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SECT!ON 1

THE LIVER LOBULE

Best 1 need not 27 that W€ conduct these conferences i 2 very
informat mannet “fhe speakers may be mt:uup\ed for questions at
any o We will stast Wi T Knselys who il discuss cestalnt
pects £ the lwvet 10
msely The P his PaDe o pr e VieW O
the selectiV® et £ cooted partiddes from the food st It
necessary tand sub order under! 4 certain
as ose conditi®! 4 diseases the the
patient s prect stated nd g\ulmated fating SWCE
To pre ent this S¥ 3 45 necess?! 5 2l the
stqucture chanical functonifd of the e obule of frogs,
h the phagocy pifer <l «h line sords
of the bule setectivel ve foreig? partic fr Plood strea™
Methods 14 internal OF5 ns b3 n tra ed 1
for TactoscOpi swady bY § fused quatiz Motion pictut!
¢ the OF fanon 1 ay £108 orgd taken thrOVH th
mIcI0sCOpe: by £eco’ ng some of the ob ervations 1n M
zats, g\lmca PIgS and latte! 5 crcalatory conditiof mn 1 vessels
€ pia , smooth gnuscies 3 restinal walls, an
of uters, splee ,and yyvess have el stud

Problems and gesults e strocture an nechaseal functiomnd of
the LVIng frog Wver obute has been stadied with three PY oses 10
to

select what 3t rakes? Why does 1 1gnore hat 1t 40¢S ot take? What
factors detesmin® the rates 8¢ which pamc\es ate prought © these
i

epatic arteniole cons alond the mlcdobn\a: pom\ venule bihe
2 wine o8 2 tree Both joi the sinusoids very SioW oid 18

2 t:rmma\ pom\ venule Fvery smusmd, ot almost every oné e
canch the artersal S10US g, from the hepatic artery
Contractiie acten® pnrtn\ anastomoses iterconnect the hepati artery
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and the ctal venule jike rungs of a ladder The susords bave 2

complete contiuous cellutar bning Rach cell of this howd 5 4

yhagccync von Kupffer cell In the ywing 108 fwver the vor Kupffe
o C

cell 15 not 2 t shaped 314 susycndcd gses ke 2 spider 10
2 tube Fach sinuso! as an afferent ¥ tet sphinctet guarding ats
unction tal ve! SINUSOH Ferent outlet
sphinct arding on th central Vel e Lving
jobules 150 have The small stuice channels having © n outlet
to the central ¥ ¢ to the sablobutat vein

The degreé dation ot t© contractt of the hepati artet]s
a:kcnopota\ anastomoses: and afferer interiob o venule
dete! s the relative composttto? of i ‘:phed e
the smusoxds, that 15, the plood A c
P enchyma ¢ the intesiobulaf epatic asterte
ghtly thiot® t theit tengths d the port® artated,
he sinus ds receive only pure e the tesm
sntertobutat porta vel e tightly constriC e hepat®
artertoles Nated, the sords fec tve only teral bl When
the hepatic 2 tery dilat d ¢ artersal SI s are Shot off
and the ef10- ! anastonoses are opet tersal BY passes 1!
the t £ the portd! e and 13 dlstnbuted by WA e yom\
vesn 1ips 10 € ry s 1d whose smlet SpM 15 Ope With the
atteno P anastomoses dosed d the PO 1 1 a0d
hepatic af erranals y ope the pcnphem\ ends of the s108S
ords recerve ture Of PO* al vein and arte 12l B e ko

£ blood, the fatt0 XEIIEs and the volu od suppl
to 2 gven ¢ sunusosds PE untt of tmS iy COﬂHO“Cd
and M tamed nstant £0F hours at 2 1S

These obsesvations nstrate 4 reason oubt, that th

roucal ent of 10 hepatic P 11s of h \ob&!]\;

The tabular 5 asord Lnind embrané ch 15 conts? ule g
out its 1end h an cach cell © hich 15 2 phagodt ¢ von Ku er celb
has three ct pcrmc:\bxhty phases n one ¥ 4 cells rer the
sinusord 5P rated Y small volur® s of pias™? the dlsl:\ncﬂf
petw een o 4 cells does t bec isibly s the colurn ©
cells pass g the si© as Dunng 2 extremely permeagf
phase ond Lnng o 15 PIO eable Y 2t the
jlotds of 4 cells pass along thE smusoxds they
come o d doser together ul the ,Yﬂ\i- of
turd of the S0 3 contatns OF pac d 115 MOVIDE ometi™
slowly s0m™€ 1dly ds 2t extub rermediate






the streamer and clear glassy coating, with 1ts contamed ik droplet,
passes instantly nto the cytoplasm of whatever smusoid hning cell
or cells they touch The coated particles appear to enter the cytoplasm
as quickly as two mercury droplets which are rolled agamst each other
merge tmto one The von Kupfler cell may then swell a little and,
depending upon the pressure on each side of 1t, 1t may bulge a little
esther snto the swusoid lumen, or outward mndenting the adjacent
hepatic patenchyma cell cord A coated particle which has no streamers
may pass some distance along the sinusord system before strking the
wall hatd enough to make firm contact with the liung But at what
ever point 1t bumps or rubs agamst the linng, st passes mstantly mto
the stnusoid lining von Kupffet cell cytoplasm These phagocytes have
not been seen to put out pseudopods Their ingestion processes are
much too fast for that, and, thus far, appear rather to have the
characteristics of sunple strong surface tenston phenomena

Massive doses of heparn given frogs before injection of mk,
kaoln, or graphite prevented the formation of coatings on particles
of these matersals, and the naked particles bumped, rolled, and sld
along the inner surfaces of the sinusord liung phagocytes without
bemng ingested Normal frog red cells have no coatings and are not
ngested

From these experments 1t seems necessary to conclude that 1 the
frogs
1 Some kinds of particles, mcluding red cells, will not be mgested
by hepatic phagocytes unless they are coated

2 The hepatic phagocytes will ingest these coatings segardless
of what 1s 1l them

3 The presence of the coatng determines the selectrvity of the
selective phagocytic removal of particles from the blood stream by
hepattc phagocytes

4 ‘The von Kupffer cells can selectively ingest coated partecles
from blood which 15 flowing rapidly, that 1s, the old sdea that blood
must be stationaty or flowimg slowly to permut phagocytosis 15 not
true, at least under the conditions of these experiments

The number of partides which can be removed from blood per
hour or day depends upon the rates at which partecles suspended m
blood are brought mto hepatic sinusoids, and the coating which cau5e;
the phagocyte to select what 1t imgests, plus one other, the number ©f
phagocytes which at any one tune are ready to mgest particles

We can say, from these experiments, that the rates at which psf
trcles suspended i the blood are carrted into hepatic sinusoids :
termine the maximum rates at which patticles can be brought to
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hepatic phagocytes, and this rate together with the sefective surface
factors which determune that 2 patbcle is phagocytizable and the
factors of chance which cause 2 coated particle to touch a phagocyte
determine the rates at which parbicles are removed from the blood
by those phagocytes which ate at that time capable of ingesting
particles
EDITOR The above abstract 13 published 10 detuf 1n the fotfomny reference a
PIOR b obove Rpact o BISNSR S Be RIoves 5
Skiel, Lia 4 NG, 1as
A bre account of this wol also sppesss i e folfowing refernce Kouely M H
Bloch, E H and Wasner, LA Prelumnary Account of the Structure and Mechasica
Punctionag of Limag Frog Liver Lobules, and of Microscopic Observatons of the
Selecuve Phagoryhic Removal of Coated Particles from Flowing Blood by the Siousoid

Dioung von Kupffer cells ~ Conference oa_Liver Injury, Traosactions of the Fous
Meeting , Jossah Macy, Jt Foundation, New Youk, October 25 26, 1943, p 2141

DISCUSSION

Best Dr Kmsely, I shoutd like to ask 2 question relating to the
tterio-portal on d Has anybody ever col-
lected 2 sample of portal blood and demonstrated that st contamed
more oxypen than the portal blood eaterng the liver?

Kmisely T don’t know 1 doubt «f anybedy has tesed thar

Best 1t would be rather mtetesting 1 was just wondenng how
much oxygen those anastomoses seally could conttbute How much
increase of portal bleod oxygen could you get from that anastomosts?

Knisely 1 am only talkung about anatomy, the aspect of rate of
flow must be considered The portal vein gets shut off complerely and
there ate torrents of arterial blood, or nothing at all If one wants
to go back to the eavironment, as far as the supply of biood through
the sinusoids goes, 1t 15 puse arteral ot the artery can shut off to give
pure portal flow There 15 no difficulty m controlling the anastomoses
and twigs Here the rabo of mixtuse 15 controfied sather precisely
for long peniods of time

Neefe For how large a portion of the lver may that appear?

Kmsely 1 cannot teli you that One 15 able to visualize only two
ot theee at a tme and these are all down at the edpe of the lwer
This method perouts you to see preasely what happens A method
that guves a broader perspective (s that described m the paper by

S Soskin, H E Fssex J ¥ Hemck and F C Mann (Am J Physiol
124, 558 (1938) ) in which they used thermostromubrs to measure the
rate of flon  Sometimes one finds as much as 90 percent of the blood
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will be by way of the attery and sometimes g0 pescent by w8 of

Short Engeh Harnson and Long (J Bxpet Med 7% 48 (1944))

have shov® ¢ the 3t yver 15 very uscephb\e to anoxi3 1190,
even S of n lack (mote than 13 es) g
to sigoufi eductions 18 & gen consurtp! put 1 th r.vxsccmed
12 hepatic 27 as ly blood supply the Lver
the owdats ed Pl ntly © 1ely nsfied, there 15 50
reduction sumption’ Twvers aftet ng

E a5 Jong @
4 houtS suggestind that no hypoxid of sxgmf\cance results undes these
v well the studes

o

e t Dr B an s OP* onsoho
with the thermoslromuhr stand up 1 yiew of everything ¢ now
Kmsely You ar¢ quesucmng the (hexmostromuhr » ltle t?

Bollma? There 15 00 uestion put the khe:mcstromuh: has 19
it 18 1

Lmitations a5 well 38 s pribulations owever opedly
fted and pm?er\y checked and (echecked, accurate readngs may be
obtaine! 1ood ¥ sel beind srudied 15 ot cut, but ¢ 1S encrcied
noweveh 1p0se}Ys and 2 wide 12058 £ bl 4 flow ™ emIne!
given 100 Gesset The an poot peen monstra!ed
concermi otal bl od to the 1vet 1s that I y seatly
increased decreased ader many hysioloBi€ path Jogic ondt
tions, sortar ! 15 1espec the other © £ body 1
addittont artenial & d yoxta\ Plood f10 trered 10 2
degree 1nd ?cndcnt of er .Thus the total bl ow ¥
ywver may be alte ed an! the pesce ge suppt by mcua\ an
Pom\ compone! differs BF atly auferent VI p cally 2
ﬁuenced ¥ stage digestion a exerc1se 1 aver2B®
or the s certanly own quantitys uhe ©
sophast?® the extr fexibility> both 25 tal bl 4 flow and
to tts €O at par
Knasely re ptef 1y ] y
ceaung, SO ¢ the fisst 2P ¢ centage
bloo flow e lwvet wete R B cton OP%, (Quart ) es
physiol 31 7 (19 0), 4 93 . o11), (wn))
Many of textbo0’ edica! ts stat that from 2
w2 a of the Hlood Jng th yaver 38 BY,
the rest 1S y the porta , these dat: taken £
pap sed L wig S stromy
b for s day and 2 measute
art e d t, and then sb



Best Jndeed W€ do C A Crandall, collzborationt with A

will ageess pretty much an OpER subject But regatding your present
blood fow measurements: 1 suppose they at¢ seasonably satisfactosy
Bollman “he blood fows at 20y moment MY be accarately de-
termined and 1 would be sausfied with the cesults if the thermo
stromuhrs 18 st Were again
same volumes of blood hrough the vessels 1 thuok. there 15 2 ‘mote
smpostant feature which DI Kasely Wit bring 0ut 1 have
mention 1 before  that the overall picture O blood fow 15 the
n of b o ndividual jobules Some
may be filled and retat Plood while others shunt Bood raptdly mto
the venous $) stem Some Jobules recetve p(amca\\y 100 percent portal
0 o

man!
¢ of the blood flow 10 an
these variables the ‘ndvidual components ©
continuous varation There 3¢ Pmbab\y but few pomts wthin the
Twvet tobute whete the blood flow 15 constant and continuous with
blood of amform €O sition
Fremont Sauth Isnt that hghly pemnent to the many functions
of the lives a8 the ‘hundreds of chermcal reactions 1t pcr(orms7
Bollman Five pundred
Kusely That was guess, there are 5C many that all you can de
1s worry for the moment about some of them

Fremont SouthTHus anability 1 the same part at drfferent e
25 well as dufferent parts of the lwver 15 a very mportant facts
and more ¥ ot than the overall i terms of bewng able t© unde

stand what 3% gong O
Kassely Highly ‘controlted thngs' On of the most pr:cxse\y «
ec tun aCross 1 the hving body'



Best From another Pomt of views just to make 28 interestind
\4

controversy wha to knoW when W studying SO
§ormations ot really ‘what happe’ m t arrdual 1obutes 29
the ¥ auion bE put the O¥€ all pu

Fremon ath May the whole Yuver 18 RO P \cipatings g
gou WA oh of the it 3 at what
sat

fat we WO ke to kno¥ what each indrvidual
act 15 400 and 215° what the whote th1nB s downg

Markout? 1 nter) 4 note The sl Ve erves WS
blood from three huge arteries the supeno: mesentest® e cehia
axas 8% the snfenof mesenter! e I ate IO oment
at the veloarty tood 10 the artenes s the sam¢ sn on
small ranch, he 1 atic af Tven |f you d not direcly
the bloo the he] , you Sould guess that the D atc

en ave £0 fve tmes a5 MU bloo e hepati®
antesy DE? 1s¢ whe! the blood 8° g ¢ ot 01t

at I mnchine 1ok the hepatic artery carnes ote thatt

e port \8 what ng the b d o the
Qox!n\

Rmsely 1t somepmes stored for selatvely 1ong penods
Mmkowttz 1f you yed 1t these 15 € ence of consxdemh\e Hood
oW which 8 yery acute ma minute

15
Ffernan!S b 18 these 2 Poss;blhty' of anations i the astensd
supply ¥ e ortal vE® which I8 t mean that f these 18 2 con
ch the Pom\ yein blood 15 Jenved
he unt

you have Qo ‘marked 210D ¢ blood
ententtd ostal Vel 15 that te0 bl
Markow? yone who ha$ done 38 L 10 ttemptind t
anastom? ‘the splemic astery \ the spienrc ¥ 10 gnizes pow 1
that 15 ‘the dog Yo%, start with 2 splemc artery that h Jiametes
of 2 OF ette and ¢© wp Wi somethind i of 2 match
e oPeraL\on ramca\\ m?oss\b\ Th t ternfic
apabhity calib
Best w o a b copiiary ped 1 the smtests
Gyor8) in the 5P



aspect, depends upon what you are mterested in, and therefore there
need be no controversy Obviously, as was pomted out, we need to
know hoth In some situations we have got to know the overall,
1t othets we have got to know the particular

Besz Dr Kmsely, of course, cannot give us the pictuce of all the
{obules ssmultaneousty If so that swould be the thing

Kussely 1 would gve up instantly on that

Best So you want to know the representstive picture or the vana-
tions We also want to know what 1s coming out of the bepatic veins
from the overall metabolic pont of view

HIQVULE POLS LURBIE & LOLHLY, dUd, [ e dver ay [ the Kidney,
the overall picture as well as the partiular aspect may become
crucially smportant with respect to parhicular problems

Shorr What 15 suggested by Dr Knsely s description s that the
frver has the appropriate vascular mechanism for pusposefully altenng
the gaseous environment for homeostatic putposes There 15 nothing
to say that aaly aerobic metabolic products and processes ate of value
to the arganism Yadeed the hepatic vasodepressor VOM (ferntin)
with which my labotatory ss concerned 13 formed by nosmal liver
under anaerobrc aad taactvated undes aetobic conditions It 15 reassur
g to see that the vascular pattern n the liver 15 such as to permit
the necessaty shifts m oxygen tenston which would be requited by
this metabolic pattern



SECT!ON 11
THE EUNCTXOL\ of THE HEP:\T‘C ARTERY
Marhowitz ©© yyocttd wath b1 y:es:mmon on
the dog

11 ash DI
the functio® of the hepauc artery 12
d © Tosont® from Georgeto™?



studies 0% Jympb This ©as 2 techmc 1 thought 1 could use 0 jomn the
splemc artery 0 the spleni¢ vein, usind the Transfiex tubing, having
fust coate the tube sth sihicone Since yoU cannot be sure the
techniC 15 really asepis 1 thought ¥¢ would give the anmals some
p:ma\\m So, 28 W€ P\anned, we used s:\\coned gransflex fubing and
gave the anmal pemu\hn to make sut€ that the anmal would not
succumb 1O infect1od In every instance We were faced with the result
that although the hepati¢ artery Was effectively ped the ammal stayed
alwve ‘However, when we M€ to examine the tubtag, ¥ was always
thmmboscd After debaung thus backwud and forward, V€ could do
nothing but repeat the cxpcnmcms downg 2 control fof the pemu\\m
We ted the hepatic artery 1 3 aumber of antnals, a1l the ammals
who failed to receve yemu\\m died AUl the anumals who got yemu\\m
effectively survwed, except one whu died of bile pemomhs

Fremont Smth With the hepattc artery ied those that wese BVER
pemm\m sarvived?

Markou 1 Yes, that 1% something VeTy anusual 1 think you mght
be mtcxested to heaf something of the sterature 1 have 2 fuller
account of tt1n MY pook (J Markowitz, Expenm:nla\ Surgery Williams
and ikins Co, Paltimotes 1949 $ B Wolbach and T Sathr
4] Med Res 21, 267 (\909)) gave the whole pownt 2 pew twist
when they stated that 21 out of the 23 healthy 4088 they exammed,

use

had lvess containing spote peanng 2 4 extreme
methods © qng 3PS filis and Dragstedt (: from
Markowt! A T Scotts Al Digestve D1s
(1949) n s) sta 4 that the yyvet ormally housed spose beanng,
s ch the thought we! hs baciily Boyer an
McFedndg® { Markow!t2 Rappaport 30 Scott, loc €t
Yater test hese finding’ od deaded at the cause of death from

{ver autolysts was the iberation of toxic ‘matersal from the enzymic
post mortem Jegradation and was 0ot due to bacterial decomposition

ere 15 pothing 18 the anatomy of the hepatic antery, 3% shown

b Kaosely & studues O sndicate just why ammals shoutd Jie following

its higation A areth (Dewts Zewtscht § Char 1 35, 305 (19\6

ned the hepatic artery 19 dogs and found they alt died However he

stated that ‘when he ;\nastomoscd the hepatic antery side 0 side, »tl

ihe portal vt they survived hgation of the hepatic actery However
v h

1 cannot repeat s Opet? e and 1 »0 1d lihe meet the
man had three dogs out of seven that SRIVIVES such
artenahizatio of tal veu e dog Li¥ and one wed

hat lwved G2 days b2 fine arhosis m not

ays a 1
satisfied with fus description of the post mortem datd He says nothing



about the state of the stoma except this, that when you forced a little
of Tewchman’s flud 1ato the hepatic artery 1t appeared 1 the liver
Whether you could dislodge a thrombus that way ot not I don't
know  Furthermore he says nothing about the condition of the gall
bladder To find that the gali bladder 1s gangrenous 1s one of the
cateria that the hepatic artery has been propetly tied Usually the
gangrenous process hecomes walled off Occastonally 1t does not be
come walled off and thete 15 bile pentomtis If the gall bladder 1
not gangrenous we say a vessel was mussed and when jou Jook for
1t you find it evety time

A few words may be said regarding the technic of hepatic artery
Ligation The hepatic artery gives off the gastroduodenal astery, the
nght gastne artery and then divides into the two hepatic branches
after first giving off the cystic artery The main trunk 15 2 pulsating
loop along the portal ven When you ligate the pulsating loop
proxmal to the gastroduodenal and night gastric arteries, the anumals
mvartably survive Haberer (cited from J Markowitz, Expenmental
Surgety, loc at) sad that i order to get necrosis of the lver after
tying the hepatic artery you must tie the pulsating loop to the night
of the portal vemn, the gastroducdenal artery, and the nght gastuc.
In practise, wherever you see an arterial vessel gomng to the liver, tie
it ‘There s5 one here, and there 15 one there, and you tie them and
hope You should actually be able to see the bifurcation m the postal
fissure but 1t 15 not good enough to tie only the termmnal trunks be
cause sometimes a little hepatic artery courses behind them If you
tie everything 1n sight you invarably get hepatic necrosis

The microscopic appeatance of the dogs hwver following hepatic
artery ligation s stuking An amumal opetated upon 24 hours prior,
and having recerved no penscillin, develops massive necrosis On the
other hand, if the amimal recewves large doses of pentaillin the hver
appears normal The pensallin 1s given 1n the form of 200,000 units
intraperitoneally as well as a large dose mtramuscularly I don't think
the dose 15 important so long as some 1s given

Shorr Do you think the intra abdominal route 15 necessary?

Markowstz 1 dont think so We did 1t for good measure

Shorr When do you first obtain demonstrable culture, 1n sxx hours?

Markoustz 1 cannot answer We have done them sm 18 hours but
we have not done them before that The organisms are anaerobes,
fatge spore beaning bacllt On mucroscopic exanuaaton, the Leves
seems almost to be a pure culture of such bacl

Armstrong Do you have to continue the adminsstration of pemciltn
in order to keep the anumals gomng?

20



Markownz 1 thik n some nstances one injection of pemailiin
will do 1t M given only one myection of pemscibin they might Ine
five of six days We have given many injections just to make sure We
have hept 1t up for ten days and al} survived mdefimtely thereafter
with no fucther pensciliin

Dr Hartroft has studied many of the sections from these anmals
{ should ke to have lum comment on some of his observations

Hartroft Stadies of the ligated vessels have shown fiban 1 the
center of the vessel * Jn many cases the force of the ligaturing has
ruptured the mternal elastic famina Elastie tissue stams have been
employed to demonstrate that and to produce evidence that the
vessels are being completely obstructed

One would expect to see itereshing changes in the portal canal
1 think surely one must after some time One sees very hittle 1n an
animal sacrificed 48 houss after the hepatic astery Wigation of penaltlin
has been employed The actery 15 small but, as Professor Kasely has
alzeady shown us these vessels can vary greatly i size The bife duct

pithel however, 1 b fully p d, there 15 no evidence
of degenerative changes

There 15 no evident abnormality present in the central region of
a liver Jobule from an smimat killed 48 hours after the hepatic artery
was ligated when that animal was given pentettlin It will be iteresting
1o follow these ammals at longer periods of trme

In the necrotic hver that oconrs when no pensciibin 18 admunistered
following ligation of the hepatic artery one sees branches of a portal
vein pust filled with masses of bactena 1 believe these are branches
of a portal vemn but because the liver 15 50 necrotic 1t 15 difficult 10
wdennfy the structures with certainty

Markownz The function of the hepatic artery so far as we can
tell 15 to maintain the concentration olP the oxygen at such a herght
that these orgamsms pormally resident there dont grow We have
thus far been unable to find any ather function for the hepanc artery
apatt from the mechanical one of nounshing the gall bladder We
have watched such ammals for as long as S months

‘This 15 a new hind of homeastasts I wrote Professor Kassely to ask
if he haew when the hepatic astery Bist appears 1n the amumal scale
Does a lobster have a hepatic artery> The hver 15 meant to be supplied
purely by venous blood 1 think as you go down the lower amimals
you find consptcuously the portal ven drams 1n the lver which has
developed phylogenetically as an organ capable of lwng at a low

* Bduor D Harmof pacsened a senes of Tantrrn shdes dfusesting the astologicat
1053
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or reduced oxygen tension The oxygen tension m mixed venous
blood 15 I think 42 mm of mercury The muxed artersal blood s
72 mm of mercury The latter oxygen tension corresponds to that
which obtains at a height above the earth of about 65 kilometers and
a tenston of 42 mm of mercuty corresponds to that at about 10
kidometers Translate that and think what would happen i the
pulmonary alveol: if we were breathing that sort of air It would
be the difference between Pike s Peak and Mt Everest We can live at
Pike s Peak but I don t think we can live well at Mt Everest

Dragstedt and hus school have for years mamtamned that the Lver
harbors large numbers of anaerobic bacteria When necrotic liver
tissue 1s left about these proliferate Thus mn a sense the antmal dies
of gas gangrene 1n the ltver

We won t have 1t that when you tie the hepatic artery hitle areas
of gangrene develop i the liver which permut the spores to germmate
It 15 an obvious enough thing to say the spores 1n such areas germinate
and once they get started nothing can stop them Hartroft has Jooked
carefully for such areas of gangrene and there are no such areas The
lver looks remarkably normal three months after this operation 1s
not markedly reduced 1n size and 1s unscarred

Madden Pemcillin 15 just given for the first ten days but the
anumal lives for three months?

Markowntz Lives indefinitely Whether 1t needs to be given for
ten days or three days I dont know

Madden Asent they remnfected with these organisms?

Markownz ‘That 1s a thing which has puzzled me Maybe they
become immune

Madden You dont get teinfected to tetanus and typhod

Shorr What about the collateral curculation?

Markowrtz ‘That s bewng studied by Hartroft He can enlarge
on that

Shorr We have seen that

Markowstz Maybe they get collateral circulation but the fact 1
they die without the pentciliin and live after they have it

Shorr After that period they develop a collateral curculation We
have noticed that after some months

Markowstz Where the musculo phrenics?

Shorr ‘Through the diaphragm

Markowstz As soon as an ammal dies or as soon as W& kadl ot
Hartroft does a careful autopsy He makes sure the ligatures are
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pght Whether the amimals develop a collateral arculation i the
vitimate futnge 35 another problem It 15 very bikely they do

Patek Have these orgamsms been shown to be perucilin sensitive
1 culture?

Markon sz ‘The Welch bacllus 15 known to be sensitive The
soldier and gas gangrene who 1s gwven pemcithn has rapid healag
of hus infacion Whether thus 15 the Welch bacdlus, or 15 2 vanant, a5
the baciltus of hag cholera 15 a vapant of the human, 1 don’t know
1 think the organism s esther 2 Welch baallus or close to it Some
people say they actually ate Welch bacdls

Beit, Really the problem has been do the dogs die without pent-
olln lf‘ you tee the hepatic artery nnvi do they five with st? There are

1 3ol oafaloau t a - N

P DU RN PRI

At a recent lecture 10 Toronto one of the surgeons stated that he
had once, ike many other surgeons, madvertently tied the hepatic
attery and the patient had died The phystologusts looked smug They
know haw to save an arumal when they tie the hepatic attery If this
situation should anse agamn 1 think the surgeon would want to give
the patient all the pentatlin he could 1 dont know whether the
patients would lwve but 1 know the dogs do

Watson 1 want to know to what extent this could be transferred
to human bewgs

Markowstz Quite dicectly

Watson 1had the impression that the human livet does not normatly
contam tesident spore forming baath, anaercbes

Markowstz 1 merely quote Dragstedt 1 directly have no intetest
or authonty sn that problem

Watson Ate you acquainted with the studies of M H Manson
{Thesis A Consideration of Some Factors Responsible for Gas Baaitlus
Infections Umiversity of Minnesota, 1934) ? He wotked on this prob-
lem quite exteasively and my recollection of the study 1s to the effect
that he regularly got the anaercbes w dog liwers but hardly ever
could get them in human bvers

Markountz This 1s 2 non sequitar Why do humaa beings die when
you tie the hepatic artery?

Best That could be from quite 2 different cause

Watson 1 think that deserves a Jot of discussion The problem of
:\cpauc antery obstruction 1n human beings 15 one of infarction of the

ver
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Markowstz ‘Total mfarction?

Watson No For example we saw 2 case a few months ago of 2n
individual who had a cancer of the pancreas with mvolvement of the
hepatic artery It appeared not to be completely obstructed although
the lumen was not more than 2 pin point That patient had multiple
infarcts i the liver Also 1n periarteritis nodosa of the hepatic artey
one sees complete obstruction with thrombus secondary to the disease
together with multiple nfarcts 1n the liver

Markoustz Where 1s the obstruction 1n the portal lumen?

Watson It vaues 1 location but 1t may be up n the Liver in the
branches of the hepatic artery with multiple thrombi but there may
be multiple mfarction in the lLiver here as well As I undesstand ¢
the process i the dogs 1s entirely diffuse and they dont have any
infarcts

Markoustz Years ago I tried to tie one of the two main branches
of hepatic attery You would think no problem would be simpler
I did two dogs and both lived 1 gave up If you want an explanation
Professor Knisely supplied 1t There 15 enough arterio venous anastomo
sis You have retrograde flow

Best We must bring m the fats If you tie their hepatic astery they
dont dte Dr Arthur Colwell Jr i my laboratory has confirmed
this fact but one of his rats did dee with a gangrenous liver

Fremont Smuth 1 would like to ask if you have infarcts as i the
case you have spoken of would that not be the sdeal situation for at
least the local growth of the anaerobic organisms and that therefore
the absence of such growth would be some evidence agamst their
presence 1 the human where nfarcts had been seen? Is that a reason
able line of approach?

Best Just to set the discussion a bit straight perhaps the situaton
15 1f you tie the hepatic artery n the dog you get a liver that 1s full
of these organtsms It goes on to almost total necrosis does it not?
The situation 1s absolutely different 1n the rat where if you tie the
hepatic you don t usually have to give pescilu at all When the
hepatic artery has been 1nadvertently tied mn the human beings the
picture 1s obviously quite different than that 1 the dog or 1n the rat
Therefore none of us know the application of these results to the
human bemg

Markoustz ‘There 1s a case by R R Graham and D Cannell (Brt
J Surg 20 566 (1933)) 1 which they accidently tied the hepatic
artery I think the patsent died of total necrosis of the liver

Armstrong  With reference to your remark about the rat this
amumal 15 notably resistant to many sorts of mfections The fact that
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the sat$ yuver does ot show ao¥ nectosts from the anaerobic organisms
mght pe the sesult of this rysteriovs esistance which this animd
A 3

cermm\y Pcsscsscs with €8 d to afecuons

Markourz 1 suggest that that the explanatio?

shorr 1! presence of anaerobic organtsms ormally dog
pwer calls e experm s of Aub and his cotieagues o e
possxb £ pacterial s N aumatic ShO actially
Hetached sK a1 musde he tund ¥ of the dogs d it 18
5 sheatl 4 constricte e lmb PO mally  TRE oftected the
exundate the mmusde paratio after abou 9 houss and jected
1t 1nto 0O 1 dogs It P¥ a toxic tyP¢ E ate
was then sho! them, Haboratio with Dubos o consist €
2 nch cultur £ Clostndum welchit 1t 58 unceft! her the
organts arbored sk or MV ork 10 09L
o 1aboratory we suspect the skin, since anaetobic prepd A0n"

do; skeletal muscl vitro ‘removed ith stoct asepsiss fed tO
show these organisms and ndeed very few bacteni? after 5 hovts n

nmogen
Best DI Bollman have yoU somethinf to contpibute here?

Bollman 1 have t¥0 things aould like © mentton faest 1 want

to thank Dr Markowit? for don! s ace LS of work 1 have

been worried about the 1™ tance O the hepati¢ antery for yeats and
o

have considere of Weldh anhitoXy dush the same
thung tha! MarkowttZ has done gaitlin not sate
(hat Weld antitoxtd ould b (fectwve Dut ot necessary
aow to 2t t the !

e other 5 ould hike comment s the S bject which
tas alreacy ¢ ed the co\\ake(z\ tion e lver
Aftet readiny Markowiz S paper the Pro ding; he Socety
for Expett ta} BiologY and Medic1n® we hgated he hepati¢ artery
and gave B Al and the dogs uved jost 33 he y
N of th cterial to the Y enters bY £ the hepattC
artery addmom\ P where 11 agtenes entef
the et one from the aircle & d th trachm he vena €av2
to the di2P’ ragm the othe the X de of the 1ver neat
the entran § pom\ vein This supply not su!
fcient tO o the e 3 £ fethal nfection (sh demon
strated Thus shde ¢ day: after igation the hepati¢
artery dog *N h had aved P prcitlin 3 ed well at
the bme ThC arumal ®25 anesthemed al 4 the aoria if the

Wl
chest and just apove the renal artenes pefore 1njectint the barum
acaia 35S Thus €3 plate shoss the dstribution of the barw® n
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Obviously 1t does not go the whole raute Something happens when
you te the hepatic artery completely m the dog It strhes me as
peculiar that when you increase the rate of venons blood flow, the
blood still has a Jot of oxygen, but yor do not keep these arumals
alive You can get a tremendous flow We have been talking about
the dynamucs and the difference between artersal and venous teasion
If you increase the rate of flow you can make a lot of oxygen avail
able There 15 something very fundamental m this surveval after
ligation

Fremont Sruth 1 wonder 1f the shock of the operation puts the
ammal for a short tume mmmediately after the operation 1n a state
wherte with the hepatic artery tied off, the organism can stast to grow
n the liver Then there 1s the fact that a short course of penctlin,
probably too shott to aflow full collateral crrculation to develop still
allows survival and shows that there we ate dealing with 2 temporary
condition Are the blood pressutes of these anmals low immediately
after you te the hepatic artery?

Markouitz You mean where we just hie without the Bck's fistula®
‘They ate normal anunals

Fremont Smuth ‘There 15 not very much shock?

Markournz ‘There ss no shock

Fremont Smth  Anesthesia does things Anesthesia 15 nearly always

followed by something

Markoustz We did two kinds years ago I quoted my teacher,
Dr Mann, who says that ether s the best anesthetic With the greatest
of respect we switched over to nembutal as it ss easier There seems
to be no greater shock than with ether Naturally they sleep longer

with the nembutal

Fremont Smith Both are quite bad for the liver, both the barh
turates and ether They do knock out a good many hiver functions .

sght say we were anxions to check these expeniments an

at BDe;” l\liar:;cg\vnz Ysuggcstmn and 1n quite a different faboratory the
same experiments were carnied out, higating the hep:mlc z:irkcry \‘(l;
picked a young surgeon from the department, a vety shilled man :u;]
he faled several times to get hus antmals to die after ligating the
hepatic artery It turned out that he did not know how tct;l li:‘h the
hepatic artery w dogs, and again and agamn left 2 httle bran ere
hing more than just talk when Matkowitz says he ties cv:;y
es You more or less have to do this Even 2 man who
eal on human Iners and biliary tracts 1 not an
f the dog until he has had 2 lot of expenence

15 somet!
thing he set
operated a great d
expert n the case of
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Bollmanr Dr Best has touched on one thing which 1 think would
be well to bear 1 mind We have mentioned the oxygen supply by
the bepatic artety, but we have litle evidence that the loss of oxygen
15 the major factor Fremont Smuth mentioned that other things may
be 1 there ‘The cans - ‘ oo
sinusoids as we saw
actental supply was -
probably continue to fill the sipusosds and distend them 1o occupy the
space formerly held by arteral blood From the appearance of the
tiver 1 would suspect that the emptying of many of the sinusoids was
delayed and that considerable stasss developed The ovygen content
of the partal blood 1s fow and 15 undoubtedty much Jower when stasis
has occoszed in the sinusoids The same could be sad of the nuter
tronal elements of the blood and the removal of metabolites may be
mmpaed 1 do not Like to blame all the changes on the fack of
oxygen untl we have something more definite about oxygen and the
other factors imvolved Many articles 10 the hierature vse the rerm

reduction of oxygen supply wterchangesbly wah arental Ngation
and 1 some mstances I am sure there has not even been a reduction
of the amount of biood flowing to the organ imolved

Warson Could you contsol that by runtuag portal blood through
the oxygenator for the first 24 houss? I dont hnow how difficult 1t
would be technically

Boflman 1t would be difficult but 1t could be done

Fremont Smath  Is thete enough glucose> What s the glucose
content?

Bollsant Less than m the arterial blood

Fremont Stmnth Oxygen has to have something to ublize and I
wonder whether there 15 enough for #t to ublze

Best The glucose content 15 not Jowered This oxygen deharr s
1 beheve just 2 pood guess at this stage

Markounz I am teying to reason 1 the most elementary fashion
Ican If vou double the blood flow by reverse Eck fistula “dogs die
whea you tie the hepatic artery evea though the liver 15 getting more
blood than ever

Bollman The fact that the animals sucvive long after the pematin
has disappeared indicates that something has happened dunng the
period after aster al higation and the elimunation of the pemciliin
T doubt that sufficient cotl d astereal 1 has developed to
supply ovygen equvalent to that formerly supplied by the hepatic
artery
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Armstrong Coming back to oxygen, I don t know what the oxygen
tension of portal blood 1s Will 3t differ greatly from mixed venons
blood or not? If st does not, there 15 still 4 jo of oxygen m that
blood and much higher amount than the bactersologests can tolerate
when growing Welch bacill:

Best 1 dont hnow what the oxygen tension of the porfal blood
of the dog 15 under these conditions and even less what the oxygen
tension of the cells i which the organssms are growng They are
growing 1n the cells I presume

Arstrong The cells should have ovygen tensions somewhat related

Watson Probably much lower

Best We dont know how much the normal hepatic blood flow
rasses the oxygen tension of the cells

Madden You can put a catheter n the hepatic vem and study all
the varatrons

Best If we did all the thiags Mackowttz wants us fo do we would
not do anything else n the department

Stetten 1f the degree of anaerobiosss 1s sufficient 1 the cell to
permut the growth of Welch bacills 1t may be that some of the oxda
tive functions afe not operating like the one which converts beta
carotene to vitamin A which 15 definitely an aerobic liver function

Shorr The blood unc acd and ammonia levels furmsh a good
ndex i the dog as to whether the metabolic processes i the liver
are oxidative or anaerobic The blood constituents ase kept at normal
fevels as the result of oxidative processes within that organ When
oxygen tensions are sufficiently reduced to initiate an anaerobic type
of metabolism the blood unc acid and ammonsa values 1se ‘The use
of these criterta 1 your experiments would help determine the extent
to which anaetobtosis occurs and 1its duration

Best This growth of bacteria myght be really secondary to some
other primary change caused by the procedure

Markourz Which 1s non fatal

Bese It 15 not fatal The study of the Liver after complete ligation
of the hepabir asiesy o dogs seceving pemeitln s a fascmating thing
For the first ime you have got dogs without an obvious arterial blood
supply to the liver

I;F;I);m:m 1 am not sure that you do have a Livet deprived of artenal
cuculztion T do know that there 15 a Little astenal crculahion remain
ing 1 wish you nould continue these studies and find out whether this
collateral arterial curculation develops with time or always remans

small
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Best 1 dont know much about this but it seems to me you have a
httle knob of arterial crculation near the diaphragm from another
source than the hepatic artery How much this develops after hepatic
artery ligation 1 don t know

Hartroft May I ask a question? Coming back to D kanusely have
you m any study seen direct connections between the hepatic system
verns and the portal system vemns?

Rmsely T have never seen any a smusoid can dilate very widely
It may be as much as 200 mucra Whether that 1s pathological or just
physiological T dont know

Bollman With njection technics some direct commuaications be
tween the branches of the portal vemn and the hepatic vemns have
been demonstrated I have seen them very clearly 1 suspect that you
have similar connections in your photographs where you have the
many branches of the portal vemn gomng 1n all directions an accasional
branch seems to directly joun the hepatic vein

Hartroft 1 beheve I have seen them in cieshotic Liver

Bollman ‘Yhey are very marked in cirrhotec livers You may have
quite a large anastomosis direct from the portal vemn to the hepatic
vein

Rmisely M Punzmetat E M Omutz Jr B Smkin and
H C Bergman (Am ] Physol 152 48 (1948)) have been inject
ing glass beads in antmals and catching them on the other side 1
don t know whether they found they were large enough to pass them

Watson They did

Hoffbaner Sphetes from 60 to 180 micra were recovered from the
Tungs of rabbits after such spheres were injected into the portal vein

Fremont Smith  Another suggestion for your consideration 15 to
put a Goldblatt clamp on the hepatic artery and turn it down gradually
and see how rapidly you could bung it down without getting the
nfection

Shors 1 can tell you what happens under those conditions as we
have been studying the effects of partial constriction of the hepatic
artery by Goldblatt clamps n our laboratory dunng the past 3 years
After two to four months such an extensive collateral crrculation
develops to the liver from the diaphragmatic vessels that it 1s neces
3aTy o go m 2nd ughten the clamp and even completely constrct the
hepatic artery to mamtain the antmal mn the condition mitially mduced
by the constriction We cannot say how soon zn extenswve collateral
arculation develops after partial constriction of the hepatic artery
but we suspect 1t occurs quite eatly
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Armstrong Coming back to o y
xygen, 1.don't kao

tension of portal blood 1s Wil 1t differ greatly f‘;o:lh: th; ogen
ll:}lood or not? If st does not, theee 1s still a lot of oxy?:n ;ex:}oz::

ood and much bigher amount than the b
when growing Welch bacdli acteriologsts can tolerate

Best I dont know what the oxygen tenston of the portal blood
of the dog 15 under these conditions and even Jess what the oxygen
tension of the cells 1n which the organisms are

$i¢ growing They are

growing 1n the cells I presume

Armsirong ‘The cells should have oxygen tensions somewh

Watson Probably much lower 8 evhat related

Best We dont know how much the normal hepatic blood flow
rasses the oxygen tenston of the cells

Madden You can put a catheter m the hepatic vemn and study all
the vaniations

Best 1f we did all the things Marhowitz wants us to do we wonld
not do anything else in the department

Stetter 1f the degree of anaerobiosss 15 sufficient n the cell to
permit the growth of Welch baall 1t may be that some of the oxida
tive functions ate not operating like the one which converts beta
carotene to vitamin A, which 1s definitely an aerobie liver functron

Shorr The blood uric acd and ammonta fevels furmsh a good
index 1n the dog as to whether the metabolic processes i the hver
are oxidatine or anaerobic. The blood constituents are kept at normal
levels as the result of oxidative processes within that organ When
oxygen tensions are sufficiently reduced to inttiate an anaerobic type
of metabolism the blood unc acid and ammonsa values nse The use
of these cutenia 1n your expeniments would help determmne the extent
to which anaerobiosis occurs and its duration

Best This growth of bactensa might be really secondary to some
other pumary change caused by the procedure

Markoustz Whach 15 non fatal

Best It 1s not fatal The study of the hiver after complete ligation
of the hepatic artery 1 dogs recerving pentallin is 2 fascinating thing
For the first tume you have got dogs without an obvious arterral blood
supply to the liver

Bollman 1 am not sure that you do have a liver deprived of astenal
arculation, T do know that there 15 2 Iittle artenal arculation remain
ing 1 wish you would continue these studies and find out wWhether this
collateral attenal aurculation develops with tume or always remains
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Bess 1 don’t know rauch about this but 1t seems to me you have 2
fude knob of artenal arculation near the dispheagm feom another
source than the hepatic artery How much this develops after hepatic
artery hgaton I don’t know

Harsrofs May ¥ ash 2 queston? Comung back to Dt Knsely, bave
you i any study seen ditect connections between the hepatic systema
veins and the portal system vemns?

Kmsely 1have never seen anv 3 stnusord can dilate very widely
Tt may be as much as 200 micra Whether that 15 pathological or just
physiological 1 dont hnow

Bollman With smection technics some direct commumcations be-
tween the branches of the portal ven and the hepatic vems have
teen demonsteated [ have secn them <ery deardy 1 suspect that you
have sumilar conmections n vour photogsaphs where you have the
many branches of the portal veim going 1n all ditections, an occasional
branch seems to directly juin the hepatic ven

Hanroft 1 behieve 1 have seen them 1n arthotic liver

Bollman They ar¢ verv matked 1n arthotic livers You may bave
foite 2 farge anostumoss duec from the portal vem to the hepauc
vein

Kmsefy M Pumameai E M Omiz, Jo, B Smmkia and
H C Bergman {Am J Psel 152 48 {1998)) have been myect
ing glass beads sn amimals and catching them on the other sde
dont know whether they f und thev were large enough to pass them

Watson They did

Hoffbaver Spheses from vh 1 180 mucra were recovered from the
fungs of rabbits after such sphere> nere tajected mnto the portal ven

Fremons Smith  Ancther surgestion for your constderation 15 ta
put 2 Goldblatt clamp on t ¢ hepate antery and trn 1t down gradually
and see how rapidly s could bung it down wathout getung the
nfection

Shors 1 can tell you shac happens under thase conditions, as we
have been studving the cfieas of pastial constiiction of the hepanc
anery by Goldblarr lamps 1 our laboratory donng the past 3 years
After towp to four months such an extenstre collateral arculation
develops to the bver fr m tne duphragmatic vessels that 1t 15 neces-
aty o go m and nghten he clamp and even completely constact the
hepatic artery to manta » ne anmal 1 the condition snitally induced
by the constrctn n WL w200 €52V hOW S000 31 extensne collateral
araulation develops after partial constuction of the bepstic artery,
but we suspert it xcurs quite early
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Gyorgy May 1 make one remark? You discussed the phylogenesis
of the hepatic artery 1n the role of the arterial blood for the fiver
As a pediatrician I may call your attentron to the fact that the fetal
{iver has quute a ot of artenal blood ‘Therefore 1t must play a rofe
1 addition to anything else

Markowntz 1 have constdered that I thought, now the fetal liver
has twice as much artenal blood, maybe we can put n twice s much
1n the adult Tt cannot be done On that point of view 1 will stake
my right arm The junction flaps around, and thromboses So whie
you can accomplish such vascular anastomoses w the grom or teck,
or 1n an Ecks fistula, because the parts are stationary, you cannot
so m the portal system

Gjyorgy Certamnly the very farge hver 15 connected with thus fetal
curculation

Best We have been tremendously intesested recently i rats put
on diets low 1n choline after the animals have been starved We have
seen hemorrhagic kidneys 1n old rats after starving and refeeding
them We have seen 1t and Salomon has seen this too T have been
wondenng this morning 1f you did a partial hepatectomy and when
that animal recovered and when the liver was presumably regenerat
ing very raptdly on a good diet, if you tied the hepatic artery and
gave the animal pencillin would you save him? There might be 2
demand fot something which would cause death under those condt
tions 1 spite of pemcillin

Markowstz ‘That would be a good experument One of the first
things which has to be done 15 to see whether such a liver, with 2
hepatic artery tied shows regeneration or does not show regeneration
after removal of pottions of the liver I suspect 1t will regenerate

Let us call these dogs without the hepatic artery but with the
portal vemn as having & portal vemn lver  Let us call dogs wthout
a portal vem flow to the liver as having an *hepatic artery Liver
Funally if the blood flow to the liver 15 mtact, let us descube 1t by
saying the amumal has a portal vein and hepatic astery lver

Fremont Smth You mean that those dogs with only the portal
semn mntact would show regeneration?

Markowstz The dogs whose liver 15 nousished by the portal ven
«ill, I suspect show hepatic regeneration after removing chunks
of the liver

Fremont Smsth 1 thought you said already that has not happened

Markowssz n the Eck s fistula dog the Iver does not regenerate
In the termmology I propose, let us call that amumal 2 ¢ — with 3
hepatic astery liver
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Goldblatt In the light of what you told us today, would you not
say that no one else before you has ever produced a portal vem
liver? If you nsist that a dog dies «f the hepatic artety 15 occluded
then no one before has produced a portal vein liver Is that ncorrect?

Markourtz ‘That ts correct



SECTION 111
MASSIVE LIVER NECROSIS

Gjyorgy From a pathological point of view necrosis and cicthosts
are the charactenstic and speaific mamfestations of injury to the
hepatic parenchyma Fat mfiltration per se 15 not specific enough, and
often too transient, without concomitant mansfestations of tissue re
action, to be cansidered 1n itself as a truly pathologscal condition of
the liver

Today we ate discussing the etiology of acute necrosts, which can
be masswve or zonal The production of expermental hepatic necrosts
(massive or zonal) dates back many years and decades Such acute
injury of the liver was looked upon 1s the consequence of a foxic
mfluence on lver tissue by numerous noxtous agents Such factors,
most diverse in character, included various chemicals, both organic
and wmorganic, such as catbon tetrachlonde, chloroform, phosphorus,
etc, certun drugs, foreign protemns, bactenal products, :mmune
serums and fections From these expenmmental studies, which m
general, tally well with clinical obsetvations, 1t was concluded that
m every mstance 1 which the prolonged or repeated “action of an
agent has resulted 1n some degree of curthosts, the acute effects have
been degeneration and necrosis of hepatic cells (V H Moon, Arch
Path, 18, 381, (1934)) From this point of view, necrosis and
curthosts ase the acute and chronte forms of hepatic 1njury, often 1n
sesponse to the same etiologic agent The response of the hepatic
nissue to msults of vanons kinds manifests stself i necrosis when
the ansult 1s overshelming, or when the resistance of the hepatic
parenchym1 18 reduced below the norm whereas continuous or se-
peated exposuse to the same agent gven in doses which are m general
below the necrogenuc level results m ctrthosts When currhosis follows
nterrupted, repeated exposures of hepatic tissue to @ noxtous agent,
i may be nfecsed that the ingutious effect 15 achieved by proper timing
of the nsults which precluded the complete repair of the hepatic
parenchyma between consecutive exposures without ever produang
Tistologteally demonstrable necrotic changes, and reduced the normally
Jugh regenerative power of hepatic parenchyma This cizthosis cannot
be distingusshed 1n many cases from ordmary Laennec s curthosis These
well established facts should be kept i mind because st makes it
very dificult to distinguish completely even 1n dietary necrosts of
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dretary cirrhosss tno phases of specific Itver snjuey That 15 not on the
program of today

The queston s Is thete a deetaty hepatic necrosis? Can 1t be
produced? Can it be produced 2t wall?

In 1039, Dr Goldblatt and | had published a paper on the occur
rence of acite necros:s 10 rats hept on a Sem synthetic diet not com
plete 1 vastous members of the vitamm B complex In this group of
observations acute necrosts was not produced at will but was found
m a relanvely large p ge of the exp ! rats {1n 48 out
of 300) It was never encountered i fats recerving the same basal
dret supplemented with yeast extract

With the use of diet ratons 1n which the level of proteia (casetn)
was kept at 10 percent or befow hepatic myuty became a regulac

occurrence produce ! - experimental
pertod up to 150 about 120 to
150 gm (or more was teached

and published almost simultaneously by four groups of mvestigators
(¢f P Gyorgy and H Goldblatt | Exp Med 89 245 (1949))
In these exp lrver syury d itself erther in the form
of acute diffuse necrosis ar of slowly developmg diffuse fibrasis
reminiscent even n the gross of Laennecs hepatic curhosis In some
rare instances zonal or massive acute necrosis and aurchosis were en
countered 10 the same antmal

It 15 not surprising that necrosts (zonal or massive) and currhosis
produced by dietary means were first considered 1n the same relation
to each other as the corresponding pathological changes in the hiver
occutring under the nfluence of noxious agents such as chloroform
catbon tetrachloride etc It has been assumed that necrosis 1s only
the scute manifestation of a quanbtanvely more severe msult, than
that causing arthoss which follows chrome and moderate hepatic
mjufy A closer analysis of the etiologic dietary factors found i zcute
necrosss and an crrhosis furnished results wWhich seemed to be at
feast to some extent at vayance with the unitaran theory of there
ettology It was observed that supplements of cholute o Iner exract
to the expertmental diet would prevent crechasis bt vere wihooy
nfluence on or would even promote acute diffuse pecrsss Con
versely qystine given as supplement to the expetimentsl die exersed
a remarhable protective effect on the development of pecrogs bur
seemed to eshance the production of hepatic orthoss O the other
hand methionine or protemn nch m methionine preven ed bty ae =
diffuse necrosts and crrhosis Protein low tn methy- ¢ and at -~
same time rich in cystine such as peanut protein will Freseny nectonts
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but will enhance, even when added to the diet 1n high relatve propor-
tion, the development of crrhosis The rather complicated nterrela-
tions and effects of protein, methionine, cystine and choline as well as
of other dietary factors (fats and vitamin E) to be discussed later,
are summarized 1n Table I ’

TABLE 1
Protein
Effecton (Methionine Methronme Cystine Cholme Vit E Far
Containing)
Curthosts Beneficral  Beneficial Imjunious  Benefial 0 Injurious
Massive
Necrosts Beneficial  Beneficial Beneficial 0 or Injurious Beneficial 0 or Injurious

F S Daft, W H Sebrell and R D Lillie (Proc Soc Exp Brol
and Med, 50, 1, (1942)) as well as Himsworth and Glynn (cf
Himswotth, H P, The Liver and Its Diseases, Blackwell and Co,
Litd, Oxford, (1947)) have sharply distinguished masstve hepatic
necrosts from diffuse fibrosts (cuthosis) They considered masstve
hepatc necrosis as a sign of cystine (methionine) deficiency, and
arrhosis more s a result of a defictency of choline and its precursors,
including methionine

With the additton of choline to a diet low i casem, cirrhosis may
be completely prevented but the mcidence of necrosss, although
accelerated and mtenstfied was increased only slightly The rrregular
occurrence of massive necrosts 1n rats fed a diet low m casein was
claimed by Himsworth (loc cit ) to be due to the quality of the casem
which even when given in small amount supplied methionine (and
cystine) not too far below the prophylactically effective level In this
connectron 1t should be pomnted out that the hemorrhagic  foct ob
served by T E Werchselbaum (Quart J Exp Physwol 25, 363,
(1935)) m the livers of rats fed a cystine deficent dret may have
represented necrotic foct, but were not described n detarl or recog
nezed as necrosis

By substituting yeast for casemn the intake of sulfur contaimng
amino acids may be further lowered Thus, 1t seemed to fulfill ex
pectations, when reports appeared (H P Himsworth, loc at , A Hock
and H Fink, Ztschr physiol chem, 279, 187, (1943)), that in rats
fed rations with yeast as the sole source of protein massive necrosis
became a regulat occurrence According to these observations the
development of hepatic necrosts was agaimn completely suppressed by
prophylactic supplements of cystme or methiomne
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(loc at), who reported a practically 100% incidence of masswe
necrosis n rats kept on a diet 1n which yeast furnished the only soutce
of protein In order to solve thrs apparent discrepancy we carried out
a large number of experiments using yeast rations in several com
binations, such as high and low i yeast, 10 various fats (lard, Cussco),
with or without cod bLver o, with or without tocopherol and /or
cystme The yeast was a Type 50B duied Brewers yeast of Standard
Brands Inc Agamn, the highest figure for sncidence of massive necrosts,
on a low yeast high lard cod Liver oil ration (without cystme or
tocopherol) was only about 40% A fusther group of 35 rats was
put on 2 fation modeled after the experimental ration of Professor
Himsworth (personal communtcation)  American (Type 50B) yeast
18, corn starch 79 salt muxture, 3 Arachis o1l 05 ml and cod liver
o1l, 2 drops, were added to 8 gm of the dry mixture just before feed
ing Further all animals receved daily the usual vitamin B supple-
ments on this dret All our experimental rats remamed healthy, and
at the end of the experimental pertod (200 days) showed at autopsy
no signs of acute or healed hepattc necrosis Subgroups of these rats
were exposed to various forms of stress (injections of adrenocortico
trophic hormone, cold, exercise), and still no hepatic necrosis de
veloped

In the Light of these completely negative results it appeared to us
as the only logical conclusion, that the discrepancy between our ob
servations and the positive findings of Himsworth might have been
due to the fact — other condrtions having been more or less equal —,
that different yeast brands were used in the respective rations Through
the kindness of Professor H P Himsworth we obtained the same
type of Butish Baker s yeast (United Yeast Co, Ltd, London) which
was used i Professor Himsworths laboratory Fermentation tests
showed no activity for the American yeast whereas the Brtish yeast
exhibited slight but defintte actvity The British yeast was given in
form of the same ration as stated above for the Amencan yeast to
three groups of rats,

Out of 18 rats fed the basal ration with the Brtish yeast as the
sole source of protein 15 antmals died between the 100th and 145th
and 2 more ammals died between the 150th and 200th experimental
day from acute hemorrhagic necrosts In the whole group only oze
zat survived the expermmental period of 200 days and showed at
autopsy nogmal Liver The massive character of necrosis extending
over many lobules and even lobes distingusshed 1t from the usual
more zonal form of necrosts (central and mudzonal) seen mn rats fed
rations low 1n casein In all macroscopic and microscopic details the
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kept on a ration contamning lard and American yeast as sole source of
protein and i which the yeast mtake was less than half as compared
to the rats recerving the ration with the Brtish yeast, the madence of
acute necrosss, 1 2 rather mulder form, barely reached 40 percent
1t should also be added, that 1n rats of both groups receiving British
or American yeast, severe ulcero papillomas (to be described later in
2 separate communication) of the fore stomach were noticed which
were absent i the groups recetving a supplement of cystne This
ndicates that even the American yeast could not have contamed the
necessary phystological munimum of cystine (methtonine?)

The other questton which has been raised at the meeting of the
Army Liver Commussion by Dr Watson a few months ago, concerns
the possible difference 1n the vitammn E content of the American and
Batish yeast Generally, 1t 15 assumed that yeast 1s free from vitamin E
All the yeast brands exammed chemcally 1n the laboratones of Dis
tillatton Products, Inc (Rochester, N Y') have been found according
to personal communication of Dr P L Harris, to be free from toco
pherol At least chemical 1solation procedures did not give any mdica
tion for the presence of tocopherol

- The possibility, although perhaps remote, that yeast might contan
some tocopherol like substance which cannot be extracted 1n the usual
way has been mvestigated by a new techaic We have recently
shown (C S Rose and P Gyorgy, Fed Proc 8, 244, (1949)), that
if a rat (we used rats of the Sprague Dawley strain) fed on a usual
mixed gram diet 15 put on a vitamn Efree dret, consisting of
casen, salt, sugar, vaitamuns (with or without fat), beginnung deficiency
may be demonstrated after 3 7 days Red blood cells of such rats,
washed and suspended in buffered salne solutton will be hemolysed
by munute amounts of dulunc acid less readily by ascorbic aad or
cystemne This hemolysts may be prevented by tocopherol added 1n
vitro to the assay mixture Further, hemolysis will never occur — and
1 undetline the word never—when red cells were taken from rats
cecewmg tocopherol m ther diet We have put rats on the usual
necrogenic Semi synthettc rattons  containing American and British
yeast respecttvely and after 3 days we examned the red cells of the
rats to see whether or not they would be hemolyzed by dialuric acd
Hemolysts occurred with equal stensity regardless whether the blood
was tahen from rats receving Amertcan or British yeast Thus, both
brands of yeast must be essentrally free from tocopherol

The fact that yeast appears to be paricularly conduawve to the
development of massive hepatic necrosts may be due not only to 2
deficiency of protective (detoxifyng) factors, such as cystine (methio
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reductive reactions will be of value i testing specunens of liver
obtatned through biopsy

Watson Is it an external stan?

Gyorgy Yes

Hanger ‘The non myured cells take up the stan?

Gyorgy That 1s correct

Fially T cannot ressst from calling attention to some practical
implications of the research on hepatic necrosis, which appears to me
rather mtriguing  especially because for me as a peduatrician, 1t has
pediatuic connotations

In Rhincompatibility several research workers, among  them
Sir Leonard Parsons (Brrmungham, England), N' Philpott (Montreal)
and myself have discussed the role of liver njury as a central patho
genetic factor mn the outcome of the disease, mcluding especually the
hemorshagic manifestations and also kernicterus Hepatic myury fol
lows some until yet untdentified phases of the antigen antibody reac
tion, which 1n atself occurs obviously as the first chain mn the events
linked with the syndrome of Rhincompatibility The hepattc njury
1s characterized chiefly by acute zonal or massive necrosts Protection
of the liver may be attempted by methionine Philpott has already
presented preliminary evidence in favor of this view We may now
add the further possibility that durng the sensttization process which
15 at the very bottom of Rh incompatibility, the normally low vitamin
E stores of the fetus and the newborn are further depleted Hepatic
necrosts 15 one of the charactenistic sequelae of vitamm E deficiency
under particular conditions Edema and pulmonary hemorchage are
often encountered in very severe human erythroblastosis and seen
also mn expenmental vitamun E defictency 1 antmals Studies are 1n
progress jomntly with Dr Carl Bachman, Professor of Obstetrics,
School of Medicine, University of Pennsylvann, on the combined use
of methionine and vitamn E i the prevention of the unspeafic
sequelae of Rhincompatibility, such as hepatic necrosss, kernicterus,
pulmonary hemorrhage and edema It 15 770t expected that the anemua,
based on 1mmunological antigen antibody reactton, will be fluenced
by the admintstration of methionine and vitamun E

In summaty, I would like to conclude that it 15 possible to produce
regulatly by purely dietary means, massive necrosis of the liver
rats Further, 1t 1s possible to prevent such masswve necrosis of the
liver agan with regulanty, by suppl of sulfur ¢ g amino
aads or of vitamin E ‘The final canse and pathogenesis of massive
necrosts has still to be eluadated

Bess 1 have a question along the same line You say *by dietary
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reductrve reactions will be of value in testing specimens of lver
obtatned through biopsy

Watson Is it an external stamn?

Gyorgy Yes

Hanger ‘The non mjured cells take up the stan?

Gyorgy That 1s correct

Finally, T cannot resist from calling attentton to some practical
mplications of the research on hepatic necrosss, which appears to me
rather mtriguing, especially because for me as 2 pediatnician, 1t has
pediatric connotations

In Rhincompatibility several research wortkers, among them
Str Leonard Parsons {Bumingham, England), N Philpott (Montreal)
and myself have discussed the role of liver injury as a central patho
genetic factor 1 the outcome of the disease, including espectally the
hemorthagic mamfestations and also kerntcterus Hepatic injury fol
Jows some until yet unidentrfied phases of the antigen anttbody reac
tion, which m 1tself occurs obviously as the first chain i the events
tinked with the syndrome of Rh mcompatibility The hepatic mjuty
15 characterized cheefly by acute zonal or massive necrosis Protection
of the liver may be attempted by methionine Phulpott has already
presented preliminary evidence 1 favor of this view We may now
add the further possibility that during the sensitization process which
15 at the very bottom of Rh incompatibility, the normally low vitamin
E stores of the fetus and the newborn are further depleted Hepatic
necrosts 15 one of the charactensstic sequelae of vitammn E deficiency
under particular condittons Edema and pulmonary hemorrhage are
often encountered 1 very severe human erythroblastosis and seen
also i expertmental vitamun E defictency 10 anmmals Studtes are in
progress jountly with Dr  Carl Bachman, Professor of Obstetrics
School of Medicine, Untversity of Pennsylvania, on the combined use
of methtonine and vitamm E in the prevention of the unspecific
sequelae of Rhincompatibility such as hepatic necrosss, kernicterus,
pulmonaty hemorrhage and edema It 1s nof expected that the anemia,
based on 1mmunological antigen antibody reactton, will be nfluenced
by the admintstration of methionune and vitamin E

In summary, I would ltke to conclude that 1t 1s possible to produce
regularly by purely dietary means, massive necrosts of the lver 1
rats Further, 1t 1s posstble to prevent such massive necrosts of the
Liver agamn with regularity, by suppl of sulfur ¢ amino
acids or of vitamin E The final cause and pathogenesis of massive
necrosts has still to be elucidated

Best 1 have a question along the same lne You say by dretary
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The experiments on which I will base my discussion were conducted
at the Karser Wilhelm Institute at Heidelberg between 1940 and
1945 Due to general events, complete publication of my research
has been delayed However two papers appeared in 1944, one of
which descbed the production of liver degeneration by dietary
means, and the occurrence of liver protecting substances (K Schwarz,
Ztschr physiol chem 281, 101 (1944)) while the second described
the concentratton and identification of vitamun E as a liver protecting
factor (Ibid, 281, 109 (1944)) Unfortunately, these papers did not
become available m this country until 1946 Other details have ap-
peared subsequently (Ibid 283 106 (1948), Ibid 283, 186 (1949))

1 would like first to discuss Dr Gyorgy s experiments 1 relation to
ours I was very much pleased to hear that Dr Gyorgy has been
able to confirm our results with vitamun E

With reference to the points where our results disagree I think
there 15 much less discrepancy than Dr Gyorgy supposes Dr Gyorgy
mentioned that sulfur contasning amino acids had no protective effect
m my experiments This 15 true only in part, namely in regard to
the so called casem VI liver injusy

As I pownted out at the Internattonal Conference on Vitamm E
(K Schwarz, Ann N Y Acad Sciences 52 (1949)) and 1s evident
from publications, I had to distinguish between three different types
of dietary liver wnjuries  These are different in therr histologscal and
pathological aspects and 1 their relation to different liver protecting
agents The damage which 15 produced by yeast as a mam protem
source m synthetic diets 1s the one applied by Dr Gyorgy In my
experiments Cystine and methtomne had exactly the same protective
action as 1 Dr Gyorgys tests when studying yeast Liver damage
(K Schwarz, Ztschr physiol chem 283 186 (1948))

I his experiments Dr Gyorgy has been unable to reproduce the
casern VI ltver damage This might be due to technical differences

1 He used casemn as a startng material which was not as highly
Punﬁed as necessaty It can be shown easily that crude casemn has a
protecting action against Liver degeneration although the factor mn
or propetty of casemn which 15 responsible for this actton has not been
sdentified If we assume — as seems probable — that this action s
due to a protectsve substance, then 1t must be rather firmly bound to
the protein since 1t 15 so difficult to remove The matertal used m
our laboratory for the production of casein VI had been thrice repre
apitated from alkalme solution using the method of Hammersten
and had been extracted with ether before the preparation of casemn vi

was started
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2 When he treq to Produce the Casein yp ltver damagc,
Dr Gyorgy used Material nameq I€AM  ingreq g of extracted

m, 15 a2 shortemng of vegery € onigin I

T Gyorgy g expenmems, Iver g, age an,
vegetable shortenmg, namely  Crigeo [¢4 Gyurgy, Stxth Conf o
Liver Inpury Jostah Macy, Je Fuundanon, Ny 4
qurte possble that Veegr might haye the same Protectye Quality
s Criseo
In ouy CXPErments ye Watched nop only the Puntty of 0 Casern
and fat, pyp e also used 5 specally rfefined Stcrose Which wag tested
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Of when the 18 animgls were alloweq 2 longer
time wy i Mothers Severa} hundreq ays d lop
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Furthermore 15 napyey) that dlEcrcnces occur among antmals
of differen; Strauns of Dtters 1, our SXPeriments g, RS were pop

e
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schr
246 ( 1939}y 1, highly Purtfied COnCentrypeg Of thys Principla,
Prepared fron e brap | Was able ¢ ¢ arate g pey, Browth Promot
ng factor Which v necessary £, our Iactobmllus (EF Molie,
K Schwag, Ber Dtsepy Chem Geg 74, 1612 (1941)) The new
factor Was cafleq H e Were t’mally able n logqy to 1solate the
factor 1y and 1denn[y It as P aming benzo,c aad [¢:3 Kuhg and
K Schwag, Ibd 74 1617 (104; )
Before e knew th, factor 1 s pamune benzore aad, exXper;
ments wepe Statted fo determne Whether 5 S 2 vitamyy for the
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tion of 10 or 20 percent of cod liver orl mto the scheme of our
experimental diets — with highly purnified, but not alkaline treated
casein — caused death of young rats after several weeks with marked
liver damage There were gross and mucroscopic pathologieal dif-
ferences hetween the casein VI damage and the cod lver orl damage
Five milligram percent of dl alpha tocopherol acetate m the diet fully
protected the animals agunst this disease

The thied type of liver damage, the so called yeast degeneration,
was different n 1ts origin as well as 1n sts manifestatrons The mjury
occurred 1f large amouats of yeast were fed as the mamn protemn source
1n synthetic diets ‘This damage has been considered for a long time
to be due only to the lack of cystne and methionine 1n yeast proten
1 found that vitamun E was quantitatively nhibiting

In summarized form the three types of liver damage can be defined
and differentiated as follows
1 Casern VI Damage —This myury 15 produced by the mcorpora
tion of highly puntfied casem VI into synthetic diets The animals
are in good physical condition and grow fairly well for several weeks
They suddenly develop a peculiar coma, sespiration becomes slower
and deeper, the heart beat slackens, the body becomes cold and death
ensues tn a few hours The pathological picture 1s that of an acute
Itver degeneration The massive necrosss 1s localized n the central
part of the lobules or at least starts there Hemorrhages in the liver
are seen 1n almost every case Sometimes the major part of the organ
15 filtrated with blood ‘The degenerated parts show mostly a mod
erate fat infiltration Cerotd pigment but no fat 1s found m the endo
thelmm of the capillartes * Casein VI jury 1s not influenced by
feeding sulfur contaming amino actds The damage can be quantita
tively inhibited by vitamin B A daily dose of about 130y of dl alpha
tocopherol acetate 1s sufficient to protect most of the animals Five
mulligram percent of thts substance i diets was protecting i every
case Xanthine, which was found primanly to be active agamst chloro
form damage (] C Forbes and ] § McConnell, Proc Soc Exp Biol &
Med 36, 359 (1937), R C Neale and H C Winter, ] Pharmacol
Exp Therapeut, 62, 127 (1938), H N Barett, D L McLean and
E W McHenty Ibid 64 131 (1938), J C Forbes, Ibid 65, 287
(1939} ), had a protectrve action 'The probability that there exists
another protecting factor 1n crude casemn has been outlined above 1
mught mention that whey also has an mhibiting effect
by Prof Dr Dobbersten

* The hustalogical exammnations have been carmed out
Tuesaratliche Hochschule Berln and Doz Dr Veltes Path Insutut Unversity of

Heidelberg
50



One
fe0n Thys S dye to e b}’perw.‘an, d Ive, oy zm_;ge
10 ¢he divey and scles s Dhibigeg quanlzt.mvely by Viamy The
mﬁuencc of wtamm By this Casp Mighy cxplamca' by 45 weff kqokn
nt Was firgy dfmanstmted by e G Mackazz:c

£ M, Ct

ey 2 o, "
50 thay any of the Aumaye Were foung 45,

€ liverg £ 2 of 24, e
Very Stngfa, mzaoscopml Iy to ose Wity c"ia ;ﬂ;‘y h;i “;':r"‘

h -
oy o Jeas 5, K03 b, far (zxuzm,, -t
(Aag™, o L $ w5 Phygord o, ‘;7?;;3’;'».,4-&‘

bH



areas of degeneration and other parts with hemorrhages were 1regu
lacly distributed over the organ Normal tissue could hatdly be found
The color of the degenerated regions had a mote pink tinge compared
with the caseinn VI damage Hustologically there existed a definite
difference The degeneration tn the casesn VI injusy 1s central, whereas
the yeast ijury begins in the periphery of the lobule A well developed
fat mnfiltration 1s found not only mn the lver cells themselves but also
i star cells The kidneys of these animals show an alteration which
has been defined by J Dobberstetn and A Hock (Ztsche physiol
chem 280, 21 ( 1943)) as glomerulonephrosis ~ These authors
pointed out that the entire picture corresponds closely to the changes
which can be found in human cases of eclampsta of pregnancy The
term ‘rat eclampsia’ has been proposed for this type of dietary
damage m the rat This proposition has been criticized by obstetricians
who want to seserve the term for their own field regardless of the
fact that eclampsia means any convulsive seizure of perpheral
onigm The term yeast injury 1s rather unsatisfactory because the same
liver mjury, or at least a very simular one, can be produced by several
other dietary methods, 1¢ by diets without yeast but with a similasly
low content of cystine and methronine Diets with 10% or less casemn
cause liver damage Most of the classic experiments of Gyorgy and
Goldblatt about lver injury were accomplished with tlhis type of
ration (P Gvorgy and H Goldblatt, ] Exp Med 75, 355 (1942))

The regimen with 109 or less casemn enabled these authors first to
produce Lver damage (necrosts and cuechosss) regulasly, and though
necrosts and cirthosts were not as clearly separated at this time st
1s quite obvious from therr eacly work that yeast (of American
origm) whibits the development of necrosis The question, however,
of whether this low casein damage 15 m all respects rdentical to the
yeast mjury — mnduced by European yeast — remains to be thoroughly
investigated A Hock and H Fink (Ztsche Naturwiss 25 203
(1947)) descabed several other diets contatning 8 to 15 percent of
protetn 1n the form of potato protemn, pea protem, cereal protemn,
and gelatin mn various combinatrons which induced liver degeneratton

1 should mention that these experiments were started as a result of
discusston remarks of mine made i 1944 to the effect that we should
constder the possibility that yeast might contam a substance with

toxic effects The liver degenerations obtamned by Hock and Fink
could all be inhibited or at least beneficially mfluenced by cystne

I think the fact that these damages can be produced by a vanety of
diets without yeast but poor mn cystine and methionine, 1s an argument
agamst the theory that yeast stself contains a toxic prnciple

Yeast injury (rat eclampsia) was for 2 long tume thought to be due
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EBurope duning the war The cystine and methonmne content of Amer
tean yeasts seems to be signtficantly higher In European materials
¢ystine sometines could not be detected at all This mught be partly
due to technical difficolties The exact det of small

of ¢ystine 1n matenal like yeast 15 problematic because cystine reacts
during hydrolyss with carbobydrates and thus 15 destcoyed It 15 obvious,
however, that there 1s a definite difference between the amount of
cystine and methronine present 1 American yeast and Futopean yeast

The content of organic sulfur 1n jeast 15 comparatively high It 1s
sometumes higher than 1n casemn, for example, and if casein 15 replaced
by yeast protemn i synthetic diets the ammals get more orgamc sulfur
but nevertheless develop liver damage which can be prevented by
sulfur contasning amino agids This could support the toxicty theory
1f we assume that the organic sulfur 1n yeast 15 present manly m the
form of cysune and methionme However, the quantitative analysis
of Gesman yeast for methionmne and cystine gave values which gen
erally did not cortespond to the total amaunt of organic sulfur present
In some tnstances the defictt was as huigh as approximately 55 per
cent of the total otganic sulfur Therefore 1t seems possible that yeast
contamns a semarkable amount of organic bound sulfur which is not
methtomne or cystine The content of thiamme brotm, and adenyl
thiomethylpentose 1 yeast 1s too small to explamn more than but 2
few percent of this defiat We mvestigated the quantity of ergothio
nine 1 yeast and found no rematkable amouat of ths substance

The question of toxic factors the toxicosis theory , has been dis
cussed during the development of many brochemucal problems espe-
cually those of medical application This was the case, for example,
weith the thyrod function, with the origin of pernicrons anemua etc
As far as different dietary liver injurses are concerned it can be stated
that at least some of them, namely the low casemn damage and the
inyuries caused by dicts containing potato protemn and gefatin et are
obviously not induced by spectat toxic agents We know on the other
hand two forms of lver damage which are apparently caused by the
presence of dietary constituents with deletersons effects the cod liver
od damage and the Iiver degeneration produced by the admntstration
of large amounts of cystune in rattons This nyury, induced by 5 or
more percent of cystine 1n synthetic deets was the first dietary Liver
mnjury described (A C Curtis and L H Neuburgh Arch Int Med
29 828 (1927) M X Sullvan W C Hessand W H Sebrel} Pub
Health Rep USPHS 47 75 (1935) R D Lille Ibd 47 83
(1935) D P Earle and J Victor J Exp Med 73 161 (1941))

We muast assume that cpsune plaps an smportant part 1n some
metabolic reaction of the liver and that thus functon 15 5o fundamental
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Be that as it may, I do not want t
ot s 8 1}1’1 et 0 postulate the presence of a direct

Schuarz 1 think 1t s very difficult to differentiate between 1mntoxica
tron and the lack of an mmportant substance tn the organ, especially of
2 substance which 1s working catalytically If such a substance 15 lack
ing, then you will have, perhaps, an mtoxication of something which
1s not changed because 1t 1s lacking The most famous example of that
ts vetatmn B, and puse pyruvic acid

Best You mught have an enzyme system intoxicated by a poison and
the same enzyme system completely mactivated by the lack of a vital
factor It would be the same mechanism

Schwarz ‘That 1s what 1 wanted to say

Pagek From the remarks of Dr Gyorgy st seems that the old concept
of automntoxication 1s not so fanciful I wonder whether it would be
feasible to feed some animals a substance whech would inhtbit bactersal
flora, to see 1f this would influence the production of necrosts

Gyorgy In cooperation with Dr Joseph Stokes, Jr  we are studying
at present the imfluence of aureomycin, mamly as an intestnal ants
septtc, gtven by mouth, i a group of rats recerving the severely necro
genic ration contasning the Brtish yeast, compared with 2 control
group recewving the same deet without aureomycin The results will be
forthcoming during the next three months *

Best Dr Hoffbauer do you have any comments on this subject?

Hoffbaner What I have to say will not require much time At the
conference last January, Dr Best rassed the question as to whether or
not anyone had studied the porphyrin exceetion in antmals 1 which
dretary lver mjury was produced In our laboratory we have set about
to do that As one aspect we were anxious to study ammals in whom
masstve hepatic necrosts was produced Dr Gyorgy was kind enough
to show me how to set about this problem and provided me with a
supply of yeast from the United Yeast Company 1n Great Brtan
Since January we have observed the production of massive hepatic
nectosts 1n 14 of 22 rats which were started on the diet This occurred
within 35 to 80 days Other anmals which we have sacuficed at
intervals have not shown the lesion A few still remain alive Estima
wons of uowary and fecal coproporphynn have been carried out by
Dr Greenberg The estimations have been made at varymng 1ntervals

ble to predict the onset of massive

We had hoped that we mught be al
hepatic nch:osxs by an increase n the excretion of this pigment

coproporphyrin which can be readily recognized by its fluorescent
qualitres

* Added to the
effect on the

roof Aureomyan exerted a significant protective ot at least a delaying
evelopment of this type of hepatic necro o






Be that as 1t may, I do not wan
toxic substance 1);1 Jeast t to postulate the presence of a durect

Sehwarz 1 think 1t 15 very difficult to differentiate between ntoxica-
tion and the lack of an mmportant substance 1n the organ, especially of
a substance which s working catalytically If such a substance 15 lack
g, then you will have, perhaps, an intoxication of something which
15 not changed because 1t 1s lacking The most famous example of that
ts vitamnn B, and pure pyravic acid

Best You mught have an enzyme system intoxicated by a poison and
the same enzyme system completely activated by the lack of a vital
factor It would be the same mechantsm

Schwarz That 1s what [ wanted to say

Patek From the remarks of Dr Gyorgy it seems that the old concept
of autowntoxication 1s not so fanciful I wonder whether 1t would be
feastble to feed some ammals a substance which would inhibit bactenial
flora, to see 1f this would mfluence the production of necrosts

Gjyorgy In cooperation with Dr Joseph Stokes, Jr, we are studying
at present the influence of aureomyan, mamly as an intestinal ants
septic, gtven by mouth, 1n a group of rats receving the severely necro
genic ration contasnng the Brtish yeast, compared with a control
group, recetving the same dret without aureomycin The results will be
forthcommng during the next three months *

Best Dt Hoffbauer, do you have any comments on this subject?

Hoffbaner What 1 have to say will not require much time At the
conference last January, Dr Best ratsed the question as to whether or
not anyone had studied the porphyrin excretton in anmmals 1n which
duetary liver injury was produced In our laboratory we have set about
to do that As one aspect we were anxious to study ammals in whom
massive hepatic necrosis was produced Dr Gyorgy was kind enough
to show me how to set abont this problem and provided me with a
supply of yeast from the United Yeast Company in Great Brtan
Since January we have obsetved the production of massive hepatic
necrosis 1n 14 of 22 rats which were started on the dret This occurred
within 35 to 80 days Other animals which we have sacrificed at
\ntervals have not shown the leston A few still remam alive Estima
tions of urmary and fecal coproporphyrin have been carsied out by
Dr Greenberg The estimations have been made at varying ntervals
We had hoped that we mught be able to preduct the onset of massive
hepatic necrosts by an increase i the excretion of thts pigment
coproporphyrin which can be readily recognized by 1ts flnorescent
qualitres

t least a delaysng
* Added to the proof Aureomycin exerted a significant protective ot a
A ded 0 e decelopment of this wype of hepatic necrosis—P Gorsy
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Watson 1 thank that perhaps fus with the fact that you have not
seen any INCIEAse 10 potphysin St all even i the 48 hours befor€ death
If that lief had been apprecxab\y damaged, 1 think you would have
found some 10CTEASE 1t seems to M this must happen vety abruptly
1 think the elt bewng of the anmal and lack of wncrease of porphyra

s thal

Best ‘The et damage does ot kil the fat Something €lse MY
be achng quite mdependem\y

Watson 1 have asked Dr Hoffbauer 0 find out what the blood
sugar 15

Gyorgy Nobody has done 1t

Best Youare not gomng © be able to 4o t You have extensive Iver
damage obviously

Scbuarz 1 ught mention that it may pechaps be 2 very quichly
Jeveloping sntoxiCation 1 have been able to cransfer the cOM2 of the

d of the ammals that #&r° yust
gong 10 de 1 could make the mice de This was done with the
anmals of the casei? V1 growp and the yeast group 1 did not &Y
it wath the cod liver ot anumals becavse 1 cid not have a8 opportunity
1t 15 very, dfficult to g these ammals because MO ¢ them die 2
mght and the com? develops 5O quickly that you hav€ only to Of
hen the!

1 have tried to find lwvet damage before they died 1 falled them

after 0DE weeh, 0 weeks, and so o and 1 did not find any liver

Jamage ! 2id find the Yyver d2mage only whes the animals ®E5¢ gong

to die

Gyor8) “The last t#0 O three hours’

Schuarz That 18 qUite true

nd you correctly that plood from these

th, w88 fethal fot mce?

ook only he {ood 2 made 2 filtrate, 1 der\cnmz:d
the plood and m)ected this mtmpentonea\\y 1ato MICes very small mices
Armstrong What did YO use 38 2 protett yxccxpﬂnnt’

Schuarz 1 ‘xcpaxcd 1t by beattng 1 du everal other expemnems,
wsmg b beliere phosphotungsnc aad, by reprectpits’ 1ng it
phnhmgs!nc acid and BY ng with § fanc acd 1*
cleas N0 other agent was

Armstrong 1t seems 10 M€ a5 1heard thas discussio® that this questio



Map pa emmlscent of the uns.ztutntcd essentyyy fatey acids Atox,q, lant
Stor y
T shoy| uld fje 0 ask p, Gyorgy £ he has any cwdence ~ he
has togg Us aboy; the Iiyer . fsmles on tbc I D 2Animy g have
ematuu 22 Is €any Vidence of Unsagy Tated agyq de 5 ency >
8y Al hav saturatcd fatty , cids ey alf fecerve €xtra
ed acid

Sehivary umajs Noleate

Gjo, &Y Th, Wete ng 4, ! ch, €S, ng Iudney changcs, no g},
Changcs

Gol, ho, to agk p, Schy, Question, and o,
S Just Whap he Tefer, 0 whep he Speaks of €€ tppes Of liver
jury ou, b, Mary, Anslape thay te; [} morphology
Of age You spc.zlung Of some king of 5 [unctzona! livey m]ury’

Sehtvary ould g, Y diy CIents; €N thege threa

Pes of lver Yury Iustologz ly o, he c.zsem VI, yury, o Mora
Centra), the o €, the Yeast Npugy o mor N the peupbcry The Jeagp

15 Onnecteq With Ypica Chang s 1 .‘be ktd Y The kxdnc}s show,

'g!omem O0€phrog,s ¢ Whole Syndrq, S very Stnular”, s the
Fdrome Which Jou czp See 1n humgy, eclamps

e cod lve o} damage 15 d:stmguxshed by ps he.ﬂ'y fatey n
ﬁItrztmn Of the § > and ;¢ dtstnbuted homogcneously Over the
1eve one 1 2ble ¢ dlﬂ’crcnt 2 £ these e types

£ yoy Tet the € £0 o, does not the Periphar,y 80 ajj througb
the Iobu! e, anq the Centra] ¢ Yyou folloy, 1 doeg 1t nop become &enerap
s wellp

J’rlvumz You an sy i Crentiage et Fou Joq, over the l:vcr,
Fou Map see Severa) lobuIes Uuformy, ‘mly ‘avoly e bue th D you see Others
Where the degencmuon 15 be, Binny, Ng and 4 ther, U see ,, s be
gmnmg centrally or pcnphcrally

Begy th o, L‘houg tely of Vitamyy .
I Seerm, e (;urly obvmus € are gpy, oW to pply
of alphy buj, om sy, ans ) app; ntly Completa; e
of Vitam,, B, € our g, have b, fall of ths 1,

t may 3p; 1

Sehu 4 S 2 posszbdzty th Vitam,, 2 1nvo]ye,
Thay 0uld pyye A0other g, Whig) ohed all ¢he, € Ielationg
That Mighy R eXPlanat, ) p ) for g, diff, e
the 5oy, 8roups o Athors 4 15 S crud, asein_ ang the
Other 1 hugh, hich 5 free of 2

39



0! TH ROLE OF THE LIVER
gy N C‘RCULATORY HOMEOSTASXS‘ z

Shorr D1 Kausely has made 1t sbundantly lear from s studies O
o

the hver, W 1 he has just reporteds at the lat f the curcula
won in that organ 15 2 rects 4 extremel delicate process
ghmpse h £ the struct 4 function of tar bed

and the subtle changes which take place 10 the behaviof of the bloo
vessels Were not haphazar and that they were un oubtedly related
to the homeostatic regulatot of the many functions which this orgat

es
This concept of homeostasis has come 10 exert a M3P! nfluence 10

our thinkied about bodily Proces e stabihty ¢ the 10 cnal ent
qyronment & 4 through U acuon of ¢ or organ systems,
the kadneyss d the czpl\\axy sthout tracting It 1l
ropott” first tWO» the fin 1 homeostatic adyust

matntains & stable 10 nal varonme! for the HSSuess atmbutcd
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length the metarterioles give rise to precapillary sphincters At the
proximal end of the metasteriole these sphincters emerge at acute
angles These angles become progressively less acute distally Each
precapillary s surrounded by a well defined rng of smooth muscle
cells which acts as a very competent sphincter The precapilary sphinc
tess in tuce give fise to the true endothelial caprlares through which
flurd exchange takes place

‘The behavior of this architectural untt 1s characterized by periodic
caliber changes of the metartenioles and precapillaty spluncters This
antermuttent relaxation and constriction 15 termed  vasomotion  The
flurd exchange through the true caprllanes 15 profoundly mfluenced by
this vasomotion through its effects m altenng the ratio of hydrostatic
to osmotc pressute These muscular vessels of the capilary bed also
undergo fluctuations n their reactrvity which can be conventently meas
ured by thetr responstveness to the topical application of epinephnine

| m.@

Normal € rculot on Tschemse ¢ reulat o Mypereme ¢ rculotion
VIRV volerced) (VTN predom notea) ¥0M predom nates)

Fteure 1 Dugrsmmatic representation of alterations m blood flow through
capillary bed assocsated with predominance of VEM or VDM i the circulation
Note 1schemuc arculation during VEM predominance resulting from constec
tion of precapillary sphincters with restrictton of blood flow to mam thoroughfare
channel {the metarteriole) Note also the overall apillary arculation dating
VDM predomunance as a result of relaxation of precapillary sphinctets

L have dllustrated i Figure 1 the three typical states of the capillary
bed which result from alterations in vasomotion and reactivity under
the influence of the vasotropic substances VEM and VDM with which
we have been concerned In the normal state when netther predomunates
there 15 an mternuttent flow through the capillary bed resulting from
the opening up of now one and now another precapillary sphacter
There 15 a continuous flow through the metarterioles 1f, however
conditions ate set up which lead to mcreased vasomotron and increased
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sculat hyPeueactmty, this pietute 15 P:ofound\y altered Such 2
the hy erreactive phase of hemorthagic shoch 18

yndition 15 seen i
ssoctationt with the appeatancc n blood of the renal yasoexciton VEM
E Shotr, B w Zweifach, and R ¥ urchgotts Scrence 102, 4
1945 asomotion 15 mcteased and the constrictor phase of prer
capl\\ary sphmctenc actvity P e expense e diator
phase s a resul this ted plecayd\ary sphuncter’ constric
non, Blood flow through the & capilartes ¥ prof 1y reduceds
imajor porioR blood f metartertolaf ot
(homugh(a(e nels directly £10 he artersal Y e venous side 15,
howeveh the hepati vasodepresson , predo , as durng the
% porcacu stage O hock, V: tion 15 depressed, e vessels b
come hyP reactive e another P 15 seen 1h€ dilator phas
of the P ecapiitary asomotion: 15 B centuated the sphinctets ze-

ain cuelly sn the jaxed st e capt ed € hits a8
overall flov hich 15 1% hy trast to the sschemic state prev sously
descnbed

We at¢ now position 0 er the consequences of the
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These vasotropic principles which participate 1n the regulation of
capullary function comptise 2 vasoexcitor, VEM, which has its origm 1
the kidney and chiefly mn the corttcal portion, and a vasodepressor,
VDM, originating in liver, spleen and skeletal muscle The vascular
effects of VDM from these different tissues are indistinguishable These
principles are quantitated by therr effects in enhancing or depressing
the response of the termmal vascular bed of normal anesthetized rats
to toprcally applied epinephrine In this test, which was devised by
Zweifach and Chambers (B W Zwerfach, Methods m Medreal
Research, edited by V. R Potter, Year Book Publishers, Chicago, 1,
131 (1948)), the normal rat mesoappendix 15 extertorized and the
reactions of the vessels drectly visualized before and after the rjection
of a test sample

The conditions have been ascertamned for thetr formation s titro
and under certam arcumstances s 1210 In tstr0 expenments have
shown that both VEM and VDM are normally formed by their tissues
of origtn only under anaerobic condttions They fail to appear under
aerobic condrtrons Furthermore, under aerobic conditions normal liver
mactivates VDM and notmal kidney mactivates VEM

In addition to establishing therr tissues of origin and the condttions
under which these factors are formed and mactivated we have succeeded
mn 1solattng and identifying the liver vasodepressor VDM (A Mazur
and E Shorr, | Bro/ Chem 176 771 (1948)) Thus has been found
to be fertstin or apoferritin, the 1ron free mosety of ferrtm Ferritin
1s an interesting 1ron protemn complex first described by Laufberger
1937 and subsequently studied by Granick and Michaelts in relation
to its function in tron storage and transport It 1s a protem of a
molecular weight of about 450000 and exists m two forms re, with
and without ron The 1ron 1s not present as a porphyrin, but as ferric
hydroxtde The amount of tron 1s large constituting as much as 20%
of the molecule by wesght It 15 tightly bound within the molecule and
can only be removed by strong reducing agents Both crystalline ferritin
and apoferrittn have similar and equal vasodepressor effects Hence,
the vasodepressor actton would seem to be related to the protein moiety
rather than to the ron Profound vasodepressor effects are induced n
the test rat weighing 100 125 gms with esther substance m amounts
of 00005 gamma of mitrogen Purtfication of VEM has not proceeded
to the same extent Preparations have been obtamned which are active
1n the rat test m amounts of approximately 0 0004 gamma of mtrogen
It would appear to be a protein of relatively low molecular weight

We have followed the appearance of these principles m a vanety
of pathological circulatory states with results which I shall now

describe
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The st major curculstory disturbance which was studied tn relatian
o these bey ! factors %35 exp 1 b hagic and trau-
mate shock, Out studes were stumulated by the observation of Zweifach,
Chambers and theie associates, ustag vascular reactians of the exterior-
ued omentum and mesentery as an index, that the shock syndrome, n
snesthetized anumals subjected to prolonged } hagic hyp
procesds m w0 stages an mitual compensatoty and a subsequent
desompensatory stage (B W Zsesfach, R T ice, C Hyman, and
R Qumbers dnn Surg 120 232 {1944)) The il compensatary
phase was chatacterzed by a byperreactive condition of the termmal
'mlkm(:x{\.:x bed. Thus hyperreactvity 1s mamfested by an increase in the
meﬁ:;\‘t t:cgzxcttnorda‘;hmy dS\ammotlon) of the metartenioles and
s mnsmcthph;s}; 1;‘_ ;Jnss;;‘\;lhxdx xcsutl)l]s Erom the accentua
b of B B S den:n 3:1 hy e tonsequent restric
i atatensles e xy m}:mt ;)'n o the thoroughfate channels
o an active venous return of blood

s tssues despite a seduced blood volume The abils ? d
at fxctonly to transfusion seems to depend upon th mante respon(
4 tpe of peripherat vaseuts penid upon the maintenance of
plongaon of o t actiosty However, with the onset and
reion e s ’mczc astic hypotension, vascular changes gradually
et ‘im?mrc ateas visualized which are antagomistic to the
Shih umr?:u;gg: Etd‘i]:stmcms prevailing in the mitial stage and
PO stage thege ;:s . ¢ penpheral rcufanon Dunng the decom
tnty and 4 dowagn s ﬁ):‘(:{%lesswc seduction of cpmcphrmc JL 318
ioton 1 ﬂ!lbmﬂaxtmcl ly complete suspension of sponlanecus
tation of pecspiagy & ]cs and precapitlanies with a resuftant
B0y ey (h’:' Pugm'ls The predomunance of dewom
duersn of 1, o0d 1m0 d‘Pmp eraf curculation results i an nceeasing
Mﬁ“mn, e | m: pillary side channels fram which o 15
£ P () 9 Bie active asculation because of the 1educed
f““”‘“bped 2 ﬁ“ﬁ‘ thns decompensatory hyporeactn e phase hs
g 1 g te of sreversibibity ar Fadare respond to trans

d
n nqb]:mlngely;:;is furthet shown that bloud botne fact o> are
Wiy of wmspo::l? for these vascular episodes by the pasive

SPtabe of ng, effects to smilar vessel he mes»
o essels i the

sy ‘?mdms following the intravenous et of bliod
(R Chunrg v W evolution of the duh wndr me
ot e 2 gy D80 B E Lowenwew and R E 1o

e Biol & Med 56 197 (1944)})

5 teponsibe four Isboratory swece designed to explore the meeha
“Pefitmeny, shoir the oceurrence of these hume t1l poncples St
e g o g 204 o set wp propriate Gndinons D €440y
eellafyr Hactory 8% 11 Specfic tissues ag well us the epvie et Ths
“oncemed 1 thewr formation and mictvst
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h r
tion of 5 0% drastsc hypotenston Wi

e
thtoughout the res of the yndrome |, 15 under these onditiong o
0r¢ drasyye hypotcnszon that v, Slyke o al, Zneify et af
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obsetved 2 nise m blood unc aud, a constituent which 1s maintaed
at normal fevels 1n the blood by oxidative processes 1n the liver

Once VDM predominance and vasculac hyposeactvity have persisted
from 90 120 minutes the ammal becomes useversible to transfusion
The question acose as to the teason for the faduse of transfusions
suffictent to restore oxd: 4 at least temp ly within the
orgamsm ‘The explanation for this falure 15 believed to reside m the
progressive impurment of the mechanism by means of which the
notmal hiver oxidatively inactivates VDM Studies of the hiver, removed
at amntervals duting the p of the shock synd: showed
that the VDM mactnation mechamsm remained intact dunng the
hyperreattive or reversible stage However, duting the hyporeactive
stage there occurred a progeessive detesoraton to total loss of thus
hepatic mnactivation mechamsm (E. Shorr, B W Zwaifach, and
R'F Furchgott Ann Neu York Acad Sc 49 571 (1948)) As a
result, VDM could not be destroyed on the restoration of oxidative
conditions and ndeed VDM formation acraally took place under
aerobic condibons m 10 (R F Furchgott, B W Zweifach, and
E Shotr Federanon Pror 8 201 (1949)) rAn addn‘mna\ factor of

— . P Ve .

tn the VDM iactivation system could oot be restored This 15 shown
by the expensments of H A Frank A Seligman, and J Fine (J Clm
Imestigation 25 22 (1946)) who found that vwviperfusion of the
hver via the splanchnic vein was ieffective of the perfusions were
begun after the hyporeactive state had developed

Other expenments have been carried out wiuch have dicectly related
the Iner VDM mechamsms to the capacity of the anwnal to recover
from traumatic procedures Shack was produced 1n rats by means of the
Noble Collsp deum (E Shore B W Zwetfach and R F Furchgott,
Serence 1027 489 (1943) and E Shorr and B W Zwerfach unpub-
tished data) 650 rotations of the drum are lethal For about 85 of
normal ammals Hosever 1t 15 possible to build up resistance by trawn
mg Sublethal drummungs are piven and the number of ratations
progressively sncreased In 3 shorr time the rats are able to tolerate
1000 rotations without fatality Experiments were carried out on the
rver VDM mechansms m normal and tesstont rats There was a
stnking difference between the two proups the notmal rats formed
more Iner VDM dunng 500 1o 700 rotations than did the ressstant
ats after 800 revolutions Livers removed from normal rats after
drummung were less effective i VDM tnactvation than hvers removed
after drumming ressstant rats It was further found that the fivets
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Hepato-Renol Vasotropic Factors s Hemorrhagie Shock
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of the reststant rats weze able i most cases to tolerate a period of
anosia of 2 hours m trro and shill preserve the capacity to mactivate
VDM In contrast, Jivers from normal rats, hike Lwers from narmal
dogs and rabbuts, suffer profound deterroration of the VDM smactiva-
tion system after a siular periad of anonsa (Fig 3)

From these and othier cosrelative experiments a concept of shoch has
evalved which attrbutes a major sole to these vasoactive principles of
renal, hepatic, and skeletal muscle ongrs The 1l reachion to
hemoschage, or extravasation of bloed or furd into traumatized lumbs,
Jeads to a reduction 1 blood volume and to adaptive vasoconstriction
which mvolves splinchmic viscera as well as_peripheral hissues The
ceduction @ renat bload flow 15 profound and mutiates the formation
and release of VEM snto the cculation This factor leads to the
development of a specific hind of hyperseactivily 1 the tecaunal vascular
bed which serses to zestrict the flow the true capsllases, send the
bload through direct thoroughfare channels from the artenal to the
venous side and thus mamtan an effectne arculation w the face of
2 reduced blood sofume As long as VEM predommance and vascular
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hyperseactiwity prevail the ansmal 1s responsive to teansfusions Should
more drastic hypotension ensue, there 15 2 further restuction of blood
flow to the splanchmic viscera which leads to hepatic hypoxia VDM
formation and sts release wto the genesal arculation VDM now
overwhelms VEM whose further supply s shut off by the virtual
abolion of senal blood flow As a sesult of the action of VDM
hyperreactsvity 18 replaced by pesipheral vascular hyporeactvity of 2
decompensatary character The precapillary sphincters are relaxed there
15 an overall capiliary blood flow and a progressive diversion of the
teduced biood volume into an ever expanding capdlacy bed Through
the local action of VDM upon the vessels of the splanchnic viscera

total loss of the hepatic VDM mactwation mechanism As a result
€ temporaty of oxd: cond: by 15
weffective 0 liberating the vascular bed from the decompensatory
effects of VDM Transfusions exert only temporary beneficial effect
on blood pressute and then are lost from the effective circulation by
their sequestration 1 the splanchmic viscers The potental capacity
of these abdominal viscera to pool blood as a consequence ot a Jocal
action of VDM on thewr vascular bed 15 believed to be quantitatively
adequate to explamn the meffectiveness of bload replacement therapy
at this stage
From these studies on shock we then tuned to an explotation of the
possibility that the hepatorenal factors with which we are concerned
expenimental
120 (1948)
. Tr A Am
Physsctans 60 28 glf)-i'l)) We produced expertmental renal hyper
' T camp and assayed
thin 2 few munutes
was found mn the
renal vein blood and within a few hours in the penpheral arculation
Tt was observed to be present in blood thsoughout the peniod of acure
hypertension  but when the blood pressure leveled out at chronie
bypertensive values the blood reverted to a neutsal reaction At this
pomt 1t seened as 1f we were encountenng a situation simular to that
of remn which 15 present o measurable amounts m blood during the
ascute stage of tenal hypertension but becomes undetectable when the
chronic stage 15 reached However the development of procedures by
which VEM and VDM could be fractionated in muxtures soon showed
us that this was not the case {E Shorc and B W Zuesfach Federatron
Proc 8 146 (1949)) T shall describe these procedures briefly 1 have
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139 (1948)) These 1s first of all an tutial temporary merease 1n
reactivaty of the muscular vessels of the capillary bed as shown by an
increased sesponsiveness to topical epinephrine This hypetreactivity
1s confined to the acute stage and disappears when the chronic phase
1s reached There 15 a parallel temporary incsease 1n the sensttvity of
the mesenteric vessels to the tntravenous mjection of VEM There 1s
also a progresstve hyperplasiz of the capillary bed which reaches strk
ing dimensions We believe this lesion s sigmificant and a regular
accompaniment of hypertension i the rat (Fig 4)

Metabolic end Humoral Alterqtions in Hepato-Renal
Vasotropsc Tactors mn Renal Hypertension
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The relation of expenmental renal to essentral hypertension 1s still
controverstal It was therefore of interest to look for these same hepa
torenal factors 1 essential hypertension t man utilizing the fractiona.
tion procedures desceibed above This was done with results shich were
1dentical to those obtamned 1n our studies on renal hypertension 1n the
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dog (E Shorr and B W Zweifach, Tr A Am Physicians 61, 350
(1948)) VEM and VDM were regularly present m all the cases
studied The rattos were generally such as'to yield a neutral reaction
before fractionation but 1n a number of instances there was VEM
predomunance as w the dog Thss was most likely to occur m the more
severe and malignant group Three cases of hypertension due to
Cushing s syndrome yielded essentially the same findings These studies
were then extended to the hypertension of toxemia of pregnancy, the
bloods being fractionated during the peak of hypertenson (E Shote
and B W Zwexfach, Program, 22nd Scientific Sessions, American Hears
Assocration, page 7, June 1949) 1In all instances lagge amounts of VEM
and VDM were present, sometimes one, sometmes the other factor
predominating On the return to normotensive levels following delivery
both factors esther disappeared or were present in traces
Oppostumity was provided in a few mstances of essentral hypertension
to study not only perspheral blood but also blood taken directly by
catheters from the renal and hepatic veinrs The assays showed high con
centrations of VEM in renal, and high concentrations of VDM 10

TABLE 1
Bro Assay of Blood of Patients with Essential Hypertension

Dura Blood Renal Rat Test of Plasma

Patient ton Prey Impur | Retin | Cereb Un After
Sex Age Hyper sure ment opathy | Phenom | treated Kdney
Incub

¥s mmHg 10—3+(0—4+ mm mm
Mi{f) 52 > 172/9* 0 0 o Neutral | tr VDM
ET{f) 25 2 180/110 { ¢ [ H | Neutral | VDM 31
RP{f) 26 b 1827110 o =+ HD |t VEM { VDMt
AP(E) 49| 11%% | 250/135 1+ 1+ O | Neatnal | VDM 29
RC{m) 45 7 172/104 ] 24 H Neutzal | VDM 24
EM(f) 37 3 30/130 [ 24 | HD | tr VEM | VDM 36
EA(m)}39 G 190/170 14 24 [} Neutra | VDM 21
CT(f) 41 5t 2°0/135 1+ 2+ [HDEn| Neutral | VDM 33
o n| ag w3 g AR

#+ Cush ngs Syndrome with mafignant adrenal cortical tumor
# g‘x’xeur)%m oFL semal artery #% 3 months after L. nephrectomy

rtension Bio assays
TasLE I Vasotropic content 1o mild to moderate essentual hype
carned out on pegxpheral blood before 2ad after aeroluc incubanion with Mf)"'::x‘
Judney slices for one hour at 37 5° C to mactivate VEM and uamash VI

H = headache D — duzness En = encephalopathy
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hepatic VeIt plood the mixed pcuyhem\ Bloods beind esther ned ral
or having $0m¢ VEM predommance se findings would supEest
that at least with respect t© these spectfic defects 10 e VEM an
VDM mechamsms thete 15 1O dufference petween cxpenmmln\ senal
and essentitl hypertensioh n man (Tables 1and

TABLE 1
ats Wil Esseotial Hypertension

| Rat Test &0

at Test of Plasmd
ter

Reun | G
opathy |Pheno® Kadney
Tacsb

ma

VDM 30
VDM 30
VDM 26
VDM 2L

vDM 21
VDM 32

VDM 19
VDM 27

Neutral
Neutsal
Nevteal
u VEM

e VEM
Neuteal

u« VEM
VEM 21
VEM 2L

* Plasma sncubsted 18 93% 0y5¢% €O put without & dney BAVE same feacton @8 un
treated plasmE

ae Un laterad sympathectom™ asr Blateral sympathectomy

Tasee 1E Vasotropic content 10 moderate 10 severe essential hypestension
e aseays carued o0t I penphersl Olood before and sfter serobic tncubation
with nosmal adoey stees for one bour at 375° C to mackivate VEM and
unmask VD! H = headache s = cetebral accadent D= dizziness
En = en::phllupllhy

Fremont Smuth What capiilary beds have yoU studied?
Shorr Only the mesentery and omentu™
Fremont Suauth Do you know whether the hypcxphsm 15 g:nerahzcd
and found in the skin and other parts of the bod >
Shorr We donot Ttisd wery seoking pictsse and once ®€ began tO

e found when the mesa;\ppendlx was exposed
for testng purposes that occastonal 1S showed the same type of

asa of the wascular bed of the mesenter Several of
these anumals et saved and subsequently had blood pressure measure
(ments taben % them They “€F¢ found to have spontaneous hyperten
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heare disease (R Mokotoﬂ', Dy Escher I clman,] 10ssman,

Letter E Weston Bw Znez[ach and g Shorr, g, e
lo

8 112 ( 1949)) 1, these Patiengs Mixed Peliphery §, S as welf 45
bloods Obtamed g, ca terizapop, of the Tenal ang hepape veins wero
studied £, ther Content o, €Patorena) fay 8al funcyon Studzes
acluding measurements of the 8 tenssop of the attersa] anq
Yenous blgoqg 1 S¢ organs OWed ¢hy, e OXF2en tenginn
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YDM 1 the hepati¢ veit blood, the muxed penyhem\ blood gVInB
either 2 neutsal reactton 0t 3 shight pxedommmcc of one OF the othet

factor 1t ™ ppe that 10 CODB suve fail e reduced
oxygen ten P 1ng 10 these 0153 to mtiate forma
\on of the hepatoxena\ puncnp\ s Direct evidence 1n SUP) 1t of th1s
inference 3 P 4 by nor 1 subjects who were D thung a meAUEe
1n which the xygen tens W duced to 1050 bout
unute h here, £M appear he renal vEno! s blood
The implicaty s bservations for the hemody £ conges
tve heatt farlure await danficatio 1 11 accepted that there
s an ncrease P cal tesistanc gestive fail 1t 15 also
establishe the fltraton fraction 15 ¥ ceased, Mot trkely due 10
an 16Cr 4 constriction e efferent 2 enoles of the g\ome(u\us
s sult 2 @ et culation ther the accurnulabion ©
VEM witnt the hudney maY sesponsible for this 1NCEAS efferent
atenolat gesistance £ interest that one €& 1y VIM

whi
was not present i the renal venous Blood had no increased filtration

fraction owever, for the yresenl the role of VEM asculat pehar10t
within the Yidney MV 1n conjectut
Turnng 0O the asp ¢ our studies which are of pamcu\ar

interest t0 this groY! 1shall descibe OUT findings 25 10 the involvement

ysm for nactvating VDM uodel aerobic condiuons 1itro Was
reputarly and St aificantly mpared 1t s this defect which 18 believed
to be xesponsxb\e fot the continuous roduction of VDM by the lvers
of these arrhotic 1218 he hdneys addion Wer€ found to have
qustaned 2 very serous desangement of the VEM mechanism 3% a
result of hich they were unable © form VEM 10 utrogen OF formed
1t in very qivtal amounts “Thus the bepati€ and renal defects relating
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compensatory effects of VEM and through the presenc® of defects 1
k¢ 0!

the hepati€ mechant ar com?amb\e those believe
to be 1eSpY! ble for the hyporeactive state omes
screversiie 0 ansfusion

Two othet aspects of cirthosts (may als0 be snvolved wth these de
xangcmenls, namely, antidiurests and edema fosmation Both have been
under active nvestigationt m out 1aboratofy These exyeumems have

n
When this oCeurs, and Preupmns for fessttin appeat 10 the blood stream,
the antidioretic effect of ferntin £ails to OBt (¥1g 5)

RobbivNO ]
W 289K

an)

omne (M /s

votume of

o0}
et S
“Ferriun Y54

WY
Time n TIAUEES
Anu durete Tifect of Horse spleen Fermtin




Studies ate 1n progress destgned to clarify the manner in which thys
anttduurests 1s achieved Three dogs with stalk resection have developed
diabetes msipidus These anumals which had previously given an ants
diuretic response to homologous ferrtin failed to do so after the de
velopment of diabetes wnstprdus It ts our tentative conclusion that
VDM (ferritin) exerts its antidiretic effect by stunulating the postersor
pituttary to discharge its antdruretic prmarple

Fremont Smith There was no febule response?

Shorr ‘There was no febrile response and no change m blood pressure
during the experiment

Hanger What 1s the source of the ferntin you use 1 the immunsza
tron experiments?

Shorr Horse spleen ferntin which 1s injected mnto the rabbit We get
good precipitin reactions mn blood with these heterologous ferrtins
whereas we do not get antibody formation with homologous fertiting

Best What 1s the nature of the proten n ferritin?

Shorr ‘There 1s nothing particularly charactenstic of the amino acid
compositton of fersitin We have done amino acid analyses and bave
accounted for about 98 percent of the nitrogen without striking any
thing peculiar except 10 one respect As compared with other proteins
which are combined with iron the sron 1 ferntin 1s tightly bound to
the protemn The tron also appears to be contained withwn the structure
of the molecule mn such a way that 1t exerts no surface charge Apofer
ntin has also been analyzed and there are no signtficant differences
from ferritin 10 1ts compositon as regards amino acid content

Warson Is 1t known whether 1t 1s similar to the wronbound globulin
1 the arculation?

Shorr 1t 15 quite different The 1ron 1 the sronbound globulin of
the blood 15 readtly split off whereas the 1ron 1s tightly bound within
the ferntin molecule and can only be split off by powerful reducing
agents

It was now of interest to see whether the findings 1n human cases
with antidurests and edema were compatible with the concept that an
accumulation of fernitin m the blood as 2 consequence of hepatic VDM

1 ts might be tesponsible for these dwrettc pt
n man To this end bro assays were carrted out on blood from patients
with crrhosts and antidmresss 2nd on subjects with nephrosis or n
the nephrotic stage of chronic glomerulonephritis (E Shorr B W
Zweifach A Mazur and M A Payne unpublished datz) In many
of these patients edema fluid was also analyzed The bloods and edema
furds wese fractionated 1n the manner previously described for assaying
VEM and VDM when they are present m mixtures (To' 1&IV)
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mantal £ad mne maca ne fnllam e Al e hyecrs with edema and
VDM mn the arcula
VEBM was present m
the blood or edema fluid In several patients with curhosss but without
asates ot antidirens, VDM was absent or present only in traces
Oppottunity was provided to study one case of nephrosis at the height
of her edema, du(m‘g tx’ea'.mcm thh miravEn’ous sen,;m albumin which

R .
content of the blood agamn rose to 1ts orsginal levels ‘These observations
ate at feast compatible sith the concept that antidisresss and edema,
sn a vasety of clinical conditsons inciuding cirrhoss, may stem from
hepatic defects in VDM mechanisms a5 a result of which VDM ac
curnulates in the blood and stimulates thie postenior ptwitary to a dis
charge of antidwretic factors There would appear to be pasalfel
derangements of the VEM mechamisms 25 2 tesuit of which they are
unable to oppose the antidiretic action of VDM Thus fatter inference
must be tegarded as congectural for the moment and a matter for future
vestigation

4 lonesh

In cases of gl
there any hypestension?

Shorr There was mld hypertension, 140/90 1n one case, 160/98 1
another However, don t you think that the hypertension in glomerulone
phritss 15 generally ascubed to anatomucal changes in the renal blood
vessels which mcrease penpheral resistance?

We are now i a posthion to summarize the present status of these
snvestigations as to the role of these kiver and kidney puncples i arce
fatory | We have established the ¢ under which
the metabolism of VEM and VDM ss tegulated under nommal conds
tions We have found that their metabolism 15 deranged in a vanery of
arcut distutbances such as | hagic an shock,
essential and expermental renal hypertension nutntional and human
cerhosts and o a vanety of states associated with antditess The
focus of action of these vasottopsc prnciples has been shown to be the
termenal vascular bed They exert oppostte effects on the behavior of
the metartertales and precapitlary sphuncters These effects consist m
alterations m vasomohion and reactwvity of these muscular units of the
capiliary bed These alterations have a profound influence on the flow
through the true capittary bed and on the exchange of finyd which takes

which you studied was
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place between the blood withn the capillary vessels, and the trssue
fluids ‘The preponderance of the vasoexcitor, VEM, makes for capillary
1schemia and inward filtration VDM preponderance on the other hand
makes for overall capillary flow and outward filtration Unless com
pensatory vascular adjustments took place m the vascular bed central
to the capillaries, VEM predomunance would cause tissue dehydration
and VDM predomunance edema These principles therefore would
appear to constitute a new homeostatic mechanism for the regulatton
of the petipheral cicculatton They would appear to constitute a majot
element in the homeostatc forces whose end 1s the preservation of the
stability of the internal environment In a variety of arculatory disturb
ances, these vasottopic systems undergo specific derangements of such
character as to suggest that they are related to 2 number of phenomena
characteristic of these circulatory states Several environmental factors
have been shown to lead to derang 1 these hep 1 mecha
nisms Those already studied are reduced oxygen tension, low protemn
intake and adrenal cortical hormones Low protern diets mmpair the
integrity of both the renal and hepatic vasotropic systems The adrenal
cortex 15 necessary for the integnty of the renal VEM mechanism
' i-- = * “ th hepatic and renal systems

» be concerned not only with
also with the renal excretory
" 1 established 1n amimals and
appear to be medated through the posterior pitutary The possibility
has been advanced tnat oliguric phenomena 1n human disease may be
due to derangements m‘the V'DM and VF;M mec‘hamsm’snas a‘rcsult

d that much remains to be done betore 2 Causdl rejarion
tablished ‘These principles act m a chronic and subtle
fferent from other vasoactive substances such as rentn
hose effects on blood pressure are more acute

you know Truetas work and what do you thik

It 15 appreciate
ship can be es
manner quite di
and angrotoa V!

Markountz Do

about 1t? .
Shorr 1 have red” ~graph of % G hus assoctates and
spent a whole even [ 3s and cons of the
T}ﬁ;ta mechanism uth the 7 svwai0n The pros
seem to have de this postulated
mechanism The €€ relev 1 mechamsm,
roblem of m evtdence

«+ was the © extraction

N ais and

extreme



mar Thus we have an anatomical pattern for which no functional
corollary has as yet been demonstrated at Jeast to the sansfaction of
mast of the workers 1n the field of renal physiology

Markoustz He gave evidence 1n tus book which he published with
Barclay, Frankhin and Pritchard It seemed a very convincing story 1
spent a day at Oxford watching the work gomng on and st was very
opressive

Shorr 1 think the present difficulty 15 determinng gs role mn renal
function Even in severe expenmental shock, with reductions in blood
fow down to 3 of the normal, Van Slyke showed a6 change whatso-
ever 1n the PAH extraction ratio

Hanger Could 1 ask you your opiion 25 10 the mechanism of ascites
1 arthosis? Do you thunk 1t 15 due to an alteration of the capatlanes
of the pentoneum which disturbs the reabsorption of fnd, ot do you
think 1t 15 all an antidwrebic effect?

Shorr {am inclined to favor the participation of posttwve antidiuretic
factors as basic to the water retention with the focalization of fnd
within the pentoneal cavity as a result of Jocal factors such as tra
hepatic resistance to portal blood flaw But this latter effect we would
regard as subordinate to the factars influencing the rensl excretion of
fluid and salt Thete s also the possiality that the decomp Y
effects of the chrontc predominance of VDM on the capiliary blood
flow would by favonng the hydrostatic pressute over the osmotic also
contribute to the formation of tissue edema.

Hanger That 1s what I wanted to know

Shorr Thete 15 also some evidence which we hope to supplement by
more experments that the hypervolemua of auethosts and mfectious
hepahtis may be related to VDM predomnante i biood Through the

Znesfach and £ Shorr unpublished data) One 15 tempted to interpret
thus stuation as follows for some unknown reason the granulosa tumor
affects the hepatic VDM mecharusm and leads to VDM formation As
the VDM accumulates i the blood steeam it progressively opens up the
capidiary bed In order to fill the capilfary bed and prevent airculstory
collapse, there 15 2 parallel increase in the blood volume This very
mntesesting aspect of our studies needs amplification and we hope to
teport to you mote fully at subsequent meetings of this group
Fremont Smith Have you any evidence that VDM could still have
an antidmretsc effect, of 1t were mashed by equivalent amounts of VEM?
Shorr We suspect that 1 the presence of equivalent amounts of
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Xilér ?),fDlﬁeXi‘:el:d 1:21‘1,:{‘:)0 antl:imretlc ;]ﬂect Ths 15 at present a
Do o < ur pattents with both VEM and VDM 1n

no delay mn excreting the water load When we have
obtarned VEM n sufficiently pure form we shall carcy out direct expert
ments beating on this pont

Fremont Smuth Did you have one case of mild hypertenston in the
nephrotic group? This one case with a blood pressure 140,90 did not
seem to fit in that 1t had antidinzesss with both VEM and VDM m
the blood

Shorr “Thete were 2 patsents with glomerulonephuibis and muld hyper
:c;gslz&n But there was no VEM present 1 either patsents blood only

Fremont Smuth Is VEM not present 1n the hypertension of glomeru
lonephntis?

Shorr We cannot say very much about glomerulonephnitis We have
studied 2 few severe cases 1n uremia but their bloods were so toxic for
our animals that we could not assay them Thes same toxic effect 15 also
exerted by blood from animals m the terminal stages of malignant
renal hypertension

Fremont Smuth What about eclampsia? Is that the same?

Shorr In our eclamptic cases whenever the bloods proved toxic we
were able to assay them after dilution with salme

Frentont Smath With what results?

Shorr Both VEM and VDM wete regularly present sometimes one
sometsmes the other predomunating at the peak of the hypertension
before deltvery As I described above with the fall in blood pressure
after delivery these factors disappeared or were present 1n only trace
amounts

Hoffbaner How potent 15 ferrtin as an antidwretic? Might this test
be used 1 the place of the rat mesoappendix assay for VDM?

Shorr ‘The rat test will detect ferritin 1 amounts of 0 0005 micto
grams of mitrogen To obtamn an antiduretic effect we must nject
200 300 micrograms/kg Hence the antidmretic test could not possibly
be used for the assay of VDM in blood because the amounts present i
the body fluids are more on the order of 0001 mucrograms/cc

Watson s ferrttin plentiful enough so that you mught propose to try
1t out on the human subject?

Shore We are accumulating a stock pile of crystalline human ferntin

for just such putposes
y could not use the antiserum for treatment of

Gyorgy You probabl
humin ﬁlsease because the supply might be quite limuted
Shorr Wee hope that with the help of our friends we will eventually
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accumulate enough ferntin to produce enough anttferntin serum for
human use We have already begun expeniments with antiferritin serum
m ammals but st 15 too early to speak about that

Watson ‘There 15 no evidence of ferntin or apoferntin 10 unne 1
there?

Shorr Dr Mazur bas accumulated some evidence that small amounts
of fernitm, of the order of 10 to 15 micrograms of ferntin N per 24
hours may be excreted by the human subject This amount of fermtn
ts much too small to account for the antidiretic effects obtaned with
urine concentrates m circhosis by Rallt et al (E P Rall, J S Robson,
D Clatke, and C L Hoagland | Clinr Investigation 24, 316 (1945))
and other workers

Fremont Smath You don t think that ferntin 1s antdisetic by vistue
of 1ts actton on the kidney stself but through the release of antiduaretic
factors from the postetiot pitwtary

Shosr That s our present view I can t say as yet that it has no direct
action on the kidney but our sesults so fat suggest that its oligunc
effects are mediated through the anterior pitwitary

Markowitz Do these dogs have polyuna?

Shorr Yes

Markowstz What was done?

Shorr A sesection of the stalk

Markowstz You coutd still get drurests

Shosr Four ammals were operated upon One by Dr Kendrnck Hare
and three by Dr Sidvio Baez of our laboratory All four had the
polyurta which 15 usually described to follow this procedure

Markoustz How rauch diuresis dd you get?

Sherr On the third or fourth day after operation, diutesis was very
marked—up to 23 lutess per 24 hours The polyuna was gradually
reduced and after a month or so was about 1 liter per 24 hours This
«s from 2 to 3 tumes the usual unnary ontput of the dog

Markowytz 1 have not been able to do 1t 11 have to try agam

Shorr We were greatly helped by the advice of Dr Kendnck Hare
who has been catrying out these procedures for many years

Markonssz 1have often wondeted why a hypophysectomuzed dog did
not have diabetes msipidus

Sy Duiretes axsipedes daes mot fallow toted bypoply sectomy Yo
have to leave 1n the antenior labe

Markonstz That explans the whale thing T am sorey T was not clear
about that i my mmdP
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SECTION Vv
THE METABOLIC BEHAVIOR OF THE EVISCERATE RAT

Ingle Gentlemen, my nterest 1 the eviscerate at 15 concerned waith
tno general problems First, what metabolic adjustments can this
prepafation carry out? Second, what factors influence the survival of the
eviscetate ammal? I think that this latter problem 1s one of the most
challenging m physiology

We have adequate replacement therapy for wital orgaas such as the
pancreas, the adrenal cortex and the anteror prtustary, whereas the
heart, lungs, and bram ate essential for obvious reasons The liverless
animal does not survive for very long and the causes of death have not
been determumed Could we prolong the survival of the eviscerate tat
by improved intravenous feeding and would st be possible to extract
anything from liver atself which would prolong survival®

I started this work at the Mayo Institute twelve years ago You may
well guess that my iterest 1n liver was stimulated by Drs Mann and
Bollman My begintung studies tnvolved certain difficulties In order
to keep the ammals Lving I had to wmyect them frequently with glucose
and 1 order to determine survival I had to either spend the night in
the laboratory or carry the ansmals back and forth between the laboratory
and my home My friends i the lab hibited pathetic
amusement and the members of my family were neither sympathetic
nor amused I dreamed of 2 time when I could have nstrumentation
which would permut us to feed the animals by contiuons mtravenous
injection and’ to record the time of death through the automatic
measutement of some physical change

If 1 may have the first slide, we will skip a number of years up to
the tme when I acquired such a device (Figure 1) These are six
evtscerate rats enclosed 1 a box with temperatuse constant at 26 5205

Centigrade The amimals are fed mtravenously by constant infusion

We determine the time of death by amphfymg the DC potentisl
' v achvates a relay switch which i tamn

16 Micromax secorder The Micromax
s rats We can record accurately the

time that the heart stops beating within stx minutes
Now for a little more detail about this procedure We anesthietize
the ammals with cyclopal, which 15 a sapidly aching barbrturate Intact
rats zecover rapidly from thns anesthetic but the lverless rat does not
recover from any kind of barbitunic anesthesia, although 1t does recover
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FIGURF 1

from ether The arumals are placed on their backs upon a hittle table
above a funnel and a collectron flask so that e can recover the unine
The continuous wjection machine was designed and built tn our shops
Tt handles stx syninges and its blocks w1l accommodate any size sytinge
from a 1cc to a 50cc capaaity Syninges which will delsver therr volume
with the standard strohe of 65 mm must be ordered to 2 speaified
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diameter The machune has several different speeds 5o that the volume
which can be delivered per unyt time can be vaned over a wide range
In all of the expertments to be described we have used 2 standard rate
of deltvery, 20cc per 24 hours “The solutions all contan 09 percent
sodwm chlonide with and without mnsulin and with varsous glucose
loads Body weight was constant at 250 grams

(Slide Table I) We have recently completed a study of the blood
changes in these animals after 48 hours of infusion, a time at which
they are approaching death The glucose load was 44 mgms of glucose
per 100 grams of rat per hour (44/100/h) and the ssulin dose was
4 units of regular nsulin (Lilly) per 24 hours per rat I have Lsted
here some of the most stuking changes that we have seen There are
other changes which may be mmportant although less striking The
prothrombin time 15 short at the beginning of the experiment but after
48 houts the biood will not clot at all At the time of death there are
many diffuse hemorthages which almost always savolve the bladder,
frequently the kidneys and occasionally the Iungs I have even seen
hemorthages 1 the bramm The white cell count 15 markedly reduced
This may be related to the fact that these ammals are non resistaat to
infectton Dr Armstrong mentioned yesterday that the rat is highly
resistant to nfection Thys 1s true of the normal rat but not of the Iiver
Jess rat Withm 24 hours the blood the body cavitres and even the
bone martow are heavily charged with bacterra and we have not yet
been fully successful 1n our attempts to preserve asepsis 1o our opera
tions We can reduce the bactenial growth per umit time m all our
anmals and can carty some of them through the expersment without
any bactertal infecton ‘The extent of infection 15 certamly a factor
which nfluences the time of survival

TABLE I
Some changes 1a the blood of eviscerate rats
Imitial 43 Hours
Prothrombin Tume 15 Infinite  (Seconds)
White Cell Count 1né 28 (Thousands/CMM)
Total Plasma Protein 58 33 (GMS/100/CC)
Bilirubin o¢ 44 (MGMS/100/CC)
€O, Combimung Power 625 350 (Volumes/100/CC)

Shorr Have you ever used pentcittin? 1 certant
Ingle No After the experience of Dr Mackowitz we will cettainly
try ':ﬁat The plasma pr:kzm 15 reduced This may be related to xl};c
development of ascites 1n the eviscerate rat Some of them wirtually
drown 1 therr own flurd since the chest cavity fills so completely that
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respiration may be wmpossible 1f the flud 15 drained from the chest
the ammal may sutvive for a few hours Tonger but will eventually die
for other reasons ‘We have tnfused the rats with collods (gelatia) m
an effort to keep up the osmotic actity of the blood but 1t has not
affected survival Gelalin seems to escape rapidly from the blood

“There 15 no measurable amount of bilitubin 1n notmal rat blood but
following evisceration the animal becomes severely janndiced There
15 a defintte tendency to develop acidosts following evisceration

Hanger Did you study blood platelets? To my knowledge no one
ever studied blood platelets 1 eviscerated aumals Do your smeats
gve you any tndscation of a change?

Ingle Miss Prestrud has catned out the hematological studies of
our eviscerate rats Although platefet counts have not been doae, 1t 15
het smpression that the number of platelets were greatly reduced follow-
ing evisceration Until a more precise study has been carned out it will
nat be possible to reach a concluston regarding platelets

Armstrong Can you ndicate on thus shide where the plasma proten
disappears? That seems to be faster than one would expect t from the
sotope studies of tts disntegration

Ingle The flmd which accumulates 1n the body cavitses contains
sigmificant atnounts of protein It seems probable that it has come from
the biood

‘The other day at Detrott, Dr Roberts discussed changes i plasma
protens in the eviscerate rat and sad that they did not find plasma
protens in the fd which they recovered from the body cavities bur
thewr experiments were termmated within 24 hours as compated to 48
hours mn our stuihcs Dr Roberts :mtc‘d that the albumin oi the blooé
PO I v, T e .

the presence of fibnn did show that there was 2 more rapid Joss of
atbumin than of globulm i vur eviscerate rats and that our data are
agreement with the data of Roberts although the expenmental conds
tions were rather different Our animals were infused with glucose and
wsuln and the anrmals of Robetts were not

Fremont Smth Hos much waight do the anymals gain?

Ingle About 10 grams on the average

Knsely Pethaps everyone else kaows, but would you mind desctib-
tng the surgicdl operation done on ¥he animal i evssceration, how
you do 1t, what do you take cut?

Ingle We remove the liver and the entire gut leaving only the lidneys
and the adrenals and 1n some expeniments we remove them alsa Tt 1s
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2 two stage operation The fisst stage involves fotal ligation of the
vena cava between the liver and Lidneys so that the ammal builds up
a collateral cireulation The second stage of actual evisceratton 1s carned
out two or three weeks later

To come back to the question of the mussing plasma proten, Dr
Roberts thinks that 1t may be used by the kidney for renal gluconeogene
sis This must be considered

Shorr Do you know whether the lactic acid content of the blood or
tissues rises?

Ingle We have not determuned that recently I think that Dr Bollman
remembers the few expenments that we did when I was with him 2
number of years ago As I remember, there was no ncrease 1n the lactic
aad of blood and muscle within the first few hours As a matter of fact,
the increase in lactic acid which follows the stimulation of muscle 1s
not sustamned The animal has the ability to utilize lactic acid 1 the
absence of the liver Would you agree to that Dr Bollman?

Bollman That 1s essentially what we have found in the eviscerated
as well as i the hepatectomized rat and in the eviscerated dog Im
mediately after operation there 1s a nise i the lactate content of the
blood and also of the muscle This rise s related to the anesthesta and
surgery as 1t 1s sumlar to that found m sham operated animals On
recovery from the operation the lactate levels of blood and muscle
return to normal 1n the sham operated animals but i the eviscerate or
liverless ammals the level may decrease but does not return to normal
levels There 1s usually a termmal rise of lactate which 1s of larger
magnitude With exercise or muscle stimulation there 15 the expected
ncrease m the lactate content of the muscle and blood and with rest
or continuing muscular activity there 15 a disappearance of the lactate
as occurs 1n the normal animal The level n the muscle and blood of
the eviscerate animal returns to its pre exercise level which s higher
than that of the mtact ammal Large amount of injected lactate will
also disappear from the blood of the eviscerate animal There seems
to be no real mparrment of the anunal s ability to metabolize lactate

Shorr 1 was thinking i terms of the long expersment in which the
arculatory phenomenon mught be the imiting factor rather than the
abulity to oxidize m the presence ot store 1 the presence of msulm and
glucose If you have a hauting factor 1 terms of the oxygen supply to
the tissues 1n the course of the detertoration of the animal you might
get a lacte acsd agamn I know Soskn, for example, evxscc‘;ancm
expeniments, got back lactic acd ‘The values rose at a very extraordmaty
rate, 1f you remember

Bollman You ate quite tight As the animal fails 1n the shock ka;
conditions with low blood pressure and blood volume there 15 a marke
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se n the factic aaid content of the blood and muscles This has Litle
1o do with the liver but 15 more related to the relatve anaerobosts of
the tissues Of course 1f the blood could be aisculated through a normal
{iver most of the Jactate would be removed but the inpasment of
arculation and not the absence of the liver 15 the cause of the increased
tactic aad

Fremont Smith Do you know what happens to the blood volume?
Does the blood volume stay about the same?

Ingle We do not have any samsfactory measurements of blood
volume The hematoctit does not change and the red cell count does
not change but 1t 15 possible that there ts a sigmificant shaft in the
volume of arculating blood

Fremont Smt}  What would you say 15 the blood volume of these
amumals normally or after you eviscerated them? Would it be 1516
cubic centitmeters®

Ingle We are able to tecover 6 to 8 cc from these ammals at the
end of 24 houss which 15 pot as good a recovery as jou can get
2 normal aatmal

Goldblatt What wetght?

Ingle 250 to 260 grams

Shorr That would be 15 to 16 cubic centimeters

Frewiont Smsth What I was trying to get at 15 that the animal gained
7 grams 1n weight or 7 cc of water and with the biood volume which
you anticipate 1t seems to me that the gan m weight 15 enough to
dilute your plasma by this much assumung thar you leak whole plasma
out into the plearal cavity and other tissues I think one conld probably
make at feast a guess that if thete 15 a gross permeability change and
leakage of whole plasma and sf the hematocnt does not change {te
blood volume rematns about the same after the opcrmor? then the
retention of fimd m the ammal as measured by the gamn of weght of
7 grams would be enough to account for the dilution of the plasma
protenns

Ingle Yes That ts a reasonable possibility

Shorr How much have you lost 1n the body cawities>

Ingle We bave not measured that

Shore Can that be $ or G cubic cennmeters?

Ingle 1t cught be

Shorr o that might reduce the blood volume

Tremont Sruyf But they have ganed 7 cc of water which would
be enough to restore the bicod volume to s onginal fevel But whole
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degrees the survival t
& %G e erswva 1me 1s decreased below the optimal values obtaned
Skotr Fhat happens to be the te
mperature that Dr Simms, wh
domg long time aging studtes on for the
rats, has ch
maintenance of the rat, 78 degrees 0% 5 optimal for the
Ingle (Slide, Table 1) Tem
2 perature has a marked effect upon th
glucose requirement of the eviscerate rat At 26 degrees C the gl)ucos:
refquuement ovet 4 3 hour pertod followmg evisceration 15 64 mgms
oh glucose per 100 grams of rat per hour (64/100/h), but ncreasing
the temperature to 38 degrees C “brings the glucose requitement up to
150/100/h We have explored this temperature range thoroughly and
a change of even 1 degree C will make a measurable difference 11 the
glucose load which the antmal can tolerate

TABLE I
The effect of temperature upon the tolerance of the eviscerate rat for glucose

Glucose Requirement
for a3 hous period

Degrees C mgms/100/h
26 64
38 150

Gyorgy How 1s this glucose measured?

Ingle We determume the glucose Joad which sustains the blood
glucose at its instial level of approximately 100 mgms percent We
had not worked at this problem very long before I began to brng 1
one of my other major mtetests, that of the adrenal cortical hormones
Our thinking about the nature of adrenal hormone action has become
rather nigidly channelized and the texthook story would explan adrenal
cortex phystology 1 terms of salt and water balance and 1n terms of
hepatic gluconeogenests from proten The story of the relationship of
the adrenal cortex to organtc metabolism 15 something like this there
15 an ncrease wn the need for the cortical hormones during any type of
stress and the gland responds with an mcrease i its secretory actwvity
The sncreased ontput of the hormones stmulates gluconeogenests from
protein m the liver thereby providing the extra catbobydrate enesgy
needed to meet the mcreased requrement for carbohydrate energy
during stress The liver 15 considered to be the site of ‘action of the
cortical hormones 1 doubt that any of the active investigators 1n the
adrenal field would subscribe ta such a simple story which does, never
theless, appear s textbooks and i the classroom We set about to
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determune whether adrent

1 the absence of the | s SlOWING
that the 11 17 oxygena pounus of the adrenal cortex are dia
betogentc even 1 normal rats and can cause the pouring out of much
farger amouats of glucose than could possibly be acconnted for in terms
of pluconeogenesss from protesn It seemed necessary from our data
and from that of other mvestigators to conclude that the cortical hor
mones must affect some phase of carbohydrate utihization 3 ~

the teem  utilization 1 2 henod «

1
\v uc cigure 2) We studied the effect of adrenal cortex extract
upon the glucose tolerance of the evtscerate rat over a 24 hour period
The glucose requurement of the rat falls ducing the first several houss
following eviscesation so that a glucose load of 4/100/h 1s sufficient to
sustamn a normal level of blood glucose by 24 hours When » ln s
added the glucose requrement « ~ can
¢ the
w u nwt attect glucose tolerance
L auscuice OF insubn but m the presence of msulin st caused marked
hyperglycemsa and glycosuria in most of the antmals

(Slide Figure 3) We anticipated that the effect of adrenalectomy
in the eviscerate rat should be more strking 1n ammals treated wath
snsulin than without mnsulin but the opposite was true In eviscerate
rats given a glucose load of 4,100/h the removal of the adrenal slaeds
sncreased the rate at which thev ram 2
Lot

« amals survived but the
Y wes il Utwda glucose were below normal whereas the non adrenalec
tomized eviscerate rats developed hyperglycemia  Adrenalectomy i
eviscerate rats gven a glucose Joad of 40/100/b with msubn fared
to cause hypoglycemua n fact there was some decrease mn glucose
tolerance ‘The changes were not great but we have seen 1t occur e
peatedly and I have no doubt that it 1s a true difference Whenever you
explore the dimension of load response in adrenalectornized ammals
when the load approaches a maximum  the adrenally insufficient anumal
farls first In this expeument we pushed the glucose tolerance to its
peak with snsulin and the adrenally ssufficient antmal could not quite
attamn this peak At least that 15 the most rational general explanation
that has occutred to us up to the present
(Slide Figurc4) We at first assumed that the effect of adrenalectomy
upon the glucose tolerance of the eviscerate rat was due entirely to
the removal of the adrenal costex We now have data which provide 2
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bass for suggesting that the absence of the medulla may have been a
factor I was taught, and most of the textbooks teach, that epmephrine
does not affect the level of blood glucose 1n the abseace of the liver
and yet there was quite a debate 1 the literature over this point by
C F Con, (Physiol Rev 11, 143 (1931)) who claimed an extra
hepatic action of epinephine upon blood glucose and by S Soshin
(Amer ] Physwl 81, 382 (1927)) who densed st H P Himswosth
and D B McN Scott (J Physio! 93, 159 (1938) ) reported that epine
phtine accelerated the rate at which glucose disappeared from the
blood of anmals 1n which the {iver was excluded from the circulation
We have results that will agree with ait three conclusions, depending
upon the experimental conditions When the test pertod was limuted
to 2 hours, the adminsstration of epinephune with glucose and without
msulin 1n the nfusion flud did not affect the level of blood glucose
sxgmﬁc;mtly When epinephrtne was given 1 the presence of msolin
it caused a struhing nise un blood glucose Then as we repeated these
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Whether these results deserve any phystological nterpretatton T don’t
know, but the eviscerate amimal 1s capable of adjusting to these hor
mones, peculiar as the adjustments may be, and the kind of effect that
we get 15 dependent upon the time over which we observe the anmal
and whether or not msultn 15 present
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Bollman What are the dots on the slide?

Ingle They show the range, the highest and the towest values There
1s quite a lot of varability i most of them Here we happen to come
out with 2 very small range, much smaller than 1s found at 24 bours
We were qust lucky i that sertes There are 20 pairs of anmals repre
sented 1n each group

(Slide, Figure 6) It has been known for many years that blood amino
aads increase after removal of the lver It was demonstrated a few
years 2go by E G Frame 2ad J A Russell (Endocainotogy, 39, 420
(1946)) that the adminstration of msulin suppresses the use to 2
sxgmﬁcant extent In these experiments we were able to suppress the
rtse 1n blood amuno actds completely by the ad ration of tnsulin
The 1attal value for whole blood 1s approximately 10 mgms per cent,
and at the end of 24 houss without msulin the average value 1s nearly
30, but when msulin 15 given 1t 1s held at the snitial level The extent
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(Slide Figure 7) We now come to a techmic which I began to
develop at the University of Minnesota mn 1931 and which has now
come through quite 2 period of evolution It 1s a method for measurng
the ability of the rat to sustain work output m response to faradic
stimulation The rat 1s anesthetized with sodum phenobarbital the
gastrocnemus muscle 15 werghted with 100 grams and 1s stimulated
to contract 5 times per second The total distance that the wesght 15
Iifted 1s recorded on the work adder We are now interested 1n making
the rat do just as much work as possible and we are passing the simulus
through both back legs thereby activating all of the muscles of the
legs and back Even this did not satisfy us We have stunulated through
the entire body of the ammal and throngh various parts of the body
but such animals fatigue raptdly and die within an hour The actrvation
of both back legs causes the ammal to develop hypoglycemra and death
will occur from*hypoglycemic shock mn some animals unless glucose
1s admtrustered Our present setup permuts us to work 12 rats simul
taneously and to feed them by constant intravenous nfusion

Shorr For how long a period of stimulation each time? Is ths
contimous?

ANESTHET ZED RAT

SUPPORTS FOR

RAT THREAD
ELECTRODE soamd
ADJACENT TO
GASTROCNEM US
HEMOSTAT ON TB A
ELEGTRODE)
THREAD ON URNAL
GASTROCNEM US TENDON
GAUZE ROLL
VEEDER
ONE WAY COUNTER

RECORD NG CLUTCH

FIGURE 7
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Ingle No, mtcrmlttent, five times Pet secong The duration of each
Stimulyg 4 about 29 Mulliseconds

Shorr This 45 owng op contmua]ly !hmugbout the Study>

Ingle Yes
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(Slide, Table IV) Thus final shide brings us to a story which seems
to me to be the most mteresting that we have found We have studsed
the effect of muscle work upon the tolerance of the eviscerate rat for
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This brings vs to the question yust ratsed by Dr Madkowstz  What
15 the story on diabetic muscle? We have used rats having alloxan
diabetes and have selected ansmals which excrete as much glucose as 1
avatlable from the caxl‘mhydrat? glycerol of fat and protemn (estimating
o i f«

would show up aay kind of phystalogical defictency any depastuse from
normal and now we have sometimes thought'that these totally
diabetic zats work a hitle better than non diabetic rats The most work
that we have obtamned per unit time has been from duzbetec rats In
respect ta glucose tolerance the effect of work upon glucose tequirement
15 essentially the same as we found m the above expenment All of the
values are shifted down a hitle The resting diabetic rat without wsula
sequires about 12 mgms of ghicose per 100 grams of rat per hour
iostead of 16/100/h worh causes a marked merease 1 the rate of
disappearance of glucose from the blood not quite as great as m the
previous eapeniment but the change 1s still very strking

This brings me to the end of the story Perhaps I should mention a
Isttle of what we hope to do Our studses as you have seen are exceed
mgly supesfical We do not know what 15 happening to the carbo
hydrate except that 1t disappears from the blood T am very hopeful
that Dr Stetten 15 gong to come i with us on certan of our expent
ments that have to do with the metabolic bebavior of the eviscerate
anmmal Certatnly be 1s prepared to give these studses the depth that
they deserve For our studies on the survival of the eviscerate rat we
now have apy that will ac date 12 anmals at a time and
will permit us to push ahead more rapsdly to determune the effects of
other food factors m the wnfuston furd and to test the possthility that
the liver contams or secretes something that may affect the surval of
the hiverless ansmal

Fremont Smuh There are 500 chemucal functions of the liver

Ingle With that thought tn imad « might be appropriate for me
to close these remarks with a few hmes from the Walrus and the
Carpenter 1 have never quite become adapted to my mabdety to ptobe
1nto each one of the myrtads of problems that ate presented 1 research

The Walsus and the Caspenter
Were walking close at hand
They wept lke anythung to see
Such quantities of sand
If this were only cleared anay
They sard 1t would be grand!
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On many occasions L have seen pancreatectomized dogs under strychmine
convalsion excrete mote sugar than at rest This 5 due to the Jachc aad
Iiberated and subsequently resynthesized to sugar No one that I know
has clarmed that muscular exercise m total diabetics dogs or humans,
lessens the glucose excretion or blood sugar ‘That does not mean your
findings are wncorrect but it jushifies our questioning these things n
thes way

Ingle ‘The oaly sott of observation that mught be 10 line with this
1s that cluucians who manage duabetes believe that the msulin requise
ment 1s less when these diabetscs take substantial amounts of exercise

Besy These you have some smsulin present That 15 what 15 bothening
Dr Shorr Dr Matkowatz and bothering me The picture 15 completely
different v the total dabetic animal You cannot tram them They
cannot do much work, and the worst thing you can da for them s to
make them work, but give them a little isulin and the more work they
do, within reason, the better they are in sugar tolerance, trauung and
everything else There 1s a shatp dividing fine i the p, 1
but your work 15 much more careful than the previous wotk

Ingle 1 would admit the possibility that there may be some tnsuli
left

Best If you have a trace of nsulin the picture 15 enturely different

Gyorgy That 1s nght

Shorr 1 wonder whether ne should pot entertain the possibihity that
the discrepancies between the depancseatized dog and alloxan diabetes
as well as some of the phenomena seen under Dr Ingle s expesimental
mndxtxonf mught be ;a‘ttnb‘utijl‘e’ toa ;_:'aral}fl suppzcsszo‘u of anterior

to occur It 15 as of the alloxan animal s the basal state had
glycﬁszgx‘:mms of insulin present which could handle the basal carbo

g;l;tatc need by virtue of a decceased »  uction of antt msuhg factors

by the prtuttary or the prtuitary © drenal corte

In this connectron you may ndwg by and
Chandler of a progresswve retutn o al type of te
metaboltsa 1a a few depancreatize happened for
15 20 dags wuth the aboltion of ketosis re
i 1o & explanation for t , the
that tlf stress resulted 1 £ ant
duabett, or i addito ton
hanget the so called d
o ag;x this hme
fat towa
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On many occastons I have seen pancreatectomuzed dogs under strychnine
convulsion excrete more sugar than at rest Ths 15 due to the lactic acid
liberated and subsequently resynthesized to sugar No one that I know
has claimed that muscular exercise 1n total diabetscs, dogs ot humans,
lessens the glucose excretion or blood sugar That does not mean yout
findings are 1correct but it justifies our questioning these things n
this way

Ingle ‘The only sort of observation that mught be 1 line with this
1s that cdlimcians who manage diabetes believe that the insulin require-
ment 15 less when these diabetics take substantial amounts of exercise

Best ‘Thete you have some mnsulin present That 15 what 15 bothering
Dr Shorr, Dr Markowitz and bothering me The picture 15 completely
different 1n the total diabetic anumal You cannot tran them They
cannot do much work, and the worst thing you can do for them 15 to
make them work, but give them a Little msulin and the mose work they
do, withun reason, the better they are n sugar tolerance, tratning, and
everything else There 1s a sharp dividing kine 1n the previous literature,
but your work 15 much moze careful than the previous work

Ingle 1 would admut the possibility that there may be some 1nsulin
Teft

Best If you have a trace of wnsulin the picture 1s entirely different

Gyorgy ‘That 15 night

Shorr Iwonder whether we should not entertain the possibility that
the discrepancies between the depancreatized dog and alloxan diabetes
as well as some of the phenomena seen under Dr Ingle’s experimental
conditions, mught be attributable to a parallel suppression of anterror
piturtary functton i alloxan diabetes and m the eviscerated preparation
The sttuation m the alloxan diabettc rat 1s suggestive of the Houssay
ammal, one has to load both with carbohydrate for any significant
glycosuna to occur It 15 as sf the alloxan ammal mn the basal state had
small amounts of msulin present which could handle the basal carbo-
hydrate need by virtue of a decreased production of ants msutin factors
by the prturtary or the prtuttary controlled adrenal cortex

In this connection you may recall the finding by Chambers and
Chandler of 2 progressive return of 2 mote normal type of carbohydrate
metabolism 10 2 few depancreatized dogs which happened to survive for
15 20 days with the abolition of glycosuria and ketosts While there
s 10 blished expl 1on for this pk the most [ikely 1s
that thes metabolic stress resulted in a depression of anterior prhuitary
diabetogenic actvity of 1n addition adrenal exhaustion These same
changes occut duning the so-called premortal phase 1 dogs subjected
to a prolonged fast At this tme their RQ's nise from the level of

fat towards unuty
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280 (194G)) Acetate had the same effect on amplitude as did glucose
Even numbered fatty acd (4, 6 and 8 carbons) gave half the amplitude
Odd numbered fatty acids (3, 5, 7 and 9 carbons) gave different but
very mteresting results Propionic acid did not restote contractions but
actually ihibited the effect of butyric, apparently by competing with
2 catbon fragments for the sutface of the enzyme systems mvolved As
we went up the odd numbered serres, ncreastng amplitudes were
obtained, and with tlie 9 carhon pelargonic 2ad, the amplitude was
almost as good as with butyric acid We felt that this was due to the
1acreastag propoztion of 2 to 3 carbon fragments The inhibitory effect
of propionic acid on butyric could be overcome by adding approprrately
greater amounts of butyric acid These expersments are taken to indicate
that n smooth muscle, at any rate fatty acids can be utilized for con
tracttle energy

Attempts by A V. Hill, for example, working with the frog, to
demonstrate a reductron 1n fat content of the contracting muscle were,
1 think, loaded against him because of the low energy metabolism of
the frog muscle hence the small changes in fat content which could
take place over the pertod of the expensment But I think 1t should be
qutte possible, using the mammaltan muscle strip to determine durectly
whether fat 15 utilized

Best In smooth muscle?

Shorr In skeletal muscle

Best No one has ever demonstrated utilization of fat in skeletal
muscle

Shorr No one has ever tried to, except for the balance studies of
Hill on the frog I believe, however, that the conditions holding for
the mammalian muscle strp of the dog, higher energy production,
Iugher turnover, and the abtlity to contract for long pertods of time—all
these are favorable for a direct proof or disproof of fat utilization
This expertment should be carried out because of 1ts great mnterest
Markownz No one has ever demonstrated 1t for the 1solated heart
erfused with Ringer s solution It 1s benefited by glucose and glucose
alone It has been tried for acetates and proptonate, succinates and
fatty acds (whtch are dufficult to do because you precipitate the calcium)
but the fact 1s that an isolated beating heart does have some re
semblance to skefetal muscle, and the only thing which does 1t any good
1s glucose

Shorr However, fat utilization has been shown to take place the
ssolated heart lung preparation of the diabettc dog by Cruskshank and
Startup (J Phystol 81, 153 (1934)) In the absence of msulin, the
respiratory quotients were always 1n the neighborhood of fat 070

P!
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though 1t cannot axideze glucose without the hefp of this hormone
Apparently the carbohydrate metaboltsm of the vatious tissues 15 not
equally affected in diabetes Indeed the bram can oxdize glucose
sithout msulin

AMarkowaz 1f blood 15 used from depancreatized dogs only, and a
heart lung preparation 15 made from a depancreatized dog that heart
surveves an hour or two and nothing you can do will make 1t surveve
longer unless you add msubin

Besr There 1s glucose

Markowstz This 1s a heast lung prepacation with sugar 1 the blood
but without msulin There must be some difference between diabetic
muscle and non diabetic assumung that a heart muscle 15 a fair test
object Those facts have never been disproven Knowlton and Statling
made them I have been able to repeat them and my results were so
entirely untform I did not bother to report them The duabetic heart
perfused with diabetic blood does not survive much longer than an hour

Best The amouat of glycagen i the diabetic heart as compared to &
normal heart 15 not very differeat

Shorr The figures 1 cited above for total carbohydrate wece about
30 percent higher i the diabetic heart than m the normal 1 think the
important thing 15 that the glycogen content s at least normal whereas
the glycogen content of the drabetic skeletal muscle 15 negligible
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be used for rebulding of the damaged liver and for other purposes
Many clinical obsetvations of liver diseases and also observations on
experimental animals following surgical damage of the liver 1¢ partial
hepatectomy Ecks fistula biltary obstruction ete sndicate better sur
vwval rates when carbohydrate 1s given Whether the glucose or carho
hydrate admunstration had any direct effect sparing the lwer or
meely troduced factors which maintared Iife long enough for the
Iver to repair stself cannot be ascertamed Iam sure that many other
factors are present and that life cannot be mamntaned mdefinttely on
glucose alone Certamly all the other food factors must also be supplied
if the animal s to live and ef?ecxally so 1f he has to repair a liver
mjury We know ! £ - €
casbohydrate to
any measurable
amino acids of the drets more rich 1n protetn ate converted to urea by
the Liver and excreted i the urne and with diets relatively poor sn
protein the amuno acids are conserved so that the actual protein content
of the body ss the same Since the liver 1s mvolved in both the destruc
tion and the conservation of amino acids st 15 probable that the diseased
ot 1njured liver would not have the flextbility of a normal lIrver and that
recovery and repatr would be expedited more by supplyng the liver
with glucose and amuno acids at some specific ratio which may not be
as flexible as the normal dretary ratio

I want to call attention to the constantly changing composition of the
Liver and 1ts extreme flexibility 1n that 1t seems to function well over
a wide range of chemical composttion (Shide) This slide shows the
changes tn liver weight and glycogen protein and fat content of the
Iiver following a meal Rats were tramned to eat a full meal 1n one hour
and on the day of the experiment were fed a diet containing 709,
carbohydtate 20% protewn and 10% fat at 9 00 am This s mdicated
as time O on the slide and groups of rats were taken at subsequent
itervals over the 24 hour pertod for analysts After feeding there s
an mcrease of about 20% 1 the weight of the Iiver by about the 4th
tour and a subsequent return to the ongnal sze in about 12 houts
The glycogen content changes even mote alter the f00d 15 absorbed
and later there 1s a decline below the fasting level with a return within
24 houts to the original fasting level The protein and fat content of the
luver change 1n the same way but the changes are less extensive

“This second slide 15 an example of the thing that T am not supposed
to say that carbohydrate definitely can injure the liver

Best That 1s the reverse of what you are supposed to say

Bollman ‘That 1s the reverse of what I want to say Iwant to bung 1t
out for this reason These sectrons were taken from a dog who had
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make much difference whether you are giving three grams, four grams
or two grams Some individuals eliminate mote and others less

Bollman ‘That 1s tight

Neefe Do you think that the bilitubinemta and the dye retention
could be the result of a competition of functions?®

Bollman 1t 1s a failute of those functions Let me hasten to add that
this 1s not a permanent smjury The next day those ammals would
recover and the glycogen will fall fauly rapidly if you discontinue the
mjecton  You can, I should say, njure the liver by carbohydrate 1
also should add at the same time this glucose was given with about 2 per
cent saline, but no other inorganic salts, and necessarily a large volume
of fluid We washed a lot of things out Whether the liver injury was
due to the things we washed out or the things we washed 1n 1t 15 still a
question Of course that same thing comes up in clmnical cases that
you ate dotng two things You are putting some things i and also
washing out some things, unless you use a perfectly balanced solution
1 know of no such solution

(Slide) Thus represents a fatty liver which can be produced by
reduang the protemn of the diet This was from a dog that recewved
90 percent of his caloties i the form of fat In about 8 weeks such
dogs develop a fatty liver That fatty liver had perfectly good function
as far as we could tell There was no dye tetention

Best What amount of fat 1s that?

Bollman That one was about 22 percent My experence with stam
1ng suggests that one can make a fairly good guess as to the fat content
1n the dog liver when 1t increases from about four percent to eight or
nine percent After 1t gets beyond eight or nmne percent, an accurate
estimation 15 1mpossible

'DITOR Dt Bollman next reviewed certain data previcusly [i\éb;uhcd (see Trans
1%

actlofs of the Fifth Conference on Lsver Injury, Pages 11 to 14
* ‘ - emmt babeas ca frvend o wh Ch rats
arc and a
Splae adding
oxygen to the sptrometer and taking the CO. out with a CO  absorber,
we have essentially a Benedict table We can put our rats in the chamber
2nd expose them to arr plus any noxtous agent that we wish to add
to the arr 'We may also take away the oxygen if we wish
We have used this partrcular setup 1 two setses of expenments so
far One was to test the effect of ether with reference to the survival
of the tats We put m the ether by recirculation and mantamned the
concentration at 2 level at which 50 percent of our well fed normat
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examples of that Let us take for example the dog that has had his
common bile duct ligated for about three months Such an ammal 15
not 2 sturdy spectmen If we put such dogs on a diet composed entirely
of meat—not a bad diet for a dog—they usually die mn less than a
week If we give them a fow protein, bhigh carbohydrate diet conssting
not entirely of carbohydrate by any means but containng protein and
other food factots, we keep those animals alive for many months almost
ayear They usually develop a petforated duodenal uicer and dre

Bess What about the calonic value of the food that they are able to
absorb i the two cases? If you tie the bile duct you get very little
absotption of fat, I take 1t

Boliman 1 really don t know just exactly what the caloric value of
the food that they absorb would be I don ¢ believe that that 1s a factor
because we ate talking about a week as compared to several months

Markowtz Do they get ascites?

Bollman They do

Hanger You say these antmals develop ascites 1n contrast to others?

Bollman The meat fed animals develop ascites

Gjyorgy They have only meat, nothing but meat?

Bollman Yes

Best Meat extract will do that

Boliman It 1s not protemn It 15 meat, and meat extract will do the
same thing, so I don't believe that the protein has anythig to do
with that.

Hanger What 1s the mechanism of the ascites?

Bollman 1 really don't know

Gyorgy Cuthosss of the liver

Bollman Biliary cuthosts, yes

Patel Would that be true of cooked meat as well as raw meat?

Bollman Yes

Watson Dont you think that must be 2 species difference? Have
any of yout clinictans ever cited any clear cut example of that in human
cirthosis? 1 have watched for that for years and I have not seen 1t
We feed such patients a lot of meat

Bollman_Let me add one other addittonal qualifying statement this
particular development of ascites ts under a very spectal set of crcum
stances The dogs have to have biltary obstruction for theee months
1 have never seen 1t 1n less than three months They have a certamn
amount of liver damage, asctes wiil also occur 1f we contraue these
ammals without meat for sooner or later they will develop ascites
spontaneously
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examples of that Let us take for example
common bile duct ligated for about thrfc mt:rft}:iso%x:;taﬁain}:;ﬁﬁ:
n?t a stu—r_dy specimen If we put such dogs on a dret composed entirely
of meat—not a bad diet for a dog—they usually die mn less than
week If we give them a low protein high carbohydrate dret consxstma
ot entirely of carbohydrate by any means but contaring 1;‘°te‘“ anﬁ;
other faod factors, we keep those amumals alive for many moniths, almest
a year They usually develop a perforated duodenal ulicer and die

Best What about the calonic value of the foo
absorb 1n the two cases? If you tie the bile dt?c:h;(:um;zt axt:r;bllié:
absorptton of fat, I take 1t

Bollman 1 really don’t know just exactly what the
the food that they ahsorb would lie I don’tybeheve tt};latcikln‘;?fs‘?lfl;itzf
because we are talking about 2 week as compared to several months

Markownz Do they get ascites?

Bollman ‘They do

Hanger You say these aumals develop ascites 1n contrast to others?

Bollman ‘The meat fed anunals develop ascites

Gyorgy They have only meat, nothing but meat?

Bollman Yes

Best Meat extract will do that

Bollman 1t 1s not protemn It 1s meat, and meat extract will do the
same thing, so I don’t believe that the protemn has anything to do
with that

Hanger What 1s the mechanism of the ascites?

Bollman 1 seally don't know

Gyorgy Cirrhosis of the liver

Bollman Bilary circhosts, yes

Patek Would that be true of cooked meat as well as raw meat?

Bollman Yes

Watson Dont you think that must be a speces difference® Have
any of your clincians ever cited any clear cut example of that in human
arrhosis? T have watched for that for years and I have not seen 1t
We feed such patients a lot of meat

Bollman Let me add one other additional qualifying statement this
particular development of ascites 1s under a very specsal set of circum
stances The dogs have to have bliary obstruction for three months
1 have never seen 1t i less than three months They have a certam
amount of liver damage, ascites will also occur if we contmue these
ammals without meat for sooner or later they will develop ascites
spontaneously
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Best Isn't thes the same story exactly as i Eck fistula dogs?

Bollman ‘The same thing I think, and that 15 as much evidence—I
hate to admit 1t—as I could find of the protectwve actton of carbo
hydrate on the lver

Bet We have assigned a very difficult title, Liver Glycogen and
the Protection of Luver Cells to Dr Bollman He has gone over the
data and we have no evidence at all that glycogen does protect the Itver

Bollman 1 should have mentioned that Ravdmn s group also studsed
the effect of carbon tetrachloride on the lser There was no relatonshup
between the amount of glycogen i the liver and the protection that
rats received

Gyorgy What was the relationship 1 the case of fat?

Bollman ‘The 1dea that glycogen 1s reciprocal of fat i the liver 1s
also erroneous because one can have very high glycogen present mn a
very fatty liver

Best There are ltmts there?

Bollman There are limits

Best You cannot have a lot of glycogen 1n 2 very fatty liver, for
cxam{:le, 40 percent or even 30 percent You dont get glycogen m 2
very fatty htver You cannot have a lot of fat in 2 liver that 1s very rich
1 glycogen but i the intermedrate stages you can e both cases

Bollman In the mntermedrate stages yes At the extremes of course
one 1s dealing with something else again

Patek Is 1t possible that the protective effect of catbohydrate 1n
certain 1nstances might be due to 2 protein sparing effect?

Best 1 don t know whether you should spare the protem

Patek If one employed two sertes of rats on weighed drets with the
same low protein content the remaining calorses made up with carbo

- Lot

byd ate wmmaa s o = s Ek ~sba aeand s a ot mught well
be - wily tolerated
bec

Best 1 think 1f I'were gomg to go at this problem Iwould stact with
the resistance of the untreated diabettc animal to liver possons

Gjorgy For the fatty liver? They have a fatty liver

Best Yes they have a fatty Iner but they go on to get cirshosts
‘The untreated drabetic anumal will get cierhosts if he qust lives long
enough In the old days the dubetics got currhosis not the severe
diabetics smce they died but the mild duabettcs frequently got curchosis
Tam talling of human beings

Bollman One of the reasons I accepted this assignment was not the
fact that there was anything particular to say but I would like some
suggestions to find out how we could check thrs
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examples of that Let us take for example
common btle duct higated for about threPe mt:;diogsg;ta};aznl::ilm:
not a sturdy specimen If we put such dogs on a duet composed enmelx
of meat—not a bad deet for a dog—they usually die m less than Z
week If we give them a low proten high carbohydrate diet, consstin,
not enturely of carbohydrate by any means but containing };rotem an§
other food factors we keep those antmals alwve for many months, almost
a year ‘They usually develop a perforated duodenal ulcer and die

Best What about the caloric value of the food that they are able to
absotb 1n the two cases? If you tie th
Sheorption of £t T ake 1t ¥ e bile duct you get very little

Bollman 1 really don’t know just exactly what
the food that they absorb would ll>e Idon tybelleve ttl;;ttiligrtlfs:.alf‘:\itgf
because we are tatking about 2 week as compared to several months

Markowstz Do they get ascites?

Bollman They do

Hanger You say these antmals develop ascites 1n contrast to others?

Bollman ‘The meat fed ammals develop asates

Gyorgy They have only meat, nothing but meat?

Bollman Yes

Best Meat extract will do that

Bollman 1t 15 not protein It 1s meat, and meat extract will do the
same thing, so I dont believe that the protewn has anything to do
with that.

Hanger What 1s the mechanism of the ascites?

Bofiman 1 really dont know

Gyorgy Curthosss of the Liver

Bollman Biliary arshosts, yes

Patek Would that be true of cooked meat as well as raw meat?

Bollman Yes

Watson Dont you think that must be a species difference’ Have
any of your chinicrans ever cited any clear cut example of that 1n human
arrhosts? 1 have watched for that for years and I have not seen 1t
We feed such patients a lot of meat

Bollman Let me add one other additional qualifymg statement this
particular development of ascttes 15 under a very specual set of arcum
stances ‘The dogs have to have biliary obstruction for three months
1 have never seen 1t 1n less than three months They have a certain
amount of liver damage, asates will also occur if we continue these
anmmals without meat for sooner or later they will develop ascites
spontaneously
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Best 1 think almost any clinicran would say th
dsabebic was more susceplible to a lot of toxic mﬂyuencaets g::nx:gtem\iﬁ;{
treated one One difference between the two ss that one has lner
glycogen and the other has not

Gjorgy Or one has fat and the other has no fat

Best ‘There are lots of other vauables

Bollman ‘They do not make very gaod expetymental a
tried that and I have teted the Eckryﬁs%ula amfr’mls thxnhnr;rtx;:;: Ilcgfx;g
use alcobol or carbon tetrachlonide The only trouble 1s that with that
thesr susceptibiltty sncreased, all you have to da s blow a little chloso
form at them and they tuta up thetr toes and die

Best You get a dramatuc difference I should think between a treated
diabetic and an untreated diabetec

Bollman Of course

Best You cannot say that this 15 due to depletion of liver glycogen
or to ap ncrease of far

Bollman 'That I think 15 very defintte, there again 1s same indscatron
of the value of carbohydrate

Besr Iam not sure that st 15 T am not sure except that 1 believe you
would have no difficulty i showing that with more of less specific
hepatotoxins the msulm treated diabetic ammal would survive more
frequently than the uatreated

Boliman 1 thought everybody kaew that

Best Do they? I take 1t for granted that this would happen but 1
don t know whese to find the data i the literature

Bollman 1 tried st 1 dogs 1 never published 1t

Bert You should because 1t would be very valuable, pethaps more
than anything we have unearthed today

Bollman Thank you!

Best ¥ would not have undestaken this problem I am very grateful
to Dr Bollman for domg it

Warson There are features from the chinical side which I think ought
to be mentioned I wonld like to hear yust a httle bit of discusston
about the effect of glucose in the patient with severe liver disease

1 had a most remarkable experieace a year ago The patient was an
alcoholic She had sevete ciechosts of the liver She came mto the hos
putal with asaites and edema We started her 1 on a high protemn intake
1 think she was getng about 150 grams 2 day, part of which was
casem and some meat We had some difficalty feedng her She was
takiog 1t reasonably well but she did not mmprove She persisted 1n
having ascites and edema and had quite 2 bit of jaundice and many
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ssnt domg them any harm Whether 1t 15 the thing that 15 b

g,
them out of coma I would hesitate to say because we fo do other th;ig;g
We do give them vitamuns 1n varping degree

G)a'gén dlﬂ coma especially, we are fond of naen Dr Neefe did
you tax::fn Ckx;:li t;ew cases at least an indication for what we call the
vi cof

Neefe 1 think that ongmated at the Mayo Clinic They gave large
doses of mcotnic acd and thrmune and had dramatc tesponses [
don t know whether they gave glucose or not I think that they did

Patek Dr Chester Jones has maintained for years that infusions of
glucose would produce remusstons m subacute hepatitis 2nd 1 the
pre-chromic phases of aitthosts

Hanger We make no effort to keep up the protewn ntake during an
epsode of acute hepatic msufficiency We rely chuefly upon glucose by
slow 1nfuston

Best It seems to me that there 15 very convincing clinical evidence
that the glucose does a great deal of good but that the experimentalists
have completely faded to find any reason for this

Bollman That 15 correct

Best Had Dr Stetten been here he would have given us a little
talk on laver glycogen as a thing as obsolete as the vermiform appendix

Gyorgy That ss night a vestige

Best Yet when you give the glucose you probably do get more liver
glycogea A lot of other things also happen so perhaps we have been
wronég u; leHSt loolfcm{g at liver glycogen to find the explanation of a
beneficial effect of glucose

Watson What observation would you suggest to the clinician who
15 gong to be able to study just such a case as I mentioned? What other
thing should one look at to try to find out how glucose 1s beneficral
if 1t 1s?

Besy Study it 1 the untreated diabetic

Wasson 1w as thinking of the patient w1th hepatic coma o pre coma
What observations could one make to settle the questton as to whether
the glucose was having a rather prease effect?

Best My thoughts ate more 1 the expertmental field where you have
to elimunate certain organs to get a clear answer

Hanger Why do you think they come out of coma?

Markouttz It might be crculatory effect Three hundred grams of
glucose over the course of a day 1s bound to improve the blood flow,
Shall we say to the Lver The blood 15 gomng asound perhaps twice as
fast while you are grumg 1t
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that 30 to 40 percent of the wet weight of the liver 15 hpd (L H
Redout, C C Lucas J M Patterson and C H Best, Science 103,
12 (1946))

Fatty hivers produced in rats by one week of choline deficiency rapdly
fevert to normat when lipotropic factors are testored to the diet Within
24 to 48 hours, the cells at the periphery of the hver lobule ate com
pletely devoid of stamnable fat (Figs 5 and 6) Centrolobular Lipd can
stll be seen, but this 1s mostly i the form of several small droplets
snstead of large spherules After three or four days on the normal deet,
it 15 difficult to find any stamable fat throughout the sections (Bg 7)
Liver cells which have been rapidly depleted of sudanophilic ipid
thes manner, frequemly grve pale staning reactions and have 2 smooth,
glassy type of cytoplasm

These observations indicate that the cells it the centrat portion of the
hiver Jobule are not only the first which become affected by fatty change
sn dietary choline deficiengy, but are also the last to return to normal
when ltpotropic factaors are restored to the food
Circulatory Changes n the Fatty Liver

In sections of hivers which contan a lugh percentage of lipid, the
degree of dustenston produced 1n parenchymal cells by large vacuoles
of stunable fat 15 great (Fig 8) The cells have enlarged at the expense
of the intervemmng sinusords In routine sections the intralobular vascn
lar channels are mconspicuous and difficult to demonstrate The lumna
are often so small that their positions are only indicated by the flattened
Iimngs of endothelral cells

Cleared hver slices (100 p), from rats mjected mtravenously with

Fieurg 9 Normal liver from 2 control anumal which has been injected with
India Ink #7a the hepatic artery and portal vein The hissue was subsequently
fixed n formalin and a thick (100 ) shce cut on the freezing microtome The
slice was then dehydrated wn alcohol and cleared 1n benzyl benzoate Note the
appearance of the normal sntralobular smusords x 50
FiGURE 10 The appearance of a very fatty Iner from a rat fed a choline
deficent dret for 7 Sa)s which recerved the same treatment as the preparation
shown 1 Figure 9 Note the compression of stausods 1 the central and n;:dL
stion of the lobules Ink in the central and md portion of the lobules In
in the central veins demonstrates that the lschael;m wis norﬂ;omp;:te x fso
size and appearance of Iner cells 1 a paraffin section of 2
2?::1‘;? t‘olntx’glh iak (150 ZOOPI:ers) Thus 15 for companson particulacly ‘:xkh
es 12 13 and 14 which have recened the same photographic techoic,

fﬁu;m at exactly the seme magnification Parafin section  McGregor stan
(azocacrmae anthin blue and orange G} x €60
vacuolation of wdnrdual Irver cells w4 rat toehe days

ﬁﬁ}’iﬁ:;difﬁe deficiencs The dameters of these celic less than

e those of nosmal ones Paraffin section  McGregor






wk, facilitate adequate visualization of the mtralobular vessels (Fig 9
& 10) An apprecable decrease m the diameters of centrolobalac
stusoids 15 demonstrable in fatty livers Stnce the njection mass which
came to the liver 112 the portal vem and hepatic artery, reached the
central veins, the centrolobular ischaemta can only have been partial
Had st been complete necrosis of the surrounding parenchyma would
have resulted The snjected preparations indicate that there 1s 2 dimin
1shed blood flow 1n the central portions of the lobules This appears
to be due to sinusotdal narrowing produced by pressure exerted on the
channels from without by the swollen, fatty pareachyma It 1s not
surprising that the effect of the extra stnusordal pressure 1s most apparent
toward the center of each lobule, for here the intra stnusordal pressure
1s lower than at the pecphery and the vessels are more readily com
pressed A descuption of a suntar type of circulatory impatrment has
been given by L E Glynn and H P Himsworth (Clin Sctence, 6,
235 (1948)) following hydropic swelling of cells in the centrolobular
regtons of ltvers of rats treated with carbon tetrachlonide

Lipodiastaemata, Their Concept Structure and Formation

Microscopic evidence of fibrous tissue proliferatron n these livers
was not infrequently observed i rats fed the basal diet for pertods as
short as 8 weeks In one case new fibroblasts were found after the
ammal had been fed the choline deficient diet only 6 weeks In the stage
of early hepatic fibrosis, the spaces occupsed by stamnable fat achieve

FIGURE 13 The large space occupying half of the field 15 2 medum sized
lipodustaema (see text page 136) Note the very thin septum separating
the two cells n the other pottion of the picture If this septum should ruptare,
another lipodustaema would be produced equal tn size to that shown below
The very black, round or oval spaces represent wjected 10k i sinusoids From
an amimal fed the deficient duet for 45 days Paraffin section of Iiver McGregor
stan X 860
FiGURE 14 A gunt hipodmastzema 1s shown Two nucler of cells formng its
wall are present at the night The diameter of this space 15 7 8 tumes that of a
normal iver cell (volume 350 400 times greater than normal liver cell) The
Inver cell nucle: have also mcreased 10 size Dut the small endothelial cells afford
an mdex of comparatrve size From 2 rat fed the deficient duet 51 days Paraffin
sectson of lwer McGregar v x 860 )
iGure 15 The lipodiastaema in the upper left portion possesses an outhne
fesemblmg that of Pa?: hour glass This s?xggesks that the lipodmstaema has just
been formed from two smaller spaces by rupture of a seiFtum between them
which has mcompletely retracted Paraffin section of liver of a rat fed a choline-
deficcent diet 65 days McGregor stun x 860
FiGURE 16 A ltpod with several compressed nuclet 1a the mlldA ﬁ;n
fibril of connective uissue surrounds the structure Some of the ﬂatt;ne ;1:; :
may belong to narrowed sinusords around the lipodiastaems Liser ol 63 12! T
65 days of choliae deficrency Paraffin section McGregor stain x 8
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relatwvely enormous propostions Parenchymal cells 1n paraffin sections
of lvers of control rats averaged about 14 w1 dameter (Fig 11) In
livers of anumals fed the choline deficrent diet for twelve days, the
diameters of the fatty cells seen n sectons were ncreased, measurning
1820 p (F1g 12) After longer periods (45 and 51 days i the cases
of the ammals from which the sections illustrated in Figures 13 and 14
respectively, were prepared) the spaces occupied by fat were found to
have diameters measuting as much as 100 1 or more m the pazafin
sections This 1s greater than 7 times the duameters of liver cells m
secttons of normal rats, it 15 an astonushing fact that the volume of
these large spaces must therefore be 350-400 times that of a normal
hepatic cell The total liver weight, however, 15 tncreased to only two
to three tunes the normal (J] H Redout, C C Lucas, ] M Patterson
and C H Best, Science, 103, 12 (1946)) Thus strongly suggests that
these large spaces no longer represent the accumulation of stamnable
lipids 1 just one liver cell as m the earlier stages

As vacuole 15 the term commonly employed when referring to the
stanable fat of a single cell, 1t 1s not applicable to these giant spaces
The name lipodiastaema (hpo—fat, diastaema—space between) 1s
suggested for the latter Evidence will now be given which suggests
that the fuston of several fat vacuoles, each ongnally present n a
single cell, produces a lipodiastaema

- - T T bete £an & nnce ook large
affin sec
15 always
1 fraction
of the total NUMDET O LELS ALLAMICU LIE 312€ UL & tpuasweld, the
Liser would have a volume much greater than only double or triple the
pormal As has already been stated, this 15 not the case This evidence
suggests that several cells probably take part in the formation of a
Iipodiastaema If this 15 so each lipodiastaema should contamn several
pucler This appears to be true In thin (4 p) sections usually at least
one nuclens (Fig 13) and frequently two (Fig l—!) are seen Th’:ixf

~ o
gne nucleus
In paraffin sections the adjacent limiting membrances of two cog
trguous Inser cells swollen by fat often form partitions betneen se:ﬁ
bouring vacuoles These partitions are so stretched and thinned that
even under the highest powers only 2 single, tenuous m:mbmr;f can
, beresolved (Fig 13) Frequently these delicate partittons are broken in

136



ds Parateq by Space Thege me,
Or ¢h 28 forn duuag the andl'mg
7 € Hissye 'y are Erther fat ar tefe 3
Such breaj duubt[css are pmdum] By the SReep of the m:crotomc ko,
dc-gpzte the >porf SUpplieq these membrancs by Paragp Hoy, ever,
£ ek ),

tbcsemon 2ad ¢, Seterag &
are Cithe, TUptuey dunng life

2
ed thar they are Casily tory by the
710110, UL tene Map b, Viewgg 0 opa
a mpl::bmg 2 tegypy “hich Myphy have d, Velopey n
the 2ty f haq deagy fiop supctvcncd



The structure of a lipodiastaema mght be compared to that of an
aanus 1n the thyrord gland Both possess a central lumen filled with
fat 1n the one case and colloid 1 the other The walls of both are
formed by a coptinuous smgle layer of epithelial cells Unlike the
thyroid acinus however the lipodiastaema may have an outlet draining
its lumen Bile canalicult le between hver cells mot separated by
smnusords Dissolution of the septum between two such cells would
1mply that, 1n theory at least the lumen of the resultant Lipodiastaema
could be 1n contnuity with the biltary tree Passages which might appear
to dramn lumuna of lipodiastaemata have not been observed in sections
This does not prove their absence howeser for the walls of lipo
diastaemata are so frequently thinned and stretched that small outlets
passing through them mught not be visualized even if present

The concept of 2 lipodiastaema as presented here 1s that of a struc
ture If this concept 15 correct what then 1s the function of this structure?

It 15 2 mathematical law that, of the total space occupted by a hollow
sphere, the percentage of that space taken up by sts walls must rapsdly
diminush as the stze of the sphere increases Thus a single large sphere
whose volume 15 equal to the sum of many separate small spheres
occupses less space than does the group of small spheres even if the
latter are crowded together The fusion of many small umcellular fat
vacuoles 1nto multrcellular lipodiastaemata each of which contamns a
single large pool of fat facilitates maxumum fat storage in a mmimutm
of space according to the mathematical law just stated The high ratios

FIGURE 17 A lpodiastaema with many fucler present m a stgle sectron of
its wall This mg'ease 1 nucler has pry;bably been produced by shrinkage of
the structure rather than proliferation of the cells Liver of a rat chole
defictent for 65 days Paraffin section McGregor stan x 860
Ficure 18 Another atrophic lipodiastaema showing fibrous tissue spreadin,
out ta encircle the structure The central vein of the lobule lies just to the left
of the field shown The fibrous tissue could be traced to the advential sheath
of the vein Liver of 2 rat choline deficient for 65 days Paraffin section
McGregor stain x 860
TiGure 19 Two large lipodiastaemata cut 1 such & plane that they appeat to
have a longitudinal axss They are surrounded by a fine skewn of connective
pissue fibrids Their appearance 1s not unlike that of abnormal dstended bile
ducts They are not vessels for the ammal was smjected with mdia 1nk which
fitfed ail pranches of vews and artectes From & lver of a choline deficent 12t
(75 days) Paraffin section  McGregor stam, x 420
1 o process of shrnkage
“The nucler of some
15 sutrounded by a
eatanie not unlike that of a

fine band of connective tissae which has an app: e s

pasement membrane From the liver of 2 sat choline deficre
Paraffin secton MecGregor stain x 860
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of fat to parenchyma that can be produced in the liver would probably
0t be posstble without thes device by which lipodiastaemata are formed
If the fat had always to be stored 1 relatively small vacuoles, each m
ndrvidual liver cells, the potential efficiency of the liver as a lipid
storehouse might well be much less than 1t actually 1s Thus the function
of lipodtastaemata 1s probably to enable the hver to store fat 1 large
amounts

The Fate of Lipodiastaemata in Cirthosis

In cases of advanced cirrhosis in both man and ammals 1t has been
well established that the fat content of the lver falls to almost normal
values In mictosections of these Livers, few, if any, lipodiastaemata

can be found Apparentlyth ¢ 1vir' v v v 07 7 the ytial
phases of cirrhosts only to v 1 T et [ by which
they disappear will now be Jusvisondd

Soon after the first app e of latge lipod the walls

of some appear to contain increased mumbers of nucler Iying closely
together (Fig 17) This is most frequently noted in the regtons around
central vens Mitotic figutes 1 the cells of lipodiastaemata have not
been observed at any stage The probable explanation of this apparent
sncrease mn the number of cells 1s that having attamed their maximum
size, the lipodiastaemata begin to shrink As their dameters decrease,
the nucler 1 their walls would approach one another so that more
would be mcluded in random sections of standard thickness (4 ) than
would have been the case before the advent of shrinkage Further evs

dence of atrophy of lipodiastaemata s afforded by extensions of connec

ttve tissue fibres from the adventitial sheaths of the nearby central veins

FiGure 21 Two atrophic lipodustaematz surrouaded by a fine netwack of
connectrve tissue fibnls Note that the cells forming therr walls are no longer
thinned and stretched These mught be compared to abnormal forms of bile
ducts From the liver of a rat choline deficrent for 75 days Paraffin section
McGregor stan X 860 " 4 by the Ioodase

22 A further stage of atrophy 1s llustrated by the Lipodiastaema in
tfliguc‘;iter of the field The cells 10 the wall are finely vacuolated and appeat
to be degenerating Agam this might be compared to an abnormal bile duct
From the liver of a rat choline defictent for 75 days Paraffin sectron McGregor
stamn x 860
Fioure 23 The collection of cells i the center of the field arranged in a
somewhat acinar manner represents the final result of atrophic changes 1n 2
Lipodiastaemz The lumen hete 15 completely absent From the liver of a sat
choline deficient for 90 days Paraffin section, McGregor stain xHSGgJ

24 With complete atrophy of the lipodiastzemata the cells disappear
i‘:’::g only hyaline fgagments (grey 1n photograph) between the connective
pssue (black) ~ Paraffin section of lver of 2 rat, 90 days choline deficsent

McGregor stam, x 860
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(Eig 18) This suggests that the space occupied by the lipodiastaema
before shrinkage began 1s beng filled by enarcling fibrous tissue When
cut 1n the plane of their greatest diameters, these partially fibrosed and
atrophuc lipodtastaemata not infrequently resemble distended bile ducts
(Fig 19) If the plane of section s tangential to the structure, the lumen
of an atrophymg lipodiastaema appears to be lined by several layers
of cells (Fig 20) As the lumen becomes still smaller the walls lose
their thinned and stretched appearance (Fig 21) This type of lipo
drastaema may, 1 some 1nstances, very closely resemble atypical bie
ducts (Ftg 22) In the final stages the lumen disappears altogether

Fig 23) with the result that only a collection of dedifferentiated liver
cells 1s left These cells undergo further degeneratton, eventually becom
mg only hyaline masses mtermingled with fibrous tissue which has
mcreased at the same tune (Fig 24) It appears that an the manner
the fibrous tissue spreads outward from the central vemns preceded by
a zone of atrophic lipodiastaemata Eventually all the lipodiastaemata
disappear and are replaced by fibrous tissue which then surrounds only
podules of regenerating parenchyma The details of these last stages
will be considered n a subsequent section (Figs 25 and 26)

The factors which limit the growth of lipodiastaemata and are re
sponsible for their atrophy and disappearance have not been demon
strated It 1s likely, however, that the partial sschaemua present n the
centrolobular regions where this type of atropby occurs may play an
important role The loss of fat from those lipodiastaemata which
atrophy could be etther 2 cause or a result of thetr decrease 1n size
The route by which the fat leaves the structures 55 unknown Absorp-
tion 1nto the blood stream or lymph might be possible For thus to
occur, the fat would have to pass esther through or between the ep1

Ths illustrates the growth of connective tissue around attophic
]I:JGolé‘:aitaz:mnt:uThc connective xgnssue fibres ate young and have not stained
mfl’ensely From the liver of 2 sat, 90 days choline deficient Panifin section,

egor stun X 410

g:églisgzé Degenerating liver cells (dersved mostly fram lipodustaemata which
have atrophsed probably) are intermngfed with connective tissue me4th:
Iier of a rat 96 days choline deficieat Paraffin section, McGregor stan x 410
TIGURE 27 Lx)wdsastaermtg. formation around 2 central vemn, low powerd'l;hose
the centre of the photograph are atrophying and becoming sej amef rom
lzrl:e surzounding hiver tissue From the liver of a rat choline deficient for 41

dags Frozen section Sudan 1V and haematoxylin x 80
FiGuRE 28 High power view of a section from the Iner shown in Fygure 27
o A lipodiastaema lymng adjacent to the central ven in the photograph 1s
abo\;le th Pfag (grey) A lpodistaema undergoing atrophy 15 1n the uipper
et From the hver of a rat choline dehorent for 41 days Frozen

rtion
;:%tl::x? ost‘x‘:i.ln IV 2nd hiematoxyhin x 240

142



Tad >

N P
NN
S NI

A Aiespl oF
m&m PRSI

i

7wﬂ}4;a nb&»

- .0.
LA
?

pettla oLy
ﬁ.,v.ﬁ%
BRSO

o\ I':

haliie SN
auL

G N
o nvm.k om

e B ‘f
,.?3,

) ARRT
oy A:(....w.n-ﬂ.‘f(.&u.r:.\.mvv

. i.m
o gl $1IT
«E:@d..

e’
-J
g
R -
T
G u%m

Mﬁv.vﬂmauﬁ .vz‘.‘.

dﬂ .&
4».«4 g t.vlidﬁ
4.1
SR

(4
4 ,:; ek

o
SRS \
* ~ Ry
Jg
( AU,
S

43



thelral cells forming the walls of lipodrastaemata In such an event
it might be expected that a microscopic picture would be produced
sumnilar to that observed when fat traverses the epithelm of ratestinal
villt dunng fat absorption No suggestion of thrs has ever been found
1n frozen secttons of livers contaming atrophic diastaemata It has been
stated that theoretically the lumena of the lipodrastaemata could be un
communication with the biliary tree This raises the further possibility
that the fat might leak out 1n the bile E R LeCount and E A Long
(J Exp Med 19 233 (1914)) found the percentage of fat in the bile
was increased in fatty degeneration of the liver 1 man It 1s planned
to 1nvestigate this possibility further in choline deficient rats
The Site of Earhest Proliferation of Fibrous Tissue
It has been stated mn the foregoing several times that the site of
nittal proltferation of fibrous tissue m these hvers 1s around the central
vems The evidence supporting this will now be presented
Although Iwver lobules are most frequently cut mn 2 tangential plane
which does not include both portal and central areas recognezable in
the same section favourable cuts may be found which pass through
° ’ - a sectton
‘There 1s
unds the
veins shown at the edges of the field included in the photograph The
portal regton 15 quite free of fibrosis as shown in the enlatgement
(Frg 30) Thus mdicates that the areas of early fibrosis are actually
centrolobular and surtound branches of the hepatic vein (Fig 31) The
atrophic lipodiastaemata may bear a superficial resemblance to atypical
bile ducts but 1n frozen sections such structares are filled with stamable

fat (Figs 27 and 28)

29 Small crescent shaped areas of fibrous tissue incompletely crecle
{}lngl’;:ml vem 1n the center gf the field ‘The fibrous tissue appears as grey
per right and lower left portions of the field ‘They surround ik

the )
;ﬁ:ﬂ ‘vxr)emsc (El.zck) Liver of a rat choline deficient 56 days Paraffin section

McGregor stun x 120
FiGURE 30 This 15 a high power of the central portion of Figure 29 above It
shows that this area of the field (1a which no fibrous tissue 15 present) 1s the
portal region for the large portal vetn small hepatic artery and bile duct are
e e u f the t f the section shown
This 1s 2 high power view of the pottion of the section sho
tF}:eG !‘J]RE e?nght‘area of lg}g"u):e 29 It demonstrated early fibrous tissue prolifera
tion &Fﬂgm) around a central vesn (black) 1 the midst of atrophic ipodiastae
mata x 860 ed
The portal area tn the center of the field 15 completely encircle
Ecﬁfnffme nssl\ﬁ extending around the central vemns From the liver of a
;;’t choline deficient for 79 days Paraffin section McGregor stan x 120
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The fibrous tissue spreads out m the form of trabeculae which con
nect nearby branches of the hepatic vein one with another This creates
an apparent reversal of the usually concewved lobular pattern for the
portal canals now lie 1n the centers of 1slands of liver tissue which are
encucled by the fibrous tissue extending from one central vem to
another (Figs 32 and 33) If the plane of section passes through only
the portal vetn but m sses the smaller bile duct and hepatic attery and
if atrophic lipodiastaemata 1n the centrolobular fibrotic regions ate
mustaken for bile ducts the encircling pattern of the fibrosts may
erroneously be mterpreted as pottal We suggest that this 1s the explana
tion for the contradictory statements 1n the literature concerning the
distribution of these fibrous trabeculae ‘The bde ducts n the fibrotic
ares have been stated by some authors to be atypical or poorly formed
(C L Connor and I L Chakoff Proc Soc Biol & Med 39 356

- ST U g 05 (1942))
s of fibrosis show
e have illustrated

(Fig 31 and others)

Additional evidence of another type which supports the view that
the fibrous tissue 1s centrolobular was obtained mn the following man
ner It has already been shown that when choline s testored to the d et
of choline deficient animals with fatty livers the only cells depleted
of stamable lip d within the first 24 to 48 hours are those which sur
round the portal vens The cells 1n the centrolobular regtons remain
fatty for a longer period A special group of anmals rats m which
hepatic fibrosts had previously been produced by choline deficiency
were killed 24 hours and 48 hours after restoring Lipotroptc factors to
their food Frozen sections of these lvers showed that the fat had
disappeared only from those cells farthest from the fibrous trabeculae

Ficure 34 Lver of a rat fed the choline defic ent diet for f:vc months The

3 f
vessels (black) are niled w ™ v some ol
the hrg(cst 1 podsastacmata sp duxj
15 for comparson wth Fg IV an
haematoxylin x 50 . L.

L f a chol ne deficient rat a wh ch the sheatn ot t¢ nepa i
2&:352536‘“]:;&;{10“’ th Inda Ink The black mk s present throughout the
strands of grey fibrous tissue McGregor stan Paraffin secton x 100
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(Figs 34 and 35) The strands of fibrous tissue ase surrounded by
haloes of patenchymal cells which stil contan stamable fat Thie
stronigly suggests that ths fibrous tissue 15 m centrolobular, not pett
postal, regons

Tangential cuts of biver lobules frequeatly suggest that the fibrosis
25 msdzonal for the resulung sections may mclude portions of the
fibrous trabecutae but not the vewns which they sursound Jt can be
demonstrated howeves, that the fibrous bands are always cootinusty
with the adventitial sheaths of the veins This purpose was served by
the preparations made by syections of 1nk into the sheath of the hepatic
vemn In the sections the imjection mass can be followed from the
adventstial Cor Ol ar. e e owd
(Fig 36)
that advan
Lithe (Am ] Path 23, 159 (1947)), leaves little doubt that the dis
tribistron of fhrous tssue 1s aonpartal throughaut the lvers of rats m
which dietary ccrhosis has been produced by cholne deficiency

Pasenchymal Prolifecation 1 Dietary Crethosts

Few of the hver cells adjacent to portal canals take part wn the forma
tion of lipodiastaemata for here these are rarely found (Figs 29 and
57} However, it s m these penportal porhions of the lobules that
matotsc figures are frequently observed They ate 0ot seen tn apprecuable
aumbers unts} the anstmals have been fed a choline deficient diet for
approxsmately three months or more As this corresponds to the time
shen fibrosss of atrophic Jipodt 15 actively g there
15 coexstent centrolobular degeneration and portal regeneration m these
lvers (Figs 37 38 and 39) The young Inver cells rarely uadergo mote

urg 37 In the center of the field regenerating liver tissue mear a portaf
gial 1s relatnvely devord of fatty change Grant hipodiastaenuts surround the
fibrous tissue around the ceateal vemns wihnch are at the edges of the field
Paraffin secion McGregor staw x 50 From the fiver of a rat chohae-deficsent
o & i f 3 liver in the stage of exrly

8 A mutohic figure in a portal area of a biver

gﬁﬁfﬁipmmn sectson McGregor stam x 950 (This s from an ammal of
one of Professot E A Sellers experiments of 1947}

Freure 39 A mitonc figute w3 liver celf near 2 Feml vein 'I(‘}nrm shonn)

is field was
araffin section

} ot lver tssue myeitea wuavascularly with
of ssausouds widely separated by celatively
was from 2 rat fed the cholive

figur 40 A cleared shee (100
fadia Inh Note the small sslands
avascular bands of fbrous fissue The hver
defetent diet for six months x 50
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than shight fatty change even though the anumal 1s stil consuming a
choline deficient diet We cannot offer any explanation for this The
absence of any appreciable degree of fatty vacuolation m the new tissue
serves to differentiate st, sn sections from the older parenchyma With
completion of atrophy of the hpod; in the centrolobul:
gons _the fibrous frabeculae susround srregulac islands formed almost
entirely by regenerating hver hissue which contams lsttle stamable fat
On the surface of the organ the elevated nodules of parenchyma ace
separated by depressions in which run the fibrous bands This produces
the appearance which 15 so characteustic of these lvers on gross
examunation  Cleared slices (100 p) of these organs mjected intra
vasculazly with ik seveal small groups of sinusoids which are widely
separated by relatively avascular bands of cleared fibrous tissue (Fig 40)

Cetord

In1942 R D Lithe I L Ashburn W H Sebrell F § Daft and
J V Lowty (U 8 Pub Heulth Rep 57, 502) gave the et cerord to
the yetlow pigment which 1s present m the form of lasge granules and
globules n the fibrous trabeculae of cirthotic livess of choline deficrent
rats This pigment 15 wsoluble 1n the usual fat solvents and 15 accord
ngly retaned 1n sections prepared with paraffin infiltratron This prop
exty plus 1ts sudanophilic character renders tt uaique It also stans with
most of the aqueous basic dyes and 15 acid fast The substance was
reported almost ssimultaneously by R D Lillie F § Daft W H
Sebrell (U S Pub Health Rep 57 562 (1941)), H Blumberg and
E V McCollum (Science 9> 598 (1941)), ] E Edwards and ] Whte

7 Nat Cancer Inst 2 157 (1941)) and P Gyorgy and H Goldblatt
§] Exp Med 75 355 (1942)) Its fluotescent character was described
by H Popper P Gyorgy and H Goldblatt (Arch Path 37 161
(1944)) K. M Endicott and R D Lile (Am J Path 20 149
( 1944%) reported its staming properties after investigation by a large
number of methods and 1 addition described a few of uts chemucal
chaactersstics as exhibited i a crude extract K M Endicott (Arch
Path 37 496 (1944)) later noted the sumilassty of cerord to oxidized
unsatucated fat He found that a substance similar to cerod could be
produced i rats by subcutaneous tnjectron of cod hiver oif or hnseed
ol Endscott also found cesord ke pigment 1n a case of preumonia 1dn
man following aspiration of cod bver ol Sumilar cases sn which acs
fast materal was preseat m the lung had been xeponedAe;h;- !I}))y
H Pinherton (Arch Path 5 380 (1928)) and H Graef (Arch Pa
28 613 (1939))

KM (Endxmtt F S Daft and W H Sebrell (Proc Soc Esp }1,3101
& Med 57 330 (1944)) succeeded 1n producing dietary crrhosis
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than slight fatty change even though the anmnal 15 stilt consumag a
choline deficient diet We cannot offer any explanation for this The
absence of any appreciable degree of fatty vacuolation s the new fissue
serves to differentsate st, 1 sections, from the older patenchyma With
completion of atrophy of the lipodutstaemata 1t the centrolobulag se

grons, the fibrous trabeculae surround rrregular slands formed almost
entirely by regenerating Iiver tissue which contamns hittle stamable fat
On the surface of the organ, the elevated nodules of parenchyma are
separated by depressions 10 which run the fibrous bands This praduces
the appearance which 15 so charactersstic of these lners on gross
exaounation Cleared shces (100 ) of these organs injected mtra

vascularly with mk reveal small groups of sumsords which are widely
separated by relatively avascular bands of cleared filraus tissue (Fig 40)

Cesosrd

In 1942 R D Lilie, L L Ashburn W X Sebrell, F S Daft z2nd
J V Lowry (U S Pub Health Rep 57, 502) gave the tetm cerord to
" — -1 L s PRETSER 1

- a ho facns af Yawna nean tag and
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ingly retamed 11 sections prepared with paeathn mitraton L prop-
erty plus its sudanophilic chasacter renders st unique It also stamns wath
most of the aqueous basn dyes and 15 acid fast The substance was
ted almost itaneously by R D Lile, F S Daft, W H
Sebrell (U S Pub Health Rep 57, 562 (1941)), H Blumberg and
E V McCollum (Science 93, 598 (1941)), J E Edwards and J White
(] Nat Cancer Inst 2 157 (1941)), and F Gyorgy and H Goldblatt
(J Esp Med 75 355 (1942)) Its flnorescent character was described
by H Popper P Gyorgy and H Goldblatt (Arch Path 37 161
(1944)) K M Endwott and R D Like (Am J Path 20, 149
(1944} ) teported its staung propesties after mnestigation by a large
number of methods and mn addiion descuibed 2 few of ats chemical
charactenistics as exhbited 1 a crude extract K M Endicott (Arch
Path >7 496 (1944))} later noted the sumulasty of cerord to oxidized
unssturated fat He found that 2 substance simifar to cerord could be
P,mduced i rats by subcutaneous wyection of cod lver oil or linseed
o Enducott also found ceroid ke prgment in a case of poeumonsa 1
man following aspization of cod hver oif Similar cases, m which acid
fast mateial was present ( the lung had been reposted earhier by
H Pukerton (Arch Path 5 380 (1928)) and H Graef (Arch Path
28, 613 (1939))
K M Endicott F § Daft and W H Sebrell (Proc Soc Exp Biol
& Med 57 330 (1944)) succeeded i producing dictary cischosis
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as well as acid fast They pomted out that the administration of latge
amounts of cod lver oil 15 known to favor destruction of vitamin B
They concluded that the accumulating evidence Suggesting a relation
between vitamun E deficiency and cerord, although strong, needed fur
ther nvestigation

P Gyorgy and H Goldblatt recently (J Exp Med g9, 245 (1949))
reported that tocopherol, even when given in very lacge doses (30 mgm
daily), will not prevent the formation of cerord when cod liver otl 15
mgested and will reduce only slightly the total quantity found 1 the
crhotic Iivers of cholne deficient rats They were able, however, to
produce dietary cirhosss without cerotd provided that cod liver oil, and
to 2 lesser degree other sources of unsaturated fatty acids, were elimi
nated from the expenimental dret

Masses of cerotd were present m the fibrous trabeculae m the livers
of those animals n our experiments in which the basal diet alone was
fed (Fig 41) Thus diet 1s defictent 1 tocopherol, and although the
mixture does not contamn the crude form of cod hver o1, 1t 1s present
m the form of a concentrate In a group of ten anumals fed the same
basal diet with a supplement of tocopherol little or no cerord could
be demonstrated when they were sacrificed at the end of five months
(Fig 42) These results appear to support the conclustons of A M
Pappenheimer and J Victor (Am ] Path 22, 395 (1945)) ‘The
appasent discrepancy between our obsetvations and those of P* Gyorgy
and H Goldblatt (J Exp Med 89, 245 (1949)), concerntng animals
given supplements of tocopherol and cod liver o1l may posstbly be due

FicurE 41 Sudanophilic masses of cerosd appear as dark grey masses 1n the
fibrous tssue tn which a few atrophic lfodmmemam appear From the lver
of a rat fed the basal, choline deficient diet for five months Paraffin section,
Sudan IV and haematoxyln stain, x 500

Fict *

at

toa

to the tat whose liver 15 represented i this figuce Faramn secoll suuan 1+

and haematoxylm x 500

FIGURE 43 Fibuls of connective tissue are shown extending around and aimost
in a demeneratine Iner cell containmg small amounts of cerord in the form

I b a ashediarafthe

€Uy Ldlawm v s
with red biood celly v b 2 L o e

x 860
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to the difference 1n the form in which the latter substance was guven,
they used the crude product, whereas we employed the concentrate

We have exammned the livers of 40 cases of human cuthosss® for the
presence of cerord Paraffin sections were stamed with Sudan IV and
by the Ziehi Neelson method for demonstrating acid fast matertal
Little ceroid could be found 1n any of these Iy ers This finding 15 1n
agreement with the results of similar surveys by Lillte, Ashbutn ef af
(Yo cut') and Popper et af (Joc et ) but at vanance with the report
of Pappenheimer and Victor (foc at)

Finally, one or two observations were made concerning the formation
of ceroid 1n the expenimental animals The Ppigment first appeared 1
the form of small globules 1n the cytoplasm of regressing cells in walls
of atrophic lipodiastaemata (Figs 43 and 44) When these cells have
degenerated and been replaced by fibrous tissue, the pigment remains
as clumped aggregates scattered through the fibrotic areas (Fig 41)
Some of the pigment granules are taken up by macrophages

Summary

1 A progresstve senes of changes, as followed by microsectrons of
the fatty livers of cholme deficrent rats which were sacrificed at fre
quent intervals during the development of typical cirrhotic lestons, has
been described An attempt has been made to mterpret these changes
1n terms of the pathogeness of thus type of eurhosis

2 Small droplets of stamable fat appeared 1n the centrolobular cells
of livers of rats kdled after they had access to the basal choline deficient
deet for only one day

After seven to ten days, fat was demonstrable 1n every parenchymal cell

Duting this pertod the small droplets mstially present fused to form
single large vacuoles that distended the cells i which they were
contamned

3 Adjacent portions of lumting membranes of netghboring cells
became transformed mto tenuous septa by a process of compression
and stretching which accompanied the progressive enlargement of the
intracellular fat vacuoles separated by the septa In the livers of am

mals sacrificed after several weeks of dietary choline deficiency, micro

scopic evidence sdtcated that some of these thin septa had ruptured

A number of septal breaks had the result of combinung several liver
cells into relatively enormous structures of a multicellular nature, these
have been named lipodeastaemata These are sacs with unilocular
lumuna distended with fat The walls of th;t sa’?‘h consist ofta gzx:;:ng?‘s
single layer of dedifferentrated liver cells e concept, o,

£ Professor William
ailable to the writer by kind permission o
S B et oF Foiioioey sod Bactoralozy Unmerery of Totonto
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Shorr 1 wonder, Dr Hartroft, whether your problem might not be
helped by working with lving rather than dead liver cells Some time
ago, when I was interested i the differences in the behavior of Iner
slices and homogenates, I found that when ltver was put through the
Latapte muncer, a vety high percentage of mdividual viable liver cells
were obtamed That they are little mjured 1n the process was evident
from therr very steady oxygen consumption for several hours (Cold
Spring Hatbor Symposia on Quantitative Brology, 7, 323, (1939))
With this technic you should be able to study the ndividual living lver
cell, see the distributton of fat droplets and determme how large a
lipodrastaema can be and stll be contamed withmn a smngle cell, or
whether they are multinucleated giant cells )

Hartroft ‘Thete 1s no doubt there are many nuclet i the walls of
the ltpodiastaemata because seral secttons very definitely demonstrate
that I have counted them The counts have gone up as high as §0
There 1s danger that I have counted some of them twice where portions
appeated in netghboring sections The fact that lipodiastaemata measure
very frequently 100 mics2 in stamed secttons and nfrequently even
hugher, suggests T think, that i the fresh state they are larger because
of shrinkage 1n the staned sections

Watson Do you think 1t 1s the pressure of the lipodiastaemata that
snduces the beginming fibrosts or do you have any concept of the exact
mechanism of ongm of the fibrosis?

Hartroft As to the onigtn of the fibrosts that may be demonstrated
not only by using the injection of ink mto the sheath of the vems but
also by following the fibrous tissue through the sections In this manner
we can demonstrate contmutty between fibrous trabeculae, even in the
earliest stages with the adventitial sheaths of the central vewns In the
ol 1mmersion photomicrograph which I showed (Fig 18), the fibrous
strands extend around the cell Why lipodsastaemata atrophy I do not
know I might suggest that circulation possibly plays a part

Watson Have you stamed any sections with Wesgert s stan?

Hartroft Yes

Watson Does 1t show aaything unusual?

Hartroft No

Watson Pethaps you are acquamnted with that paper of Urteaga
Ballon (Arch Rev de Patologia y Cla 2, 171 (1948) ) ? Have you
seen his study on the use of Weigert s stain an human livers? He makes
the claim that the so called fibrosis of the alcoholic fatty Liver 15 not
connective tissue at all but largely elastic tissue emanating from the
walls of veins and that one can differentrate these aurrhoses stuctly on
the basis of Wetgert s stain from those mn which there 1s true fibrosis
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think a lot of 1t that appears to be within cells 1s actually m Kup
cells, or do you think that those cells are altered liver cells?

Gjorgy Befote Dr Hartroft answers, may I just add a few rems
because they are pertinent It 1s true that at the meeting of the Endoc
Study Section of the USPH S 1 Cleveland two years ago I mentt
that the cuthotic changes 1n expersmental dietary cirehosts are not ¢
not portal but also not structly central What I had i muad wa
differenttate between the purely central cardiac cirrhoss and the o
stellate dietary cirrhosts onginating around the central ven If die
arrhosis would be caused by anoxta as cardtac circhosis st shoulc
steeetly central

Dr Hartroft stated en passant that in the presence of tocoph
1 the experimental diet one cannot expect production of cerord *
concluston 1s not a a2ccord with our own observatsons Tocopherol
not prevent the development of ceroid provided the expenme
ctrrhosts productng diet contains cod liver o1l or any unsaturated f
acud as fat supplement Even in daily doses of 30 mg, tocopherol
only slightly delay but not suppress the production of ceroid

Celtular necrotic foa scattered over the lobules and enmeshed m
bands of connective tissue have been called by us *residual , or
recently cellular focal necrosss

Hartroft Fust, Professor Goldblatt, you asked s there 2 deft
proliferation, an increase in collagen and what 1s the probable stimul
The necest evidence I think that one could get if there were a defi
increase 1 fibroblasts and collagen, would be to see mtotic figure:
the fibrous tissue cells I have never seen those On the other hanc
feel that there 1s a defimite ncrease i the amount of fibrous tis
because the appearance of the section gives everything that sugge
that However, Professor Boyd s chtef assistant, Dt Barry, from L
land, who has been with us one or two years, made the rather ingeny
suggestion that he thought 1t was the reticulum and supporting us:
around these cells shoved to the outside of the lipodiastaemata, tl
gave use to the deposttion of fibrous trabeculae Nevertheless, 1 f
Just from the appearance of the sectrons that there must be a defin
increase 1n the amount of fibrous tissue I certawnly think the we
which you menttoned on the estimation supports that Until there
evidence to the contrary I probably will continue to believe therte 1¢
defintte mncrease tn collagen and fibrous tissue
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