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JOSIAH MACY, JR FOUNDATION
CONFERENCE PROGRAM

As AN 1vTRODUGTION to these Transactions of the Elesenth Con
ference on Liver Injury I should like to outhne what 1t 1s that the
d hopes to plish by its Conf Program We

are mterested first of all m furtherng knowledge about hver
jury and to this end the participants were brought together to
exchange 1deas expenences data and methods In addition to this
particular gonl however there 1s 4 further and perhaps more
{undamental aim which 15 shared by all our conference groups
This 1s the 1 of ful between
scientific disciplines

The problem of between discipl we feel to
be a very real and 1 very urgent one the most cffectne advance
ment of the whole of science being to a large extent dependent
upon it Because of the accelerating rate at which new knowledge
15 accumulating and because discovernies i one feld so often result
from mformation gamed m quite another channels must be est1b
Tished for the most relevant dissermination of this knowledge

The ncreasing realization that nature 1tself recognizes no bound
anes mahes it evident also that the continued isolatson of the
several branches of science 1s 1 senous obstacle to scienhific
progress Particularly 15 it so in medicne that the lumted view
through the lens of one discipline 15 no longer enough For example
tody mediome must be well versed 1 nuclear physmies beewse of
the tracer techmques and the mjury which can result from radin
tion At the other extreme medicine 1s certanly a socal science
wd through mental health must be concerned with economic and
social questions The answer then 1s not further fragmentation
o ncresmgly solited speenihiies disciphines and departments
but the mtegration of science and scientific knowledge for the
cnnichment of all branches Tius mtegrtion we feel can be
encouraged by providing opportunities for a maultiprofessional
wproich to pnen fopies

Although the fertility of the multidisciphine approach 15 recog
mzed adequate provision 1s not made for 1t by our universities
screntific socicies and journals And perhaps the presence of other
Tundermg factors must be adnutted Purtly semantic in nature they
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5 Liwer Injury

may also to some degree be psychologieal Admttedly, 1t 1s often
times difficult to accept data derved from methods with which one
ts unfamibiar By malang free and nformal discussion the central
tore of our meetings, we hope to achiese an atmosphere which
minimizes as much as possible these emotional barners

Thus, our meetmgs are i contrast to the usual scientific gather-
ings They are not designed to present neat solutions to tidy prob-
lems but to ehert provoeative discussion of the difficultres which
e bemng encountered 1n research and practice For this reason,
we ash that the presentations be relatively brief and that emphasis
be placed on discussion as the heait of the meetng Our hope 1s
that the participants will come prepared not to defend a single
pomt of view but to take advantage of the meetng as an oppor
tumty to speak with representatives of other disciphnes in much
he same way that they would talk wath their own colleagues m
herr own laboratones

We have, now, twehe groups functomng inder the Conference
Program on the following topics adrenal cortex, agmg, cold injury,
~onnective tissues, consciousness, cybernetics, mfancy and child-
wad, lner myury, metabolic nterrelations, nerve mpulse, renal
function, and shock and carculatory homeostasss When a new
~onference 1s orgamzed, the chairman, in consultation with the
Foundation, selects fifteen scientists to be the nucleus of the group,
wmd every effort 1s made to mclude representatives from all pertiment
Lsciphines From time to time new members are added by the
sroup to 8ll gaps i viewpomt or techmque A lmited number of
guests are nvited to attend each meeting, but for the purpose of

g full patticipation by all bers and guests, attendance

wt any meeting 1s hmited to twenty-five It 1s inevitable that
10 topic can we possibly melude more than a small fraction of the
key 1y estigators i the field, and one of the difficulties in formmg
» group ltke thus 15 that 1t 1s necessary to leave out so many people
ahom we would ke to include

The transactions of these meetings are recorded and pubhshed
Thns 1s done because the Foundation wishes to make current
Inhing mn 2 field available to all those working m 1t, and because
t helieves that comeying to those mn other fields who are con-
erned with science for example, government officials, adminss
rators, ete, the essential nature of scientific research 1s also an
mportant problem m communication Logic 15 a vital aspect of
<ience, but equally essential s the intmine or creatne aspect
Research 15 as creatne as the pamting of a portrait or the compos-
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mg of a symphony  Although logie 1s of course, necesstry n order
to rearrange, to test and to valdate research thrives on creativty
winch has its source m nanritional p Unfor
tunately, however, in the fimshed products which are presented
to the world through research reports thus mtegral part of scientific
«ndeayor 15 shniveled by the cold white Light of logie By preserving
the nformality of our conferences m the published transactions
we hope to give a truer picture of what actually goes on i the
minds of scientists and of the role which creatinity plays

Frank Frevost Saamn M D,
Medteal Director






INTRODUCTORY REMARKS

Best There are many faces new to the Liver Conference here
today so that 1t may be a good 1dea to have mdividual seif intro
ductions with an explanitory word about particular interests For
myself T shall say that the mterest 1 hase i the Iner stems from
Almost everything 1 hnve ever done Surely the Ley place or one
of the hey plices for the action of msulin 15 m the hver Choline
acts on the Iiner Heparn was named after the liver by Howell
and 1t can be hi d m many i cond from the
hner although all commereial hepann 1s made from the lung

Thats enough from me On to Dr Lagerstedt who 1s not to
say Lagerstedt Histological Institute University of Lund Sweden

STEN taGERSTEDY 1 stud ed chemistry and genctics for two and a
half years and then I started to study medicine all at
the Unnersity of Lund T have worked m laboratories m
Stockliolm and Copenhagen but the bulk of my work
has been pesformed 1n Lund

My greatest mterest in the Conference 15 to hear some

thing about the lner from others and to try to tell what
1 know =bout st then T hope thit we shall be able to
correlate the results of research performed by different
methods

cecil 3 watson Even though 1t may lose me my membership in
this organization 1 must confess that my principal interest
is m the pvrrole pigments

W STAWLEY HARTROFY My interest m the liver 15 very Targel con
fined to its normal wnd pathologic microscopy

sioneY ¢ MaDDEN 1 am much interested in abnormal proten
metabohsm and the hser appears to be centrally con
cerned 1n protemn metabohsm

Jrsse L soutMan My interest 1 the lver 1s rather i reverse
because most of my studies have been on the rest of the
body after complete rumoral of the hiver

trHRAIM sHORR 1 am particularly interested in the liver as a con
trhutor through some of the factors which 1t produces
to airculatory hameostasis

DeWITT STETTEN ak  \Dy studies have been concerned chiefly with
rates of hiologieal processes and devtations from normal

n



12 Lier Injury

m these rates meident to disease or other disturbances
The Iner 15 only one of many sites where these things
may be studied

vicTor M seoroY I am interested 1n the Lver as the principal
organ of metabolism, the organ system mterrelationships
of the Iner, and their apphcation to clinieal med;

SAMUEL sSCHwaRTZ I am cluefly mterested m the porphyrnn com
pounds and mn the synthesis of parphyrns, hemoglobin
and similar heme-compounds, using C14 labeled materals
to trace intermediates Fortunately for my status here
this morming, another one of the compounds which is
present m the Iiver, i addition to those mentioned by
Dr Best, 1s porphynn, occurnng either m the free form
or combined to form cytoch catalase, et Therefore,
there seems to be quite a field correlating this organ
with porphyrin metabolism

ARTHUR w POLusTER I am a cytologist For a large part of my
career, until about ten years ago, I was interested mamly
i the structure of cells, as nearly every other eytologist
was Then the field began to change wto a phystologic
cytology Physiology rapidly got mside the cell, and it
has penetrated mnside the Iner cell more effectively than
mto any other type Thus, when Dr Best mvited me to
be here, I was very glad to have a chance to exchange
my hmited amount of mformation with real speciahsts
on this well-known cell

M MaNs ELIAS ] am a vertebrate ammal a member of that spectes
which happens to know what a vertebrate animal 1s, and
2 member of that species which 1s interested n finding
out where we 1ertebrates come from As far as the hver
1s concerned, I am m an unfortunate spot, because the
Iner of vertebrates seems to come from nowhere In the
most primitive vertebrates, the hag fishes (Myxam), the
Iner s suddenly there but m the i ertebrates 1t seems
not to eust The only prmople m bislogy which really
interests me deeply 1s evolution, the question of where
do T come from The story of my ancestry begins with
the cosmic fogs and leads to the Iner

I was ongmally a zoologist Then 1 got on the job

traiming in comparative anatomy as Professor of Histology
it \niddlesex Vetennary College My intesest m the lner
began when I produced a film for teachimg purposes 2
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few years ago* 1 had to document every statement with
a picture, and one 1s not allowed to cover up mum
formation by means of words, as authors of textbooks and
lecturers can afford to do And so because I had to tell
my story m pictures 1 found a few things which I shall
tell you this evenmg It 1s a rule that no teaching film.ss. .
should contatn matenal not previously published, and, as¢™
2 result, not ondy a film strp but also two paperst came
out of that effort

Hans poreer 1 recerved my medical education i Vienna and was
very wuch mfluenced i all my work and especially n
my thinking by my teacher Hans Eppnger, who focused
my interest on the hner I am primanly interested in the
morphologic changes n the normal and more so 1 the
abnormal, Iner, and the correlation of these structural
changes with f 1 al as recognized by bio
chemical and other methods

HANS SMETANA Smetana of the Unnersty of Vienma Medical
School Johns Hophins Medical School Peking Umion
Medical College College of Physierans and Surgeons,
Columbia Unnversity, Armed Forces Institute of Pathology
Tam nterested in general pathology, and the lnver happens
to be onc of the organs

soun L tuus T have degrees from Yale University and Columbra's
College of Physicians and Surgeons 1 interned at Bellevue
Hospital and Presbyteran Hospital, where I was an
assistant resident 1 gynecology and obstetnics i 1941,
when the Navy called me to active duty They found
my record that I had had six months of pathology The
Navy chooses one's carcer sometimes, and they considered
my tramng 1n pathology would be most useful for their
needs I recened additional tramning under Charles
Geschickter in Washington and Shields Warren 1n Boston
and was certified 1n 1946 Y am now on duty in the Naval
Medical Research Institute in Bethesda

* b 1L Discovery by illsteatim Sciens Montt 17 50 229 (19:0)

Ennciples of scientife teacking Pl production with special rlerence 0
e med =1 BIn J Am AT Coll 23 333 (9507
t ———— A te-cxaniination of the struct e of the mammahin laer T Parencyn 2l
arc) itecture Am | Anat 8% 3 (194))

A resexannnation of e struct e of the mammalan hner 1 Tle 1epatic
}llg e and e relitom o e vaulie and Diluny sstems Am S Aot 83 30
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1 am interested i the hver chiefly because of the great
importance of epidemic hepatitis as a military disease
My chief interest recently has been research on the effects
of 1omzing radiations on fissues

MELYIN H KNISELY At no tume since I have been grown has anyone

St

asked me what I am mterested m pomnt blank Among
this group of old friends I shall try to tell the truth

I was raised under a philosopher named Williams at
Albron College Albion Michigan Among other things
he defined a philosopher as a man who will seek ont and
face squarely all of the evidence all of the time Dr
Williams introduced me to the Autobiography of Ben
tenuto Cellint which contams the statement that the best
way to learn 15 to find 2 man who knows what you want
to know and go study with hum At the Unnversity of
Chicago ¥ was raised under Robert R Bensley Normand
Hoerr and Gearge W Bartelmez n anatomy [n physt
ology I studied under \1ctor Johnson who 1s now at the
Mayo Foundation and Ralph W Gerard and Ajax Carlson
Later at the University of Copenhagen i Denmark 1
studied physiology under Dr Paul Brandt Rehberg who
mented the first kidney clearance test and under Pro
fessor August hrogh

I think that my mam interest 15 first of afl problems
of value how to tell what 15 important from what 1s less
smportant how to make scales of mportances The most
mmportant things I know are people and all importances
relate to the mmportance of ideas and things to people

I would say my next mterest 1s epistemology how to
tell truth from error What are the tools which the human
mind m all nstory has been able to dewise to tell truth
from error? That 15 the mam thmg if we can §ind out
how to detect a mustake so that somehow with this brain
mside of our heads we can have 1deas which are accurate
about things which are outside of our heads the problem
of making or getting accurate 1deas and of making descrip
tions pictures moving pictores and equatons of reahty

There 15 a very suple Iist of tools which men have
used for telhng truth from error and m every smgle
instance where any man toes to tell truth from error he
1s never using more than a few out of a total hst that 1s
nat fonger than thurteen items
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- L N ) PR R
1 Instnct 7 Intwmtion

2. Custom 8 Correspondence

3 Tradition 9 Pragmatism

4 Consensus 10 The Will to Believe

5 Feeling 11 The Will Not to Believe
6 Sense expenience 12 Authonty

13 Coherence cnterion

Cunously enough Bnghtman does not include the item
of “Authonty” as a test of truth even though from the
observable behavior of human bemngs 1t would seem that
rehance upon authority, or appeal to authonty, 1s a test
of truth currently used with great frequency

The coherence cnitenon 1s obviously the only test which
one can trust even for short peniods of time It 1s possible
to say that one of the great values of mathematies 1s that
1t permuts us to keep track of the numbers and hinds and
magmtudes of speaific observations 1 order to test the
vahdity of the over all imphications of concepts by a
maximum application of the coherence critenon

1 am deeply interested 1n learning to observe accurately
and desenbe clearly Tius 15 the toughest thing 1 know
how to see something for sure and desenbe 1t clearly and
sty no more than one means

And I am interested 1n the problem of devising expen
ments which clearly separate possible :deas We have
seseral interpretitions of a certain pattern of thought
How can an ewpeniment be devised which will elearly
pomt out which ones are no good and which ones still
have to be accepted beeause you cannot find out that
they 1re no good? The only reason that we ever accept
any 1dea s that we have not yet found out that 1t is no
good (This 1s one 1pplication of the coherence cnterion )

In terms of people I am deeply interested m how the
lining human body is constructed how 1t works what can
go wrong with it and what we can do about 1t T dont
cue anything at all about anmy other lnng thing 1 will
Ml any number of frogs or nuce or monkeys to find out
anything 1 can use to educate myself so that 1 can look
for things and know what to recogmze and what to looh
for m peaple
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FRANKUN M HANGER T studied medicme at Johns Hophns 1 am
now 1 the Department of Medicine at Columhia Usi
versity I am primanly a chmeran and my mterest in the
hver hes cluefly in methods whereby hepatic disease may
be recogmzed at an early and perhaps reversible stage,
and also m studymg factors that mffuence the outcome of
Iiver injury, 1e, those leading to reversible damage and
those promoting healing

ALLAN L GRAFFUN I was tramed at Johns Hopkns, under Dr E K
Marshall, Jr 1 have served mn the Department of Anatomy
at Harvard, but am now back at Hoplans I have general
1nterests 1n secretory processes wherever they oceur, and
have developed a particular mterest m the processes as
they occur under normal and abnormal conditions m the
vestebrate hver

rOBERT KaRK I am from Chicage, formerly of Capetown, South
Africr, where I was mfluenced by Lancelot Hogben Then
1 was tramed at Guy s Hospital primarnlv by Arthur Hurst
and John Ryle hter at the Thomdike m Boston by the
late George Mnot and bv Wiliam B Castle I am a
phystcian, and m) man mterest 1s 1n my patients, many
of whom have dimaged hvers

a M raprarort [ araduated in Prague, had surgical trammg
Berlin and was foreign assistant in strgery at the University
of Panis For the last four years, I have been m the
Department of Physiology of the Unnersity of Toronto
1 am mamly mterested i arculatory aspects of hver
phystology and Iner pathology

JoHN watertow Cambndge Unnersity, England, and Medica)
Research Council, London I don’t work m any special
place but where my work takes me, to West Africa and
the West Indies My mterest 15 human physiology, or
perhaps I should say medical physiology, and prticularly
2)) the thngs that happen to people when they are under
nourished, which I regard as one of +"e mam chnreal

problems in + My ¢ “ner s just a
part of that 1 ad 5> brdge the
gwp between } scrence « ! mediome,
and the Iner 1 for t'

JouN® Neere I am a Tu not to
* ~trayed 3 ~re heen 1n

Ay ' sty
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of Permsylvama Followsng that 1 have spent most of
my time there with the exception of a too-short peniod
with Dr Vatson at Minnesota Most of myv imvestigatie
dealings with the Iner have had 1n one way or another
something to do with hepabitis \Most of the earher work
was 1n association with Dr Stokes

T have been rather terested m the multiple ficlds mto
which one may be directed by a single disease I found
myself insolved with an infectious disease with 1l the
problems of epidemiology and preventne medicine sam
tary logy pathology biochemistrs

\ y logy even medico legal

problems to say nothing of my domnant occupition n
recent years that of the elimeal problems of the discased
Inver especially the carmer state in respect to hepatitis
viris and the problem of early and perhaps 1s yct unde
fined lnver mpury i persons who think they are healthy
(and may be)
paviosen Fust wath the Unnersity of Califorma nd
thence to Montreal for medicine and back to Califorma
i San Francisco for two years and finally m Boston for
the list ten yews at the Thomdike where 1 became
interested followng Dr Rk under Dr \Minot 1 food
and blood as Dr Mot used to call it We sort of fell
into the lner because 1t was present at least as far as
disease was concerned in such large quantities in the
Boston City Hospital There 1s an old saying that 1 think
expresscs part of our interest i the Iner It goes  Is hfe
worth lving? 1t depends upon the ver™

2 ng
1 1

1

Jostrn stoxes 1 am 1 gradunte of the Unnersity of Pennsyvlvina

The first mvestigitions that 1 carned out were with Dr
Grorge \inot and Dr Chester Jones in Boston Then 1
went back to the Unnersits of Pennsvlvama working m
the chmcal field of peditnes

I regard it s ven fortunate that snfectious disc ases and
metabolie disewses jown in the Iner and that some of us
m1y be able to Tessen our ignorance w these fields by
such meetwgs as ths

MOTTRAM TorRe | am a socinl psvchiatnst interested in the con

ference process and problums of commumication  and
profoundly ignorant 1n the ficld of the kner 1 am working
m Washington with the State Department and  the
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FRANKLIN M HANGER T studied medicme at Johns Hophins [ am
now m the Department of Medicine at Columbia Uni-
versity I am pnmanly a climeran and my mterest 1n the
Iver ltes chuelly 1 methods whereby hepatic disease may
be recogmzed at an early and perhaps reversible stage,
and akso 1n studying factors that influence the outcome of
hver mjury, 1e, those leading to ureverstble damage and
those promoting healing.

ALLAN L GRAFFUN T was tramed at Johns Hophans, under Dr E &k
Marshall, Jr 1 have served m the Department of Avatomy
at Hanvard, but am now back at Hophus T have general
mterests 1n secretory processes wherever they oceur, and
have deteloped a pacticular wterest 1n the processes as
they occur under normal and abnormal conditions i the
vertebrate Iner

ROBERT KARK I am from Chicago, formerly of Capetown South
Africa, where I was influenced by Lancelot Hogben Then
1 was tramned at Guy’s Hosptal, pimantly by Arthur Hurst
and John Ryle, later at the Thorndihe m Boston by the
late George Mmnot and by Wilham B Castle I am a
physician, and my mam nterest 1s m my patients, mny
of whom have damaged Iners

4 M raprpaport I graduated in Pragve, had surgical trammg m
Berhn and v as forergn assistant n surgery at the Unnversity
of Pans For the last four years, I have been m the
Department of Physiology of the Unnersity of Toronto
1 am mamnly interested m arculatony aspects of lner
phystology and hver pathology

Joun watertow Cambndge Unnerstty, England, and Medieal
Research Council London I dont work in any specal
place but where my work takes me, to West Africa and
the West Indies My nterest 1s human physwology, or
perhaps I should say medical physiology, and particularly
all the thangs that happen to people e they sre ander
nounshed which I regard as one of the mamn clinical
problems m the world My interest in the Iner 15 just a
part of that I am also interested i trying to bndge the
gap hetween hochenueal scrence and practseal medicme
and the Iner 1s a good feld for that

JouN R Neefe ] am a natne Pennsyhaman and seem not to
hue straved very far from there since I have been m
medicine VI medical education was at the Umversity
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of Pennsylvanit Followmg that, I have spent most of
my time there, with the exception of a too short period
with Dr Watson at Minnesota Most of my i estigatine
dealings with the hver have had, 1n one way or another,
something to do with hepatitis Most of the eather work
was in association with Dr Stokes

I have been rather interested in the multiple fields mto
which one may be directed by a single disease 1 found
myself myolved with an infectious disease with all the
problems of epidermology and preventive medicine, sam-
try 1 pathol Liocl 4

1

‘n 5 ’ 3 =340 Y ) ‘)
phy 8 %y, even

problems to say nothing of my dominant occupation
recent years, that of the chnical problems of the diseased
Iiver, especially the carner state i respect to hepatitis
a1rus, and the problem of early and perhaps as yet unde
fined Iner mjury m persons who think they are healthy
(and may be)

pavipsoN  First with the Umiversty of Califorma and
thence to Montreal for medicine, and back to Cahformia
m San Francisco for two years, and finally in Boston for
the last ten years at the Thorndike, where I became
nterested, following Dr Kark under Dr Minot, m food
and blood, as Dr Minot used to call it We sort of fell
mto the liver because 1t was present, at least as far as
disease was concerned, i such large guantities mn the
Boston City Hospatal There 1s an old saying that I think
expresses part of our interest 1n the Liver It goes “Is life
worth hving® It depends upon the hver”

JosepPH sTokes I am a graduate of the Umiversity of Pennsylvama

he first investigations that 1 camed out were with Dr
George Minot and Dr Chester Jones n Boston Then 1
went back to the University of Pennsylvama, working m
the chnical field of pedratries

I regwrd 1t as very fortunate that infectious diseases and
metabolic diseases jomn m the hver, and that some of us
may be able to lessen our ignorance i these fields by
such meetings as this

WRTVRAW SORRE | ath @ svumd psytinatnst, interested i the con-

ference process and problems of commumeation, and

profoundly ignorant n the field of the liver T am worky

m Washington with the State Department and/
p]
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Defense Department on the use of the conference as a
communication process
PAUL GYBRGY As a cluld, T liked to sneak wto my mothers pantry,
for obvious reasons Emil Fischer, the famous German
chemist, called the hver the pantry of the orgamsm”
Perhaps this 1s the psychoanalytic explanation of my
present scientific interest i the hiver
GEORGE s Miick I was graduated from Johns Hophins and
mterned there Dr Longeope was then Professor of
Medicine I went to Stanford for three years with Dr
Bloomfield Following that, I was an assistant resident
physician at the Rockefeller Institute Hospital in New
York, where I worked with Dr Avery, later with Dr
Horsfall In the Navy, I was a member of the Rockefeller
Institute Research Umit and of NAMRU 2 under Dr
‘Thomas Revers, then back to Johns Hopkans, where I have
been since
I am a chmaan, particularly mnterested in infectious
diseases, and, by constant exposure to hver problems, I
bave, I suppose, become most mterested 1n infections of
the hver
FREDERICK W HOFFBAUER ] too am a chmeran I was born m
Minnesota and recened my medical traming at that
State’s Umiversity It has been my good fortune to be
associated with Dr Watson’s department for fifteen years
My interest 1n the Iner came about by a rather direct
approach viz by needle bropsy beneath the costal margin
1 find no sympathy for the views of that member of the
House of Commons cited mm Walter Cannon’s book who,
i speaking agamst the teaching of physwlogy m the
London schools many years ago stated When the Author
of the Unnerse lud the hver of man out of sight, He did
not want frail human creatures to see how He had done 1t
My principal nterest 1s 1n the pathogenesis of currhosts
a subject about which I confess great ignorance
FRERK FRENORT VWM Bum m Flonda, twmd o te Homvard
\Medical School greatly influenced bv my teacher Francis
Peabody and by my first tutonal student Hans Stetten
After heaning a lecture by Lou Reed on the cerebro
spinal flsd T became mterested 1n that wonderful clear
Lmpid hquid which I approached by the direct means
of the needle Then I learned something which was very
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mportant to me, and that was that T could not measure
spmal flud pressure accurately unless I took cogmzance
of the emotionl state of the patient Cunously enough,
the patients behaved 1n two different ways when they
were anuous Some held their breath, which ramsed thewr
venous pressure and mcreased the spmal flud pressure,
and then I would think they had a brain tumor when
they didn’t Others panted and lowered their \enous pres
sure and their cerebrospmal flud pressure, and then 1
didn’t think they had a bram tumor when they did So
I learned that one had to pay attention to emotions 1f the
physiology of the orgamsm was to be understood

From that, 1 became mterested in human relations,
communication, and m 1936 became what has been called
a philwthropoid someone who acts as though he were a
philanthropist but 1s spending other people’s money
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TABLE I
Rel of Resy Infections to H
Following Plasma 1 \} i
Respiratory Infection Hepatitis

No Ne Per cent
Present 202 93 460
Absent 548 171 312
Total 750 264 353

p = 00001

These data suggest the possible rmportance of some secondary,
apparently unrelated and gly trivial, envir tal factor
m determmung the susceptibihity of human bemgs to this imfection

Smetana Was the course of the disease in those with respiratory
mfection similar to that of the other group?

Mirsch  Yes, 1t was entiely sunilar As i most eprdenucs, there
was great vanation m the seventy of nfection and 1n the character
of the mfection from one mdvidual to another, but considered as
groups they were the same For instance, m this outbreak, about
24 per cent were nomctene, but I think the diagnosis was fauly
certain because Dr Shank and I were m a position to carry out a
number of Iver function tests and to examme the patients daily,
and we included m our group only those who had typical symptoms
and signs of the disease, and abnormabities 1n at Jeast two of the
three Iiver function tests which we used, which were the measure
ment of serum brwubin  thymol tarbidity, and bromsulfalein
retention

Kark Dr Mimch did all the 750 have hiver function tests®

Mk We did not do tests on all 750, only on patients who
presented. themselves with some symptoms of disease, plus about
100 more who demed symptoms but whom we knew to have been
moculated with the plisma There were 243 more with somt
symptoms whom we did not think had hepatitis * The patients, of
course, did not know at any time what they had been moculated
with and we were careful not ta let anyone know Therefore, the
actual numbey studied was the number that had hepatitis (300)

~ plus abont 100 more that had recen ed plasma but developed no
58 the control (plsma} and

)- OF these 243 patients 103 hag recened the vacane
#21 (d not been mixulated at thes establishment
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symptoms, plus 243 others who had some suggestive symptors but
m whom the diagnosis of hepatiis could not be established The
patients I have listed here vepresent only those with symptoms
of the disease who had abnormtl function tests, and were con
sidered to be sickh enough to be hospitalized

Kark Plus about 200 more?

Mirick  Probably about 200 more, yes who were not diagnosed
as having hepatitis

Kark What about respiratory nfection 1n the other 2007

Minick The only ones whom I anilyzed for respiratory infection
were the 750 who had received the plasma moculation

There was a third group of patients whom I have not mentioned
who did not recenve either vacoine or the control (plasma} mocula
tion Resy 3 inf d equally, app ly, n the
group that had recened the mfluenza vaccine and n those who
had recerved the control matenal In other words as far as testing
the vaccine went, the experiment was a blank It exerted no effect
on the subseq lop of resp y disease mn the group
I dont have the exact data here, but they were considered to be
equal by the people who conducted the experiment

Sborov Was there a fi d m the d of
the nomicteric form of h m the 27 lled dary cases
as compared with the 278 who developed hepatitis following the
plasma?

Minck No climeally speaking the cases were 1dentical There
was an equal proportion of ictenic and nomectenic cases m the two
groups about one fifth, as I saxd of the total group was nomcteric

Smetana Were there any lustologic differences m the two
groups?

Mirick  There were no histologic studies We did not do any
hiopsies and none of the patients died

It 15 of some mnterest that the group that we consider as contact
cases had the same high d of allergic f as the
group that recewved the plasma moculation

Sborov Were they all inoculated at the syme time?

Mirich At the same time and they were moculated by random
selection In other words 1t was set up as an experiment There was
no selection between the groups as to winch got one matersal and
~whidn ¥ive Yier "Tney eacn recewvedt thewr mjection trom a syringe
and a needle that had been previously autoclaved I think there
was no chance that 1t was transmtted m senes down the hne by

the method of moculation
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Sborov Was the time of dey elopment of hepatitis m the sacewe
group approumately the same as n the plasma group?

Minck No 1t wunt the same 1t tended to be later Those
patients which we call secondary cases did not all recen e vaceme
Seventeen of them received no moculation of any sort It can be
seen m Figure 1 that these cases occurred toward the latter part
of the epidemmc

Hanger Would jou retum to your discussion of allergy? Was
1t 1 allergic reaction to the mocula?

Mirick 1 wish I hnew T dont know what the patients were
allergic to 1 used the term allergic merely because the symptoms
and signs were those which we commonly associate with some form
of allergy sny serum sickness

Hanger At what tume after the mjechion®

Mirich The majonity of them developed the symptoms which
I have called allergic on the same day that they developed other
symptoms and signs more usually considered a part of the hepatitts
preture that 15 gastromtestiny] symptoms or jaundice However
there were quite a few patients who developed the allerpic
symptoms up to 30 days before the first gastromtestinal symptoms
and there were some others who developed them uvp to 15 days
afterward I would say that m general the allergic symptoms
were early symptoms of the disease

Kark Dr Hanger am I not correct m thinkng that the older
chnicians 1n thewr accounts of citarrhal jundice described hues
as a prodromal symptom of the disease?

Hanger Yes I thmk that widl come np later Some of the
manifestations of a viral mfection are ssumed to be llergwe
reachions to the antigen

Stokes We see a great many cases with what appear to be
allermc mamfestaions We have now studted more than 1400
volunteers who have recers.ed both the serom hepatitts and epidemic
hepatitis viruses aud many of them have the allergie symptoms
you have discussed Dr Neefe and I had 1 very it yolunteer 2
conscientious objector who early m the course of hus viral hepatitis
had a severe scaslatimiform rash We frequently see urhicanta pawt
n the jonts and other mamfestations thit appear to be allergie
m nature

Fremont Smuth  As first symptoms®

Stokes They are more wt to come exth

Shorov Are the allergic mamfestrions more frequent m cases

of emdemuc hep wibs?
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Stokes 1 beleve they are more frequent m epidemic hepatitis
than m serum hepatitis, but I cannot gne evact data on merdence

Minieh 1 realize that this is not, of course, an onginal ohsers ation
about the allergic symptoms I think the ncidence 1s rather high
1 this outbreal An epdemic deseribed by Hawley, et al, (1)
England, followmg the use of mumps convalescence serum had
a rather high incidence, about 40 per cent And certamly m our
evperience at the Rockefeller Institute, m the senes that Dr Hoag
land reported (2), about 3 per cent of the naturally occurnng
hepatitis cases had hnes at least, and 12 per cent of them
arthralgia, too

An analysis of those symptoms which occurred mn the Cleveland
patients who received the mjection 1s this arthralgia alone 1 82
of the patients hnes alone n 30, prurtus 1 18 rash in 15, and
angioneurotic edem m 8 Those are the smgle symptoms Both
arthralgia and pruntus occurred 1 18 arthralgin and hies i 15,
arthralgia and rash 1n 8, hives and rash in 5, the hives and angro-
neurotic edema combination 1 4 and arthralga and angioneurotic
edem 1 3 Three of those symptoms occurred m 3, arthralgra,
hies rash, and angioneurotic edema 1n 1 That bnings the total
up to approximately 55 per cent of the entire number

Stohes Thd the cases that had allergic mamfestations show
more respiratory difficulty®

Minick 1 have not made that correlation yet I don’t beheve
that there 15 any

Stokes 1 beheve that 1s a very important point So often respira-
tory symptoms may be allergic i nature

Mirick Yes, that s a good pomt I will consider that

Neefe Were there any blood counts done on the group durnng
that particular period?

Mirick Very few, not enough to talk about We occasionally did
some white blood cell counts when the diagnosis was in daubt, but
m the majonty of the cases we relied merely on clinical ohservation
plus the three Iner function tests that I have mentioned

Neefe As to eosinophiha there are not too many data on connts
duning that particular stage

Mirick: Yes 1 wish 1 had that iformation We were rather
short handed 5o we did not get everything done that should haye
been 1 am sure We have no eosiophil counts

Sborov In that connection Dr Neefe Zimmerman (8) studied
bout 300 cases of clintcal hepatitis m the European theatre, and
reported a high mcidence of eosnophilia exrly m hepatitis His
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cases were not in the prodromal pertod and 1t was rather surprising
to me to see the high meidence of eosmophilia he found 1 thy
one group

Neefe 1 ask because 1 saw not long ago a patient a close
personal friend who acquired hepatiis He presented allergic
phenomena assomated with 17 per cent eosinophihia and a Iugh
white count a rather unusual penpheral blood preture for hepatitis
i fact st made me doubt the diagnosis But there 1s httle informa
tion available concernmg counts m the first few days of the
disease and I doubt that we are well mformed concermng the
possible vanants

Tullis The microscopic picture of this disease often shows an
mfiltration of the eosinophils doesnt 1t Dr Smetana?

Smetana Yes 1t does but we found a generalized eosmophihia
m only a very low percentage i our group of cases I beheve Dr
Shorov has data concernig this pomt

Sborov  Unfortunately we have not consistently done white
bleod counts on our patients with her but Dr Z
studied s cases very carefully and found a relatnely hgh
meidence

Neefe Certainly n the volunteers Dr Stokes we had a fawr
number of early counts It 1s not a part of the usual blood preture
1 am sure but we do not have observations on a large number who
have had the other allergic phenomena They may differ i their
hematologe reaction to hepatitis

Best Dr Minck will you go en?
Mirsch Ten years ago For Manso Penna and Parra (4) stuched

an outbreak of jaundice following the admmstration of three
wcterogenc lots of yellow fever vaccme i Brazil They pomted out
that the maidence of hepatitis within villages and households did
not conform to that which would be expected if governed only
by chance They discussed bhe Cullinan (5) Fmdlay and Mac
Callum (6) and Theller (7) before them the apparent double
etiology of postiaccnation icterus The nature of the second
factor wis considered to be (@) possibly an mfections agent
{b) a chromc intoucation or {(c) a state of lowered hepatic
resistance due to almentary deficrencies

\facCallun and Miles (8) failed to produce hepatitis i lahora
tory ammals following exposure to X rays splenectomy mjection
of varous arsemcals njections of alloxan and infections with
certan hactena However they reported that the moculation of
blood nd feces from patients with infective hepatitis mto rats on
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a protem deficient diet, followed by bhind passages of the tissues
of these rats mto other protem deficient rats, led to the production
of necrosis of the Iner and hemorrhages nto vanous other organs
The diet employed was deficient i protemn (yeast 16 per cent,
casem 4 per cent) and caused microscopic hner lesions in @ per
cent of the normal rats fed 1t for 60 days Unfortunately, these
workers lost their agent after 9 passages and famled 1n subsequent
attempts to reproduce therr ongnal results Dr Ratnoff and I
have, Likewsse, failed to rep the exp Ithough we
didn't start with the same matenal as they did, we did use the
same method as closely as we could We had a different strain of
rat, and also the yeast was not identical Tt was probably imposstble
to reproduce exactly their conditions \We used the hlood and feces
of patients with acute infectious hepatitis, as did MacCallum and
Miles, but from different sources

Neefe Was 1t known to be infectious?

Mirick The matenal we used was not known to be fectious
At that time, we had no access to volunteers The matenal we
used had not been tested but 1t was presumably infectious

1 have been impressed by the possible importance of a second
factor m determiming susceptibility to hepatitis and for a number
of years have attempted to apply this principle to the adaptation
of the virus to some laboratory ammal Some of the work has
mvolved the study of environmental effects on the wnfection of
mice with pnenmoma virus of mce (PVM) This 15 a stnctly
pneumotropic virus causmg overt infection only n mice, unless
adapted to another species It can be titered reproducibly by
measuning the 50 per cent maximum lesion score (MS 50) or by
d g the h 1 titer of heated virus extracts
Dr Leftwich and I (9 10) studied the effect of certain diets on the
susceptibility of mice to this infection We showed that protem
deficiency had no effect However, acute pyndoxme deficiency
resulted 1n d to inf Chrome pyndovine
deficiency had the reverse effect and resulted 1 greater suscepti
bility of mice to the infection as shown m Figure 2

Rark Were you using pawed fecdings? Was the eilone mtake
of the ammals the same?

Minck  The calonic intake was approumately the same They
were all given as much to eat as they cared to have Each titration
represents a total of 25 mice, and there were 5 m 1 jr, that 15
5 moculated with each dilution of virus, so that they were not
compared mouse with monse but group with group
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Best That would not be paired feeding would 1t? They wonld
not have the same calone mtake

Murich T think they would on the average Why do you thinh
not?
Best U they are deficent w almost anything they wont et

as much

Minch The weight cunves were followed for a period of 6 weeks
The cunve was the same at 5 weehs for the ammals on the pvn
dovine deficrent diet as that for the animls on the complete el
At that time they began to lag n weight, but since these expers
ments were All completed n much Jess than 5 weeks 1t 1s unhhels

that they were mfluenced
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Best 1dont know the latent period — Dr Gyorgy will probably
know —but after a certam period their calonc intake goes way
down

Gyorgy Maybe after 4 weeks Were these old mice?

Mireh No

Gyorgy The weight?

Minch At the time of moculation 10 Gm

Gyorgy Not longer than 4 weeks I am sure, if the diet was
really free of pyridoxine

Mirick 1 think 1t was free We used Cowglls formula and we
used as far as possible chemically pure ingredients to put into 1t
1 do not feel that the difference noted depended on lesser calonc
mtake Certamnly, the mice on the proten deficient diet did lag
markedly 1n weight The ones on 4 per cent protein never gamed
at all and yet that did not seem to bnng cut the difference in
susceptibility that 1 have shown here with pynidouine

Table 11 shows the titer of virus m the mouses lung At 6 days
This 1s 6 days after 1 m
those on the pyndoxine free diet and (hose on the et contmmng
pyndoxme This virus was metsured mn two ways its mfectty
titer in other mice and 1its capacity to agglutimate mouse erythro
cytes 1t will be seen that i both the first and second experiments
there was less virus 1n the ammals acutely deficient m pyndoune
on the sixth day than in the ammals who received 1t m their diet
We did not measure virus n the chroncally deficient ammals
which showed the mcreased MS 50 titer

The effect of cortisone on nfection with PVM was tested (11)
It was found that the admxmstmtmn of cortisone enhwnced the

seventy of inf and the of the virus These
findings were m agreement with those of o!hers who have observed
enhancement by cortisone of exp with

poliomyelitis vaccmin Coxsackie mumps West Nile ITheus and
Bunyamwera viruses Tt 15 with interest that T note a recent report
that Drs Melcher Blunt wnd Ragan (12) have produced 1 trans
missible diffuse focal hepatitis i cortisone treated rats moculated
with icterogenic human serum

Fmally the effects of urethane on PV infection were tested {13)
Urethane first seemed of nterest because of its oncogenic activity
but subsequent study has shown that many of 1ts pharmacologie
effects resemble those of the adrenal cortical stermds For example
urethane may produce lympholysis eosmopenia suppression of
mnflimmatory reaction and fibroblast growth chlonde retention
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TABLE I

Influence of Pyridoxine in Diet on rvM
Content of Mouse Lungs

VIRUS SOURCE AMOUNT OF VIRUS
e[ AMOUNTOFVIRUS
Hemagglutination
Lung Suspensions From fe AT
R R A
er tof Log) S ]
Extpermment Pyridoxme jn
No Diet
1A + 333 1640
18 [ 246 180
24 + 135 1320
2B [ 393 1-160

* The myce were sacrificed on the 6th day after imoculation

Reprinted by permussion, from Leftwich, W B, and Minck, G S The effect of
chet on the susceptibality of the mouse to preumonra virus of mice (Fy M) § Infls
ence of pyndoxine n the period after the inoculatton of virus | Exper Mcd 89,

155 (1949)

and loss of p and call lkalosis, hyperglycema, and
increased gastric secreton We found that muce given urethane
showed increased susceptibility to infection with PVM, and agam
the titers of virus obtained from their lungs were greater than from
controls

This finding led Dr Janet Jordan and myself to the use of
urethane as an adguvant m attempting to adapt hepatitys virus to
muce (14) Negatwe results had been previously obtamed testing
different dsets and also several different adpuvants, ) Y]
carbon tetrachlonde, and the hepatot alkalosd
m rats muce or monkeys

Two sources of virus were tested with urethane One was pooled
serum taken dunng the mcubabion penod from patients who had
been mady ertently moculated with icterogeme sera The other was
2 10 per cent sahne extract of the Iner of a patient (CB ) who
died of acute yellow atrophy 27 days after accidental moculation
This patient was a pathologist who cut hus finger wiile autopsymg

a case of acute hver atrophy
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‘These materials had been hept with dry 1ce until used Neither
source was tested for human mfectiity Weekly, semmmonthly, and
monthly seral passages were carried out using 08 ml per mouse of
a 10 to 15 per cent saline extract of pooled Iners, spleens, and
ladneys moculated intrapertoneally The mice inoculated wath
each source of matenal were ginen 01 per cent urethane to drmk
throughout the entire period Two uninoculated control series, with
and without urethane, were included We have not observed any
toxicity to the hver with this dosage of urethane alone

It will be seen 1n Figure 3 that i the senes of mice which were
moculated with CB Iver, which was passed at four weeh mtervals,
and which recewved urethane, that in the fourth passage a disease

pp and was subsequently d by senal passage
through a total of 17 passages now Urethane was not used after
the fifth passage, since the disease was found to be transmissible
m mice without that adjuvant

1t will also be seen that two mice of the other {GL) senes also
became somewhat sick They did not develop ascites, but were
thought to have some evidence of hepatitis This also occurred in

1
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several mstances m the control senes I shall come back to this
observation later

Best Dr Munck, I know nothing about this, but we see ascites
1 expertmental animals with cirthosts Can there he a real blockage
with just acute inflammation? [€ 1s a clincal question

Mirick 1 think it 15 an unusual thing m man to see ascites with
the acute disease I should bike the other chimcians to comment on
that There may be small amounts, but certamly masswe amounts
of ascites are not commonly seen in patients with acute hepatitis

Watson Well, we do see 1t every now and then I thik we have
to recogmze clearly that ascites does occur with acufe hepatits It
15 rare, but it has been clearly recogmzed 1 have seen seweral
cases where there was no other explanation where it cleared up
and the patient recovered

Best Would you take that as the same mechanism as with
curhosis or some change of permeability mn the vessels?

Watson I really don't know I think there 1s probably more
emphasis on other factors than the importance of obstruchon
perhaps some factors that Dr Shorr would be mterested m assay
mg I dont know

Popper In approximately 30 per cent of cases of acute fatal
hepatitis, the so-called acute yellow atrophy, considerable ascites
may be noted A sumdar snerdence has been reported by Lucke (15)
He recorded aseites 1n approumately two thirds of hus vases of
actual fatal epidemic hepatitts, and Lucke and Mallory { 18) noted
1t 1n one fourth of the fulminant cases of fatal epidemic hepatitis

Best Do yau know anything about the mechamsm®

Popper No sit

irtck T don't know anything about the mechamsm of aseites
m this disease esther, but 1t was a promment feature m some of
the mice Grossly the mice showed from 2 trace to 20 mt of
yellowish ascitic flmd which clots on standmg, has a cell count of
ahout 1000 per cu mm, and contans about 3 per cent of protem
The spleen 1s enlarged four times The Iner may be enlarged
mottled thichened and friable "

Hartroft Were there eosmophuls present n the asatic ﬂmdY

Mirick No there were no eosmophils m the asaitic fimd We
checked that

Shoror  Dnd vou partition the protein Dr \finck?

i0nch No we did not do that 1 don't know what the protemn
45 T am sure there 15 some fibnnogen there because, as 1 say, it
clots but [ dont know what the rest of 1t s
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Smetana Dr Minich, when you sty hepatitts, does that mean
chimeal hepatitis?

Mirich  Well, I will show you sections from the hners It means
iflammation 1n the hver, and the mice appear sick Yes, I suppose
1t means chmeal hepatitis

Watson \VWhat percentage have jaundice?

Minich  Very few I have only seen three out of several thousand
that had jaundice Microscopically, the liners show mononuclear
cell infiltratton around the portal and central vemns, m the sub
capsular arez and m small scattered foc1 Occasional giant cells
are seen The smusords are dilated, and frequently hemorrhages
may be seen I believe that in Figure 4 you can see most of the
featur;s I have menttoned No mclusion bodies have been demon
strate
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Ficune 4 Photomicrogriph (x150) of the hver of 1 mouse stcnficed 32 duys alter
wfection 1 the 7th passage No urethsne was given Note d fuse mPltraton par
teulurly in the subcapsular area occasional gant cells dilatation of the sinusouds
and disorganization of the hepatic architecture Repninted by permussion  from
Jordan ] “and Minck G S Hepatitis 1n mice of presumed viral ong Bull Johay
Hopkins Hosp 29, 327 (1951)
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amlj:;;s I;;el\h;::k ¥ou are goxlngbentxrely on the weight of your
the oth,er my, &;:t bp (:i oo arer Shmng weight normally and

ght be developing ascites You ssondd not know from
weight alone

Minick  That 1s perfectly true When the mice develop much
ascites there 1s kttle difficulty m recogmzing 1t We have found
that you can candle 2 mouse very micely, like an egg If you take
them mnto 2 dark room and transilummnate them you can see the
asaitic flud Jf there 1s any question and we want to heep the
mouse alive, we do a paracentesis

Fopper s 1t now 1 order to ask some questions about hustalogic
changes?

Best \es, please

Fopper Fust, what lestons do mice treated with urethane alone
show?

Minck They show normal Ivers mdistoguishable from the
muce that recetved water, that 1s wath this dosage of urethane nd
for this fength of time I am not sure what they would show if
they recessed much more and for a longer time

Popper Higher doses of urethane produce characteristic histo
logic lesions Central necrosis and marhed edema have been
descrsbed by Doljansht and Rosin (17) m rats mtovicated with
urethane, specifically, vascular changes with marked exudation The
cellular inflammation however, I have not seen in urethane mtowt
cated rats I have never seen Iners of mce mtovicated with
urethane

Mirck Figure 4 was not from a mouse that recerved urethane
3t was obtamed from an anumal of a later passage The urethwye
came mto the show ouly durmg the period of adaptation or what
we thought was adaptation of the agent and after the fifth pissage
no urethane was gnen to these ammals

Popper Did the first passages show the same histologe picture?

Mirick  They shovwed no evidence of disease and no sections
were taken We did not find any deviation from normal until the
fourth passage m the seres Urethane controls seemed normal at

the seventh passage
Popper They showed thus a normal histologe prcture

Minch Yes
Best I am glad to have that cleared up too, because 1 was

thmking of the possibility of damage from urethane
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Popper 1 should like to ask one more question From what we
know so far, a peculiar necrosis of the lver cells seems to be fairly
charactenistic for human virus infections of the liver This 1s a
ciffuse acidophilic or eosinophilic necrosis of the cytoplasm of the
parenchymal cells Therr nucler become pycnotic and the cells
finally leave the liver cell plates as 1f they were expelled from them
Such cells are most charactenistic 1n yellow fever, where they are
designated as Councilman bodies Another vanety 1s seen, as Dr
Mallory has emphasized (18), in human viral hepatitis Tt 15 also
seen mn the virus hepatiis of dogs The few specimens 1 have
studied were crowded with this type of eosinophilic necrosis some
what similar to the Councilman bodies Have you seen any eosino
philic necrosis of the liver cells 1 your mice?

Minick 1f T have seen it, I have not recogmzed 1t 1 am not even
entirely sure what 1t would look hke You mean there are eosmo
phals 1n the lver?

Popper No, 1 was talking of hver cells with diffusely eosinophilic
cytoplasm I am refernng to 1solated cells expelled from the hver
cell plates and located in the tissue spaces

Mirich No, T have not seen that Let me say I may have seen
1t but not recognized 1t

Smetana 1 should bke to ask whether these changes were limited
to the hver

Mirick Not entirely We have a few sections of hidneys — 1 did
not bring the shdes along with me — which show some mononuclear
mfiltration That 1s the only other organ that we have recognized
any changes i except for the spleen * The spleen shows what I
think 15 the finding of a spleen in any infection n a mouse At
least, I can’t recogmze 1t to be charactenstic

Sinctana The microscopic picture which you showed 1s unbhe
that seen n the nonfatal type of hepatiis m human beings There
we consider the necrosis of individual hver cells, not of plates or
cords the most important change The mononuclear reaction 15
not a primary but a secondary reaction to this mjury of individual
liver cells The picture showed necrosts of large groups of lver
cells Tt 15 a leston, hut 1t 15 unlke that seen 1n the acute nonfatal
type of hepatibis 1n human bemgs

Manck That 1s certamly true 1 did ot show these to try to say
that they are like the human disease but merely to show what we
do see Certamly, clnically and pathologically there are many
deviations m what one sees

* Changes have alwo been seen m the pancreas
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Smetana 1 believe the mmportant pomnt 1
hased on histopathology P point 15 that your diagnosss 15

Marsick 1t 55 based on several things that we have Jooked at on
the presence or absence of ascites, the gross appearance of the
h\ef, and, if there 15 any doubt n our minds, on the histology We
don’t do sections on every liver that we see, because some of them
are obviously diseased

Lagerstedt Have you made any studies with special staming
reactions, for example, with the Feulgen stam, or studies of the
basophulia, or have you m estigated the composttion of the nuclear
or cytoplasme protems i these hver cells?

Mirick, No, we have not done that yet Those are certamly
things to be done The only things we have dome, other than
hematoxin and eosin, are stamns for inclusion bodies

Lagerstedt There has been some 1nteresting work done on virus
fectrons with some of these methods I should think st would
be of interest m connection with this, to mvestigate those things

Knisely Have you sections of brams from these arumals?

Minick Yes we made sections many times We have tred to
exclude encephalitozoon mfection, winch is best diagnosed by
secttons of the brain We have noticed no abnormaltties n the
brain

Hanger The heart muscle was all nght?

Minck Yes, the heart muscle secmed to be all ught

Cyorgy May I ask you agam Dr Mnck, durmg the first four
t there was absolutely no pathology?

Minck That’s nght

Gyorgy No asates?

Minich That’s nght

To continue with Jater observations ascitic flud, blood and hver,
spleen or hidney extracts separately have all been infectious, but
only to a uter of 1 1060 Al stams of rmee at all ages tested
are susceptible, but unpredictable negative experiments often occur,
and muld forms of the disease are duficult to recogmze All routes
of mjection meluding ntracerebral have resulted 1n hver disease,
but moculation intranasally and per os have faled Gumnea pigs,
rabbits hamsters, monkeys and embryonated eggs were not abvt
ously infected Infectnity for mice sunves storage for at least 3
hours at room temperature 6 weeks at 4 degrees C, and 6 months
at ~70 degrees C It 1s usually Jost by Iophilization or heating at
56 degrees for one hour or more Actually, about hnf of the e
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under that degree of heating the mfectivity 15 lost, and about half
the tune 1t survives

We have been unable to filter the agent through a Seitz pad, nor
to demonstrate infectivity of the supernatant after centrifugation
at 3000 rpm for one hour

These observations do not necessanly mmply a large particle size
to an agent of this low infectivity titer
Extensive efforts to identify the causc of this disease are being
made logical cultures, mnclud those for pleurop
moma like orgamsms, have been negative No leptospira were seen
Moreover, Dr Beeson found no agglutinins against exght strams of
leptospira 1n the convalescent sera from our mice

Encephalitozoon infection may produce m mice a picture sumlar
to that which we have described (19) However, none of these
parasites have been found mn our mice and rabbits do not become
mfected That was the mamn purpose of making bram sections,
because there one sees the encephalitozoon parasite if 1t 1s to be
found

The disease bears only a superfiwal resemblance to Ehrlichs
ascitic tumor (20) The latter differs in the vanbihity of its mcuba
tion penod, m 1ts ngh mortality, extremely cellular asatie fwd
and occasional solid tumors For its transmission the asabic flud
must contam at least ten times as many cells as ordinanly found m
the hepatitis ascitre flud

Best Will you tell us 1 hittle about Ehrlich’s tumor? It 15 a new
one to me

Mirick It was a new one to me until T began searching around
to find out what this disease might resemble It 15 bemg studied
rather extensively at the Sloan Kettening Institute by Dr Sugwira
who gave us the strain that we have worked with 1t was first
desenibed as a mouse by Ehrlich and has been found
to be readily transmussible wm mice In 1932, Lowenthal and Jahn
obtamed a special variant of this carcinoma which usually produces
fter mtrapentoneal injection no sold tumor but rather huge
ascites of a milky or bloody character This aseitic tumor 15 being
used quite extensively m studying the possible chemotherapy of
neoplasms

The agent thatis the agent of this hepatitis we are describing
1s thought to be a virus but when compared with the known virus
diseases natural to mice 1t seems to be 1dentical with none Pneu
monta virus of mice (PV\} 15 excluded by the wiscerotropism of
the agent and the absence of hemagglutination the psittacosts
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group by the absence of inclusion bodes, avirulence to embryonated
eggs, and the absence of specific CF antibodies hypermmune
rabbit or convalescent monse sern The hepatitis deseribed by
Olitshy and Casals (21) and others 15 excluded by the absence of
mcluston bodses, evidences of chinical disease, and the possibihty
of transmussion

Owr disease differs from the hepatitis of mice recently described
by Gledhull and Andrewes (22) 1 several respects Unlike our agent
their virus 1s reported to nfect only suckling mice, or weanmg
mmce of one stram {BSVS of Webster), 1t has a short incubation
pentod and 1s Jughly lethal for suckltng mice The lesions produced
by the two agents though somewhat alike mucroscoprcally, are
grossly dissimilar

Some strams of lymphocyhe chonomenmgitis virus may produce
a disease sumlar to that which we have descrihed (23) How
ever, our agent has not produced meningihis when moculated
mtracerebrally mto LCM susceptible mice, nor detectable or
transmissible disease 1n embryonated eggs or gumnea pigs Mce
convalescent from hepatihis or acutely mfected with hepatitis were
equally as susceptible to LCM infection as controls Moreover, our
agent was not neatralized by hyperimmune ant: LCM guinea pig
serum, and hepatitis mouse spleen antigen did not fix complement
with this serum It 15 noteworthy, however, that Dr Wallace Rowe
has partially neutralized LCM mtrapentoneal infection of muce
with a convalescent serum pool from our mice, and this serum
fixed complement with LCM guinea pig spleen antigen

Prehmmnary experuments with several chemotherapeutic agents
are summanzed m Table III It will be seen that streptomycin,
terramycin, chi ) I, and sulfad m the doses md
cated, for the entire experimental period, that 15, beginning at the
time the mmce were moculated mtrapentoneally and contmung
until the time they were sacrificed, did not seem to reduce e}‘ne
incidence of hepatitis or of ascites, as compared with the cnn:!ro!s
However, penctllin glwlan ;ntrapenmneally or orally seemed to

h ase complete

m}’]II']l:::s; :le:smems Ipcall );’rehmmary, because the nnmb;r toi
mice mvalved were obviously not sufficient to be too emphat
ahout the results dact reatiment?

Madden 1s this prophylactic or

;;:lnc(i This 15 p\g)up}[:ylactlc The pemalhn was given the SangIg
day that they were inoculated, and the mice were sacnficed
d:;ls ];amr T‘"’]ey recened pemecillin thronghout the entire period




Infective Hepatitis 39

TABLE 1T
Effects of Chemotherapy on Hepatitis m Yice
( \ Daly Tune | Bo of Result

Drug Dose | Route | Days | Expts | Hep  Asc
Pemallin 100u Ip 28 1 0/4¢  0/4
Penicilim 350u PO 28 3 012 0/12
Streptomyem | 500u | SC | 28 2 | 48 a8
Terramycin 2Bmg | PO 28 2 5/8 5/8
Sulfadinzine 10mg PO 28 1 4/5 3/5
Controls o o 28 3 /11 5/

» T‘i:;mel stor number of mice showing lesion Denom nitor number of mice inocu
Tat

1t has been tried n treatment and seems to have no effect at all
that 1s, when started the third week after moculation

Stokes Have you tned pemalhn prophylaxis m humans?

Mirick 1 have not, Dr Stokes, because, as you know, I don't
see very many people that T know are m the incubation peniod of
hepatitis, but 1 think that {s one thing that we ought to consider
as a thing to do

Stokes Yes

Best T wonder why Dr Stohes asked that queshion Is this varus
supposed to be the same?

Stokes As human?

Best Yes

Stokes 1 dont think Dr Mirick feels so T don't feel so from the
studies 1 Philadelplia by the Drs Henle

Muick U have been d w the \
pemallin effect in relation to Gyorgy s (24) cbsenahons that antt
biotics may suppress the deselopment of dietary Iner necrosis m
rats Do you want to comment on that, Dr Gyorgy?

Gyorgy Pemcillin Wil prevent it as well as terramycn and
streptomycin

Watson Ordinary pemcillin?

Gyorgy Ordinary p in by mouth and dibenzyl
pemaiiin

Watson I thought the dibenzyl pemaillin was better

Gyorgy Shghtly T dont think there 1s a great statistreal dif
ference
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gest What do you think 1s the mechamsm®
Hom!/‘"gy Well, I am prejucdiced 1 still thik 1t 15 the mtestinal

Best How does that fit inP

I(;Z;rlijuez t]};:); :l:aﬁ:e next year we shall tall. about 1t

y prevent or delay the onset?

Gyorgy Well, you are nght, we should say that the antibottes
have 2 delaying effect on experimental hepatic necrosis The dela:
may be often marked and may be synonymeus with prevenﬂon)
N Mirick The effects of diet and corfisone on the mouse hepatttis
bave also been explored only i a prehmnary fashion We have

een unable to demonstrate any altered viral susceptibihty m mice
fed a diet contaming 4 per cent or 10 per cent protemn or a pyu
dovne free diet Cortisone did not seem to enhance the infection

Best Why did you give cortisone to these amimals®

Mirick To find out what it mught do It might have made them
better or worse If it made them better, 1t would make me beheve
that the ammals themselves had some type of allergic reaction
If 1t made them worse, that would fall i lme with the effects of
cortisone on other virns infection that have been studied

Our expenments with cortisone to date have been rather imted,
and I can’t say with certamty that it has no effect But, certamly,
1t did not block the disease once 1t had appeared That I can say
Whether 1t makes them worse or not I am not prepared to say

Best You are really interested m the one thing you are studymng,
not yust the effect of generahzed hormones on the prcture®

Mirnick Ne I wanted to vse it for the reason 1 stated to iry to
rule m or aut allergic response and to try to enhance a virus n%ec
tion f such were present

Best 1 was thnking you could take out the pancreas and prob
ably enhance the infection couldn’t you?

Mirck Perhaps so [ have never thought about depancreatizing
a mouse

Best Well syou can gue it allovan To mtensify an mfection
there 15 just as much reason for remosing the pancreas as for gving
cortisone At least, that 1s true for bactenal mfection

Minck Has that been studied m virus diseases®

Best I dont think 1t has ever been studied m virus diseases At
least, I do not know that 1t has

Mirick You see cortisone has been ra
with viruses in a whole hst of them that T went through ani

each case 1t has been shown to enhance the chsease

ther extensively studied
d m
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Best There 1s no doubt that the :imb[ehc organism 15 ternbly
ble to if e 1

Ml;xck I think one cannot in any case reason from bictenal
infections to viral mfections They differ in so many respects

Best No cxcept that you have 1 generalized thing such as the
fact that any prolonged dietary deficiency makes animals more
susceptible to almost anything

Minck Except many viral mfections

Best That 15 new to me

Mirick The evact opposite 15 the rule What I showed wath
chrome pyndovine deficiency 1s the exception

Best That 15 very interesting

Minck That was first pointed out by Dr Oltshy Gunex pigs
that were sick or on deficient diets were less susceptible to infection
by the agent of hoof and mouth dsease than were normals That
observation has been repeatedly confirmed with other viruses
other animals

Stohes Workers at The Children s Hospital of Philadelphia found
a similarly mcreased resistance to pohomyelitis virus (Lansing type)
m mice which had previously been made deficient 1 thiamine

Murick The disease m the muce was not neutralized by homo-
logous hypenmmune rabhit serum convalescent mouse serum
ant1 LCM gumnea pig serum human gamma globulin nor serums
from patients 1 from hep Compl fixation
studies with mouse ascitic flurd antigen have been posiive n low
titer with mouse convalescent serums and with certain seiums
obtuned from patients at the peak of therr hepatitis

Organ extracts and asaitic fluud infective for mice were moculated
orally and intramuscularly into 10 human volunteers No typical
hepatitis with jaundice ensued All developed an illness bl
with serum sickness with some abnormal hver function tests They
were observed and had weekly Iner function studies for 85 days
after moculation Several continued to have a muld illness after
8 weeks Several developed shghtly mncreased BSP retention and
mcreased thymol turbidity values All developed positive cephalin
flocculation tests and several posiive thymol flocculation tests
Several m addition showed a shghtly mcreased excretion of urine

bilinogen They all developed h phil i that 1s

agglutmms to sheep cells nsing from a titer of 1 60 before mocut
tion to a peak of 1 2560 at about the second week and mamtaming
ahigh titer during the peniod observed Three developed precipitins
against mouse aseitic fluid These findings have been mterpreted
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as some evidence of Iher djrmage but are probably attnbutable to
foreign protein reaction or “serum sickness

Sborov Were the heteroph! antibodies absorbed on gumnea pig
kidney?

Minick Yes, they were absorbed on guinea mg hidney

Kark Have these ten men been tested with Dr Stokes's sk test?

Mirick No, they have mot We wanted to use the shin test, but
unfortunately there was none of the antigen avauahle

Stokes There 1s no reason why 1t could not be done later of
adequate maternal 1s avaiable

Hanger Where did you nject this material?

Minick They recenved 1t m three sites each buttock and the
deltord 1 one arm

Hanger Over a pertod of tumep

Minich At one time

Gyorgy How much?

Minick We gave quite a bit of material, because we wanted to
have an all or none test They got a total of 10 ml of the matenal
mtramuscularly and 12 ml by mouth And the mtramuscular ma
tenal was half asertic flind and half a 10 per cent organ extract from
the mice, which was bacterologically stenle and was proven at
the same time to be infectine for mice

Hanger A very potent antigen, o't at?

Mirick Yes, 1t seems to be

Gyorgy Do you have controls with normal mice tissue?

Mirick 1 do not I am not sure T know what normal mouse
tissue 18

Cyorgy That s true But at least not ascie

Minich No, sir, we hve not done that

Popper Did you perform hver bropsses ont the human volunteers?

Mirsick We did not

Skoros Did anytling happen after 60 days n any of these?

Mirick Nothing has happened We are now at about 86 days,
and the last tume T saw them was 2 week ago They were all feelng
pretty good I did not do any tests on them then

Best When you say serum sickness do you mclede the posss
bility that there are unhnown viruses in the serum, or, do you me:u;
some allergic reaction to the normal constituents of the serum

Munck What I mean s the latter I used the term not to umph
any type of infection but an allergic reaction to foreign proten

Best Could there be some unknown viruses in this?
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Minck 1 presume there could be but we certamly faled to
demonstrate that there are viruses which will give human beings
typical, or even atypical, hepatitis of any seventy

Watson Did you not fecl that you had some evidence of lver
functional derangement?

Rarich Well, 1 think that 1s true

Watson 1 thought so It looked that way to me

Minch Several of the tests defimitely became alnormal and then
returned to normal That 15 particularly true of the cephalin floccu-
lation, of the thymol turbidity, and of bromsulfalem excretion

Gyorgy Who knows what liver function tests should be used
in serum sickness®

Minck 1 don't beheve anyone knows T looked for the answer
m the hterature but foond notung pubhshed on that subject 1
have asked a lot of my friends who are clinictans, but none of them
knows the answer The statement 1s made that the liver becomes
enlarged and tender m a small percentage of cases, 3 to 4 per cent
of cases of serum sickness

Popper There 15 a duffe bet: nf !
and serum disease m the absorption of the heterophil antibodies
If T understand you night, m your case the antibodies are of the
Forssman type absorbed by gumea pig ladney, as in serum disease,
m contrast to mfectious mononucleosis

Minck That 1s nght It 55 not hke infectious mononucleosis

Best So serum sickness means sickness from any tissue extract

Gyorgy Any foreign tissue

Rinck It 1s called serum sickness because that 15 what causes
most of the clmical difficulty, but 1 think the term could be used
to apply not only to foreign protens but perhips to other sub
stances which might combine with serum, dont you Dr Watson®

Watson 1 think so

Minick  Certamnly, the allergic reactions one sees with sulfona-
mdes

Best It started as antigen and then serum and now 1t 1s carned
on to any extract of any tssue

Mirick Or I think even anvthing that may hook np with protemn
Suifonamide reactions are of the same type

Gyorgy Pemaillin, too, Dr Watson?

Watson Thats nght It produces a disease which 15 often wdis
tingwishable from serum sichness, and 1t 15 probably related to the
binding of the protemn
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Best We are getting oursels es mto difficulty i calling the effects
of pentcillin, serum sickness when that term refers back to horse
serum

Gyorgy We may call it serum sickuess because penicilln 1s ted
up with seram protems and becomes antigeme as any foreign
protem

Minick Certamly, n this case 1t 1s really not serum sickness It 15
ascitic fluid sickness

Best ¥ mnk that clanfication 15 needed When a set of symptoms
from pemaillin or mouse asatic flund are the same and not dis
tingwshable from those of horse serum and ~ll are called serum
sichness, 1t 15 time to male a change

Hanger They are really called foreign protemn reactions Serum
sichness 15 one of the common forms of the phenomenon

Kmsely They certanly should be separated

Mirick None of these patients developed the clinical pcture
typical of serum sickness due to horse serum In that reaction, the
most common symptoms are rather brisk fever, general glandular
enlargement, hives, angioneurotic edemn, and arthralga These
symptoms usually appear within the first two weceks, usually around
the tenth day, and very rarely do they appear after the thied week
None of these patients had appreciable fever during the first tno
weeks Moreover, none of them developed hiwes 1 mentoned
prurnitus, but not a single one of them had any hives None of them
had angioneuratic edema The gastromtestinal symptoms were
much more prormumnent than one ordinanly finds in serum sickness
They were typical only m that they did have general glandular
enlargement and some arthralgia

When I explamn this by saying it 1s probably a type of foreign
protem reaction 1 am merely trying to explam our findings m other
terms than the result of an infection, but the disease was not the
typical serum sickness described m man ;

Shorr May [ ask a question, Dr Munck? T gather that much o
the discussion 15 related to the relevance of these findings to human
hepatihs I wonder whether st s to be expected that a virus wm{}
under these situations, remam vnmodified m passage, or whet ﬁ;
you might not antictpate that some degree of modhfication \;&)ub
occur Under the latter circumstance your expenyments would be
valid with respect to dugnostic studies if not to their extenson
to sclude the passage of the virus back to the human ! and

Minich One would expect the vrus to become moadified [?"d
attenuated Dr Stokes can probably add some facts on that Hal
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1 not expected that, I never would have dared to use the yvolun-
teers 1 would not have dared to inject ten men with the ongmal
Tiver we started with from a patient who died Dr Stokes, do you
want to comment on the disease i man followmng embryo passage
of your virnses?

Best Or would you rather heep that for your opening discussion?

Stokes All nght, I will defer that until later

Popper 1 should Like to ask about the significance of the hetero-
philic anttbody agglutination, obviously the most characteristic
finding 1 your patients To my knowledge, 1t does not occur 1
human viral hepatitis, at least not with any frequency (25) Some
of our cases have been thoroughly studied by Dr I Davidsohn and
he did not find positive reactions Would you tell us m what human
disease, besides serum sickness or other foreign protemn reactions,
agglutmation of sheep erythrocytes by heterophihic antibodies 1s
found?

Minch Infections mononucleons (but in that disease 1t 35 ab
sorbed differently) and m some cases of leukerma I don’t thmk
of others that ch 1stically develop h il bod

Watson I don't think of any at the moment It certamnly 15 not
usually positive m nfectious hepatiis

Necfe 1t s in a percentage of cases, I think At a center n
Germany a whole group was screencd a couple of years ago, and
as 1 recall, some 15 or 18 per cent did have a positive heterophil
but never over 1 to 56 (26)

Popper Were the anhbodies absorbible by guinea pig Jadney?

Neefe Yes

Popper Then 1t 15 not the same as m mfechious mononucleosis

Neefe 1t 1s not the same as the antibody of rgononucleosis

Minck 1 thunk there 1s no doubt that these patients that T have
shown deselop antibodies against mouse protemn All of that hetero
phil antibody can also be absorbed with mouse tissue But the
question 1n my mind 15 whether there 1s anything more than that
Even though they do develop an immumty to mouse tissue or a
reaction to it, may there be something else m addition?

Smgmnn Did you (hmls these patients developed hepatitis or

le to 5

o
4
Minch T think that five of them descloped some mild form of
hepatibs  Probably 1f we hmew the answer, patients with serum
sickness develop hepatiis tao But I don’t think X would go so fir
1s to say that 1t indicates that we have snfectious hepatitis of amy
type although that 15 still a question
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Smetana That 15 what I wanted to ash you whether the lner
mjury 1s automatically 1dentical with hepatitis, partscularly of the
infectious type
\ Best You mean that horse serum gnes an mflammation of the
ner

Muirich X think 1t does, yes T can’t substantiate that, but cer-
tamly the reaction to foreign protemn has been shown to produce
Iistofogically detectable changes i many tissues

Best 1 think P P Laidlaw* did that first with pure proten and
he found very definite tustologie changes m anaphylaxis

Minch This bungs us back to the question of allergic symptoms
as seen i the mfectious hepahtis of man, described earlier What
are the men allergic too, if those symptoms are to be explaned on
the basis of allergy? Two subsequent attempts to isolate the agent
from the onginal human hiver were successful, but recently, control
sertes of mice inoculated with normal human serum have also
developed the disease This suggests that the stramn of mice em
ployed may carry the agent

Ve sent the agent to a number of our friends i other laboratonies
several months ago I havent thewr results at hand, but so far,
without exception, they have been able to produce the type of dis
ease described with the matenial sent them In some laboratones,
they repeated what Jooked like 1solation of the disease, by our
method, from nfecthive sera and not from normal sera In other
faboratories, however they have found that any senal passage of
mouse organs m mice tesults m the mfechion I think what it adds
up to 15 that mice probably carry this agent though why 1t has not
been presiously noticed or descnibed, I can’t imagme

Another pomt that I should mention 1s that a few mice have
spontaneously deseloped this mfection that have not been mocu
Jated but have merely been Lept m the cages or the svme voom 2s
mice that we have noculated In other words, though our expen
mental efforts to transmt the disease bv some other method than
mjection have failed, 1t seems evident that 1t may be transmitted
1n some w2y from mouse ta mouse Our 1solation has been far from
perfect We hauve had the same people taking care of all the ammals,
and 1t 15 concevable that the positive controls that we have found
may merely mdicate an madvertent transpussion of the agent to the

'S
m?!k’lzl:zf“?)r Minick 1n that connection has this been described
i any laboratory that has not had the matersal from you?

¢ Personal communeation
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Mirick Not to my knowledge, Dr Watson

Best You would think that mice would come down spontaneously
with this thing, wouldn’t you?

Minck One would think so

Watson Would 1t be worth while to send a questionnaire to
laboratories m which large numbers of mice are used to see if they
have observed this from tune to time? For example, John Bittner
has had an enovmous mouse colony for many years He could tell
us nght away whether he has scen this type of thing develop
spontaneonsly

Mirick Some stramns of lymphoeytic clmnomenmg\hs VITus can
produce, as 1 tried to indicate, ascites and hepatomegaly, a picture
very similar to the one we have descnbed, and I think unless some-
one were actmlly trying to rule out mfection with our agent, he
would assume that 1t was due to lymphocytic choriomentngitis In
other words, I don't bnow what 1 would specifically learn from
the questionnarre if I got positive answers

Watson 1 see

Minck ™ " . i e
available € >
There 15 nc -

ever, the disease descmibed resembles hepatitis in man 1 some
respects, and it may be a useful laboratory tool 1n studymng the
human mfection

Whether or not the agent we have described 1s related to the
cause of hepatits 1n man, the experimentl approach which assumes
some second factor to nfluence the hosts susceptibihty to hepatitis
warrants further testing The reasons why some human beings seem
to be more ptible than others to 1nf by the !
artifically transmutted disease are still unsettled It seems likely
that the presence or absence of acquired immunity from previous
overt or snbchmteal mfection will not explain all of the facts

Best 1 shall ask Dr Stokes to open the discussion

Stokes T thmk perhaps I could best discuss the outbreak that
Dr Munck described by presenting one shde (Table 1), from
which 1 can draw some conclusions and make some basic points
that have to do with questions rased

Table IV presents a rough outhne of an instance of epidemic or
endemic hepatitis that we studied with Dr Capps and Dr Bennett
m Chicago We had been studying 1t really from a distance, from
Philadelphia Then Dr Capps’ group in Chicago jomed us 1n the
study about the middle of 1949
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TABLE IV
Endenme Uepatitis — Chicago Orphanage
1946 1948 1949 1951 j
New 7 Sept 1 Jan 1
139N 20N
] 9(8 + 3)**

327 43%

3 N 3N

1]* > 1yt
3% 3%

* Given gamma globulin 2 days before onset
¥ Not exposed to infectre chuldren untl fall 1949
*3 6 jauncdice 3 without jiundrce

The orphanage mn question had suffered from the enderme dis-
ease since 1942 and they were having difficulty mn getting both
mterns and new nurses in 1948 When Dr Sauer, who was m charge
of the orphanage, requested aid, I suggested that he use gamma
globulin because there obviously was an endemuc focus of mnfectious
hepatitis The new student nurses had been coming down with
hepatits with jaundice Later we found 1t was unquestronably
epidemic hepatibis

Only one of the chldren m this orphanage had had actua) juundice
durmng the same period Between 1946 and 1948, out of 139 nurses,
44 had jaundice, or 32 per cent

Gamma globulin was started on November 7, 1948, and of the
36 new nurses who were mected 006 ml per pound budy weight,
within about one month after admusston to traimng, one deelaped
yundtce, ndicating that the virus was still endemic 1n the mstitn-
tion She had been ginen gamma globultn only 2 days before the
onset of the jwundice In other words the meidence was 8 per cent,
so that the gamm globuln in that amount was lughly protectne

In order to study the situatton further, because we had to deter
mme where the focus lay on September 1, 1949, the injections of
gamma globulin were stopped, followmg which 20 new student
nurses were admitted In the next 3 months 9 developed hepatitis,
or 45 per cent whereas of the 85 nurses who remamed from the
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original group mjected with gnmma globulin only one developed
hepatitis or 3 per cent

Both groups of nurses {mjected and nominjected) were m con
tact with each other and 1n contact with the same children except
the one mjected nurse who had developed jaundice It so happened
that she had not heen exposed to infective children 1n the fall of
1949 In other words after she had had gamma globuln 1n all
probability she had not been mtimately exposed to the virus of
eprdemic hepatitis

Tt was found that the association of the nurses with the clnldren
particularly on the fourth and fifth floors of the orphanage was
apparently responsible for the disease Dr Capps Dr Bennett and
their technical group at §t Lules Hospital in Chicago carnied out
extensne studies on the children finding posittve lner function
tests 1n about 40 to 45 of them i e obtaned stools from two children
that had had symptoms for 5 and 15 months respectuely with

d of liver dysfunction Prep from these stools were
mgested by vol m the Philadelplia area who developed
hepatiis with jaundice In other words we demonstrated that the
cluldren with chrome symptoms had the virus mn their stools

It then became mportant to determime how the nurses cauld be
protected It was found that they did not use adequate techmques
1n handhing the children and as a result of simple changes in the
techmques there has been no case of jaundice i this institution
from January 1 1950

The reason I reviened this situation m some detail 15 that 1t
brings up important points in relation to the whole field of epidemic
disease Tles endermic disease had an mcubation penod of 30 days
as most epidemics that we have studied have had D irmg this last
year with the help of Dr Alexander Langmuir we have been
notified of many eptdemucs throughout the Umted States and Dr
Drake 1 particular has studied several of them in Missoun mn
Georgta and elsewhere m the United States In all of these out
breaks the incubation penods have been approumately 30 days

in addition to the relatnely constant length of the incubaton
period I want to emphasize several important pomts The first s
that the gamma globulin )5 Tughly protective n eprdemrc hepatitis
and we now have reduced the dosage to 01 ml per pound body
weight which means that 1n 2 200 ponnd man Jor mstance only
2 ml would be protectne This 1s lower than the amount that is
protective against measles for instance Expeniments conducted at
the level of 0005 m! per pound body weight also indieate protec
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tion at that level apparently, although more extensne studies are
required In ather words, we feel that the Jower level may be round
0005 to 001 m! per pound body weight

Best This 1s gamma globulin from unselected blood donors?

Stokes Yes, from the Red Cross pools i the Unted States

The second thing I want to pomt out 1s that the nurses who had
been mjected with gamma globulin durmg the summertine may
have abtamned a passive-active mumunization They were passtvely
protected first by the globulin Then, apparently, the nurses were
bemg exposed to the virus 1n this mstitution continuously Although
they were exposed for about three times as long as the new nurses
who entered on September 1, still they did not develop the disease
This strongly suggests that they had developed a passive active
mmmumzation, that is, the antibody first, the antigen second and
we feel this 15 the most likely reason for their protection

In an mstitution outside of Balttmore, for retarded children and
m one outstde of Philadelphia, New Lishon, for retarded males
we have had sumilar exposures to antigen following the injection
of antibody, which also strongly suggests a sinular ability to develop
a passtve active immumzation There are other possible explana
tions, one being that the gamma globulin ttself mught produce active
immunization which we do not believe 1s probable, since a neu
tralized mixture containmg virus and a large evcess of antibodies
15 a very poar immunizing agent

Best How long does the passive immumty persist?

Stokes In these mstitutions, it persisted for 7, 8, and 9 months
respechvely In measles, we know that if a child 15 not exposed
conttnuowly during lus passive mmumty he becomes susceptible
agam m about 5 to 6 weeks after the mjechon of gamma globulm
Simce the half hfe of homologous antibody in man s only about
20 days 1t would be difficult to believe that the passive immunity
alone could last over 7, 8 or 9 months

Best Is 1t possible to supenimpose an active immunsty to measles
on the passtve?

Stokes Certan work by Hermann m intants strongly suggests
that There 1s also evidence for the presence of such a mechanism
1n certun other viral diseases Work m ammals, partictlarly, 15
full agreement with these findings

The carrier state, or a chronte active hepatitis i these children,
1s a very mmportant third pomt Of course, susceptibles were being

1ntroduce s mstitution continuous} we
stitutiol nuously, so that 1s the way
troduced 1nto this n:

feel the disease r 1
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tested had symptoms for 5 and 15 months respectively In these
children evidence of chrome acte disense was suggested by the
presence of positne hner function tests

After epidemic hepatitis chronic  grumblers not infrequently
occur m mdiduals with a chronic active hepatiis These cases
may develop fibrosis of the liver sometrmes a muld fibrosis but
At times an extensne fibrosis followed by ascites This has also
accurred in serum hepatitis as hfied 1n a child who develop
the disease apparently as a result of the SH virus being transmitted
from the mother through the plicenta In this case we eliminated
the possibility of the infant having the disease by transmssion
through the birth canal or through the mothers milk because the
baby was delivered by Cesarean section and was separated from
the mother until about the time that active hepatitis developed
The baby died at 18 months with chrome fibrosis of the hiver At
9 months we obtaned blood both from the baby and from the
mother and found evidence of hepatitis in 2 groups of volunteers
one group beng injected with the infants blood and the other
group with the mother s blood Two years and eleven months later
we agam tested the mother s blood n volunteers and in 2 out of 5
volunteers hepatitis with d m appr ly 75
days We thus showed that she was a carrier without a history of
yaundice and without positive liver function tests 1n other words
what might be called a silent carner

We have been studymmg what apparently are two additional
carriers of the serum hepatitis virus one 1n England (from whom
Drs Maycock Zeithn and MacCallum have given us blood) who
had transmutted the disease to recipients of his blood over a pentod
of about 15 months while the other carner m Philadelphia has
transmtted serum hepatitis over a penod of 5. years to recipients
of lns blood The latter 1s a chronic alcoholic and has positive Iiver
function tests and evidence on hiopsy of a chronic active hepatitis
He was first described by Drs Berks and Malamut Nesther of these
carmers has had a history of jaundice

Dr Neefe can speak of others that he has been studymg with
Drs Norns Oliphant and Murray

It 1s important to distinguish between chrenic epidemic hepatitis
{IH x1rus) as scen in the Chicago orphanage and the chronie active
serum hepatitis (SH virus) as seen in the adult carmers just men
tioned We know of only two indmvidunls the two children men
tioned who may be considered as chromic carners of the virus of
eprdemic hepatitis the agent bemg excreted in the stool There hwe




52 Luer Imury

now been demonstrated about 7 cases of chromne carniers of the serum
hepatitss varus, but the virus has not been found in the stools of
these mdividuals We have even taken Sltrates from the stools of
cases weth serum hepatitss and, after filtering, myected them paren
terally snto volunteers without producmyg the disease, so that
the studies thus far, the virus apparently has been absent from
the stools

This leads directly nto a fourth pomt, namely, the question of
fecal or oral spread of the disease The evidence of the presence
of virus 1n the stools of the two children that [ mentioned, the
evidence that the disease stopped abruptly when the nurses’ tech
mques were altered, and the evidence that a large group of preg
nant women who were delnered n the orphanage and exposed
to the same personnel as the student nurses were, with no cases
of hepatitts wath jaundice among them over the penod from 1942
up to the present ume (except one mother who developed it about
a week after she came 1nto the orphanage), all mdicate that there
was probably no resprratory spread of the disease It would be hard
to believe that n such an wnstitution, if the disease were spread by
the respiratory route, that over a period of 8 years a few of these
mothers wonld not have had the disease

Dr Neefe and I some years ago m a large outbreak n a summer
camp, obtamned secretions previous to, during and after the actne
disease  With Dr Drake, we have repeated this study recently
because we have contmuously been smpressed with what Dr Muck
mentioned, namely, that a fair percentage of indwiduals dunng
the mcubation perniod develop respwratory symptoms We have
taken secretions from these indiiduals and have attempted to
produce the disease Both studies i volunteers were unsuccessful
1 demonstrating the presence of virus

One must consider the possibility that the presence of the hepa
titss virus m the blood and elsewhere durnng the mcubation penod
may lower the resstance of the mfected individual so that other
viruses to which they are exposed may be able dunng that penod,
to cause mild resp d Also, the possibility of an allergic
response must be considered since there may be such respa{xses
dunng the early phases of the disease In addition, some wor Er:
wha are mterested i viral diseases of the respiratory tract fed!\
may be possible that some of these viruses, fike the herpes sxmpt ;‘t
syras 1 the shin, ressde n the mucous membrane and th:ttt 2
lowening of resistance produces a sudden recusrence u{] z:’cccl:“
symptoms m much the same way that herpes smpler wil
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s a result of @ digestine disturbance In other words there are
several possible explanations for the respiratory symptoms and thewr
presence would not necessarly mdicate that the sirus of hepatitis
utself 15 causing the actual symptoms

In the Chicago orphanage at least the fecal oral route seems ta
be a clear cut route of transmission as 1t has been m other situa
tions In the families we have studied 1n connection with many of
these epdemics 1t seems to have been spread n the same way
the fecal oral route And in food milk nd water quite frequently
the virus 15 present In other words the virus appears to be trans
mitted 1n much the same way that typhoid fever 1s trinsmutted m
water food nd milk and by direct contict

A fifth pomnt 15 also of grent mterest m this eprderme namely that
the jaundice was present m adults and not in the chnldren under 3
years of age In this ind m other epidernics we have noted a direct
relationship between the length of jaundice and the age Generally
speaking the older the mdividunl the longer the juundice while
the younger the indvidual the shorter the jaundice And when one
studies the madence of jaundice i children under 3 years a very
large percentage of the cases we believe occur as hepatitis without
aundice They frequently have ordmary gastromtestinal symptoms
and particularly diarrhea

As a sisth pomt Dr Drake and T determined jointly with Dr
Capps and Dr Bennett the presence of positive skin tests in those
nurses that had had jaundice s well as in the majonty of children
on the fourth nd ﬁfth floors which represented the endemic focus
In the newly ad d children s ward only app
10 per cent of the children had positive skin tests whereas ahout
90 per cent of the nurses who had had yaundice had positive skin
tests with the matenal used (The skin test materal was virus from
an eprdemic 1n a Pennsylvanma cluldrens camp grown in the amm
otic sac of the chick embryo following repeated passages by the Drs
Henle at the Childrens Hospital of Philadelphia The infected
ammotic flurd 15 irradhated with ultraviolet light )

When Dr Drake and 1 carned out the skin tes!s Dr Bennett and
Dr Capps assured a random by changing the locaty
of the patients i the orphanage includmg those in the receiving
ward so we would not know which children had had the disease
wnd whch 111d been on the Tourth and fifth floors The correlation
between those that had had the disease including the nurses and
the positive shin tests appeared to be very good We have found
simlar correlations 1n other epidemies We have done many thou
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sands of skin tests, and there has been a good correlation between
a hustory of eprdemic jaundice and positive tests However, this 1s
a difficult matenial to preserve even under lyophihized conditions,
and different batches differ considerably 1 ther activity These
are the reasons st has not been more generally avaslable A corsela
tion has not been demonstrated between positive tests and serum
hepatitis with jaundice

A final pomnt 15 worth mentiomng The protection obtamed by
means of gamma globulin m imfectious hepatitis also helps to diffcren
tiate between the serum hepatitis virus and the epidemuc hepatitis
virus We have continued to experience complete success m afford-
ing protection agamst epidemie hepatitis with gamma globuln, as
have many others during the last year On the other hand with
convalescent gamma globubn from serum hepatitis cases we have
been unable, erther through neutralization tests or through more
than one or two mmections, to protect the volunteers agatast the
serum hepatitis virus of the strains we have used When one com
bines these findings with those relating to the lack of cross immuntty
between the strams of YH virus and SH virus studsed, 1t seems clear
that these viruses have marked antigenie differences

It may be worth while to mention two pomnts One of these, shown
m Table V, relates to the effect of gamma globulin on serum
hepatitis virus This 1s an old prece of work, but 1t rllustrates what
we have found to be true since that time Two millilitess of infective
plasma were myected into 4 volunteers, 2 of whom deseloped hepa
titis and jaundice with long mcubation pertods as shown

The next expernment was a muxture of 2 ml of the mfective
plasma with 1 ml of gamma globulm, mcubated at 37° for 1 to 2
hours, sometimes 1 and sometimes 2, and kept in the icebox aver
mght There agam 8 out of 5 had hepatits with jaundice with
fong mcubation penods

In the third expenment, 2 ml of mfective plasma and 10 ml of
gamma globulin were gren sianiltapeously at separate sites

We have not only repeated this but have increased the gamma
globulin to 20 ml this together with 1 m} of mfectnve plasma m
a neutralized mixture has shown no neutrahzation

Recently, as I have mentioned we have obtaned plasma from
mdwduals convalescing from 3 months to 3 years from the Ft
Bragg stram of serum hepatitis virus  Sharpe & Dohme has fra(g
tronated 1t for us by the ethanol frachonation method of Cohn an
Oncley (27) We have not been able to show amy meutrahzation
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TABLE V
Effect of Gamma Glohulin on Hepatiis Virus SH
Experiment
Injection to
Injected wto Mo of Onset Interval
\ olunteers Volunteers | Hlepatitis {Days)
2 ml infechve plasma 4 2 101,112
— ] S
\lixture of 2 ml miecte .
plasma and 1 ml gamma 5 3 105 117,136
globulin
2 ml infective plasma and
10 ml gamma globulin 5 2 108 112

simultaneously at separate
sites

Reprintcd by permnsion fron Blanchard M C et al  Methods of protection
famst homologous serum hepatitis the mactnation of hepatitis virus SH with
teaviolet rays § A Al A 138, 841 (194%)

@
ul
with this materal m volunteers whether given at the time the
infective plasma was mjected or 30 days later

In relation to the daft and \ there
has been evidence of a relationship between a positive skin test
and experience with the emdemic wirus in all eprdemics thus far
studied i this country Because these relationships have mcluded
epridemics widely separated n time and space, we believe that the
evidence strongly suggests this virus 1s Iike the viruses of mumps
and measles namely, of a single antigenic stram or type The evi-
dence 1s not sufficient to suggest such an antigenic umty with respect
to the serum hepatitis virus or virnses

Dr Drake has obtaned strongly suggestive evidence that the
skin test antigen of the epidenuc virus that I have mentioned has
produced at times an active immumty There have been three out-
breaks m different sLecl:c:ns of ths country where the skin test

ties as a skin test disappear whereas with the mumps antigen, 1f
one dilutes 1t even up 1o 1 to 100, 1t continues to be active as a test

But this also suggests that the method used to srradate the IH
varus m ammotie flud 1s not entirely suceessful 1 1nacti ating the
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virus It might be dimmshed in amount or 1t mught be considered
as attenuated, and still produce an smmumty m the wdviduals
mjected

The Akiba stramn of virus, from which thus skin test matertal was
obtamed, infects quite readly when ingested but infects with some
difficulty when mjected parenterally This mav account, to some
cttent, for the fact that when 1t 1s used as a shin test, 1t does nat
readily produce disease, even though 1t may stll be actuve

In conmection with Dr MmcN's discussion when the infective
yellow fever vacaine was given at the begmning of the war, despite
the close exposure of a large number of ndividuals to those that
had hepatttis with jaundice, there were only four nstances that
could be found in which men who had developed the disease at
home had transmitted the disease to members of ther families I
think the four wives who were infected appeared to have contracted
the disease from thewr husbands T beheve they had long icubation
pentods This has made me wonder about the possibihty of venereal
transnussion, as well as, perhaps, transmussion through the placenta
Also the serum hepatitis virus may well be transmutted by biting
msects 1 don’t believe that the experience with the yellow fever
vaceme would suggest that the SH virus was transmitted through
the respiratory route

The Drs Henle have conducted studies with Dr Murick’s vires
and have attempted to neutrahize this virus with three specumens
of gamma globulin which were proven to be protectne m ept
demucs of sfectious hepatitis Neutralization did nat oceur with any
one of these three sp of gamma globuhn This agrees with
Dr Mirich’s suggestion, namely that this 1s 2 mouse viras and not
a visus actually from the case of Baver, the pathologist who died

Hanger Dr Stokes brought up sometlung that ts clmcally of
very serjous moment We are ha ing more and more posttransfusien
jaundice m hospitals and comeidentally, our sources of blood are
comng more and more from commerctal blood banks whtch are
located near the slums of the cthes, particularly here 1n New York
Many of these profe 1 donors I imagme spend thew lesure m
the grog shops I am wonderng whether m other cities also 3t has
been noted that as the donar becames lower in the economtc seale
he 15 more apt to be a chrome carner of the virus

Best Are you suggesting that the alcohol damages the lner?

Hanger Yes aleghol and the poor hygiene of many of these
fellows who get some of thewr Iselihood from selling blood
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Best 1 was mterested m that syme pomnt because Dr Stokes
sud his irradhation techmque did not destroy this virus

Stokes 1 think obviously whole blood cannot be uradinted

Best No but the plasma

Stokes The success with plasma 1 think depends upon several
factors number one the titer of virus that is present n the plasma
Of course another 1s the amount of wridiation that 1s used Those
different factors have not been evaluated as yet Some plasma 1s
Lnown to be infectne For instance expenments by Oliphant
ongmally and by our group indicted that certan types of wradia
tion could mctivate the virns Recent studies which I am sure
Dr \Murray would be willing for me to mention indicate that two
of the methods have not been successful with a highly mfective
pool that they have been studying For instance the Dill apparatus
has not been successful also a smgle passage through the Habel
Sacknder apparatus has not been successful When 1t was repeated
several times the virus apparently was mactinvated

Best Could you safely wradiate cells of they were protected 1
glycenne?

Stokes T dont thmk anyone has determined that at least not to
my knowledge

Tulhs How about the contimunation of the transfusion equip
ment as a source of future inoculation® Far mstance 1t used to be
a custom 1n the services where there were long hnes of people to
be immunized at a time to use one synnge and multiple needles
for a senes of moculitions In December 1948 the Bureau of
Aledicme wd Surgery ded that no equip used to
puncture the skin for any purpose be re used without proper heat
stenhzation Such precautions have become standard practice i
nwval hospitals Presumably it 1s the matenial m the syrmge that
carnes the swrus It s the plasma or the substance m the syringe
rither than the syninge itself

Hanger These are transfusions I dont beheve that the modern
blood bank 15 carcless enough to permut contamination I think that
more of onr donors are carners of the virus and 1t 15 yust a question
of whether their mode of Iining ~ffects the camer status

Stokes One of the wmportant paints 15 that none of the =even
carriers of whom we are aware these include the ones Dr Neefe
s been studying with Dr Murray and Dr Oliphant have had a
fnstory of aetunl Jwundice There must be many hundreds or even
thousnds of such carners

Best Do any of the viruses go through in Colin fractionation?
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Stokes The gamma globulm 15 apparently quite safe We tested
that recently i Utah m a study of 1ts value for protection agamst
poliomy elitis

Watson The albumm 1 safe, too, 1snt 1t?

Stokes  All albumun that 15 wsed 15 heated m this manner and
we have shown that is sufficient to mactivate the virus

Smetana Is it correct that if the plasma 1s kept at room tempera
ture for six to nme hours the mncdence of serum hepatitis 15
marhedly reduced, 1n companson to freezing or heeping the plasma
m the 1cebox?

Stokes A study of that 1s bemng carrted out rather extensively
by Dr Murray at the present time 1n connection with the work
that Dr Allen (28) of Chicago published Some of us, meluding, 1
beheve, some members of the Natiopal Institutes of Health, are
disturbed about the possibility that wm small hospitals such serum
or phisma, when held in this way, may be more readily contarminated
The disease or deaths that may occur from contamination in smalt
hospitals may be greater than any danger from hepatits. The
ordinary plasma that 15 not lighly mfective 1s helped by nwradiation,
but there should be enough irradiation to mactnate the virus i
plasma of high titer

Smetana What 1s the rationale? Is 1t an enzymate action?

Stokes  The mactivation may well be smilar to that of many
viruses when held at room temperature Therr mactivation 15 prob-
ably enzymatic i nature

Best It 1s worth while going on irradiating plasma, 1s 1t?

Stokes 1 think the ordinary plisma that 1s not ighly mfectne
1s probably greatly helped by wrdrtion

Popper The question has come up as to the dinger of trans-
mtting | logous serum j; 1f the hematologsic techmeian
uses the same lancet without heat stenhzatton for several patients
Should we use disposable needles for each count? If we were to
20 over to a more complicated method 1t would be a great expense
for a large hospit1l like ours What s the nish m staying with the
old method?

Stokhes Well T thuk maost of the clincal men here would agree
that the disease 1s transmtted by usmg the same needle or nstru
ment
Hange: It ss not much of an expense to have a thousand or so
needles which can be cleaned sterthzed and used again and agam

Poppcr Do yon have them m vour mstitution?

Hanger Absolutely
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Stokes We use entirely diffcrent ones

Popper For each blood count?

Hanger For each blood count

Popper We have m our hospital a considerable maidence of
homologous serum jaundice, possibly due to the fact that we have
Jow income class donars and patients Would you, therefore, recom
mend that we should go over to an mdividual needle method?

Stokes That 15 my belief, and T think most chinical men agree
with that

Minck Dr Ratnoff and I tned to evalmate the ymportance of
that factor by exammng patients in retrospect We analyzed all
the cases of hepatitis that had been admitted to The Johns Hoplins
Hospital over a 12 year period We found that one out of every
seven patients hospitalized with acute hepatitis had been transfused
with homologons blood or a blood friction five weeks to five months
before the onset of the hepatiis Moreover, 20 per cent of 183
patients with hepatitis had had a parenteral test or imjection of
material other than blood or arsenic within five weeks to five months
before the onset of their illness Only 8 per cent of a similar number
of control patients without hepatitis had had a simlar test or mjec-
tion By control patients, I mean the next admission to the ward
The probability that the difference noted could have occurred by
chance 15 less than one i one hundred We concluded that this was
defimte evidence that the casual needle prick did account for a
good number of cases of hepatitis We are using mdnidually
sterihzed needles or kmife blades exclusively at Johns Hopkins at
the present time, even for domg blood counts

Popper TIs this imformation published? 1t would enable ws to
discuss the matter better in view of the expense mvohed

Minck We published that, yes It 1s i the Bulletin of The Johns
Hophtns Hospital (29)

Watson There was another paper pubhshed recently with respect
to the hazards of homologous serum )wundice for the medical
technician

Popper Yes that was published m the Amenican Journal of
Chintcal Pathology (30) 1 was thinking not only of the techniciing
but also of the patients, especially i a place where a lwge number
of blood counts are made duly

Watson Yes but it s just as good evidence, at least

hark Our allergsts are resistant to the 1det of changing their
needles or using fresh needles We huve had qute a time trying
to perswade them to change over to fresh needles for every patient
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Hanger Dentists also prohably dissemmate hes y
had several patients with the d}l,sease who havep:;:ﬁsnl“;c;:::ne
exposures except visits to denhists a month or more previously
ToBCStt I fwm]ember a survey that our bactenologist made m

ronto of ophthtlmologcal mstruments and those used by the
?}?:Cx and thront people The protest was that if stenlized properly,

nstruments would fal} apart so therefore 1t couldnt be done

Hoffbauer Perhaps that 15 the reason that the dentist doesn ¢
heat sterihize hus instruments

Hanger A dentist cannot work in gloves and 1t 15 exiremeh
difficult to wash his hands and clean certam instruments adequately
between patient exammnations

Rappaport 1 have secn a practical solution for hospital ad
munstrators Womens College Hospital in Toronte uses a simple
piece of gliss They break a prece of glass and have a very fine
sharp pomt to puncture the skin It is excellent I had it used on
myself and 1t doesnt hurt at all After use the glass 1s thrown
away

Best I thought everybody used the glass Was this new to you
when you came to Canada, Dr Rappaport?

Rappaport Yes

Best It 1s certamly old sn Toronte

Watson I think most people dont use it

Best The httle ends of broken shides are sharp We used them
as students

Rappaport In Europe they use a special mstrument the Frink
Peter needle

Popper It 1s shill used m Chicago

Hoffbauer The cost of a thousand needles 1s far less to the tax
piyer than the cost of hospitilizing one patient with serum hepa
tstis for four weeks or longer

Popper 1 recently had the provilege of seemg 7 few Iner shdes
from what appeaved to me an mteresting study camred out m
Dr Hangers labortory Its nature was similar to what Dr Mirrch
has just reported May we ash Dr Hanger to tell us about n?

Hanger This 15 the work that Dr Melcher 1nd Dr Regan are
gomng to report m Athintre City next Mondy the same qualms
arse which Dr Minck had durmg his monse studies Therr work
was done primanly on rats who had been treated about two weeks
aith cortisone and then were mjected with the serum which you
Dr Neefe had found contued an teterogeme agent These rits
began developmg focal necrosis m the hver about a week after
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the admmstration of this serum Dr Smetana and Dr Popper have
seen the scctions and have noted several disturbing things about
them One 1s that the lesions are not very cellular contrasted with
those of human hepatitis But I think ammals on cortisone might
not develop an mflammatory reaction to the same degree that an
untreated animal would The amimals on cortisone alone have not
developed lesions mneither have those gaven the heated matenal
The lesions are stenle Vi hether the agent 1s a human or ammal
virus 1s yet to be determined Four consecutive passages of this
mfection have been obtamned

Smetana I have seen these shdes and as Dr Hanger s1ys there
15 2 lesion but 1t 15 not comparable to human hepatitis The other
disturbing factor is that similiwr lesions are seen i other organs
particularly the spleen

Minckh 'Of course 1 dont think we should expect necessanly
when someone suceeeds i adapting this virus to an ammal to
find exactly the same pathologic picture that one does in man

Popper That 1s true

Minck The simple analogy 1s expenimental mfluenza which
produces a fatal pneumoma m A mouse and as far as I know
rarely of ever does 1 human beings

Smetana But of course to mike the cycle complete you want
to have Kochs postulate fulfilled That has not been done as yet

Best Which postulate?

Smetana hochs postulate to produce 1t agan m human bemngs

Kark In how many diseases has that been done? We accept
speafic orgamisms as etologic agents n many diseases without
fulfiling kochs postulate For example hts 1t been done for
typhod fever?

Popper No 1t has not Te my Lnowledge no ammal with the
exception of the chimpinzee can be infected with typhoid fever
There 15 a hereditary mmmunity

I want to add to the remarks of Dr Smetana that the lestons n
these cortisone-treated rats look Dhe the result of a vasenlar occlu
ston They look like local anerme infarcts m the rats of Dr Hangers
group Also m one of the pictures of Dr Mincks muce the circum
sctibed necrosis possibly may be the result of a vascular occlusion
As 1t has been nghtly smd an adapted virus may produce a dif
ferent pictare and attach different structures

Smetana It 15 agam m my opimon a question of diagnosis If
you are satisfied chnueally that 1t 1s hepatitis in mce then 1t 15
all nght
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Minich 1 am satsBed, of you are speaking of our infection, that
1t 15 hepatitis i mice, but that isn’t saying very much That doesnt
mean that 1t 1s the hepatits of man m mice

Smctana 1 mean comparable to mfectious hepatitis m man

Mirick 1 wouldn't go that far

Popper Would, 1 Dr Minck's cases, lver bropsy on the volun
teers not represent a crucial expenment? We all feel that the
chemical findings are not characteristece for viral hepatitts but that
the lustologie preture of the Iiver, though not defimtely diagnostic,
can be strongly suggestive for visal hepatitis

Mirick There are a number of things that might be done further
with the volunteers, namely, to challenge them with known hepa
tiis virus and see whether they are immune to pass their acute
phase serum to other volunteers and see 1f the virus would become
readapted to the one producing the typical disease in man, and to
try to neutrahze the disease i mice with the convalescent sera
from the volunteers I prefer the latter test since 1t does not iolve
further work with the volunteers Whether the others are worth
doing or not, I have not decided

Stokes We have always had to avoid Inver biopsy, because one
loses volunteers immediately if one starts Iner bropsies

Marick I have avorded 1t, T think we all do, because of the con
ditions under which 1t would have to be done, for one thig A
prison 15 not a hospital That 1s at least true for the type of volun
teers we have nowadays

Best Any other discussion?

Tulhs T would Iike to ash @ question on wmmumty, a different
subject You mentioned Dr Stokes that the gamma globulin seems
to produce a passne active type of rmmumty i these pitients
and also you mentioned that children under three years do not get
the disease B aenb ama an demie Twas wondering whether
any childrer * . say, at the ags
of BiO JORs i o of hime, 3;‘}'
developed hepatitis after the three year penied, sty at therr Bft
year, or did they, too, get passive actine smmunsty

Stokes We believe that most of the children did develop the
disease under three years while they were there

One of the mteresting pomts abont the shan test 1n the orphanait;
was that there was an increasing percentage of positrvity as "’!!“_;l ¢
to the length of time that the child was w the stitution 7 E‘z
they drd not have janndice was our powt In other “ords,h Dr bt:: :
and Dr Bennett w thesr hver function tests, indseated that abou
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40 to 45 of the children had positne liver function tests among
those that were chrome “grumblers as one might call them For
mstance 1n the children whose stools we tested five and fifteen
months after the onset of discase posttive shin tests developed after
a long period of the grumbling disease You musunderstood me
that 1 said they did not have hepatiis We believe that practically
all of them finally contracted hepatitis

Rark T want to go back to the very beginming of the discussion
You were implymg Dr Mnck that there were precipitating
factors m the development of infectious hepatitis T wonder what
other people think about 1t Nobody has discussed that at all 1
am thinking of much the sume things as occur n polio the sug
gestion that operitions on the ear nose and throat precipitate
polio that fatigue or overexertion precipitates polia What about
mfections hepatitis?

Mirick 1 should like to hear comments on this pomt The only
fact I actually brought forth was the apparent mfluence of respirt
tory mfection during the exrly part of the mcubation penod m
producing a hagher snad of hep m people who had been
woculated with the virus

I have no other ficts to contnbute but I should like to hear
what others think about environmental factors or concurrent mfec
tion in imcreasing su: bty or hkelhood of developing the
discase

Watson I have not had any reason m my own expenence to
believe that there was ny precipitating factor As 1 think back
over eises 1 have seen I have not been impressed by any greater
wadence of respiratory tafections or of anything 1n the immediate
bickground prior to the development of the disease If there 15
such evidence 1 have missed it I have not been aware of it

Hartroft Do you mclude cases of alcoholism i this series?

Watson Yes 1do

Davtdson 1 suppose that with every chronie aleoholic who comes
mo Boston City Hospital with jaundice the mtern makes the
query s this mf hepatitis st posed upon a so called
alcohiolic Iner? 1 had always thought there was no reason to believe
that it was until recently The more biopsies we have done the
more we have been tmpressed thit there 15 a group of patients who
mwy not hwve the classic picture of 4 fatty hnver or a fibrosls or
what hwe you who are chvame aleoholies badly nownshed come
to the hospital deeply jaundiced and have 1 different pathalogic
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prcture n therr hiver from what we usually evpect I don't know
what 1t 15

Smetana We have seen these Jesions and we are very much
mterested 1 them It certamly 15 a distinet prcture However, we
have assoctated 1t with the alcohole Hustory rather than with hepa
titis We have considered 1t the necrohic phase m the development
of a portal archosis of the hver

Popper We probably see a sumlar matenal at Cook County
Hospital as at Boston City Hospital We have been very much
wterested 1a the patients with large fatty Iiner who die with severe
jaundice from acute hepatic falure before cirthosis has fully
developed We have, of course, always looked for the cause of the
hepatic falure I believe you are refernng to the same condition

Datidson Not all of ours are stuffed with fat They may have
a vauable amount of fat Some of them look hke omentum because
they are so fatty, but others have just a moderate merease

Popper 1f the fatty phosts 15 moderate, then 1t
represents a Laennec’s type of crrhosis where the hepatic failure
may onginate from the cirrhosis

Dawdson  Well, no fibrosts [ dont know what we mean by
Laennec’s cuthosts

Popper 1 am referting to cases where the lobular pattern 1s
replaced by nodule formation The cases we observed 1n this stage
had a severe fatty liver, somethmg that you described as looking
Ike omentum without marked disturbance of the onigma} Jobular
pattern We have now collected quite a large senes of such cases
and we do not know from what they died Thew histones usually
mention severe malputntion or dysnutntion One of our last cases®
was a young gusl, a severe alcoholic, who worked m a candy factory
and probably ate maraly carbohydrate and hitle protem Another
case was a pseudohermaphrodite who Ined alone, cooked his own
meals and suffered from severe malnutntion

Histologically the prcture is characterishic As Dr Smetasa just
mentioned the Iser s nddled with small focal necroses, characte'r-
1zed by the presence of ncutrophilic segmented leukocytes No
Tustioeytes or round cells are found m contrast to viral }1epa1tmsI
\foreover the necroses imolve not one ar two cells {as m wra
hepatitis) but small groups of cells They are simar to w}mbxs
usnally deseribed m acute forms of cirhosts for instance }wy
Volsiler Jones and Mallory (31) We therefore feel that morp .
logically there 1s no evidence for swal hepatitis i these Iivers excep!

* Obsenved by Dr F Steagmann and Dr W B Buckinghwm

1oht
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would assume an adaptation of the histologic reaction due
presence of fat That of course can be neither proved or
ed Would you agree?
ana Yes

Expenimentally, both n dogs and rats, there can be failure
bver from fatty mfiltration with no sign of fibrous tissue
ana And also i human bemgs

I mean m a deliberate expeniment where there 1s just fatty
ton If it 1s done in the nght way, there can be complete
of hiver function before there 15 any fibrous tissue at all
bauer Is that associated with anv histologic evidence of
s?

No necrosis just fatty change

rlow The first case you described sounds just ike what we
West Indies call a sugar baby These seem to me to die just
aving a fatty hver and nothing else 1f the Iner contams
han about 40 per cent of fat (on a fresh weight basis)

In the dubetic dog there can be a fatty nfiltration no
no necrosts and the insulin dosage goes down to zero and
1e ammal dies He has no fibrosis and no necrosis just an
im like hver
rer Are these dogs jaundiced?

Sometimes but 1t 1snt a feature
er We do not know what the ciuse of jaundice m these
s Grossly the liver 1s green and very heavy weighing up
pounds VWould you agree with this?

ana Yes
ser They are amongst the heavtest lners we see Therr
1s smooth Fibrosis 15 just beginning Pseudolobules and
s have hardly formed Histologically severe cholestasis 1s

son Just one comment with respect to the cases Dr Davidson
ned We have certunly seen a number of indwiduals about
we wondered whether an infectious hepatitss had been added
alcoholic fatty lner and m whom we were nnable to be
that that was the case But I thinh one should bear in mind
wese aleoholics are subject to samitary conditions that are
ery bad and it would not be surprising 1f they were to pick
virus of infectious hepatiis Ve cnot necessanly say that
oholism per sc 15 the precipitating factor In other words
oholic under the conditions 1 which he 1s Inmg my easily
us hepatttis perhaps more easib than the normal indiidual
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nofl,gfl;xc-; vin t]f:e I;tal‘fom:] of viral hepatitis, the portal Iymph
have descnbreyd % enlarged, as again Lucke and Mallory (15,16)
ese cases of fatty lner do not have enlarged

portal Jymph nodes

Kark Are you talking about people who die®

Datidson Yes

Stokes 1 think that there 1s not as much virus needed to Ll
such a person

Popper That may be

Best Is there any evidence that something aside from the vicus,
such as fatigue, mereases the suscephibility?

Sborov  Does malnutntion increase the susceptibility to vius
disease or does 1t work m the apposite direction?

Best Dr Minek told us that 1t worked in the opposite direction

Minick 1 don't beheve that there 1s any generalization that wall
hold 1 have looked, to some extent, mto the nutntion work on
viruses Of course, there are many viruses, many hosts, and many
dietary factors to be considered In the majonty of instances
deficient ammals have seemed to show mncreased resistance to viral
mfection but there are exceptions to that The most notable that
I can think of 1s that thiamme deficiency seems to mcrease the
susceptibility of pigeons to ormthosis and Dr Bodian showed that
a stram of polio virus which ordinanly would not mfect the monkey
by oral moculation was transmissible by that fashion in monkeys
recening desoxypyndoune, or 1 pyndoune-deficient monkeys
But 1 most mstances 1t 1s the other way around

1 believe that i poliomyelitis — I should lthe Dr Stokes to com
ment on this — there are environmental factors which increase the
seventy of the disease

Stokes A defi of th will the of
mice to the Lansing stram of poliomyehtis, also in encephalomyehtis
of mice, resistance 1s increased by thiamine deficiency Severe
strams of various sorts, such as cold muscular exercise, pregnancy,
ncrease ptibility to pob htis So I don't think one can
generalize about such factors

Best On the authonty of an Amenican who 1s accepted almost

unnversally in Canada as a very great American, President Roose-
bility to poho

velt muscular and cold p o
I was talking to him, the first time 1 ever met him, and be sax
Dr Best, I got polio by swimming m the cold w1ters of Hermng

Cove - , -
I looked rather skeptical, and he sad “You don’t beheve me
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1 sud, “Well, T don't think w's quite Yike that”

He said, “I was swimming for a long time, and I got cold The
muscular exerase and the cold lowered my resistance, and the
virus, which was already present, took hold of me Isnt that a
good theory?”

I saud, “Yes sir, ¥ think st 1s”

Hanger May 1 ask Dr Stokes whether, when he njects volun-
teers, he has any eritena as to which will be susceptible to infection
and which will be refractory

Stokes No, I don't think we have any indication as to what
makes a volunteer susceptible

Hanger Age, or habitus, or state of nutntion, or past aleoholic
history ?

Stokes Those that have a lustory of serum hepatitis are ap-
parently more susceptible to the epidemic disease, and vice versa
Age 15 a factor n that the older one 15 the more immune to the
epidermc hepatitis virus  That appears not to be true n serum
hepatitis But as far as habit 1s concerned and other factors, T don’t
thunk we have, so far as I know, any mdicition of susceptibihty m
certan types of indwiduals

Hanger ‘There 1s one other question I should like to ask you,
dealing with remnfection Have you seen many patients who have
gone mte endemuc hepatiis areas, have contracted the disease,
hecome apparently cured, and then gone back to that area and
become remnfected? I have seen a few where we presumed remfec-
tion but we could not be sure

Stokes We have not had any expenence with that type of situa-
tion to my knowledge

Acefc One does not often have the opportumity of studymg
persons who presumably have had two completely dilferent attacks
of jaundice (that1s an app 1 plete recovery from the first
followed one or more years later by another attack) dunng the
wtive stages of both attacks I have luckily had this opportumty
on several occasions nd n each instance different etiologic factors
were imvolved in the two attacks We ran mto this sequence sev eral
times m following up the summer camp epridemic group We hnew
these persons had had acute viral hepatitis (1H type) at the camp
m 1944 followed by recovery On several occasions tn the follows-
mg vears someone would call and say the youngster had jaundice
il over agamn In one mstance the boy clearly had mononucleosis
1s the explanation of the second attack of jaundice Another of the
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boys had had a plasma transfusion and he had serum hepatitis
(SH type of hepatitis)

Many times there are etiologically different processes with the
exception of those who never recover completely from the first
attack These persons 1f carefully studied would be found m
many 1nstances to have a continuous hepatie disturbance although
perhaps at a subchnical level

Smetana This 1s something I wanted to ask whether remfection
can be clearly differentiated from recurrence

Neefe No I dont thmk st can be m the majority of cases Most
persons once the original jaundice subsides have no subsequent
follow up lrver function studies Then sometime later an illness
or recurrence of jaundice m1y appear In such persons one never
knows whether they have actually had a complete recovery from
the first attack or whether 1t was simply an apparent chineal re
covery with subsidence of jaundice but persistence of subchimeal
hver disease I dont know of any way to prove this because most
patients have not been carefully studied during the so called healthy
mtenm Liver bopsy however may reveal changes of a chronie
tvpe with supenmposed acute phenomena

Smetana Is 1t not possible that 1t remams inactive and can cause
1 recurrence if circumstances change?

Stakes That can be strongly suspected when epidemics of hepa
titts are present One of the best studies of that sort in the field
was by Gauld (32) in the \feduterranean theatre where he studied
those men that had had serum hepabtis with jaundice s a result
of the yellow fever vaceme In those mdividuals who had vacome
mundice there was a lugher merdence of the eprdemic disease than
m those who had not had the vaccine jaundice They were i the
same diviston and the men were all associating together The
reason that the two jaundices could be differentiated rather than
be assumed as recurrences wis the fact that other men mn the
diasion were having the eprdenue disease Under those circum
stances oue can usually differentrite but i many instances reeur
rence 1s 2 difficult thing to rule out

Smetana On histologie evidence with repeated biopstes up to
about a dozen we sometimes find that nonfatal mfectious hepatitis
e Ist for several vears 1t 1s a smoldenng affur producing very
small foos of necrasis tnd the question comes up where 15 the
wirus and how does 1t survive? Is it a symbiosis between the Inver
cells and the virus? Does it remamn active if the patent 1s well?
Does it hecome actne agun when the pitient 15 subjected to
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changes? Is there any chmeal mdication that this 1s the case, or 15
this all wrong?

Best Do the lesions prove that the virus has persisted there?

Smetana The lesions appear acute and actne

Best Ts the virus there?

Smetana 1 don’t know, but, chnically, the patient has hepatitis,
that s, the funchion tests are in fuvor of this dragnosis and he 1s
considered to be a case of hepatitis

Best You would really have to recover the virus from the spear
men, wouldn't you, to prove 1t?

Smetana To be absolutely sure yes But the climeran 1s satisfied
with the diagnosis and pathologically we find it compatible with
persistent hepatitis
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WHEN PROFESSOR BEST mited me to take part mn this discussion, 1
was hesttant because the work I have been doing on enzyme activity
m the human Iiver 1s very much 1n a prebmmary stage with no
conclusive results yet But, of course, that 1s just the stage when I
need the criheism and advice and help which I expect to get from
thus group There 1s a particulwr difficulty m work of this hind m
which one 1s trying to apply biochemical methods to a human prob
lem The results are very crude when judged by the standards of
the en; Jog. who, as said to me the other dzy, walk
with the gods, and, on the other hand, they are not yet of any prac-
tical salue to the chinteians

My 1nterest 1s m so-called tropical nutritional Inver disease or
the group of such diseases This work was begun in the Gambia
British West Africa, 1n Professor Platt’s umt (1,2), and continued
m Jamaiea I should Ike to record my gratitude to Professor
Kenneth Hill, who attended this Conference last year, for allowing
me to use matenal from his cases, and particularly to Dr X Rhodes,
who has done all the chmeal work in Jamatea and given me eveny
possible help

You will apprectate that mn tropical countnes there are difficult
conditions so that much has not been done which ought to have
been done, but the more limiting factors the more necessary 1t 15,
I think to choose the right things to do Here agan I am looking
for help from this group

\y remarks come under three headings the objectives of the
work the methads and the results the Inst bemng very thin As
segards objecties I started with the obvious and, no doubt, nane

€ Tius work was supported by the Medical Rescarch Counest London It was begun
R o et Fasara Gambra. Batsh Thest Afnca e
tle direction of Professar B 5 Platt to whom I am deeply debted for shmu;‘.“
1nd ideis 1 am grateful also to Dr § H_ Wakers for inzcal mlhbomncm.f'llh:
work was continued m the Department of Physiology Unnersity Collegeﬁ?wks
West Indies m collaboration with Professor h R Hill and Dr Ratenna
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idea that 1f any of the forms of Iner damage that are so common
m the tropics are really caused by malnutrition, as many of us
belheve, then the structural lesion ought to be preceded by a
ibolic change, a nock 1 lesson 1 fact 1 admut that wath

the evidence available, the search for such a lesion 1s at the moment
a lut or nuss affair, and the approich 1s perhaps rather unscientific

In deaiding to study the enzymes m the liver, I was guided by
three thoughts first that 1t 1s likely to be more fnutful to measure
actiities or rates of change 1n the tissue itself rather than concen-
rations or levels of metabolites m blood or urme For that purpose,
there are two mam methods studies with tracers and measure-
ments of enzyme activity I think 1 am nght m saymg that at
present, odd though it ;may seem, 1sotope methads are not sensitne
enough for use either in tivo or w1 titro, with the very small amounts
of tissue that we can get by biopsy in the human subject T may
be wrong on this But, on the other hand, thanks to the techmques
developed by Linderstrym Lang and Holter (34,5 6), these amounts
of tissue aie more than adequate for the measurement of mnv
(nzyme systems

The second pomt 15 that broadly speaking i the tropics, where
hiver damage 18 very common, the diet 15 low 1 protein or at least
m ammal proten e know from the work of Addis (7), Koster-
itz (8), and others, that under such conditions much cytoplasmc
protein s lost from the liver In recent years, a number of workers,
such as Miller (9), Rosenthal (10), Schultz (11), Williams (12 13),
Bargons (14), and others hase shown that with stanation or diets
low 1 proten or laching single amino acids, some enzymes are
greatly reduced in the lver, others are selectnely presenved Ad-
mittedly at the moment there does not seem to be very much
rhyme or reason about which enzymes are lost and which remam
m full activity Among the ones found to be reduced, I might
mention xnthme ovidase choline oxidase, eatalase, arginase, rhoda-
nese and cathepsin: That list does not at the moment make very
much sense but at the beginming of this work there did <eem to
be good reison to suppose that we might find changes in the pat
tern of enzyme 1etinity m man as a result of maloutntion

Lastly the low protein mtake of these people 1s often tccom-
pamed by a low intake of B complex wvitamums, therefore, enzyme
activity n many cases might be limited by a shortage of co factors
With appropriate conditions of assty, one mught be able to detect
that Agun there is expenmental evidence for such a thing happen
mg 1 1m sure everyone is famihar with the finding by Eisehjem
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and Ius co workers (15,16) that m the rat riboflavin deficiency
causes a decrease m xanthine oudase and d amung gcd ovdase
actity un the Inver, both of these, of course, being flavoprotemn
enzymes

Those wue the 1deas T had m mind 1 hoped that of a decrease
I certam enzymes was found, I mught get information of two
kinds first, that the nature of the enzyme lost might gne some
mdication of the nature of the deficiency (I mean, for wstance, that
if 1t were found that all the enzymes affected were sulfhvdn]
enzymes, 1t mght pomt to S ammo acid defictency as the kmitmg
factor in the diet), secondly, 1f 1 knew the function of the enzymes
tested, 1t might give some clue s to how the deficrency affects
the metabolsm of the body and tissues as 2 whole

That 15 looking mto the future, the results have not yet fulilied
erther of these expectations One difficulty 1s that except for a few
1solated observations on cytochrome oxidase and succmoudase
munly 1n connection with cancer, there 15 as far as } can find, no
information n the literature about enzymes m the human hver, and
50 1t 1s first necessary to get some 1des of the pattern m general
m man as compared with other ammnls

I should Iike to say a word about the chinical matenal 1 work
entirely with cluldien, and mostly with babies, 1 to 3 years old
The reason for this s, frst, that they show lver changes m the
most acute form (I suppose because the growing organism 1s more
ulnerable to a deficiency ), secondly, I want to get them i pos
sible before there are advanced changes Moreover, in older chil
dren or adults st may be hard to find a completely normal Iner

There are two difficulties The first 15 that we do not have any

true contrals In the tropres particulurly 1 Africa where malana
15 50 common 1t 15 hard to say that any child 1s normal I have
tried to get around this by arranging the matenal so that each
case as far as possible 1s 1ts own control, with two biopsies, one
on admusston to hospital and the other after a month or so of
treatment

The second difficulty 15 that, obvtously, i order to draw 1y sort
of conclasions we have to try to get 1 fairly homogeneous chmeal
sertes just as 1n a laboratory experiment That 1s not easy In Africr
I used to go around the bush villages and choose cases there, pr
manidy babies who were just undernounsshed and brng them nto
the hospital We tnied to find out whether what might be called
sunple malputnition was i any w1y affecting the hiver Even these
cases however were complicated because all the babies had a
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heavy malanal wiection In Jamaiea, T have been worlung on the
cases that come to Dr Rhodes” Iner clime, and they are often 1n a
rather more adh anced stage, with clinical evidence of hiver damage,
such as enlargement and sometimes ascites, a rather mixed group
of cases But I thought that for the time hemg 1t mght not be a
bad thing just to take what came and work on 1t and sec if anything
mteresting turned up So at the end when 1t comes to the results,
1 must apologize that I cannot produce any sort of merages of
groups which can be analyzed statistically, but can only gne
examples of individual cases

The methods 1n this work have been determuned by the amount
of tissue available, which isn’t very much I am content if I can get
2 or 3 mg, because we can’t go as deep nto these babies as m a
biopsy on an adult And since the pathologists need a furly large
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sample to be representative, there 1s not very much left for me

T have tned to scale all my methods so as to operate at a level
of about 1 mg wet weight of tissue I have used two man methods
of measurement gasometnc and colonmetnc The gasometric
method 15 the Cartesian diver techmque of Linderstrdm Lang and
Holter The diver 15 a capillary closed at one end, floating 1 2 salt
solutrion of density about 13 (Figure 5) The diver has to be made
so that sts gas volume matches its weight, so that 1t wall just abont
float The divess are run 1n a series Figure 6 shows three flotation
vessels with divers 1n, connected with a manometer and a pressure
regulator To get a reading of any kmd, all that has to be done to
adjust the pressure, either positve or negatine, to get the dner
just floating 1n the muddle of its vessel and, as far as possible,
stationary It 15 an unstable equbbrium, 1t 15 pever absolutely
stationary The diver 1s observed through a honzontal nucroscope,
and the pressure read on the manometer If, for mstance, the diver
contams something which 1s taking up oxygen, 1ts gas volome will
decrease, and 1t will require a more and more negatne pressure
to bring it up to 1ts eguilibnum position

I have tested this method fauly carefully with simple <ystems,
such as evolution of mitrogen and carbon douide, 1t 1s accurate to

FLOTATION VESSELS T
f van 2 LTRES
-
PRESSURE RECULATOR
0 MANOMETER

Ficene 6 Diver appiratus sl owing flotation vessels mamfold minometer and

pressure reg ator
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1 per cent with evolutions of gas of the order of 01 or 02 cu mm
However, I don’t want you to think that we regard this as par-
ticularly sensitive, because some spectrophotometnc techmques
are even more so The other day Dr Baud Hastings showed me
some details of a new method, worked out by Dr Scholander,
which 1s 5000 times as sensitine as the duwer, but not, I think, as
versatile

The diver method 1s versatile, 1t can be used with different gas
fillings, not only with air, but with oxygen, or carbon dioude, or
nitrogen Reagents can also be mixed n the diver, just as i the
Warburg The diver s coated on the inside with sihcon, the reagents
are phced 1n drops on the walls and mived with the homogenate
by applying a positine or negate pressure (Figure 7)

The other method I have used 15 a colorimetric one, also based
on an mstrument developed by Dr Holter* The solution to be
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~HOMOGENATE 10, L~ AENE
P PHENYLENE
DIAMIRE 0254 ‘*”2,“2"5‘ ; ?RME

Ne OH__
FILLING FOR FILLING FOR

CYTOCHROME OXIDASE  TRANSAMINASE
ASSAY ASSAY

Fieme 7 Amangement of reagents wn dners for cytochrome owdise and trans
amunase assays.

* This mstrwnent 1 essentially sumalar to that devised by Dr Poll ster for measunng
figf t abserption 1 tissue scctuns (17)
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measured goes mto a microcuvette (Figure 8), which 1s siply
a microscope shde with a short length of thich walled caprllary
sealed to it, of about I mm mternal diameter The top 15 closed
with a covershp, so that the total volume of soluton 15 anything
from 8 to 20 or 30 cu mm, according to the diameter of the

MICROCUVETTE

HEIGHT 10mm.

DIAMETER 1-2mm.

VOLUME 8-30 pf
DIAMETER OF LIGHT BEAM ~03mm

Fiure 8 Microcuvette

capillary The cuvette goes on the stage of a mucroscope, wlich I
use m the honzontal positon A tmy lLght beam, about 02 mm
dameter comes up through the cuvette mto the microscope (Figure
9) There 15 a prism and a side tube for centerng and an arrange
ment for holding filters The light goes onto a photomultipher tube
fixed over the eyepiece, and readings are made on 1 galvanometer
In prineiple, 1t 1s an ordmary colorimeter but with cuvettes that will
take about 10 cu mm

What I do with these biopsy specimens 1s usually to divide them
mto two parts Each weighs about 1 or 15 micrograms They are
wesghed on a quartz fiber balance to about 2 micrograms One part
1s homogemzed 1 08 molar sucrose, and used for the enzyme
measurements m the diver and the other part 1s dned over phos
phorus pentoude It 1s then extracted with ether, and the fat cornten:
measured by weighmg agam, by difference That, of course, does m’d
gnve a complete total extraction of the lipords but I think 1t 1s goo!
enough for telling whether there 1s much fat in those Iners + .

The defatted Liver 15 extracted with hot trichloracetic acid
measure the desoxyribose nucleic acid content of the eatract by the
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diphenylamine color reaction {18) Another part of the extract 15
diluted and the total U V 1bsorption measured at 260 millimicrons
That gines the total nucleic acds By subtracting the DNA of
course using the correct absormmn factor for DNA ;md RNA one
can get the RNA by the duff On 1
know the dry weight the fat content the DNA and ENA then
the residue after tnchloricetic acid extraction can be used for
nitrogen mensurements which should gne the protein mtrogen
That 1s more or less the routine at the moment

There are of course a number of technical pomnts which I am
sure will bring cnticism The first thing that will be asked about
13 the reproducibility of the results and what they mean

The diver method itself 1s accurate to about 1 per eent But using
homogenates I cant achieve anything better than 5 per cent repro
ductbility as a rontine and often the error 1s greater than that
You will realize that m trymng to do three or four enzyme systems
one hns to work fast and 1 do find that that to some extent impairs
my accoracy Everything 1s done in duplicate but I would not like
when considermg results to put much weight on differences of less
than 20 per cent or so The errar 15 partly personal 1 hue been
faced with the problem that the more measurements I do the harder
1t 1s to do them accurately It 15 a choiee between preaision and
scope At the moment I huve chosen to make the scope as wide as
T cn 1nd later I shall concentrate on preaision on points that seem
mteresting

The question of symphag error 1s wmportant This 2 mg 15 only
about 1 200000 of the weight of the whole Iner and obviously
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it may not be representative That 15 a difficult pomt to oyvercome
The only way I have been able to do 1t 15 to make separate homog
enates Sometimes when the biopsy ts not too successful we £o
m tno or three times and tahe out several small fragments The
homogenates are made ether from those or by cutting up one larger
fragment Of course those admittedly are not gowg to be from
vegtons of the hver very far apart Although 1 hive considered 1
I never thought that ¥ would be justified in doing separate bopstes
say on the rnight and left lobe In Table VI there are some Bgures
that compare the results on separate homogenates from the sme
case

TABLE VI
Comp n of the Chol ase Activily of Different Homogenates
Homogenate 1 Homogenate 2
270 254
809 315
166 178
313 298
818 1
238 207
358 457
109 136
282 278

£ some
Reprinted by perm ss on from Wateelov 1 € Observat ons en the act st o
entymes 10 tho T 1ver West Tnd Ved J ¥ 41 (1951)

Tor cholmesterase actity except for one result the agreentent
1s reasonable There s no gross discrepancy Table VI sho\\ﬁ
various enzymes done on duplicate homogenates I put dmn;n ar
the figures T had to be far The first figures were fron; a neet
where histologically there were fibrous bands and 1 could not ‘g;\ t
2 very good hamogenate 1 found the fibrous tissue sticking tlo he
pestle As I sud at the beguming I usually try to get theic “fk
before there 15 much fbrosis Except for onc rather ba lrels;m
the agreement here 1s agam reasonable Thercfore I f;e Jh
provided we are dealmg with euly cases and cases m whicl
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‘TABLE ‘II
Actinity of Duplicate Homogenates
Case Enzyme ifomog 1 |Homog 2
Wilson | Cytochrome Oudase 61 38  Fibrous Liver
Hunter | Cytochrome Ovidase 14 109
Chobmesterase 59 92
Smclair | Cytochrome Oudasc 78 76
Cholinesterase 84 T2
Lactic Dehydrogenase 99 965

Linton | Lactic Dehydrogenase | 167 234
Ellis Lact ¢ Dehydrogenase | 70 61

pathologic lesion 1s known to be diffuse, we can assume that this
little bnt of tissue 1s reasomibly representatine

The next difficulty 15 the basis of representation In most of the
work 1 anmmals on enzyme actiaty i relation to nutntion, the
auvthors express their results per whole hver, or per hundred grams
of amimal Obviously, that can’t be done 1n this case because of not
knowmng the volume or weight of the liver The obvious base of
representation dry weight, must clearly be corrected for fat and
for glycogen Glycogen 3s, I think, more abundant in the human
Iner than 1 most ammals From the figures of Holmes and
Trowell (19), who are the only people I know of who have ests
mated glycogen 1 human Inepsy, 1t may amount to as mach as
20 per cent of the dry weight The dry weight, even after correc-
tion for fat and glycogen may be misleading becwuse, as Rosterlitz
and others have shown 1 malnutntion or protemn deficiency the
cytoplsm 1s reduced the cells hecome smaller, and there are more
cells per umt weight decrease of actraty per cell might then be
mashed by this merewse m number of cells per milhgram

I tried to get around tlns by measurement of DNA, but that 1s
not a perfect solution We know that the DNA content of cach
diploid nuclcus 1s supposed to be constant, but 1n the Iver a large
and vanable number of nucler are not diplod, tetraplod, or even
octoplord Polyplerdy 1s particularly common n mfants and espe-
atlly 1 a dimiged lner where pic evidence of reg
tion can be seen
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I don’t know whether the nucleocytoplasmic ratio remams con
stant 1n these large cells Perhaps somebody can help me with that
If 1t remamed normal, 1t would not matter very much

Another source of error 1s the fact that there are, after all many
cells mn the hver which are not hepatic cells I think that people
working with rat Iners, particularly the biochemusts do tend to
assume that they have a homogeneous tissue That may be true
for the rat but from mcroscopic counts I have made 1n the most
normal human spectmens I could find, that 1s, African specimens
the nonparenchymatous elements, Kupffer cells and probably some
leuhocytes m the portal tracts may amount to as much as one thrd
of all the cells present Very often, they may be more than that
because 1n human hivers, very frequently cellular infiltrations of no
particular significance, often quite fleeting, are seen And as many of
those cells, particularly, I think, lymphocytes, contam a lot of DNA
compared with their total volume, they could badly upset results
which are based on DNA content 1 have tried to choose the least
erroneous method, and for the moment I express my results per mill
gram protein nitrogen, that 1s to say, the nitrogen measured in the
residue after trchloracetic acid extraction I think that should be
reasonably sound except in cases where the tissue 1s diluted with a
lot of mert protein, Iike collagen but as I said before, I try to avoid
that hind of case anyway

Best  Shall we have a httle debate on that now? Dr Stetten
what do sou thiok 15 the best way of expressing results on Iner
tissue®

Stetten 1 dont think there 1s any one way, Dr Best Any basis
of reference suffers from mtrinsic errors It depends largely on what
the pomnt 15 that one 15 trymg to make It 15 generally held that most
of the protems of the lver are not soluble m fat For thus reason
1 would certainly prefer the defatted Iner weight to the total Iner
weight particularly of the fat content vames I think 1t depends
entirely upon what the wnter 15 tryng ‘o emphasize, and 1 person
allv feel that 15 one of the things that should be left to the wnters
discretion

Fremaont Smuth Provided he specifies

Stetten Yes it should alnays be made perfecth clear It ss also
generally possible so to present data that if the reader chooses to
refer to some other standard of reference he can do so

Best T have felt that in some papers the anthors just ehminate
the fat because there 15 too much and 1n others they sv, L’«":
elimmate the glycogen™ I say why not elimmate the protem too
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Rntsely Recently i the Scientific American there was an wrticle
by a good biophysicist who said that we have never had and do not
today have a competent method of measunng the \olume of one
cell

Waterlow Linderstrgm Lang and his co workers in Copenhagen
have developed a method of measuring specific gravity of simgle
cells by reduced weight Tlus would give the solume 1f the true
weight were known

Lkes May I ask Dr Waterlow how do you determune the
polyploidy of nucler?

Waterlow. 1 have not determuned it myself

Ehas How could 1t be be done?

Waterlow From what 1 have read 1t has been determmed 1n
two ways first of 21l by measunng the diameter and hence the
volume of nucler and finding that there 1s a distnbution cunve
with volumes m the ratio of 2 4 and 8 Whether the volume really
tells the number of chromosomes of course I dont know Hamson
in McCances laboratory has recently made an estimate of the
average degree of polyplaidy by comparmg the DNA content per
cell in Iner and kidney (20) I am sure Dr Pollister en answer
this question much better than 1

Pollister We have only a few dat1 on biopsied Iners m which
we have estimated 1t by the Feulgen reaction These were adult
Iners two cases so far

Best What was the reactron®

Pollister The renction was that for desoxypentose using a micro
photometric appratus and taking at random the indnidual nucler
There seems to be a rather small percentage of polyplords in these
adults 1t 15 quite small in comparison with rodents m which tetra
ploids and octoploids make up more than half of the parenchymal
nucler In the human matenal tetraplowds were very few 1 thm\
we found only one octoplod 1 some twa hundred nucler

1 was mterested to hear that you thought the meidence of poly
plowdy might be exceptionilly high 1n these chuldren if that 1s so
1t s just the reverse of the sitwation 1 rodents i wiich the per
centage of polyploid nueler steadily increases with age

Waterlow 1 dont know whether 1t 1s a question of age or of

wpury but certunly m these cluldren there are very many more
lige nucler and binuclear cells than one expeets 1 an ordman
Iiver and than T find 1n European hyvers
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Pollister The time of hugh polyplordy 1n man may well be at a
different time of life than 1 the rat The size does not correlate
with DNA content as strictly as one mught perhaps expect For
example, nucle: are found with diploid DNA amount which 2re as
large as the average tetraploid These swollen diploids and tetra
plords can always be distinguished at a glance for the latter are
both larger and darker

Waterlow Yes

Pollister Thick sections must be cut, so that the whole nucleus
15 1n the section

Elas Dr Polhster's comment that m rodents there 1s more
polyploidy than 1 man 1s easily explamed I don’t know how 1t
applies to pathology but, as I hope to show m my presentation,
the size volume, shape, and number of nucler i Iner cells m
normal Ivers are dependent on therr location in the wallwork of
the liver plates, and 1t 1s a geometrical necessity for each mdrvidual
liver cell to be so shaped and to have the volume which 1t has The
volume depends on the number of nucler or the diplowdy or poly-
ploidy, whatever the reason may be

It so happens that those cells which are located n the comers
where three ler plates meet are the largest, and they usually
have two or several nucles, or one large polyploid nucleus, and the
number of corners per area 1s much larger n the rodent lner than
mn the human lver, because that 1s of the tubulosinusordal type
whereas the human liver 15 of the sacculosinusoidal type

Shorr May I ash Dr Waterlow about the respiration of the fat
m these fatty Invers, that 1s, does the fat in the fatty Iner hne an
appreciable oxygen uptake? I had some expenence with fatty hvers
i rats and found that the average oxygen consumption m these
fatty Iners, using wet weight, was just about the same as that of
a normal Iner Therefore, either the cells were respmng at a greatly
mereased rate or the fat of the Iiver itself had 1 distnct oxgen
uptake

Best The fat might be a substrate

Shorr Fatty tissue elsewhere has an apprectible oy gen uptahe

Gyorgy It could be substrate

Best That 1s quite a question I
Waterlow

Waterlow 1 do not have any means of exammmg the respiration
of the fat itself 1

Popper We mught consider the enzyme Conclin(mhon of the
Iner an indication of its metabolic actisity As Koch Weser an

dont think we can ask Pr
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Farber (21) have shown 1n our laboratory 1n the acute fatty liser
produced by ethiomne admumstration to female rats the enzyme
content 1s not altered 1f the 1mtial body weight of the ammal 1s
taken as reference That means mn the acute fatty lver without
necrosis (1n contrast to the fatty hiver with necrosis) it 1s not nltered
from the normal The enzymes studied were the alkalme phos

phatase estertse and succnie acid dehydrogenase
Lagerstedt 1agree with Dr Popper especially 1f the localization
of activity within the liver cell 1s considered As far as I know it
has not deﬁmle\y been settled which of the particular bodies are
for actinities which can be recog

mzcd directly 1n the Iher cell

One of the histol char of Iner disease 1s
the vanance 1n size and shape of Ier cells and nucler Do you take
that mnto consideration®

Waterlow That 1s what upsets my measurement based on desovy
nueleic 1eid T am very much aware of that

Smetana Can you correct for that?

Waterlow T dont think 1 can Really what I am trying to get
1s the 1ctive protoplasmic mass I should like of course as well
to have some mdication of the activity per cell 1f T knew the number
of nucler

Rark What happens when you relate yonr results to the body
weight of the child? Have you done that?

Waterlow 1 huwve never done that no Inaway Icant do that
beeause Thave 1 given amount of tissue and T dont know how big
the Iner s

Rark That doesnt matter I wm talling about the entire nutn
tion of the clnld

Waterlow You mew I could measure oxygen uptake which s
microliters per miligeim and then plot that agamst body werght?

Kark Yes

Waterlow Yes af I had 2 big cnough senes That ought to come
out in the results that T shall show you but 1 dont think it does

Best Dr Waterlow will you resume the tecount of your cour:
reows attack on 1vven dhifficult problem

Waterlow  There 1s Just one more pomnt on the technical side
that Twant to make which is intended really to excuse myvself for
not having very many results and that 1s the fact as T thk all
cuzvme worhers in this field alwavs pomt out that one has to be
extremehy carcful 1bout conditions of assn Even with every pre-
cwtion one ¢t reilly be cortun that one 1s 1ss1ying the thing
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Pollister The time of high polyploidy 1 man may well be at 2
different time of Life than i the rat The size does not correlate
with DNA content as stretly as one mught pethaps expect For
example, nucler are found with diplaid DNA amount whick are as
large as the average tetraplod These swollen diploids and tetra
plowds can always be distinguished at a glance, for the latter are
both larger and darker

Waterlow Yes

Pollister Thick sections must be cut, so that the whole nucleus
15 m the section

Elias Dr Pollster's comment that m rodents there is more
polyplordy than m man 15 eastly explamed I dont hnow how 1t
apples to pathology, but, as T hope to show m my presentation,
the size, volume shape, and pumber of nucles 1 Iver cells
normn] Iners are dependent on therr location 1n the wallwork of
the hiver plates and 1t 1s a geometrical necessity for each mdndual
hiver cell to be so shaped and to have the volume which it has The
volume depends on the number of nuclet or the diplody or poly
ploidy, whatever the reason may be

It so happens that those cells which are located 1n the comers
where three liver plates meect are the Jargest and they usually
have two or several nucler, or one large polyploid nuclens and the
number of corners per area 1s much larger m the rodent Iner than
m the human hver, because that 1s of the tubulosinusoidal type,
whereas the human hver 1s of the sacculosinusordal ty pe

Shorr May I ask Dr Waterlow about the respiration of the fat
n these fatty Iners that 1s does the fat in the fatty Iner have an
apprecrable oxygen uptake? I had some expertence with fatty Iners
m rats and found that the average oxygen consumption m these
fatty Iners using wet weight, was just about the same as that o
a normal Iner Therefore, either the cells were respmng at a greatly
increased rate or the fat of the Iner itself had a distmet o gen
uptake

Best The fat might be a substrate

Shorr Fatty nissue elsewhere has an appreciable 0y g

Gyorgy 1t conld be substrate ' Dr

Best That 1s quite a question 1 dont think we can a8
Waterlon

Waterlow I do not have any means of examming the respy
of the fat itself der th oncentration of the

opper  We mught consider the enzyme conce
h‘é,rp:n mdl(.mg:lguf 1ts metabolie actnaty As Koch Weser and

en uptake

ration



Enzyme Activity i Human Luer 83

F“\x:'r ("l) ha\e shown n o Tboratory 1n the neute fatty Iher
7 ation to female rats the enzyme
content 1s not altered 1f the mmtinl body weight of the ammal 15
taken as reference That means in the acute fatty liner without
necross (1n contrast to the fatty liver wath necrosis) 1t 1s not altered
from the norm1l The enzymes studied were the alkaline phos
phatase esterase ind sucemic acid dehy drogense

Lagerstedt 1 agree with Dr Popper especially if the localization
of activity within the liver cell 1s considered As far as I know 1t
has not dcﬁmle]y been settled which of the particular bodies are

for duff enzymatic which ean be recog
mzcd directly in the hver cell

Smetana One of the histologic charctenstics of Iver disense 1s
the vanance 1n size and shape of hver cells and nucler Do you take
that into consideration®

Waterlow That 1s what npsets my me isurement based on desoxy
nucleic aod I am very much aware of that

Smetana Can you correct for that?

Waterlow 1 dont think 1 can Really what I am trying to get
1s the active protoplasmie mass I should hike of course as well
to have some mdicntion of the 1etivity per cell if 1 knew the number
of nucler

Rark What happens when you relate your results to the body
weight of the child? Have you done that?

Waterloww 1 have never done that no Ina wy Icmt do that
beeause 1 have 1 given amount of tissue and T dont know how big
the lner s

Rark That doesnt matter I am talking about the entire nutn
tion of the child

Waterlow You mean 1 could mevsure oxigen uptake wineh 1s
micraliters per mulhgram and then plot that agamst body weight?

Rarh Yes

Waterlow Yes af Thad 2 big enough senies That ought to come
out m the results that T shall show you but I dont think 1t does

Best Dr Waterlow will you resume the account of your coura
woms ittack on 1 very diffienlt problem

Waterlow  There s pust one more pomnt on the techmel side
that T want to mike winch 1s intended really to excuse myself for
not having, ven mwy results and that 1s the fact as 1 think all
ennme worhers m this field alwavs pomt out that one has to be
extremely ewreful about conditions of assay Even with every pre-
cwtion one et rodly be certain thit one 15 assnng the thing




84 Liver Inmury

Pollister The time of high polyploidy m man may well be at a
different time of life than m the rat The size does not correlate
with DNA content as stnctly as one might perhaps expect For
example, nucler are found wath diploid DNA amount which are as
large as the average tetraploid These swollen diploids and tetra
plords can always be distinguished at a glnce, for the latter are
both larger and darker

Waterlow Yes

Pollister Thick sections must be cut, so that the whole nucleus
15 m the section

Elias Dr Polhster's comment that in rodents there 1s more
polyploidy than m man 1s easily esplamed I don’t know how it
applees to pathology, but, as I hope to show m my presentation
the size, volume, shape, and number of nucler i Iner cells m
normal hvers are dependent on their location i the wallnork of
the Iner plates, and 1t 1s a geometrical necessity for each indrvdual
Tiver cell to be so shaped and to have the volume which 1t has The
volume depends on the number of nucler or the diplosdy or poly
ploidy, whatever the reason may be

It 5o happens that those cells which are located m the corners
where three hver plates meet are the largest, and they usually
have two or several nucles, or one large polyploid nucleus, and the
number of corners per area 1s much larger i the rodent Iner than
1n the human liver, because that 1s of the tubulosinusaidal type
whereas the human lver 1s of the sacculosinusordal type

Shorr May I ash Dr Waterlow about the respiration of the fat
in these fatty hvers, that 1s does the fat m the fatty ltver have an
appreciable oxygen uptake? I had some expertence with fatty lners
1n rats, and found that the average oty gen consumption m thcs$
fatty hvers usimg wet weight, was just about the same as that l0
a normal Iner Therefore, erther the cells were respiring at a greatly
mereased rate or the fat of the lver itself had a distinct ovgen
uptake

Best The fat might be a substrate re

Shorr Fatty tissue elsewhere has an appreciable ox gen upta

Gyorgy It could be substrate

Ba{st g'jl'hat 15 quite a question 1 don't think we can ash Dr
Waterlow

Waterlow 1 do not have any means of examimng the respratton
of the fat itself . dor th + concentration of the

Popper We mught consider the enzym ! 3
luerpfn mdxunongof 1ts metabolic actnity As Koch Weser and
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TRANSAMINASE
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Ficvar 10 Transaminase activity of human hver at different cnzyme concentrations

Lagerstedt Dr Waterlow, there 1s one experience T have had n
homogemzing Iner cells using an all glass homogemzer 1 made
it 1n the onginal way m a 0838 M sucrose solubion T was prmanly
mterested i getting an account of the number of ¢ytoplasmic com-
ponents from that ner Now some nucler might be destroyed too
and thus there will be nuclear materal 1n the homogenate So T
made a countmg of the number of free nucler after prolonged
homagenization 1 found that after a certain time there 1s a decrease
i the number of free nucder So 1 drew the conclusion that that
homogenization apparatus must be used with an awareness of this
danger w1z that ane 15 really also erushing nucler

Waterlow Tam aware thit obvioush the conditions of homogen:-
z1tion mght easihv affect the results T never reallh had time to
miestigite that, T just try to heep the conditions standrrdized 1
always homogemze for half a nunute with the tissue m ice That is
the only control T hwve done on that Ta tell vou the truth T have
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one thinks one 15, and all the conditions ought to be worked out
for the particular tissue, factors ke pH optimum, concentration
of reagents, and, above all, stabihty of enzyme I don't think it 15
justifiable to assume that what 1s found in the rat, for wstance, is
gomg to hold for man It takes a long time to test all these pomts
and T have not always succeeded mn domg 1t thoroughly

Finally, there 15 one thing that 15 essentral for any assay of
enzyme activity, and that 15 that the actvity should vary hnearly
with the amount of tissue used With most of the enzvmes I have
worhed on, that 1s the c1se, except for one, transammase

In Figure 10, the amount of tissue expressed as milligrams of
Iner per millihter of homogenate 1s shown below Actually, of
course, the amount of tissue 1s of the order of a fifuieth of a millt
gram 1o one mucroliter It will be seen that the carbon dioude output
does not go completely linearly with the amount of tissue The
cunve falls off with mereasing amounts of tissue The two curves
m each case are activities m amihal and final biopsies T have the
mmpression that the falling off 1s more severe 1 the mial bropsy
which to me suggests possibly a deficiency of some other factor,
a co factor 1 dont know if that 1s a correct deduction, but I hne
obtained some pynidoxal phosphate and I hope to try 1t out

Shorr The tissue volume s the same?

Waterlow The volume of flud 15 the same 1n each measurement
that 15, one cubic milimeter 1 started with a concentrated homog
enate and diluted 1t by two, and then diluted that by two agamn

Shorr Isn’t that charactenistic of diluted } tes?
Waterdow You mean there might be a dilution effect?
Shorr Yes

Waterlow You see the actinity 1s all night at low concentrations
1t £alls off with the higher amounts of tissue A dilution effect would
be the other way around

Pollister Could you tell us how completely the cells have been
disrupted?

Waterlow 1 have not exammned them all meroscopreally, but
when I have I have usually found just one or two intact cells when
I made a smear They are mostly bro?ken up

Graffin How do you homogenize

\Vatﬁt'rlow I homo)gcmze mga Rittle glass tube, about 2 mm
diameter and use a glass pestle

Rark You couldn't freeze first?

Waterlow Freezing 1s hnown to destroy a great many enzymes

nat all
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TRANSAMINASE

FULLER SINCLAIR
O— INITIAL O—— INITIAL,
X ---- FINAL Xesmoe FINAL
20k
el
X
6L ’

#¢ co, PER 10 Mins
8

: L L : : .
o 20 30 1a 20 30 40
HOMOGENATE mg LIVER PER c.¢

Foue 10 Trnsy vmise wt ty of | man Frer 4t d fierent ensyme concuntent ons

Lagerstedt Dr Waterlow there 1s one expenence I hwe had in
homogemzing Iner cells using w all glass homogenizer 1 made
1t in the ortginal way m a 088 \M sucrose solution I was primanly
mterested 1 getting an tccount of the number of ey toplasmie com
ponents from that liver Now some nucler might be destroyed too
and thus there will be nuclewr matenal i the homogenate So I
mde 1 counting of the number of free nucler after prolonged
homogenization § found that After 1 certun time there 1s 1 decrease
m the number of free nucler So 1 drew the conclusion that that
homogemzation tpparatus must be used with i awareness of this
danger viz that one 15 really ko crushing nucles

Waterlow 1am ware that obvioushs the conditions of homogem
zation might ewsily ffect the results T never really had time to
ivestigate that 1 just tnv to heep the conditions standwdized 1
alw s homogemze for half 4 nunute with the tissue 1n 1ce That s
the only control T huwe done on that To tell vou the truth 1 hne
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rather taken the view that what 15 good enough for Dr Potter and
lus colleagues 15 good enough for me

Grafflin Are you usmg a Potter homogenszer?

Waterlow It 1s much smaller than a Potter

Grafflin_Are you using ground glass surfaces, without projecting
beads on the pestle?

Waterlow Yes 1 can only say that mostly when I hwe cheched
st, the particles 1n the homogenate are very small 1 suppose I have
many crushed mitochondma, and so on

Coming to the results, the first pomnt 1s perhaps the choice of
enzymes measured Obviously, no more than a himted number can
be measured m one bit of tissue, not so much because of the amount
of tissue but becanse of time, as the enzymes are unstable My
choice has been based on two cnteria first, that the enzvmes
should be phy stologically mnteresting and, second that the methods
of assay should be accurate

TABLE ‘I
Comparison of Human and Rat Liver

AMan
Cytochrome Oxidase —QO_/N 125
Lactic Dehydrogenase —Q0 /N 230
Cholwesterase QCO_/N 93
Transammase QCO_/N 2350
Suceinoudase —QO, /N L 15
* Female rats
*Figure from the Jitertture
Table VIII shows that with some enzy there are derabl

differences In activity between rat and man The most stkong
dufference 1s m the succinoudase, which has been so much worhed
on mn the rat and which I have hardly been able to assay m yin
Cytochrome owidase 1s much Jess active 1 man than 1n rat, lacflic
dehydrogenase about the same, cholmesterase about the same 'a
the case of transaminase, the opposite situation holds 1t 15 about
eight times as actne n man o
These are averages from my small senes Most enzymes 1 ]of
evpected to be Jerably less active b of the effect
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body size, and I was rather surpnised when this fact came out
about the transaminase I don’t hnow what it may mean, but obvi-
ously 1t 15 not much good trymg to find differences in enzyme
actinty 1f the activty 1s so low that 1t can hardly be measured, so
recently I have concentrated on the first four in that group* and
have not done measurements of succinoxidase The values (Table
VIIT) are expressed as QO./N, oxygen uptake per milligram pro-
tem nitrogen Some of the earlier work 15 expressed as QO: per
milligram fat free dry weight, and the later work T have expressed
as per nulhigram protein mtrogen, for reasons I gave earhier
Cholinesterase was one of the first enzymes I attacked McCance
and Ius colleagnes in Germany {22} showed that plasma cholinester-
ase was low n repatrated prisoners of war and other under-
nounshed people Figure 11 1s a case from Africa of a baby about
18 months old, with edema It can be seen from the weight cune
that as 1t was trcated with a high protein dict, the edemn dis-
appeared, and the weight began to nse rapidly with good feeding
Plasma protein levels were reduced imtially, but rose to 7 per cent
with Plasma chol was much more severely
reduced than plisma proten The normal plisma esterase level
by onr method 15 about 70 umts In this case, it started at about
10 unuts, so that the reduction was much greater i esterase than
m proten Tlus reduction i the plisma was accompanied by a
rather low liver esterase, as represented by the blocks in the Figure

¢ Technique of enzyme assivs
or each ascav there was used 1 or 125 cu mm of homogenate made in 09 \{
sucrose
Figures in parentliesis are final concentrations
Crtochrome oudise
substrate  p-phens Ieaed amine (
hosphnte Wofcr pli 74 {
@ tochrame ¢ ¢
alummum chlornide (
as phise
Lactic dehvdrogenise

substrate A Lctate pli 83 €03 A1)
phowphite huffer pit 83 (08 M)
ium cyamde pH 83 (05 A1}
wmethylne bine ¢ 04 per cent)
conzyme 1 approx (003 \)
phse ur
Clohncsterace
substrat acetlchehme (02 M)
sodwm bicbonte (02D
gav phwe 93% O, 5% €O,
Trnsanun e
soiam a hetoghitarate plf 74 (086 \1)

" agartate € 033 A}
(Afr 10 minutes mcubation mned with 507 anhine aitrate ta slecompose
axilact tate ¥
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rather taken the view that what 15 good enough for Dr Potter and
s colleagues 15 good enough for me

Graffin Are you using a Potter homogenizer?

Watedow It ts much smaller than a Potter

Graffin_Are you using ground glass surfaces wathout projecting
beads on the pestle?

Waterlow Yes I can only say that mostly when I have cheched
1t the particles n the homogenate are very small 1 suppose I hate
many crushed mitochondna and so on

Coming to the results the first point 15 perhaps the chorce of
enzymes measured Obviously no more than a Imnted number can
be measured 1 one bt of tissue not so much because of the amount
of tissue but because of tme as the enzymes are unstable \ly
choice has been based on two cntena first that the enzmes
should be phy siologically nteresting and second that the methods
of assay should be accurate

TABLE ‘il
Comparison of Human and Rat Luer

Man | Rt

" Cytochrome Osidase —QO /N 125 50
Lactic Dehydrogenase —QO /N 230 3%
Cholnesterase QCO /N 9> 140
Transammase QCO /N 2350 340
Sucemovidase —QO0 /N 15 600t

* I emale rats
+ Figure from the | terature

Table VIIT shows that with some enzymes there are considerable
differences 1n actaty between rat and man The most straking
difference 15 1n the succinowdase which has been so much worked
on 1 the rat and winch I have hardly been able to assay i man
Cytochrome oudase 1s much less actne m man than n rat lactre

dehydrogenase about the same cholinesterase about the sam; 11:
the case of ¢ the opposit holds 1t 15 abovl

eight times as active 10 man had
These are averages from my small sertes Most enzymeiI 1 t“(’)f
evpected to be considerably less actne because of the effec
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These show the activity in the actual Iiver tissue I should emphasize
that this 1s the so called pseude or non specific cholinesterase

TABLE 1\
Enzyme Activity of the Liver in Malnutnuion
Fat per Cholinesterase Cstochrome
cent of Liver Plasma Ovidase Dch)dw:l‘nas:
No  Case  dywt QCO:  Umitst — QO —Q0:
1 2321 315 10 230 136 105
2 2291 — 26 232 99 103
219 F* 50 62 532 133 583
3 2081 — 45 278 202 -
208 F 158 1023 587 201 62
4 2301 205 515 345 — 16
250 F 1138 783 429 — 78
5 2351 179 69 388 104 77
23 F 124 84 600 171 56
6 241 235 36 2123 — —
F 148 41 199 —_ 94
7 215 — 293 125 ir} —
Mean Normal 1263 94 60approx 163 59

sl=intidbiopsy | = il bopsy
tunt= 1wl pern L of plism per m vt

Repr nted by pumussion from Waterlw 1 € Olwers whioms 0111 e actnniy of some
engymes in tbe human bver West Ind Med 1 1, 41 (1951)

Table I\ shows results 1 some other African cases I think it as
best to disregard the figures for cytochrome oudase 1nd lactic
dehydrogentse I am not satisfied with the methods then used I
Just want to pomnt out that agamn there 1s reduction n liver estertse
m the malnounshed subjcets compared with the level in controls
or the levels reached after trextment The results m this Table are
cxpressed on the basis of drv weight not mitrogen

Case 1 1s 1 baby with edem ind 1 small amount of fat m the
Iner viery low liver esterase and rither low plasma esterse That
dnld died Case 215 mother biby with a low hver esterise commng
up towrds normil It did not rewh normal the baby was dis
chirged prematurely The first five cases i this Table are mal
nourshed balnes arringed m order the nutntional stite getting
Hetter 1 one reads downwards There 1s 1 reduction in Tner esterise
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These show the activity in the actual Iner tissue 1 should emphiasize
that this 1s the so-called pseudo- or non-specific cholinesterase

TABLE I\
Enzyme Activity of the Tiver in Malnutrition
Fat, per Cholinesterase Cvtochrome _ Lactic
cent of Liver  Plsma Ovidise  Dehydrogenise
No  Case  dywt QCO;y  Unitst 0, 0,
1 2321* 345 10 250 136 105
2 2291 — 26 232 99 103
229 F* 50 62 532 133 585
3 2081 — 45 278 202 —
208 F 138 1025 587 201 62
4 2301 205 515 3435 — 36
230 F 13 78 429 - 78
5 2331 179 69 358 104 7
2353 F 124 84 600 171 36
6 2431 235 36 2125 - -
F 1486 41 199 — 94
T 25 — 293 125 177 —
M Normal 1265 94 60approx 163 59

*I=intulbopsy  F = fiml biopwy

tunt = 1 ud per ol of phisma per minute

Reprnted by pernussion from Waterlow ] € Obscrvations on the uetinits of some
enzyives i the huwn bver West Ind Med J 1, 41 (1951)

Table I\ shows results i some other African cases T think st 1s
best to disregard the figures for cytochrome oudase and lactic
dehy drogenase, 1 am not satisfied with the methods then used 1
just want to pont out that agam there 1s reduction in liver esterase
m the malnounshed subjects compired with the level in controls
or the levels reached after treatment The results in this Table are
expressed on the basis of dnv weight, not nitrogen

Case 115 a baby with edema and a small amount of fat m the
Lser avery low liver esterase and rather low plasma esterase That
cluld died Case 215 another baby with a low lner esterase coming
up towards norml It did not reach normil, the baby was dis.
chuged prematurely The fist five cases i this Table are mal
nourished habres arranged in order, the nutntionil state getting
better as one reads downwards There 1 & reduction 1n hver csterase
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roughly parallel with the degree of malnutntion, the level rises
sath treatment The sixth case 1s 2 child shghtly older, 3 years ofd
Pathologically, there seemed to be an actne hbrosis of the hver
with prohferating fibrous tissue, which did not respond to treat
ment The plasma esterase was low at the begmnng and end of a
month’s mtensn e hugh proten diet, and hver esterase was also Jon
Thss reduction 1 esterase, which seems to be charactersbe of mal
nutrition and of hver disease, 1s not, I think, 2 very speafic thmg
Case 7 15 a chuld with abd al tuberculous and therefore second
ary malnutntion, agam, there 15 a low hver and plasma esterase
I thmk perhaps I must leave for 2 moment the question of what
this means Figure 12 shows that there 15 a relation between the
levels of this enzyme n plasma and hver There 15 a good bt of
scatter, but the correlation 15 statistically significant (Correlabon
coefficient 078 P less than 01)

‘The next results are from cases 1 Jamaica I admt they are rather
disappainting, I found the reduction 1 Iner esterase two years
ago and none of the other enzymes that 1 have stndied since then
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ne shown a similar effect Table N and Figure 13 gne figures
om a baby who had four bropsies The abject 1s to show the kind
f variation that there 1s n the results so that you can judge how
ustworthy they are This was a malnourished baby with nothing
uch wrong except for weight loss and a shight enlargement of the
ver The figures for ner esterase, expressed on the basis of proten
itrogen, are fairly constant The low plasma esterase at the time
f the first biopsy my, T think, be an artifact, because the reigents
ere dimaged by a hurncane which had occurred shortly before
he cytochrome ouidase 15 fairly constant untit suddenly there 1s a
se in the fourth biopsy That kind of thing happens from time to
me double the usual figure 1s more than can be accounted for
15t by error, and I confess I don’t know what 1t means

The figures for lnctic dehydrogenase n the first and second biop
es are low becuse the pH was not optimum T had not discosered

L e,

Ve
AR}

PR ke 13 Photomicrograph ¢ Tiopsy specimen of hver from Jamawcan intant
Hematowlin and eosm. Normal ver (s Table

This and fcllowing phatomicroxraphs by courtesy of Dipt of Pathalsgv Univeraty
College of the Wet Indies
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that at the time Companng the third and fourth biopsies there 1s
no signtficant difference 1n actiity of erther lactic dehydrogenase
or transaminase

The figures at the bottom of Table \ are the average of the
results m all my cases I cannot give any figures that are stuetly
normal but these v crages form 4 rough standard for comparatne
purposes

In the last column of Table \ are figures for nbonucleic rad
content measured by the method 1 deseribed and expressed
milhgram per gram fat free dry weight I did not mention this
before but you will see that the RNA content 15 very much lower
m the human cases than 1n the rat In the rat the ratio of RNA
to DNA 1s about 4 1 whereas in these human Iners the ratio s
often less than 1 \fy figures for the DNA content are about the
same or shghtly higher than those found for the rat so that the
RNA 15 very much less Nor does the RNA show any consistent
change with improving nutnitional status as one would hope This
low level of RNA does agree with the fact that at any rate with
the staining methods we have used we have been umble to see
any of the basophil clumps in the cytoplism which are characteristic
of the rat However 1 do not want to emphasize this too much at
this stage there 1s a possibility of error Some of the RNA may be
bemg lost particularly as we are working 1 the tropies and have
no cold room This will be investigated

Rark Is that 1 significant fall in DNA value?

Waterlow Yes In this case the third biopsy showed much
lymphoeytic mfiltration 1 the portal tracts The last bropsy was
completely normal I think these figures show how the DNA stand
ard of reference 1s upset hy mfiltrating cells That is my 1mpres
sion That 1s wht the DNA 15 of rather hmited usefulness

Pollister Ccll volume nught hue mereased markedly 1f so the
i’kmmml of DNA in 1 given biopsy would surely be considerabhy
ess

Waterlow Yes Wdlb T wis hoping it would fall wath treatment
as the cell volume rose

Kark 1f your ccll volume imere wsed that much vou should observe
an increase n the size of the Iner

Waterlow  Tlus pomt was vather puzzhing T cant tcdl vou why
these cases have hepatomegily In this case there was not much
but many of these cluldren do have hvers that I think are abnor
malls large The cells dont seem big in themselves They dont con
tun fat There is not much mfiltration or anything of that sort
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TABLE \I
€ase As Female, Aged 11 Months*
e | e D | s (0]
Due | Shineh | G5 | 0o | e |wmame [ D) b
1 2/18}] 053 8 73 197 4170 236 189
2 3/19! 078 122 J 130 J — }3000 I 127 J 123

*Wesght 121 Hepatomegaly Iner edge 4 em below costal margin no edema no
ascites With treatment rapid weight gan Tver reduced m sze Histology  slight
fatty fnfitzation  cells smal}

Case B: Female, Aged 11 Monihs*

Serum | Liver | Cyto- | Lactre Fat, Per
Choln | Cholin | chrome |Dchydro | Trans centage of
esterase | esterase | Ovdase | genase [ ammase Dry DA
Date | (Michel}| QCO: | —Q0: | — Q0. | QCO Weight | mg/g

1 2/29) 021 62 | 105 | 233 | 2500 | 532 | 1468
23/21) 050 | 104 | 177 | 807 | 2130
Average 95 ‘ 195 ‘ 227 f 2350 [ 10 157

*Weght 91h 12 oz Hepatomegaly Iner edge 2 em below costal margin soft
no cdema no ascites With treatment rapid weight gun Laver reduced mn size
Histology  severe fatty ifiltration

Table X1, Case A 15 data from a baby rather badly underweight
There was a shght enlargement of the hver but nothing much else,
no edema or ascites Histologrcally, there was shght fatty ifiltration
but no other change A shght reduction i both Iner and plasma
esterase was observed, and a low cytochrome oudase, which on
treatment came up to normal YWhether that is sigmficant, I dont
know It accurs i same cases, not m others Transaminase 15 also
at a very high level m this baby As to fat, the normal level of h‘;er
fat by my crude methad 15 about 10 to 12 per cent of the dn
weight In this case, there was a moderate merease m fat on admis
sion The DNA fell with treatment, yust as I had hoped 1t would
and as Dr Pollister suggested It fell between admission and d‘l‘s
charge and mucroscopreally one did get the impression that o 3
cells were small and the nucler crowded m the early biopsy an
less 50 1n the later one [ have often had that impression before but
I very much distrust such impressions because I hnow what fv.a::t
to happen and then of course there 1s the question of artifcts,
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fixation, and so on The DNA would be a better mdes if 1t were
not for cellular mfltration

Case B n Table XI and Figure 14 had a severc fatts Iner 50
per cent of the dry weight was fat, equnalent to about 25 per cent
of the fresh weight Here agan the esterase was low 1n hver and
plisma, but this time a low cytochrome oxuidase was not present
1am sorry about that So these figures dont mean much The DNA
again falls a lttle between admssion and discharge

Fioune 14 latty Iner (see labk NI Gasc B)

By the way, in case you wonder what sigmificance the figurcs for
DNA have, I had only two cases with enough tissue to do the whole
estimition n duplicate, on sepirate Iits of tissue In those two
caus, the duphcate fiures m one were 134 and 128, in the oth
158 and 155 So I think that a difftrence of 2 is possibli"t
taken mto account

Hoffbauer Had the fat in the Incen thedh d
time?

.
3
4
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TABLE XI
Case A+ Female, Aged 11 Months*
Serum Lne Cyte Lacti
Somim | onien | e Do | Trans loemsagsof
esterase | esterase | Ovidase | gemase | amnase ry DNA
Date ({Mwchel)] QCO. | —QO: | — Q0. [ QCO Weight | mg/g
1 2/19) 053 Vil 73 197 4170 236 189
2 8/19| 078 122 130 — 3000 | 127 | 123

*VWeight 12 b Hepatomegaly lver edge 4 em below costal margin no edema no
ascites With trertment rapid weight gain bver reduced i size Ehstology shght
fatty mfiltration cells ymall

Case B: Female. Aged 11 Months*

Serum Liner Cyto- Lactic Fat Per
Choltn | Cholin | chrome |Dehydro-| Trans [centage of
esterase | esterase | Oxidise | gemase | aminase ry DMA
Date |{Michel){ QCO; | —QO, | —QO QCO: | Weght | mg/e
1 2/29) 021 62 198 233 2500 532 148
2 3/21| 050 104 177 307 2130
Average 95 125 227 2350 10 157

5 cm below costal margm soft

*Weght 9 Ib 12 oz Hepatomegaly hver edge
3 % o ht gun Lner reduced mn size

no edema no ascies Vath treatment sapid werg
Histology severe fafty mfiltration

baby rather badly underweight

Table Al, Case A 1s data from 2
the Iner but nothmg much else,

There was a shght enlargement of
no edema or ascites Histologacally, there was slight fatty mfiltration
but no other change A shght reduction both hver and plasma
esterase was observed and a Jow cytochrome ouidase, which on
treatment came up to normal Whether that 15 significant, T dont
know It occurs 1 some cases, not n others Transammnase 15 also
at a very high level in this baby As to fat, the normal level of lx(\!er
fat by my crude method 15 about 10 to 12 per cent of the dry
weight In this case, there was 2 moderate mncrease 1n fat on .1dm15d
sion The DNA fell with treatment, just as I had hoped 1t “Dz[iﬂ

and as Dr Pollster suggested It fell between admssion and nlS
charge and mucroscopically one did get the impression that the
cells were small and the nucler crowded mn the early biopsy 8t

Jess so m the later one T have often had that impression before b\\:
Ivery much distrust such impressions because I know what I ;m::
to happen and then of course there 15 the questton of tifact
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TABLE \1I
Case A: Male, Aged 1 Year, 9 Months*

Scum | Lner | Citee | Lactic Fat Per

Chobn | Clolin | chrame |Dehydro-] Trans Joentage of,

esterase | esterase | Oudise | gense | aminase ry [AYY

(Michel) | QCO. | —Q0: | —-Q0, | QCO. | waight | mys
1211 023 65 94 246 | 1570 | o47 | 152
2 2/28] 061 91 142 | 269 | 1970 89 167
Average 95 125 27 2350 110 157

*Veight 20 Ib Hepatomegaly lver edge 6 an balow eostal margin (left Jobe)
ascites no edema With treatment ascites disappearcd and byer reduced 1 size
Ibstology 1 Patchy lobular degencrition Coll ) 2 Re
Hyporplasta o hupffer cells Extensive nuclar changes mn pircnchvmatous cells

Case B: Male, Aged 2 Years*

Serun | oo raae | Fat Per

Chbn | Cliohm | chrome Dibydro- Trans  centage of
esterase | esterise | Oudase  genuse  aminase Iy DNA
(Michel) { QCO, ~=Q0: | — Qo QCO: weight mg/g
1 1/17( 040

2.2/211 025

137 235 299 2030 126 170
132 127 259 2060 125 158

1
i
!

*Wegtt 21 1b [fleputomegaly Iner edge 8 cm below costal murgin Wner hard
asctes edemr Ao chimcal mprovement between liopsies Ihstolygy 1) Cellular
degenerition and hemorthage 2) Regenerition and repar

In the imtral biopsy, there wis mirhed ccllulw degeneration and
hemarthage The extriordininy thing was that the enzvmes ap
peared to be extrumely actine The cytochrome oudase actisity
w1s more than normal and transammase and hictic dehydrogenase
were well up There was no fat and no sigmficant chinge in DNA

1 hve shown these shdes first to show that the figures are
reproductble Secondly, 1 present them m a way to illustrate my
disappomtment Being ongmally very diss itisfied with what I could
sec with the microscope 1 had hoped that by this method I could
get much more information than the pathologist But actually at
tums out that the pathologist can sce things when I cant find any
chemeal changes Whether I shall be able to put that night I dont

oW

The only conststent abnormility as in the pseudocholinesterasc
which 15 troublesome, because we don t know what it does T think
there 1s a possibility that it mus have some important metabolie
tole There 15 a lot of 1t i all bissues such as pincreas and gut
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Waterlow Yes, the fat had gone That was a normal Iver at the

end, as far as 1 could tell
Table XII, Case A, and Figure 15 illustrate a somewhat different
case, one with a big hver and ascites In the il biopsy, there
Jeserihed

was present the lesion, collag or serous hey A
by Hill (23) I dishke working on matersal with advanced lestons,
but, as I smd, I was tiking the cases as they came

“

4

'\
Al TR
> Aa‘o:\

:

.f'
iﬁsk

Ficure 15  Serous hepatosis recovering (see Table XII Case A) Note nuclar
changes

The cholinesterase was decreased and the cytochrome ondas:
showed a reduction of doubtful sigmficance The transamm';se “eas
a good bit lower than the aserage, but I do not have enough ez;’s“s
to tell whether that has any meanmg The second bmps}y m he
case showed marhed nuclear changes large nucles duubde nnl;;xer
dumbbell shaped nucler and se on, such as we dxslgl;ése e
That may of course account for the shght rise m DNA -« one

The observations 1n another case rather like the pre\lloease B,
onlv worse with asaites and edema are shown m Table XII,
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TABLE XII
Case A: Male, Aged 1 Year, 9 Months*

Serum Liner Cyto Lactie Fat Per
Chohn | Cholin | chrome |Dehydro | Trans (centage of|
esterise | esterase | Oxidase | genase | aminase ry DNA

(Michel} | QCO, [ —Q0: | ZQ0 | QCO, | weght | merg

121 | 023 65 94 l 246 | 1570 | 247 | 152

2 2/28| 061 91 142 | 269 | 1970 | 89 | 167
Average 93 125 f 297 ‘ 2350 | 10 157

“Yeght 20 I Hepatomegaly Lver cdge 6 cm below costal margin (left lobe)
ascites’ no edema Wath treatment_ ascites d sappeared and liyer reduced 1 size
Hitology 1 Patchy centnlobular d < ?) 2 R
Hyperplasia of Kupffer cells Extensive nuclear changes mn pirenchymatous cells

Case B: Male, Aged 2 Years®

Serum Liver Cyto- Lactie Fat Per

Cholin Cholin clrome |Dehydro-| Trans |centage of|

esterase | esterise | Oudase | genase | anunase ry D\A

(Michel) | 'QCO | =00, | Q0. | 0CO_ | weight | mg/g
1 1/17| 040 137 235 | 249 | 2030 | 126 | 170
2.9/21) 025 | 132 | 127 | 299 | 2060 | 125 | 158

*Weight 21 Ib_ Hepatomegaly hver cdge 8 cm below costil mugin Lyer hard
asutes edema No chmcal improvement between bopsies Hatology 1) Cellular
degeneration 1nd hemorrhage 2) Regcneration and repair

B
In the mitial biopsy, there was marked cellnlar degeneration and
hemorrhage The extraordinary thing was that the enzymes ap-
peared to be extremely actne The cytochrome oudase actinaty
was more than normal and trinsammnse and lactic dehydrogenase
were well up There was no fat, and no sigmficant change in DNA

1 have shown these shdes first to show that the figures are
reproducible Secondly, I present them m a way, to illustrate my
disappointment Being ongmally very dissatisfied wath what I could
see with the microscope I had hoped that by this method I could
get much more information than the pathologist But, actually, 1t
turns out that the pathologist can see things when I cant find any
lc\hemlcal changes Whether I shall be able to put that right T don’t

oW

The only 1 hty 15 m the p
which 15 troublesome, because we don t hnow what 1t does T think
there 15 a possibility that 1t may have some important metabolic
vole There 15 2 lot of 1t m all tissues such as pincreas and gut,
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which synthesize protems As you know, protemases and esterases
are probably mterchangeable, and if one follows the view of Pro
fessor Fruton (24), protemases can work bachward and, m fact,
are the only enzymes that are known to work backward m synthe
sizing peptide bonds One could make a hypothesis that this chohn
esterase does p]ay a part i protem synthesns, m which case its
reduction would be mteresting

Aark  In our hands, there seemed to be a direct relationship to
body mass, that 1s, the rate of nse of cholinesterase 1n malnutrition
seemed to bear a direct relationship to the total tissue mass Also
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there ts another hit of evidence to show that 1t 1s related to protemn
metabolism in nephrosis, there are very high serum cholmesterase
levels Tlus seems to suggest that the Iiver 1s working at 2 mamum
rate to produce cholinesterase and alburmin, which of course 1s being
lost v1a the kidneys

Waterlow As to this idea thit the esterase may be active m
protein synthests, I have formed the clinical impression m treating
some of these cases that there 15 a lag before they start getting
better One gets the feeling that perhaps the synthetic machinery
15 1tself destroyed, and must be repliced first of all before tissue
as a whole can bwild up That would fit in with these reductions
m esterase

I should say that the first biopsy m that last case was done after
the patient had been n the hospital for a considerable time, which
may be why the esterase activity 1s ligh even in the first biopsy

Best There 1s nothing ery defimite to relate pseudocholmesterase
to proten metabohsm

%7 CHANGES IN SERUM_CHOLINESTERASE ACTIVITY IN A PATIENT
Spao | ILL WITH BERI BERI AND SEVERE MALNUTRITION, FOLLOWING THERARY*
z
S ML& 33years
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FI6tue 17 Sen il observations of serum chohnesterase actvity 10 a patient ill with

Wet” berbery and i('\crc malnutriion before and after treatment with thiamime :md

2 nutritious diet Prnted by pernussion from Vorhaus L] and Rarl
seram cholinesterise 1n In.\hh and diseasc Am } Med (In prm)
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Karh. I have some data on that Figure 16 gives data from a
patient with cirrhosis who was treated with a hugh proten det
The sery positive mitrogen balance can be seen m the area at the
top The patient had a high proten mtake Below that 15 bods
weight, and the parallelism between the body wesght and the
serum cholmesterase activity can be seen, there being a lag in the
serum cholinesterase actnity until the body werght starts np

Figure 17 1s a patient with beniber: heart disease, and 1t shoss,
mitnally, very low serum cholesterase, which takes a long time
to return to normal, about 60 days It did not start to return until
the patient was completely cured of his bertber: by thiamme Al
though the benibert was cured rapidly, the generalized malnutrition
m this patient returned slowly to normal with a good det, and the
cholmesterase rise parallels the return of body mass to normal and
bears no relationship to the vitamin deficiency

Best That doesn’t seem to me to be related specifically, the one
to the other A lot of things might be happening while the bod)
mass 1s returming to normal This doesn’t Ik protemn formation
and pseudocholinesterase at all

Kark 1 am just saymg these two things are happenmng at the
same tmme

Best Yes

Kark That 1s the only wterpretation I can gne The rate of
formation of protemn 1s speeding up and chol 1s bemg
bult at the same time as body protemn 1s bemg built

Best T tlunk my reactton 1s rather protectrve I have a PhD
student who spent four years trymg to find the function of pseudo
cholmesterase, without much success If Dr Waterlow comes to
Toronto, he can talk to this young lady, who was tramed by Dr
\fendel who first separated the true and pseudo cholnesterase

Waterlow Will pseudochol. spht a peptide bond?

Best 1 don’t know

Waterlow 1 have never tned 1t, but I gather from the other
work on esterases that it might be able to

Watson Mr Chairman, 1 think the mncreases 1o nephrosss that
Dr Karh called attention to are really very impressive We have
quite a Little data now, 15 or 20 cases of erther nephrosis or nephrotic
states, n which the serum albumn was very low, down aroun
15 Gm or even lower, some down below 1 Gm per 100 m} 3t
remarkable that the pseudocholinesterase m these people 1s often
m fact, usually, well over one chmeal pH unit It 1s not uncommon
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to see 1t go up to 14 or 15 far above the normal level m spite of
the fact that the albumin 1s extremely low

In that connection 1t mght be mentioned that McQuarrie and his
co workers (25) have shown by means of radwactive methionmne
that the rate of synthests of albummn m nephrotic children s
greatly mcreased They are the same ones that have the elevated
chohinesterase

Rark We have mfused large quantities of albumin into healthy
mdniduals and patients and the serum albumum level goes up and
cholinesterase drops down There 15 a defimte parallel between nse
in albumin and fall i cholmesterase As soon as the albumm 1s
stopped the cholinesterase goes up agamn

From our curnves we made two mterpretations first we felt that
albumin and cholinesterase were products of the same synthests
that the Iner was very much like any other type of gland for
extmple the pitwitary that when the serum level of albumm was
raised the hiver stopped miking albumin and at the same time 1t
stopped making cholimesterise From that one could get the rate
of regeneration of cholinesterase we worked out 1ts life span to be
about the stme 1s the albumin molecule that 15 about 28 days

Shorr We studied the rate of regenerttion of pseudocholn
esterase n cithotics who were not decompensated and there
seemed to be very little difference as I remember hetween those
ctrrhoties and normals

Best What does the pscudocholinesterase do Dr Bollman m
I epatectomized anmmals?

Bollman In dogs surviving hepatectomy and remammng 1n good
condition for twenty four hours we have found no apprectable
lteration 1n the plasma pseudocholmesterise Esterase (tnibuty
rinase} also shows no definite chinges after hepitectomy nor 1s
plasma amylase altered mn this period Alkalme phosphatase may
be increased after hepatectomy but many of our hepatectoimzed
dogs show no change

Waterlow In 2 hepatectomized anmmal the period 13 too short
to prove very much

Best Quite It would depend on how rapid the rte of dis
appearance was

Bollman We bave ewidence of chinges n the rate of protem
formition brought about n the hepatectormzed dog by changes
m the amount of glucose made v ulable to the ammal without
1ppreenible chinge n the cholimesterase of the plism: Figure 18
lustrites two expersments beinng on this pomnt  After lner re
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Plasma of deheputized dogs

Free amino acids

Glucose

Ficure 18

moval, at me zero, dog 1 recetved a continuous mjechion of glucose
to mamtamn the blood sugar at approximately normal levels (014
grams of glucose per Kg per hour) There was a progressie nse i
the free amino acid content of the blood Dog 2 recened no glucose
for exght hours, at which time hypoglycemtc symptoms developed
During this time, the amuno acid content of the blood increased
m a way similar to that of dog 1 At eight hours, dog 2 recenved
05 Gm glucose per Kg, at once followed by continuous tmjec
tion of 024 Gm glucose per Kg The decrease m amino acids of
the plasma is apparent With paper chromatography and some
direct determinations of mdwvidual ammo acids, we found that the
changes in indvidual ammo acids of the plasma were approvi-
mately 1n proportion to their concentration as found m normal
plasma  glutamme bemng the most abundant and showing the
greatest changes The change mn the free anuno aaids of the muscle
are similar to those m the blood although the quantity 15 consider-
ably greater When the apuno acids decrease m the blood and
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tissues they do not appear as anything else {no urea formation
after hepatectomy) so that we believe that they go back agam
protein but we are unable to measure directly to prove this pomnt
There e then very defimte changes n protein formation without
concomitant change m cholinesterase of the plasma

Watson That 1s m twenty four hours?

Bollman There was no appreciable damage mn plasma cholm
esterase duning twenty four hours after heptectomy

We have addihonal expenments which indicate that m the
hepatectomized dog msulin 1s a large factor m protem formation
We find a somewhat fusler nccumulahon of free ammo 1aids 1n the
hlood of dep { dogs than m those only
d d Ad ation of large of glucose does
not mfluence this rise as 1t does m the hverless ammal with pancreas
remaming The admmistration of msulin to the depancreatized

d animal the nse n plwsma amino 1wad

and 1f the msulm admunsteation 13 delayed until lugh levels of
amno acids are present m the plasma there 15 a ripd fall in the
ammo acid content of the blood We do not know whether thus
mereased protem formation by mnsulin 1s independent of or directly
associated with the msulin effect on glucose metabolism The hver
Jess hypoglycemic dog does not surviv e msulin admimstration quite
long enough to establish this point

Tlus protein formation 1s all extra hepatic and we have no quintt
tative measure of 1ts importance as compared to the protem forma
tion by the hver

Best Do you remember the piper by Lotspeich (26) who studied
the disippearance of amino acids from the blood under the action
of msulin Those were mntact amimals

Bollman Yes His work gives more assurance that the disappear
ance of ammo acids under the arcumstances I have desenibed 1s
indicative of protem formation

Watson Did you have wythmg which would prove that the
albumin synthesis was actually mcreased m these twenty four
hours?

Bollmen Ve hune never been 1ble to demonstrate plasma
atbumin synthesis in the Inerless animal

Watson Whether albumm was synthesized at all®

Bollman Protem synthesis occurred 1n the tissues but we did not
metsure ny protem concentration It was only the disappearance
of the free wmino neids that we mensured
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Gyorgy Why did you say cholnesterase had nothing to do here
with proten sy nthesis?

Bollman_“The plasma cholmesterase was essentially unchanged
over periods of time when we altered the rate of protem synthesis

Gyorgy ‘There 1s chohnesterase mn other tissues

Bollman Yes, there 1s cholmesterase 1n other tissues I referred
only to plasma cholmesterase

Best In other words, the plasma chohnesterase would be a
straight hine night across, while the other would change

Bolliman While the protemn synthesis may vary

Gyorgy The protem synthests doesn’t happen m the plasma

Bollman I hope I did not infer that the protemn sy nthests occurred
m the plasma Our only pomt was that proterm synthests could vary
wathout comparable vanation 1n plasma cholmesterase

Gyorgy But there 1s cholmesterase m the plasma

Bollman Yes, but it does not vary under these crcumstances

Gyorgy If there was none, then I would go along with yon

Bollman That 1s a different story Chal may play a
role 1n protem synthests, but under our conditions the quantity of
cholinesterase n the plasma does not reflect the rate of protemn
synthests

Madden Ahght st not be equally vald to interpret these changes,
that 15, the decreases in plasma amne acids after glucose admms-
tration, or glucose plus insulin 1 depancreatized dehep: d
dogs, on the basts of a decreased liberation of amno actds from
proten catabolism That 1s jyust as likely an explanation as an
mcreased rate of utihzation of plasma amino acds for protem
synthests

Bollman Except that if protein hydrolysis ceased, the concentra
tion of ammo acids 1 the blood would remain unchanged, as the
amount excreted 15 small

Madden \Whether plasma amno acids nise or fall or remam at 2
steady level 1s a result of the rates of the two processes iberation
1nto the blood stream and disappearance from 1t YWhen a decreased
plasmy level occurs, 1t appears necessary to show that decreased
Tiberation could not account for the drop before concluding that
mncreased re utihzation accounts for 1t

Bollman Actually, we have httle information as to the quantity
of protemn bemg hydrolyzed and resvnthesized, and what 1 h};\\e
been talling abaut 1s the accumulation of ammno acids w l:‘ll;
hydrolysis exceeds synthesis or the disappearance of ammo acy
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when synthesis 15 greater It was on the basis of other data that I
believed protem synthesis was increased

Shorr. Are these ammals being continuously hydrated to heep
up therr blood volume?

Bollman Yes, there 15 no change m blood valume.

Shorr 1 was thinking of the speedy release of amno acds n
shock

Bollman No, the blood volume 15 essentially the same all the
way through

Best Dr Waterlow, have you further remarks?

Waterlow T should like to make the powmt that quite obvious
microscopic differences can be shown and yet there 1s very much
the same enzyme pattern I have pictures which mclude a normal
lver, one that 15 quite heavily infiltrated with fat, another that
lustrates fbrosis, and one that reveals regeneration after centr-
lobular degeneration, and 1f 1 were shown the enzyme figures, I
could not allot them each a section or tell from which Tiver they
came The hutology 1s much more sensitive than the bochemstry
at the moment, much to my disappointment

Kmscly A fatty Iner can have enzymes that work

Watcrlow Yes, they do have enzymes Of course, the figures
for fatty hiver are expressed on a fat free basis

Popper In ammals, we find chermeal methods, especially enzy me
determmations 1n the Iner tissue, mare sensitinve for the recogmtion
of hver cell dimage than routme histologic methods As a patholo-
gst 1 am sorry to state that

Best There 1s a great advintage in studies on anmmals Dr
Waterlow was warking under most difficult circumstances, with
Twman cases, in whom a lot of the measurements that are relatwely
eisy n ammals cannot be done

Popper Yes, that 1s true There are two points, however, that 1
should like to stress First, a few enzymes have been determined
m Iner tissue, namely, esterase, alkaline phosphatase, and dehydro
genses the latter ether with tetrazohium alone or with added
substrates In pnnciple, i liver cell dimage, hiepatic esterase and
dehydrogenases go down and the alkalme phosphatase nises Tins
finding has been, under vanous circumstances, more sensitne than
the histologic picture Secondly, 1 would hike to refer to the relr-
tion between blood and liner enzymes, espectally esterase, based
on recent studies of Koch-Weser and Huerga (27) In acute intouca-
tion with hromobenzene, as well as carbon tetrachlonde, the ner
esterase distmetly drops, however, i the early stage of the mtovica-
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tion, the serum esterase nses and draps subsequently We feel
that the damaged Iver releases esterase, producing the serum nise,
and only after a few days does the serum esterase drop to subnormal
levels, following a biphasic curve The relabion between serum
enzymes and Iver enzymes 1s, therefore, more complicated than
would appear on the surface

Kark Nitrogen mustard therapy also causes a nse in serum
cholinesterase We feel that 1t 15 probably due to damage and
release of cholmesterase from hssue cells

Waterlow Didn't Braver and Root (28) find the same thing in
the dog?

Popper Whipple (29) described an mcreased blood lipase level
m hepatic mntoxications as carly as 1913 There 1s another old pub
hcatron (80) deseribing low hepatic and high serum esterase m
acute carbon tetrachlonide and phosphorus intovication

Schuartz In his opeming remarks, Dr Waterlow pomnted out
that 1t would be nice to do some 1sotopie studses to detesrmme
turnover rates of vartous compounds 1n the liver, but that this was
not feasible because of the large amounts of acttvity that would
be required Durmng the past few months announcement has been
made of a marked mmprovement m techmques at the Radwution
Laboratory m California, n which they are able to determme one
disintegration per milligram of banum carbonate per mmute with
a one per cent accuracy, and are able to detect 002 disintegration
per minute per mihgram of banum carbonate, which 15 much better
than anyone has been able to do til) now

T have a report by the Atomie Energy Commission which pom}i
out that this improvement now makes possible the study of C
labeled isotopes m human subjects, and that 1t 15 possible to do
some of these studies hy wjecting wmto a human patient as httle
as 000 millicunie of C'* contaming compounds

Best 1 feel that studies of the enzyme patterns m hver and bl(])od
and muscle 15 one of the most mmportant spheres of advancfe 't hat
s gowng on at the present time There 15 a very greadt :n:u;e,
chinically and phy siologically 1n measuring the amount and a e“:a)l
of these enzymes preferably simultaneously m blood and ses

tissues
Otl;:'lt:?rsnu There was a paper some exght or ten y cars ago from‘ﬂ;i
group at Duke 1 which m 2 cholme deficient, fatty ‘"C{ 1(; ‘n
demonstrated that cholme oudase was markedly dxmm,lsiie \;:en
that succmowdase, 1f I recall correctly, was notldlmmlAS ‘s nt‘ was
computed per gram of defatted dry weight of Iner An
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subsequently shown (31,32) that this inhibition of choline oudase
could be induced m norma) hiver shees by the addihon of emulsi-
fied fat

Best In other words, you are suggesting that not only the actity
1n the biopsy spectmen be studied but that, accepting Dr. Pollister’s
suggestion, substrate and inhibitors should be added to see what
happens

Stetten. It could be done if the material were available

Best Dr Waterlow, have you any further comments?

Waterlow No, thank you I am very grateful for the discussion
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MORPHOLOGY OF THE LIVER

M HANS ELIAS;,
Department of Anatont
The Chicago Medreal Schaol

AT THE BEGINSING, T want to say that 1 am sorry we are talling
about the liver and not about some other organ, such as the lung,
for example, because there 1s very little we can learn concermng
the nature of man from the study of so perfect an organ as the liner
If we studied the lung and compared 1t with the much more efficient
and better orgamized respiratory systems of nsects or of burds, we
would realize that man 15, 1n many respects, a rather muserable
creature The liver, however, 15 one of those organs, one of those
few organs, which have achieved perfection

I shall try to give a brief summary of my work on the hver. 1
have studied the Inver from several aspects, namely from the stand
pownt of sts cellular structure, from the standpomt of its evolution,
and from the standpomnt of its embryology Dr Popper and I are
now applying the knowledge gamed 1n these fields to the study of
the very mteresting hiver disease, curthosts However, T am only
going to discuss microanatomy, evolution, and embryology at this
time

Table XIII shows the range of the studies * T present 1t because
1f 1 tell you something about the iver of lower vertebrate ammals,
1 am afraxd you will say 1 am generahzing, that something secn 1n
Necturus does not necessarily hold true for all the vertebrates, and
Table X111 1s my justification for being dogmatic 1f T have not time
to prove cvery statement

The older authors descnibed the liver of the lower vertebrates as
a net-hike tubular gland (Figure 19) By the application of solid-
geometrical and statistical enitensa and other entena of three-dimen-
sianal analysis, 1t has been found that the Iner of the lower verte-
brates 15 exactly the opposite of this It 1s a continuous mass of
cdls tunneled by cyhndnical lacunte which all together form the
hepatic labyrnth which persades the entire Tner (Tigure 20)

*The studies have been carried out by Elis and Bengebdorf (1,2) and by I
and Fhas (to be publiched ) by Blvs and Bengebdarf (1,2) and by Thekey
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Fioune 21 Stereogram of tle hver pareachyma of mammals and Passenformes
(hugher birds) Reprinted by permussion from Ebas H A re-exanunation of the
Stnture of the mammanin I er the hepatic Tobale and it relation 1o the v weular
20d biliry systems Am 1 Anat 83, 379 (1949)

The one cell thick hver plate consists, of cells of vang: s shapes
Tigure 22 shows four basic types nc\/alxedmn (1), pefitahedron
{11), defahedron {111), and dofiecahedron {IV) These types are
not found frequently 1n reality, but each mndividual Iver cell found
in an gctual mammahan liver presents features from two or three
of these basic types The volumes of these types arc very different
from one another For example, a cell of type IV has almost fonr
times the volume of a cell of type 11 Table XV gives volumes and
surface of the four basic types

The reason for the vanation as I mdicated previously, 1s that the

chana #a1nl ma and aancannontll tha nimhor Af Jhencea aees

. . . ~ara hole
located_in
P e o e e -

geometncal and mechamical stability as exists i the mammals In
the human lner however, the geometry of the cells 1s mamtamed
under all kinds of conditions as shown i Figure 23 In the center
15 a prece of liver tissue where the blood pressure n the sinusods
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;xcvm: 20 Stereogram showing the true structure of the lower vertcbrate Lver
Bmmu thick walls scparate licunse Reprinted, by pernussion, from Eluas, 1, and
(Igr;%jlsdmi, H The structure of the hver of vertebrates Acts anat 14, 207

In contrast to this, the mammabian I er (Figure 21) conststs of
plates which are only one cell thick, and this must be a more effi-
cient linver from the physiologic viewpomt, because each cell 1s m
contact with the blood stream on at least two of its sides In fact,
one-fifth, approumately, of the total surface of the cell 1m a mam-
malian Iver 1s 1 contact with the blood stream while m the lower
vertel , 1t 15 only ! th -

Among birds, two thicknesses of liver plates are found From thus,
we can conclude that birds possessing one-cell thick hiver plates
(Passentformes = song birds) have acquired this characteristic
independently of mammals We are dealing with a case of con-
vergent esolution
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Ficeng 21 Stercogram of the Iner parenchyma of mammak and Passenformes
{higher birds) Reprmted by pernussion from Elas, H A re-examination of the
structure of the mammahan hver, the hepatic lohule and ats relation to the vasiuliw
and bilary systems Am ] Anat 83, 379 (1949)

The one-cell thick hver plate consists, of _cgwm}_?.ﬂm
Figure 22 shows four basic types ocfahedron (1), pefitahedron
(11), defahedron (1il), and dofiecahedron (IV) These types are
not found frequently mn rexhity, but each individual hver cell found
n an actual mammalan hiver presents features from two or three
of these basic types The volumes of these types are very different
from one another For example, a ccll of type IV has almost four
times the volume of a cell of type IT Table XIV gives volumes and
surface of the four basic types

The reason for the vanation, as T mdicated presiously, 1s that the
shape, the volume, and consequently the number_of chromosamgs
of each hiner cell are dependent on its locationn the wall. Figure 22
shows the position of various cell types m the wall of hver plates

geometrical and mechameal stabibty as exists in the mammals In
the human liwer, however, the geometry of the cells 1s mamtamed
under all hinds of conditions, as shown 1n Figure 23 In the center «.*
15 a piece of lner tissue where the blood pressure n the sinusoids
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oNow “eé:ome to something which will please most of you smee

zv eu (;z(:e‘trle ch'}l m&n F \vefzoolog:sts study the lower vertebrates
iy for the fun of 1, because we are curious H

A owerer,

xtlsohhappens that acaidentally or merdentally we find out things

which are appheable to medicme Figure 24 1s of g fatty ey, a5

N g - o <
« < -.*.‘

Stereogram of fatty Iner showmg lipod astemata 2nd the pseudo-
#F syncytium between tlem Keprnted 1y permnsion from Ehas H - Stercograms on
v Crrrhosus and Fatty Liver Decater Il Fhnt Eaton & Co 1931

Frovne 24

descrnibed by Dr Hartroft (14) The large cuibes are s hipo
diastemata  Between the hpodiastemat 1s a tissue which consists
of sichly looking hver cells with indistinct or mvisible cell bound
antes which I want tentatnely to call psendosyncytum Duning
the state of recovery {Figure 25) that 1s when the fat deposition
decreases the lipodiastemata shrnnk  Between them 1s seen the
pseudosyncytium  espectally 1n the upper left hand comer This
pseudosy ney tium 1s reconstituting atself mnto two cell thick plates

s 15 seen 1t the right
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Tiovnt 25 Reconst tuton of hver tissue after fatty degencration The pscudo-
synevtium (upper Jeft) ¢l ingies anto two-cell thick phites (rglt) Heprinted by per

nisson from Ll s, Stercograms on Cird ovis and Fatty Liter Decatur I

¥
Flint Laton & Co 1951

[
In other words dunng the regenerative phise, after fatty '\nd’lw-
other hinds of degencration 1t Tiequently occurs that the mmnne “
b S ey v B - P

. . )

n avout Wie PSLULOS) ILYUNIN 11 1 QNUETSIONA You 1s parailel to
casome of the work that Mac\ider (15} did many years ago He
ound after an myury with carbon tetrichloride that was severe and
almost fata} the lner regenerated with a phite of flattened syn
cytium very much lihe the embryonic type and was then resistant
to mynry
Popper The cells to which Dr Elas 1s refernng are not as fiat
nd nurow 1s the regeneritine cells of Dr MaeNider
Fromont Smuth - Somewhat of the same prinaiple?
Popper The prinaple ma be sumlar but the apperance 1s
ifferent
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Elas 1 shall now come to a pecubiar point concermng the evolu
tion of the Iner This concerns general principles of evolution which
may be a surprise to many of you but are quite fanuliar to students
of evolution In dogs, seals, water mgs, and carp that s, a few

ssolated specses, are muscles which surround and prrogect tntg_the

lumen of the hepatic vems and are arranged i a spiral or g
shaped fashon The eustence of these muscles 1n the dog had been

suspected 1 1915 by Mautner and Prck (16), and were first actunlly
demonstrated by our fnend Dr Popper (17)

1 recently had the Juck to find the 1dentical mechamsm m the
carp (18) X these muscles coptract, stasis of blood ocenrs This
confraction may occur along the entire hepatse venous tree These
muscles contract completely during anaphylactic shock They also
contract under chloroform and Nembutal anesthesia, not completely,
but shghtly They probably do not ha e any physialoge significance
They are not necessary for Iife That tlus 1s true 15 proven by the
fact that very closely related species, for example, the goldfish
which 1s the closest relative of the carp, or the cat which 1s closely
related to the dog and the gmnea pig a very close relative of the
water ptg, do not possess these sphincters The useful functions
wiuch they may, at tumes, perform can well be performed by the
outlet spluncters, which Dr Kmsely (6) bas desenibed

Kealutel Py

These les can be or they can be
- o : ' re adaptne Others are
A A

¢ - -
[T
own bronchial muscles In the wilderness, certunly no person with
asthma catt sursve untd he reaches reproductive age (19)

Table AV brings us into the field of embryology, and hete agun
I want to show that I have not been satisfied with studying the em
bryology of the human lver alone Tius 15 a st of the ammals

winch I have already studied, or mtend to study
v M ~ ~ ym1n, 1n other words a pn
{Figure 26) In the center
P dnerticulum (D} From it
of endodermal cells The omphalomesenteric vemn
e nght side are capiilan
cvem The endoder
er mto the spaces

IS e pu 1oy
anses a large plate
s at O A httle above 1t and also on th
networks dens g from the omphalomesenten
mal cells which emigrate from the gut wall wand

N
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TABLE \V
VERTEBRATES, THE LIVER EMBRYOLOGY OF WHICH
A HAS BEEN STUDIED
AVES
MAMMALIA

GALLIFORMES

\ MARSUPIALIA CPOSSUM

HEMICENCETES
INSECTIVORA ——=—— 7~ GMIS
ARTIODACTYLA

PG
MICROCEBUS
PRIMATES ~—meemm——— MICH
8. WILL BE STUDIED IN THE NEAR FUTURE

CHICKEN

TELEQSTEI WHITE FISH
REPTILIA TURTLE
AMPHIBIA FROG
SELACHI DOG FISH
CYCLOSTOMATA LAMPREY

oy
2% SALN

Fictse 28 Luer anlage of Micsocabus (prosmwn) G got D Waer dnerticul i

M me<othcim O emphalimesentenc sein

between these vessels But that 1s not all The mesothelium (\M)
m1y also be seen that s, the mesodermil part of the embryo which
is probferating eells from 1t invade the septum trnsversum, the
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space between the capillanes The hver of this ammal 15 formed by
the cooperation of endoderm and mesoderm

Figure 27 shows the same thing m man It 15 a human embryo
At the bottom, the Iner dierticulum 1s endodermal The entire
terntory of the septum transversum which contams small blood
vessels, the future lhver ds, 1s ded by endodermal cells
but another part of the same network 1s mvaded by cells which
anise from the mesothelium by 1ts proliferation (upper nght) There
1s no boundary toward the substratum, the mesenchyme This
mesothelum 1s actiely proliferating and cells are mvading the
future terntory of the hver These findings must make those among
us who are mterested in cancer a little suspicious that we have to
look for mesodermal ongin of some liver carcinomata

1 shall now come to the story of the inversion of the theory of
mammahan Inver structuie It was m 1947 that I made a movie
relating to schistosomiasis Smnce the blood flukes spend a great
part of their lives 1n the human Iner, T decided to produce a film

26
Frcune 2= Liver anlige m human embryo Libels as in Figure 2
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strsp on his er structure as an mtroduction to the subject This seemed
to be necessary hecause my students always had difficulty under
standing the structure of the Iner This film stnp consisted of
stercograms They were drawn according to the textbook descnp
tions with no reference to shides The Iner allegedly consisted of
cords two cells thick surrounded by reticulo endothehum nd
bathed 1n blood ¥ took the film stnp to a meeting of anitomusts
in Montie1l There emnent hver specinlists saw 1t and sud it was
correet 1 then showed 1t to the members of the Anatomy Depart
ment of the Unnersity of Chicago for the purpose of consultation
There I recened the first cnticisms Dr William Bloom told me [
should mclude a few photomtcrographs to establish a transiion
between the imaginary picture and what the students would see
Dr Rmsely sud that he had observed that the sinusords are cylin
dnical Dr Bloom s ndvice was easv to tihe but T would not believe
at all what Dr kmsely had told me The sinusods oy hindnical® T
would show lum that this might be true n frogs But in mam
mls? Impossible! Complying with Dr Bloom s suggestion T found
thit Dr Rmsely was nght after lt

At first 1 attempted to find cross sections of Iner cords They
should be numerous Oval oblique sections shonld be even more
numerous

In order to get 1 longitudinal two cell thick section of 1 cord
that contams 2 section only one cell wide jou would hate to
be extremely lucky The cords would hwe to be very strught
and you are only allowed to touch one row of cells and not cut
oser mto the other row But this 1s just what we find almost exclu
sively Actual Iner sections as you know from your own expenicnce
show long rows of cells recurnng nto themselves ymendine one
cell wide They are sections of plates or walls connected with other
w's and perforated to permit the passige of sinusoids (Figrure
21 ]

Tigure 28 shows the difference betw een 1 plate or wall and 4 cord
At D 1y 1 plite ind 1t A there are cords Al real Iner plites are
purforated (C) And the diagrim (B) shows what the textbook:
sud Could there be transitions between 1 network of cords {B)
and 4 cnbnform plate (C)? 1es igure 28 C shaws the basic shape
of 1 lner phte but in congestion both i humans and m Jower
vertebrates a change mav occur When there 1s congestion  the
holes 1n the plates enlarge because the blood vessels pass througt
them and when the holes enlarge part of the walls between ther
becomes stretched then the perforated plate changes into 1 net



124 Laver Inury

Frcure 28 A cord B network of cord C crbrform plate D plate

work of cords I am sure that 1f you look through your own shdes
of congested Iners you will find cross sections of cords 1n a few
Spectmens
7 All these plates form a continuous willwork as Figure 21 shows
, he walls (lammae hepatis) separate the lacunie from or ¢ another
The lzcunae hepatis are all connected with each other to form a
;.{/'lst labyninth the Ibyrmnth 1s hepatis (Figure 21) This iver Jaby
rinth pervades without interruption the entire Iver In it 1s sus
pended the equally vast network of sinusords s Figure 29 (upper
half) shows It 1s unportant to heep i mind that the lacunae
-
(portions of the labyrmth) are spaces which contam the smusoids
.but they are not 1dentical with the sinuso ds A chondriocyte may
"or my not §ill 1ts Icuna n the cartilage matox In simlr fashion
the sinusord may 1t trmes fill the hepatic lacuna and at other times ‘
be surrounded by the Disse space The hepatic labyrinths and the :'“‘{,

network of swusards are continuous throughout the Juer and each m,JN
eusts only 1 the smgulr So reatly only one st and maultiple
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Ficune 29 Stercogram st owing the relationship of the lner parencl yma to the
biliary and sascular systems A hepatic artery B bile canalicuk D hile duct
H1 canal of Henng L hmitng plte P miralobulir pirenchyms S  sinusod
v malt venule V1 portal sem
© s

branched hver plate exists a gigantic branched sheet of simple
cnbordal epithelum  As a labynnth and 2 network of siusoids, this
one lner plate pervades the entire liver

This study hus led to a complete reversal of the concept of hver
structure  While we formerly beheved in cylinders of Inver cells
surrounded by blood we see now that the liver consists of evhinders
of blood surrounded by hver cells

The portal cwnals (lower part of Figure 29 and center of Figure
30) are tunnels m the continuous mass of liver tissue They an‘
surrounded by the limitmg plite The hmiting plate (Iwmna by
tans) consists of hepatic eells which often arc a httle thmner and
stam lieavier than the mntripaenchymal hier eells

Dr Grafllin tells me he has found a hmiting plate bencath the
capsule I was not astomshed to hear st Near the hulus s Figure 81
(nght} shows blood vessels and ducts run in a hrge mass ofcon
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senule VP portal ven St BL Lowes s
nectrve tissue This whole mass of connective tissue which contams
the vessels and ducts sinks gradually into the hver (Figure 31
fcenter]) and when it 1s entirely surrounded by hver tissue 1t has
become a portal canal (Figure 81 {left|) Thrs portal canal as you

Jremember from Figure 30 1s surrounded by the hmiting plate

It 15 quite obvious from Figure 31 that that kmiting plate must
be continuous with the surface of the Iner just as the perportal
gonnecme tissue 1s continuous with the capsule so that Rherebxs

ut one hmting plate m an entire Iner This hmitmg qhtc also

extends to the cﬁhgr side surrounding the hepatic vems X e

Not much more was known about the distnbution of the blood
1essels than about the structure of the parenchyma when that film
strip was made m 1947 So m order to produce a reliable piece for
visual education the vascalarization of the hiver had to be worked
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out almost from scratch (F:gurc 32 1s the pattern of the portal
vessels the portal vem runs i a clear space, the portal canal, short
mlct venules anse from it These have sphimcters, as Dr Kmsely (8)
has shown In this picture, there 15 a place where I assume the
sphincter has just heen closed, and another plice where such an
let sphincter 1s to be closed Due to the play of these sphincters,
the Yood fiow 15 m demge Ty mb we twe
to Dr Kmisely'

(The bile dicts are surrounded by a plevus of capllanies con-
nected with the hepatic arters and with the portal vein It has been
said that this plevus recenves blood both from the portal vem and
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Fioug 32 Liver of rabbit India mk mjected tnto mesentense ven during be A
distnbuting portal vein from which many inlet venules anse 1s seen n longitudinal
section Inkt venules and the sinusordal network are secn Smusoids convey blood

toward central vetn

the hepatic artery Figure 32 proves that it does not recene blood
from the portal vemn because this spectmen from a rabbit, was
myected dunng hfe through a mesentenic vem If India b 15
mjected nto a tnbutary of the portal ven i a hving ammal, the
penductal plexus never shows However, the plexus will show if
the mass 1n a dead Itver 15 mjected Then st can flow backward)

(Fxgure 33 15 a diagram which shows the mode of branching of
the portal ven I have the impression that the largest vewns shown,
the conducting vems (CV), are not located within the liver but n
the indentations of the capsule as seen in Figure 31 at the nght
The small distnbuting veins (SDV) vasculanze the neighborhood
of the capsular indentations Those portal vens which are mside
the liver (1e, m a cyhindrical portal canal) are probably ali of the
aual distrbuting type (ADV) Recent observations of corroston
speasmens of human and dog lier show that the blood flow m many
of the small distributing vems (SDV) 1s directed opposite to the

flow 1 the conducting vems (CV}
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Fsoune 34 Artena) apd portal ves ks sn portal canal of cat myected

(We come now fo the artenal distnbution Figure 84 shows a
portal canal from the liver of a cat myected with different colored
matends m the port1l vem and hepatic artery The artery (A) can
be seen It sends off an arterinl capillary (B) This has no muscles
around st but probably has contractle endothelum From the
artenial capllary 15 grven off the penductal plexus This plexus by
the way 1s doubled around larger ducts Through this penductal
plexus the artery communicates with the portal yem These ton
nections are the internal roots of the portal vein Branches go deep
mto the lobules from the artery (Figure 34 j))

I have a friend 1 the \Midwest who does not want to beheve
that there are intralobular artertoles and arterial capiliwes I do
not know why for I do not think 1t 1s such 1 termble thing that
mtralobular arterial capillares eust He told me a few wechs ago

I laok at thousands of hiers every month and 1 have never seen
such a thimg I sad to him  If you looked st only one per year
and did 1t thoroughlv you would certamly see them

I told thus story to Dr Popper and he said  Lets make 1 test”

He pulled out the first normal lnver shide he could get wnd we
went to lus ph graphic equipment Within seven mrnutes
1 lobular arterial

Dr Popper located ten and ph phed five mt
capillinies and the time between taking one photograph and locat
ing the next one under high power ranged between five and four

¢ teen secouds (It must be admutted however that sery often these
artenal expillaries are evtremely small and hard to find They often
are contricted m fixed Invers and have @ diameter of only 3 microns,
Figure 35 15 @ reconstruction Only the smusords are not yeeod
structed but drawn from mjection preparations At the bottom 1s
seen 1 portal canal The porta) sem (P) ends 2t the nght the
artery (A) does not end but goes deep into the lobule and dis
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Teeune 35 Termind blood vesstls and ducts P portal vein A hepatic artery,
D duct § snusalds Tortal ven hopatic artery with the mtralohular arterinle and
arterhil capllaries a5 well as the duct and the tralobular cholingwles are drawn
from 4 recomstruction from 33 sortal s <tons of a lorse Iner

tributes blood to ali levels (Somc of the artenal brwches empty
mto the penportal sinusoid il network but more go mto the mtenor
There are sphincters at the nurow pomts m this picture which
regulate the oxygenation and they e of elmieal and phsiolome
importance For example the phase of lymph production can prob
ably be fluenced by contraction of artenal sphuncters)

longside ¢1ch mtralobulir artertole there twavs runs a hitle
duct (D) The ducts never end blindly but form loops or are
connected with far off ducts 1 other portal canals)

A few veurs ago T presented this seconstruction But 1 also pre-
sented other alleged evidence for the central artenal supph wlhich
ws meorrcet the Chrzonszezewsky (10) expenments which T had
repaited were hased on a fillwy So I had to repeat the whole
studs of the arterial «nd brinches domy it differenth This time
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In the paper “Selectne Phagocytoss by Kmsely, Bloch, and
Warner (6), we presented \falls Figure exactly as he had drawn
it ongmally except that we chinged the stippling \alls orginal
Figure was stippled rather untformly so that st did not present
the details of that most important segment of the hver lobule 1
sharp contrast The only change we made m the Figure was to
stipple each anatomscal portion so thae it stood m sharp contrast
to each ather part of the Figure The Figure shows that the pent
susoidal space 1s directly continwous (without mterfering mem
brane) mnto the penlobular lymphatic ¥ The pensimusoidal space
and the ly mphatic deamage of the hver lobule and changes m the
width of the penisinusoidal space are described 1n * Selective Phago-
cytosts’ (8) The spaces are ke the spaces between the leaves of
a closed book A potential space 1s present When the smusord
membranes are leakmg fnd rapidly, this flind passes out mto the
pensmusord ] spaces and forces the smusoid hning away from the
hepatic cells, whereupon the space 1s a real spice and 1s no longer
a potential space

Ehas The next few Figures will form the conclusion of this pre

sentation (L want to_shoss_that ner Iohules really do‘hot cust as
. r Iy hY
< ’ _trbutary_of a_hepatic yem

.

mcitions  that 15 when the

* lton wd (23)
ISge sho Bolton i B e Following comments Tefernng back t_the

iupﬂ Tw korely Bloch and VWamer (6) one finds the following passage “Tle
ymph

it pre
the a
piss
must
Iner
Thus evidence of lymph groduction ss presented vuL 1y evee v
npnn;;zr:g;ui mto U;c h\;r
t the
<ansisting of "i”’f,.i Ilfuhx
dissahed 'dy; but that the
® Loe Al

y oh accomprny e W)+
e B e were estrely freo Tom 1k sec Figotcs 38 and 39
of my piper of IS8 (211
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FIGURF 38 Synopsis of microanatomy of lier  Reprinted by permussion
from Ehas H “Morphology of the human lover The Liter Lobule Skokie 11I,
G D Searle & Co 1919
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blood pressure 15 hugher on the portal side than on the hepatic
venous side However, if_the blood pressure 1n the hepatic 1e1ns acs oo
15 elevated or that n the portal vemns decrensed, the Jobulac pattern O ho>

will become inverted_Lobules will then center around the pmhkgm
W
\d

o

canal while the former central yems will be jound t the pepiphery
Normally, the blood pressure in the portal vemns 15 Tugher than
1 the centra] va ne ~=1 M © Viand nvace vn anne tha cn oo le

straightens them

shed 1e sl _ e e e ——————
lower_on_the -
HOTIN! - - . em—— VLNV\ :
plenty of evidence for this) Foa U s Ol
This ins exsion of the lobular p ittern occurs 1n the following cases e 0}

Frur 33
¥ oper tam fran B Hoand S Ll A
Tur ot O parabpat blxad pressure grabent Anat fiee {In g ress)

Lartal kbuke of dn with contracted senots throttl o vules, Practed
Depand nee of e kbular archit <t are
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Ficene 40 Portal Jobule of man with passtve congeston Prnted by perm s on
of the Trer o1

I By elevation of hepatic venous pressure
@) In dogs with contracted hepatic venous throttle muscles
(Figure 89)
b) In humin passne congestion (Figures 40 and 41)
¢) In human actne congestion due to central touc necrosis
lx\}mw- ) When hgating a hepatic vein the reversal occurs n two
eusls  punufes %fter release of the ligature the orgmal hepitic
muf’“"‘uﬁ%hules are_restored_in_S0_seconds £
II' By lowering or total ehmination of portal pressure
a) In Zabhns mfaret
b) In certan obstructions of small branches of the portal
vemn such as shown recently by Hamperl (25)
¢) In obstructne juundice 1e when engorged bile ducts
press on the portal vems thus reducmg the portal pressure
d) When hgatmg the portal vein and hepatic artery, the
imersion takes place in about 3 minutes (Figure 42)
Figure 42 shows the liver of a cat Tts portal vem and hepatic
artery were hgated Then India mh was mjected mto a femoral
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Fict & 4t fortal canad from wl o} Lyer bl tes rad ate Sane case as ¥ % re
Ponted Py permiss n frm El ¢ B oand § Lol A D pendence of th ot Lara
tect re«fthelveron tt p rahepst blood pre swrc gr 1 ot Awt Ree (In po

vew The ik passed setrograde to the Iner through the hep.
veins

Rappaport  How long did this anuml surine®

Ihas We hifled 1t as soon as we had the rection

Rappaport There 1s alwys the possilubty of getting this Ir
mwh through the collateral vemns

Lhas Notn this region At other plices ves Where those
Tateral veans exnst there 1s no inversion of the lobular pattern

{A Tabbat was first observed normatly, under hght anesthesin
tigated the hepatic ven and released the bature. Then we hge
the portel vem and hepatic wtery Eimally we lalled the am
by an anesthetic With every chinge of ligature we got mver:
of the lobulir pattern These structural changes are reversible
the blood pressire gradient 1s changed m these vessels The char
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Ficure 42 Portal lobule of cat Portal vein and hepatic artery bgated Indi mh
mwjected mnto femoral vere Ink appears through retrograde flow from vena cava, in
the former central veins The white spot mn the center 1s a portal canal. Printed, bv
permussion from Ehas H and Sokol A Dependence of the lobular archutecture of
the lver on the parahepatic blood pressute gradient Anat Rec (In press,

can be seen when observing or photographing the surface of the
livery

T discovered that the internal gross anatomy of the Iner 15 not
deseribed 1 any textbooh Therefore, Dr Petty and 1 undertook
the task of mapping the blood vessels and ducts m the hver of
human adults and fetuses (26) We hope that our findings will help
sargery When we were almost at the end of our studes, T dis-
covered by accident, mn a pharmaceutical advertising magazing,

a deavang made by Francts Ghsson in 1654 showng in finest detail

every lttle constant vessel m the human Iiver, identical with our
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icene 43 Stureogram of laar in Laconec’s cirhosis Repruted by permussion,
Trom Fse 10 Sieriorams on Cirshos and Faty Licer Decator, i, Fhnt, Lator
& Co 1951

findings His excellent work had been forpotten For almost 300
veirs, the anatomy books showed a beg blank fnside the Iner.

Figure 43 shows that we, Dr Popper and 1, are now working in
the fildd of airthosis We are employing the same stereographic
methods in it as were applied to the normal Iner ot

« (I have emploved, to a lirge extent, geometrical methods and con »

siderations (27) As llustrated m Figure 44, a cylinder, when cut, U~?
will as a rule grve sections which are round or oval but practically
alw nvs arreumsenibed (A} A fiber, when cut, will yidd a dot or a
short ltne (B) A plate, when cut, will y1ld, depending on the
mgle a veny long band, narrow or wide, according to the angle
of sectiomng {C) 1f a hine 1s found i the section 1t usualh s the
suction of avenbiwe (D) Thes swlombiom tan be apphed o the
stpds of connectine tissue m euthosis

Figure 43 shows two types of confiectine tissue 1 1 arthotic ¢t
hver Dots at the nght mark cross sections of fibers The name -

hbrosis™ for conmecting tissuc of this kind 1s not wrong However,
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Ficure 44
A An gblique section of a cylinder 1 an ellipse
B An oblique section of a fiber 15 a dot or comma
C An oblique section of a plate 15 1 bind
D An oblique section of a membrane ss a line

Fiouns 45 Connectiwe tisue 1 cuthosis Dots at the night are cross sections of
fibers Lines it the left are sections of membranes
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what 15 seen at the left arc not fibers They are sections of mem
branes very long ines af they occur in great numbers 1n a section
cnnot be seetions of fibers Sections of Gbers look like what 15 at
the nght)

Tremont Smuth Why do you say this could not be a fiber?
“Fhas Becausc if 1t were a fiber crooked asitas the chances of
its runniag 1 ths one plane and being cat along its entire length
are 30 shm that such a possibility can 1lmost be excluded If we
find 1n a section most of the connective tissue in the form of these
Tong fines 1t1s a ge 1 and 1 impossiality that they
would be fibers !

Amisely But there they are branching repeatedly, arent they?

Ehas They are not branching This membrane anses from appost
tion of severt! extremely thin membranes which we eall “micro-
membranes ”

Rniscly A scnes of Tryers one night after the other?

Lhas Yes

Rafscly Have you traced this through the next lustologieal
section?

Ihas Yes

Rnisely How many senes?

Ihas This 1s from 1 scnes of 100 We always do 100 sections
However sinee these membranes are corrugated thewr trecing
through siceessive sections 1s often very difficult Thus an order
to reconstruct these membranes we must use optical sections 1€
we focus each section low medm and Jugh Figure 46 1s recon
strueted from 3 sections of 10 mucrons each focused at 3 levels
This meams 1t 15 reconstructed from 9 optie] sectrons -
v Tlus connective tisste 1s first fud down m the form of extremely
thin micramembranes and later these ageregite to form Jarger
membrines and more of these large thick membranes .gregate
ta [orm septa -

A< 1 canclusion 1 shill propose a new nomencliture for the
proliferiion of conneetne tissite The word “fibrosts”™ should be
elimmated becwse we are not alwavs dealing with fibess 1 would
propose to use 1l term hike “svnd " sindesm
mewning connectine tsue There ate twa hinds of syndesmosis
membrineous from the Creeh word membranae  prage 2% and
thammosis from the Creek word ees v mewmng “y thread ™

Best Dr Coaffin will you drseuss this piper®

“ve sedwn I mever fenot cleial € ok It d ries from e Latn, and occ 15
i fwmenl inthe New Tt seat
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¢ o St I
Ficure 46 Reconstruction from 3 sections of 10u ech focused at 3 levels te
reconstructed from 9 optical scctions showing collagenous membranes 1 curhos s
ansing from central tox ¢ necrosts

Grafflin 1 think that all of us owe a deep debt of gratitude to
Hans Eltas Most of us when lis work appeared on the lammar
structure of the mammalian Iner frankly wondered whether we
had not been overpard for a great number of years for teaching
medical students who could not possibly have confirmed what we
said about liver cell cords We were earnest about our teaching
and we were eamest about the Iner but this does not alter the
fact that we did not sufficiently question the statements made m
the textbooks Now I think we begin to comprehend the structure
of the mammalan Iner Dr Elas has drven home the fact that
there 1s i mammals (mncluding man) a lammnar rather than 2
cord structure of the Iner He has dnven home the fact that these
Jammae or plates are typically one cell m thickness Certamly by
the methods we are now using we can repeatedly confirm these

arrangements
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1 know Dr Ehas would agree that i some parts of this work
1t has been 1 great pleasure to Jum to have had the benefit of the
advice of Fredene T Lewss Flias three dimensional analysis of
the orgamzation of the bile canalicular system which clearly shows
Dr Lewiss influence has been Inghly contributory Agamn we
begn to see things more clerly and can look beyond the frag
mentary pictures of hile canaliculi as seen in ordimary sections
to 1 threc dimensional picture of the canabculir svstem which s
lirgely continuous Tredenc Lewiss work on the shapes of cells
1s beamtful work done by an extremely thoughtful indnidul whom
some of us had the pleisure of knowing T am delighted to see 1t
come forward at this time mto an area where 1 wider group of
physicans wnd biologasts will become acquainted with at

Ehas recent announcement about the pirticption of wmesoderm )
in the development of the hver will come as a surpnise to mamy
wntomsts who have heen tenching students for many decades m
terms of a strctly endodermal ongin On the other hand f one
thinks s most of us do of thesc v tmous germ layers as trinsitory
untts of embryome orgimzation perhaps 1t s nat phalasaphucally
as starthing 15 1t might othernise be Tle now tells us that ner
Tohules dont cxist and 1 suppose that the pig will scold lur}J
for that

Flias M~y Iinterrupt you for a moment Dr Geaffin® The px;v" {
in my mind presents a case of congenital nonprogressie Cl;j
rhosis

Grafftn For years n teaching medienl students we hyve been
dropping the pigs hiser mto acid until it looked and felt soft enough
transfernng 1t to water and then shiking out hterally thousands
of lobules for 1 cliss The students can studsy voth ease the mlh
faceted polygons or labules 1solated m this way I am not sure the
mg is oght 1f he tnes to scold you Hans but 1 think he s the
one who 15 hable to yuse hus voice

The so-alied pensimusoidal (Dice) sprees fasenate me 1 have
Tooked at mamy hung hvers i frogs and mammals and T have
nover scen them But Dr Rmisely 1s infimitely more aequanted wath
hners than ¥ am and T would be most interested to hear Ius siews
1 deduee from the btertture that 201 thoughtful students of the @
taer are phitosophicath convinced of the necessity for these spaces
wn the normal Iving ammal Although T have searched diligentls
I have never sein them But 1 tao am plalosophically convineed
that the hepatie limph which has to come from somewhere prob
Wbl onginates i large measwre m these penantsordal spaces
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It appears that Dr Ehas was not surprised by our obser ations
on the subcapsular lammae I confess that we were When we
started our work upon the mammalan liver, we were faced with
pictures which we could not comprehend until we satisfied our
selves as to the eustence of the subcapsular faminae We regard
tlus as a trfling advance as far as the structure of the liver 15 con-
cerrvled, but 1t was major mn 1ts mportance to us

You tell us that the Iner has aclieyed perfection I am not sure
that nature would agree with you there You sard yOu were sorry
you were talking about the liver tomght I am not sorry at all, and
I think most of us are not We have learned a very great deal from
what you have said

Lagerstedt ‘There 15 one pomt of view on the problem which 1
should Iike to stress In the first place, 1 am 1mpressed by this
demonstration of the nonexistence of hver lobules m the meaning
that the word has been used before

I shall come right to the pomnt with the following example, which
1 think most of you hnow very well The accumulation of glycogen
m the hiver can be followed histochemically In the rabbit at one
time, the glycogen will be found accumulated around the central
vems n all the lobules, at the same time, the bile acids can be shown
with the method of Forsgren (28) to occupy the cells m the pen
phery of the lobules At other times during the twenty four hours,
all the cells wall be filled with glycogen and no cells wath bile aeids
Thus, there are three man possibilities for localization 1n the pen
phrey or i the center of the lobules or within all cells seen After
Dr Elas’ presentation, the question anses Can obsenved changes
1n position of sub: Iike those exemplified above be caused only
by an mversion in the pattern of the hver®
~"Elas Not at all You are entirely rnght The only thing which is
wrong 1s the way you descibe the zones It would be better to
distinguish the three zones, or the two extreme zones, as paraportal
and parahepatic Both venous systems mterdigitate, and there 15 2
region which 1s closer to the portal tree, that 1s, on the proumal
side of the blood stream There 15 another region on the distal side
of the blood stream whieh 1s eloser to the hepatic tree Therefore,

&your facts do not at all contradct this obsensation There 15 an
essential difference physiologically, between the paraportal and
. the parahepatic zones (The hepatic lobules evist, as 1 smd, ynder
normal blood pressure conditions, and usually we have normal
blood pressure conditions The only * atitas ta er

manent structure It 1s mvertire an me
A
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Tagerstedt Yes that ss the pomt 1 wish to stress

hmisely There are a number of subjects concernng which I
should Iike to talk Tinst concermng the evidence that the iner
does not have does not consist of definable lobules certamly 1
would agree completely that in many specrmens of hver prepared
by several different tdchmques there 15 no vsible or detectable
evidence of a speaific morphologie horder acting as 1 boundary or
delimting each Jobule This however_does not mean that lobules
do_not eust Parmit me to call sour attention to pige 5377 6F
the first edition of the Textbook of Histolooy of Maumow and
Bloom (29) Tlus 1s the edition which 15 most useful s 1 reference
book for 1t contains the lugest amount of curefully collected and
winnowed and carefully wntten detail Professor Maumow wrote

Lobule of the Mummalan Liver The mammlian lwer shows
grossly 1 more or less distinct mosue of regular polygonal small
arets This can be seen on ats pentoneum-covered surfice as well
as on a sectioned surface Fach of these areas represents a small
architectural umit or lobule 07 to 2 mm v dameter The pen
phery of the lobules 15 translucent and griy while the center 1s
brown In certun pathologie conditions connected wath venous
hyperemn the center of each lobule 1s dark red or browmish while
the periphery fs pale this produces a mottled appearance (nutmeg
Iner)

“Inman the outlincs of the Jobules are usually not distinct because
the connective tissue partitians between them are poorly developed
In the pig polir bewr and cimed on the contrary exch lobule 1s
completely susrounded by 1 Iyer of connectine tissue and the
Tobulition s 1ecordingly very distinet {Tigure 399) When 1 freshih
sectioned surface of the hiver of one of these ammals 1s seraped
with v knife the soft tissue 1s squeezed out of the lobules and the
remumng parihions pnve the impression of 1 honeveombed struc
ture In arrhosis of the Iner m man the connectin e tissue may e
grenth nerewsed and the usual Tobulation completely distorted

In the saliv ry ind panereatic glands the lTohulwtion 1s distinetlv?
vsille to the naled eye nd depends on the distibution of the'
branches of the ducts In these ghinds exch Iobule represents a
miss of ghndnlar tissue druned by a duct of a ecrtun order and|
size The huer labules lowever do not depend on the duct svstem
they depend on the distnbution of blood vesseh This v clearly
seenin nucroseopie sechions of 4 lwver whose hbod vessels e’
been mpected wath colored musses (Fagnre 106) ©
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The very beautiful pretures of lustologic sections 1 the new
Atlas der normalen Histol gie und mikroskopischen Anat des
Menschen (30) show the lver of the pig and that of the mjected
hver of the rabbit The g Iver shows the connective tissue septa
cleudy and the rabbit hver shows the delmeation of the lobule
border by means of vascular mnjection

In the case of the pig ¥ P Johuson w1818 (81} asmg Hubers
technique to dissolve the conpective tissue septa was able to
wsolate and show the shapes and sizes of the Jobules of pigs Iners

As noted above mn a number of species mcluding man there 15
as yet no definable morphologic border separatmg adjacent lobules
However this does not mean that the direction of blood flow 15
not controlled withm the lobule In our own Jaboratory we have ex
amined under the microscope the iving transillumunited Tivers of
more than 5000 frogs and the livmg hvers of 1 much smaller
number of mice rats and Rhesus monkeys All of our obsert ations
agree that there 1s a precisely controlled direction of flow withmn
each sinusord or set of smusoids mnd within every part of the lobule
Under perfectly healthy normal conditrons the directions of flow
are from the penphery of the lobule toward the center followng
m general the direction of flow deduced by Mall (24)

There 15 a unidirectronal flow mn the smusords with a few yunor
variations from time to time Under normal conditrons, wath norm

each and erery d_has 2 flow.almost_entirely_from
the penphery of the lobule toward the center

From our evidence 1_do not believe that as_a part of healthy
normal physiology_a_centra] vemn becames _an.afferent.vessel or 3
portal vemn becomes_an_efferent vessel.. As a part of physiology 2
reversal of direction of flow through the Jobules does not occur But
we have observed as a part of known pathology for example when
some vessels are plugged with masses of agglutinated blood cells

. a reversal of flow which can and does take place througl major

; ‘sfgzmems of lobules ./ o ol "
?F ection of blood flow
_surmeally_incerted

eal

Smetana This ts an mmportant pomt Deciuse we have to d

first with normal structure
k Kmisely We must know all phases of the normal and all phases
"of the pathologic and the transitons between them and each phase

must be labeled correctly
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Lhas Arey (82) reported years ago that n certam ammils and
also 1n humans there are occasionally postal Jobules and he thought
these were indiidual or regional varations They were not It
depended on which vessel he cut first when tahing out the lner
[ dont have to cxplam this Jou tnderstand M you first cut tle
portalsgn '
lobule If '
Jobule anc
the time of fxation

Knssely  There was 1 long academic argument between the
adherents of Mall (22,24 33) and of hieman (34) as to wlich type
of lobule the one centered nrownd the central von or the one
centered around the portal venule should be considered “the hiver
Tobule ™

Thas And Mail especially based lus argument for the portal
Tobule on the findings by Brissaud and Saubourm {85) i the seal
The seal happens to be one of the ammals wath hepatic throttle
muscles and the speeimens obvionsly were fixed while thase muscles
were contricted

Watson Perhaps it 1s stupud but I dont quite understand how
the_pattern s reversed by tying the vems heciuse surels s soon as
one van s ticd The pressure mist equalize throughout the Tiver

Ehas Yes this s true but normalh there 1s a gradient portal
pressure lngh hepatic pressure lTow

Vtatson Yes normally

- . B

— —— -

get 1 umform distribution very rapidly

Thas It takes mimutes to get imersion and onls thuty seconds Sex
ater th T AL to et the reconstitution normal & <

paiiom

Deysach (86) injected India ink snto the hepatic veins and his
illustritions show this myversion cleadh not that he pad v atten
tion to it Ilowever 1f vou are prepared to suspect it vou walt
notice the myersion whenever st ppetrs Dessach ent out the
whole lner injected Indin k. throuch the venienva nd of course
the injeetion pressure provided the usersion of the pattern

T should ke ta mthe one pomt concerning these throttle muscles
which 1 forgot but winch s smportant 1 heve Becuse of the
custence of these throttle muscks the dog should be muled out 1n
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The very beautsful pretures of histologic sections 1n the new
Atlas der normalen Histologie und mikrosh pischen Anat des
Menschen (80) show the lver of the pig and that of the njected
Iiver of the rabbit The pig hver shows the connectiye tissue septa
clearly, and the rabbit liver shows the delineation of the lobule
border by means of vasculr njection

In the case of the pig, F P Johnson n 1918 (31), using Huber’s
technique to dissolve the connective tissue septa, was able fo
1solate and show the shapes and sizes of the lobules of pig’s hvers

As noted above, 1 a number of species, mcluding man there 15
as yet no definable morphologte border separating adjacent lobules
However, this does not mean that the direction of blood fow 1s
not controlled within the lobule In our own laboratory, we have ex
armined under the mucroscope the hving transiffummnated Ivers of
more than 5,000 frogs and the Jning hiers of a much smaller
number of muce, rats, and Rhesus monkeys Al of our observations
agree that there 1s a precisely controlled direction of flow withm
each smusoid or set of smusords and withm every part of the lobule
Under perfectly healthy, normal conditions, the directions of flow
are from the penphery of the lobule toward the center, following
1 general the direction of flow deduced by Mall (24)

There 1s a2 umidirectional flow n the siusoids with a few mnor
vanations from time to tme Under normal conditions, with_normal
pressures, each and every swusomd has a flow: almost_entirely_from
the peniphery of the lobule toward_the center

From our evidence, I_do_not belicve that as_q part of-healthy
normal physiology a central vemn_becomes_an_afferent vessel or.a
portal_vein_becomes an efferent vessel. As a part of physiology, 2
reversal of direction of flow through the Jobules does not occur But
we have observed as a part of known pathology, for example, when
some vessels are plugged with masses of agglutinated blood cells

_a reversal of flow which can and does take place through myor
’Sse_gments of lobules /
P .

it R wrnnt + accels

Smetang This 1s an rmportant pomnt because we sive v
?ﬁrst with normal structure

Knsely We must know all phases of
~of the pathologtc and the transitions between them, an

must be Inbeled correctly
r -

f the normal and all phases
d each phase
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Ehas Arey (32) reported years 1go that in certam ammils and
lso in humns there are occasionally portal lobules and he thought
these were mdnidual or regional yvinations They were not It
depended on which vessel he cut first when_taling out the Iner
Tdont have (o explam this Yon understand If you first cut_the }

portal vein you reduce the pressure there wnd you get an inverted ;
lobule If you cut the hepatic vemn first, you get a_normyl Jookmn
lobule and so on Tt 1s only the state which the orgn w1s :it)
the time of fixation
Kmsely There was a long academuc argument between the
adherents of Mall (22,24 33) and of hsernan (84) as to which type
of lobule the one centered around the central vemn or the one
centered around the portal venule should be considered “the hver
lobule
Llios And Mall especially based s argument for the portal
lobule on the findings by Brissaud and Saubourin (85) m the seal
The seal happens to be one of the ammals with hepatic throttle
muscles and the specimens obviously were fired while those muscles
were contracted
Watson Perhaps 1t 1s stupid but I dont quite understand how
the pattern 1s reversed b tying the veins because surely as soon as
one vemn 15 Ged the pressure must equihize throughout the hver
Elas Yes this 1s true but normally there 15 a gradient portal
pressure high hepatic pressure low
Watson Yes normally
Ehas If they arc equal vou hme elevated the hepatic venous
ressure Telativel ané relatively lowered the portal pressure It 15
not a_matter of ai)solule pressure but of the gradient -
Watson I dont quite see that I would have thought you would
get a unform distnbution very raprdly
Ehas It tales minutes to et mversion and only_thirky seconds Se.
after the Tigatny oft to_pet the reconstitution of the normal + <
ttes
Deysach (36) injected India ink into the hepatic vemns and his
illustrations show this inversion clearly not that he paid anv atten
tion to 1t However #f you are prepared to suspect 1t you will
notice the mversion whenever it appears Deysach cut out the
whole lver mjected ¥ndia ink through the vena cava and of course
the injection pressure provided the inversion of the pattern
1 should like ta make one point concerming these throttle muscles
which 1 forgot but which is important 1 believe Because of the
eustence of these throttle muscles the dog should be ruled out 1
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Very many cases as an experimental ammal, because whenes er blood
pressure plays any role, the contraction of these muscles wall store
blood i the hver That 15, the penpheral blood pressure will be
Jowered These muscles do not only react to hustamine but to other
agents also, as, for example, chloroform and Nembutal 1 don't
mean to rule out the dog for studies of the Inver, but for studies on
any other organ, whenever the blood pressure plays a role, no dogs
should be used hecause the hepatic throttle muscles distort the
picture

Best ¥ shall ask Dr Rappaport for lus comments

Rappaport 1 must say that I enjoyed very much Dr Ehas' ev-
pest gudance through the Iner, which he sometunes calls the
“Laby nnthus Hepaticns”(21,37) However, to find our way through
this labynnth, I think we shall need two threads of Anadne, a red
one of cireulation and a green one of bile secretion

Two years ago we became mnterested in the study of the lier
structure mamnly to further our understandmg of the lesions we
observed after expenimental 1schemia of the hver The reported
“central” pecrosis did not make any sense to ws, as we know from
chneal evidence and by experiment, 1schemia has 1ts most deleterious
effects on the periphery of an organ As the small units of the hver
represent tn mumature the functions of the entire organ, we expected
them to behave accordingly Because they did not behave so and
showed lesions centrally stead of at the penphery, we questioned
Kiernan’s (34) concept of the lobule and started to mvestigate 1t
We &id this by using some wmyection methods Together with Drs
Z J Borowy W M Lougheed and W N Lotto, we njected dif-
ferently colored gelatim masses through two branches of the postal
vem the hepatic artery or bile duct

Figure 47 tllustrates the techmque used, and at the same tme,
it gaves a rongh blucpnnt of the lner’s arclutecture If we mject
simultanesusly twa gelabn masses, a red one and a black one, of
the same viscosity and under the same hydrostatic pressure, through
two branches of the portal vemn the liver will become colored and
will show both colors, which will meet mn an intermediate zone
If, from this itermediate zone, a tissue block 15 cut, one small
branch of the porta] vem (B} bnngs m black and the other (R)
brmgs mn red color (Figure 48)
£ It muy be expected that the color travelling along the portal
channels will find tts terminus mn a microscopie area belonging to
a termmal portal branch Because of the stmultaneous inflow under -

i
the spme pressyte of ﬂ? S?Eerent]vdcolored m:ssl lh?):gh 3 neigh ¢
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IGURE 47  Subdivision of the hexagonal lobule in liver acint The liver acine
LA) are small berry like pareachymal masses situated around the trio of
tmune] branches of portal vem hepanc attery and bile duct branching onc
om a small portal space L A’ = Horizontal section through a red colored
ver acinus extending from one central vein to another
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Fiouie 48 Tassue Hlock fro 1 the mieryed ate zone B portal branch brne ng
a1l ch gel tnmis R portal brancl br g ng n red gel.tn mss

boring ternunal portal branch the spread of the color by anasto
motic smusords from one area to another 15 mimmized
By using the same tect for of two | hes of

the hepatic artery or two branches of the hle duct we were able

to define 1 hiver umt which we cll “hver acinus ™ The lu_t.asmu: RNMR»
15y small mass of parenchyma around the terminal | Vi

the hepatic wtery, portal cein, and ile duet, byanehing out Smm“»“-\f*"”‘«
small portal spaces It 1s designated s La m Figure 47 a sectiong N
of the red mass that extends into two adncent hexagonl fields ¢:-L‘ ny
The small berry ike mass which is mdicated by the letters Liat 157 9%
supphed with blood by the two afferent vessels and druned of 1ts
secrettons by the termmal bile duet which runs long with them
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The acmus reaches two central vens, and m this way two
afferent vessels are draimed by two vews, while m the hevagona)
lobule s1x afferent vessels are beheved to be dramed by one ven
This 15" contrary to a basic prinaiple n vascular anatomy, that the
number of the venous channels 1s predommant The liver acinus
2 draned by at least two vems at 1ts penphery
w& regular hexagonal field 1s formed by six halves of ver acm,
while the other halves belong to the adjacent hexagonal flelds
However, m realty, the acint are not diaded i two by the heaa-
gonal fields, just the contrary The hexagonal field 15 broken down
2y different Tver acing
Tk

f India 1k 15
4 acmnus m the Iner of a rabbut The area clear of

fﬁﬁ:‘lﬁd groulx;g c{he trio of terminal branches of portal vemn (PV), hepatic artery,
and bile duct The latter is seen m ths section cut longitudinally

Figure 49 1s of a rabbit’s Iner imected with two colored masses
branches of the portal vemn A branch m a portal space
ed color 1s brought m can be seen The color
outhming the shape of

through
through which the r
extends from one central vem to the other,
a liver acmus

Figure 50 shows a hexagonal field which was brohen down x;n
ifferent sectors by the injection of different colored masses through



Morphology of the Lier 155

Ficuae 50 Hevagonal held broken down mto dx(’ferem!{‘ colored sectors wl icl
represent purts of 1 ver acint myccted through terminal branches of the hepabic artery

two branches of the hepatic artery One small binch of the hepatic
artery 15 seen bringing m black gelatin, and the other one red
gelatin The colors delimt sectors m the hexagonal field

Figure 51 1s a similar preture obtuned by simultineous myection
of two colored gelatin masses under the sume hydrostatic pressure
mto two branches of the bile duct One branch conveys black
color into red hexagonal fields The spread of the black color m
an acinous area can be observed extending from one central vem
to another

Injection of the bile duct 1s more difficult to carry out than
mjection through the vessels In spite of the anastomosis between
bile ducts that Dr Ebas enunciated there 1s not such a free flow
of the njection mass as through the sinusods mto the hepate
vemns However, the bile canaliculi and the acinus that extends
from one central vem to the other can still be outlined, as n
Figure 52

In summary following the natural course of the channels that
bring m the matenal necessary for function and the course of the
channel that carrtes away the product the bile, we were able to
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Figure 51 Dogs hver mjected through the bile duct The spread of the black
calor evtends into scctors of adjicent hevagonal fields Their central vews (CV) are
surrounded by red colored areas {here of gray color)

KRR
e ENn ps3
Mg

Fictne 52 The black arcas injected through the terminal branches of the bile duct

correspond t» wini



Morphology of the Lier 157

outline an_acmous umt 1n which structure and function are well
correlated

“The study of the pathology of an organ helps m an understand-
wg of its normal features

with Indin fok The pithologte process

small portal space central vem
S, and Ridout ] H_Pathogeness of
Escape of ipid from fatty hepatic cvsts
mto the bilviry and vasculr system Am J Poth 27, 085 (1951)

Figure 53, from Dr Hartroft's collection on dietary anrhoss,
represents the liver of a rat injected with India ik mto the heart
1t looks as if cirrhosis, with its heavy fibrous lines that have wiped
out the sinusords around the persphery of the liver acin, canicatures 1~/
the normal feamrcs ({f these umits Here, too, the hexagonal field

space, the avial vessels of the different Inver acim may also be seen
and at thewr peniphery central vens, mdicated as C'V
Returning to the problem of 1schemic necrosis, Figure 54 shows,
at first glanee that necrotic lestons are at the arculitory penphery |
of the liver acini The cells adjacent to the aval vessels indicated W
aa bb cc, are the Jast to die and the first to regenerate The
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Ficure 54  Ischemic necrosis of a dogs bver after Eck fistula and hgaton of the
ommon hepitic artery  Rims of biver tissue have sunned They extend sy mmetrrcally
ta bb <) around termmnal vasculir branches \ necrotic ared



Fiune 55 Necross in a dogs her following expermental sschemia The necrosis
1> central due to the destruchion of equally large peripheral parts of adjacent hier
acm Note the regulir tns of surviving parenchyma (R) around the axuil vessels
of the Lver umts
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10 called central necrosis 15, 10 certain places, far from being central
For instance, the area marked X

We know why these cells resist necrosis Olds and Stafford (38)
have demonstrated that most of the arteral capillanes jom the
portal sinusoids i this area, close to the aual vessels

For Fygures 55 and 56, I am obhged to Lieutenant Giges from the
Army Medical Center 1n Washington, who repeated our expen-
ments with schema of the hver for the production of hepatic
coma I was amazed by the regulanty of the islets of tissue that
surinved around the axal vessels of the lner acint In cases where
several adjacent acimi were affected equally by the cold bloom of

Is of the lnver acini are
Freune 56  Ischemic necrosis 10 dogs bver The a“_}!h‘esm e ot

s They enc
surrounded by equall wide cords of SuRnE g

necsoss i which central vans ¢
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anoua and the periphery of the acim was destroyed and shrveled
necrosts was regularly central However 1if one lver acinus was
destroyed to a greater degree and the other to a lesser degree the
central vem was not situated in the center of the necrotic area

In Figure 56 we could say that this band of necross 1s central}
but the barner of living tissue that resisted the pathologic proces:
15 evident and from there regeneration will proceed

T think all our onientation should center around these axial struc
tures wluch form the core of the Iner acim This wall permit
better functionil approach to all processes that are gomng on
the normal and m the abnormnl liver

Elas Dr Rappaport I helieve Figure 56 shows evidence of
regeneration becise there are two cell thick plates

Rappaport How daes our concept answer Dr Ehas question
of why we observe only unicellular and not bicellular Iner cords
between the smusords If we may reconsider Figure 47 for a
moment we note that m whatever relttion to the central vems
of the hiernn lobules sections may be made there will be always
cut tangential shees of the grape ke masses the axes of which
have by no means a ngid geometrnie arrangement around the central
vems These rounded parenchymal masses may overlap each other
crisscross their axes they may even dislocate each other by dif
ferences mn the mdmdunl growth processes The hiver cords fuse
of course and form plates which run between the sinusoids towards
the terminal hepatic vemns If we assume that each acinus 15 com
posed of many fused tubular cords we might compare cach of
these small units to a sphencal brush. Fach bristle would corresponed
to_the_capalenlar lumen of a hyver co e cells of the cords

e spaces between the bnstles, Six of these brushes sur
round the central vemn i 1 perpendicular pline In whatever_plane
! ' ! ! ential_sections of

1y of the bnstles
transversely and thereby displiy bile canaleuls dehmuted by two
hepatic cells The chances are greater for lntting the Iner cords
tangentully and finding shorter or longer umcellular chains inter
rupted by adjicent smusoids This conception is 1 agreement with
the embryological development of the human lner from cords
Ve should not expect an 1deal regular shape of the lner acm
nor e they pletely d ing tissue belong
ng to other termnal vasculr and bihary branches Interdependence
15 a basic prmeip'e 1n our organism
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gj:ztpc:‘ lgsygupzzl'rglo‘;sc DIr a}":pper?
had the chance for the last two ore’t(;\rxi‘:e‘zarg:itﬁ“‘ t{m e
Elas and learn from him ¥ o work with Dr
There are several pownts to which I :
The first deals WuhPDr Elias concep‘t‘glfdinjgceeltf tzl;)lz‘oi ‘;I?gf asn;’
plates nstead of cords two cells thick Thus concept helped mecet
understand more clearly regeneration of the lver Bﬁsgd on th:
old concept of cell cords I always thought that m cases of necrosis
of the hver cells the cords would grow m longitudmal or axal
direction to fill ovt 1n smgle or double file the spaces m the pre
served but empty fiber framevork T came to learn that
< 2 ectian_perpendicular, to the
%\m of the plates, which results in_several cell_thick_plates. D
“Ehas calls that a blastema This 15 important because we under
;_stand much better now that snch_growing blastemas_ may,
crrhosis, compress the hepatie seins and thus produce_portal hyper
tension This fact bniefly referred to m older papers by Rretz (39)
and \cIndoe (40) has been very well established recently by
Kelty Baggenstoss and Butt (41) Tome the principle of regenera
tion 1 perpendicular direction wppears the most mportant patho
logte application to date of the presented concept of hner cell |
plates 1 would like to use this opportumty to express my great/
happiness that 1 number of the members of this Conference are)
supporting the cancept of Dr Ehas To me personally 1t 1s 2 very
great relief to feel on safe gronnd 9|
My second pomt deals with the mesodermal ongin of the Iner
15t _confe: Ehus
() threw my hands up and tol hat he_w1s confusn
e on every fact concerning the strncture of the hver T hnd accepted
until then Recently we have come to realize that mesenchymalil,
elements may possibly play a role m hepatic curcinomas Such ele
ments are especally mn the hepato-bl tle cong),
gemtal tumors of the liver We may have here agun embryologiow
findings supporting pathologic and oncologic obserations o t‘:
\y third point deals with the guestion of intralobular cholwt
gioles n concept which has recently become very close to my heart
It may be justified to spend one or two mumtes on nomendclature
for better understandmg We all agree that the small canaliculi
between the epithelial Iner cells should be called bile eaprilanes
and the ducts i the portal tnads bile ducts Between the bile
capiflartes and the bile ducts 15 an intermediary portron which 1s
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lesignated n the literature with different pames such as canal
f Hermg ampulli junctional bile duct (the name appled by
Jr Mac\Mahon) or cholangiole

Drs Watson and Hoffbauer (42) have taught us the sery m
sortant cancept of cholangiolitic hepatitis assummng an mjury
ocalized 1n this particular area and resulting 1n regurgitation of
sle through the damaged cholingioles For the past years many
of us I amongst them have spent considerable effort m loching
it Iiner specimens to find a specific lesion in or around the portal
nads which would explam this chok hitic hepatitis Suddenl:
[ lexrned from Dr Llhas that these cholangioles may be not only
wound the portal triad but may form a wide networh withn the
‘obulir parenchyma (Dr Elas has just handed me a note stating
that Ebert 1n 1867 descnbed these mtralobulw cholangioles Any
way I learned 1t from him ) Ve therefore became mnterested
the possibihity that these mtralobular cholangioles may be the site
of the injury m cholangiohtic hepatiis

A recent expenimental observation was the second cause for our
interest m cholangiolitis namely the pathologic findings m the
hivers of rats that result from prolonged dietwry ad ation of
ethionme

1 should like to stress that my own mterest in lestons produced
by ethiomne was markedly enhanced by something I learned at
the Macy Liver Injury Conference two years ago Dr Davies (43)
described pancreatic changes resulting from malignant malnutntion
This stimulated us to look at the pancreas of ethionme intovicated
rats Dr Farber (44) found that ethiomine an antagomst of meth
1omme which presumably interferes with protem synthesis produces
pancreatths i rats Recently we observed following prolonged
ethionme administration chrome pancreatic atrophy

(ne (45) had known from acute experiments that ethionme pro
duces fatty hiver m female rats Dr Koch Weser (46) recently
placed rats on 1 diet that contuned about 04 per cent metnonne
1 its protemn component nd tdded to this 05 per cent ethsonme
Rats on such a diet developed severe hepatic changes withm four
to five weeks These were characterized by diffuse degeneration and
regenerition of the hepatic cells assoctated with a severe mter
stital mflammtion composed manly of reticulo endothelial cells
(Figure 57A) These changes justify the designation hepatitis With
Digher power Iuminy are mide out between the kver cells and
the interstitial mflimmatory cells (Figure 57B ) which we considered
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Ficure 57 Hematovyln eosin stams Laver of rat which had bten on an 05%
ethuomme diet for M days followed by 10 divs on a stock diet and subsequently for
30 days on the 05% ethronme diet
A lmegudar arrangement of the Wver cell plates wethont distortion of the lobular
pattern Indisidual ver ¢oJls and sm‘.dl gmupelof‘ relll's are :(‘p;\l:';lted l:‘y':n mk'vr-
of d cells

strtial infil posed

90)

xS
B The Iner cells revcal signs of degeneration and regencration resyling n great
polymorphism The himina lined by cubord ) epithelum are cholingioles (x295)
A fe \1 *x
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>

Gonon stan Silver umpregniton of xit Iner shown w Figwe 57 Tlere 1s
wregular new formation of rcticulum Bbers (x170)

Hemtony hn eosin stan Liver of rat which had been on an 05% ethionme diet
for 25 davs There s severe bver cell damage and m the neht upper corer
necrosts around the central von  Intcrstitial (nfltration composed of reticulo
endothebal celly edends from the portal triad Surrounded by the mfltration an
mereased number of cholangioles 1s seen (x130)

=



166 Luer Injury
tentatively as cholang In silver 1mp 2tigns Jeeabil
new formation of reticulum fibers 1s noted ?Fxgure 58A)
These lesions appear mteresting for many reasons At this pomt,
I should Iike to emphasize therr histogenesis based on observa
tions of different stages of the mtovicatton Dr Huerga has pnt
f such ammals on the same dret for shorter mntervals and after the
uhal stage of fatty hiver a picture 1s found (Figare 58B) which
1s characterized by lver cell damage mostly Jocalized in the center
of the lobule, whereas from the portal tnads cholangroles and 1n
flammatory cells seem to stream mto the lobular pavenchyma With
hugher power, near such cholangioles surraunded by nflammatory
exudate, a dilated vessel can be seen, which, followng Elas, 1
assume to be a diated arterial capillary We feel therefore that
we have a lesion which combines diffuse hepatocellulir damage,
wflammatory changes, and a diffuse increased visibility or pro
Iferation of cholangioles Around the cholangioles, marked connec
tine tissue prohferation 1s noted We feel that here 15 mmtated
to some degree, human hepatitis 1n which, quite commonly, hepato-
cellular damage 1s bined with chol lar changes, at least
on the basis of functional alterations The cliolangiolar changes
referred to are m heeping with the studies of Watson and Hoffbarer,
1e, mterference with bile flow, elevation of serum cholesterol ind
alkaline phosphatase It 1s interesting that if these rats after one
month on the ethiomine diet are put back on a normal diet, both
the hepatocellular as well as the cholangiolar changes disappetr
within approwmately ten days 1 am not quite sure to what degree
we are dealtng with chol lar proliferation or d visibihty
of pre evsting cholangoles In the imitial stages, prob1bly mcreased
vasthility 1s more important
1 should like to emphasize once more that Dr Els’ studses have
stimulated me to look for cholangioltic changes not only mn an
around the portal tnads on the penphery of the lobules but alo

2 B within the lobular parenchyma stself We have seen m a few human

cases cholangolar changes within the lobular parenchyma and not

rsphe:

ong’aot:a;helgi geanry} ou have seen a picture like this m the Tobules

m hepabitis?
Popper \es,
without liver ce
terol and severe |
which you have set up
Smetana Can you prove that these are cholingioles?

sit We have seen 1t 1n cases of human hepatitis
1l damage but with high alkaline phosphatase high
hee folflimg more or less the centent
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Popper 1 beleve so

Kntsely What are the speafic 1stics of one cholangole?

Popper  Chol les have the followmng ch wstics  They
are lined by low cuboidal epithehum which reveals hardly any
hasophilia of the cytoplism They are often found n the vieimty
of small but relatively thick walled vessels which Dr Elas con
siders artenal captllanes

Smetana Do they contamn bile?

Popper In human cases they do contamn bile

Smetana Where? Can you show that to me?

Popper T cannot show 1t 1 all spectmens but 1n quute a few of
the cases of what may chmcally be called chol. lar h
bile casts can be seen within these httle tubules which are not hile
capillanies but still are Jocited within the Iobular parenchyma

Hartroft Would 1t not be possible by mjection methods i the
ammal to demonstrate the continuity of these abnormal passages
with the main bihary tree?

Popper Dr Smetant suggested previously an expeniment which
we are now planning to do namely to Digate the common duct
m the ethiomne rats to prove that what we are considering pro
lferated cholangioles contains Inle

Hartroft One could allow India mhk to flow into the bile duct
1 a retrograde direction

Popper Maybe we should do that

Graffin - We have tnied with a dilute agueous solution of
fluorescemn to obtamn a retrogride mjection of the bile canalicul
We have failed m the rabbit rat and mouse The ease with which
the canalicult breakh presumably at or near their junctions with
the so called canals of Hering 15 extraordinry Although we have
bad no success I beheve that some of our predecessors m the last
century succeeded I am not at all sure from looking at Dr Elas
pictures that he was successful with mdigo cumme

Ehas T got dilation of the bile canalicuh when mecting a dye
mto the main hepitic duct of a yumea pig but no breakage And
1 also got a retrograde of the bile heuli 1n an op

Rmisely We have done one expenment many times 1 frogs
which shows the connections of the bile canalicuh of the frog
hepatic cell cord with the interlobular bile duct The results of the
expeniment are beautiful to see I had not known that the connec
tion of the bile canaliculus with the interlobular bile duct presented
a seientific problem so I have never been concerned about descrih
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Elias Dr Ralph (47) has shown dilated bile canaheul: after
Iigation, demonstrated with the phase mucroscope
Hartroft The problem of which 1 shall speak also mvolves a
consideration of certamn aspects of the structure of the hver It s
now agreed by most investigators who have studied the early stages
of expenmental dietary cirrhosis produced 1 chohne deficient
rats (48,49) that the imitial sites of fibrosis are around the radicles
of the hepatic vemn However, n the hvers of rats that have been
mamtamed on a low choline diet for a sufficiently long period (six
or more months), until the cirrhosis has reached a stage of gross
nodularity, Bbrosis can be demonstrated around those portal triads
which are large enough to be easily wisualized under the low
1ons of the pe Evidence has been already pre-
sented (14) which mnd that the f of choline
defictency 1 lners of rats develop mitially in nonportal regions
and are always most advanced i these sites Why then should |
Iner parenchyma adjacent to large portal triads become mvolved
by fibrosis in later stages of this type of enthosis In the first pub-

DI

©

Fioune 53 A conducting portal vem runming upwied 1 the center of the field has
been cut longutudinally Parenchyma adjseent to 1t has n. some regions  become
necrotic Above and to its left 1s a terminal venule surrounds

his escaped necrosis 1 rozen sect on stamed for fat Ischemic finer of a dog (x200}

ed by pirenchymn which
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hshed descriptions of expenimental dietary cuchosis (50), ths type
of perportal lesion was noted The data to follow wull attempt to
provide an answer to these questions

In Figure 59 1s shown a mucroscopre field under low magmfica
tion of the hner of a dog subjected to hgation of the hepatic artery
and the estabhshment of an Eck fistula by Dr Rappaport The
necrosis which developed 1s nonportal Around the ternunal branches
of the portal vem, the hepatic parenchyma has been spared pre
sumably because these Iner cells have first access to whatever
blood 1s still reaching the organ after the operatne procedures
But around the large branches of the portal vem the necrosis has
crept up to the adjacent parenchyma, even though this tissue 15
geographically penportal This suggests that parenchyma i the
latter position 15 not so favorably pliced with reference to blood
supply as that which surrounds the termmal venules of the portal
wem

Figure 60 shows a thick (100y) cleared section of the hver of a
rat, which had been injected with India ink at the time of sacrifice
The mjection media was mtroduced via the left ventricle under

ood 10
the night 15 shown as 1t dustrsl utes bl
Li ?:m (ezengku of field) ss surrounded by swollen

Fictre 60 A termemal postal venulk
ds {300}

the surround ng simsmids The centra e
ey which lnge nrrowed and separated the saters ening s1Auso!
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physiologic pressure, so that all the patent vessels of the hver were
filled This rat had been gnen a rmmmal dose of carbon tetra-
chlonde twenty-four hours before 1t was killed The resultant
parenchymal swelling around the radicles of the hepatic vemn per-
mt 1dentification of the centrolobular regions n the photomtcro-
graph, because here the sinusoids are separated from one another
and narrowed The terminal branches of the portal vemn may be
seen as they lnk with smusoids 1n a manner resembling the junc-
tions between the branch of a tree and its termunal twigs In the
Iner, these terminal branches are venules, not veins

04 Leont I seRse (%)

In Figure 61 are shown vessels which Dr Eliss has aptly termed
the large conductmng veins ™ The clear space of which Dr Elas
spoke 1s well demonstrated around these large veins This area 15
clear, 1 believe, because direct communications between the sinu-
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soids and thys large conducting vem are absent, or at best very rare
The section 1llustrated 1s a thick (100x) cleared shce of hver, with
the lower plane of section cut through the large portal vemn so that
#ts contaned ik dropped out Thus 1s fortunate, for where the vem
15 still filled with mk one sees apparent communications between
1t and the diately ad ds They are not actually
communtcations, for these sinusords do not run imto, but ov er, the
vem, as can be clearly seen where the mk has dropped out of the
vessel Thus, most of the blood reaching Inver cells adjacent to this
large vemn has to go first mto the terminal or distnbutmg portal
venule and then pass along smusoids to reach the parenchyma
adjacent to the Jarge conducting vemn Although parenchyma m
such a position 15 of course, geographically penportal 1t 1s actually
nonportal if we are speaking 1n terms of blood flow and the order
m which hver cells recene fresh blood Tissue next to these large
conducting veins does not recetve blood until the cells around the
terminal venules have been supphied This provides an explanation
for the presence of necrosis around the large conducting portal
vems and its absence around the termmal venules The ischemic
necrosts produced by Dr Rappaport s nterference with the blood
supply of the hver 1s essentially nonportal in its distribution Paren

chyma around the large conducting vens becomes necrotic, for
although 1t 1s peniportal 1n a geogriphic sense, 1t 1s actually non

portal in relation to the blood supply of each hiver lobule and non

portal 1n a functional sense

““I should now lke to refer to Figure 53 m Dr Rappaport’s pre

sentation, which he borrowed from the sertes I am presenting

The fbrosis (clear areas) n this thick (100 ¢) cleared section of
the Iner of a choline defictent rat mjected with Tndia mk 1 still
mn an euly stage of develop The t lae surround the
central vems (at the edges of the field) and Iink them together
n an annular fashion The distribution of the fibrous tissue illus

trated follows the principle enunciated earher, that lesions due
to choline deficiency develop first m the most nonportil areas of
the liver then m the next most nonportal regions, and so on The
most nonportal regrons are of course those surrounding the central
vems and 1t 1s here that the fibrous bissue first develops (51) The

next most nonportal regions are those which Imh together adjicent
Central vems for if one draws a line in any other diwection, one
mnex(, linking them

together
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In the photograph, however, 1t 1s apparent that fibrous bLands
are also growing from the annular ring toward the vessel m the
center of the field, which 15 & large conducting branch of the
vortal vem In so domg, the fibrosis pursues a path mudway between
the termimal portal venules (distnbuting vessels) winch fan out
like spokes of a wheel from the large portal vemn that forms thewr
hub A consideration of the spatial relationslups demonstrated n
the Figure reveals that agam the lesions are following the principle
that the most nonportal regions are always affected first Notice
that the trabeculae extending toward the conducting portal ven
actually have made contact vaith its adventitia in a few places even
at this comparatwely early stage m the development of the cirrhotic
lesion The fibross 1s becoming geographically penportal, although
m a functional sense, only nonpottal parenchyma has been fnvolved
After leaving one of the small terminal portal venules, blood must
traverse just as many smusords (and pass just ay manv hver cells}
to reach cells beside this large portal vem, as it wonld to reach
other cells near the central veins

Figure 62 illustrates an inh-injected, cleared, thick shee of the
Iner of a choline deficient 1at 1n a considerably more advanced
stage of airthosis than that shown i Figure 53 The conducting
portal veins running upward toward the surface of the organ have
been cut fongitudimally 1nstead of 1 cross section as m Figure 61
Several stages i the development of the lesion are shown i ths
single field In the upper left can be seen a group of sinusoids
which almost obscure thewr afferent termmal venule which dis-
tributes entening blood to them Here there has been httle replace
ment of parenchyma by fbiosis, and thus almost all of the I er here
contams mjection media The terminal venules below this, howeser,
supply graups of smusaids which have a “withered’ appearance,
for together they make up only small trees or bushes at the end
of each venule, and they are surrounded by clear nonimjected areas
where the sinusords have been replaced by fibrotic tissue Farther
down this large conducting branch of the portal vem, the fibrosis
around the laterally branching, termunal venules becomes more
advanced The trabeculae actually encircle each teinunal venule
and extend to the root of the senule where 1t leaves the conducting
vem Thus at such pomnts, the conducting vem 15 surrounded by
fibrosis If this portion of Iner shown n the Figure had been
sectroned at nght angles to the path of the large conducting vems
(mstead of parallel with them as shown), 1solated portions of these
large portal vemns wonld have appeared to be enmeshed m fbrous
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The pittern of the fibrosts tn a section of a currhotic hver of a chofine

Frcure 62
1e -
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tissue { If the section were a conventional one of only 5 or 6 mcra
n thickness, the large poital tnads, which would stand out very
clearly under the Jow magmfi of the pe, would be
seen surrounded by fibrous tissue If one were attempting to deter
mmne on this basis alone whether the fibrosis was penportal or
nonportal, 1t would be natural to call this a portal type of airrhosis
because of the preserved fibrosis around these prominent portal
tnads The fibrosis at this stage 15 penportal, but only m a geo
graphic sense

Actually, if the observer were to search m the section for a
portion that mcludes the terminal portal venules, he would find that
the surrounding parenchyma was free of fibrosis Thus, he would
know that from a functional standpomnt the fibrosis 15 actually non-
portal Ternunal portal venules are frequently not included, how
ever, n the plane of section, owing to their small size When they
are present, they are inconspicuous for they are little larger than
the sinusoids But, using the higher magmfications of the micro
scope, one can always find and 1dentify them for they are accom-
panied by small bilary ductules The significance of these pomts
will be discussed further

Figures 63 and 64 show progressively later stages of cirrhosis 1n
thick cleared shces of the livers of choline deficient rats that have
been injected with India mh In Figure 63, the encirching trabeculae
are frequently m the form of a heart shaped outlme with the
indentations at the sites of ongin of the terminal portal venules,
where they anse from the parent, conducting portal vemn In Figure
64, 1t can be noted that every large vessel whether 1t be part of
the portal or of the hepatic system of vems, 15 surrounded by
fibrous tissue In the region of the small terminal portal \enules
however, the parenchyma 1s preserved showing that the lesion,
from a functional viewpoint, 1s essentially nonportal m distribution,

Smetana Where are the bile ducts?

Hartroft They cannot be visualized i this type of preparation
1s these are thick shces cleared 1n benzyl benzoate The bile ducts
are transprent and imasible

Figure 65 15 a com entional stamned to d
cormectise tissue from the same Inver illustrated m Figure 64
Every large vessel 1s erther surrounded by or adjacent to fibrous
tissue Large portal tnads are so mvolved that if wspection of such
1 section 1s confined to the low fi of the P
by which termmal portal venules cannot be ewsily 1dentified one
would conclude that this w s 2 portal or perportal fibrosis

v

2
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Ficure 65 Paraffin sc ton of eohot ¢ lver of a ¢lolne delcent rat McGregor
conncct ve by sue stan Th Te 1s an are s n ocomnectve hissie around Ne large
v ooy {¥

Under higher magnification (Figure 66) the geographic tvpe of
fibrosis around large portal trds 1s agam demonstrated The central
portion of the photomicrogriph 1s enlarged m the nset A small
bile ductule and vessel are present and the latter I have inter
preted as a termmal portal senule The surroundmg parenchyma
1s free of fibrosis indicating that the distnbution from 1 functional
1iewpomt 1s nonportil
Vhgure 67 15 from 1 ease of 1leoholie eurthosis in man It demon
strates the same features shown for the rat m the previous illustra
tion A large portal triad contaming a conducting portal vem 15
snrrounded by fibrous tissue The upper ind central portion of the
field 15 enlarged m the nset to show a small set of vessels sur
rounded by nonfibrotic parenchyma Agam T have interpreted this
1s 1 termimnil venule of the portal system of vems If it 1s one of
the wtenoles of which Dr Elas has been speiking 1t 1s shll a
vessel bringing fresh blood to the immediately 1djacent p
md as the latter 1s free of fibrosis 1t would still indicate that the
distribution of the fibrotic lesions 1n this human aleohalic 15 fune
tionilly a nonportal one this despite the fact that geographically




178 Laver Injury

Fiou £ 66 Paraffin section of ¢ rrhot ¢ Iner of a chol ne deficient rat MeGregor
connective tisue stan Tlis 15 fror  a later stage m the cirhosts than shown n
Figure 65 (100 Inset x800)

penportal tissue around the large conducting vems has been
replaced by fibrous tissue)

Amiscly Let us hear a list of the specific criteria upon which one
would make a decision that @ gnen visible vessel 1s an arterole
and nothmg else

Hartroft That 1s exactly the queshion I should hke to ask Dr
Ehas Would he tell us how he 1dentifies these small vessels as
artenioles They are very small and thewr walls are of simple con
struction I would never have suspected them of bemng artenal or
arteriolar in nature They fulfill the centena by which I identify
venules and they correspond tm their position to the small termmal
branches of the portal vemn present m a thick cleared shee where
their sites of ongin from Jarge conducting vems mahe thew venous
nature obvious

I wn perfectly willing to re examme these vessels in the light
of wy critena suggested by Dr Elas which will uid i wdentify mg
whether they ire of artenl or of venous ongin .

Vhaitever these vessels may eventually prove to be they s[x“\ hN
serve to 1dentify the surroundmng tissue 1s that which first recenves
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Toronto }

fresh blood entenng the hver lobule This tissue 1s then penport:\]g
from a functional viewpont, as well as 1n a geographtc sense, m
contrast to the large conducting vens which are surrounded by ’
tissue which 1s penportal only n a geographic regard Thus, the
presence or absence of fibrasis atound ternunal portal venules 1s
the cardmal dignostic feature m the attempt to determine whether
a lesion 1s functionally perportal or nonportal Fibrosis around
large conducting vems mdicates only that the lesion 1s extensive
and does not afford a clue to sts functional pathogenesis If one
accepts this, T believe 1t affords an explanation for the findmg of
Goldblatt and others that i the advanced stages of evpenimental |
dictary euthosis m rats the enrhosis 1s portal Yet, we know from |
studies of the early stages of the lesion that 1t 1s a nonportal type
of imolvement and spreads from the most nonportal areas to those
closer to the portal regions m a progressne manner Further, the
last two Figures demonstrate thit although the arrhosis in the rat
has been termed nonportal, while that i alcohohes has always |
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| been regarded as portal m actual fact the distrbution of the
fibrous tissue 15 essentially the syme i that parenchyma around
the functional portal areas (supphed by ternunal venules of the
portal vens) 15 spared m both types In deciding whether a lesion
(whether 1t be fibrosis necrosis ar neaplasia) 15 portal or non
portal 1 1ts distnbutton the small termunal portal venules should
be evamuned and the diagnosis bised on the presence or ahsence
of the pathologic changes m the surounding parenchymn We
suggest that large conducting vems do not offer 4 rehable gmde
for this purpose for the reasons p 1 Chnical pathologist:
might well find 1t rewarding to re examme lesions i Iners of man
with this m mind for such a study mught asstst m cleanng up
certain confusing pomts now existent 1n the hiterature of hepatic
pathology

Smetana  Ave these persisting vessels or could 1t he that they
are regenerated 1essels?

Hartroft They are persisting vessels or else they would not be
m the center of nonfibrotic ares where they supply mtact smusords

Smetana Do we have to think of this as a static Jeston or 2
dynamic one?

Hartroft 1 think one can quite certamly regard these small ter
rmumal portal senules as ones which were present in the liver before
the onsct of the pathologie lesions for even m the few shdes I
hase shown here they can be 1dentified and traced at all stages m
the development of the leston from 1ts imitiation to its final appear
ance of grossly nodular cirrhosis

Sutetana  Exen if the entire hver structure is changmg you
would assume that the lar structure n?

Hartroft | am assummg that m the regions whtch are not affected
by the lesions the smusoids and the hepatic arclutecture would
rematn essenttally the same

Smetana Why do you assume they are not affected? Most of us
beheve that this 15 a regenerated part of the Iner and that it has
been thoroughly affected

Hartroft Yes 1have been speaking entirely of destructn e Jesions
whick do not unalse arcas wound termmal portal venules Te
generation of course proceeds 1 such regions but this would léc
accompanied chiefly I should think by growth of the smum;ﬂs
supphed by these tesmunal venules rather than by appreciable
growth of the venules themsehves

Best Dr Elas have vou some other shdes to show?
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Eligs. To answer Dr Hartroft's question concerning the artenal
capillary and a smusord, if you have these together there can be
no mistihe Artenal capillaries are circular in cross section because
they are under high pressure They are small very frequen!ly‘
smaller than the nuclei of the Inver cells

Ficuse 68 Diagrams illustratmg the diyision of a Jobule into several emrhotic
nodrles and the ebmmabion of the central vein from the parenchyma

'

However, I want to raise a question Figure 68 1s a diagram of |
the development of the cirrhosis mn the case of combined penportal ?
1nflammation and very shght, prolonged congestion, as Dr Popper
and I have worked 1t out Figure 68A shows a Iner lobule, Through |
out the Iner lobule, micromembranes anse

re-is-na such thing as a hiver lobule, 1s there?
Flas, Yes, under narmal blood. pressure conditions_there_1s
luer Inbule

Rappaport What kind?

Elas This one 1s a hepatic lobule The congestion m this case’
wis very mild so mild that no lobular smversion has occurred

When these membranes aggregate to form septa (Figure 6B,
they cut up the lobule Iike a pie and each of these nodules bccomcq
what we call a pnmary nodule or nodule of the first order The
former central vem has been elimmated from the parenchyma

I a side shows a nodule and connective tissue around st and
1 large vessel m the connective tissue, that does not have to he a
large conducting portal vem because 1t 15 outside the Darenchyma
But hepatie vemns (central veins) have been elimimated from the
parenchymn

’
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Ficure 69 Dufmm Mlustrating the origin of porto-hepttic shunts durmg the

dwision of a lobule mto several nodules, in cirthasss ah hepatic artery, S an Figure
A smusoids 5 mn Figure B porto hepatic shunt that oniginatcd from a simusoid by
mclusion mto a septum, VC central ven VP porttl vens The hight areas m Figure
B are the nodules

" AtAm Figure 69, there 1s a lobule The blach lines indicate
developing branes These branes aggregate to
form septa, as can be seen at B Sinusoids become mcorporated mto
the septa and, being deprived of a parenchymal environment, they
become veins These former smnusords then shunt the blood from
the portal to the formerly central ven The vessel mn the center

v of Figure 69B 15 not a large conducting portal vemn but a former
central vein However, most of the blood now bypasses the paren-
chyma and only a httle goes into the parenchyma

The artentoles are of very great importance for the mamtenance of
the nodular parenchyma
" Kmisely Let me mterrupt here You are demonstrating a beatit-
ful hypothess, but Dr Rappaport showed that exists m the healthy
liver, which 1s 1n strict agreement with Mall's papers
Ehas What I am showng 1s a pathologic specrmen based on
many reconstructions This 1s only the synthesis of many obsenva-
< tions and not a hvpothesss I also have many shdes to suppost

" Dr Rappaport’s report
- The custence of these mterlobular artertoles 1s amportant because
those which happen to lie i one of the cut-out pie preces will stll
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supply enough blood to the nodule to keep 1t alive These are the
little vessels which Dr Hartroft thought at first to be very small
portal branches, but m effect they are artenioles

Hartroft Would you tell us how you identify the arteriolar
nature of these small terminal vessels?

Ehas Figures 23 and 24 of my 1949 paper (21) illustrate the
pomnt well The artena] capllanes ar to

igh_pressure, while the sinu; frequently_collipsed

Knisely Both arterioles and swmusords will change from either
dinmeter to the other while you watch them Each can and do
change m size and 1 shape, 1n a matter of mmutes

Ehas I admt they must change

Kmisely Then_you cannot define them separately _because of
their_sizes

Ehas 1 can also define them because they are located in a very
tender trabeculae of conncctive tissue which encloses both the o
cholangiole and the arteriole They are the same thing which W
Walim and Mann (52) have called “artenal smusoids ” Sometimes
they are larger depending on the state Wakim and Mann hue
shown that

Kmsely But this 1s_an evasion If you say that dixmeter 15 a
cniterion by which you can identify a vessel as an arteriole, then yea-
you will have to use the criterion consistently You cannat, n one
case, s1y you distinguish them by size, and 1n the next moment sav
differently Your forms of loc don't_stand up

Elas You are nght Size 15 not the only entenon, but an 1m
portant cniterion 15 the roundness, which shows artenial pressure
m the one vessel, and the collapsed state —

Kmisely What shape would you think a given vessel would be
if cut in another direction?

Elas Which ane?

Rmsely A smusord of 1t were cut evactly at nght angles to
its long axis If cut exactly crosswise, 1t would be eircular

Ehas Not necessarly, because the human Iner 1s a sacculosinu
sodal hver

Kuscly So far T have not seen any vald evidence presented
that there are dfferent types of stccular and tubular lners The
things that have been shown might easily be differences in physio
logte state rather than defined morphologic diffcrences as per-
manent parts of the arclitecture That 15 1 wetk pomt m the
wgument for the moment at least
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Hartroft Dr Elias how do you determmne whether the vessel
}hat you previously referred to 15 venular or arterolir 1n nature?

Elas Fust of all because these things been

oencs SecolndI} L re_always a
acholangiale The cholinguole need not necessay
Mwlemmma,@%ﬁlﬂ%

10l s in_a_trabecul together with gt

Hartroft Is there 1o Iustologic_cntenon to be found m the wl
of the vessel itself?

Ehas No, these have only endothelial kinng, no museular Jin ng
In fact many of the artenal vessels m the portal canal are only
hned by endothelium as Weatherford (53) has shown

Kmsely Dr Thas you showed one shde before (Figure 37) m
which you raised the pomt of arterioles going clewr across the
Jobule to the centril ven

Lhes No they dont

Rusely You sud they gave off branches 1} the way along You
have an injected spectmen which shows a defimte rather strught
longitudmal vessel gomg quite a long way

There are 1n the history of the study of the structure of the Iiver
lobule a number of questions about the distribution of the termnal
branches of the hepatic artery The artery as you know contumns
arterial blood with the same situration of oxygen and of other
anabolites s does each and every other artery of the body The
portal vem ordinantly has a2 much lower concentration of ovygen
than does arterial blood Hence the anatorie distribution of the
termunal branches of the hepatic artery are most important because
they defimtely hmit the histologie positrons to which Iughly ovy
genated artert\l blood ean possibly be carried withm the ving lver

There are two major classifications of ideas concerning the
termmal distribution of the branches of the hepatic artery One
is as follows The terminals of the hepatc artenes gne brnches
to capillary networks which are located (a) i the walls of the
portal vemn () m the walls of the hepatic artery ttself () m and
around the walls of bile ducts (d) n the walls of the hepatic
nerves Sometimes branches of the arternies are thought alse to
cross the lobules and supply specific capillary networks which are
the vaso sasorum of the walls of the veins which dramn the Iner
that 1s the central veins the sublobular vens and larger hepatte
vems A reference to this group of artery branches occurs 1 H

Braus (54)
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According to one set of ideas all of the hepatic artery blood
* N T ! “ terminl brnches
networks where 1t
1s become second
hand blood does 1t pass mto sinusoids of the hner lobules Accord
mgly brnches descibed above have been termed the nternal
roots of the portal vem” According to this set of idexs the Iner
sinusoids recerve secondhand venous blood only Aunap 1932 w1s
one of the last protagomsts of this set of concepts of the distnbu
tion of the termmal branches of the hepatic artery
The next set of ideas 15 that m addion to M the termnal
brinches of the hepitic artery named bove there are luge num
bers of branches of hepatic artenies which directly jom and conduct
blood to the hepatic sinusords Mall 1906 found branches of this
latter category So did Olds and Stafford 1932 Wakim and Mann
found these hepahe artery brinches m some of the radinl segments
of lobules and faled to find them 1n other ridial segments Wakim
and Mann published thew fulure to find the termunals s thongh
they hd found the termimnals absent This 1s an obvious selectine
mterpretition of negatine evidence hmsely Bloch wnd Warner
m “Selectine Phagoertosis (6) found that every sinusoid or almost
every swsoid vecenved 1 brineh which they nmed “the artenal
smous twig” from the hepatic artery This meauns that it 15 1na
tomically posuible for wrternl blood to be distributed to every
sinusord 11 the Iner of frogs The same has also been seen i the
Rhesus monkey Obviously a1 sumlar search should be made within
the livers of many other spectes
The next question 15 where they jon the smusoids Accordmg
to one set of 1ders the termmnal irtencles join the sinusoids 2
quarter to 1 third of the distince from the portal vemn cross to the
centril vem This has more adherents 1nd I think a hittle better
evidence There e not moie than three or four pipers m the
hterature 1n which people hwe thought that they could trace an
wtery clear 1cross close to the centril vem hefore 1t jons the
smusoids
If I remember correctly Dr Ehs presented Figure 37 saymyg
Here 15w artery going clear aeross before it jons the sinusoids
50 that the sinusoids 1t rmght be sud would not have gotten much
oxygen Iy Iterd diffusion
An mjected vessel 1s seen mn Dr Elias shde However hefore
one cn sy the artery goes clear across the lobule before 1t jons
the smusord there must be 1 method a good method of 1dentify
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mg and separating the artery from the smusod What eriterion do
you use to know where the end of the artery 1s, and where s the
beginning of the simusoid which 1t J0ms?

Ehas First, T never sard nor probably shall ever say, that this
goes to the central vein, because the central vein 1s located 1t some
distance above the upper margm of the prcture

Kmsely Or i the neighborhood of 1t T think what you actually
said 15 that 1t grve off branches all the way across

ELas My onginal idea was wrong because it was based on the
fallhcious expeniment after Chrzonszezewsky 1 have thrown that
all out and made these new myections Please forget what I sard
a few years ago, because 1t was armved at with wrong evidence
The pomts of junction with the smusoids which appear s Jarge,
black masses can easily be seen m Figure 37

Kmisely Where 1s the end of the artery and the begnning of
the smusord?

Ehas The end of the artery and the pomt where 1t empties mto
the sumusord 15 at the point where the thin hnes join the large
black spots and stripes

Knisely How do you know?

Elias This large space 1s no longer an arteniole 1t 1s a smusoid

Knsely You dont think that 15 a Imk?

Elas The artertole or arterial capillary opens at this pomt nto
this network of simusords These pomts are clearly visible i Figures
36 and 87

Rappaport May 1 ash where the central vem 15?

Elas The central vem 15 quite a distance above the upper

3¢ the picture (Figure 87)
mz}(g;?pa(;)fort 'I%en the(art%:lrml capillanies stil open mto smnusads
which are close to the termmal portal branch
isely It 15 close to the artery
,_é;zlasj_ J&Mzﬂﬂm_____mmmﬁ
g Ty two thirds the distance be
or_arterial_capillanies 1s_approximately t
,hg:u.;ly For the record I should like to describe the §nlel;wn
which we have always used to identify the pont at “]l;m:x“ U‘;'E
minal artesiole siuous twig joms the hepatie smusor b :0 rell
looks at such 2 junction m a healthy hner st 1s not put:;sx aerte 2
the exact pomt at which the artery ends gﬂo“e(\ier.a ]econdx:x}ons
Ined with vascular endothelum which un1 g 0: r:lner;)bmne o
1s not phigocytie and the smusord 15 Tined
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part of which 1s lughly phagocytic It consists of a tubular sheet
of socalled Kupffer cells Thus, to find the end of the artery

and the beginning of the smusoid n a g preparation, one/
apjects 2 very small amount of India ik nto_the amm s _general
arrculation Each particle of the ik recenes a coating, probably

& protem from the blood plasma, and 1s carried downstream toward

the lner As particles pass mto the hepatic artery, they do moty: .
stick at any pomt to the hnng of the artery, for that lmng 15]
ordinary endothelum But whenes er a_particle passes from the_part

of the_tube lined_with endothehum into a_part lined_with_phago
sytic_cells, the particles snddenly_ingested_by a-cell whichs_a
put_of the_wall of the tube Thus, the act of phrgocytoms marks

the position of the beginning of the sinuseid And in our experiments

the posiion_at_which the artery joms_the sinusod has not been
futher_than_one tinrd of the radnl distance from the penphery of

the lobule to_its center The position of the junction 1s usually
between one fourth and one third of the radial distance to the
center of the 1obule

There are_reports_n the hterature that the artery goes clear
across and joms the smusoids m the neighbarhood_of the central
vein, and I suspect at-present-that that_is due_to.cutting sectiong.
at the end of the whole lobule and_assuming they were cut across
the middle of the lobule

Waterlow In matenal I studied m Africa there scemed to be
some specal property of the sinusoids runming between neighbor-
g tracts For instance, they tend to be particularly wide and
malanl pigment tends to congregate 1n them Also, as fibrosis
develops i these hivers, the walls of these simusoids seem to have
particularly thick fibers m them I wonder whether you can explam
that because that 1s one place where presumably these intralobular
capillanes and ile ducts dont run Secondly, can you say anythmg
about the nature of this micromembranosis that develops in the
walls of the sinusaids?

Eltas T am on thin ice here, especially simce I have not vet beey
able to comvince my co worker, Dr Popper, of my deaTentatny cly,
however Thave the following idex In these patholozic conditions, v
the permeability of the smusoidal wall —the retsculo endothelial | {leA”
wall —15 mereased and some matenal seeps through This matenal
condenses on the outside of the sinusoid, that 15, 1n the tissue spaces

Tigure 70 iflustrates this hypothesis It also illustrates how I came
to these stringe 1dens wlnch Dr Popper does not share at least, he
his not commutted hamself Here 1s shown an entrged sinusoid sur
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and a septum i a
very early stage of development An enlarged uinusoid 15 seen pust incorporated mto
this young septum about to become a porto hepitic shunt (internal kck Bstufa)

Ficune 70 M X aggregating to form

|rounded by many membranes and one sees many layers of mem
branes I assume that from this sinusord the material has been
secreted or has penetrated through the wall I don't know why, but
this matenial has hardened has collagenized on the outside, and
the first ane that has been gnen off 15 the outermost micromem
brane Then after a little while another one was secreted in the
same mamner and hardened and this 1s perhaps a way m which this
ymicromembranosis can deselop

Dr Waterlow I dont know 1f I should rmpose upon yon but I
should be very pleased if you used the word syndesmosis rather
than fibrosis to describe any kind of connectine fissue, without
commtting yourself as to 1ts structure

Watcrlow Yes 1 should agree to that becavse I actually mean
reticulin fibersyYou did not answer my question about the smusords
between neighbonng portal tracts At amy rate i people with
malarra the pigment accumulates so that it forms a ring connecting
neighboring portal tracts This syndesmosts too seems to develop
mare or less ilong the sime channels I dont quite undesstand why

that should be
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Knsely The phagocytes which contain malarial pigment are
evactly the same hind of ceils which are known to imgrate withm
the liver lobules after they hive mgested India ik injected mto the
vasculir system The migration of hepatic phagocytes after they
have ingested matenal has been studied by Mortensen of the Um-
versity of Wisconsin and by Wilson and hus colleagues at Brown
Unnersity

Hartroft Dr Elas, you referied to the vessel in Figure 70 as a
smusord Might 1t not be a vein surrounded by ats usual adsentihal
coat? Hasn't that a very large diameter for a smusod?

Elias It has, by all means This Figure 15 from a senal section, |
100 seral sections were made It 1s just an enlarged portion of the |
sinusoidal network We have actually built a model of this sertes |
and 1t can be shown that this vessel runs from a portal space to the |
central vein It 1s not any longer a normal sinusoid but, as T sad (=
before, when many mtcromembranes accumulate and form a thich f
membrane and later thick membranes accumulate to form a septum,
then smusords are included 1n 1t and are separated from the rest !
of the sinusoids These vessels which have been captured or incor
porated become enlarged and assume the charactenstics of llltle}
vems This, therefore, 15 a former smusod which 1s now a porto-,
hepatic shunt

Smetana What stam was used?

Ehas Van Gieson

Best Is that the syme sort of thing you are tallang about, Dr
Waterlow ®

Waterlow It seems to be much more regular The reaction 1 5w
around the portal tract was rather diffuse, instead of having &
clean cut edge

Lhas You are no doubt referring to a siher stan That shows
reticular fibers and does not differentiate collgen

Best Dr Popper, do you have some remarks to make?

Popper 1have promised Dr Elias to discuss briefly studhes wlneh
we are conducting together concernng the Instogenests and the
morphogenetic chssification of cirrhosis These studies are based
upon Chas three dimensional approach and lus findings 1 the
normal adult and embryonal lner

In prneiple, we feel there are three pathways along which eur-
thosis can develop

1) The postnecrotic type follows the collipse of hepatic tissue
after mssive necrosis of several Jobules This leads to an approvma
tion of the portal and central canals and to stress m the surrounding
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Ficune 71

A Schamitie_driwing of massne necrosts of several hver lobules followed by

collapsc of the ntcrobic wea and breaks i the surrounding nonmyohed hssue

B Hematowbn tosn stun Fissures m ntact lobular parcnchyma borderng o{; '::il
bat

area of recent postnecsotic collapse Laver cefls are disaj
sinusatds ta the fssuses (¥70) Reprinted by permission Ehas
H and Petty D E Vasculw pattern of the cuthous Iver Am § Cha Path
22, 717 (1952)

€ Van Gieson stan
parenchyma in scptal (Laennecs) erhosis (210

D Mallorv'stun Straight septum extending from portal tral in Fatty circhosis (¥90)

ppearing around di
ﬁmn P

\licromembranes radiating from portal trid nto lobular

?lner tissue not mvohed by necrosss (Figure 71A) Tlis stress
« causes breaks of the tissue and i the developmg fssures, lner
cells disappear and smusoids persist and dilate (Figure 71B) Mem
branes form within the fissures by collagen deposition around the
pre existing reticulum  Consequently, the lobules surrounding the
massive necrosys are also dissected by septa
2y The septal type of cirrhosis (corresponding 1w general to
Laennec s cirthosis ) results from primary formation of septa engmat
g erther from the portal or the central canals (a} In some forms
of portal mflammation {eg, viral hepatitis) or untation (eg.
hemochromatosis) multiple fine membranes rahate diffusely from
the portal canal nto the lobular parenchyma (Figuse 71C) These
anes quently aggregate mto thicker two-dimen
sional shects which as septa dissect the Jobules (B) In fatty huers
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sumilarly, micromembranes develop around shells of fatty cyvsts
(Hartroft) and also around regeneratne cells m the vicimty of
these cysts It 15, however, our impression at present that the mam
septa 1 the human fatty hver ongmate mdependently as strught
sheets, often connected with the portal canals (Figure 71D) We
feel that the alternation hetween irregularly distributed areas of
fatty metamorphosis, regeneration, and normal tissue produces stress
1n the lobules due to uneven expansion, resulting in fissures (Figure
T2A) In these fissures, bed \; Jevel

tlem towIn eosn stan Fissure m futty cirshosis apparently as @ result of stress
(x90)

n Gison stan Cholangiol tie {trabeculir) cnrhows  Trabetulie contaning
proliferated choling oles are surrounded by fibers {x180) el
Sclematic drawing depiching septa exten Iing between the portal and central
Cimale which crovs 1 the thice-dancamoml space
D Millcry stun Crrel otie nod 1l reverl ng seyerd ¢l thick plites an 1ts perphery
{ blistema ) and one cell thick plates 1 the cunter (x130)

0= »

mto strught septt which m1y connect with micromembranes around
e fatty cysts {c¢) Centr\l ongin of the septa results rom the
diffuse central micromembranosis in chrome passise congestion and
(onlv rirely) as a sequel of centrolobultr toxic necrosis Agun
aggregation of micromembranes causes the formation of the sept1
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Grafflin | sumply want to say that I was very much mterested
n evervthing Dr Rappaport sad For the record 1 regard 1t as
mportant, since I don’t think 1t 15 quite clear to many m this room
hat he should state how his umt or lobule differs from that of Mall
Rappaport 1 have a_shde frgm Malls paper (24) which will
lustrate the difference There s a bastc difference between the
wmm I descibed and the portal unit which Mall desenibed In

portal canal are

e tnangular spaces around the
1 shallgquote from Ins article  The portal vemn

gare 74 the thre
{alls portal umts
es of course (¥*)

The question marks are those of A M R 5

1 an interdobular space (P*), and ats three
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mamn branches extend mto adjormng fissures Together they mark
the center of the portal umt

It 15 evident from this quotition that Mall, by the deserniption
of a new static lobule, which 1s not well coordinated with function,
admuts the ewstence of two lobules (hexagonal and portal) oppos
ing each other ngidly There 15 no_other_possible may t te
the_structure_and_function of a gland than_to follow the natural
caurse_of_the channels that supply the s _necessary_for
function and of those that.carry_away the products. These channels
are the terminal afferent vasculir branches and terminal bile ducts
ansing from a small portal field Each of these, when at first
developed, supplied a definite amount of parenchyma which we
call hver acinus”

Figure 75 1s peculiar, but 1t will explain the psvehologieal reason
why for one hundred years we have stnck to this hexagenal stum

Ficune 75 Three vertical branches cotresponding to 3 bile ducts m 3 nerghborn;
small portal spaces outiine it stems of there Leaves an hesagonal feld vy ok
b AT Yguae Bremdin (Al o b B 0L (T A le Lk deneln) B
erm.xawnu“\lwo\mvww” [e o.l.
Loud Wit L ds aan . =\
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Most oF us have been raised to believe that under normal physto
logic conditions biliary excretion 1s an orderly process and this be
hef has been supported by most of the pictures we have seen of the
bile canalicular system 1 hvers prepared fied and staned m
diverse ways We are inchned to regard the bile canalicult as dehcate
but defimte channels which normally retain their tubular character
unaltered save for modest generalized increase or decrease m caliber
concomtant with vanations i the degree of excretory activity
The first successful visualization of the process tn vwo by Ellnger
and Hirt (1) who studied the excretion of fluorescemn n the frogs
Lver by the technique of fluorescence microscopy brought strihing
confirmation of the views generally held and all doubts were
temporarnily stilled
There the matter nught have rested had not the new techmique
of mtravatal fluorescence microscopy proved so appeiling Har
toch (2) was the first to pursue the 1nstial observations of Elinger
e + +d by poor
= the other
B of bhary
excretion 1 both amphibia and mammals under ormal and ab
normal conditions nd contributed much that was new As far as
the normal process was concerned their observations were lwrgely
consistent with nottons then prevalent and m retrospect it 1s to
be regretted that they did not continue stodses which hd been so
well begun
The picture changed suddenly with the brief announcement by
Hirt (5) 0 1984 of the results of an extensne investigation of
T The m Mrs Wallam
T e bt been 5 PIOHed by re s St hone e e
avulable on Joan from the Armed Forces Inst tute of Pathology
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fluorescen excretion 1 the frog and rat undertaken m collbora-
tion with Ansorge (8) and Markstahler (7) He descnbed the normal
process as characterized by extreme compleaty, a comment for
which students of the liver, working with other methads, could
hardly have been prepared Speaking, as Hirt did with the full
authonty of one of the two individuals mvolved 1 the introduction
and develop of the techmgque of mntravital f mucro-
scopy, 1t 1s not surprising that the problem was not further explored
by others until a detaled report of therr findings was 1ssued by
Hut, Ansorge, and Markstahler in 1938 (8)

Stated bnefly, they envisaged the normal process, i both frog
and mammal, as comprnsing three successive phases, as follows
(a) transfer of fluorescein by the hepatic cells to the bile canaliculs
with plete delineation of the licular system 1n conventional
patterns of sharply delineated tubular channels (b) an extra-
ordinary “sprouting” of small fluorescein contaimng vacuoles from
the canaliculi, {c) coalescence of the vacuoles and the develop
ment of discontimuity m the canalicul to gne a picture of wide-
spread formation of intracellular vacuoles, from which the dye 15
slowly eliminated These three phises are flustrated 1n Fignre 76

Such behavior on the part of the huver and of the bile canaliculy
under normal conditions, could only bie regarded as shocking by any
serious student of hepatic structure and function Neyertheless
the report of Hurt, et al was presented n a convinaing manner, with
secrngly adequate control studies and realization of possible
pitfalls attnbutable to the methods emploved Furthermore, all
aspects of the work were illustrated by n artist, August Vierling
of such distinction and mtegrity that hus signature alone was enough
to guarantee that the mvestigators had accurately observed the
bizarre phenomena which they deseribed

The abandonment of preconceied notions and the acceptance
of new phenomena are much more difficult for some individuals
than for others A desire for personal acquaintance with the more
strihing findings of Hut et al led to a detailed re mvestigation of
fluorescein excretron by the frog's ner as observed tn vivo with
the fluorescence microscope (9) Some of the results of this study
were presented before the Seventh Conference on I nver Inpury (10),
and may be summanzed briefly as follows

1) After ijection of fluoreseein the dye ppears prompthy m
the plwsma then in the hepatic cells and the bile canaliculi With

1 dosage of 30 mg per Kg, mjected into the dorsal lymph sac, the
poih of excretion 1s reached n approumately one hour at about

o -
’



ICURE 76 Fluotesce n evere
a
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15° C At this time, all axal bile liculi and their 1ul
branches are sharply dehneated at gh fi y, and
the cytoplasm of all hepatic cells 1s diffusely stamed at low intensity
The sequence of events from the peak of excretion to complete
elimmation from the hver 1s 11 prog) d
1 fluorescent mtensity of the dye to nondetectable levels, achieved
first in the hepatic cells, then {much later) m the bile canaliculi
As long as the bile canaliculi are delineated, they persist as a con-
tinuous system, without detectable interruptions m their course

2) The phenomena observed by Hit, et al, m t‘he later stages
of excret: ‘sp *d y o i\ \!
vacuale formation), and mterpreted by them as normal, play no
role whatsoever i the normal mechanism of fluorescein excretion
However the entire range of these phe:mmenn can be observed m
P T N b . . .

production

8) The liver responds promptly, 1n the usual manner, to repeated
mmjections of the dye admnistered at any stage of the excretory
process, and a refractory penod of at least several hours duration,
as clarmed by Hurt, et al , does not occur wath respect ta fluorescern
cxcretion

The potential dangers of prolonged observation of the ner n
anesthetized ammals with the fluorescence microscope were clearly
d 1, and the 1 was mescapable that, in the frog
at least Hirt Ansorge and Markstahler had largely concerned
themselves with abnormal phenomena Tt scemed highly unlikely
that therr unusunl findings would prove to be any more valid for
the normal mechamsm of bihary excretion n the mammal than n
the frog However, this proof had yet to be obtamed, and judgment
was suspended

Duning the past year, we have had the opportumty of extending
the earher study to the mammal, using principally the white mouse
nd to a lesser extent the white rat We have employed a vanets
of fl; pounds  f esculin and thioflavine S,
Al of which are rapidly transferred 1 high concentration to the
ile canaliculi and can be sharply visuahzed under the fi
weeroseope 1 tan be stated st oace thet the tesuits of this study
are whit would be anticipated as far as the normal mechamsm of
biliany excretion 15 concerned ‘The mechamism 15 fundamentally
the syme w the mammal as m the frog
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Our eq 1s simple of a Lgh £ bo
5 14 ghip % housiny
f"}]tl:zfﬂ;‘goﬁchg}u sougce and the necessary filters and a ché
P I:: irt)scc)pe esigned for work with meident hght With
quipment as with most equipment utilized for Buprescence
muecroscopy  the term ultraviolet 15 used loosely since the beam
lcncludes (sIOme visible blue hght The structure of the fuarescent
ompounds employed 1s given n Figure 77 which meludes bromsul
phalemn for comparison One of these compounds  thsoflavine S
exhibits sueh marked photosensitrusty that the imtially sharp pic
tures of the bile canalicult are almost totally estingushed within
a few minutes m any feld held under observation VWhile they pec-
sist however the pictures are highly mformative and snelude many
of the best we have seen
Our enitieal data upon the normal mechamsm of biliary everetion
w the mammal ase derned from obsersations made as quekly as
possible after sacnfice of ammals m all stages of the excrctory
process The reasons for this are tmphert 1n our earler experience
with the frog and have been amply confirmed by our recent studies
We have been most discouraged by our attempts to apply the
refinements of intravital fluorescence mucroscopy to the myesh
gation of this problem mn anesthetized mimmals Under such
conditions  distortion of normal function would appear to be the
rule rather than the exception So far as we could determme »e
had no alternative but to use freshly sacrificed gnumals and we are
conunced that the mformation denved therefrom gives a prcture
of the normal excretory process which 1s vahd m most mportant
respects Ellnger 1s quite right when he states that the finorescent
image due to fluorescemn changes very rapidly after death (11)
However m our experence these changes are largely confined to
the appearance of the cytoplasm of the hepatic cells and we hare
not observed any rapid or sigmficant change m the pictures of the
bile canahicular system w the mmediate post mortem penod
The general course of hiliary excretion of fluorescen esculm
and thioflavine § when admmustered to white mice m the same
dosage and v1a the same route 15 summanzed m Table 241 Fluor
escemn and esculin are elmnated rather rapidly and follow a similar
course as far as time relationships are concerned With thioflavine §

although the peak of excretion 1s quuckly at(t}amed chmx;;altmn pro-
d more sowly and traces of the dye may stil hnger m
el ; y four hours With the dosage

the camahcular system nfter twent
hn 15 roptinely not detectable 1

loyed (30 mg per Ag ) esct
f}:‘;phe;anc cells With finorescesn the cytoplasm ts diffusely stuned
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at and near the peak of excretion, and with thiofiame S, cyto-
plasmie stainmg persists for hours

Throughout these studies of the normal mechamism brhary
excretion 1n mammals has revealed 1tself as a very orderly pracess,
with none of the bizarre phenomena described by Hirt, et of, in
the 1;1terJ stages of excreton The bile canaliculi are tmyanably
N as sharply del d, tubular channels, and to the very
end of excretion they persist as a system Compared
sath their delicacy m the early and late stages, they show an appre
ciable increase m caltber at the peak of excretion but are otherwise
unaltered in appearance Segregation of the fluorescent compounds
1 vacuoles withm the hepatic cells 15 never encountered

On the surface of the mammalian hver, we have regularly ob
served prctures which were new to us and may be unfunthar to
others The most superfictal bile canaliculi usually appears as a
polygonal pattern of varymg extent and onented w the pline
of the Iner surface Each of the polygons n the pattern dehmts
a single hepatic cell terntors, and 1t soon became apparent that
there frequently occurs in the mammal a more or less continuous
subcapsular laminn of hepatic cells These lamnae, which appear
to be only one hepatic cell m thickness over the underlymg
smusards are continuous with subjacent lammae, which joun them
At approumately nght angles and are imtersupted at mregular
imtersals by varying numbers of sinusoids which achiese an 1
medintely subcapsular posiion The structural relationships of
these subcapsular laminae are quite simular to those of the “houting
lanmnae” surrounding the portal spaces as described by Remak (12)
and Ehas (13)

As 1s well known the basic architectural plan of the bile cwna
Jicular system 1n amphibia 1s one of mid axial eanaliculr Jocated m
the center of the cords or laminae which are typically two hepatic
cells n thickness and are provided with numerous radually project
g, blindly ending mtercellular branches In mammals the situa
tion 15 quite different and the three dimensional aspects of the
problem have recently been anih zed by Ehias (13) m considerible
detar] and m a Iughl contmbutory way With his conclusions
(14 15) that the mammahan liver exhibits a lammar (and not 2
cord) type of orgamzation and that the Jammae are typreally one
hepatic cell in thickness we are m entire agreement Such arrange-
ments can be obsened regularly and clearly by our methods It s
onh 1n terms of the subcapsular lammae described above and of
Eliis concept of laminar structure that our pictures of the hile
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canaheul, as visuahized at and just below the surface of the her,
cw be satisfactonly interpreted

When letely delineated by fl esculi, or thioflavine
§, the canahicult m the surface polygonal pattern are eserywhere
continuous, either with each other or with canahiculi 1n the sub-
jacent lammae Furthermore, such continuity can be repeatedly
demonstrated as one focuses more and more deeply mto the sub-
stance of the hver, to the maximum depth of penetration which 15
possible with our present equpment The pictures are so consistent
and so convincing as to leave no doubt that the fundamental archi-
tecture of the hile canahcular sys\em m mammals 1s that of a
continuous nesver ending P al k Using duff
methads, Ehas (13) armved esscnt\aﬂy at the sime conclusion
several years ago, and similar views were held by a number of
still earlier mvestigators We can only conclude from our own
obsersations that so called “intercellulr branches,” ending blindly,
must be of such infrequent ocewrrence 1n the normal mammal as
to be msigmficant

As lized by & y 1n the et of the white
monse, the polygonal meshworks of the canalicular system exlubit
a charictenistic alternation in pline as one focuses nto the sub-
stance of the lver In succeeding planes, the meshworks (and the
associted hepatic lanunae) are approumately at night angles to
each other, and the pictures obtamed confirm, m an almost diagram-
matic and lughly repetitne way, the essential correctness of the
schematic stereogram of the saccular liver recently published by
Elias (14) We are not ourselves artists, and up to now we have
been loathe to involve others m the very dlﬂicult task of portraymg

these \! d three d 1 patterns Figure 78

represents an admttedly crude and only moderately successful
attempt to illustrate the observed relationshups

Two additional aspects of the canalicular system ment brief com-
ment at this time First n conf'rmnhon of the obsennhons of
Els (13) we hue of
coursmg between the walls of sinusoids and adjacent hepatic
lammae In the second place, in agreement with Mclndoe (16) and
others we would firmly deny the occurrence of intracellular branches
of the hile cwnalicul under normal physiologic conditions Wach-
stein and Zak (17} are the most recent my estigators to claim deman
stration of such branches in the normal mammalian lner If we
doubt the salidity of ther claim st 15 because we have obsenved
the rapicity with which such “branches” can deelop, 1n association
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Subcopsulor lomina (surface polygonal pattern)

2nd sub-surface
level

7
3rd sub-surface
level

4th sub-surface fevel
5th sub-surface level /
I 1n plane of fammnar structure

Fiouae: 78 D c of
of mammatan hver

with other more obvious abnormalities 1n anesthetized animals and
in post mortem matenal

Although we have made no particalar study of the intrahepatic
arrculation by direct microscopic observation m anesthetized mam
mals our studies of freshly sacrificed amimals offer strong mdurect
evidence that at least the great majonty of the hepatic cells are
normally accessible to an actne sinusmdal circulation When fluor
escem esculin or thioflvine S 15 1yected intrapenttoneally or intra
venously complete delinetion of the bile canabicular system 1s
rapidly rchieved as 1s uniform cytoplasmic stumng by ﬂuor}clscem
or thioflavine S The consistency and speed with which suc pxcf
tures are obtamed focus attention once agam upon the work ol
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Kuusely (18,19,20) and others (21,22) upon regionat and local vana-
tions and intermittence 1n mtrahepatic blood flow The demonstra-
tion by Ehas (14,15) that the hepaue lammae 1 mammals are
typrcally one cell i thickness has a direct beaning upon tins prob
lem Swnce most of the laminae are presumably w contact with
smusoids on both surfaces, blood borne substances could still be
offered equally to essentially all of the hepatic cells when approxi-
mately half of the simusoids were mactive, provided this half were
properly distibuted throughout the Iner substance

As mentioned earher, Hirt, ¢t al € (8) claim to have demonstrated
a refractory peniod 1n the secretory activity of the hver could not
be confirmed 1n the frog We have Iikewise faled to confirm it m
the mammal As in the frog, the lner responds promptly, with
complete delineation of the bile caniliculi, to repeated njections
of fluorescemn at any time dunng or following the excretion of dye

d d by a p ) There 15 no evidence for a
refractory pertod of even bnef duration, and Yirt, et al’s obsera-
tion of such refractoriess, extending over a period of several hours
can only be buted to grossly at l exp tal d

In this account of the normal mechamism of biliary excretion, we
hayve been compelled, however reluctantly, to refer more than once
to madequacies 1n the work of Hutt, Ansorge, and Markstahler (8)
It 1s well to emphasize that their work was done with the best
mtentions 1n the world, at a great cost 1 time and effort, m the
carly days of the then new technique of intrautal fiuorescence
tueroscopy At that time, the tecl ppeared to 1ts
Ellinger and Hart {1,23), and perhaps even more so to many of their
colleagues, to offer a most elegant method for the detaled micro
scoplc mmvestigation 1n 1110 and at the highest magmfications, of
many physiologic processes It 15 eertanly unfortunate that Hust,
et al, became involved to such a large extent in abnormal phe
nomena, which they failed to recogmze as such Howeser, in the
long run they have rendered a most 1mportant service to all stadents
of ver function ‘Their worh serves as a waming of the gross distor-
tion of narmal hepatic function which can develop under expen
mental conditions wineh many competent, contemporary anatomsts
and physiologists would not only aceept, but commend, as most
smtable for m estigation of the problem 1f 1t were bemg undertaken
for the fiest tinie  Furthiermore, they appear to have observed the

b 1 ph whech they d with a lugh degree
of accuracy, and they were responsible for having them illustrated
n m outstanding manner Only those who have had personal ex-
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perience with the fluorescent images obtaned can fully appreciate
the excellence of Vierhng’s drawings

In the mammal, as 1n the frog, we have observed the developrent
of all of Hurt, ¢t al’s aberrant phenomena (extensne sprouting”
of small vacuoles from bile Leul, despread Int
vacuole formation, discontinmity of bile canaliculs, etc ). but only
under conditions sufficiently abnormal to justify the concluston
that they have nothing whatsoever to do with the normal mechansm
of biliary excretion They frequently develop 1n the liners of mice
and rats mamtamed under anesthesia, and subjected to more or less
prolonged observation under the fluorescence microscope They
Ikewise appear with time 1n the hvers of freshly sacrificed mam
mals, in the critical study of which we make 1t a practice to restrict
obseriations to the first two following mitral +
of the liver The entire range of these abnormal phenomena may
be observed m the hiver of a white mouse subjected to progressie
anoxia for a period of ten following mjection of A
then sacnficed and prepared for study as quickly as possible It s
clear that neither anesthesia nor prolonged observation under the
fluorescence mucroscope plays any essential role m thewr develop
ment This confirms our earlier expenience with the frog (9), and
m both vertebrate forms we are mchmed to regard anowa as the
enitrcal factor The pictures of more or less widespread miraceliulr
1acuole formation, as obseried n these fluorescence stiuhes', “011713
appear to be quite similar to those of so called watery” or “anovc
vacuolation of the hver, as described by numerous mvestigators
under conditions of anoxia, decompression perfusion ete (2495,
2627,28,29

A (iet:uleZl account of our more recent studies upon bibary excrcf
tion i both amphibia and mammals appears mn a recent 1ssu¢ O
the Bulletin of The Jolins Hopkns Hospital (30)

Kmisely Are the nucler visible i your prep wations? '

Graffin In the frog, the nucler can be readily visuahzed as nto;le
fluorescent areas In the mammal with our present equipment,

uclet cannot be visualized
! Smetana Are the bile canalicult actually ‘;siels or are they only

atential spaces between and withm the cells
? (?m[ﬂm pB) our methods we do not see any 5“&'8}“']5“”" "fﬁc'l'g
hile canaheuls n the normal ummjected, Ining or freshly sacril

of the cwalicult 15 2

ammal The question as to the true nature T mon
comphicated ane and does not lend 1tself to brief disco
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Smetana We sce them 1n cases of stasis of bile mn pathologic
conditions

Popper Do you employ any fitatine 1 your preparations?

Graffin No, none

Popper  Are frozen sections used?

Grafflin In our freshly sacrificed ammals, we expose the Iner
in site and bring its surface under observation as quickly as possible

Shorr How do you kill your ammal®

Graffltn Mice and small rats we saenfice by crushing the cervical
cord with a sturdy hemostat

Hoffbauer Could tny of these dyes be used as 2 satisfectory
test of hver function m mice?

Grafflin At the Seventh Conference on Liver Injury, Bradley
reported that fluorescern 1s remos ed from the blood less ripidly than
bromsulphalemn both 1n the normal subject and m the presence of
Iner disease Also he reported that from 50 to 65 per cent of the
dye 1s exereted in the urine Fluorescein would not appear to be
particularly switable for testing Iiver function and we do not have
enough nformation along these lines about either esculn or thio
flavine §

Popper I 1t necessary to use a quartz optical system?

Graffin No our optics are of optical glass, which shows good
trinstmssion of ulirviolet ight 1n the range 360 to 400 millmmerons
One would naturally want quartz only for efficient delvery of
ultraviolet light to the object It 1s completely unnecessary for view-
g the fluorescent 1mages

REFERENCES

Eruncer P and HRT A Mikroshopische Untersuchungen
an Iebenden Osganen Methodih Intravitalmikroskopie  Ztschr
[ d ges Anat (Abt 1) 90, 791 (1929)

HarToCH W Zur Morphologie det Leber und Nierensekretion
Lebendbeot m L cht Zischr f d ges

~

gen 1m
exper Med 79 538 (1931)
Franks k. and Svira A Mikroskopische Lebendbeobach
tungen inncret Organe Gallencapillar und Leberzellenstudien
mt Mikrophotogrammen am lebenden Trosch Zrschr f d ges
exper Med 89, 141 (1933)

Mikroskopische  Legendbeobichtung womeser Oggane
Beobachtungen an der Leber gesunder und kranker W armbluter
thrd 93, 582 (1934)

Hixt A’ Ober mikroshoprsche Untersuchungen an der Iebenden
Leber bei Frosch und weisser Ratte Verbundl d anat Gesellsch
42, 222 (1934)

w

-

-



N

v

<

Lier Iury

ANSORGE, I Die dusscherdung van Fluorescem snd Trs st
durch die Leber des Winterfrosches Inaug Diss, Hi s oid
Coburg, Togeblatt Haus, 193)3( w8 s, Heddberg
ﬁlAi{KlS'TAHLER, R H‘r 'D/r, Ausicherdung son Huorestern und
~e fl ARG

Lot . L L T L e T

GrarruN, A L The exceetron of fuotescem by the lner under
normal and abnormal conditions, observed 1100 with the
Buorescence mcrascope Am ] Anar 81, 63 (1947]

Studtes of fuotescen excretion by the iwer uader
normaf 20d ab ! cond: Lyzer Inury” Hoffb N
Editor Trans Seventh Conf New York, Josah Magy, Je
Foundatian, 1948 (p 73)

EiuiNceEr, P Fluorestence microscopy in brology Brol Rer
15, 323 (1940)

Remax, R Untersuchungen iber die Entuwchelung der Wirbel
thiere Betln, G Remmer, 1855 (p 116)

Erms, H A re examination of the structure of the mammalan
Iser 11 The hepatte lobule and its relation to the vascular and
bihaty systems Am ] Anar 85, 379 (1949)

A re examunation of the structure of the mammahan
bver 1 Parenchymal architecture 1624, 85, 311 (1949}

The liver cord concept after one huadred years Seremee
110, 470 (1949)

McInpoE, A H  The steucture and arrangement of the bile
caaalicult Arch Patt 6, 598 (1928)

WACHSTEIN, M, and Zak, F G Intracellular bile cansbicul 10
the rabbut Iner Proc Soc Exper Biol & Med 72, 234 (1949)
Knisery, M H  Microscopic observatons of the circulatory
conditions 1 the Iving frog hver lobules Anat Ree 73,
(Suppl 2) 69 (1939)

Knisey M H, Brocu, E H, and Warner, L. A pre
liminary account of the structure and mechamcal functioning of
Iiving frog liser lobules, and of microscopic observations of the
selective phagocytic removal of coated H;umclrs from flowing
blood by the siusoid Liung von Kupfler cells Loer Ingury
Hoffbayer, ¥ W, Edtor Trans Fourth Conf New Yotk
Josiah Macy, Jr Foundation, 1945 (p 21)
Selectne phagocytosts 1 Microscopi
cerning the regulation of the blood flow through the Yives
other organs and the mechamism and Iate of phagocytic semasat
of partcles from the blood Der Hp Danske videntkal selskab
Brol Skrsfs IV, N 7 (1948)
LOEFFL!ERI, L., ;na NORDMANN, M Leberstudien 1 Teit Dic
Leber ber der Verdauung von Normalkost,-xch Fett, Glykogen
und Erwerssfutterang 1m Hungerzostande und unter des B

c observations con
t and




22

2

[~

21

53

2

3

»
®

8
3

8

Biliary Excretion in Mammals

wirkung von Adrenalin, Chloroform, Phosphor, Phlothizin und
Insulin Nach mikroskoprschen Untetsuchungen der Leber lebender
Saugetiere Virchous Arch Path Anat 257, 119 (1925)
Wakiv, K G, and ManN, F € The trahepatic arculation
of blood Anat’ Rec 82, 233 (1942)

ELtiNGER, P, and Ht, A Eme Methode 2ur Beobachtung
Iebender Organe mut starksten Vergrdsserungen sm Luminiszen
zhicht (Inteavitalmikroskopie) Handb d b0l Arbertsmeth S,
2/2), 1753 (1930}

Piciotka, }  Tierexpensmentelle Untersuchungen zur patho-
logischen Histologie des akuten Hohentodes Bertr path Anat
107, 117 (1942)

MuLLER, E, and RotTer, W Uber histologische Veranderungen
beim akuten Hohentod Berr path Anat 107, 156 (1942)
KrrrzLer, R A Acute high alutude anoxia, gross and histo
logic observations in twenty seven cases War Med 6, 369
(1944)

TrowELL,O A The experimental production of watery vacuola
ton of the lwer ] Physol 105, 268 (1946)

Lewss, R B, and Havaaker, W High alutade hypoxs
ohservations at autopsy 1 seventy five cases and an analysis of
the causes of the hypoxia | Awratron Med 19, 306 (1948}
GiLLMAN, |, and GiLisman, T Anoxia and the hver with
special reference to shock and chronic malautertion South African
] M Sc 13, 11 (1948)

GrAFFLIN, A L, and BacLey, E H  Studses of hepatic struc
ture and function by fluorescence mictoscopy Bull Johns Hopkms
Hosp 90, 395 (1932)

215



HEPATIC HISTOCHEMISTRY

STEN LAGERSTEDT
Histologueal Insut te
Unisersity of Lund

Turs witL BE n wtroduction to a discussion on hepatic husto
chemistry but I shall try to review some parts of the work done
m our laboratory m Lund on cytochemustry of the v er with respect
to the nucleic acid and protemn metabolism

Recently there have been used two techmcally different ways
of approach for mvestigations within this field The first 15 the
study of sections from Invers with the aid of optical methods and
the other 1s the study of particles 1solated from the ner cell cyto
plasm and then mvestigated by phy h 1 and ch !
means The greater part of our work i Lund has been done with
optical methods but 1n some recent experiments we have considered
the possibility of correlating the findings thus obtamed with those
obtamable through analysis of particulate 1solated fractions

It has long been known that starvation 1s associated with pro
found changes in the cytologic appearance of the Iner cell eyto
plasm One of the most promment of these changes 1s the dis
appearance of basophilic eytoplasm inclusions These mnclusions can
be made conspicuous by several methods usmg basic dves lor
mstance the classical method with the pyronme stuning

Tigure 79 shows the picture obtamed 10 the normal hver cell by
a stanng reaction the nucleoh within the nucler cn be seen
n the cytoplasm the basophilic mclusions Berg (1) made a com
prehensive myestigation i 1932 of the hiver from seeral Evropean
and South Amencan species and found the same morphologie
features everywhere The same picture 15 alse obtamable m man
For ecperimental purposes the hivers of Amblystoma rat mouse
rabbit and dog have been used a good deal

To mnke an analysis of any process by cytological or cytochemical
methods using a staming procedure certain things must be Anosn
about the method used The first question to be answered 15 ‘{bﬂ“
the specificity 1€ that under sp d cond the b)
of certain structures 1s due to the presence of the substance to 5
imvestigated forming part of those structures Secondly the methot
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218 Licer Injury

must be of the progressne type, reaching an end pomnt, beyond
which no more dye will be bound to the section followng prolonged
stav m the staming solution The fulfillment of the second demand
15 2 prerequistte for getting reproducible results

W e have found the gallocyanin chrome alum method (2,3,45) to
be the 1deal one for our purposes If the sections are left m that
solution for twelve hours or for three weeks there 15 the same pic
ture, prolonged staming will not change the pictures obtamed,
nesther qualitatively nor quantitatively

For testing the specifiaity of the gallocyamn chrome alum stamn
mg different methods can be used One of these 15 the treatment
of the sections with crystalline rbonuclease, which can be shown
free of proteolytic activity As seen n Figure 80, after digestron
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stamnable chromatin, meluding the well marked accumulation around
the nucleols, should contain desoxynibonucleic acid With the aid
of the Feulgen reaction, 1t 15 possible to show that this 15 the case,
as visuahized n Figure 81A Thus, these two staming methods indi-

o
ot

Ficene 81 Feulgen reaction 5 microns Camoy fixation

A The arrow indicates the Feulgen positine matenal forming the nucleolo-associated
¢hromatin, {x1000)

B Section from animal staned for 5 days The ahsence of nucleolo-associated
chromatin fs conspicucus
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cate that n the hver cell, the nbopucleie proteins are localhized to the
cytoplasmic mclusion and form the mam bulk of the nucleoh, the
chromatin net 1s composed of desoxyribonuclerc acds which ac
cumulate around the nucleols, formmg the ‘nucleolo associated
chromatin” (6)

For localization of nucleic acids within sections, other means
can also be used We have mvestigated the distrsbution of ultra
violet-absorbmg substance at 257 mu m the unstamed sections from
Iver and determmed the distubution of ash remnants after micro
incioeration

The ultraviolet microscope used 15 the classical Kohler design
with a spark between rotating electrodes Figure 79B gies the
peture of normal hver cells from an unstamed section of frozen
drnied matenal photographed at 257 me The strongly absorbmg
structures consist of the nucleus with the chromatic net, the nucleolo
associated chromatin, and the nucleolus, 1n the cytoplasm there are
melusions which can be proved to correspond to the basophihe
bodues m the gallocyann chrome alum stamed preparations (3.4)

For this investigation, frozen dued and Carnoy-fived sections
from Iner were treated with chloroform and glycerine, and studied
mounted 1 glycerine between quartz glasses The absorption at
257 my shown can be looked upon as caused by purmes, pyrmidnes
tacorporated 1w the nuclewc acds and by some cyelie ammo acids
forming part of protemns The absorption of these ammo acids,
tyrosme, trytophane, and phenylalinme 15 considerably “en.ker
than that of the nuclerc acid molecule m corresponding c
tions Nes ertheless, as judged from photomicrographs obtamned at
257 mu the absorption shown by diferent structures mught be
caused by a lugh of p those amuno
acids or by a low concentration of nucleic acids

With the Kohler microscape, 1t 15 possible to reguster the absorp
tton of a small past of a cell m different waye Jengths and t)ms]to
obtam the spectral distnbution of the light absorbed within the
ultraviolet region (7,8) Flotting the cunes from such measure
ments shows the presence or absence of the characterishe absorphfvn
curve for the nuclerc acid molecule 1n the absorption picture of
certam structure Thus, as shown m Figure 823, absorption mcasulrE-
ments from pomts withn the nucleols and the cytoplasmic m}c“;:3
sions gne the charactenistic absorption mamma at 251;1;“'1,6 r‘n‘ The
measunng pomts within the ground cytoplasm an betwe hed
wnclusions fanl to do so These findings support the results reac
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Ficoie 8 Ultawi let al orption spectra from rat Lyer eells Lover group of
cutves from meas mng pomts 1n aclus on free cvtoplism (“ground cytoplasm )
Uppes group of cuttes the tao lower cures i bigute 87A from ‘r\10p|.|sm nchy
sons the two 1 pper curves in F gire 824 and tle ¢ rves m Figure 821 from n xcleol
A Normal ammal on protein-contatn ng d ¢

B Anmal after 4 dnys’ stanvation

Reprinted by permsson from Lagerstedt S Effect of m cromne neration on the
prote naceous inclus ons n normal rat kver cvtoplasm Acta anat 3 190 (1947)

with the gallocy 1un chrome alum method 1n connection with the
ribonuclese test

Inour work we have not used the ultraviolet absorption method
for quntitative but only for quilitatine purposes to show the
presence or absence of nucleic aeids 1n certun structures

As mentioned we hue tned to confirm these results by using
the micromemerition test As the nucleic acid molecule contans
pproumately 23 per cent phosphonc acid such strmctures which
contun nuclee aeids are pred d to lene n derable ash
residue b compired to most other structures 1t 15 also possible
to show that the ultravolet absorbing basophilic mclusions m the
Iner cell eytoplasm gne mse to distinet ash residues when the
micromncmerated sections 1re snvestigated nnder dark field flluminy
tion {910 111213 14) (Tigure 831) Of course an ash residve 1n
the inanerted section tells Wmost nothing about the gualitative or
quantitatine composition of cell structures but as a confirmation
of the results reached with other methads 1t ss 4 vahuible tool

Using these different methods we have myeshigated the lner
of adult wlite made rts submitted ta star won for different lengths
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cate that in the Liver cel] the nbonuclere pratetns are localized to th
cytoplasmic inclusion and form the mam bulk of the nucleals, th
chromatin net 1s composed of desoxyribonucleic acids which ac
cumulate around the nucleok, forming the ‘nucleolo assocratec
chromat” (6)

For localization of nucleic aesds within sections, other mean
can also be used We have myvestigated the distribution of ultra
violet absorbing substance at 257 mx in the unstamed sections fron
lver and determmed the distrbution of ash remnants after miero
mcineration

The ultraviolet microscope used 15 the classical Kohler desigr
with a spark between rotating electrodes Figure 79B grves the
picture of normal hiver cells from an unstamed section of frozen
dried matenal photographed at 257 mp The strongly absorbmg
structures consist of the nucleus with the ch net, the nuclec
associated chromatin, and the nucleolus, m the cytoplasm there are
melustons which can be proved to correspond fo the basophihe
bodses mn the gallocyamn chrome alum stamed preparations (84)

For this investigation, frozen dried and Camnoy fived sections
from hver were treated with chloroform and gly cerme, and studied
rounted 1n glycenne between quartz glasses The absorption at
957 mp shown can be looked upon as caused by punnes, pyrnimidines
meorporated m the nucleic acids, and by some eyclic ammo acids
formmg part of protemns The absorption of these ammo acids

Lenvlal ferably weaker
tyrosine, trytophane, and p. 15 wea
than that of the nucleic acid h d

1n corresp g
tions Nevertheless, as judged from photomicrographs obtained hﬂ;
257 wp the absorption shown by different structures might
caused by a high concentration of proteins contaming those anune
acids or by a low concentration of nuclerc acids

With the Kohler mcroscope, it 1s possible to reguter the absorp
tion of a small part of a cell in different wave lengths and thusﬁtz
obtamn the spectral distnbution of the hght sbsorbed withm o
ultraviolet region (7,8) Plottng the cures from such measltlcn
ments shows the presence or absence of the charactenstic absorp lf "
cunve for the nucleic acid molecule 1w the absorption pictuse ©
certam structure Thus as shown in Figure 824, absorption meas";’:
ments from potnts withm the nucleoli and the cytoplasmic l?}iﬂe
sums grve the charactenstic absorption maxuma at 25; 'r‘nn,e ‘\1 the
measurmg pomts withi the ground cytoplasm, L; " e " hed
wnclusions fail to do so These findings support the results re
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Fictte B2 Ultras ol t absorpt on spectra fron vat 1ver cells Loy er group of

Reprinted by pemn sson from Lagerstedt §  Effect of micto nenerat on on the
Dprote nc 0 s inclus ons in normal T t 1 er eytopl sm Acta anat 3190 (1947)

with the gallocy wun chrome alum method in conhection with the
ubonuclease test
In our work we hue not used the ultrwiolet absorption method
for quwtitatine but only for qualititive purposes to show the
presence or 1bsence of nuclere acids m certun structures
As mentioned we have tned to confirm these results by using
the micromameration test As the nucleic acid molecule contains
pp 25 per cent phosphonie acid such structures which
contun nucleic acds are predestined to leave 1 considerable ash
residue as compared to most other structures It 1s also possible
to show that the ultrwiolet absorbing basophilie inclusions 1n the
Iner cedl eytophsm give mse to cistinet sh residues when the
micromcer ited sechions are i estigated under dark field ltumtna
tion (910111213 14) (Figure 834) Of cours¢ 1n ash residue n
the ncmerated scetion tells almost nothimg, about the quilitatne or
quantititine composition of cell structures but 15 1 confirmation
of the results reiched with other methods 1t 15 a valuible tool
Using these different methods we have mveshigated the Iser
of wdult white male rats subnutted to stination for different lengths
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Ficure 83 \Micromeimerated sections 4 muerons Casnoy fixation Dark field (x100)
A Normal picture
B Section from animal starved for 5 days
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of ime and afterwards re fed with diets contamnmg differing amounts
of protemn The normal animals were fed a diet contaumag 20 per
cent cisein as protemn source and an adequate amaunt of salt and
vitamuns  the starved ammals got nothg but water for § days
There are some striing changes absetyable by comparing sections
from the well nounished anumals Iver with those from the Iner
of the starved ammals In Figures 84A and B the basophic cyto
plsm melusions have disappeared as have the ultraviolet absorb
mg ones and there 15 a considerable reduction of ash residue in the
starved ammal (Tigure 83B) Within the nucler the nucleolo-
associated chromatin has been reduced to only shghtly stamed nms
around the nucleol as seen m Figure 81B

Shorr What 1s the shghtly stmned nm?

Lagerstedt Desoxynibonuelere acid

In maling absorption measurements m the cytoplasm from these
starved ammals the curves obtamed are all of the ground cyto
plism type with no selective 1bsorption at 257 my (Figure 82B)

Watson What hind of densitometer do you use when measurmg
the curves of the nucleolus?

Lagerstedt All the curves shown here are obtaned through
density measur ats on graphic plates

Watsan Is the field cut down so there 1s nothing but the nucleolus?

Lagerstedt Yes or any other pomt of mterest on the 9 x 12 em
photographic plate used The plates themselves are calbrated with
the aid of a rotating step sector projected durning the exposure on
a prece of the plate which 1s free from tisste i the field of yview
From several plates obtamed uang hght of different wave lengths
1t 15 possible to measure the absorphion of any desired pomt w the
tissue and so plot the absorption curves 45 shown on the graphs

Hartroft What 1s the section thickness?

Lagerstedt Ftve mmerons

Hartraft How did you control it? ;

Lagerstedt 1 did not because I had no particular reason to for
these tovestigations Of course with a nuclesc-acid contaming s}!]mf
ture m the cytoplasm with 2 depth of 3 microns anda secho}r: t mor
ness of 5 microns ground cytoplasm will be under or 2 meﬂ
an hoth sides of that structure This fact of course will affect b;:
ontcome of a quantitative measurement In some cases 1t1s {Jossxmc
to avoud that effect as for mstance n an 1m estigation maae sl(: me
years ago (8) where 1t was possible to nccumu}izte the n’b‘m:htmn
substance 1n one layer m the cells with the aid of ultracentniy %)bmm
Tn the investig itions reported here the mam purpose w1s to
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qualitatise information as to the composition of the cytoplasm
which was fairly well done through studies of curves from measur
ng pomt through nbsorbing structures n the eytoplasm and between
them (“ground cytoplasm ) Thus it was possible to determne 1f
the concentration of nucleic acids was so Iigh as to gne the
charictensstic curve or if this concentration was too low which s
the qualitative information sought If 1n the first case there has
heen some contamination 1lso from surrounding “ground ¢y toplasm
this 1s of quantitatine but not of qualitatin e importance

Hartroft Ts 1t possible to compare fields within the syme section®

Lagerstedt Yes

Schtearts Therc 1s a method of photographing cells 1 such a
w1y as to reveql those areas i which nucleie acid 1s concentrated
distinctly from those ares 1 which proten 1s most concentrated
As Dr Lagerstedt pomted out nucleic 2cids are photographed with
257 my hght but protems also contribute to the absorption at this
wave length Similarly photography at 280 me may reveal 2 picture
duc predommantly to protem but here agun nucleic acids alsa
contnibute to the Absorption pittern As Dr Lagerstedt has men
tioned one can plot absorption spectra of these areas to determine
relative concentritions of protein 1nd nuclese acd

1 should like to suggest a simple tuck which enbles one to
visualize relitive concentrations of protein and nucleie acid m the
same cell First one photographs the field with 257 ma hght and
derdops this flm s 2 positine secondly one photographs the sime
aret with 280 mp hight and develops this film as a negatine These
we then exacth superimposed and the combination of the two
photographed In this wiy not two shades of darkeming (back
ground and absorbing arc1s) are obtamned but rither three shades
(1) 1background shade (2) 1 shade darker than bickground due
to relitinely hugh concentrations of nucleic aaid and (3) 2 shade
hghter thin bickground duc to relatnely high concentration of
protem (This techmque has been successfully used in unpublished
studies of bone marrow cells )

Pollister There 1s a more direct way than that which we prefer
to use Dr Lagerstedt his ounthined the basis for it in speiking of
how nucletse 1s used to establish the speaifions of gallocysmn An
ostumtion of the purt of the ultriviolet hight Joss which s due 1o
protem ¢ be made 1y tiking two ultewiolet photogriphs or
miking two photometrie measurements of the same matenal one
before the other after removal of the nuclere acd by nuclease
digestion or tnchloracetic acud extraction the difference betw een
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the densities of these two 15 entirehy due to pucleic acid This 15
precisely comparable to the blank which a biochenust uses to cancel
out all sorts of nonspecific hght loss 1n 2 photometric analysis A
brochemist would never work without such a blank

Lagerstedt It was known very early prmanly through the work
of Berg that the basopluba of hner cell cytoplasm has a close
conpection with the amount of proten given m the diet He was
able to show that the reappearance of the basophilic bodies only
followed the administration of protein diets to the starved anmal

It has been shown in repeated starvation and refeeding expen
ments that starvation 1s followed by a d and that refeed
of a protemn diet 15 folloned by an merease m the amount of
ribonuclesc acid n the liver Rossel as early as 1882 noticed this
fact It has been thoroughly studied m recent tmes by Davidson
and Waymouth by hosterlitz and by seseral others

Through the different cytological and cytochemical methods
previously discussed 1t has been possible to study m detail the
changes occurnng within the Iver cells assoctated with starvation
and refeedmg experiments

As pointed out in several works by C spersson and lus associates
increase m the nucleolar mass 1s ghly charactenstic for cells in
an actine stage of protem metaholism To be able to follow these
chinges quantitatisely m the Iner we have determined the total
amount of nucleolr materil using the so catled Chalkley method
As we think it yustified to lay great stress upon the vesults reached
by that method I should Iike to make an outhne of the principles
adopted

The Chalkley method 15 based on the random distnbution of
some fived ponts situated 1n the plane of the oculr diaphragm
among the structures vistble n the microscopic field of view After
chance focusing on a number of visual fields it 15 possible to deter
mine how often the image of the end pomnts of four strarght lmes
comeide with the pictures of certam structures m the sections Such
\ contact ts desqgnated as a kit For further explanahon sec
Figure 85

After focusing m this manner & good many times the it can
be erlenlated between the number of huts on one type of structure
(for instance nucler) and the number of hits on another l)'Pef (f}‘\“
mstuice nuclesk or cytoplism) For stabstical treatment °d' <
matenal the obsen ations are divided mto groups with regards ttu
one of the structures Thus 25 Iuts on nuclet were taken asda unl\
and the mmber of hits on other elements had reference thereto
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vt e -

Ficise 85 Fhoto of visual field pllustrating the ledmllllll: for measunng the ratio
of hits on nucleolt to Ints on nuclei and Juts on cytoplasms to hits on nuclet In
the risual field, four straight Lines are scen with “10” at one end The other end fs

as “contact point ™ The contacts between these ends and the clearly visible
picture of nucleolus or cytoplism are recorded as “hits  In this case, then
reading will be 1 hit on nucleolus (above) which 15 ako recorded as 1 hut on
nuckus 2 hats on cytoplism (in middle) The end point of the hine at the bottom
s in contact with the space of a capilliry and therefore recorded as @

In this way, 1t 15 possible to calculate the ratio of uts on nucleoh to
hits on nucles, for example, 225 huts on nucler correspond to 40 huts
on nucleols, giving a ratio of 0 18 with a standard deviation s = 006
1t 15, of course, necessary to determme how many hits on nuclet
hue to be registered m order to give a stable mean salue

In recording the number of hits on different elements at dif-
ferent levels in the section through focusing up and down, the
ratios express the fraction of untt volume occupied by one structure
to the fraction of umt volume accumed by another

Hartroft When dealing with such small structures as nucle, are
not errors introduced by the phenomenon of parallax® If you move
sour eye a Little to the nght or left does not the pomt shift 1n
relation to the structures 1 the shde?®

Lagerstedt No You have the pomnts i a central position in the
field of view With respect to the microscope used, certain demands
must be fulfilled The serviccalnlits of the method 1s chiefly hmited
by twa factors (1) the resohung power of the objectne employ ed
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and (2) the sharpness and dmnensions of the registering points
employed Provided that the given structures stan distinctly, we
may set the Jower limt for the permsssible size of the objects at
about 02 mucrons The registering pomts ought to be of such dimen-
sions that the area 1 the mucroscope picture covered by them s
equal to the dimensions of the smallest, distinct, obseryable struc-
tures, 1 e, 02 microns

We do not focus up and down As I sad, m focusing up and
down you get the fractions of umt volumes, if you record hits on
structores situated aboyve or below each other 1t has prorved ven
dificult 1 our matenal to determme the transitron between dif
ferent elements So mstead of this, we have determined the number
of hits on projection pictures of nucler, nucleok, and cytoplasm
observable 1n a gnen visual field The procedure 1s evident from
Figure 85

%smg this method, together with the cytological and cyto
chemical ones, we made the following basic evperments ale
rats were stanved for five days, after having been fourteen days
on a standard dret which contained 20 per cent casen as protemn
source During those five days they were guen just water Among
approumately 300 starved rats, only three died m consequence of
starvation These starved rats were divided into two groups Those
1 the first one recened a dret contaimng 20 per cent casem, which
1 shall refer to as ‘the high proten diet,” and the other recened
2 low protemn diet’ with brewer’s yeast as the source of protem
giving 03 per cent total mitrogen m analysis of that det

Table AVII shows the effect of fasting on the total mtrogen con
tent of the liver, counted as nitrogen m mihgrams per 100 Cm
mitial body weight In the norml rats used by us st was found lf).m:
the body weights decreased from 175 = 4 Gm to 127 %5 Cm a :e
five days of starvation In both cases, standard deviations \\1853
about 18 As shown m Table XVIL, there was a decrease from
to 94 mulligrams mtrogen per 100 Gm mtial body weight during
this pened

Lag;:mg at the pretures obtamed from hvers dunng th};s txm‘e‘gf
stanthion 1t becomes obvious that ;ihet <}yt0pl:;rgslz :elgm\,\cr}ich
acd ¢ g i drsapy rst from H
are sitwated 1 the periphery of the Iobules Aft}fr twenty :::gul;sm:f
starvation  cells situated centrally contan the same
evtoplasmic mclustons as normal Iner cells “he;-]ea
the peniphery show the appearance of starved cells,
phsmic basophihie mclustons

s the cells m
hiching cyte
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TABLE AVIl
Effect of Fasting on the Total Nitrogen Content of the Liver

Days of No of Mean Mg N/100 Gm
Fasting Rats B adlym‘!‘h(l,gm Togal mdw
173%4 1533
0 18 s=18 s=14
1 - 1708 M3
s=21 s=9
16212 1326
2 8 §==35 s=17
3 . 163 =8 12035
¢ s=92 s=138
1 P 1695 1033
' s=138 s=14
17238 LYoy
s H ) s=14

There are, nesestheless, some differences m these centrally
situated cells as compared to cells from normal ammals In the
normal cell, it 1s to notice b h b i close
connection with the nucler in fact mdlshngmslmble from the nuclear
membrane This localization of the mclusions 1s a most uncommon
one after starvation, even 1n cells where hasophilic bodies are still
detectable Tlus observation seems to us of a certain importance
for the understanding of the mechwism underlyng the disyppear-
ance and reappearnce of the nhonuclere protemns 1n the cvtoplism

In the hver, there 1s the advantage of being able to studs many
cells n the sume stage of metabohe actnity If one 15 intercsted
m following the sequence and character of the cytological and
cytochemical events accompanying the ro ippearance of the nuclew
and cytophismic nucleoproteins all these cells ought to be at the
syme stige 1¢ be mdistingshable from each other by the methods
used at the start of the experniments and this demand s fulfilled
m the hver onl after five dys stanvation, earlier, there are alwayvs
some basophilic mclusions remaining in the most centrally sitnated
cells So to perform the study under clear cut experimental conds
tions we hive used ammals staned for five daws before refeeding

As will be morc evident from the following we think that the
retraction of basophilin from the vieimity of the nucler eath 1n
starvation s a sign of deerensed actnaty in the protem metibolism
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3 8 12 HOURS

Ficure 8€  ~ a4 ELicanw clont tahire
on nucle;

tion to da

nucleolar

starvation 1@  Couespoung vewd -
diet (®) O == value obtamed after 5 days starvation The thin lnes represent the
standard errors for the means Ordmate \Mean of ratios of hits en nucleols to hits on
nucler For the cotrespending figures see Table XVIII

There are other signs, however, which poat 1n the same dwection
Among them are the results of the of the nucleol
mass
As shown m Figure 86 and from the data in Table AVIIL, ot 15
obvious that even on the first day of stanvation the nucleolar mass
had decreased to half the amount of that m the ammal fed normally
After that mmtial decrease, no further statistically verifiable changes
were observable during the length of time msolved in the expenment
Stetten If T understand this correctly, this 1s based on the ratio
of ts
Lagerstedt Yes, 1t 15
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Stetten Isnt the ratio of hits related to area of eross section
rather than mass or volume? Jsn t the mass or volume related per
haps to the 8/2 power of the ratio?

Lagerstedt The figures from the measurements whick I hase
shown m Figure 86 are the riuo of the hits on surfaces as explamed
previously Tam sorry of I have mnferred that volume was considered
for 1 meant surfaces

Stetten  These values pr y could be tr
by raising them to the 3/2 power?

Lagerstedt Yes with certan precautions taken I should like to
say something about that 1 just 2 moment

For an apprasal of the measurements two factors have o be
considered mn particular (1) vanations m the size of the nucler
and (2) vanations mn the number of nucleol per nucleus As the
figures here shown refer to the surface of nucler as a umt 1t 15
obvious that an mcrease m the mdividual diameter of the nucler
may gise the same result as a decreise n that of the nucleoh
\Measurentents of 300 nucler from five different ammnls normal and
starved for five davs gave a decrease in the nuclear diameters from
72 to 68 x approumately This decrease 1 size of the standard
males the decrease in ratio even more sigmficant

For the other problem 1t 15 of unportance whether the total
measured nucleolir surface 1s dernved from single nuclecl the
mdn1dual diameter of which 1s subject to vanation For if two
smaller surfaces give a total surface of the same swze as that of one
Jarger one then the two smaller surfaces together will represent
2 smaler \olume than the big one assummg that they all are
spherical m form 1t 1s obvious therefore thatif m the specimens
measured the nucleolr surface i the starved anmals 1s distributed
on fewer smgle nucleol than i the normal ammal a dimnution
of the surface will not correspond to a proportional decrease 1n
volume In a border case therefore thewr smaller tota) surfice wmy
be due to divisions of the nucleols withaut any loss in volume There
fare the nuwher of vuclealt per nucleus was determined and 1t
was found that the starved animals nucler showed a greater nnml;er
of nucleols per nucleus than m the normal ammal therefore the
dunmetion abserved i the surface of the nulc]eo]ar mass must cor

d to even greater difference in \olume
res‘y‘mensmnesnthe (:efeg;dmg expeniments with these stary gd ;lmmals
gning them the high proten dict and the fov prg(em ie

Shorr The vitarmn content 15 Always the same

La,erstedt Yes 1tas

Ix) Tat

d mto mass
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Smetana s there any difference 1n the distnbution of the evto-
plasmic mclusions at different times of the dav due to feedng or
special function?

Lagerstedt 1 hue tned to figure that out 1t should perhaps be
possible to do so with the Chulkley method but T have not used
this method for that purpose as yet Just 1 looking 1t the sections
there are no such changes as those of glycogen bile neids as shown
by Forsgren

In gning the ammals the lugh protem diet the um 15 of course
to study the mechunsm mvolied mn the formation of nbonucleie
acids and protens Tlus formition as 1s known from chemical data
will take place after some time But there 15 one big difference
Tetween studies with eytocl A and boct | methods there
may be very distmet chnges withm cells sestnicted to defimte wes
and/or to parts of the singfe cell before 1ny will be found macro-
chenucally m the over Wl vilues for nucleie 1eids or proteins In
our expertment with the hugh protem et this fact cime out most
noticeably The first changes observable by cytological methods
following the 1dmimstration of the diet occurred wathin three hours
after the feeding of the ammals The first demonstrible change
occurred in the nuclenlir appartus Tlis 15 obviows from the graph
m Figure 86 and from Table \\ 111

As seen from Figure 86 the tmonnt of nucleolar matenal mere1ses
100 per cent within the first three hours after this no statistically
sigmficant change occurs with tins increase the ratio 1s the same
28w the normal animal

Civing the stirved ammals the low protem diet has no statis
tically sigmficant effect on the ratio (lower cunves m Figure 86)
withun the twelve hours studied As scen from Table \VIHT there
15 noticeable a statistically sigmficnt increase 1o the ratio values
after 36 hours Tlus increase which we have not analyzed farther
as yet s of special mterest m connection with the report by
Stowell (1316) who fund Lirge nucleoh ter 1bo 1t three montls
on ¢ low proten dict but rather low wmounts of rhonuclere acids
w the cytoplasm

Studies of the pictures obt uned with the gallocy anin-chrome 2lum
method the Fenlgen reaction the uitrwiolet microscope and micro
weimented sechions gae the follwang results Preparations from
ammh after three hours on the hith protem dict showed only
<t inges wathm the nucla s ravealed I the Feulgen method The
stanved antmal had vens bittle d \ leic proteins d
mg the nucleolns but fter three hours an aecumulition of that
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substance 1s noticeable, formuing the nucleo associated chromatin
(Figure 81A) The cytoplasm has the same appearance as m the
starved ammal

After six hours, there 15 2 most charactenistic pretare alf the
nucler 1n the cells around the central vemn are surrounded by heatly
stamng substance {Figure §7) which 15 also clearly seen n the
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' 7 from anmal staned
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ultraviolet microscope and yiclds a distmet ash residue upon m}ltcrgf
meineraton It 1s possible that this accumulation 1s thebreil}xw‘m
mcorporation of glycogen m the cytoplasm which c”mx ehr o
with the Best method We studsed that problem m parhicu ar, ane
we found that 1t 1s always passtble to show unchanged ,gmur; e ; o
plism” outside the concentrations around thc) nucler Tl IHIEI o
other conditions (reg follow ng bk U;P'am" ’ef’n the
d tion of glycog
tomy ete ) where no pr mceorp -
C)’t"{)lasm )occurs but where nevertheless the basophx}h.lt }:2 fxl::]c?::r
trated 1n the are1 around the nucler i close contact with
membrane bomucl -
Watson That 1s nbonuclesc aer v rolet meas
Lagerstedt Yes The curves obtuned from the ultr ]

257 milimicrons
urements show also the selectn e thsorption at 257 mill
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emphasize that these curves are not for comparative quantttatue
purposes but only for demonstration of the chemical composition of
the substance

After twenty-four hours on the high protein diet, the prctures
obtamed are very similar to those from the normil ammal {Figure
88A) It 1s quite clear that the mobihzation of the nbonucleie pro-
tems develops first m the centrally situated cells and Iater on m
the cells m the persphery of the lobules

Companng these findimgs with those from the ammals which
have received the low proten diet for the correspondmg length
of tune (Figure 88B), 1t s abnrous that there 15 ne aceumulation
of nbonucleic acid visible

Hartroft And thus followed five days’ starvation®

Lagerstedt  Yes, starved for five days and given a low protemn
diet

The basopluba secn m these sections depends not upon the
presence of nbonuclete acid, as it can’t be removed by nbonuclease
treatment

1 think st would be of some value to male a statement with
respect to the way we used the gallocyanin-chrome alum method
on these preparations Wath the gallocyanmn chrome atum method,
it 1s possible to get the pictwe of the nucleoprotem contamng
structures at pH 17 m the stamnmg solutions I the stanng 1s per
formed at pH 27, there 15 a co-stamng of structures which do not
contam nucleoprotems Thit means that after treatment with nbo
nuclease the structures are shll stamable with the staimng solulxgﬂ
atthipH Frgure 89 and 7 7% W 7 7 Toemnnthe
mounts of total mtrogen 1 *
s a very earh merease m *
merease which 1s statistically sigmficant

In the scheme n Tigure 90, ¥ hive tned to viswlize the prio
cipal ch mees m the hyer cell during stars ation folloned b feedmg
with the high protem diet 1 also want to gne an account of the
sequence of events mvolsed m the processes of regeneration Tl{“
timmng w of partieulw mterest It shows that the first noticeable
change 1v the merease of the nucleolar mass b abont 100 per cent
after three hours on the diet while there are still no changes obser-
able m the evtoplism  \fter about s hours on the et, the first
nbonucle1c protems are absenvable i the evtoplism and at that
time 1 Jose connection with the naclew membrane This stagt

3l
corresponds to the fint statistically sigmficant ncrease the tot
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mtrogen of the haers After forty crght hours the normal prcture
' restored

The difference bxtween these ammils and the stared ammals
on the low protemn dict 1s pamanh localized i the cvtoplism As
desenibed above 1t 1s possible to observe an increse in the amount
of nucleolar mitenl present fter Bftcen hours on the low protem
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diet and Stowell has shown that after longer periods on a low
protein diet the nucleols become enormous but there 1s lttle nibo
nuclete acid m the cytoplasm

One of the man pomts according to the general scheme of
Caspersson and his co workers 1s that there should be an accumula
tron of proteins and nucleoproteins around the nucler this substance
should be synthesized there under the influence of the nucleus
The first sign of those substances 15 around the nucleus but T dont
think we have enough mformation yet to know whether this 15
accumulating from the cytoplasm toward the nuclear membrne
or from the nucleus to the cytoplastn There 15 one pomt I think T
have been able to show namely that changes withm the nucleolus
precede those mn the cytoplasm That finding 1s not only from the
experiment reported here We have several others For instance
ammals bled (2 or 8 grams of blood from 1 100 gram rt) gne
a picture like that of five days stanation

Shorr How soon®

Lagerstedt  After four hours and after seven or eight hours
regeneration of the cytoplasmic nbonucleic protems 1s found with
an ncrease 1 the nucleolir miss and ccumulation around the
nucleus m the cytoplasm with the usual sequence of events

In the investigations by Stowell there 15 a large nucleolir mass
hut only small amounts of nbonucleic matenal m the cytoplsm
on the other hand there 1s so far as T know no evidence of the
presence of a small nucleolar mass together with accumulation of
nucleoproteins around the nucler

Stetten In the pertinlly hepatectomzed but well nounshed rat
I'would think each proliferitmg cell of the Iiver 15 producing more
nucletr matenal I wonder 1f you hue mmestigated this aspect

Lagerstedt Stowell has and he showed the same generil scl eme
s that pomnted out here He also studicd tumor formition 1 hae
forgotten what carcmogene substance he used He found euh
chinges which led to hepatoma and he showed the tccumulition
of nbonucleic protemns around the nucla Recently some other
work has heen done by Stenram among others studving the effeet
of vitamin By» on these protemn forming systems some evidence 1s
accumuliting that in vitamm B deficient ammals the protein
Droung mechanism 15 impured

Bufore going on 1 wonder whether Dr Pallister will add Ius
comments to the discussion at this pont

Pallister This informition which Dr Lagerstedt has presented
is realls the onlv acceptable evidence that the nucleolus is claseh
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correlated with protemn synthesss This nught seem a surprising
statement since the Caspersson school has repeatedly stressed this
relationship But ther approach has never been as broad as this
nor has the matter been approached with a statistscally sigmficant
number of ammals It 15 one thing to pick out a few cells which
have large nuclecl or to pomt out that where there 15 growmg
tissue there are lasge nucleoh 1t 15 an altogether different thing
to nail the matter down as Dr Lagerstedt has done by setting up
an eperrment w1tk a large number of antmals and showing statis
tically that there 1s a definite quantitative increase m the amount of
nucleolar matenal when the protein nitrogen mcreases Unless we
come upon an exception and none has tumed up so far here 1s at
least one eytological finding on which we can build namely that
there are marked changes mside the nueleus 1n the way of nucleolar
volume and configuration of chromatin which accompanv protem
synthesis

Recently m our hboratory Flax finished ~ guantitatne study
which relates the loss of the nucleolus at the end of oocyte growth
and 1ts subsequent reippearance in the earh mouse embno to
changes m amount of protem and nbonuclerc acrd 1 the cell In
bnef these photometne measurements show that i the oocyte
both protein and RNA mcrease stexdily so long as the nucleolus
1s present then drop soon after 1t 15 lost The nucleolus reppenrs
m the embryo at the four cell stage of the blastomere nucler the
RNA and protemn begm to merease distmetly later =t the siv to
esght cell stage

Best Are there any comments?

Waterlow Has anybody made any stady of the nbonuclerc acid
in the cholme deficient state?

Lagerstedt 1 dont know

Vi aterlow There are striking changes a large mncrease m nucleols
these appear in ten days or two weehs

Hartroft  After fat has been rapidly mobihzed from Iners of
chiolne deficient rats by restormg lipotropic factors to their diet
the c3 toplasm of the prevonsly fatty hepatic cells Iwchs for a short
peniod the normal basophihe stamng reaction We have not how
ever studied nucleic cids i such prepaations by any speafic

1 procedure
B 1 presented at the Liver Inury Con

Popper Two years ago
ference (17) data pestaming to this quesho n\;; ed 3] Figure
that m 3¢ fatty hnera y ethiomine
RIS yomne 1§ reduced wath

the basophilia as inds
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out significant alterations of the total nucleic aaid content as
referred to imtial body weight 1 refer to chemical determmations
The same holds true as Farber, hoch Weser wd Szanto (18)
showed 1n our laboratory for the pentose nucleic acids, and the
desoxypentose nucleie acids also did not alter

Lagerstedt In 4l these types of experiments it 1s very hard to
s2y somethmg defimte about 1 single case 1 hve the general feel
ing one must put the case in the sequence of experiments to evaluate
the different changes Tt would be interesting to perform an cxpent
ment on those choline rats and see the changes 1n nuclear volume
and nucleolar volume and try to get something ont of that Ve
have had no experience at all waith that type of animal

Pollister Not only does it ppear that there is desoxynbose
nnelerc acid which 1s not intercomvertible with the nbose type hut
1t appears also that we cannot adopt an obyvious scheme and sav
that the nuclere acid 1 the cyvtoplasm necessnly came from the
nucleus which 1s one conclusion which might be drawn from the
sequence of events which Dr Lagerstedt has discovered  Agunst
this 15 evidence that in base content and m rdhative rates of incor
poration of P there are diffcrences between nuclew and cyto
plasmic RNA

Lagerstedt 1 think of the general problem in the followmg way
It 1 possible to demonstrate ribomicleie acrd withn the nuckol
and i the eytoplism the sequence of events associated with the
formtion of the cytophsmic nhonueleic 1ads hiis been repeate dly
stressed here It 35 4 basic fact that the Inang cell s dependent
1pon the presence of the nuclews for performung, nnrmal metabolie
activities The observation that the nucleols wnd the basophilic
cytoplasmic melusion bodies stun m the same way with man bisic
dyes 1ed to the assimption thit material of nuddewr ongim could
be trinsferred mto the o tophism This should m some cises explun
the mechrusm underlying the wfluence of the nuclans on the
<y toplism

Twa yers ago § recened 1 pipor from Gormany swng at hd
bean found that i 1t Livers sometimes the nucleolus could lewe
the nucleus and wppear m the evtoplasm This 1s 1 rather old con
cept lrcady held by Reemer w1933 (1Y In by prctures of the
frog Tver there were seen mum nucleol 1w the cvtophism Tl
tumed out to bx mcorrect 15 1t conld be prosed that the nucleoly
‘k‘lfr(' trnsported into the ¢vtophm by the edee of the microtome

mfe
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correlated with protem synthesis This mght seem a surprising
statement, since the Caspersson school has repeatediy stressed this
relationship But therr approach has never been as broad as this,
nor has the matter been approached with a statistically sigmficant
number of anmmals It 1s one thing to pick out a few cells which
have large nucleol, or to pomnt out that where there 1s growmg
tissue there are Jarge nucleol, 1t 15 an altogether different thing
to nail the matter down, as Dr Lagerstedt has done, by setting vp
an experiment with a large number of antmals and showing statis-
tically that there 15 a definite quantitatis e merease in the amount of
nucleolar matenal when the proten mitrogen mereases Unless we
come upon an exception, and none has turned up so far, here 1s at
least one cytological finding on which we can bwid namels, that
there are marked changes inside the nucleus, tn the way of nucleokar
solume and configuration of chromatin, which accompany protem
synthesis

Recently, 1 our laborator, Flax finshed a quantitatne study
which relates the loss of the nucleolus at the end of oocyte gronth
and 1ts subsequent reappearance in the early mouse embno to
changes 1n amount of protem and nbonuclerc acid mn the cell In
brief, these photometnc measurements show that in the oocste
both protem and RNA mecrease steadily so long as the nucleolus
1s present, then drop soon after it 1s lost The nucleolus reappears
in the embryo at the four cell stage of the blastomere nucles, the
RNA and protemn begin to mcrease distmeth Iater, at the siv- to
eight cell stage

Best Are there any comments®

Waterlow Has ambody made any study of the nbonuclere acd
m the choline deficient state®

Lagesstedt T don’t know .

Waterlow There are striking changis, a large merease n nucleol,
these appear 1 ten days or two weehs

Harlrpol;t After fat }):as been rapidly mobihzed from Iners of
cholme-deficient sats by restormg lipotropie factors to their diet,
the ¢y toplasm of the previously fatty hepatic ceHs' lacks for a ;hurt
pertod the normal basophilic staining reaction We have not, D‘g-
ever studied nuclec aods mn such preparations by any speeiic
histochemical procedure

Pz;per T“E vears ago 1 presented at the Luwer Irgur)FCz?e
ference (17) data pertmmng to this question and showed a Fig .
which mdicated that m acnte fatty Iner 1s produced b()l ell:imr‘l:;lh.
the basophilia as mdicated by pvronme, 15 markedh reduced v
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discussion of the technical difficulties encountered m the method

Dr Pollster has had extensine cxpenence m such problems
Especially should I Iike to draw attention to the question about
those situations where it seems impossible to stan the cytopl,
nbonucletc acid winch by chemical analyses can be proved to be
there 1should like to pass this question on to Dr Pollister

Pollister Tlus 1s 1 very smportant pomnt 1f a positive basophiha
1s obtaned which 1s removable by nucleise digestion or chemical
extraction 1t 1s certainly justified to conclude that the stained areas
contamed nuclese 1eid (21) The difficulty anses if ultraviolet
absorption 1s not bung used 1 the interpretation of a negatne
basophilin The following appears to be the method of chemical
staming the only type of basophilia which can be used for relable
localization and estimation of nucleic 1o in cells In the natne
state nearly 1l of the acidic groups of the nucleic acid are hound
to basic groups of protemns that 1s 1 the form of protemn nucleates
1f dye 1s to combime with the nucleic acid it must either displace
the protemn or attach to groups from which fixation has already
broken the protein away from the nucleate combmation

Ve may take as a model the punfied tobiceo mosaie virus which
1s the best known nitine nucleoprotan It was found that all !hc
bisic dyes bound by the matne protcin could he
for through free 1o1d groups of the protem (22) But if the protemn
were denatured by acid there were immedaately available for dye
binding many morc acid groups i the micleie acrd When tissues
are acid fived as for chemical stuming apparently somethung of
this sort 15 donc to the cellulir nucleoprotemn so that free nuclete
acid groups result wlich will combine wath the basic dve Whether
or not there are any free aadic groups except those of protein
m the lnmg cell 15 not known though it has heen discussed
vigoroush (23)

A method of deternuming the proportion of dve bound to unount
of miclere acad present n tissues e be emploved this mvohves
photometric measurements of unltrwaolet absorption and of the
dye This has been donc rather extensineds n our laboritory by
Tlax* He found that the 1o of dye bound to nuclaic 1od present
i tssue was pretty constint in quite 1 number of mammahan
tissues though there are some conspienous exeeptions When amimal
s compired with plint tissie or mammilian with amphibian the
o is found to I sigmficainth different.

*Lop H ed tdsenatime
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I think that nerther by the method mentioned here, the purely
morphologte approach, nor by analyses of chemucal substances
as previously described, 1s 1t possible to elucidate the problem of
the interaction between nucleus and cytoplasm m the Iner cell
Only through an tmate coordmation of different techniques
should these problems be tackled This seems to me espectally
strhing when one considers certain recent findings n nother
i estigation of the isolated particulate fractions from the hver cell
cvtoplasm Among those, one fraction consists of the mutachondua
and another, presumably not homogenous, of microsomes sub
microscopic particles These microsomes contun the larger amounts
of ribonucleic acid and might correspond to the basophilic mclu
s1on5 withm the stamed cell It has been possible to study m some
detail many of the metabohe processes connected with the 1solated
particles On the other hand, we hnow a good deal about the
metabolism 1n the cell 0 which the nbonuclerc protemns of the
cytoplism are mvolved One eximple of my point of view 15 that
a coordmation of these entirely different methods for mvestigating
the Irver cell metabolism bejond doubt could furmish «aluable
information

Hartroft After three months or more of dietary choline defictency
n rats a rather striking quahitative change occurs mn many of therr
hepatic prenchymal cells Stainble fat appears within many of
the nucler I have not encountered this i other pathologic states,
and the only account n the literature that I have been able to find
15 1n Henke Lubarsch Glycogen withm the nucleus 15 more com
menly encountered m a number of pathologic states, but stamable
fat m this position 15 quite rare

Grafflin Some years ago I encountered mtranuclear sud mophil
fat droplets m the Iner cells of the normal guinea pig (20}

Hartroft We have pever observed stamable stranuclear fat m
the Iners of our normal rats

Best Dr Lagerstedt will you continue with your presentation

Lagerstedt ‘There 1s one question which 1s often ashed and whch
is of considerable mterest from a prachea) pomnt of view Tsat pos
sible to draw conclusions about the functional state of the Iner
from the routme histopathologie preparation? When there are
possibilities for s estigations with all the special equipment men
tioned before there are no pecultar difficulties but 1 most hbcm;
tories, such s estigations are performed by the wse of d,f{e;e:
staming procedures Thus, the answer to the question 3§ mairly 3
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dehydrated at low temperature In that way changes sn the locahiza
tion cwsed by the penetration of the tissue by fixatnes 1s avorded
as are the chemical changes accompanying the fixition in flnds
The other method consisted of submitting preces of fresh tissuc
to ultracentnfugation The theory 1s that f cell constituents can
be moved within the cells m the centnfugal field with unchanged
T ‘ sing different

also present

Best 1 dont think that 1s quite clear

Lagerstedt In a certam type of cell for mstmee m the lner
cell mclusion bodies will be found in the cytoplasm Using diffcrent
types of fixatives they will always be found This shows that they
are not formed under the mfluence of any partienlr type of fixa
tne Now 1 centnfuging pieces of tissue the formed bodies in the
nucleus and eytoplasm Arenge themselves under the nfluence of
the griatational forees The abulity to be displaced under the
mfluence of grautitiona] forces of certam strength within the
cytoplasmuc ground substance must be restncted to formed strue
tures that show a speafic grivity different from that of the sur
rounding medium Thus the demonstration of the bodies displiced
alter ultracentnfugition with intact morphology 1s strong evidence
for their actual existence 1 the lnmg el In 2 nutshell objets
which dont eust cnot e displiced!

Digure 91 shows the 1esult of centrifuging Iiver cells subinerged
m Tyrodes solution for 30 muutes at 60 000 x granity and photo
griphed in ultraviolet light 2t 257 ma i the unstuncd seetion The
absorbing structures m the cytophism are clewrh seen moved
the direction of the centnfugal foree with their morphology
presenved

Tullis How werc you ble to fix the cdlls in relation to the diree
tion of centnfugation®

Lagerstedt In several ways uswalls i the tube

Tullis  Attached or onented to the side of 1t?

La,erstedt Sometimes we fixed them i the tubes A small prec
of issue 1s placed in a contnfuge tube and after the centnfugaty n
there 1s the piece of tissue in the bottom of the tube and then the
fliud can be repliced We hue wed Trrodes solution 15 swspen
sion medinm

Smetana Tresh tissue or fived?®

Lagerstedt A piece of lner m Tyrod s solution wall sk th the
bettom of the tube After contnfugibion the pacee s fined em
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Actually 1t appears that the basophilia 1s by no means 1 straight
forward measure of the amount of nucleic acid present Ve hme
found m human biopsy Iners mstances m which basophtha was
suppressed to the point where no conspreuous color w1s developed
thongh the ultraviolet study showed that nucletc acid was actually
present m some quantity (24)

Dr Popper I believe has found imstances where the basophiha
did not reflect a considerable change i nucleic acid content

Popper In experimental ammals we found conditons i which
the basophilir was markedly reduced but the nucletc 1eid content
normal As reported here two years ago (17) Dr Szanto (25) had
no difficulty 10 demonstrating cvtoplasmic basophila of the lner
cells m biopsy spectmen

Pollister  There are many other angles to this biopsy material
one bemg the curous fact that nucleic acid stams with fauly um
form success i autopsy Ivers a stuning that 1s nuclease susceptible
Tentatnely we thunk that perhaps the protem nucleite bond s
very firm i the fresh tissue hence not broken by the fixaton and
that by contrast 1t becomes somewhat looser durmg the perod
before utopsy

Hanger Do you suppose if autolyzed Iner was used as 1 source
of enzyme that reaction might be actinated?

Pollister Dr Post has done 1 number of things Iike that so far
wath negatne results

1 should like to point out agaun that one 15 on very shaky ground
if he concludes from a negatine basophiln that nucleic 2aid con
centrition 1s necessanly low If possible this result should be
cheched by ultrrviolet absorption or even better by direct chemical
determmations on a mass of tissue

Smetana Were the biopstes fised the same way?

Pollister Mostly acetic aleohol sometymes formlin

Lagerstedt One of the most important questions to be answered
is whether the basophilic structares seen m the preparations also
rm and with that locahzation mn the fiving celf
The theory on the interaction between the nuclens and the cyto
plsm m cannection with the protemn metibolism 1s Jargelv based
upon the loealization of the nbonucleic acid contammng cytoplsmic
melusions m close contact with the nuclewr membrane during cer
tun stages of therr deyelopment

Vie tned to tackle the problem w
methods The first one consisted 1 e o
methods the tissue 1s frozen m liqiud mitrogen

are present m that fo,

ith two different expenmental
f the freezing dryng
d aftervards
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dehydrated at low temperature In that way changes i the locahza
tion caused by the penetration of the tissue by fixatives 1s avorded
as are the chemical changes accompanymg the fivation i fluds

The other method consisted of submitting preces of fresh tissue
to ultracentnfugation The theory 1s that if cell constituents can
be moved within the cells in the centnfugal field with unchanged
morphology and if this morphology 15 alwys found using different
ficatnes that 1s good evidence that the structures are also present
with those morphologic features in the hving cell

Best 1 dont thmk that 1s quite clear

Lagerstedt In a certam type of cell for mstance i the Iner
cell nclusion bodies will be found in the cytoplasm Using different
types of fixatines they will always be found This shows that they
are not formed under the mfluence of any particular type of fixa
tive Now 1n centrifuging preces of tissue the formed bodies i the
nucleus and cytoplasm arrange themselves under the nfluence of
the gravitational forces The ability to be displaced under the
mfluence of gravitational forces of certamn strength within the
cytoplasmue ground substance must be restnicted to formed struc
tures that show a speaific gravity different from that of the sur
rounding medium Thus the demonstration of the bodies displaced
after ultracentnifugation with mtact morphology 1s strong evidence
for their actual eustence m the Inmg cell In a nutshell objects
which dont eust cannot be displaced’

Figure 91 shows the result of centnfugmng hver cells submerged
mn Tyrodes solubion for 30 minutes at 60000 x gravity and photo
graphed 1n ultraviolet light at 257 myx n the unstamed section The
absorbing structures m the cytoplasm are clearly seen moved m
the direction of the centrifugal force with therr morphology
presened

Tullis How were you able to fix the cells n relation to the direc
tion of centnfugation?

Lagerstedt Tn several ways usually m the tube

Tullis Attached or onented to the side of it?

Lagerstedt Sometimes we fived them in the tubes A small prece
of tissue 1s placed 1n a centnfuge tube and after the centnfugation
there 15 the piece of tissue m the bottom of the tube and then the
Busd can be replaced We have used Tyrodes solution as suspen
ston medium

Smetana  Fresh tissue or fixed?

Lagerstedt A piece of Iiver in Tvrode s solution wall sink to the
bottom of the tube After centnfugition the piece 1s fived em
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Actually, 1t appears that the basophiha 1s by no means a strarght
forward measure of the amount of nuclere acd present We have
found, m human biopsy Iners, mstances in which basophilia was
suppressed to the pomnt where no conspicuous color was developed
though the ultraviolet study showed that nucleic acid was actually
present m some quantity (24)

Dr Popper, 1 believe, has found mstances where the basophihia
did not reflect a considerable change m nucleic acid content

Popper In esperimental anmmals we found condittons m which
the basophilia was markedly reduced but the nuclec acid content
normal As reported here two years ago (17), Dr Szanto (25) had
no difficulty i demenstrating cytoplismie basophilia of the luer
cells 1n biopsy specimen

Pollister  There are many other angles to this biopsy muteral
one bemng the cunious fact that ruclete acid stans with faurly un
form success 1n autopsy Ivers a staming that is nuclease susceptible
Tentatively, we thmk that perhaps the protem nucleate bond 1s
very firm m the fresh tissue, hence not broken by the fixation, and
that by contrast 1t becomes somewhat looser dunng the pertod
before autopsy

Hanger Do you suppose if autolyzed hver was used s a source
of enzyme that reacton might be activated?

Pollister Dr Post has done a number of things like that, so far
with negatne results

1 should like to pomt out agaun that one 1s on very shaky ground
1f he concludes from a negatne basophila that nucleic acid con
centration 1s necessanly low If possible, this result should be
checked by ultraviolet absorption, or even better by direct chemical
determinations on a mass of tssue

Smetana Were the biopsies fixed the same way?

Pollister Mostly acetic alcohol, sometimes formahn s
Lagerstedt One of the most important questions to be zmswerle
1s whether the basophilic structures seen m the preparations 2 ;lﬂ
are present i thit form and with that Jocahzation in the I ng cel
The theary on the wteraction between the nucleus and tlhebc)ltzi
plism 1n connection with the protem metabolism 1s large ‘l asew
upon the locahzatron of the ribonucletc actd contuntng cy tophism
inclusions 1n close contact with the nuclear membrane dunng cer

tain stages of their deelopment

We h%ed to tachle the problem with two different etperxx:ixcnml
methods The first one consisted n uce of the frceznf)g r)lrr(llgs!
methods the tissue 15 frozen m hquid nitrogen and afterwa
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TABLE \X
D of the Ut fuged Vaterial
Centnfug ng
o of o of Centnifugal Time at
Anal Centrifuged Force \aumal
n ovals wver P eces £ = Grawty Centr fugal
Force M n
5 10 40 000+g 10
2 6 60 000xg 10
2 6 — 20
2 6 — 30
2 6 — 40
[ 1 1000hg 10
4 8 - 20
4 8 —_ 30

character of the cytoplasmuc structures after stamng wath gallo
cyanmn chrome alum shows that the greater part of the nbonucleie
acid of the cytoplasm 15 concentrated n the cytoplasmic mclustons
The yemaming parts of the cytoplasm absorb the ultrayiolet hight
Dut fantly and show only mconspicuous basophihic properties

Thus there appeared to be a distinct discrepancy between the
cytologeal findings and the structures isolated by Hogeboom
Schnerder and Pall\de While m the mtact cell the bisophilic
cytoplism mnclusions are well defined volummous formations the
fraction more nich 1 nbonueleic acid 15 found to consist of sub
microscopic purticles In the present studies an attempt has been
made to bndge this diserepaney through examination of mtact
hwer cells in ultraviolet hght after ultracentnfuging at different
rates and after various lengths of time The mun mterest here 1
attached to changes in the location and form of the ¢ytoplisme
basophilic inclusions i relation to corresponding changes within
the mtochondnal friction

Tt 1s obsious that for comparative studies on basophilic cytoplasm
wclusions and mitochondn under these expenimental conditions
examination of both structural elements in the s1me specimen offers
the best possibility for relinble obsenations Both Dasophulic cyto
plum nel and the hondeir can be 3 simul

J

h m f ! p But i the preparation of the
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Figtre 91 Pla n oo o °

microns Car

gravity  The

nucleoh and

s ens are moved 1n the d rection of the centnfugal force logy 1 pre
Some S o gal force the r morphology 15 P

bedded and sectioned then we are able to study the sections m
the ultraviolet microscope or after staming the mitochondra as a
control some pieces remun wn Tyrodes solution for 60 mmutes
without centnfugation

The results seached through these i estigations and the different
expenments performed are evtdent from Table XX and Figures 92A
nd B 93 91

For the present studies 1t 1s of particular interest that it has been
possible to 1solate a number of nuclerc cid contaming fractions
from the cytoplasm of hver cells OF these fractions only one the
mitochondral fraction could be assocrated directly wath well known
structures in the cell Hogeboom Schneider and Paliade (26) have
appwently been able by analysis of wdentified mitochondm to
show that these make up about 19 per cent of the total nibonuclete
aad content of the liver These authors however found the greater
nibonuclete acd fraction (50 per cent of the total rbonuelere acd
content of the liver) to be localized to submicroscopic puticles of
100 mx 1 size

A study of the pictures of hver cells m ultraviolet hight t 257 m«
here reproduced as well as the pretures presenting the basophle
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ed at 60000 « grawity for
30 mmutes 5 microns The arrow mndicates the ccmn(uga% direction (1000}
A \Mitochondnia staed_cells The mutochondnia are hing m a weakly stunmg
homogeneous ground substance The centrifuga) and centripetal optically empty
layers are clearly visible
Carnoy Fisation Photomicrogriph of unstained section at 257 mafumerons Strongly
absorbing masses make up a Liver contmnmg the nuclkus also The cytoplism
welusions ¢an no longer be made out as morphologie entities A centr ugal
optically empty zone 15 conspictous A finely granulas shghtly absorbing cytoplasm
1s seen centripetally Cf the scheme i Figure 91

Froune 92 Sections from preces of narmal hver centrifu,

B
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Fiewte 93 Mtochond fs staned secton fro 1 normal lver centr fuged for °0
m nutes at 120 000 x gravity 5 m crons The arrow mnd cates the centr fugal d rect on
The m tochondna have accumulated at the level of the nucler but have proserved
the r ind vid aal morphology Centr fugal and centnipetal opt cally empty zones are
seen (x1000)
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present matenal 1t was not practicable to employ the freezing
drying method Therefore 1t was decided to employ the Camoy
fixation for exammation of basophihe cytoplasm mnelusions and the
Regaud fixation for the study of the mtochondra

The 1nmals were killed by decapitation and smalf cubre pieces
of liver {about 4 mm wide) were removed as quickly as possible
Some preces from each hver were placed directly 1 the fixation
fnd others m Tyrodes solution There they were left as Jong as
the experiment fasted Finally some preces were placed m centrifug
ng tubes contuning Tyrode s solution at a temperature of + 15

For these experiments an arr dniven ultracentafuge of the Beams
type (27) was employed rotating mn vacuo with an effective radius
of 88 mullimeters After the centrifuging no increase in temperature
could be ascertamned in the Tyrodes solution on control measure
ments Table XX gives the centnifuging tunes at different rates It 15
to be pointed out that the recorded centrifuging times refer to the
tune after the maumal sate was obtasned

After centnfugmg the small blocks of tissue were fixed 1n Carnoy s
or Regaud s fixation flud together with the control blocks which
had been left standing m Tyrode s solution for the same length of
time The parafin blocks were cut parallel with the centnfugal
direction All the sections were 5 # m thickness The sections were
mvestigated 1n the ultraviolet microscope at 257 mgu after stamng
according to Regaud

As 15 evident from the find when basophilic cytoplasm mclu
sions are submitted to centnfuging sufficiently long or at a suffi
crently high rate of revolution they lose therr indivadual morphology
and enter mto the formation of a strongly absorbent equatonal
layer (Figure 92B} Under corresponding expertmental conditions
the mitochondria may be located m the same zone with presersa
tion of therr morphologic features (Figures 924 93) Thus m both
experimental series we meet with the formation of the four charac
tenistic Iyers Apparently there can be no doubt that basophthe
cytoplasm welustons and the mitochondria become localized to the
same zone {Figure 84)

In the Carnoy fised or frozen drted specumens the mitochondna
cannot be distimgushed with certamty by photography n "&”;’
violet hight Tt has not been passble 1n the sp bou'i
venfy with certainty some findings reported 1 the hterature al
mtochondral structures 1 the form of absosbent marginal sm:c
tures surroundmg an optically empty zone {28} After d"‘}‘l ""';]
chondria have gathered mto more compact equatorial Juyers throng
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centnfuging, the possibiity naturally anses that they may brng
about, 1n part, the absorption observed But this does not alter the
observation that the basophilic cytoplasm mclh the most
absorbent constituents of the cytoplasm are responsible for the
major part of this absorption, as they ean be followed dunng their
aggregahon mto this Jayer
lity of basophilic eytoplasm el bemng built up

of aggregales of mitochondnia, which as a result of the centrifuga-
tion break mto ieces and enter lhe equatonal layer as mitochondria,
15 d, however, by ch 1 as well as morpholl findings
Hogeboom, Schnelder, ;md Pallade (26) were able to 1solate the
entire mitochondrial fraction even by means of such a relatwely
shght centrifugal force as 24 000 x grawity for 20 mnutes The
supernatant fraction was found not to contain mitochondna but
merely the submicroscopic particles nch 1n rihonucleic acids These
particles are not likely to have been broken-up mitochondna, as the
mitochondna m the intact cell are able to stand centnfugation for
30 minutes at 120,000 < gravity without undergoing any morpho-
logic changes

It 1s reasonable to assume that the structures n the mtact cell
are more resistant to physical forces than when suspended 1n a
cell forelgn medium But 1n the experiments reported by the nbove-

the ssolated hondna were

of normal morphology and no broken rtochondnia could be seen
m the preparations

It is obwvious, then, that a prepond part of the nt ]
acid content of the lver cell cytoplasm 1s locahzed to the sub
microscopic particles, whereas the greater part of the nbonucleic
aud content of the intact cell 1s found i basophilic cytoplasm

On centnf the basophilic eytoplism incl

accumulate 1n the syme layer as the mitochondna, and after centn-
fugation at a igh rate for a considerable length of time, the baso
philic cytoplasm inclustons 1n this lyer undergo homogemzation
mto a fine, granular substance Considening these factors, then, the
only possible explanation appears to be that basophilic ¢y toplasm
mclusions give rise to the submicroscopic particles 1n the 1solated
fractions

1f we hypothethically assume that the basophilic ¢y toplasm nclu-
sions are built up by the rbonucleic protem nch microsomes, will
this throw any light on the question of the mechanism 1nvolved
n the production of the cytoplismic nbonucleic proteins®
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present matenal, 1t was not practicable to emplo the freezm,
drying method Therefore, 1t was decided to exflply;y the Camfy
fixatron for 10n of basophilie eytoplasm mel and the
Regaud fixation for the study of the mtochondria

The ammals were hiled by decapitation, and smalf cubic pieces
of hver {about 4 mm wide) were removed as quichly as possible
Some pieces from each hver were placed directly 1 the fixation
flurd, others in Tyrode’s solution There they were left as long as
the experiment Jasted Finally, some preces were placed centnifug
ing tubes contamning Tysode’s solution at a temperature of + 15°

For these expernnents, an air drven ultracentnifuge of the Beams
type (27) was employed, rotating m vacuo, with an effective radius
of 83 milhmeters After the centrifuging, no mcrease 1n temperature
could be ascertaned in the Tyrode’s solution on control measure
ments Table XX gives the centnfuging times at different rates It1s
to be pomted out that the recorded centrifuging times refer to the
time after the maximal rate was obtamned

After centrifuging, the small blocks of tissue were fixed mn Carnoy's
or Regauds fixation flmd, together with the control blocks whch
had been left standing in Tyrode’s solution for the same length of
tme The paraffin blocks were cut parallel with the centnfugal
direction Al the sections were 5  in thickness The sections were
mvestigated in the ultraviolet microscope at 257 mg after staming
accordmng to Regaud

As 15 evident from the findings, when basophilic cytoplasm mclu
sions are submutted to centrifuging suficiently long or at a suffi-
ciently high rate of revolution, they lose therr individual morphology
and enter mto the formation of a strongly absorbent equatorial
Iayer (Figure 92B) Under corresponding experimental condittons
the mutochondna may be located m the same zone with preserva
tion of therr marphologte features (Figures 924, 93) Thus, n both
experymental series we meet with the formation of the four charac-
tenstic layers Apparently, there can be no doubt that basaphthc

ytopl el and the dria become locahzed to the
same zone {Figure 94)

In the Camoy fixed or frozen dued specimens, the mtochondria
cannot be distinguished with certamty by photography “]!m‘
violet light It has not been possible m the sp M":
verfy with certamty some findings reported in the hterature aboul
mitochondnal structures 1n the form of absorbent margmnal struc
tures surrounding an optically empty zone (28) After the ""wh
chondna have gathered mto more compact equatorsal layers throug]
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Lagerstedt 1 dont remember that Hydén made any general
conclusions about that

Popper It 15 interesting m this respect that in pohomyelitis the
first morphologically recogmzable lesion 1s an alteration or dis
turbance of the RNA in the ganghon cells (the so called Nissl
granules) This appears before any other lesion (32) and supports
quite well what just has been said

Lagerstedt T think so That 1s why I asked Dr \inck »f you
had made any studies in your matenal with eytochemical methods

Minick Your pomnt 1s a good one I am sorry 1 have no amswers
1 am simulated to try to get some

Hanger Have you made studies on hepatitis?

Lagerstedt Not from this point of view

Watson Dr Bang working with the electron microscope hasnt
yet seen anything that looks Iike virus particles as they are ordinanly
recogmzed

Shorr Have any respiratory measurements been made on Iner
cells that have been centrifuged and segmented m this fashion to
deterniine whether they retain their capaaity for respiration?®

Lagerstedt Measurements have been made on the respiratory
capacity of sea urchin eggs submitted to centnfugation* I dont
think they have been made 1n the liner

Shorr Twonder how large a portion of Iner 1t would be practical
to treat by centufugation?

Lagerstedt There 1s one objection 1f you are mterested in the
cytology It will be hard to fix the speaimen satisfactonly if 1t
15 too large

Shorr 1 was thinking of removing them 1nd studying certan
metabolic reactions

Lagerstedt There 1s one old story not too pleasant to remember
That 1s the time when an egg from Ascans suum was centnfuged
for about 900 000 x gravity I think for 10 hours After that treat
ment no structures within the cell membrane could be seen at
all only a delicate nuclear membrane but all other constituents
were homogenous and finely granulated However that egg was
quite ewsily fertihzed and t!ere appeared 1 mce httle worm in
due time

Shorr One would have to consider the subsequent effects on the
cells of the mitial period of hypouia

*1In et gat ons by Chantrenne {33) relate to ths que ton lie found a decr ase In
nshelfm gen uptake b 30 per cent thron gh inact vat on of the Watb 1 Re ta system
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This question cannot be answered yet, but there are certam
findings which mdicate that at least the mutochondna seem to be
able to dupheate within the ¢y toplism Gustafson (29) showed n
the sca urchin’s blastula and gastrula that the number of mito
chondna could change Jerably under diff d It
15 also well known that eggs can be centnfoged dunng cleavage
and m that way one cell with mitochondria and the other withont
visible mitochondina obtained After some tune, mitochondna ap
pear again These observations have led to the hypothesis that
mutochondria could anse from some precursor, possibly microsomes
an old concept, ndeed, already suggested by Meves (30)

Several attempts have been made to identify the microsomes
with plasmagenes as well as viroidal bodies found mn the cytoplasm
and contaimng nuclere acrds It 15 temphing to assume that changes
1n the amounts of nucleic acids and proteins 1n the ¢y toplasm might
be brought about through changing the number of mcrosomal and
mutochondrial bodies 1n the cytoplasm This seems to be a most
mterestmg working hypothesss, but the type of work can only be
performed within several, techmceally different fields of research

Smetana Dr Lagerstedt talked about viruses and thewr possible
relation to structures i the cells Inclusion bodies m some of the
cells are seen 1 virus diseases Is there any relationship between
the nclusion bodies i nucler and the nucleolar mass which you
have shown?

Lagerstedt The mun mvestigation with cytochemical methods
for locahizing viruses in cells has been done by Hydén (81) He
mvestizated infected cells i the ultrivsolet microscope and made
measurements of the amounts of nuclesc acd present at different
times after mfectton I dont thmk he ever stated what connection
he found between the accumulations of virus and the mcusion
bodies T have no remembrance of that

Smetana 1 understood you to say the contact between the virus
and the cell oceurs through these bodres rather than with any
thing else .

Lagerstedt In certam virus d for m 3
contagosurn the virus 1s seen accumulating close to the nucl e;xr
membrane Thus, under those conditions there 1 morphologically
a close connection between this part of the protem forming system
and the viruses and 1 reported that probably the virus w W destroy
same part of this protein formung sy stem a 3

Popper Were there any differences m the‘manaus b‘lm?,ses epen
ing upon whether the virus consisted of DNA or RNA'

i
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Lagerstedt T dont remember that Hyden made any general
conclusions about that

Popper Tt 1s nteresting m this respect that n pohomyehtis, the
first morphologically rec ble lesion 15 an al or dis
turbance of the RNA in the ganglion cells (the so called Nissl
granules) This appears before any other leston (32) and supports
quite well what just has been sud

Lagerstedt 1 think so That 15 why I asked Dr Mk if you
had made any studies 1n your matenal with cytochemical methods

Minick Your point 1s a good one T am sorry I have no answers
I am stmulated to try to get some

Hanger Have you made studies on hepatitis?

Lagerstedt Not from this pomt of view

Watson Dr Bang working with the electron microscope, hasnt
yet seen anything that Jooks like virus particles as they are ordmanly
recogmzed

Shorr Have any respiratory measurements been made on liver
cells that have been centnfuged and segmented 1n this fashion to
determine whether they retan therr capaaity for respiration®

Lagerstedt  Measurements have been made on the respiratory
capacity of sea urchin eggs submitted to centnfugation® I dont
think they have been made in the hner

Shorr 1 wonder how large a portion of her it would be practical
to treat by centnfugation?

Lagerstedt There 15 one objection 1f you are mterested 1n the
cytology It will be hard to fix the specimen satisfactonly if 1t
15 too large

Shorr 1 was thinking of removing them and studying certain
metabolic reactions

Lagerstedt There 15 one old story not too pleasant to remember
That 1s the time when an egg from Ascans suum was centrifuged
for about 900000 x gravity I think for 10 hours After that treat
ment no structures withm the cell membrane could be seen at
all only a delicate nuclear membrane but all other constituents
were homogenous and finely grinulated However that egg was
quite eastly fertihzed and there appeared o nice little worm m
due time

Shorr One would have to consider the subsequent effects on the
cells of the mitinl peniod of hypoua

* Investigtions by Chantrenne (33) relite to this question He found a decrease in
lsle x:n\ gen uptake by 50 per cent thro igh inctination of the Warb irg heilm svstem
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Popper I should like to answer the question Dr Hanger rarsed
about hepatitts based on histologic observation of the cytoplasmic
basophiha and vot on ultraviolet absorption study or chemteal
analysis As mentioned two years ago (17), viral hepatitis presents
In pyrontu stams, a charactenstic preture 1n contrast to the chemmeal
type of hepatits To us, the alterations of the cytoplasmic baso
philia 15 one of the most diagnostic of morphologic changes In
viral hepatitis, 1solated cells lose the basophilta that 15, one cell
loses st and may subsequently become necrotic, whereas a neigh
bonng cell retams 15 normal basophiha In early stages, the loss
of the basophihc granules from mdividual cells contrasts markedly
to the findings i the tovic hepautts 1 humans or animals {eg,
due to carbon tetrachlorde) which show a diffuse loss of the
basophilta i the entire centrolobular zone This 1s in agreement
with the findings of Dr Mallory Dr Smetana and his co workers
(34} have descnibed, m non fatal viral hepatibis necrosis of 1solated
hver cells

1 should ike to pose two questions dealing with problems which
came up 1n the Ninth Liver Injury Conference One deals with the
appearance of the nucleoh In cirthosts, the appearance of lner
cells vanes considerably, as one would expect There are groups
of cells which are nch in eytoplasmic basophihe material, 1n others
the cytaplaste appears empty and practically free of basophiic
matental. In the latter type of cells Szanto (25) usually found wer(}i
large nucleolt similar to what Stowell (35) saw after pmlonged
protem free diet A possible evplanation for the large nucleoh an

b of cytopl: basophilia may be an association of 1n
creased formation of nbonuclerc acids with mereased turnover
or destruction of protemm 1 wonder whether a better explanation
1s available toda

Brachet (36) a};)d Caspersson (37) have assumed and their \v}uﬂ:
work 1s based on this assumption th:'n ribonuctlexcuacxgserggystﬁe

- e ba o rathac © an G s »
,mpoﬂ?lncfm] ¢ thac ¢ and renresen: :0 S\l?mce myself
?:fr:lnft:h: s,::—u uld be accepte:i
without doubt The findings presented today strongly ;“‘lzp"{; sl\c
1 wonder whether Dr Best would permit a discussion of this
roblem

’ Best Can that be answered bnefly, Dr Lagersted;’ ered

Lagerstedt It could be discussed but not defimtely ;’;I‘S ot
We have as quite a constant finding that 1n mnnfe«:h!;)r:1 :;‘Cl}ﬂcpam o
formation there s an increase tt the wmount of 11bo:
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There have been some i estigators who have suggested that the
nuclerc acids, which easily preapitite protemns might facilitate
protemn syntheses by removing the reaction products of the svnthesis

Dr Stetten 1s mterested I think, in some studies on nucleic acid
Have you ever considered these possibihties from the purely chem-
c1l pomt of view? Is it possible that a chemist could give some clnes?

Stetten Nothing mmeditely obvious, I think There are rela-
tively few simple systems which would appear to make peptide
bonds, so far as I am aware Those systems which have been studied
n the 1solated state which synthesize peptide bonds as in luppunic
acid or glutathione, have not been shown to require nucleie acids

Hartroft 1 should Iike some mformation about the techmques
which you hive been employing Dr Pollister Do you use a quartz
microscope or a reflecting microscope? In measuring the photo
metnic absorption how do vou control errors that mught anse from
vanations 1 the thickness of the section or the intensits with which
1t 1s stained?

Pollister We have been using both the quartz monochromatic
objectives and the reflecting types with about the same result

Hartroft What type of reflecting microscope do you employ?

Pollistcr We have both the Bausch and Lomb and Amencn
Optical Company types of reflecting objectives

Hartroft Does not the central stop n those employing sphencal
murrors nterfere with resolution when the substage aperture 1s
reduced to eliminate glare?

Pollister 1t 1s astomshing that the resolution 1s so very good 1n
the visible hight I have never seen a refracting objectne of com
parable numenecal aperture which would give, at a magmfication
of 800 or 900, anywhere near the quality of the image obtaned
with the reflectors And, of course, there 15 no chromatic aberration,
especially n the totally reflecting AO type

Now, as to the other guestion there are errors of all sorts, and 1
would be glad to discuss them at length

Best 1 think 1t should be done privately

Pollister T mght merely say what we think we can do We look
for relative changes, we do not think we can determine absolute
amounts, but the relative amounts are extremely useful in a great
deal of biological materral For a fuller discussion I refer you to
a tecent paper (38)

Schuartz Dr Graffin this morming introduced the technique of
fluorescence microscopy with special reference to its use m the
study of excretion of fluorescent dyes by the Iner The studies of
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fluorescence microscopy which I should hike to consider very bnefly
are presented not because they have already been apphed to the
study of the physiology, bochemustry, or anatomy of the Iner but
because the techmigue seems to have some promise of bemng of
value n future studies 1 these felds
The goal set for us m the work was a twofold one Ongnally,
we wanted to study the fluorescence of different tissues by fluares
cence mucroscopy and to determme by visual or photographte means
the charactenstic changes mn the Huorescence pattern m yanons
diseases Such studies have been made by a number of 1y estigators
in the case of Iner tissue, puncipally by Dr Popper Secondly, we
wanted to extend this work to a2 more quantitative defimition of the
fluorescence spectra by means of photography or other
Two methods haye been employed The first involves photography
of the flearescence spectrum and subsequent analysis of the spec
trum on a self recording densitometer This method has certun
disadvantages It requires long exposure at Jow levels of Ight
tensity, and under such conditions the gramn darhening m the
film may be so great that it 1s difficult to evalvate the fluarescence
spectra obtamed unless the fluorescence 15 very mntense In genesal
one half hour or longer exposures are made Such long evposures
may destroy some of the fluorescing compounds We have there
fore built a self recording mucrospectrophotometer, as shown in
Figure 95
Seen here 15 the apochromatic mucroscope employed and just
beyond 1t a high mtensity AHB mercury Jamp cooled by a recirculat
mg water system Filtered hght from this lamp enters the micro
scope On the microscope stage 1s placed the tissue section or
solution to be studied In the eyepiece of the microscope 15 a
merospectroscope built by Stemheil and Sons and brought back
from Germany by Dr Watson three years ago This umt has a
pumber of special features
1) A lower eyepiece which permits direct visuahzation of the
mucroscope feld
2) An upper eyepiece which permits visuahization of a sht whose
size and position can be vaned by two diaphragm controls
The sht can then be closed around the cell or other areas to

be analvzed . by rotag 2
3) The same eyepiece 1s used as a_spectroscope by rotatu
) dispersion prism 1nto position 1n the adjacent drum The posll
won of fluorescence or absorption bands can be dxrecth ly
measured on a calibrated drum scale The cross hairs i the
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Freune 95 Self recard ng nucrospectrofluoroplstometer and awohary umts

1 Lamp | ovsing

2 Cooling umt Ior tissue or solution (1le mucrowope [not numbered] emplovs
sertiead allummation when used with this cooling umit

3 Microspectrosce

4 Phototube nnd?ﬂnsmg

5 DC amplifier

and 579 mill
microns

may be il ted with ippropriately filtered

llght when necessary 1n fluorescence studies

4) A camera extends upward to the nght of the drum

8§} Glass or quartz pnsms m the drum are used to disperse visible
or ultrusolet ight to focus the spectrum at the camera ext
These spectr1 may be photographed and amalyzed with a
recording densitometer

6) Because of the deficiencies of photography as noted earher
the spectra are now amlyzed directly by a system which
employs 1 phototube which scans the spectrum an amplifier,
and an Esterhne Angus Recorder
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Vanable shits re mterposed between the camera eut and the
phototube to transmt hughly monochromatic Iight (1 my band
width or less) The phototube housing and sht are coupled through
a gear system and a selsyn drive umt to the Esterlne Angus Re
corder The position of the sht or wase length can be read from
a cahbrated drum scale on the driving mechanism Light impng
g on the phototube at any 1s amphfied app tely
1000000 times and then fed mto the amplifier where fusther
amphfication over a 100000 fold range may be produced The
current fed imto the recorder thus gies a contrnuous plot of light
intensities at successtve wave Jengths or of the fluorescence spec
trum A complete spectrum may be produced i from approvimately
one half to three or four mmutes

The phototube 15 cooled with dry 1ce to reduce 1ts 5o called dark
current We hate alia emplojed a kqued ttcagen caoling systea
to cool tissue sections to increase stabdity of fluorescent compounds

The work to date has been imsted almost entirely to the desvelop
ment of the apparatus to the elnerdation of varous factors imyobed
n achieving reproducrtbility a high degree of resolution etc

Figure 96 illustrates the plot obtated of the mercury doublet at

about 577 and 579 mull Almost complete separation of these
two peahs will be noted As mdicated by this curve 1 resolubon
down to a few Angstrom umts 1s possible B we re i

nterested in vartous porphynn compounds whose fuorescent spec
tra may be only two or three mullimucrons apart the need for a high
degree of resolutron 1s a basic one

We have studied the fluorescence 1n Inver sections obtamed from
narmal mdividuals and some patients with cirthosis and other types
of hver disease In general the hepatic cells in the unstamed state
exhibit a bluish green fluorescence In the cytoplasm these may be
many small gramyles of orange or reddish Buorescent matenal The
Inle duct contents may exhibit furly intense red fluorescence One
has the tmpresston that there are not only differences n the shade
of green fucrescence seen in the same lner but more especially
there seem to be qualitats ¢ dsfferences i fluorescence color observed
n pathologic hvers We therefore hoped that the ﬂuorcScbence
spectra nught be abnormal diseased Jivers and that these af mrf
malities mught serve as clues to the further chemical analysis of
these hvers

To date we have prepared re
expected different types of spectra are
observes a very broad contipnous spectrum

Jatnely few spectra as might be
observed In general one
the green extending
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Ficure 98 Resolution of the mercury doublet bv the self recording microspectro-
fluorophotometer

mto the yellow and somewhat into the red region of the spectrum
Sometimes, one obserses two peaks rather than a single broad peak
Some spectra are much sharper than others We have no 1dea
what these differences in fluorescence spectra mean Work 1s con-
tinung in a further study of the fluorescence pattern of normal and
abnormal livers to determine how consistent these differences may
be and to see what bioch 1 fi may be hed to
them

Graffin Dr Watson and lus colleagues are to be warmly con-
gratulated for developing this equipment which should give them
access to extraordnanly interesting matenal

Knsely You could begmn to use this instrument for analysis of
infimstesimal amounts of matenal for example, with paper chroma-
tography could you not?

Schuartz Trobably With the fluorescing substance on paper,
however, there would be some difficults 1n quantitative tnterpreta-
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ton of fluorescence mtensity What we have done as a rule 35 to
concentrate the maternal take 1t up 1n small capllary pipettes wich
may have an mner diameter of fiom one tenth to one half a mulh
meter seal the ends of the capillary tube with paraffin to prevent
evaporation and place 1t on the microscope stage The total volume
used for analysis my of necessary be less than one thousandth
of a milliliter

Rmisely It 15 time to go back and start a Iot of chemustry of
microsamples  Recall the evquisite research an the quantitative
chemstry carried out on very small stmples of fud obtamed from
anatomically defined parts of the kdney nephron the work of
Professor A N Richards and Ins school It began with Richards
and Schimdt 1924 25 and continued with the assistince of Pro
fessors Wearn Homlton Walker and others (394041 4243 44)

It s now possible to get samples from many anatomically defined
almost mucroscopie parts of hving ammals “The double bali jomt
mucromamptilator msented by Fritz Buchthal (45) makes the ob
tammg of the sample possible The new mstrument Dr Schwartz 1s
deseribimg makes the analyses possible It should now be possible
to carry out analyses of functions of specific parts of organs such
s the hver

Schwartz One big advantage of fluorescence microscopy over
absorption microscopy 1s the fact that m the latter mstance senss
tiaty 15 himted by the concentration of the materal one has to
deal with ‘Many of these compounds must be present m 1 concen
tration of from one to four or five per cent depending upon the
specific ahsorption of the compound The use of amplhfying systems
1s of no value here whereas m the case of fluorescence one 1s able
to achieve an extreme degree of sensitnaty by increaang the 1mphf
cation In various parts of the system

Popper ‘The rapid fading of the ongmally very bright fluorescence
1s rather characterstic for vitimm A and permits its Jocalization in
tissue sections {46) After the fading of the vitnmm A fluorescence
other Buorescent detuls may become recogmzable such as a red
fluorescence 1 the hver which may persist for considerable tume
half an hour or longer A'so other fluorescent detuls especrilly pig
ments may become apparent

Sclumrt.):, For that reason we had hoped one mght 5‘:"““{2
the flnorescence by buldng a coolng umt to coot the hissup ? \"

gen Ve hne such a sistem unohing

temperature of Iiqud mitrogen "
a copper flash and two Dewey flasks We can measure the temper
ture m varous areis nd cwn get pretty close to the temperiture
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of hquid mitrogen With the cooling techmque we find there 1s some
mstability for mnstance n the porphyrins there may be an imerexse
m the duration of fluorescence by a factor of four or fise but it
has not completely eliminated photo oudation One other advantage
of cooling 15 that 1n many mstances the fluorescent spectra are con
siderably sharpened and much more detail 1s apparent in the Inghly
cooled material than 1s visible at room temperature

Kmsely s there any chance that the rates of decav could be
used for any type of mterpretne work?

Schuartz We hope 1t will be the case It 1s a feature of this
Recorder that the speed of the plotting can be vaned considerbly
It 15 also possible to change the wve length scale by altening gears
m the drving mechamsm Ve hue reason to believe that some
porphynins are less stable than others We plan to study tlns posst
bility by setting the camera sht at about 620 me and quickly scan
ning the spectrum from 620 to 635 mullimicrons The gears are then
reversed and the spectrum scanned from 635 to 620 mp and so on
brck and forth every munute or so Differences m stibility should
be revenled by progressne changes in the spectrum obtamed

Popper 1 have been mnterested n fluorescence microscopy for
many years using 1t in a somewhat primutive way I sce now that
with the arrangement just presented a dreim his come true and
1 am confident that 1 1urge number of ymportant observations are
gotng to be made with this outfit Congritulations I hwe just one
question Does a very strong vitamun A fluorcscence n the first few
seconds of exposure to ultraviolet hight not disturb vour obsensation
until the vitamuin A fluorescence has somewhat decayed? When the
shde gocs under the microscope you should get an overwhelming
fluorescence 1 the normal hver

Schuartz It hasnt disturbed us but only bectuse we huwent
studied the matter It will become a factor when we get around
to plotting spectrt of freshlh exposed sections *

Popper We had some diffenlts with the problem of fixation
n fluorescence microscopy I tissues wre hept i formahn for several
dus fat ongimally not fluorescent acquires t secondiny fluorescence
On the other hand 1n fresh frozen sections certun types of fluores
vence mterfere with the recognition of other tvpes However 1 am
sure these are not msurmountible difficultics Sewndinninn stud
105 (47) concerming fluarescence microscopy of tissue embedded by

*Asnoted ewler t s hoped that nor awd stablty s be ad A colng
the sextor Lwn to by 1 ntrogen ter perat 1o
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drying freezing techmg
appear to me most promusing

Smetana  Are fluorochromes used 1n connection with this i
strument?

Schuartz Yes, mdeed Many of the ordiary stams are actually
Huorochromes but, as I say, the work up to now has been almost
entirely on the development of the apparatus Applications have
come much more slowly than we would have hked, but we felt
that the important thing was to get an apparatus which 1s g5 good
as we want it to be Appheahons will come rypidly enough when
the apparatus 15 finally perfected

T might mention some prelimmary studies with Dr Lane Wilhams
Rats were treated with varying amounts of carban tetrachlonde
and then mjected with Rose Bengal They were sacrificed at vasous
tervals and the sections stuched both by ordinary microscopy and
by fluorescence mucroscopy It was found that the fluorescence
anlysis was a more sensitive test for the presence of Rose Bengal
m the hepatic cells, stnce increased yellowish fluorescence was ob
served mn sections which appeared normyl with ordiary techmque

Hartroft How do vou visurhze your field directly?

Schuartz Actually, 2 considerable amount of detail can be seen
1n the unstained Iner The nucler, cytoplasm, particles, ete, show
up weil

Watson Some of the most beauttful preparations that Dr
Schwartz and Dr Schmd have got have been of bone marrow
normoblasts and they are full of porphy rin, most of the porphyrm
mtially 15 mn the nuclens The evidence strongly suggests that
porphyrm formation begins n the nucleus rather than the cvio
plasm, which was rather surprising to us, but one can 1denhfy cells
on the shde, then take the shde out and stam 1t with an ordmary
technque and go back and look at the cells and see exactly which

. 1
anes was identified m For ple, 1n c;elr‘l:un cases

WO COIONIES U1 LLIS PUN L vs v o 5
3‘: They can be lacked at afterwards staned with Wright's stun
and they look identical and ane without porphynn ﬂut‘yrescience
cannot be distinguished from another nght next to 1t with a large
amount We don t understand this mterestmg phenomenon a
Best I think we shall huie to drav 10 3 close Dr Lngers&eﬂlt‘,
to bring our session to a conclusion 15 there anything you wou

Iike to say?
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Lagerstedt 1 have certamly smd enough in one dvy I only hope
that these remarhs of mine will make 1t as clear to you as 1t 15 to
me that i the field of In er cytochemistry and histochemnstry, there
are very good possibilities for t! hly frustful coor be-
tween cytologists, biochemists, and people working with yet other
methods I hope that the conclusions winch can be drawn from a
study of the properties of 1solated particles within the lner cell
will aid 1 having this work start as soon as possible 1 am convinced
that there 15 much information to be gamed about the nternal
metabolism tn general through studies on this type of cell

Best That 1s a good pomt at which to end the formal side of
this Conference
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