with numbers lesgs dhan § 63
were Tixed with ether-sleoholy the others with VondeOrift's fixzeative or
both. Theyr were all stained with Ehrlioch's hemoctoxylin, eosin and Orange-0.

Following this peries of snimals is a short swwisry of changes
seen in the welght curves of the animels end & group of ah@tagmz::-ml of
some of the smears studied. The nrime disadventage of ¢ll cytolosie methods
ie that 1t requires very close fomiliarity with the material in order o de~
tect the minute changes nregent. The eve eesily lorgets those chanves from
glide %o elide. Ths photogranhe were taken of the varlous liver smeore ot
970x, (oil iwmersion) and then enlorged to sbout 3070x. Thus nuclel emn be
direotly conpared snd sany of the changes seen sa: be easily demonstrrted to

obpervers unfanilisr with the neterial,

1. I am indevted %o Doctor ¥. L. Rlichardeon, who took all these phoboprre ha.
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CONTROL SBRImE
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{Obtained Wy puneture bionsy).

Tremendous blood masees rrevent really accurste observetion
in these slides, Chrometin is diffuse, finely gramular snd homogeneous.,
There are prominent central muclesy condensatione which sre round snd
regular. Ooccaslonal smell chromaiin condensatione, nrobably chromatin

naet knots, sre geen, nsuslly peripherally in the mueleus.

Nuclei are round te slightly oval and unifors in slze end shepe.
In this normal smesr there are roughly three sizes of nuelei ~- smsll,
often ovold, uniform muclei, which are bile duet nuclei and have = slight-
ly heavier chromatin than the hepstic nucleij medium sised hepatic nuclel
of uniform sise and shepe; and cccasionsl l-rger hepstic muelel, also uni-
form in size and ghope. Many blood cells of nll kinds, ogoseionsl comnoc-
tive tissue cells, fibrin strands, ete., ave a1l vresent, Chromatin sbruc-
ture iz homogeneons with & fine pramulsrity snd fine reticulnm., Occesiona™

ghrometin net knete are seen.

Liver nuclei are normsl with unifors, homogensous chrometin, (e

casional bile duct structures are present and scessionally, vacuoles within

the nucleus are seen; s in most normal smesrs,

£ "

ry i £ ™

fuelel are normal and wnchenpged, Ocessionally clumne of colls
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sre peen which ineluds the eytonlesm. 1In these clwaps muelesr detell le
often obescurred due to the thickness of the smesr and the ebiasched cyto-

plasn, (These olumpe are geen in all the smesrs),

T Meaks. £ 12, %&;a.l

These are nor=sl muclel with no chromatin chanpe, Occesional

vacuoles sre seen snd muclinoll sre rrominent.

§ weoka. g 68, Male.
Thepe sre nornal nuclei, uniform in sise end shepe with & homwoe

genooue, fins chronmatin structure.

2. wesie. £ 36, lale.
These are normal iiver smesrs with nor-al, fine, gramulsar homoe

geneous chrometin in the nuelel.

2 mg': i éi' ’~&hﬂt

%o change fros the usuel normal liver swesy is vresent,

Theze sre noruel liver muclel.

1 - § 135, Mol ‘?
{Chtalned by rumeture blopey!.
Maoh bloond 1s vresent, preventing accurate ohservailion of liver

nuclel, in three-fourths of these slides. The muclel seen are normal with

proninent nucleell and 2 homepeneourn, finely granulyr chrometin.

1. TOvionl sleeping tive ~- 22 mimstes, This iz s liver funoition test whigh
mecsures the time thet the rate sleep while under the influvence of the
barviburste, Evipal.:7?

2, This snimel died sfter 29 weeks on bapie ration. A% suborsy, diffuse
rgeedo-tuberouionlis and sev'le pneumonia were fonndg,
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15 weeks, ¢ 127, Hale, !

{Ovbained by punsture blooey).
The usual, nor=el, uniform type of liver cell muclel are nresent.
Yo glant forme sre seen in Shese normsl gmesrs. Oceasional vacuoles sre

sean 1n the nuolel »nd muecleoll are prominent, round and acido-hilie.

1. Thie enlmal wee diseortinued sfter 7 monthe on the basic ratlon bee
caupe of no change., No vatholegy was found,
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wMeDAR SERIES

L Male,

Ho change in chromstin from the norual iz seen. lowever, there
ere definitely more larger sized nuolel snd cecsslonally & glent henetic
nuelene ig sesn, Thero 18 slight endsocytoslz and poilkileoytosis. ‘uas-
tlonably, there eve more binuclieste cells in the eoll clumpe and poseibly

there are more mumerous, smaller mucleoll per nucleus.

Lusalk, #1323, Jale.'
{Obtalned by puncture blopev).

ilo chromatin chanpe is present, There are s tremendous number
of disintegrated cells. ZJQuestionable, more of the mvolel are oval, rether

than round in ghape,

1 week, # 151, Female,
He change from the norwal is present., Huele! are of uniform

pine pnd shene, Ohromstin distrimtion 3is wniform.

There are definibtely wore lrrgor sined nuclel snd there ls lne
ereased variabllity in size ond shape. In some of the muclel retlculus
i more vrominent, dur: strands connect the net knots, Chromstin d2 still
diffuse, but in o few of the nualel it is incressed in density snd hasg

gomewhat lerger granules, Hany of the nuele! are unehenged,

1. Thls animsl died after 17 weeks, of ecercinoms of ths liver wit: diffuse
abdomingl =eiapstases,

2. Gvipel sleening time » 36 minubtes,



2 weeks., ff i‘::ﬁl e Fomale.

Chros tin is diffuse snd homogenesus, No maclesy effect le noted.
There sre & large mumder of bile duct muoled and blle duet structures on

these slidss, poselibly more than normal.

2 weekp, 4 Ih], Femals.
Chrometin is unchanged from the normal sonfipurstion, homogensoue
gnd finely gremuler, There are guite = larpe mmber of bile duci nuele!

and bile duct stmietures on these glides, possibly more than normel,

2 weeks E ]ﬁl ¥ale.

Nuelel are mostly uniform in sise snd sheve, Chromedin s of
norral, diffuse homogenelity and fine pramlerity. Occasionsl unusuelly
lerge nuclel are noted, llmclesl! are nrominent, round, unlform and sclidow

philic.

X f T 2 .

“any nuelel have definistely, diffusely, incressed derslty of
shromatin, which is somewhot clumped in a few muslel., There !s incroased
rrominence of the reticulum in s fow muolel, with strands extending between
the net knots, Numerous, irreguleriy shoped heprtic nuelel ere present and

nuciel are of = lorger averasge size.

3 weoun, { 8. Hale.
Yany lerger sised muolel are rresent and there iz rether =morked
frromalority of nuelesr shapes ond mizee, Tuelesr chrometin is usurlly ine

ereaged in density but {= 5811} diffuse, homogeneous and finely gramulasr.

¥
wbg, ¥ »

There is tremendous veristion in mualear sloa, Many lerger awole!l
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rra nrepent., Ohromstin is ineressed in density in meny of the nuelsi bub
it ie still of & wniforw, finely gramilrr dietritution. Ocsesionsl nuclel
bhave & orominant redloulum with &@mnﬂs of chromatin conneeting the net

knots,.

3 : | 13, Male.
Ohrometin is inoressed in density in meny of the hepotle nuwelel
bat 18 is diffuve, finely gramlor and homogenecus. Occasionsl very large
nuclel are seen snd the average sisze of the rmuclei is lsrger. In some
mielel there ig some inoremsed clumping of chromatin, In the very larpe
auelel thore gsem to bo more muclsoli, which ere slightiy irreguler in

phare and tand %o be fusiforu,

: I"sgl ﬁ Jz FIJI’

Nuclear chenge is 8light -~ diffuse inecregse in chrowriin den-
sity in some of the nuclel, generally inereased nuclesr sine, some irregu-
larity of nuelesr sisze and shares, but no change in chrometin archlbtecture,

usuelily.

dueska, L 106. Temals.

Yore of the larpe sised nuclel are present, ocoaslonel glant
nuclel are sesn mnd there lg pomm vepriablilty in wmuclesr share. Hany of
the nuclel heve an increnged clromotin density end many heve o elight ine
cresse in clumping of chrometin, Slightly more mucleoli poy mucleus, 5«6,

are present and they sre often Tusilerm.

{Obtained by puncture blopsy).
fuelel are nniform in size and shape Lot more of the larger slves

are peen, as well as ocessional plent muelel. Chromatin is moderately inw
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groased in density in many of the muelel, but homorenecus snd finely gramme

lar.

b weeke. £ JOL. Female.

Hany of the nuclel have normel chrowetin. Thers is no spvarent
change in mucnlesr glze or shepe, However, many other nuele! have defi-
nitely {norecsed ochremsiin clumning, s diffuge incresce in chromstin den-

sity and many nueleoli.

k.!ms £122-8.  Femnle.

Huelel are, in genersl, of larger slze, and more v rissle In

gize and ghare than the normel., Ocosplional glant gells are geen, Chrome-
tin ie diffusely inoreased in density in mort of the nuelel tut hosogencou
and finely granul-r, In & fow of the muolel there lz en irrepler cluap-
ing of the chromstin, In pome aras there 1s an inersssed ehrom:tin condone

getion aboud central muclecli, Some nuclel show & more -rominent rotisulus,

. 4§ 130, Fenele.

Many mualel of larger size ere preseont, but most of Lhe nucls!
have nor=al chromatin, COceaslonal giant muelel and occeglonai muclel with
Atf e’y ineressed chrometin density are meen, however., Prominent seldo-

philie nuoleoli, in which oo changes are seen, are nresend.

L voeks, & 151, Femsle.

More mucliel of the larger size ere nresent, There s vorlability
in pize and shape of nuclel, Ocessional ghant nucle! sre rre=gent, Some
muclel heve 2 normal ohromatin but many have o diffusely incressed chromn-

tin danelity.
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o f [ »
(Ubteined by puncture blopsy).

There is trregulerity in sive and shape of muelel, Huclel are
generally increased insise. Ocoxslonel giant nuclel are seen. Come nuce
le! have sn incressed retiowlum with gtrands of ehromstin between the net
knote. Tn many ~f the nuelel there iz & diffuce ineressze in chromedin den~

gity, Ocessions? nuelel hove en ivregulrr chromstin slumpinc.

£ weeke, £ 1, Mzle.

Many nuelel heve = Tinely gremlor, howmoreneous chromotln which
ig inoreaged in deneity. A fow nuelel heve en drregulir clumeing of chro-
mabin, There 3# enlsooytosis, poikdlocytosie and a generslly incressed
nuclesr' eise, Ocossionn! gisnt muelel sre seen. The great majorityof

these nuclel heve o diffugely incressed chromatin demeity.

Sameks. 4 T, Jale.

411 the nuclel show a chenge, ususlly 2 uniforn increave In ehro-
motin, whioh is homogeneous end finely grawl r. HNeny glant nuelel are
seen. There is anieooytosis, poikilecrtosis end m penersl inerease in
maclear eize. Some muolel have irrepul:rly shaped picoat muclecli., Sdme
nuelel have » siicht clumeing of shrometin or en inerease in slew of the
eshrematin pramles, Some nuclel show chrometin condonsstlon ~hout central

nucleoli, end deerseped shromtin density elsevhere in the nueleve.

YR 8. F .
All nuele! show on inorcased chrometin density, usually hosow
geneous md diffuseily gramul r. Uoms nuclei have & slightly elumped or

more granulsr chromstin, Uceasionsl large mucleoll zre seen, usually
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roupd snd uniform, but ccoesiomally irreguler. There is en increesed
geversl nuolear sise. UVany glent nuslel ere present end there is eniso~

oytosia and poikilosytosis. lVany nuclel comtain lerge slesr veouocles.

8 wookss, # 171ls lNele.

Fuclel are necrly all imoressed in s.’wq, verisble in size epd
shepe with diffusely incressed chromstin demsity. jany glent nuclel sre
seen. Neny muclel contain wvecuoles: Seome muolei, suestionably, heve an

inorsased nuclosr veeiculstion. Chrowstip is finely grenuler.

7 weoks. =f_ 62, ltale.

There is & tremendous pumber of the lerger sised nuclel and many
glant forms are present. There is enisooytosis, poikiloeytosis end s dife
fuse inoresse in ohrometin demsity with a fime, grenuler, homogeneous ohro-
matin. Ocoaslonal nuclei have some chrometin cluwping end en ineressed

granularity.

7‘!’.*@9 _f:u. Waltpl

All the nuelei sre of the larger size and meny glent nuclel are
pruswt. boet of the nuclei have a diffuge incremse im ohrometin demsity
end o fimely gremuler, diffuse chrowetin srohitecture. %Some nucisl have @
roderate inerosse in chromstin gremule aﬁ-c end 8 glight chrometin slunp-

ing« Soms nuclel have much vesiculetion.

¥ waoks. ixﬁﬁﬁ Halo.

(Obtsined by puneture diepsy).

Eost of the nuclei are of the lerger sire. ¥amy plant forme sre
present. Yhere is anlscoytosis and poikiloeoytosis. Muoleoli are round,
uniforr and not enlergeds All the muelei sre imvelved in e diffusely ine

ereased chrowatin density. The chrometin structurs is homorensous, fine

Rt Bt oo
"le PEvipel slesping time » 358 ninutes.
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and dust-like. One nucleus wes observe’ which conteine! msny dblack, bare

like structures -« undoubtedly ohromosemes im a stepge of mitosis.

8 wookes j 66, lmle.

Wost uuclel are incressed in siree end meny glant forms sre pre-
sont. There is snisocytosis snd polkilocytosis. There is & diffuse in-
crease in depaity of chromatin, which is usually homogensous end finely
gremiler, Often, muclei have s somewhet olumped chromstine OUconsionslly
there sre nuolel with iveressed vesioulation and vecuolstion. Ovessiomal

large nucleoli ere gsean, vhick ere ocossionally {rreguler.

8 woekss § 139, iale.
(Obtsined by puncture biopsy).

Tremendous mmounts of blood prevent fine visusliszetion om sll
the slidess The muelei which sre demomstrated are wususlly siant forms
with large muclecli and e diffuse, grepuler, slightly elumped ehromstin
doneity.

9 weeks, # 40, Meles

There is & gameral inoreuse in nucloar eise, enisveybosis end
poikilocytosiss Oiant nuslei sre very mumerous and some ere oxtremely
lerge == lorger then the glent forme previcusly seem. There ie & diffuse
ineronse in chrom:tin density with & finely gramuler, homorensous chrematin
in most of the puelei. BSome of the muelel exhibit an ivovessed rranulsrity.
When nucleoli cex be demcmstrated, sll are emlerged, scidophilic and often

irregulsr.

9 weskss | 64. Kale.

&11 the suvlei are gemorally imcressed in sisze. Many glsnt forms
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some hugs, sre present. There is snisooytosis emd poikilocoytosis. Ususl-
ly, the puclel have e fine, gremvlesr chromatin structure with e d4iffuse in-
orense in ohrometin density. Usny nuclel bave somewhet clumped shrometin
with & slight inorease in chrometin gramule size. Occesional nuclel heve
inorecsed vesioulstion. Ouvcssionsl medium aiam’i nuclel are seen whish
have & condensetion of chrometin around & lmrge, irreguler nucleolue end

1ittle chromatin elsewhere in the mueleus.

S weeksa f ﬁﬁq &al_a.

There 1s & genersl inoresse in nuclesr size sad weny glent forms
are ssen. There is eplsocytesis and poikilocytosise In most of the nuce
lei, chromatin is huogménu and finely grapuler with & diffuse inerssse
in density.

9 weoks, { 67, Uale.

There is & genersl imoresss in nucledr sice and veny glent forns
ere gsoon. Thers ig sniscoytosis and poikilooytosie. In most of the puolel
ehrometin &» homogensous end finely gramuler with & diffuse increase in

deneity.

¥ woelks. f €8, Hale.

Fuolear size is generelly imoressed. Thers 1s polkilooytosis and
anigooytosia. Hot so memy gisnt forms sre seems A1l the msclel show some
incresse in chrometin density. Many heve a diffase chromstin with somes
whet ineressed slurping snd gramulsrity, Woelear vesioculetion is oftem pro-

sent. lepy muelei have large nueleoli, often fusiferm.

9 weekse f 184, Male.
(Obteined by puncturs bLiopay)s
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The general nuclesr site ie lerger. There is poikilocylonie
and enisooytosis. Oecasionsl glapt niclei with hemogeneous, finely granu-
ler chrovatin, whioch is #iffusely ineressed in density, are present, Some
of the other nuslei show this sewe chromatin pisture. Joet of the nuelel
have o normal or decrensed chremstin density. There sre provinent soido-

philie nuclecli whish ere round, uniforn end cocesionully enlerged,

9 woeks. # 198, MNele.

There is © general incresse iv muclesr sire, szisocytosis end
poikilooytosis. Fot meny giant forms are seen. Oocesiona) hyperohromatie
nuolel with enlsrged nuolecli sre present. iany bile duct structures are
progent. Some puclei have & dust~like, homogeneous chromatin, diffusely
ineressed in denelty. BSome nuclei have a somewhet more gremul:r and some~
whet olumped chromatin, diffusely incressed in density. lany nuelei have
s pormal chromatin structure and denmsity. Many puclei have large to huge,
irregular musleoli. ieny medium to small nuclei with deers-2ed shromstin
density, or so chromatin st ell, wesioulation, s dark nuelesr membrere,

and prowinent nuslecli, whioh are not enlerged, are seen.

10 weokes 4 Tds ml@:i

Host nuelel ere of the larger size. Many pzisnt nuclel sre geen.
There is much smiscoytosis end poikilooytosiss Many of the muclei hevs &
finely greamulsr, homogeneous chrumstin whieh is diffusely incressed in den-
sity. Neny nuwolei have ¢ somowhat gremuler, somewhet olumpei ohromstinm,
whioh is diffusely incrossed in demsity. Vany bile duct structures ere

saon.

11 weekse f3’?. iales

¥eny of the muclel appser unchanged, but many heve & fimely gresuler

l. Bvipel slesping time - 32 wninutes.
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homogensous ohrometin with diffusely imeressed chroustin density. Some
of these have & somewhet olumped, more gramuler chromstin with diffusely
inoreased chromatin demsitys OUocssional gient nuclei ere seens There is

& genarsl iroresse in muclenr size.

11 woeks. f 154, Hale.
{Obteined by puneture Liopsy).

Many normel hepstio ooll nuclel are sesns There is o geners}
inorense in nuslenr size, snlscoytosis, poikiloeytosis and oecesional gisnt
forme are seon. Chromstin density is diffusely inoressel im some of these
nuclel with a finely gremuler to scemewhat clumped chrometin errsngement,
Osossionel enlorged, round mucleoli are present.

1i ”_‘k‘- Llﬁiifn Yales

431 the muclel ere larger in size. There is enisveytosis and
polkilosytosine Occnsionel gient nuclel are soen. iMany nuclel heve an |
inereese in chrometin density. The chromatin structure in these worlies
from a diffuse, hemogenecus, duatelike distribution to & somewhst olumwped
shrometinr with an imereased gresulerity. Yany apperently normsl nuclei

ere also present.

11 Se 186, lmle.

Meny of the nuelei sre normel. Fowever, many ere seen whieh heve
& goneral insremse in siai, demonstrate anisocytosis end reikiloeytosis end
heve on insrecse in chrommtin demsity. The shrometin structure of these
nuclel ie homogensous and finmely gremular, wsuslly, or sowewhet elumped
with & alightly incressed gramulerity. ﬁcuaimi glant oells sre sem end

oecasional unifors, round, enlerged mucleoli are present.
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12 weeke. 4 59, lele.

A1l the puelei are enlurged, umsmy gismt nuclel eve semn, end
there is anlsceytosis snd peikilooytosiss Chrosstin demsity is oftem dif-
fusely ireressed, renging frorm = hemogeneous, finely gramaler distribution

to & somewhst elumped ome with imorsmsed gravulerity,

18 woeks. i‘ 183. TFemals.

¥ost of the muclel sre of the lerger size, there is poikilceyto-
sle end apisocoytosis snd ocvessionel gilent nuclel ere presents leny muelel
exhibit = diffuse inoresse in chrometin deveity with e chrometin strusture
renging from homogenecus end inely gremuler to sowewhat clurped with en
insrecse! gronulerity.

1‘ woekse j‘us. Hales

(Obteived by puncture biopsy).

Heny of the nuolel ere of porma) sirze, ehape and chrometin dise
tribution. ilowever, wony of the nuclel are larger in size, there is poikilo-
eytosis and anfsocytosis smd cocesionsl glent muoled sre present. Ocesw
sionel muclel hove & diffuse increese 3n ohrometin density, with chremstin
structure of both the flmely gramler snd the semewhed eluxped verieties,

16 m- u T8¢  Bale.

Fuelsl sre of & larger size. Nany heve e normel chrometin. Others
bave sn incressed chwometin density, with ¢ finely prapvier distribution or
the somewhet clumpe? veriety. any of the r ole! somtain lerge, ococasione
elly fuelform or irregulsr nuoleoli ~- gvan the muclei with epperently mor-
ral shrowstin. Ocessionsl glent nuclel sre present. Some of theee ere
very hyperchromstis. There is msriked snisocoytosis end polkilooytosin.
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16 wooks. i"_ma _ !‘mke

{Obteined by puneture biopey).

#11 the puslel ere larger in aise, thers is much anisooytonsis
end polkilooytesis snd meny zient nuclel ere ssen. Chrometin is ueuelly
diffussly inoreaned in demgity, usually with & finely preml sr, hovogene=
ous structure. Definitely lerger mueleoli ere present in the nuslels

18 weoks. 8le lales
{Ubtained by puneture biopsy).

Fuelel ars peperslly larpger with a finely gremaler to gsomewhat
elumped chromatin arrengement, whioh is diffusely inerveased in density,
There is poikiloeytosis, sniscoytosis and occasionsl gient muclel are geen.

Oecansional nuocleoll of peculiar ghapes ere sesn, but no glent ones.

16 weoka. i 88s PFemnle.

The nuclei sre of gonerally lerger size, there is eniscoytosie

erd poikilesytosis spd msny gziant cells sre present. fowe of the glant suew
lei heve o hypochromstie chrometin, but most of the nuelel have an inerensed
denaity, of the ususl finsly gromuler or somewhat olumped structures ! few
of the muelei hed such dence ehrcmatin, contalining large wsouoles, that
they may posaibly be neoplestio. Nany of the pglsnt cell ruclel have fusi-
form, irregulsriy shaped nucleoli.

15 wesks. f 188, alos

{Obtaine? by puncture biopsy).

Fuelel sre gonerslly imeressed in size, there is sniscoytosis
end poikiloeytosis and oscesione) glest nuclei are found. Chromstin is
ususlly diffusely insressed in density with structures of either the finely
granuler or the somewhet clumped variety represented. luolesli or central
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nuolear cordensetions ere much larger. One slide demonstrotes much more

ploomcrphism thap the others snd ehrometin eimilar to melipnaney.

16 woska. § 88, 53!1’01,

e

(Obteined by puneture biopsy).
lany of the liver nuolei have normal chrometin. Veny hawe ohro-

ratin with difﬁtuly inoressed density and finely gramulsr or scmewhst
elumped chromatin srrangements. Host of the puelei are enlergad and oow
cesionel glamt nucled ere present. There is merked anjsooytosis end poikilo-
eytosiss Vany of the puclef, evem those with mormel ehrometin, had giant,
seonsionelly Arreguler mucleoli. Some of the muolei demonstrated ineressed

vesionletion end veouolization.

16 weeks. 90« Female.

Ysny of the liver nuslei have appsrently normel ohromstin., Host
of the muclel are larger in slze, there is poikilooytosis and eniscovtosis
and cocasionsl glant cell nuelel ere seons Vamy of the muclei have e dif-
fuse imoresse in chromstin denalty, of the finely grenulsr and semewhat
olunged types. Some of the muclei are quite hyperohro-stic. Nost of the
nuslel, even those with spperently normel chremetin strusture, heve defi-

nitely enlerged nuclesli.

16 weeks, j 122-B. lale.

There is extreme verisbility in the size emd shape of the nuclei
and thtr pucleoli. Folding of muolesr edges is often smen, especielly in a
suallor typs of eell which tends to be elongated and offen comneeted with
bile duet struotures. 7These are often biserre encugh to be meorlestie. All
verietiss of chrometin are seen -~ often irregulrr elumping, often vesicule~

tion and often the diffusely incremsed chromstin density deseribed heretos

1. This snimel dfed in its onge after 25 weeks on m'MeDiR. #eny liver
sarcinemss were presont, with déssemineted rétasteses.
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fores deny of the medium sized nuclei with norsel or hypookromstic vesicue
lated, vmcuolated chronetin and enlerged mueleoli, deseribed since sbout
9 woeks, ere seon. Some of these are so bizarre thet they rust be neoplage
ties Some of the nuclei contein 20 or more pucleoli end msny of the muelel
are wnguestienadly meoplestic, so biserre are theys Oiant, biserre nuolei

sre aleo seen.

17 woeks. 157, lales
{(Cbtsined by pumeture blopsy).

Neat of the nuclel are imereaswl in eize, there ig poikilacytosis
end anigocytogis and cocnsional glant nuclei are seen. Chrometin is vsusle
1y diffusely inoressed in density, of fimely gremulsr, hrmogenscus ard gome-

vhet olumped varieties. Sowe of the muclei have spperently normel chrometin.

17 wooks. § 87. Female.

{Obtained by puncture blopay).

There is extrems veristion inm nuclesr sise snd shape, mucleoler
size and ghepe end in the ochrometin, Clent hyperehrometin mueled with mule
tiple, irreguler nuclecli ere seen. iany mediwn sized puclei with single
enlerged central pucleoli snd normel or hypochrometie, vesiculsr, vecuo-
loted ohromitin ere geen. lsmy nuclel with diffusely inoressed ohrovatin
density of the typos previocusly seenm sre slsc present.

17 weeks, i 188, Vale.

(Obtsined by pumeture biopay).

Host of the nuslel sre ineressed im size, there is peikcilooytow
sie and sniscoytosis end ovocasionel glent muclei sre present. Chrometin
is gomerally diffusely ineressed in demeity, with both the finely gresulsy
erxd somewhat clumped type of arrengement represented.



i1l.

17 weokee § 194, MNels.

There is extreme pleomorphisem, aniscoybosis snd pollkilceytoasis
of miolel snd nusleclis All verieties of ohrometin srrengement are pre-
sent. Yemy of the nuclei ers unquestiomably meoplastic. Some of the esroi«
nove puclel have & fipe, dust-like chrometin like thet of the nermel liver
nueleus, or diffusely incressed chrometin demaity like that seen eerlier.
There are hupe nuolei with multiple, bdissrrs muelesli and meny h pochro-
matie, mediumegized miclel with lerge, oentral mucleoll mnd chromptin

vesiculetion.

18 weskss § 174. lisle.

¥Veny disintegrated colls, bile duct structures snd muich cunnece
tive tissue is present. Lorge end mmall, irregulsr nmuolel with irrsgulsr
nucleoll end & finely granuler chrometin with & diffusely inersssed den
sity sre seen, Soue rediun-sised muclei ere gean thet have wvery irrepuler
chrometin clumping. Oconmsional bisarre, hyperchrometiec muclel of glent
gsize sre presemt. Hamy medium-sized muolel with lerpe, central or ecoen~
trie nucleoili snd normal or deersssed shrometin, vhich is often vesiculer,
sre seen. There ia greet veristion snd every possible one sesme to be pra«

aont.

18 wockss _§ 78, Fewale.’

(Obtaine? by pumcture biopsy).

¥eny of the nuclei hed apperently normsl ehrowstin struoture.
Yeny hed definitely enlorged mucleoli. WNamy hed an inereesed chrowatin
dengity, finely gremuler or somewhat clumped. Oconsional glent nuelei

were seens Ko obviously necplastic nuclei were present.

1. This anizal was killed at 26 weoks, JAdencoercinome of the liver with
extensive omentel retssteses were found.
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10 woeks. _! T94 ?‘mh."

(Obvtelnsd by pumeturs blopsy).

One solid mase of unquestiomebly meoplestic muclei with every
possible varistion im eize, shepe ond chrometin structure is pregest. Fuo-
leoli are similerly extremely verisble, often with cemneseting strends bew
tween the nuclecll. Often, howsver, the chromatin is homogeneous, finely
gramuler ond diffusely iveressed in density, slthough the nusleus mey show
all the other eriteria of melignsncy. Among these mueolel ere found other
maolei of similor design, but very hyperehromatic.

19 weeks. ! 864 rﬂﬂl.n

In some arens, muclel of uniforn sise and shepe with fimely premu-
lar, homogensous chrometin or somewhet olumped, howopeneous chrometin, whioh
is diffusely inoressed im density ere present. Ocoesionsl huge ruelei with
irreguler, lsrge muclecli and hyperehromstie, irregulerly olusped structure
are present. Nany nuelel with ehroms tin condensed around s lerge central
nacleolus, o dark muslesr mezbrene and hypoohromatie or ebsont chromstin

strasture ere 00D«

18 weekss & 98 ﬁll!_»a

(Cbtained by puneture biopsy).

Wany apperantly normel nuclei sre present. lMamy ruclei with en
incrossed density of chromatin, of finely gremuler or scmewh:t clumpad ere
f:mgmtz. ére present. Wost of the puclei have enlerged, seidophilie
ruelooli, which socssionslly are irregulsr in shaps. Oocsslonsl plant
1o This minel dled efter 20 woeks of sdemcosroiname of the liver with

diffuse lung metestases.

2. This sninal waz killed st 27 woeks. Advenesd liver csreinems with
diffuse lung metsstases was present.
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ruelel with hyperchromstic ehrometin snd biserre forms ere present, probe

sbly neoplastie.

{Obtained by punsturs blepey).

Soversl olusters of very hyperchrometio, hage muclei ere rresent.
They are very bizarre, irregular in shape end are prebably neoplastics The
other nuclel alse demonstrete extreme variability in size, shepe end ohroe
matin distridution, such es hes elresdy been desorided.

19 weakss 136. ¥nle.

(Obtained by puneture biopay).

Kony bisarre, hyperohromstic glent nueled with Lorge, irrepuler
scldophilie nuoleoll sro present. Soue of these nuslei, while in every
other way the same, have 2 finely gramuler, homogemeous chromatin of normel
or inoressed demsity. All warieties of muoleur siszes, thapea end chrometin
errangenents are present. lany suallor nuolel with secembrie gingle nuse
leoli snd increaced demsity of ohromatin, with & five, grewuler arrenpement

Bre present.

i9 “‘k!i f 176, Male.

Host of these muclel are of the type reportes ee far back 8z 12
weolks. Thoy heve enlerged centrsl nueleoli, often vesicular, ususlly hypo-
chromatie chrometin, derk nucleer membrenes end sre usuelly of medium sises.
In this slide, however, sll siszes ere present ami neny demongtrete prest
plecmorphism of the mucleoli and the nmuoleus. Cosesionsl mielei have sp
irrogulerly clumped chromatin., These must all be neoplastic nuslei. In
sddition, muclei with & diffusely inerensed denaity of chrometin, with

finely granuler or semewh:t elumped arrengements, ere voted.
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20 wookss i 80. ?mlui
{Obteined by pumeture biopsy).

Hoat of the nuclei show the drug effect -« generelly inoressed
slze and diffugely lmeressed density of chromstin with finely granular or
somewhst clumped srrsngement. (ne eclump of puclei resembles lerge cell
adencoarcinoma but the chrometin is like thet of the drug thwt. These |
ruclei heve definitely emlerged, oftem irreguler, cemtral mclssr condenw

setions.

20 woeks. f 129, “1!*

¥any pleomorphic nuelei, gient end emell, ere prosent. Yucleoli
ere rather prominent. These are unguestionably neoplastic.

%mlt ﬁl&ﬁu ale.

Fapy puclel demomstrate the drug effest of diffusely inoreasel
ehromatin density, but in these miclel it is mers chrometio. Biserre glant
mieled with irregular, oclumped ohromatin and lerge, irreguler nucleoli sre
present. Adenoesrcinoms muclel, the wediume-sized opes with hrpochromatic,
gravulsr, vesioulsr, chromstin, derk nuclesr penbrane end large contral
pucleoli, sre present in shundence.

20 wooks. 4 139, ¥ale.
(Obtained by puneturs blopsy end st sutopey).
Kany hyperchromatie mucles with lerge centrel nucleold apd s

prenular ohrometin are pressnt. There is & large bizerre type with clumpe
ing and irregularity of the ohromstin end frreguler nuolecid., Swller puc~
led are seen with hypoohremetic, wesiouler ehromatin, lsrge ¢entrsl pucleoli

and derk nucleer rims. There ir some ineressed ramuolation. Some muclei

1. ?hh snimal died sfter 27} weoks, of liver sercinom with lung neteetnses.
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tend to be fusiform with folded edges, whish are frrepulers Yoany disinto-

grated nuclel snd meny gremulooytes are presont.

20 weoks., 4 168. Male.

Mach debris end many bile duct structures are pregent. Adeno-
cercinome muclel, the folded type of nuoled, the large biserre type of nue-
leo and glant muclel with very pleomorphie sise, shape end muolesli, dut a
diffusely inoreased, finely granuler, chromstin etructure are seen. Veny

nuclel, which spparently are like the dragz effeot muoled, ere seen.

20 weoke. ¢ 189, Male.

Some of these slides domonstrete much neorotio debris snd many
whits blood cellss Ademosarcimoma pucled, the nuolei with folded edges and
glent, biserre, irremlsr nuclel with irregular nucleoli, are present. Those
rient nuelei often have irregular, clumped ohromatin and, ococasionelly,
hyperohromatic chrometin, tut usuelly chromstin is of the finely gremuler
veriety, which is diffusely imoressed in density.

20 weoks., # 102. Nale.

Thero sre mumercus samoer cells, large end emall type sdencosroi-
nora. Nueleoli ere quite promimemt. Some of the swell :mclai with folded
edges, bisarre mucleoli snd cocasional pleemorphic forms, are present.
Frobably these sre bile duct sdenocarcinome. Veny nuelei with diffussly
inoressed ohrometin density are seem, some with and some without the other
eriteria of melignency.

20 weoks. 4 173. kale,

Hepstie edencosrcinems nuolei, the foldes form of nueleus with
erall snd cecasionelly biserre mucleoli, snd the biserre glent type of nuec-
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lei are sll pregent. The swell olongsted foldsd form ies seen to leesd inte

tile duet strustures. luch necrotio debris cnd mamy white blood sells are
soens A1l pessible verietions in mucleer snd mueleoler eize snd shape and
8ll kinds of chromstin ere present. lNamy of the nacplagtis nucled heve &

homogenecus, finely granuler or somewhat clunped chromatin, whieh is dife

fusely imoressed in denaity.

21 weoke. f*_i!i"a Males
(Chtained by punsture biopay).

Tumerous muclei with the drug effect type of ohromstin ars seen,
rany of them of glant sise. Some of these gient nuclel are quite rleomor«
phie snd hyperehromstin., (Ceroinoma t) Sowe muclesr distntepration is tbe

served. Msny bile duet structures ere presept.

21 weeks. 169, Valge
Hoat of the nuolei sre smell sell type edencesreinome, bub drug
offeot nuclei, glant biserre mucle! end the folded type of nuelel are slso

reprosented.

22 weoks. # 126, lmle.

Swell oell earcinome (sdencesreimoms) mielei, drug wffect nuclei,
erd oceasional large biserre nuelel are cbserved. lNost of the cercinoma
nucled have, e usael, the fively gramuler, homogensous shrometin of 4if-
fusely inereased density that is geer im the drug effeot nuclei.

22 *‘k“ﬁ i 176+ ¥nle.

A ewenr of one of the large tuwors revenls meny of the small,
slongeted, folded type of muolel, with cocasione! bissrre veristions end

meny bile duct structuress A emesr of one of the smell tumors rovoels
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bile duet debris, gient m&iui with bisarre, irreguler chrometin end nuee
leols emd some of the folded type of muelei. 4 slide of e "hepatone” row
veals large end small cell sdencesroinoms suclel with oscasionsl pleamnors
rhie variations. |

22 Mls i 198, nlae

4 swesr of & smell tumor revesls meny bile duet structures, meny
of the folded type of muclei with smell nueleoii sxd pet muoch pleomorphigr,
end meny smell sdemoosrcinoms~lils muclel with s grenuler, howoreneous chro-
matine £ smeer of & lerge tumer revesls meny emsll cell sdencesrsinors

nuelei with numerous gient end bizerre forms.



118,

THE WEXIGHT CURVES

Kot of these sniuals were weipghed weokly end line grarhs were
mede of these weights for esoh amismal. A1l of the eontrol animele siesdily
Enined weight, becoming fat end often very lsrge. O course, they cen-
suned slightly more food than the oareinogenio rate 4id, but this was kept
to & minimun by the sinple expedient of giving then as much food per day as
the sereinogenic rats were able to consume and me moree The only spontene-
oug deeth in this ccmtrol group wee Ret § 136, due to advenced panudoe
tubervalous lTung disesse. Thia enimal leoat 80 grans in ite lest two weeks
of life, but prior to thet ite weight gain wee similer to that of the othey
oontrol enimals.

Many of the esrsinogenis ret group else steadily geined in weight,
but the gein was mot nesrly comperable to that geem i» ths eonbrel group
end the snimels did pot have the prosperous, well-fed appeersnoe of the sone
trol rete. Other rets in the cercinogenie group only meinteined their ini-
tiel weights 5till others greduslly decremsed in wolght and eventuslly hed
to be seorificed, often, beceuse of extrene debilitation. These rets usual~
ly bad an sdvansed pseudo-tubereulous lung diescases Often these rate would
suddenly start to lose weight 12 wooks before desth, es seen in the con~
trol Rst § 186, beoause of sdvenced lung disesse. Anixels which were given
gestrio weshinge with 967 ethyl-slechol would loss & lot of wolight by the
noxt weighing, then graduslly stert uphill again. The rets bore of &
mother whieh hed been on m'MenAR, end thep fed n'¥eDAE themselves, § 182.;
end § 122-B, rescted differently. Ret # 122.4, the female, never weighed
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more than 13 grams, never geined amy weight, end was killed et 7 wesks of
8ge beceuss of extrese debilitetions Ret § 122«R, the vale, lived 1Dweoks
and gadned up to 100 gress, whioh is not conpareble et sll ¢o similer rete
of that mgees The rats whiech develuped large, full-blown tumors, would sude
denly gein weight 2.5 weeks before death, progsumsbly dus to repid growth of
the tumor, |
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Rat § 63, 9 weeks basgie ration.

VandeOrift's fixation.

In the canter of the photogreph are
two mormel liver nuocleis The lerger one is a
hopaiic nucleus and the gmaller one is & dile
dust nusleouss The heprtic nuolesr chromstin is
howogoneous and Tinely gremuler with cocasioral
net knots. Thers are probebly Ffour indistinet,
round, uniform nueleoli. The bile dust muclesr
chrometin resenbles the hepstic nucleer shromse
tin except for its grester dengitys 1In the left
lower corner is seen part of enother rether
blurred bepstic muoleus. Chromstin is similer.
Poth these hepstiec muclel ers st the upper 1lirit

of normal hepatic nuslesr wize.






Rat § 83. @ woeks basic ration,
Hothyl aloshol fixatiom.

Six heopetic Buclel end two smeller
bile duet nuclei are present. The seattered,
round, shadowy forms in the background are red
bloed eells. Notiee thet with the methyl eloo-
hol, fization, ehrometin granules and detail are
Bot a9 olesar-gut as with the VendeOrift'y fixa~
tion. Chrometin is homopensous, finely grasuler
with ocoasional nmet knots end uniform, round
ruoleilis The hepetic muclel are round and
SOy S e shape.

121,
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Ret & 18 O weoks m'NeDAB.
Ethoresleohol fixation.

No chenge is seen in these nuclel
excopt for & slight eriscoytosis end polkile-
eytosiss, Chromstin deteil is less clear-cud
with this fixstion then sither the methyl
alohol or VendeGriftts fizetien.
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Rat # 7T1ls € wenks n*MeDAR,

Vandelriftts fixation.

mig maiéi sre apparently teken
from sn area without muoh shanges The nueled
sre of larger, cver-sll size, and chrematin

demsity 1% diffusely and slightly inoreased.
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Rat § 78, 7 weoks m'NehaN.

VandeGrift's fixstion.

These are drag effect ruelei.
Fotise the diffuse incresse in chromstin denw
sity. Buelei are dafinitely larpger, and there
is sowe enieceytosis snd poikilocytosis. Une
fortunately, this photograph 4s not guite in

foouse






Ret § 66+ O wooks n'MaDABe

VandoOriftts Iixetion.

These nuelel are emamples of the
type sean when the érug effeect muclei do-
erense An nunber, «s they scmetimes do et ebout
& wooks. One of the muolel has sn enlerged
eontrel pucleoluss &All heve derk nucleer mewe
branes and ruch vesioulstion smd veecuolation
in & somewhst hypochrosstie chrometine These
maolel sre gonerslly maller then the drug ef-
foct nuslel snd reseuble sowewhat swall cell
sdencosroinons. There is slight sriscoytosis

and polkilosytosise

126,






Bet § 644 9 wooks m'MeDAB.

VandaOriftts fizetion

These ure tha type of aucleus sowe~
tives seen s enrly ss six wesks. The nuelel
are not insressed in size. Chrometin is ir-
regularly olumped and there is shromatin cone
densation sbout centrsl muclesli. Mucleer
membrenos are preminent. There is some aniso~

eytosis snd poikileoaytosis.

126,






Rat § 40. 9 weoks n'MpDAR,
Bther-aleohol fixetion.

These are typleal drug offeot nuce
leis They sre both enlerged end the larger
one is » glant nuoleves Chromatin ie¢ diffuse~
ly inersssed in density, but the srrengement
is etill the homogewsous, finely gramular type
of the normal liver musleuss Note the two
eloar vapuoles in the glent mucleus. There is
& gremulooyte at the left.

127,
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HBat § 74s 10 weeks m'MaTAR.

VendsOriftts fixation.

These are, slaso, typlesl drug ofe
feot muclei, There is am imoresse in muolesr
size and & diffuse incresse in chromatin den~
sity. Chromatin is of pormel, fimely gremuler
dietribution. TM bile duot nuolei show the
drug offect too. There is aniscoytosis and
poikilocytonise.






et # T4s 10 wecks n'MeDAB.
Vepdetrift'e Pixstion.

This iz & glent drug effect muclieus.
Ohronatin is homogenecus, finely greanular and
d4iffusely inoreased in density., Two or three
olesr vacuoles are present in the wueleus.
Bolow this large hepetic musleus, sre some

fibrin strends snd some bile duet muclel.

128,






Rat § 37 1] weeks n'leDil.

Ether-sloochel fixetion.

These muclel are sbout mermel sige.

There is snisoeytosls snd poikilosytosiss
Rotice the oval nucleus et Lhe lower laft.
Chromptin is of the drug effeet type --
howogensous and finely gramuler with s 4iffuee
ireresse in density. Three of the maa.}.ﬁ have
uniform, round, enlarged nucleoli.

130.
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Ret § 38, 11 weoks ='MeDAB.
Ether-alochel fixstion.

These nuelel are of larger sise
then normel. There is sowe poikilooytosie
and mniscoytasis. The chrommtin is of the
drug effect type -« homegencous, with » éitw
fuge inorease in density. 7There may be s
slight clumping of the shromstin hers.
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Rat § 89, 12 weeks m'NeDAB,

Bther-alechol fixation.

These egain, ere drug effeot nuclei.
The mucleus et the center of the lower half
of the ploture is & glant nuolsus. There is
anisceytosis, poikilooytosis snd the usunl
ohromstin distritution of drug effect muclei.






Bet § 139, 20 wesks m'HeDAR.
VandeGrift's fixetion.

These are ewil cell adencoercinoms
nuoleds lNotloe how sinilar they are to the
photograph of Rat # 65, B weeks m'MeDAR. There
is eniscoytosis and pelkilocytosise Chrometin
is vosioulated, vacuolsted snd irregulsrly
clunpeds Beticulum &5 promimemt. Wuelecli are
enlarged and somewhat irreguler. Yost of thess
muclel are within the mormel sise renge. Some
of the mucled &t the left retain seme eytoplesm,

183,
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Ret § 130, 20 weoks n'MeDAR.
VandeOriftts fimation.

This ie @ bizerre necplastio nuse
louss It is of trewendous size =~ this photo-
graph 1s not enlerged more then the others,
The shape is etyplesl snd irregaler. Chromatin
is very pleomerphic, irrepularly oluvped and
vesimilers Many biserre and enlarged muolesli
are pressut. There wre connecting strends bee
tweon some of the mucleoli,.
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et § 189 20 weoks m'leDAB.
VandeGrift's fization,

These are more recplastio nuclei.
Three ere of tremendous sise wivh gisnt, ir~
regular nuelecli and biserre, vesiouleted,
irregalarly olunped ochromatin, Therse is
sarked saivocytosis snd poikilooytesis. 2
sasller, similer nucleus is st the lower
right and & disinbegrated sucleus is overe
lying eme of the lerge bLisarre ones,






Eat § 138, 20 weeks m'MeDAD,
VandeOrift's fixetion.

ﬁnc are probably neoplastic mue-
loi. Thay demcnetrate maried snigooytonis
and poikilecytosis. They are of glant sisze
with glent pleemarphio mucleolis The chro-
mtin, slthough much mors vesiculated, re-
setbles alosely drug effect chrmmtm‘ They
mey be hepstome nuolel,

156,
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Fat § 188, 20 wesis mtileDaD,
VerndoGrift's fixation.

These are still more glent, pleo-
morphie, W:t&a miclei with plent pleoe
morphie mueleoli, smisceytosis, polltilooytoe
sic and vesioulated, wveeuolated, irregulerly
elunped ohromatine






Bat § 188 20 weols m'MeDAB,
Grogs mpoviven,

This is s photegreph of & carcino-
ustous liver in situs, It completely Fills
the abdominal cavity. Adhesions te the fas»
eis of the teaticles can be seen. There ere
many 43 fferent tumory, one mush ladger then
the otherss The uninvolved liver surface ls
coarsely nodulers There are many sress of
hemorrhage snd nesrosis in the largest tumor.

1588,
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117. Disouesion end Swmerys

It is obvious from s roview of the pathology that although the
liver was always diffusely involved with the preeancerous change, not
avery lebule was affested similerlys Thus, often geen are different picces
of liver from the same rat with gomewhiet different deprece of proveancerous
changes The ssme thing applies to the cencerous changes found as well as
the precancerous ongse Foy this resson, it sust be resliged thet the liver
smeare are taken blindly snd oould, smd apparently 414 in some onses, wiss
the sreas of grestest precancorcus or csnverous change. By "blindly” it
is weant that the degree of chenge and erchitectursl pleturs of the tiny
plece of liver selected arditrerily for smeering, {unless obvious tumors
sre prosent and the smesr was made &t autopsy) canncot be mom. In sddi-
tion to this festor, there is the veriation in response to the cercinogen
botwoen the individusl enimele. Not every mhl died of its carcinoma
st oxsotly the seme time, nor did every animal have the same kind or kinds
of tumor as svery other sanimsl, lorecver, presampesrcus chenges had not
progrossed Yo exactly the gane astage st exeotly the same tivs in exsetly
the sere nsnner in every animsl. Therefore, the progrese of svents in
such & prosess as this carcinogenesis cennot be followed and reported with
the methemationl preocision one would like.

The very first ohenge teking place in the smeared hepetic nucled,
apperently, is an ivoresse in the average muolesr siszee Thie was chaerved
a8 osrly as one weeok and seems o ocour befors auy obvicus chrometin change
does Doosuse it sen be observed in the msjority of the maclet in the first
4«6 weooks smesrs, when only & few or none of tbese nmuolel ere also imvelved
in chrometin siterstion. The firet chenge in chromatin wes goen as serly

88 2 woeskss Two types of chango were seens (1) An cccssions) hepatic suce
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lous, perticulerly the larger-sised ones, would demonstrete e diffuse in-
eresse in ohromstin density, but the ehremetin would usuelly retain it
honogeneous, finely gramuler arrangement, In s smeller musber of thess
nuclei, the ohremstin srrangesent would be slichtly olumped with e slight
inoresse in the size of the chrometin granules, but still 4iffuse end homo~
genecus. Thege nuclei are referred te ss drug effest nuoleds. (B) Im a few
of the enrly smesra & much rerer type of change was cbaerved. Gtrends of
chrometin would comnoot gome of the shromstin net kmota irregulerly throughe
out the imalm. resulting in sn umususl prominence of the retioulums I
believe that §n some of the mucled, this sppeared to be en irregulsr olumpe
ing of the chromatin, By § weekts, the change in averege size end the dif-
fusely imeressed ohrometin density ih coecsslons]l muclei wes present to very-
ing degrees in all the rats, #s well as some smisoeytoels end peikilecyto-
ciu Before S weeks, although puclear changes were seen in the smesrs,
sectioned materisl was apperently normal. From then on, umtil sbeut 8 or
9 weoks, these muolei with chromstin ohange were found in inereasing nume
bers until the majority of s}l the nuslel in the mmesr would be involved.
Ocessionsl pisut muclsl, seen sz esrly as § weelts, were cbsarved. inlao-
eytosis and poikileoytosis gradunlly inerveaseds There ssemed to be many
muolel with incressed vasuoletion. In some of the smenrs, suclooli seemed
4o be inoressed in pusber per nusleus and, ceossionslly, they sesmed slight-
1y enlerged, or sven semewhot irreguler snd fusiferm in shepes The most
striking ohsnge, however, wes the chrometin chenmge. Chenges in the bile
duct nuclei parslleled thoss of the hepstie puclei. In every slide, vary-
ing sunbers of muelei with apperently normel chromstin were seen. These
wors uguslly the smaller or mediumesized nuclei. In the gectioned meterial
from 3«0 weoks, thare ig gradusl development of & medulsr oirrhosis end an
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sdonomatous hyperplesie of hepatie and bile duet cellss

| 49 onrly so § weeks, another type of cell began to bo observed.
These were small or mediumesized muclei with rrominent cemtral nucleoll
srd dark noclesr rims. The chromstiin of thess nuclel wes moat often hypo~
chromatic, vesiouldted snd vecuolated. However, often it would be normel,
and then thase nuelel resembled very closely normal nuelei and often there
would be the ususl diffuse ivoremss in chromstin dénsity. Then they olese-
1y reseabled the drug effest nuelei, Occesionally, chrometin would be bone
denged about the nucleolus. (This wes seon se eerly as 7 weeks)., Ocsa-
sionally, the centrel mucleclus would be snlerged: "hen this wes so,
these nuclel could be differentiated frum the smell vell and lerge cell
sddnocercinoma nuclei seem lator only by the compsny which they Yept.
Areng the true adencesrcinoms muclel, are often seen nuclel of the sane
type which are 80 pleomorphio and bisarrs thet they are undoubtedly neocw
plastios. Those biserre forms may be glant with wery irregpuler shapes, may
heve s bisarre hypershrostic ohromstin or may have many nucleoli or very
large muolesli of extremely umuguel shepes with comneoting livks betwesen
the nuoleolis Often lerge vacuoles sre sesn, basophilie end seidophilie,
in the nusleuss The laree and swell cell sdencosreinoms sre differentiss
ted by the sire of the nmusleis Ove could sssuwe thet these dimerve forss
are the only true sarcimoma nuclei, btut this is unlikely sinece the other
ruclel seem to be participsting in growth in tie meme sres and there sre
all gradetions between the two. Thay are too closely mixed up with eseh
other end there are not thet meny of the bissrre forms. £t eny rete, they
are first seen at about the time when the firet cercinems foei ers knowr
te be presents Vhere and when the chenge takes plece it ie d8fCicult te
say, end whether they arice from the nuclei with apparently normal chromee
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tin seen on every slide or from the drug effect muolei is open te quesation.
1¢ seems very probable that all the owrcinomas must arise frem the drug
effest nuolel and/or the muclei with the cther verietiss of chromstin
change.

From 9-14 weoks, or earlier in some cases, thore are fewer gient
melel and drug effect nuclel seen, though the gemeral nuclesr enlarge=
ment is still present. After 10 weeks, thers im & gredusl insresse in pleo-
morphism, snigocoytosis end poikiloeytosis, especislly emeng the drug @ffect
nueleli. Prom this time until oaroinoms is unguestiomably presert, im deth
sectioned end mmesr material, muclel end fopi are often seen which are |
identiosl with the kuown types of earcinoms muclei seen inm the fully de-
voloped tumers. The only 4ifference is thet these serlier muelei are iso-
leted forms and that some of the extremely hizarre veriations of them are
not seene The impressionm is that from sbout 10 weeks umtil the full-blown
tumor is present, thers is & "gethering of the stom" smemg the cencer
puslel whieh must be presest in seall musbers st sbout 10 weeks,'°Zs %)
During this period, ccossionsl extremely large nuelei are sean, the drur
offect is intensified lnd ruoles with irregaler ohrometin clumping ere
sometines aﬁum; oscasionelly kmwmvu nuclel ars gesn; oOvoEw
slenel giant, biserrely sheped, elongated nuclesli exist; and most mucleo~
14 seem definitely emlerged.

There are ml types of caroinema muolei foumd im the fully
developed tumorss The large end smell cell sdencesroineme nuclel heve ale
ready been deseribed; Some smesrs show slmont exelusively extremely pleo~
morphie, very hyperohrometio, very bisarve, wery large mioclel with Jud se
bisarre suelesli. These are ususlly seem in such lerge nurbers only in

sumors of the later weeks, (10-20) and are probebly fyom the snsplestis
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eoroinemesy The hepetome nuclel sppesr to be those thet have the chrematin
struoture seen ip drug effect vucleis The differepees sre thst the hepsw
toms puelel are gemerslly wuoh lagier with extreme wveriatiom in size snd
sheps end hove glent, irregulsrly shaped nuclecli which ere often imoroased
in nwber. It asemg tc be & loplosl sssumption that these are hepetome
ruelel pince the hepetomas sriass from aress of edenematous hyperplasies and
the drug effect nuclel sess to erise shout the esme time end incresse in
froquepey the same way the sdenomstous hyperplasis seem inm the sectioned
materiasl doesj In some of the slides sre smaller muolei with ar slongsted
shepe, sharp cormers spd often & folding over of ome e’ge or the other in
places. The chremstin is usually similer to the drug effect ruclel end
minleell are ususlly eingle, cventrel end ewalls In eome plsces these
niolel are seen te originete frem tubuler biliary dustsl structurss. Ape
parently, these are sholangiome nuolels However, in scme of the glides
of these muclei sre found very bizarre, unquestionsbly neoplestie forme
of this type of nucleuss Thess sre probably bile duct adenoccireinome.

Fo fibrogerconas or Snglosercorss, a8 deseribed by He L. Richsrdeon and
%ﬂm»ﬁu&txmn(“} ware seen. Awvong the oercinems muclei ware the ap~
parently unchanged, ever~present drug effect nuclei and some apparenmtly
normal nuclel.

The eovtrel snimels demomstrated mome of the liver chenges dew
gseribed ~« ip smesrs, sestions or grossly. The nuclemr ohrcmatin was &l
woye homogsnsous and diffusely finely greamuler. Nuclenli were net en-
larged, uniform and few in number,



Be HNuclesr Msasuremenis:

1. Haterisls snd Mh@&;:

Heagurements were made of 400 nuclei from Rat # 63, e rat whieh
had been fod the contrel diet for 9 weeke. 200 nuclei were from ether«
eloohol fixed smeers end 200 were from VandeGrift fixed smesrs. The ob-
jeet was to determine whather, since sbout half of all the liver smears
ultimetely mﬁd. were fixed in ether~sloohol end helf were fixed in Vende-
Griftts fixative, there iz sny signifieant difference between messure-
ments made of ether-asleohol fixzed nuclei and VendeSrift fixzed ruclei, If
not, mesgurements could be made of eithsr at verious steges of sarcino-
genssis and oompared ﬁirwtlyo Since two slides were made with esch fixge
- tive, i@ﬁ nuclel were messured from th slide «= 20 muclei from five
ditfcmizt rendom fislds. Measurements, aaluﬁlltim end graphs were mede
8¢ slresdy deseribed lin the separste seotion entitled "Vaterials end
¥ethods in CGemeral” umape ‘tiw& the length and width of the nuclous was
measured ingteed of one dismeter only. MNoreover, in esleulating puclear
volumes, the #voraga of the length and widbh wae talken as the third di-
mension of an ellipsoid, This method proved so very time-consuming, that
receloulations of muclear aress and volumes were made of the 200 Vande-
Grift fixed nuslei usinmg only one dismeter -~ g¢nlouleting the area ss a
eircle and the wvolume #s & sphere. The dlameters used were the aikarnaﬁa
lengths end widthe ﬁlrm;« neagured. arsipha wore made of these areas and
volumes to sompare stetistieslly, (Chi-gquare test) with the sress and

volumes messured and saleulated es ovels and ellipecids. The objeet was
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%o determine if mesguring two dlemeters gives sipgnificently different re~
gulte from mersuring sny one diemeter. If no difference is found, much
19 spd toll osn be geved. Im the VendeCrift fixeld nuclai were olesr-cut
seidophilic nusleoli, while in the ether-slechol fixed muolei, mucleoli
were not elar st ell snd difficult to measures There wes slep merked dife
fersnce iz nucleoler delinection from elide to slide snd even from ares to
gres on the seme slide., This will necesserily limit the value of muelenler
mes gurementds
After these prooedures, 200 muelel frem esch of seversl rets ot
difforsnt steges of cercinogencsis werp me:sured in the game mamner.
Frofiting from the comtrol measurements, only one diesmeter and ne mueleolt
wore measureds It was hoped that the inoresse in muclesr size geen in the
smears could be objectively messured end more esrefully emalyred. Aress
srd volumes for esch mucleus for esch yet were ealoulete] as ovals end
spheres, respectively. These dete were then mede iste the grephs on the
following pages, whieh are more or less eelf-explematorys. The rets mes~
sured wores i 70 =« 1 week m'EeDAB; f 8 =« § wooks m'NenAR; § T3 e 7
wooks m'¥eDAB; # 74 «= 10 weoks m'NeDAB; § 39 ~» 12 weoks n'¥eDAD,
# 177 «= 18 weeks m*leDAR (amall oell sdencosrcinoms), and § 168 «- 20
wooke m*¥eDAB (emall and lerge sell adencoarocimoms).



146

3b

= R e R vUQ

k-

Namber of Nuclei
F ¥

% o w0 B

Hat * 3.

9 3 k] ¥

ﬂ&mm%u M&@.n \.&.W\ox. N?NT wamn.?w.

Nuel Ar (xz
s 3 naa»?”v CEssds jmar el iaalaaat|

__ Ether—alcehsl Fixation.

— NondeGrift Fixation. _.._E Mea-
surements.

Vande Grift Fixation. Oﬁn di-
ameter Measurements

(200 Nuclei each)

-

C




147

Number of Nuclei

-~
L~ 2

Rat* (3. 9 weekKs Tm.m..n. ration. _Lcm.f Smears.
Nuelear Nolwmes mt.\uv

< Q Q Q [+ Q
mmn uaz tnet L CSed AR bear Lna) saut sRgrInay inan jaus seu]ant
-+o
: _ Ether—aleshel Fixatiom
3
3 _ NandeGrift Fixation. LW Mea-
: swrements
3
33, VandeGrift Fixation, One di-
ameter Measureyments.
30
28 (200 Nuglei 090_.&
Sk
im
2%
|
20
8
|
10|
i
134

]

ol




Qo

23

go|
75|

10|

2

&

Number of Nuelei
SR

maS SEIN =L

Y

0!

Ra:t#é.B. 9wKs. basie ration.
Liver Smears. 148

Ether—alachol Fixation.
: Vorde@rift Fixation
(200 Nuclei eack)

/ 2 3 4 J

Nucleoli per Nuclews

e



Nu.mbel' of Nueleols

0%

d

30

70

b0

50

Rat ¥ u3.

9 weeks basic ration. Liver Smears.

149

___ Ether—~alcohol Fixation. 3o Nucleoli.

_ \ande@rift Fixationn. 433 Nueleoli,
“ (200 Nugclei ea.ch)




Number of Nucleol

|

-

qo

30

T i SR

&

35

30

20
I5

/10

O-H

150

Ket ¥¢3. 9 wKs. basic ration,

Liver Smears.

_ Ether —aleohol Fixation. 292 Nueleol,
— Vande@rift Fixation. 442 Nueleol: .

(906 Nuclei eazk)

Naunlen

= f\"_}. o
59 9 le. 4 Iz B I &+
lav Valusnee (.3) :



153

Rat ¥ 3. 9 wKs. basic ratiow. Liver Smears.

85 _ Ether-aleohol Fixation,
s - NandeGrift's Fixation
N (200 Nuclei noh._&

- S bx.w 4 & e 7 & 9 /0o u 12 13 4 & kb 1T 8 /9 80 1] 22 33 ¥ a5
Ratie Nuxclear Brea/ Total Nucleolar Area.



Rat*63. 9 wks. basic ration. Liver Smears .

.uo_
m 2__
2
| | .
H __ _ Ether-aleoho! Fixation.
58] g
| | \ ___ Vande@Brift Fixation
c= 950 | | i
niw. __ [ i (200 Nuelei mh_nrv
3 19
Forgmn [
e 10 | /|
Q9 \ L]
Lo . , | | _~
\M | \ .__ﬂ d..___ \»,
S ERubung sy YA
2 \ \ a5
=7 \o_w \ J ﬁ _“ /
HE
[ ..llr/lsz//nf.... A__
\
il ,.y\\ f...;, r o W, 7

xa.w_o ZE.\.NP_. <o_§3m / ﬂo.wﬂ Nucleolar <w. me.



155

Number of Nucle

-

, Liver Smears. 200 Nuclei each.

504

| ,
2l ___Ret #43. G uKs. basie ratiom. Contial.

w
urw o Rae R §~§03a.ﬁwmnPﬁano#m.
u_+._ MR s A Wig 3 wKs . ' MeDPB . Precancerows.
uv" A

s
: \,
I8 |
1o
"
12
jo
g
b
o
2 a \)
2 .f/, ..\ ,,__,.
2  SaE JEmL JERE e |

Nuclear Areas (ut)



1.54
2

S~
X

Number of
s

~
(-]

C P F T w

y ,\</ : . 5".“1“\ ..rJLM}

Liver w«snpru. 2o0v Nuelei each

R e g ke basic ration. Control.
— Rat* 76. 1 wk. M'MeDBB. Precancerows

— Rt ¥ 9. 3.wks _zgmorw. ﬁ..nn?#nmvo.x.w.

 EEREREEE R R RERY
Nuclear Volumes m.t\uv £



$55

Number of Nuclei

(» ]
(-2

¥ 5 3

SHBE PSS
I

o

Liver Swmears. 200 Nuelei each.

Rat* ¢3. 9 wKs. basic ratioyn. Caytrsl.

\ , Rat * 93, 7 wks. WeeDRB, ﬁTmSSQbTQKw.

J — Rat #94. /owKs. mMeDAB. Precancerows.

¥ e 3 w o It R il el LN
CYBRE NERC JRRF RO IBH T (KN JARCIBEL IGWL JHAS IHUL . RED SRS IS0 3

Nuclear Areas mt..pva

obl
00€



156

Liver Swears. 200 Nuelei each.

et ¥ 3. 9 wks. rm.mﬁ.o ratiow. Q03+10_.

7 — Rat® 1. 10 wKs. W' meDRB. Precancerows .

458 Teey e RaL (REL RE IREL AT SRR

.

S % 3%
Nuclear Volumes (22)

Rat * 3. 1 wKs. WM MeDRB. Precanceraws




i

{
32 Liver Smears, 200 Nuclei each.

30

|

uv —__Rat *(3. 9uwks. basic ratien. Control.

2t] — Rat *3a. 12 wKs. m'MeDbARB. Precancerows .

— Rat* 1711, 1owKs. M'MeDAB. Synall cell ademo -
carcinoma.,

bism: ius

—~—
o0

<

Nwmber of Nuelei
s_F

~
2 .

M.

SR TEET YRR SRS AN IR R 3G ]
SRR IR 8RR Ea Th I

Nuclear Areas A.Fn.v

s
<



1: 56

Number of Nuelei

w Liver Smears. 260 Nuclei each.

30 \ —_Rat%e3. 9 wKs. basic ration. Comtrol.

— Rat* 39. 12 wKs, W MeDPB. Precamcerous

e Rat #1711, o wKs. M'MeDAB. Small cell
adenscarcimnoma .

L
=

3
Nucelear Velumes A&.&



139

32 Liver Smears. doo Nuclei each.
I
30 __w% Rat #¢3. 9 uKs. basic ratiovr. Control.
28
)..P e Rat * 171, 1 wKs. ™M MeDRB. Carcimnoma..
2l i\
£ : i Rat * a2, 20 wKs. m'MedRB. Carcimoma.
-ub..
) 20
K
m I3
C.Nm, 1o
N
IM..U :
12
i
> M
b
i

o
e




160

Number of Nuele

1

wu Liver Smears. 200Nuclei each.
e i #
ol — Rat® 63, QwKs. basic ratien. Ceontrol.
B | o
: ) e Rt * 1717, 1ewhks. wvtMeDRB. Carcimoma..
2] 1
5 | __\ # e Rat T ib2, 20 LKS. M MeDPB. Carcinoma..
30 )
s
53 /
b \
\
J *,/
2% | _“
p \ ,/. M/
\
/8 . M/
lo _.m \
" (||
\P f,r __
10 ._
A
g M /
5 F | \ ,,f_,
i 1 f
L x,_m \ |
= \ 5,,%3 .
.. A
| § ‘ ...r. e, ;.u[.;/ # ,./ . af.: A
AT YT YTITii S EIFETIOIL
Q vy (RGN TRRE (RS VSR .



CHIBQUARE VALURS.

TABLE Il1.

CARCIROGUNIC BYRAR SURIZS.

Rets Chi-aquars
ﬁ' 68+ QMﬁﬁ @M&lu
Cfe othor«aloohol and
Vendelrift's fixetive:
Aress. ‘ 774
Volumgne ‘ 5.88
Fuoleoli/muclens. 8048
Fueclesler sreas. 62.40
fuelevler volumes. HB.47
¥uoleer sreas/totel
nuclacier cre®. 10,77

Fueleoler volume/to~
tal meoleoler volume. 23.23

Cfe length-width end one diecw
neter massureosentey

Areag.
Voluresg

m! !" Hats.

efs 1 wi.
e 0fs 3 wkee
s 0fe T vin,
o ofy 10 wie.
-

#

ofs 12 wie.
ofs 1€ wke.
efs 20 wiee

ﬁ- SAEEAR

o 6fs & wita,
!k‘t efe T witse
8§ wkse ofs 1O wis.
7 wkse ¢fs 10 wito.
10 wkae o 12 wie.
12 wikg. ofe 16 wike.
16 wkee ofs 20 wie.

0
0
0
0
0
0
0
1
3

4,72
600
Areas Volunes
138,2 269.7
T4.8 82,4
40.2 44,3
T6.4 679
3‘1‘ ??Q‘
8.88 5.96
80,24 2840
8.08 6.70
12.8 11,80
2.58 1,88
12,538 13.34
1.8 4,64
74,2 T4.2
15.42 16.30

Aren of Gysatent

161,

Difference
m* ﬂh
400, 800.
1, 4.
2, 6.
2, 8.
4, 3,
80, 60,
‘ﬁ& 50.
1000, 1200.
Aroag Yoluneys
100, 120 200, 800
20, 100 200, 800
100, 120 860, 1000
40, 120 200, 800
40, 100 200, 800
80, 100 200, 800
60, 120 400, 800
80, 120 1000, 1200
40, 100 200, 600
80, 120 800, 1200
40, 1% 200, 1200
80, 120 200, 1200
40, 120 200, 600
40, 120 400, 600

Chi-squars smust be less thar 11.0 for the 0.08 level of significence and
the six clsseos whioh were useils
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I¥Te Diseussion snd Summarys
The Comtrol Rat g 65, 9 wosku:

Aceording to the Chi-squere test, there is no significent eta-
tistiosl difference between the nuclesr srees snd volumes of the 200 nuge
lei of Ret § 65, fixed with VendeUrift's fivetive snd the 200 nuelei of
et § 63, fimed with ether~slochole (Of gourse, these sre not sssumed to
be true areas and volumes, but they ere indemes of them)s Noreover, in
conprring srsss and volumes osleuleted from mecsurements of one diacetmr
end those csloulsted from mecsurements of two dismeters, (already deseribed)
the Chiesquare test says that there is no statintionlly sipnifieant dife
Perences Thet is, there is & 951 ohunce that they are not eignifioantly
different. However, mucleoli are s 4ifrerent story. In overy cope in
whioh ealeclctions utilising muclooler messurements wope perfoymed, ex-
oopt cme, there is a large statistionl differemce between the graphs com=
paring the two fixetives. Fo «umt&m can he drawn, therefore, from
sny saleuletions baged upon musleclar messurements. Heceuss of the srest
diffioulty in finding end weesuring muslecli secording to the saprisicuse
ness of the stain frem slids to slide, 1t is definitely felt thet this is
the real resson for most ai‘ the lsrge etatistiesl devistion snd not the
fixetive difference. lNoreover, no imk differenve is cbesrved by lovking
st the nusleelis &;Wv Chi-square for the retio of nuclesr ares to
totel mucleolsr eres is 10.77, this hes to be fortultous bessuss the puee
leolar sress are way off and so is the aimiler volume retic. From then
on, thersafore, m,‘twlw ngagurensnte wers discontinued, nuclel were mess
surel os one dismeter anly and ethoreslcohol fixed meterisl snd Vande»
Orift's fixed material were directly compered.
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m'NeDAB Retas
As noted in Table IXI, there is s large statistiesl diffarence
between the control lLiver nuclei amd sll of the =*NeDA? liver muclei, exe
oeprt for the 10 week emesys of emall cell adencearcinoma. The next thing
o be deternipned wae what this difference consisted of¢ Looking et the
grephs, observing the mwesr,s and noting the sress of gestest Chi-squaw
differoncse, one would think that the meen had simply shifted «» th:t the

1 it wes

sverage nuolser size wes lorger. By seans of & stetistionl test,
~ determined thet the mesn of the control nuslear srece snd the ome week
puclear areas was definitely different. This is almost certainly true of
the other n'leDAR yvets up to snd including 12 weeks, since all but ome
were not stetisticelly differemt from the ome week nuclel and thet one
very slightly. Simce the ocurve les shifted te the right, this means that
the sverags nuclesr size is inoressed. This eoinoides ewactly with the
ctaservations of the mmesrs »» that there is an increcse in sversges nuclesr
size, seon ss eurly am one week. It is not surprisimg thet the emeller
nuclei of the seell oell sdencosrcinoma sre not ststisticelly 4ifferent
from normal muelei iz sizes It is urfortumste thet the ome week ret mea~
sured, happemed to be the one week ret in which the most shenge wss obe
serveds Probably, sll the ome week rats would not show this much chenge
from the nor-els Animel veriation snd verisbles 'mhnr then the sercingwe
gen munt be coneidered as & possible osuge of the shift i the meen and
the stetiaticel differemece between the nore-al and the earcinopenic curvesz;
however, this ls unlikely on the basis of chservetion of the emesrs and
beesuse there is no stetistiosl difference between most of the precancer
ormerpas—

1¢ 1 am indebted to Doctor Hopking of the Univereity of Oregon Hedieel
Schocl Statisticsl Consultation Service for parforming this.
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ous nuclel from different rets st differemt presencerous times. Ret § 73
is the only precmnmoercus, (7 wesks) ove with a stetistioelly signifioant
difference from the other precencercus muclel apd it is slight. This may
be due to the slight deerense in lsrger nuolel, which is seen sonotineg
st this time, or thers may be other fastors fnvelved. Ubasrvntions of
the 7 and 10 woek grophs would losd ome to think that there ws flattenw
ing of the surve compared %o the otheor weeks, but & Chi-square test with
12 olseses comprring 3 weoke end 10 weeks sress revealed no stetiotionlly
significent differences This them, is due to esleulation arbofeet, 1t is
guite understendable that the twn iul:tpnnt rata, (16 and 20 weeks) ape
statictioslly different from sseh other wince they are 41fferent types of
earcinesa. '

In concinsion, It ssems that there is en initial imoresse in
sverage muelesr gise within 13 weeks which s matnteined without furbher
chenge until & true melignent change oocurs. Ones malignent chenpe cosurs,
anything van happen te the nuelesr sisse. Hothing which resembles Bisssle's
(10) volume clssses are disvernible in these gravhe, but the materisl is ol

adequate for this purposas It seems to me thet Biessle's is tov,
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V. ORSERVATIONS OF LIVER SLRARS DURING REGENERATION

Ae Isboriale sm Methodss

Beosuse sush difficulty is often enccuntered in differemtisting
regenorating, rapidly growing cells from cancer sells snd beceuse thers
is some debate oomcemming the precencerous role of regenmerstimg cells in
some situstions, it wes desirable to compars smesrs of regenereting liver
with precancerous ones. ‘ |

The liver regemerstion was indueed by removing surgically, pert
of the liver, (65+70%) sccording te ths teohnique of Brues and Marble. (86)
The firet sucsessful opurstion wes dome under Yewbutal enesthesis, (F 4£05)
from which the animel never recoversd consolcusness, presursbly beceuse
the demaged liver was umable to detoxify the drug. Thereafter, the oper-
stions wers performed under sther snesthesis. It wes not poseidle to
- maintain sterile conditions during the operatioms, but sll possidle praoe
tiosl preceutions wers telmn. There wes ccnsidersble mortality rate during
surgery befere our teehnique wes perfected. The rats used had been taken
from the stook eclony end fed the kesio retiom for a fow days before, and
after surgery. These rets were similer in every way to the m'MgDAF pats.
Oix rats wore studiedy # 405 after 49 hoursy 410 after 48 heurs, / 400
afber & deys; § 407 after © doys; & 408 aftor 12 deves end £ 400 efter
17 deyss Those smeers were studied snd nuelesr measurements were rade snd

reported in the genme manner s in the sercinogenic seriss.
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Be ?‘&Cﬁwl
£‘ 406« Peunle. &8 hmrgux

Liver mtholdgy:

Sweurs

Orosas

Seetion

The most strikizg change is in the nuoleoli. They sre very
lerge, acidophilie wnd prominent. Home are truly glent. Oualler
sines are present tco, howover. Therve is definitely quits an ine
crease in the musber of nuolecli per mueleus, t!maiiy, they are
round and usiform, ovcusionslly they ave funiforno A1l are woll
defined, The nuclef }am dofinitely larger in gversge aise and
cocesionsl glant forws are present, Kuclel are often irregulsr
in shupe. Exoept for an ocsessional #ucl-u with & mere preminent
retioulug, moed nuclei hove chromstin thet is norrel in density
and distribution. BEowever, there is Wﬂm vesisulation and
cloar veswolabion.

The iveision shows no evidenes of heeling, though no cvﬁ.m of ine
flasmetion are present. Ashesioms sre present betweer the right
isteral lobe of liver snd stomschs The left lotersl lobe and
medisn lebea imw beor removed. The liver is exceedingly pele,
greyish-yellow, with e smooth surfsce. The right latersl lobs
appesrs to be enlergeds The liver is soft end frisble. The spleen
is much enlerged and derk purple.

A fet staln dexonabrates nassive fatly change. 7The fatty m~
morphosis ls diffuse with mueh wveculetiom of hepetic oytophesms
Arohitesture is por=el. ‘

1+ This snimal iz the one opersted undcr Nembutal amesthesis. The enmimal
remained sonstose, nevar recevering consclousness end wes ssorificed
after 88 houra.
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Iincidental Fethology:
Kidneys: thook kidneys.

Spleens

houte passive eongestion.

bdrenels:Bhock adreusls,

lungs

Bevere pulmonary edens.

410, Femnle. 49 hours.

Liver Pethologys

Sneay

Grone;s

This is muoh the sems o3 that gesn in Rat § 405 except that
there is not the tremendous smount of vesuol:tion, thouzrh some
is present, lAcidophilie, well-dofined mucleoli often sasume
bisarre shapes ~= rod-like, fusiform, double muoleoli snd gone
seotiong between two distinet mueleoli. The ohrometin is ueuel-
1y normal, though m&im&ly there may be s slight diffuee ine-
cresce in density in some of the puelei. Ooecealomal muolel dee
monstrete & slight provinence of the reticulun mnd oocasiormal
nuslel demonstrats irreguler ¢hromstin elumpime of ell degrees.
Thers may questionably be an ineressed nurber of the lerger nuce
lei, sbove t&t seon in Ret § 408, There is some inoreass ir
the nusber of smell bile duet nuelel.

Whight is 6.6 Gme (Roseoted portion weighed 5.2 OGm.) The obue
date and right lsierel lobes which remein sre mueh enlmrged with
& smooth, pale yellowisherel gurfeces There sre slihesions of
liver to onentum, diaphragn, stemsch snd gnell intestine. The
portal vein snd inferior wens ssva are mgargoﬂ. Bistel to the
tie uged to out off the misesling lobes is ¢ white infarcted pleee
of tismues. The eplesn ie much enlerged,
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Seotion: There is much pigment in the Rupffer eells. Am urususl mmber

of sunll muelad eand Dinusleate cells seen to be presents Oceaw
sionel very large muclel are geon, snd coensionsl glent cell
groups. There is muoh fetty infiltretiom in some arecas amd
hopatic eytoplesm is much weosuolsted,

Ineldentsl Pethology:

Kidney:

Spleon:

¥uck plgmept in the tudules, hypereade.

ioute, passive eongestion.

L 408, Femsle. 6 deys.

Liver Pathology:

Szeery

Giroas:

There is s decresse in nuclecler plecmorphism and the wumber of
meoleoli per nusleus, though these vhanges ars still quite evi~
dent. Chrometin f¢ often slightly and diffusely ineressed in
denpity, but not eomperably to the drup effect nuclei. Soms
chromatin demonstrates s gramuler, elumped distribution. There
is quite m inersase in the nurber of bile duet structures end
nuoleli.

The ineision is hesling well with no sign of infection. The
Iiver welght i 10.2 Ome The right latersl end ceudste lobes
whieh remein ere much enlerged ond engorged. There is d1lsta~
tion of the remsining dleood supply to the liwer: The surface
is sooth end reddishebroms. There is e emdll, firm, vellewish~
white infercted area distel to the tie used to out off the wise-
ing lobese There are adhwsions of liver to omentom, diarhraepm,
stomaoh and intestine. Opleen is enlsrpged, smeoth end reddiishe
purple.
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Seotion: The liver architeotursl pettern appeers somewhot disorgeniczed snd

more cellulere Oroupe of small muclel and meny larger ones are
seens There is a slight proliferstion of the bils duets around
the ares of the hepatic trimity. Oytoplasm is often muck veeuow

lateds There is focel fatty infiltretion in some sevtions. Some

groape of gient cells and some groups of gsells resembling sdemonse
tous hyperplasis sre geon.

Incidental Futhologyt

Spleen: Acute, passive pongestion,

Kidney: Hyperomis.

largs

Foosl ehronie pneumonies, ohronie peribremshitias, hyperemia,

ﬁ 407, m:iiﬁ 9 days.

Liver Pathologys

Bmeuy)

iroest

There is definitely ¢ diffuse imeresce in ohrometin dopeity sindi-
lar to thet seem in the drug effect muclei. ¥any nuclei have
elumping of the chrematin, oscasionally somewhet irregulerliy.
There sre still many lerge sized nueleoli bubt there sre no so meny
of them per sucleus. They still often demonstrsts irregularity
in shapes Often sinrle, large vasuoles sre seen in the nucled.
The eversge nuclesr sise 1s largerjthere sre glant forms geon oow
onsiemally. There are many bile duct oella. |

The inoision appesrs to bos healing welle The sutures are atill
in place. There is s small 6 mme abscess st the bese of the right
latersl lobe of the liver. Liver weight is 11.8 Oms The right
lateral lobe and asvdste lobs are tremendously enlerped, beefy-red
and very fime. 7The surfese is smeoth. The portsl vein snd ite
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branches are tremendously dileted, The livsy le edherent %o the
stonmech, intestines, snd omentums The spleen is tremendoudly enw
larged.

Ths entire liver erchitecture is more celluler, but it ie net die-
torted, Osossionsl lerge muclel snd ocossiomal pient muclel are
fourd. There fs8 fooel lymphosytie infiltretiomn. Simueoid epie
thelium ig promiments Oconeional new bile ducte sre apperently
growing out frox the msin portal omes. Thers ia alight disorgeni-
sation of biliery duotel eells and in portsl arsss, 7This is not
&t 8ll compirsble to the biliery duotal preliferation of ='Welil,

which it ress=bles in some sresns.

Inoidental Pathelogy

Spleen:

Aeute, pagsive songestion.

Elﬂl. Pemnle. 12 ﬁ‘na

Smecry

Grosss

There is an apperent deorsese in the everage nuclesr gige amd
fower irrveguler forms ere seen, (Are these new hopetie nualel
rogemarated from blle duct celle?} There is mot the large wmume
bar of bile duct muolei seen esrlier. Chromstin ie definitely,
diffusely inoresssd in density in some of the moelel dut the d4is~
tridvution ie ocosrser and more olumped tham im the drug sffest
nolels Many muclel with norssl chrometin are present. Wucleoll
are often glant, often wery mumerous, but there is not the avount
of pleemorphism thit was gseen formerly.

There is e swall subecutepeous stiteh sbscess st the antericy end
of the suture line, but otherwise the imcision is well hesled amd
the sutures are missing. The liver whight is 7.8 Om. The remsin~
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ing osudete and right latersl lobes heve tremendously hypertroe
jinh&. giving the sppeersnce of o normal liver in sire ant weight.
The liver is emgorged with blood end the portel veln aund ite
bienches sre tremendously diloteds The surface is swooth snd
beefy~-red snd the consisteney is wery firm, There are sdhesions
of the liver te the stameoh, intestines, omentux and to each
other. The spleen is very much enlerpged,

Sectioms Arohiteeture is well preserved end no glent celle are geen, ale
though the aversge miclear gise sppecrs to be larger.

Inoidental Fathology:

Spleen: Jeute, psasive congestion.

Lungs Posal ehronic pnsumonia, foosl chronic bromohitis.

{ 608, Femsle. 17 deyes

Liver Pathology:

Smeers Thove is delfinitely e diffuse inoresse in chromstin demeity in
rany of the muclei. The distributien fg¢ finely gremuler and
homopgeneous, very like the drug effeet nuelei. The muclel ame
larger in average sise and ceccssionsl giant forms sre seen.
Nuplecli are mot well stained in these slides but are still en~
lerged, though not se plsomorphics Cecasions) vecuoles are pre-
sert o

Oross: The anterior emd of the wound hes opened s distense of 1 em. and
there is & 1 om. subcutenoous stiteh sbscess urderlying thie
opemings Liver welght is 6.6 Gm. The right leteral and esudste
lobes are grestly emlarged and firm, being engorged with blood.
The surfece is smooth and derk reddish-browm, with a dry, white
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infercted sree on the stump of the exvised lobes. The portal
veir is grevtly dilated. The spleen is greatly enlerged.
Sections The liver architecturs appeers normsl. In mowt pleces thers are
fewer lerger cells than were seen formerly. There sesms to bo
more bimuclest vells, however,
ineidental Pathology:
Spleens Lymphold hyperplasis, imoressed pigwent.
Kidneys Eyperemis.
Adremal: Byperemie of medulls end sove reticulerise, hyperplasis of sone
retioularis.
Lung:s  lyperemim, foeel chronic pmeumenis.
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Bate
Poat-hepstestomy rate

0 dsys of+ 2 deys
O deys ofs O days
0 days of« 9 days
0 days cof. 12 days
0 deys of. 17 days

Cfe mtilaDLR rats

1 wike ofs 2 days
1 wie ofs § duys
3 wka. ofs 0 duys
7 wkee of« 12 days
10 wikss ofs 17 days

TABLE IV.

RRGTRERATING LIVERS SW@iRS.

Ohi-square
Ares Yolume
141.84 101.7
118.8 112,7

8l.4 66.9
41,08 59,20
5.0 88.1
.32 G908
4,83 12.88
4,68 3460
16,34 20.68
H.45 G.96

178,

Ares of
Sroutost Difference
Ares Yolure
60, 100 200, 800
40, 100 R0O, 600
40, 100 200, 600
20, 100 200, 800
60, 120 400, BOO
40, 120 200, 600
40, 120 200, 1000
40, 60 200, 400
&0, 120 400, 800

Chi-squsre mist be less them 11.0 for the 0.08 level of eignificence for

tie six olusses used,
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¢» Discussion ond Summary:

One of the first chenges, es in cercincgenesis, seems to be an
inoresse is eversge muelwar sise with ocoasioval glent forms. NHowever,
unlike the cercinogenssis, thias is sccompanied by much mere anisceytosis,
poikilooytosis and merked nuoleclar change. The mucleoler chenres resen-
ble slosely those seen ir memy mslipnant muelei. Chrometin chenpe does
not res:nble the drug effect wntil the 17 deys, st whioh time these smmere
are in svery way slmost indistinguishoble from seome of ths m'MenAR gmesrs.
The typs of nusleus with premiment retioulum is vecvesiomslly seen, just re
in n'UeDiR emearss The chrometin clumping, wideh ocours at 9 end 12 days
moet markedly, is more eoerse end grasular them in the drup effest nuclei.
Sewe of thess glent irreguler puelel with clumped chrometin snd multiple,
lerge, biserre nuclecli closely resemble some malignant nuclel. The shenge
in the seotions does not parallel carein: genesie marikedly, exoert thet there
is fatty infiltrstion, growing bile ducts (regensrating, not roliferstin:),
and oeessional gisnt eellee There ip no srchiteeturs! divtortion compar-
sbls to the m'leDAR liverss This ploture of the firet 12 days of regenera«
tion suprests what might ccecur Af m'MeDAR sareinogenssis wers specded up
to cover only thet length of ti-e. Or, conversely, whon} v&gmntim hae
slowed down, as in the 17 dey ret, the smesrs olesely resemble the drup
offeot nuclei.

The nuelear messurenents sleo rPssendle n'ileDAP changes, except
that they are faster and the end results in this cene is & slow return &
the nermale All the FRgemersting smears differ aignificantly from the
pormals 7This sppears te be, though no statistieal test wes dome to prove
it, due te a ohift of the nesn so that the eversge mucisar sise is larcer,
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Agein, ne voluve classes were sesn, ths curves resembling parsboles or
probability eurvese The significent difference from normel deorsvses in
degree with rumber of deys of regemerstien. There is & e2lisht borderline
significant statistiecel difference between 2 doy omd & day}smorn B dey
snd 9 dey sweers and 9 day snd 12 Qay smenrs, but none between 12 desy and
17 day emeers. Apperemtly, by 12 daye tfa process is slowing down apd roe
mming to normels The fesoinsting thing is thet seme of the graphs of
regenersting muolel do not differ significently from some of the graphs of
prnumdmu naolei. This may be sheer solncidence, but taken in oopjune-
tion with the cbessrvations of the smesrs, ome must oconelude thet regenera«
tion of liver and this type of liver ssrcinogenesis are related to esoh
other. Howevsr, in many weys, cbviously, they tre worlds epert.
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DIBCUBSION

&lthough the svolution of neoplestio mucled in livers of rete
fod the ape dye csrelnogan, x'NeDAN, =4s closely observed with all the
adventeges offered by the smery lechnique, it still wes not possible to
tell definitely just when this or thet particuler mucleus hed just becoms,
or wng shout to becomws, veoplestics The chenpe wes too rredusl. It seems
doubtful thet it will ever be possible to ldertify most single neoplastie
nuclel as such Just by looking ot thems ¥o new cherectertstics of vencer
nuclel wers discovered. In faet, no one chenge was fourd thet eould be
salled chersoteristic. ianmy ~ingls muclei wers obeerved that were ob~
viously exd cherscteristioelly cancer, but these embodie! donbinations of
sevaral welle-known osncer churecteristios. The striking snd well-known,
econclueion ssaned to be thet sny erremgement of ohremetin, say kind of
nueleolus and any type of mucisus cen be found in neoplestie puolels. The
inoveass in degrese of wverisbility seemed the mest sonstent cherseteristio.

Avother intriguing firding is thet slthough the precencerous
nuslel often cloaely resembled muclei of demeped, repenersting liver, they
wers elsc very different. There iz & mot teo subtle difference between
regenerating end proliferating celle. In the Muman, primery esroimems of
the liver iz inoressed in frequency in eirrhotie or deseped livers. 7The
careinogenic procese hore 1s scoompsnied by ¢ noduler oirrhosie. TPerhaps,
in humans, the osuss of the eirrhosis csuses the liver carcinows, rather
then that the presence of cirrhosis tends to predispese to liver camcer.

Of couree, ome oculd turn the initiel stetement arocund end stéte that while
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praganesrous liver nuslsi sre different from regensrating liver muolsd,
they sre slso very similer.

The inorecse in muclesr szize =mnd the inoreass in chromstin den-
sity early in earcinogenssis egrees with studies of methyloholanthrens vare
einogenesis in the mouse sicin. That 1s, imere:sed munbers of chromosomes
were found in the mouse skin, whish should result ir an incremsed ohromatin
density. The mouse skin workers did mot study the chromatin structure when
it was pot urdergoing mitosis or endomitosias, desauss their preparations
were appersntly unsuitedble for this. Or the other hend, mitotic figures
are rars in the liver smears and eculd not bes studled in this iark; it is
interesting to oonjeoture whetheyr this diffuse inorense in chromatin dene
asity seen sarly is rmu in sll precepcers, whether it is due to the drug
direetly, or whather it is due %0 the bamign repid eell growth that oscurs,
since rigmrwing liver muelei slossly reserble it in sowe atsges. Frobe
sbly, sone of each slement centribute. Uethylcholenthrene is quite éiff*or-
ent structurslly frem n'MeDAR, the mouse skin is quite 4ifferent struetur~
ally end physioleglonlly from the ret liver end the tumers produced at
these sites are quite d4ifferent. Yet, the precencercus mucleqr okenge is
et lesst somewhet similer, elthough it is impossible to tell whether or not
the ehromatin morphologieal changs in the mouss skin is really the same 88
thet fourd in these ret livers:s This wsbudy of mmelei undergoing mreixiw
genosis appesrs te be more or less uwsique. Corcinogenesis hes been studied
wany times defore, but not with all the sdventeges end domonetraiion of
fiuj muclear deteil thet the smear teochnique offerss “srly chromstin chen-
gos had not beem observed. The next atep should be to study smether orsan,
with another carcinogen in ¢ similer manmers It would be vealueble to study

carcinogenssiz &n liver swears with & totally unrelated sareinccen, i ome
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sould be Pound whioh ig euitable. It is very probsble thet the proosss
would be very similer, 1f not idembiesl. Do all copcer nucled srige by
way of this gradusl chenge in chronmatin structurs? If go, why? These
are wndoubtedly trus esrocinomss, idembicsl with spontanecus eereinomes
histolopicslly amd oytelogisally. Iz the drug offect type of mucleus the

precurgor te all types of ssncer, or oll sarcinemss?
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GENERAL SUMVARY AND CONCLUSIORS

ParefTin sedtions of livers which huve been perfused with » fiza~
tive ars superior for histological study to livers which hwve not
besn perfuseds. 80 or 965 ethyl-nloohol is the best of seversl
fixetives investigeted for this purpose. Demomstration of oytoe
plaseie basophilia with verious fixstive or hesvy metal porfue
sione snd the Glemee stsin is investigeted end ite significsnce

in disoussmds

Liver smesr preperstions ere muoh guperior to sestioned meteris}
for demongtration of fine muclesr detail., Smsers ars best if
mede within five mimutes after death snd 1f fixed in VandeOriftts
fixetive, whioh was found te be superior to the five other Pixse
tives shudied. Cyteoplasmie bdasophilie 1a not well demonstreted
in the smeer preparation with the Giemes stain. Similer excelw

lext swerr preperations can be made from kidney and spleen.

Ret liver muclel in smear preparstions sre studied alogely mors
phologloelly from week to week =s cercinogemesis, due to feeding
the aso dye, m'WeDAB, progressss. Jessursments ere alec mede of
these muclei end statisticelly mmelyneds The evolutieomary ohanges
in the nueleue lesding to ocarcinoms ere reported snd discussed.

Buelei in smesrs from regepersting rat livers sre obeerved and
measured st different stages of regensration. The shenres obe

served during repgnerstion ars discussed and compsred with the
shanges seen during cereimogenssis.
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