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FOREWORD
by
ProressorR G R CAMERON, DSc, FRCP FRS

Early 1n 1950 the Ciba Foundation was asked by Dr Sheila
Sherlock swhether 1t ould sponsor an mternational conference
on hver dlsease 1n the summer of that year The forthcommg
phy at C h meant that research
workers from America and Europe would be assembling about
that time and, with a kttle encouragement, they might be
persuaded to come to London and join British colleagues m
& liver symposium  The present volume 1s the outcome of
Dr Sherlock s 1dea and drive and the Ciba Foundation’s
lmtmnve » 1t will be obvious to the reuder of the papers and

now published how I was the enterprise
and what its bearmg on international co operation mught
well be All such assemblies when well planned seldom fail
1 their formal purpose, some however achieve more than
technical suceess when a warm, friendly atmosphere envelops
the meetings and overflows into the social events and leisure
hours offered to the participants That this was the case with
the Ciba conference 1s not surprismg since the gemal Sec
retary to the Executive Couneil of the Foundation Dr G
E W Volstenholme and his courteous staff devoted them
selves to the comfort and indeed the happiness of eonference
members The sctentific results attained were highly satis
factory despite the need for restricting diseussion to a portion
of the vast field of hepatic nvestigation YWith commendable
foresight Dr Sherlock and her planning commmttee msisted
that this first gathering should coneentrate on recent trends
m the wtiology of chronic liver disease, the outcome was
impressive and few could have foreseen the wealth of dis
coveries and ideas which was given to the conference The

v




V1 Foreworp

Ciba Foundation has made available to all who are interested
m the liver these contributions m the form of a permanent
record, It will be appreciated that for the most part these do
not consist of papers fully prepared for publication but are
rather the record of an mformal and happy occasion
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PART I
PROTEIN METABOLISM IN LIVER DISEASE
Chairman E J. Kine

RECENT DEVELOPMENTS IN FLOCCULATION
TESTS

N F MACLAGAN

TrE principal development m the field of floceulation
tests 1n the last few years bas, I think, been the mception of
a new group of tests stemmung directly from the work of
Cohn aund lus collaborators, published wn 1046, on the refine
ments of salting out procedure, and particularly interesting
are these new fests which measure more exmetly gamma-
globulin content and which do not depend, therefore, on so
many unhnown factors Naturally, it would be a great
stmphfication 1f we could replace these empurical floceulation
tests by an actual esttmation of some known substance,
However, we must not lose sight of the fact that the relation-
stups involved are very complex and if we do, 1n fact, get
extra diagnostic information from a more or less empirical
procedure, we must not discard it in favour of these new
tests unless 1t can be proved that the new tests give as much
nformatron

I om presenting to-day the results collected an the last
vear ar two at Westrmunster Hospital, and will try to anelyse
the value of the new tests from this pomt of view. Table I
shows the tests winch are used m the senes and the normal
himts of each of them

We have had considerable trouble with the question of
normal linuts, prneipally on account of the difficulty of

1



- N I MACLAGAN

Table I
Froccurarion Tests v 59 ConrmoL Sussecrs
Test Method Normal Lvmts
Serum colloidal gold Maclagan 1044 °
Thymol turbidity Maclagan 1944 0-2 units
Thymol floceulation Neefe and Rhemhold 1946 0-1+
ZnS0, turbidity Kunkel ¥ 0—4 umts

(NH,),SO,/NaClturbidity dela Huerga and Popper 1949 0-2 unity

standardizing turbidity measurements mn different labora
tories, and the figures given are based on serum proten
sulphosalicylie acid standards and not on the barmum sulphate
standard preferred by Kunkel (1947) Kunkel’s test, which
was published m 1947, and which we have used a great deal,
was standardized on barium sulphate but we have had great
difficulty n getting the same results as Kunkel, and we
finally went over ta the protemn sulphosalicylic acid standards
You will notice that the thymol turbidity test hmmts are
lower than the ones I had previously suggested I think
that 15 a question of choice of subject, and I must agree with
various other writers that if you take entirely normal subjects
you do get lower hmits than the 0-4 which we omngmally
proposed, and we have gone back to 0-2 for this test The
last ammonium sulphate test 1s one of the new ones One
has a choice here between the procedures of Wolfson et al
(1948) and of de la Huerga and Popper (1950) and our data
concerns the latter

Table IT will show you some details of the way we stan-
dardized our thymol flocculation test

Table II
TuyyoL FLOCCULATION TEST

f tncomplete record as 14
I completely fiocculated record as follows —

Turbidity Unuts 0-4 5-7 8-10 Over 10

Flocculation 1+ 2+ a8+ 44

In this test it 15 always rather difficult to know what to

call 2 14 and 2+ and so on, and the methods shown there
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6 N. F MACLAGAN

very closely correlated m our results with the zinc sulphate
test, and we do not feel 1t 1s worthwhile contmumng with the
gold simnce the zine sulphate 1s easer The ammonium
sulphate test, of course, needs to be tried on many more
cases It appears to show a smaller range of deviations from
the normal as compared with the thymol and zine sulphate
tests It 1s obviously very tempting, and 1t would be a great
sumphfication if we could replace these empirical tests with
a simpler procedure, but I feel that we have not enough data
to do so at the present time

Finally I should hike to point out the existence of a group
of cases of hepatitis, usually arrhosis, with completely
negative floceulation and other liver function tests It would
be mteresting to know if any of the speakers have any views
about the pathology of these cases I think they were
described by Sherlock (1946) some years ago as histologically
mactive h and as a tic portal cirrhosis by
Rucketts et al (1950) T would “Iihe to know if there 15 any-
thing different 1n the =tiology or prognosis of this condrtion
My own feelmg 1s that they are usually mild asymptomatic
cases but T am not sure that that 1s always true
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DISCUSSION FACTORS AFFECTING THE RESULTS
OF FLOCCULATION TESTS

H POPPER

Dr Maclagan pownted out that from a diagnoshic stand
point the determimnation of gamma globulin gves less mfor
mation than the results of the thymol turbidity or cephalin
flocculation or any other of the flocculation tests Vie have
been trymg to determine gamma globulin by turbidimetric
methods which were checked by electrophoresis (Popper
et al 1950} Vve came to the same conclusion especially as
far as the differentral diagnosis between surgical and medical
Jaundice 15 concerned This work clearly indicates that
changes 1n the gamma globulin concentration of the serum
are not the mamn determining factor for the results of the
floceulation tests at present used in the differential diagnosis
of jaundice  We feel that three factors should be listed

The first concerns qualitative changes m the serum albunun
as was Just clearly shown by Dr Maclagan They cannot be
recogmized by electrophoretic methods and may be responsible
for abnormal flocculation tests in the presence of normal serum
albummn and gamma globulin concentrations as deternmned
by electrophoresis  Of all the hepatie tests thymol turbidity
and cephalin flocculation show the best correlation with
histologically recogmizable liver cell damage (Popper
Steigmann and Szanto 1949)

We consider this change of serum albumm as the most
mportant factor The second factor 1s a depression of the
turbidity or flocculation by regurgitated biliary material
Tt 15 probably the same factor to which Ducer (1850) has
made reference Ve do not know which iliary substance 1t
15 but 1t could be demonstrated that the zinc sulphate
turbidity of hunkel particularly i contrast to the gamma
globulin turbidity 1s depressed not only by the addition of
bile but also by leeathin 1n concentrations found m serum

8
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10 H. Porrer

duced by hymal eells  Therefore, this mesenchymal
reaction (possibly 2 response to the Liver cell damage), 1s
reflected m elevated serum gamma globubn levels In
contrast, 1 obstructive )aundice the Kupfier cells are aiso
proliferated but they are free of cytoplasmic basophilia (and
pentose nuclerc acids) probably due to the fact that they are
loaded with ile mgment (g 18) In keeping with tihus
observation 1s the fact that in this condition (at least in the
absence of a supernmposed severe infection), the gamma
globulin level 15, as a rule, only shghtly if at ail elevated
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LYOPHILIC PROPERTIES OF SERA IN LIVER
DISEASE

CH WUNDERLY and F WUHRMANN

BeTWEEN the blood plasma and tissues like the epithehal
layer the reticulo endothehum the liver and the spleen,
there 15 a constant exchange of salts and water, of non
electrolytes like carbohyd and of sub with lipoid
solubility (phosphatids steroids, fats) The part which 1s
played by the blood plasma can be compared with the flmd
which elutes adsorbed sut m the
pile Because blood plasma possesses hydrophilie as well as
hpophilie properties, very different substances are comprised
1n this interaction of blood plasma and tissues It 15 this dual
action which mahes blood plasma the ideal means for elution
and transport  As 1s well known, blood plisma contans the
macro molecules of the proteins and therefore forms a com
plex colloid systera It 1s charactenstic for the latter, that
the surface energy 1s not negligible compared with the volume
energy of the system Therefore the enormous surface of the
colloid phase 1s the decisive factor for the transport volume
of the blood plasma The surface formation of the plasma
protemns as dispersed phase, depends upon their dispersion,
a serum with a normal content of albumin has, generally,
Tigher dispersion than a serum where the globulin content 1s
mncreased In order to evaluste the interdependence of lytic
action and protetn composition we made use of electrophoresis
after the method of Tiselus Philpott Svensson  For the
measurement of the eluting effeet we developed & model
adsorption (Wunderly, 1950a), 1t conusts of disks of 9 em
diameter which are cut from a thin membranc of ammal
skin (not Cellophane’) The membranes wihich we are
ustng arc manufactured m Sweden, thewr trade name 1s

11




12 Cit WuvpnERLY AND F WunrvMANN

“Naturin”  Such dishs of membrane have an approxmmate
weight of 480 mg , they are submerged mn 80 cc of Evans blue
(2 mg m 100 cc ) and others 1n Sudan red, they are left n
the Petrs dishes until the colommmetnic control shows that
each membrane has taken up 400 y of the dye All the
membranes are then thoroughly washed with water, in which
the adsorbed dyestuffs are not soluble,, next they are placed
again 1 Petr: dishes and carefully submerged in dilutions of
the sera m saline This dilution 1s so regulated that the
protemn content 1s always 200 mg per 100 cc , hereby a
constant quantity of protems 1s eluting hydrophilic and fat

dyes under strictly standardized conditions In order to
lessen evaporation and contamination, the Petn dishes are
covered and placed 1n the refrigerator They remam there
for forty eight hours  after twenty four hours the membranes
are turned with a pincette to assure umform elution  After
forty eight hours a colommetne control shows how much of
the dye has been eluted  The effect 15 given mn y dye per mg

protemm  The hydrophilic properttes of the serum are
measured by the elution of Evans blue, an acid Tolidine dye
with a molecular weight of 948, and the lipophilic properties
by the elution of Sudan red a well known fat dye These
measurements n the Pulfrich step photometer from Zesss are
reproductble up to +1 2 per cent  The comparison of these
data gives a good estimate of the lytic properties of the
patient’s blood serum It was interesting to mnvestigate the
dependence of the elution effect on the chemical constitution
of the dye molecules, to this end we compared the elution of
the hydrophilic dyes Benzo blue, acid, Trypan blue aad,
Victoria blue, basic, and the fat dyes Sudan blach B and
Ciba blue BZL (Wunderly, 1950b) These experiments
showed us that Evans blue and Sudan red are best quahfied
for measurement, therefore we use these mndieator dyes for
routine work The standard elution, as we have outlined 1t
above can also be carried out when serum is replaced by uro

protemn like Bence Jones protem or with bie (Wunderly,
1950s)  The results of such experiments are given 1 Fig 1
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protein  Bile shows a strong lipophulic action which 1s very
charactenstie, bile elutes even more of the fat dyes, Sudan-
red and Ciba blue BZL, than Evans-blue, which effect 15
Just the opposite from the Iytic action of the serum proteins
These findings are n line with the function of hle m the
metabolism of fats and Lipids

Our experiments show that the lytie properties of blood
serum depend on albumin and the a- and g globulins  Both
these globulins have long been recogmized as hipoid carriers
and we have been able to prove that therr elution capaaity
depends on their concentration of hpoprotemns The lipo-
tropic action of the latter ean be demonstrated if the serum of
a patient suffermg from nephrosis, for mstance, 1s treated m
such a manner as to reduce the lipoproteins and lipids, the
subsequent elution of the fat dye Sudan-red was found to
decrease by 88 per cent and the Evans-blue by 19 per cent
(Wunderly, 1950¢, 1950d) The binding of Sudan red by
the Lipotropic portions of the serum proteins 1s strong enough
to remamn through dialysis and electrophorests; we were
therefore able to reproduce the red col d protein bound
(descending} in the electrophoretic pattern on colour film
{Agfacolor) Mobilittes of protein boundaries before and after
elution of dyes were not bly altered We
are presently trymng to improve electrophoretic patterns of
sera with much bile pigment by preliminary elution of
different fat dyes

In order to characterize the mteraction between the blood
stream and surrounding tissues 1t was necessary to obtam
also values measured 1 vivo  We have therefore determined
the disappearance rate of Evans blue (T-1824) from the
patient’s blood within one hour Noble and Gregersen
{1946) found & mean rate of 5 2 per cent, after measurements
on 71 normal individuals  We determme the plasma-volume
and, with the hmmatoent, also the blood volume The
disappearance rate does not only depend on a tissue factor
but also on the strength of the bindig of the indicator dye
o the serum protemns We measure this binding capactty of
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1n the metabolism of proteins and fats The metabolism of bile pigments.
1s only shghtly affected  Cardiac condition o
myocardosis (Wuhrmann) suegestive of o ealled
The protem content of the serum as well as the affinity of serum
for Evans blue were normal (Fig 3) On the other hand the dis
appearance Tate of 14 per cent i the first hour after intravenous
injection of Evans blue was greatly mcreased (normal 5-6 per cent)
"These figures show that the affinity of the capllary wall for the dye

Haemochromatosts
Tisste v, | ‘ ( I
i<

Evans Bllie *j

Membrane

I |
ab Lk ! an
35 9 28 28 rel %
Total Serumprote n 6 8 per cent
Blood Volume 5 380 ml
Plasma Volume 3 500 ml
76 ™ fre {45 55)
Serum Bilirubin 0 8 mg per cent (—1 3)

Cholesteral total 186 g per cent{i,f‘ free
Fi 3

Red

H,,sum

must be particularly great The hydrophihic properties of the serum
are normal whilst the increased content of # globulin has Lipotropie
properties
Case No 2
Male aged 57 Jaundice in extra hepatic biliary obstruction
{Cancer of stomach)
+ &~ é carcmoma of stomach
ee from complamnts untd
’atient admtted because
Marked hard resistance
of the spleen no ascites
ot nardne €
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For blood chermstry please sec Table T
Comment 57 yeat old male with typical obstructional jaundice

Jaundice n extrahepatic bitiary
obstruction

;
¢
Tissue & | l |
Evans <. '
Yie <A | ’
- [‘I [ | £vons
mbrane T 2| e
Hembrane Sudan
g ed
-l
89
Total Serumprotein & 6 per cent,
Blood Volume 7 870 ml
Plasma Volume 4410 m!
m iy (45 55
Serum Biliubin 20 g pereent
108 free
Cholesterol total 148 g per cent{ 08 free
ric 4
wereased
Case No 8

ale aged 28 Chrome glomerulo-nephntis with nephrotic stram
One year before  scute glomerulo nephntis followsng on tonsillitis

not completely cleared up combined with development of & mild
LIVER DISEASE s
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nepl of liver function were demonstrated
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AMINO-ACID METABOLISM IN LIVER
DISEASE

C E DENT and J M WALSHE

It has been known for a long time that there are distur
bances of amino acid metabolism m severe liver disease
This was ongmally noted as the result of the identification
of crystals of leucine and tyrosime in the urinary deposit
obtaned from some cases of acute yellow atrophy Later,
chemeal methods for determining o amino mitrogen were
developed and applied to the mvestigation of such cases
Results obtamed by this techmque confirmed the elevation
of the urinary amino acid levels, and showed that the plasma
level too was greatly raised

It has been shown n ammals that a significant rise of
blood ammo acids does not occur until about 90 per cent of
the hiver has been removed By analogy with such expen
ments, therefore, one would not expect to find, 1n man, a
marhed nse m the blood amino acid level until very severe
Irver damage had occurred  Prehmunary chnical and expen
mental work using paper chromatographic techmques (Dent,
1947) tended to confirm this and had led to the conclusion
that the test for gross amno aciduna using strips of filter
paper (one way chromatography), although of possible value
1 mmmediate prognosis of severe liver damage, was uscless
as a function test mn mild cases A conspicuous change mn
urmne ammno acids for instance was often absent in cirrhosis
and hepatitis

In the work to be deseribed now the problem has been
re examined We decided to look mot only for the gross
changes in output of many amino acids which 1s so character
1stic of the severe forms of hiver damage, but also for mmnor
changes of more subtle nature which might nvolve only one

22
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may occur m our “post operatre” group, some of which
have no clinieal evidence of jiver damage m the ordinary sense

of the word
Table I

Types oF Urrvary AMING Acip Cxances Founp
TYPE A Yem man ama 4 -
B

mga

excess
¥ Rthanolamime alone excreted 1n excess

Table 1T
TyeE oF Urivany AMmno Acip Resronsz

4 B € D E F Musfit
Acute yellow atrophy (8 cases) 7 1
Fatal liver coma {5 cases) 8
Infectious hepatitis {11 cases)
Cirrhosis non termimal (10 eases)
Obstructive Jaundice (3 cases)
Primary hepatoma (1 case)

Post operatives (17 cases)

Now for the details of the resp They are
m Table I Type A 1s the gross amino acidurna that occurs
1n acute yellow atrophy e knew this before The one
case of the eight which did not show this response was less
acute than the others since she died after one month’s Jaun
dice e have other evidence also to suggest that the full
response only occurs m the really fulmmating type B, a
milder ammo aciduria than A, may also be designated as an
*acute yellow atrophy in mmaature’ It was a common
response 1 mfectious hepatitis especially mn the more acute
cases with severer and shorter hved symptoms C-F are we
beheve the responses which are ongmal and unexpected
The first three (C-E) involve increased urnary excretions
of cystme, with or without ¢ T spot” (an umdentified new
amino acid*} and methyl histidine  Generslly speaking
symptoms were severer in cases shoving D and E than those

*Since this paper was read “T-spot has been identified as £ 1m no sobutyr ¢
#od {Crumpler Dent Hamns and Westall 1851 Meture 167 307

T rSt)

1
1{B+F)
2 normal
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The question as to the speetficity of the uriary amino actd
Tesponses arose during investigation We began to be sus
Ppretous smce some of our liver patients showed additional
changes after operative procedures such as laparotomy Ve
therefore collected urmes before and after various major
operations  We found that all showed responses smular to
those of our liver patients, usually reaching a peak about three
days after the operation This certamnly requires some inter
pretation and further study We suggest that 1t probably
mdicates & true liver dysfunction but we eannot yet say if 1t
15 & direct effect of the anzsthetic on the liver, or if 1t 1s more
i the nature of a stress reaction, as a part of the negative
nitrogen balance which has long been known to occur

It 1s clear that we have little here to help us n the diagnosis
of these milder types of hver damage Further follow up
studies will mdrcate whether there may yet be something of
prognostic value Some recent results suggest that this may
be so  On the biochemical level however we are at once
challenged for an explanation for the special relation that
cystine, ‘ T spot’ and methyl histidine bear to the matter of
Inver dysfunction We are hampered by not yet having a
final 1dentification of * T spot” We should have this soon
but all we know so far 1s that 1t 1s a simple aliphatic “non o
amino acidd  We are fairly sure that this also means that 1t
cannot be a protem bmlding block since such a queer molecule
has never yet been found m protem hydrolysates Blethyl
stidine likewise, does not occur m protems and has only
been described before n the form of the dipeptide anserme
which 15 widely distnbuted i ammal tissue extracts Cystine
whlst 1t can be mncorporated into protems, oceurs also n the
tripeptide  glutathione, mdeed most of the non protemn
cystine of tissue extracts 15 1n this bound form

Qur tentatrve hypothesis 1s therefore as follows In rmld
Liver disease a few amino acids, normally held n the ntra
cellular water as peptides, are liberated 1n free form into the
blood stream Of these few only three, cystne, “T spot’
and methy histidine are slowly metabolized and can therefore
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to 2-3 cc of urine from a “renal cystmuria” will suffice to
make the cyanide/mtroprusside test negative, and if the drops
are added to a test with pure cystine 1 which the colour s
already developed the strong red 1s rapidly decolounzed
Another reason why the condition does not make itself
conspicuous 1s that stone formation 1s not to be expected in
hepatic cystinurias owing to the lower eystine concentration
In a large senes of cases of “‘renal cystinuna” collected by
Lewis (1982) and by Dent and Harns (unpublished), cystine
erystallization or stone formation only oceurred 1n the urinaty
tract of those people with the highest eystine concentrations
and then only 1n a small proportion of them

The last response ¥ concerned a Jarge excretion of ethano
lamine m the urine 1w the absence of any other conspicuous
changes detectable on the chromatograms e have often
found smaller quantities before m acute yellow atrophy
urine when very many other ammo acids were present, but
never before as an isolated occurrence  We took the appor
tunity to confirm its 1dentity unequivocally by very specific
chromatographic methods and finally by actual 1solation
(Dent, Fowler and Walshe, 1951) The patient was a woman
of 45 who had had a swelling, at first pamless, of her hiver
for three years Recently 1t had become pamful and 1its
enormous S1ze caused considerable embarrassment Never
theless she Lept gomg as a housewife and was in reasonably
good general health A biopsy twe and a half years ago
showed primary hepatoma All the usual lier funetion
tests were normal when carried out on several occasions
during the last two years

The hnown metabohsm of ethanolamine 15 summanzed
i Fig 1 Its close relation to chohne poses mteresting bio

h 1 probl PP she had for some reason a

metabohc arrest at the stage between ethanolamine and 1ts
mono methyl derivative ? This would produce an accumu
lation of ethanolamine 1n the body flmds, meluding unine, and
also the signs of cholme defi ,1e fatty ] hosis—
primary hepatoma (Copeland and Salmon, 1946), The arrest
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of a sertes of feeding expeniments m which known ethano-
lamine precursors and sources of labile methyl groups have
been fed to the patient It can be seen that feeding methyl
donors did not lower the ethanolamine excretion and the
patient’s response to fed ethanolamme was to excrete less
additional ethanolamine than a normal control smularly fed
As we are unable to offer a satisfactory explanation of these
results we are proposing to earry out 1sotope experiments with
labelled precursors In the meantime we can only add that
long term admimstration of choline has produced no bio
chemical change, but has been coincident with considerable
relief of pamn
Summary

The amino acid excretion mn the urine has been studsed in
both acute and chrome liver disease  Certain characteristic
changes are described In parbicular, we have consistently
observed a mse n urine cystme levels, often as an 1solated
finding We suggest that this may be a very sensitive indi-
cation of Iiver damage
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CHANGES IN THE CONSTITUENTS OF THE
LIVER GELL IN EARLY CHOLINE AND PROTEIN
DEFICIENCIES

H W ROSTERLITZ

Tuis nvestigation, which was carried out 1n collaboration
with Miss R M Campbell n the Physiological Laboratory
of the Unmiversity of Aberdeen, was undertaken with a view
to elucidating the changes in the essential constituents of the
Iiver cell in early protein and choline deficiencies It appeared
desirable to examine the hivers when the animals were 1 a
state of equiltbrium  For this reason, adult (male) rats were
used 1 the post absorptive state, 1 twenty two to twenty
four hours after the last food had been offered at 4 pm on
the previous day TIn the expenments, 1n which P was
used, any food left over at 9 am was removed each day
The diets were fed for one to four weehs The management
of therats the composition of the basal diet and the analytical
techniques have been described elsewhere (Campbell and
Kosterlitz, 1949 1950)

Deoxyribonucleic acid P (DNA P) was used as a standard
to which all other analytical values were referred  So far as
18 known, DNA P 1s the only constituent of hiver tissue which
18 not affected by varations of the diet (Campbell and Koster
Iitz, 1950) It was first shown by Vendrely and Vendrely
(1948) and confirmed by Dawvidson and MeIndoe (1949) and
Mirsky and Ris (1949) that the DNA P content of a somatic
nucleus 1s approximately constant for any one species and
that therefore the DNA P content of a tissue 1s a good ind1
cator for the number of nucle present 'Thus 1t was possible
to establish a quantitative relationship between body weight
and liver DNA P (Campbell and Kosterhtz, 1950) This
relationship has now been examined for a further 138 rats,

az
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It was shown previously (Campbell and Kosterhtz, 1950)
that the protem content of each liver cell expressed as the
ratio protemn N/DNA P, 15 a function of the dietary protem
mtake  The relationship was found to be linear for casem
intakes between 0 and 150-200 mg casein N/100 g body

LR/DuAP

Fic 2 The lipoid P contents of hver cells for different protein
N contents

weight The phospholipin content of the liver measured as
hipowd P {LP) vanes directly with the protein N content and
15 thus also a function of dietary protem If the ratio LP/
DNA P 1s plotted agaimnst proten N/DNA P, a straight hne
15 obtained the origm of which passes through zero (Fig 2)
Analysis of covariance and recalculation of the LP/DNA P



CIOLINF AND ProTErN DEFICIFNCIES 335

ratios for a mean N/DNA P ratio of 97 mdteate that choline
deficiency does not affect this relationship, while there 1s
a sigmificant difference between low (10 per cent) and high
(10 per cent) fat diets, the latter yielding for identical
N/DNA P values, a greater LP/DNA P ratio than the former
{Fiz 8) This means that adult rats with a choline deficiency

4%

LP/DNAP

420

23 16 38 39 30

N/DNAP =O7

Lipoid I’ contents of hivers of rats fed on different diets
PR irs b B N

of up to four neeks, when examuned 1n the post absorptive
state, show no loss of phospholipins other than that produced
by vanations in dietary protemn, on the other hand, a high
fat content of the diet, with or without choline, causes a
small imcrease 1n the phospholipin content of the hver, in
addition to any vanations produced by the protein content
of the diet
Lrven pisrax ‘
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As m the case of the phospholipins, the it Jere acid
(RNA) content of the adult rat’s liver 1s & hnear function of
the protetn content of the liver, the gains and fosses of RNA
P are, however, smaller than those of protein N (Campbell
and Kosterhtz, 1950) These findings have been confirmed,
although i1t would appear from the analysis of the present
series of experiments that factors other than the protem
content may play a role For instance, rats fed on a high fat
diet contaiming no chohne have a shightly but sigmficantly
higher RNA P/DNA P ratio than rats fed on a high fat
diet contaming choline Rats fasted for twenty four hours
show 2 normal ratio, while 1t 1s lowered 1n aminals fasted for
forty eight hours

It would appear then that as far as the protemn, phospho
hpm and rbonucleic contents of the liver are concerned,
changes m the protemn content of the diet have the muost
mportant effect, n addition the phospholipin content 15
shightly affected by varations 1n dietary fat The effects of
chohine defi y are almost neghigible, particularly stniking
15 the absence of any effect on the phospholipin content

The second part of this paper deals with the problem of
how far deficiency of protemn and choline affects the turnover
rate of phospholipins m the liver For this purpose, the
mcorporation of 3P into the phospholpin molecule was
deterrmned six hours after the injection of NaH*Pp,
Simultaneously with the mjection of P, any food left over
was removed It was found that the speafic activity of
the lipoid P, viz P 1 per cent of injected counts/P
mg, rose with decreasmg protem and therefore decreasmg
phosphohipin content of the liver At the same time, how
ever, there was a smular change 1n the speaific actiity of
morganic P, a fact which m itself would cause a nise of the
speaific activity of ipord P In Fig 4 the logarithms of the
specific activities of morganic P and of lipaid P are plotted
agamst the ratios N/DNA P The slope for lipoid P 15 sigm
ficantly greater than that for morganic P, so that the slope
of the loganthms of the ratio specific actiity of hpoid
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loses Iipoid P from its Iner as a consequence of dietary protein
deficiency  In order to obtain some 1dea of whether or not
the turnover time 1s sufficiently shortened to compensate for
the loss of Iipoid P, a quantitative estimation of the turnover
time and turnover rate became necessa

Turnover time 1s the time taken for the whole phospholipin
present 1n the liver to be renewed and turnover rate 1s the
amount of phosphohipin renewed per umt of trme  According
to Zilversmt, Entenman and Fishler (1943), the turnover
time of lipoid P 1n hours 1s equal to the difference between the
mean specific activities of the immediate precursor of lipord
P and of hipoid P divided by the merease m specific actinity
of lipord P per hour ‘The immedrate precursor 1s likely to be
glycerophosphate (Zilversmit, Ei and Chaikoff, 1948,
Popjak and Muir, 1950) 1In the present experiments use was
made of the fact that the P which 1s resistant to alkalne
hydrolysis, alkal stable P, 1s made up mamly of glycero
phosphate P (Zilversmut ¢f al , 1948)

In Fig 5, the specific activaties of morgane P, alkal: stable
P and hipoid P mn the Iiver are plotted for rats which had been
fed on a protein free diet for one week The turnover time
was determined by the method of Zilversmt ef al (1943) and
was 7 5 hours when calculated for the interval one and a half
to three hours, and 7 6 hours for the interval three to six
hours The results obtaned for rats fed on a 40 per cent
casemn diet for one week are plotted m Fig 6 The turnover
times were 10 6 and 9 9 hours respectively

To armve at the values for turnover rates, the amounts of
hipoid P present in the hver were dinided by the turnover
times As can be seen from Table I, the turnover rate of
hipoid P was shightly Jower 1 amimals fed on a protemn free
diet than m those fed on a 40 per cent casem diet It 1s
imposstble to say whether this difference 15 statistically sigm-
ficant ornot These results indicate that the reduced amounts
of phospholipins which are present 1n the livers of rats fed on
aprotem free diet areresynthesized more rapidly and thus more
often than n an ammal fed on a diet adequate m protem




Toreanye

Diey
S0 per ey
Proteqn Treq e



40 H W KosTeErLITZ

Apart from the protemn content of the diet no other factor
was found which affected the turnover of hpoid P in the liver
This result was obtamed by calculating the regressions of the

%0f CASEIN DIET

SPECIFIC ACTIVITY (32/931)

9 ¢ Hrs LIPOID P

1 2 3 0 5 3
BOURS AFTER IKJECTION OF P32

Fic 6 Speafic activity—t me curves obtaincd from rats fed
on a 40 per cent casein diet for one week.

specific activities of morgamce P and lipoid P on body weight
and the ratio N/DNA P By analysis of covanance and
ealenlating the specific actnaties for the means of the body
weights and the N/DNA P ratios no significant differences
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were found between rats subjected to different dietary treat~
ments, iz, fasting up to forty-eight hours, low fat dlct§ and
tagh fat diets with and without choline (Fig. 7)  This is the
more remarkable in that the rats which had been fed on the

L_ Hc HN

oS}

oz

ific Activity (PP

S

-2}
s 22 30 3D

Body Weight 272, B/0NAP 97

Speerfic activities of inorganic P felear columns) and

Hipold 1 (huwded volumns) of rals fed on different diets  The

lues have been adfusted to the mean body weight of 272 g

and mean N\ DNA P ratio of D7 T, fasted for 2543 hr , 1., 10

peroent fat dict  HC, 40 per cent fat diet with choline , FLV, 40

per cent fat diet without choline The Rrures below the columns
mdicate the nurnber of raty in each group

diet contmning 8 per cent easemn and 40 per eent £t without
choline for four wechs shoned a sery constdernble fatty
whiltration of the liver, 1 86 g trghyecrulesfma, DNA D,
while thetr httes mates recenving the samse diet plus choline
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had only slightly ratsed triglycende levels, 0 28 g fmg. DNA
P, n their hivers
Summarnzing, we may say that in the adult rat exammed
1 the post absorptive state, the phospholipin content of the
liver and 1ts turnover are determined mamly by the protem
content of the diet  The fat content of the diet has a shght
effect on the phospholipin content but none on the turnover
The presence or absence of choline has no effect on the amount
of hiver phospholipin or 1ts turnover although large amounts
of triglycerides accumulate 1n the hiver in cholme defictency
Two questions remain which cannot be answered at present
The first concerns the stimulus which mcreases the turnover
of phospholipins 1n the livers of rats fed on protemn deficient
diets It 1s definitely not choline nor 1s 1t the trglycende
content of the hver, which may vary considerably without
changing the turnover of phospholipins  The second question
arises out of the fact that in protemn deficient animals the
losses of protemn, phospholipm and ribonucleic acid from the
Itver are accompamed by losses of mtracellular enzymes
Thus the possibility has to be taken into consideration that
the nereased turnover of phospholipmns and probably other
cell constituents might eventually lead to an exhaustion of
the hver cell
REFERENCES
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bile decreased quite markedly The patients became sympto

matically much mproved, their appetites returned, and they
had to be put on a protemn diet, not because they were sicker,
but because they were eraving better food

PATIENT~W P
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Fic 2 Effect of protemn starvation and of a nutntious diet on
mitrogen balance and Liver function

REFERENCE
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GENERAL DISCUSSION
S Smerrock  Viere these alcohohc patients £

T C CHALMERS Yes
S Sueriocs They had been taken off aleohol and put to bed ?
You had some controls ?
T C Cuaruers Well, we had no controls who were continued on
alcohol However patients on & good diet didn’t get well any faster
P
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:ﬂgm,”“ha“s"l'wsenklﬂg\w? g‘rpc‘nfr:e?tall'y —for'nearlyA tw‘en_ty years, but

. ' :
pomnt I'made I never intended ta deny that choline as such increased
the turnover of phospholipins  Our experiments were designed to test
for a difference between diets with and without choline m the post
absorptive state  In one particular experiment, forinstance we placed
rats on an 8 per cent casein 40 per cent fat diet, with and without
choline, for four weeks 'Lhey were fed 1n the afternoon at 4 pm and
any remaiung food was removed every day at 9 am After four weshs
they were mjected with P at 9 am and killed at 2pm  Under these

m the post absorptive state there 1s no difference n the turnover of
phospholipins due to the presence or absence of cholne, of course, in
no way centradicts the results of the numerous authors who found that
1njection of a single dose of choline increases the turniover of phospholipin
for about ten hours

1 would like to discuss another pomnt, viz the effect of dietary
protein on the fat content of the hver Some years ago we mjected rats
with carbon tetrachlonde after they had been fed on different diets
(Camphell and Kosterlitz, 1048) One group recewved a ngh protein
diet, 70 per cent casem, for three days, the second an 18 per cent

fashen

REFLRENCE
Caspsziz, R M, and Kostenrirez, H W (1938) Brt J exp Path, 29, 148
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this change 1n glutathione content produced by the yeast duet

and the supplemented rats can hve with this subnorma

glutathione level m farly good general condition In the
v o -
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Fio 1 Effect of yeast diet on pre necrotic hver composition

bund rats show even lower glutathione levels (20 per cent
normal) of which only half 15 in the reduced form (Fig 2)

Thus final fall of glutathione m the necrotie livers 15 accom
panied by a sudden sumilar fall i non protein mtrogen, from
about 200 mg per cent to about 100 mg per cent The fall
1n non protemn mitrogen might be attributed to a dilution
effect due to the acute swelling of the hiver which accompanies
necrosis, but the fall m reduced glutathione from the pre
necrotic level 1s 0o great to be due solely to a dilution effect

Ascorbic acid levels 1n the Iivers were also esumated The
Irvers of rats fed the necrogenic yeast diet showed a fail in
Iiver ascorbic acid from 38 mg per cent to 26 mg per cent
1 tvelve days and no further change was noted unti necrosis
oceurred  Necrotic livers contamed practically no ascorbic
acd
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this change 1n glutathione content produced by the yeast die
2nd the supplemented rats can five with this subnorm
glutathione level m fawly good general condition Tn th
continued absence of tocopherol no furthey lowering of glut:
thione s noted until the rat suddenly becomes 1l and develop
hiver necrosis  The necrotie ivers removed from these mor

228 NON_PROTE N NITROGEN
175
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Fis 1 Effect of yeast diet on pre necrotic liver compos t on

bund rats show even lower glutathione levels (20 per cent
normal) of which only half 1s i the reduced form (Fig 2)

This Gnal fall of glutathione 1n the necrotic Inv ers 1s accom
pamed by a sudden simular fall in non protemn nitrogen from
about 200 mg per cent to about 100 mg per cent The fall
1 non protem nitrogen mught be atiributed to a ddution
effect due to the acute swelling of the liver which accompames
necrosis but the fall i reduced glutathione from the pre
necrotie Jevel 1s too great to be due solely to & dilution effect

Ascorbie acid levels i the livers were also estimated  The
livers of tats fed the necrogenic yeast diet showed a fall m
Iiver ascorbic acid from 38 myg per cent to 26 mg per cent
m twelve days end no further change was noted untl necrosis
occurred  Neerotie Livers contmned practically no ascorbie
aecd
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Supplementing the necrogeme yeast diet with cystine
(0 6 per cent) prevented liver necrosis and kept the liver
glutathione normal

At the time when hiver necrosts develops and the gluta
thione and non protein levels are lowest, chromatograms of
urine show the presence of a gross excess of smno acids
{including cystine) thus resembling those from cases of human

e R
=00 G 1.0 D
e o

=TT 0T
=lo. [o-
EIZIZZD B e D @

e M weERGTe

Fio 2 Tffect of necrosls on liver compsition  (Columna
Tepresent percentage of normal values )

acute hiver damnge {group A of Dr Dent s preceding com
muniestion)  Thit sudden denth of iver cells nught result
w relense wto the blood stream of glutathione ond amino
acids  In the absenee of the deaminating action of lner this
mght lead to a nise 1 plasma annno acids and consequent
amino aciduna
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DISCUSSION EFFECTS OF CYSTINE-DEFIGIENT
YEAST DILTS ON RAT LIVER

# FINK

In our Jahoratory we have been working for many years on
the techmical production of fodder or food, yeasts from
materials such as wood sugar, sulphite pulp, and wort from
the hvdrolysis of straw  Among other problers, we have been
Interested 1n trying to find out what 1s the value for amimals
and human beings of the protemn produced by aerobic yeast
culture  The results of tns work, carried out 1a co operation
with Dr Hock and Prof Dr Dobberstein, have some interest
n connection with liver myury

In 1943 we determuned the biological value of the protem
of different yeasts hy examining growing rats, using a method
similar to MacCollum’s method The young ammals which
had a weight of about 50 g, all received a diet complete 1n
regard to protemn carbobydrate, fat, vitamns, mmnerals,
etc , only the Jand and ongmn of the chief protemn sources
varied The proportion of digestible protemn to starch in cal
oneswas1ta10 We took milk protem (shum mlk powder) as
a standard, because 1t 15 known to be of full value Tn ather
cases we used protemn of different yeasts, fungi, and other
plants, m quantities equivalent to the mitrogen contents

As we had expected, the growth curves showed clearly
that the protemn of yeasts, fungl, and other plant material
has a lower value The extent of this decrease was very
different for different yeasts

Further, we were able to establish with a certamn degree of
assurance the reason for the lower value of the yeast protem
We succeeded 1n showing that m the yeast protem, among the
mune amino aseids ynportant for hfe, the sulphur contammng
ones are present m far too small a quantity With some
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yeasts, beer venst for instance, dictary supplements of 0 2
per cent cystine led to greatly improved growth curves so
that these now equalied the growth curves for milk protetn
Reccntly, sinlar effects have been produced by supplements
or heratin hydrolysate The veast used for
hcse experiments had been grown on sulphite pulp
Perhaps the observations which we were able to make on
the )casl fed nnimals, which got no supplements of cystine,
or heratin hydrolysate, were of greater importance
These ammals fed almost cxclusn ely with yeast protem or
other proteins poor 1 cystine, not only remamed behind 1n
weight and growth but often died in greatet numbers, so that
at first we thought of intercurrent illnesses such as paraty
phoud fever
Beeause there was hittle imformation to be had about
pathologieal consequences of a diet deficient 1 cystine, we
decided to study the chemieal and histological changes m
the antmals, and for the purpose of studying the histological
changes, Professor Dr Dobb came to our
These histol which Dobb has
published in detail in Iloppe Seyler’s Zertschnifl fir physiolo
guache Cherme, revenled clear results It became obvious that,
within the groups fed without cystine supplements up to
82 per cent of the ammals wlich died durng the experiment
showed very charnctenstic changes in their organs  Almost
neser did we observe these i ammals fed on 8 dict which
contamed supplements of cystine
The most obvious chianges took place within the lhser,
which appearcd spotted and much, or Iittle enlarged , besides
dark red discoloured parts there were also found stnihingly
pale grey yellow sectors of varying size  The consistence of
the organ was fnable  Also the kidneys nearly always showed
a poflor which was strihing  In some cases the spleen showed
a stronghh marhed hemorthame tumour  No diferences
could be found 1n the other organs  From the histologeal
pont of view, the Iner changes were very charactenstic A

marhed fatty degenertion of the capiitary endothehum
YR REARE
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takes place This 1s also found to some extent withm the
hver cells 1In the liver there was often necrosis without
preceding fatty d on  Simul ly expanded
hemorrhages are to be seen 1n several lobes  In some cases
m which the iver degeneration apparently had taken place
more slowly, an early eirrhosis was seen, as well as regenerahve
phenomena 1n the still surviving hver cells In the kidneys,
d 1ve changes m the endothel were observed, as
well as p of gl hitis , the changes are in the same
direction as other authors have described 1n amimals which
were guien excessive quantities of cystie

The r bl of the find m the both of
liver and kdneys, to those of human eclampsia 1s striking
It cannot yet be decided whether human eclampsia 15 an
1llness which comes from deficiency of cystine, because we are
not quite certamn about the nature of the accepted toxmns
n this condition At any rate 1t1s striking that also pregnant
rats cannot stand a diet deficient 1 cystine

In addition to this report, I want to add that our results
are confirmed n essential pomts by K Ruppert, who has
deseribed his experiments 1 the Deutsche Med YWochenschuft
78, H 7/8, p 96 Further, P Gyorgy (6th Conf on Liver
Injury, Josiah Macy, Jr, Foundation Conference May 1947,
p ©7) and k Schwartz (Z physiol Chem, 281, 101, 109
(1944) have shown that our eclampsia of rats may be pres ented
by additron of small quantities of tocopherol to the diet
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DISCUSSION  ACTION OF METHIONINE AND
CHOLINE ON THE CHOLESTEROL CONTENT OF
EXPERIMENTAL FATTY LIVER OF THE RAT

4 GAIDOS

Best e al {1934) noted the increases m the levels of total
and esterfied cholesterol 1n dietary fatty liver Relatively
httle attention has been paid to these observations We have
remvestigated this problem and studied at the same time the
action of methiomne or choline on the cholesterol content of
fatty liver (Benard et al , 1950)

A group of adult male rats has been fed on the following
high fat, low proten diet  casemn, 4 to 6 per cent, sugar, 40
per cent, lard, 49 to 51 per cent, salt mixture, § per cent,
and known vitamuns in optimal doses Another group of
rats, fed on wheat corn received every two days a subeu
taneous mjection of 0 6 ml carbon tetrachloride for ten days

Each group has been divided into three lots The anmmals
of the first and second lots received respectively, during the
whole exy t, a daily subcut: mjection of 40 mg
methionine or cholne The rats of the third lot served as
controls

Total cholesterol, free and esterified fractions were evalu
ated by the method of Delsal (1946}

As 1s shown m the table, total and esterified cholesterol
were found to be mereased i both dietary and toxic fatty
livers Methtorune or choltne prevented these changes
The ncrease m estenified cholesterol m experimental fatty
Dver can be contrasted with the decrease m esterified
cholesterol 1 the bload serum of patients with ses ere hepatic
diseases  The probable explanation 1s the different behaviour
of lier cholesterolase and serum cholesterolase The first
catalyses the hydrolysis of cholesterof esters, the second

54
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catalyses the ester:fi of cholesterol The d of
estenfied cholesterol 1n fatty hiver can be tentatively attn
buted to the decrease of the activity of liver cholesterolase
Recently several workers have observed a similar decrease
1 the activity of different hiver enzymes 1n rats fed on 2 low
protemn diet or treated with toxic agents (Yobling ef o,
1915, Sesfter ef al, 1948, Westerfeld and Richert, 1949,
Willtams et al , 1949)

However 1t may be, we think that the modification of the
cholesterol content m fatty liver may play a role in the
mechamsm of fatty mfiltration of this organ The importance
of cholesterol 1n the transport of fatty acids 1s indeed well
established.
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DISCUSSION FLOCCULATION TESTS IN JAUNDICE
H pucct

Thep pal s alue of the floccul reactions, emp 1l
demonstrated dernves from their contnbution to the differ
ential dragnosis of jaundice Therr results are generally
negative 1n post hepatic jaundice, and positive in the great
majonty of cases of hepato-cellular icterus

According to present knowledge regarding the mechanism
of the floceulation tests (Kabat ef el , 1933, Wunderly and
Wyhrmann, 1947, Maclagan and Bunn, 1937) the serum 1s
altered 1n hepato cellular jaundice 1n such a way as to mve
positive results  The sern of normal individuals and of those
with post hepatic jaundice, according to the classical view,

I P

PN | K

- - -

. . . ..
Iugh percentage of negatin e floceulation tests 1 post hepatic
Jaundice can be explamed entirely on the basis of indemmty
of the hepatic parenchyma  We have repeatedly observed,
tn patients with bihary obstruction and negatin e floceulation
reactions, the desclopment of positive tests after spontancous
ot surmenl re-cstablishment of biliary flow to the intestines
Morcover, 1n certain cases of prolonged post hepatic Jaundice
with negative floceulation tests hepatic biopsy has revealed
clear cut damage to the Iner (Ducer, 1948)

We have also observed frequently that the negatue floceu
Iations of sera from cases of post hepatic jaundice, left undis-
turbed in the {1boratory, take longer to become positive than
those of normnl sera  Moreover, the negative serum from
cases of biliary obstruction may be stored for long penods of
time 1n the refngerator without developing the eapacity to
guve falsely positive results, normal sera, on the other hand,
acquire it in n short time
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globulm, the thymo} ﬂocculatmn of the norma} Serum becomes

Posttive, While thay of the obstructxve Jaundice sepy, Temaing
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globulin, the thymot flocculation of the notmal serum becomes
posttive, winle that of the obstructive Jaundice serum remams
negative  These results do not support Maclagan's belief
that the flocculating capacity agamst the thymol reagent i
exclusively related to hepatitis gamma globulin (Maclagan
and Bunn, 1947)
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05 015  (—) ++ 5 4 87 ()
Qs a2 -y by 5 & 12 4
05 025 }—) +++ 5 4 183 4+
035 0 30 (=) ++++ 5 5 146 +4+
05 —_ (-) (—) 0 [} a9 (=)

i

P
E]

ST HEPATIC JAUNDICE

05 003 {(-) () 1 [1] 46
05 010 (-) (-} 3 1 55
05 015 (-) {-) 4 0z 79
05 02 (-) (=) 4 3 85
05 o025 () {(-) 5 4 99
05 030 (~) + 5 5 108
05 — (~) () o o a9
* 3 per ceat solut on

The mhibitory effect of albumin 1s also greater with post-
hepatic Jaundsce serum than with normal serum, 2s shown m
the illustrative example m Table II In these experiments
1t 15 agam demonstrated that mn certan proportions normal
gamma globulin produces a positive thymol flocculation ,
nevertheless, this effect 1s not seen with post hepatic Jaundice
serum, although thymol turbidity 1s imereased
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Table IT
‘VARIATIONS IN THE AMOUNT OF ALBUMIN ADDED T0 CONSTANT
MrxTURES oF NOBMAL SERUM AND Gasota GLOBULIN, AND OF
PosT REPATIC JAUNDICE SERUM AND Garya GrosuLIN

T Copatin Goit b BT
NORMAL
05 03 010 +4++ 444+ 5 5 55  +
05 03 015 444 +++ 5 4 51 ()
05 0a 0 20 ++ +++ 5 4 890 (=)
05 03 0325 +4 ++ 3 38 31 (-)
65 03 030 + ++ 2 1 27 (-)
05 o032 o035 (=) + 2 1 26 (-)
05 08 ++4+ F4+++ 5 5 TS 4+t
POYT HEPATIC JAUNDICE
05 03 o010 + ++ a 2 68 (—)
65 03 015 + + 3 1 41 (-)
05 03 02 (—) + 2 1 87 (=)
05 03 025 (-) (-) 1 0 21 (=)
05 03 030 (-) (-) 0 0 19 (-)
05 03 085 (-) (=) o 0 17 (-)
05 _03 — + +++ 5 5 108 (-)
8 per cent aclution 25 per cent salution

From the above observations 1t can be concluded that the
serum of at least some cases of post hepatic jaundice with
negative flocculation reactions, appears more resistant than
normal serum to the precipitating effect of gamma globuhn
In the case of normal serum, the negative flocculation tests
are mdeed related to the absence of qualitative or quantitative
changes 1n 1ts protein components However, this explana
tion does not always hold for post hepatic jaundice sera
In certamn eases of recent ihary obstruction, the negative
floceulation reactions may reflect a normal ltver parenchyma
But 1n some cases of post-hepatic jaundice, with clear-cut
damage d d by the pathol 1 results of the true
Iner function tests, the serum possesses a speeial property




DISCUSSION : PROTEIN METABOLISM
IN LIVER DISEASE

M. BJORNEBOE
I would like to show some figures demonstrating the effect
of ACTH on serum proteins in a case of currhos:s of the liver.
The patient was a 45-year-old man with a history compatible
G=Globulin
A< Albumin

ACITH
K516 7 18 19 20 2t 22 23 24 25 26 27 28 29 30

Fis 1 Serum globwbn and serum alburtmn in a patient with
chrome hepatitis before, durng and after treatment wath
ACTH 100 mg a day

with crhosts of the hver of almost two years' duration.
Repeated serum analyses during this time showed a globulin
concentration constantly about 5 per cent. The diagnosis
of chronie hepatitis was confirmed by biopsy. The graph
(Fig. 1) shows hus serum proteins during and after treatment
with ACTH 100 mg. a day for eight days. Ttis evident that
the globulin concentration and the relation of globulin to
64
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total protein d Protemn f) were done with
EN ao - -

LI N P Y

This has been shown before Dr F Hanger in New York
has been hind enough to demonstrate the same effect to me
on & patient treated with cortisone

Now T would like to suggest an explanation of tius effect
Together with E Fischel and I Stoerck we have been sble

s |
8 7F +ACTH —-ACTH
S 6k 1
& 4l
?3- 365
3ot
y 752 ﬂ
1
v /0 Mallin R

Fio 2 Antibody proteln mitrogen (mg per ml of serum) in
wdidusl rabbite sfter 26 daya of fmmuniastion with and
out treatment witl H

(From B B]omzbne E Fischel and I Stoerck The effect of
corusone and adremocortcotroptue Bormane on the concentra
tion of eirculating antibody J exp Bed 1o press)

to prove that n rabhits the formation of antibody globulin
15 nhihated by ACTH and cortisone Figs 2-4 will gmive
you an ympression of thts effect  In Fig 2 you will see anty
body levels i rabbits treated with ACTH dunng rmmuniza
tion as compared with controls Then (Fg 3) you see the
) you see

In these
yumzation

does not increase as compared with controls
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M. BioRNEBOL
Cortisone effect during immunisation
c
8872 » 2
2w & g
&E g ]
35 H 5
o o
2% 8 ¢
£ hd
8E
26 4 n 10
e . - - [P ——"
(M Bjomeboe, E Fischeland I Stoerck loc ctt}
effect of cortisone on
immunised rabbits
e
RS
3y
>c
2%
8¢
z5
Ex3
—cortisone + cort +cort
+ 69% -N7% +43%
~ Py

(31 Bjomeboe, E. Frschel and H Stoerck Lo at)
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These expenments may have some interest in conneetion
with the experiences mentioned before with chronie hepatitis
—~ v e R e owox g

have shown that in chranie hepatitis there 1s an increase of
plasma cells m the bone marrow  We have 1n a recent paper
suggested that this may be interpreted as a sign of intensive
antibody formation, as we and several others have shown that
there 1s a positiv e correlation between antibody formation and
occ\mence of plasma cells It 15 possible that the antibody

tion 19 an antibod vitus or & ¢ liver damage
nnhbody" as Eaton has suggcstgd an antibody ansing from
d hiver properties 1n the organism

to which 1t belongs

Conclusion  The effect of the suprarenal cortical hormones
on the serum proteins in chronie hepatitis may be explained
as an mhbiting effect on the formation of antsbody globulin



DISCUSSION ELECTROPHORETIC T,
ITRATION OF
SERUM ALBUMIN IN INFECTIOUS HEPATITIS

N H MARTIN
Fig 1 shows an electrophoretic titration of the serum
b

b and beta<-gamma globulin 10 & case of fections
hepatitis T want 1o stress that this serum was taken,

8lo-e.
2 o
4 KN
THYMO! °
UNITS o
2
28
o L
2 4 8
Alb/pey gled

B g titration of crystall ae aloumn
o « bitrabion of infective hepabibss slbumn
¥io.1  Efect of albunun in inhimting positive thymol effect of

B+ rglobuln 1 infective hepatits with (2 notmal cryytaitine
albumn and (b) slbumin from infective hepatitis,

hosohat,

stored at 0°C, dialysed diately agamwst phosp
buffer, reduced to the necessary coticentration for 1solation,
and then removed by electrophoresis Ve have been rather
amsous about wntimate changes m protemns when other
techrugues are used  This 15 an old 1illustration, but the
newer data fit these curves reasonably well There 15 a
qualitatn e diff mthe fwo alt if you use thymol
umts titrated agamst albumin, balanced agamst the beta-
and pamma globulin  which were also 1solated electro
phoretically It seems to us that there 1s a real gualitatne
o
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difTerence 1 the albumtn n nfectious hepatitis i what T
want to call the “specific” turbidity reactions, especially the
thymol reaction We beheve that these curves are strong
evidence of 1t because we have been particularly careful not
to damage the albumin

1 NI
i\ Bl KL
ng s v
e
Al Pwu ™.
] 5] n

Fio 2 Ultracentnfugsl dugrams showing fractions with hugh

sedimentation constants in serum from & case of reticulosis (A}

and advanced bver disease (B) Normal scrum (\) Is shown for
comparison

Now the non speaific reactions  Fig 2 15 an ultra centri-
fugal study  Here “N” 15 the normal ultra centrifugal dia-
gram showing the usual balance of components “B’1s an
ultracentnifugal run from ewrrhosts, showing an increase of the
normal heavier components That httle hummock 15 & heavy
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component which runs ahead  You do see traces of heavy
component occasionally m normal sers, but 1t seems to occur
:‘n t}ne normal sera which give shightly high flocculation tests

‘A” 15 one with a great deal of heavy component of two
types 1It, of course, gave strong positive reactions with all
the flocculation tests

It 15 perfectly obvious that 1f you get a component like
that circulating 1n the serum, 1t’s going to flocculate 1f you

n [t]
(] ]

Fie 3 Electrophoretic Anglyss  Arrows mdicate the
direction of mugration,
(1) Descending Limb 1 hour
(2) Descendng Limb 2 hours
(3) Descending Limb 8 hours
(4) Ascending Limb 8 hours

grve 1t half a chance  We've stripped 1t off and examined 1t
T have no really accurate duffuston constants on 1t, but 1t's
of the order of a mllion, and 1s not rich 1n hipoid

Fig 8 gnes an example from a chrome curhotic I rather
like this because 1t's such a pretty control, both patterns are
runming at the same time, and you've got your ascending imb
a5 control for your descendmng lumb  There 15 spontaneous
precipitation of the gamma globulm “m the descending limb
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three hours.” Thus agam I thmk is a non-speasfic reactio
T've seen it in cases of nephritis, and other eases in whi
there are unusust floceulation tests,

GENLRAL DISCUSSION

albumin ¥
[t

crnr st ol a tesaly sgu ud MLl sy 3 ULLELLOVA §0
physioinmeal studies of the lver from which we hoped to develoy
ehinteal test of hiver function  The only ane which seemed 1o offer &
posssbility was the changes m purne metabobsm, partcutatly &

W BTN

Arit which tal nlacm an warmce al of Fha
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could take care of all the action of the hver that conld be tested by any
methods wiich we had at that time And indeed I do not know of any
smee

‘The ane test which we have come to rely upon as a stretly funetional
test of the liver 15 the hromsulphalein test Being a laboratory man, I
am eanvinced that one of the great difficulties with the reporting of all
of these tests 1» the inaceuracy of the method employed  Laboratory

PR e 4 - A, e d 3

unless you have those techmeians under strict and sbsalute control
and unless the tests are done exactly In our bromsulphalen work we
mject 5 mg per kg of body weght because 2 my does not cause
sufficient stress on the liver to shaw chnical Tesults One must wat
a certain pertod of fime, and that period of time must be exact Ve
wart one hour, and any retention of over 6 per cent 15 considered to be
abnormal There are many reasons for this selecn?n 1 woujnl IILE to

tabandabant ra 4 ip

) T B MacaTit  As far as I know, the bromsulphalemn test hus prac
patient wll

tically no value in the presence of jaundice The yaundice
' . TT a e v et ave ean two
Ve
nrty
vears duration R N R
N .

Twer function tests and it 15 8 matter of conveniente Luar L oy
come to be so regarded Positive results can be caused by a number
of non hepatic conditions and I think we are under nao delusions on

that particular point

¥ F;Vunmm):‘; e behieve that all the so called * fiver func;.:on
tests Involving the biood protem aiterations are non specafic, Dut *h elxr
clmcal value 1s nevertheless well established in regard tbol "0‘:; w! : ":
chmeal pretire  In plasma protem metabshsm of the blood ser






PART 1T
THE ATIOLOGY OF HEPATIC CIRRHOSIS
Chairman : G. R, Caxerov

EXPERIMENTAL HEPATIC CIRRHOSIS
L. E. GLYNN

1 rEEL somewhat at a disadvantage compared with most
of the other participants m these discussions because for the
past three years I have ceased to take an active part in
research on hver disease,

_The subject we are discussing this afterncon is the mtiology
. S e

@Y atnd

name cirrhosis

The first of these 1s repeated exposure of the hiver to toxic
agents of the type of carbon tetrachlonde, single injections
of winch produce zonal_necrosis of the hiver  If you repeat
these mnjections at suffictently short wntervals of tume, the
Itver eventually becomes extensively scarred and granular
and resembles v ery elosely the typreal appearance of Laennec's
cirrhosis.

The second type of procedure which gives nse, expenmen-
tally st lenst, to diffuse scarmng of the hver 1s to produce
severe fatty wfiltration of the hver by dietary defictency of
Ii;?otropu: agents If this fatty mfiltration is mamtamed for
a suflicient length of tume, fibrosis gradually develops, and
ultimately reaches such a degree that agam the picture closely
resembles that of Laennec’s curhoss (Fig. 1)

74



o Of duptyg, hgage Bhirgg,
D ipotrgy, ! factory
bular e
"Ity of g,

Teaung.

¢ ¢ itfioy
U 40 1 4] ttion o
MmenCyy Mhross " e Mmoo
C gy ity g 207 O more Mgy erener,
o 1 a4 Stape COMStdernp, e deform,,, 204 ng gy
Ttrity ape “Prureny”fr € thrrds gt wize






Exn:mm:nmn Hepgryo Cmmmsrs 5

The third type of Procedyy, Sto Prodyce Massiye Necrog;g
of the lver by a diet deficien n thg Aming Acrds apg toco
Pherg} If the AMimals g, Dot die of the 2Cute phoce of the

€ sho 1, TS

diseqse they re, Over ap h Xteng, co; searpy
Place of ¢, areg, ofnecrosxs With ne, p! Ixferatwn f th,
su g hver condityoy, Which 1s ¢, St necrotye

TVivip, Is b! 05 TO
Scarnpg and nodulay hyperplas:a one form of Cnrrhiggs of
th,

e fourtp, DProcedyy, Whieh ASSociateq with hepaie
Cithosts ) by hary obstructlon With or Withoyt Infection of
TY trace

Propose ¢, take o first three of these Procedypes and to
diseygsg what 1, my Opinion are somge of the Problemg whieh
are sty) Unsolyeq With Tespect ¢, €ach of them

to

f T

Caro, etrachlg, 1d, the g tplest Prodyey,
Urhog;, It g5 oubtfy) Wheth, this py, teulay
Proce, Dblay 'Y great bart qp € Leneg;g of ¢ hoss of
the j; um, bemgs ltbough th the 1, L Indyg
trializgy, L of the orld apng With the g, T intrg
Uction of tovie g, Ivents Rto inqygy, 2t 15 pp, able thay we
Shal} ge, Mples of ths ¢ hepat) Pathg, zy
t lveq Oblemg f this typ Cirrho; rst

S that 4 k almogy Bothing of p, ¢se pary, 4T tox;e
ag Prodyee th Necrogyg of ¢ Ver whieh 17 ately

leads ¢, h, fibrog, nd DPartiey], OTant o h;
Certa, ones of 4, Iner 8re se) cted for the, ent toxe
actyy gy The lority of se to. Ce theyp
at legsy pr anly |, he centnlobula of the

Iver ¢, 1 1n the Sround ¢h, ve, sn ¢

at gl o Ar why 4 €} do ¢},

1b}, that Plays soma Par tng the

uscepg;h, hty of the )y to toye Agents . ™ Whay
e kno, Sireulation th ch the Ine s Teasonpppe

PPose thag the cel, 0te from b rtal trg,

Would },, © €Xposed to Owest OXygen Sion apg H3
ay wey be thyy here b certay, treal Joy Is of en



76 L E Guyny

tension above which fiver cells are resistant to such porsons
as carbon tetrachloride

The other possibihity 15 that these tovie agents themselves
sertously mterfere with the ewrculation through the liver, for
example by producing gross swelling of the hver cells. Pro
fessor Himsworth and I (Glynn and Himsworth, 1918)
thought we could demonstrate this by mjections of Indian
Kk mto the spleen, and thus show the compression of the
hver smusoids by the swollen liver cells but that was not
completely satisfactory since the injection techmique 15 stself
not free from critieisms, to which 1t has already been subjected
by Professor Cameron  Even if 1t be true we are still ignorant
of the actual mechamsm by which these poisons cause the
swelling of the hiver cells sufficient to 1mpede the erculation
through the sinusoids

The third problem still unsolved n the genesis of this
type of cirrhosis 1s the actual site of the subsequent scarning
which occurs It was for many years thought that the
scarring n carbon tetrachloride eirrhosis was primanly pert
portal whereas 1t would appear from more recent Wworh
(Ashburn ef al 1946) that it 1s at least prmanly, mamly
around the central veins and that the portal tracts become
mvolved much later

The fourth problem which 1s still unsolved 1s the question
of reversibility of this type of curhosis  Many years ago
Professor Cameron and Professor Karunaratne (1936}
studying hepatic cirrhosis produced by repeated injections
of carbon tetrachloride made the very interesting observa
tion that even when an apparently advanced.degree of
crrrhosts was reached, if the anjections of carbon tetrachlonde
ceased and the Lver m the anmal allowed to continue. un
disturbed then the hver eventually returned completely to
normal, and all traces of previous cirthoss disappeared ,
but 1f the mjections were continued beyond a certam enfical
time, then subsequent cessation of the treatment did not
allow the liver to return to normal  So there was a certam
stage 1n the evolution of this type of hepatic exrthows at which
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. The chief objection to the view that fatty infiltration acts
in a mechanical sort of way, compressing the sinusods, is
perhaps Handlers observation {Handler and Dubin, 1946)

S P PP )

Constant calones proteins ete Wereasing fat per cent
Fatty mfiltration in relation to dietary fat

»
&
] \\2

Fat § /100 lver

- FI6%0 o 1 2 3
Spsore o I ' 1
F50%10 0 2 4 a <
20
L S

curvhosis
(Bru J. eop Path, 1948, 29, 1)

cannot go mnto, but one which I think Handler himself &as
suggeste¢ . N

thyroid,

less likel; L .
the metabolic demand of the liver cells 1s reduced under the

mfuence of deficiency of thyrowd.
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rather than the positive presence m the blood stream of some
toxic agent

The second problem 13 how do Vitamun E and sulphur
contaimng amuno acids protect the iver 7 'What do they have
m common, i that erther of them is adequate to protect the
Iiver in the presence of a deficiency of the other ?

Finally, an observation which 1s extremely difficult to
explain, why 151t that 1f you allow the protem intake m the
diet to fall below a critical level (i our experiments'it was
200 mg of casein per rat per day), you cease to get massive
necrosts of the hver? We found (Humsworth and Glynn
1944) that with levels of between 500 and 200 mg you get
massive necrosis;-but not if the intake falls below 200 mg
That leads to extremely interesting theoretical speculations
which I hope we have time to consider further in the
discusston
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However, they have a pharmacological sumlarity , they are
both known to be detoxifying agents  Thercfore, we assumed
that they may detoxify.some tovic metabohte or toxic product
in the body which 1s perhaps to some extent responsible for
the massn e necrosis

At that time Himsworth and Glynn elaimed that the greater
meidence of necrotic changes in the left lobe has some con
nection with the dual blood supply Today I notice Dr Glynn
15 preferring the pressure theory for the left lobe, but maybe I
am mstaken I was very much mpressed by this explana
tion of the dual blood supply, namely that the left lobe gets
the blood from the spleen, large mtestme : and the stomach,
and theright lobe from the small intestine and the ascending
colon  Very ingeniously Himsworth and Glynn suggested
that the preference of the necrotic change for the left labe
1s due to the fact that from the small mtestne sulphur
contaiming ammo acids are absorbed and are protecting the
nght lobe I thought that perhaps the reverse 1s true, that
some toxic substance is reaching the left lobe These toxie
substances might come from the large ntestine

At that time Stokes was studymng the clinteal aspects of
hepatitis, and was using aureomy Vith aureomyem m
acute hepatitisno effect was noticed, but in chronicor sub acute
hepatitis and 1n hepatic coma 1t proved to be benefimal He
completely independently, felt that maybe the aureomyem
affects the mtestinal flora, preventing their metabolites from
reaching the hiver injured by the virus, and therefore aggrava
ting the condition  We jomed forces with lum, and tested
this concept on experimental masstye necrosis

We used the usual yeast diet of Himsworth and Glynn,
which causes necrosis 1 practically all the animals  We had
20 controls, and 22 ammals on the same diet with the addition
of aurcomyemn (50 mg daily mixed with the diet) After
160 and 170 days 95 per cent of the aureomycm treated rats
were still alive, and only Little more than 10 per cent of the
control rats (Fig 2) Therefore the aureomycin had & definite
protective effect an the production of massive necrosis
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weight The ammals po- -
(Fig 6), although the cu
Iy not a normal one, i
with the same calorie intake, the difference 1s statisticall
significant

The effect of other antibiotics, such as streptomyemn
polymyxin, chloromycetin, terramyemn, pemeilhn as well 2

¥ oRAMS
LI
N
.
.
.
i
1§
i
H
R .
- ,;—
gﬁ%j

WEIGHT  GHANGE.

« s iz 16 20 24 28
TME I WEEKS.

Fic € Effect of admmstration of aureomyein on body weight
of rats on diet producing hiver necrosis

of sulfaguamdine on weight gamn 1s summarized n Tables
I-IIT  All these antimucrobial agents appeared to stimulate
weight gam, which, although not very marked, was signi
ficantly superior to that observed in the untreated control
groups  Further, B;; had no, or only slight, potentiating
effect on weight gam

Weight gam under the mfluence of aureomyemn has been
observed, not only on the necrogeme yeast diet, but also m
anumals recening aurcomycin supplements to the usual
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of female rats were —34 8 g (£6 ¢) 1 the control group,
nd +19 6 (+3 6) n the aureomyemn group These differ
nces between the weight figures 1 the control and aureo
nyeimn groups are statistically highly sigmficant
We may summarze by saying that some of the antibiotics
1ave an effeet on prevention of massive necrosts, all have an
ffect, at least temporary, on weight gan Obviously we can
mly speculate about these effects Our present theory 1s
hat the effect at least 1n part 1s through suppression of the
ntestmal flora preventing toxic metabolites of the intestinal
lora from reaching the left lobe of the liver, and therefore
reventing necrosis  The fact that 1t 1s a delaymg effect fits
n very well with our concept, because delay means that 1t 1s
ot 8 complete protection bike that of cystine or methiomne
r vitamin E  The antibiotics depress bactenal growth
ut the bactena finally become resistant, and the resistant
acteria produce toxic substances and eventually cause
€Crosis
Qur theory 1s bemng put to the crucial test in the germ free
\boratories of Notre Dame Professor Reymers and his
roup are feeding germ free ammals with the necrogenc
eastdiet Ifour theory 1s right they will not come down with
128S1Ve NEeCrosis
1t 15 questionable that superionty of aureomycin over all
her antirmicrobal agents mn the delay of dietary massne
crosts may be explamned only by 1ts effect on the wntestinal
sra  An additional systemic effect 18 a distinet probability
Finally a few words on the lipotropic effect of By, Ina
cent paper (Proc Soc exp Bl Med, 73, 372, 1950) we
monstrated the lipotropic effect of vitamn By, m rats fed
low protein low fat diet  The same supplement of crystalline
tamn B, (0 5y) had no hpotropie effect when given to
ts kept on a Jow protemn high fat diet In an experiment
st completed we found that the hpotropic effect of crystal
1e Bj; became evident even on a low proten high fat d{l’el
ovided much higher doses of vitammn By Wetevused (20,
ily) The findings are summarized n Table IV
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HISTOLOGIGAL STUDIES ON FATTY
INFILTRATION OF THE LIVER IN
CHOLINE-DEFICIENT RATS

T S8 HARTROFT

In the course of observations on Wistar rats fed low choline
drets for periods up to one year or even longer, we have had
the opportumity to study the morphological changes and the
pathogenesis of lesions developing 1n the livers of these
ammals The experiments were conducted by Professor
C H Best, Dr E A Sellers, Dr J H Ridout and the author
at the Banting and Best Department of Medical Research
of the University of Toronto Ve observed the development
of the fibrous lestons and reported on those some tune ago
(Hartroft, 1950) In the course of this investigation 1t
became apparent that the fat which accumulated in the lver
and preceded the development of fibrous tissue may be
located either within the cell, e g mtracellularly, or later
as the disease progresses, this mtracellular fat may become
extracellular| This concept of the two types of fat distnbu
tion—mntracellular versus extracellular—is, we think, of
mportance mn 1ng the etiol 1 factors responstbl
for the deposition of fibrous tissue in the Iy er, and 1s of perhaps
even greater mmportance in mterpreting the effects of lipo
tropie factors restored to diets of choline-defictent ammals
or man

Fiz 1 In the early stages of fatty change in the hver,
small droplets of fat appear within the cytoplasm of each cell
These droplets rapidly coalesce into sngle large vacuoles n
the Lver cells of rats fed a diet low in choline for two or three
days

]}‘:lg 2 The cytoplasm of each cell 1s then filled nith one

or two large spherules of stamable fat
%0
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Fig 6 provides an example of this type of atrophy The
shrunken cysts are surrounded and partly replaced by strands
of blue staining (dark mn photograph) fibrous tissue The
fibrous tissue which replaces the cysts has the same distrt
bution as did the fatty cysts This produces an annular
fibrosis of a non portal nature which ks together neigh
bouring centrolobular regions As shown n Glynn’s allus
trations and also with our anumals, after fibrosis has developed
the fatty content of the hiver decreases even though the
amimals are still mamntamed on the basal diet  Thus 1s assoct
ated with the atrophy of the fatty cysts, for the-lipid they
contamed leaves the liver The pathways by which the fat
escapes will be constdered 1 the last section of this paper

First I would hke to show with the aid of a series of shdes
what happens not only to the mtracellular fat, but more
particularly to the extracellular faf m the hver when cholme
15 restored to the diet of an ammal previously fed a food
mxture low m the hipotropic factors

In Fig 7 the hver fat 1s all in the form of small intracellular
spherules, none 1s extracellular for fatty cysts have not yet
formed The illustration 1s from the hver of a rat fed & low
choline diet for only seven days If cholne 15 restored to
the diet of such an ammal, 1n three days the demonstrable
fat 1n the hiver 1s almost completely wiped out as shown
Fig 8
%xg 8 represents a section from the Liver of an animal
similar to that shown in the preceding illustration, sacnificed
two days after restoring cholne to the diet  Only a small
amount of stamable fat has persisted i those cells which
surround the central vein

If such an ammal 1s not sacrificed until three days after
restoring choline to 1ts diet only a few drops of stamable fat
around central veins can be found, and these areas are
found only with difficulty for most of the Iiver 1s completely
free of stamable fat Dietary choline can mobilize with
extreme rapidity stainable fat which has accumulated 1 the
livers of rats which have previously been fed diets low m
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Fig 12 represents a frozen section of the liver of a rat
from this series which had been fed the choline supplemented
diet for twelve days following the initial period of one year of
choline deficiency A change 15 apparent m the structure of
the persistent fatty eysts In thelow power view (on the left),
they appear blurred Higher magnification (on the night)
reveals that the cells which form the wall of the eyst are
beginning to be filled with small mtracellular droplets of fat
The appearance suggests to the observer that the lipid
formerly contamed withan the lumen of the eyst 15 beng
reabsorbed mto the cells of the cyst wall under the mfluence
of the choline added to the basal diet The process nught be
compared to the absorption of fat from the intestinal lumen
mnto the epithelial eells covering the vilh  When a higher
magmfication was prepared of a cyst in the liver of the
same ammal, fat was seen to be leaving the lumen of the
cyst and entering the cells in the wall Higher magmifica
tion showed the abundant cytoplasm which these cells
now possess, whereas when choline was absent from the
diet, cells 1n the cyst walls were more often stretched and
thinned

T o - F oot omac hooh hadhal

1

fills the eytoplasm of the surrounding cells 1n the torm ot sman
droplets of stamnable fat

In the Iiver of another rat in thus series which, after one
vear of cholne deficiency, was fed a choline supplemented
hiet for 26 days before 1t was sacrificed, almost all the intra
ellular fat which was absorbed from cysts and Mlustrated
Fig 13 was seen to have disappeared  Only a few, very large
attv cysts still contained stamable hipd Eventually even
hese largest cysts begmn to undergo regressive changes with
»assage of therr contaned hpid mto the cells making up the
yst walls  The process of fatty reabsorption by the cells m
ke walls of the rysts appears to occur more slowly 1n the

arger cysts
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therapy 15 1 all the extracellular fat
found 1n hvers of rats fed diets low 1n choline for one year
previously
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licult from the centrolobular regions, where the atrophie
fatty eysts are present, to the portal regions  Fat can also
be demonstrated in the Jumina of bile ducts India mh
mjected mto the bihary systems of the hvers of choline
deficient rats can be found mived with the fat m the hile
ducts  These findings are to be published m greater detail

m the very near future >
As the cyst walls are omgmally formed from parenchymal

"

cells i the hvers of choline-d rats, it 1s app that
bile canaheult may hie between many of these cells and that
the lumina of the Lyl are 1n with the

mtenor of the cysts  When the mfracyshe tension 15 suffi
ciently Ingh, 3t appears that the hpid wathin the gyst can be
forced out mnto the bile canalicul  Thus one pathway by
which fat may leave the fatty cysts preceding their atrophy,
1s that consisting of the bile canabicuh and the bile ducts

Fig 17 demonstrates the second pathway of escape for
cystic fat  This consists of the smusoids and vems A large
fatty cyst 15 shown in the centre of the field Stainable fat
(dark) 1s leaving the lumen of the cyst and entering that of &
sinusoid which contaimns red blood cells {grey) Some of the
red cells are Jeaving the sinusoid and entemng the cyst
replacing the departing ipid  The process by which a com
muniestion between & ¢yst and a smnusod s established »s
probably the same by which communications between cysts
and bije canalicul are opened The fate of red blood cells
which enter ruptured fatty cysts )5 of interest but will not
be & d here (to be published elsewhere) The fate of
the stamnable lipid droplets whick enter the siusoids will now
be discussed

When & large radicle of the hepatic vew was exammed
w an area contammg fibrons tissue, which bad replaced
atrophic cysts a bile duct filled with mk (mjected before
death) was seen o ke to the ight of the vein  The vein was
completely filled with stamable fat and red blood cells This
demonstrates the manver 1 which the stamable fat reaches
these vascular channels and 1s carmed away from the lver
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Fig. 20 demonstrates the appearance of the medulla of such
a kidney s seen in a frozen section stamed for fat. Many
plugs of stamable fat are blocking and entirely filhing the
lumina of the medullary tubules The high power mset
shows that some of these lipid casts are becoming calaified
1t 15 possible that this tubular fat has its ongm from Upid
which has been brought to the kidney from the hiver va the
blood stream and that the fat has then entered the tubules
and been precipitated in the form of casts i the medullary
tubules where water reabsorption concentrates the glomerular
filtrate

These studies appear 1o us to estabhsh that rupture of fatty
cysts into hiver sinusoids of rats fed low choline diets for a
year or more, results 1 a form of chromie, intermittent fat
embolism, This might lead to focal cardac necrosis, chrome
b h and t t renal tubular obstruc-

tion and possibly other sec:mds.ry effects




NEEDLE BIOPSY STUDIES OF THE LIVER IN
CIRRHOSIS AND OTHER CONDITIONS

L SCHIFF

I woutp like to show jou some photonucrographs of
specimens obtatned by needle hwopsy of the hver at the
Cnemnaty General Hospital — Although they do not prove
much of anvthing, I believe they are gmte pertinent to this
sympasium  Our expertence with needle biopsy of the hiver
1 cases of hepatic cirthosis has been rather large  We have
biopsied over 80 patients with airrhosis and have found o
very hugh correlattan with the hustologieal changes as obsersed
on necropsy  One may muss the diagnosis in a few mstances
of post neerotie exrhosis if the biopsy needle enters & nodule
of regeneration

Fig 113 & biopsy obtamed from a white male patient of
64 years, a severe ease of homologous serum hepatitis, on the
16th day of yaundice In Fig 2, after 89 days of 1cterus
portal fibrosis 15 present m the biopsy speaimien  Expeniences
hke these have been reported by Krarup (3911} and others

oceurs and recently
+ case of eirhosts was reported following infectious mono
wucleosts {Labowitz and Brody, 1950) When we &id 2
biopsy on the hiver of a patient with infectious mononucleosis
we found the distention of the smusods with atypreal
lymphocytes, which has been desenbed by Sherlock {1945)
and Van Beek and Haex (1943)

A very interesting case was a man of 42, a severe diabetie
whom we followed for 18 months Me was jaundiced durmg
this entire perrod, and the pattern of the laboratory tests was
that of obstructive jaundice repeatedly negative cephalin
floceulations, high serum alkaline phosphatase (49 Bodansky
ants compared to & normal level of 2-4 units), hypercholes
terolema and hyperhpemia

301
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Our normal thymol turbidities are higher than those o
Professor Maclagan since we nse a barum sulphate standard
Eut tf')ese Jugh values were apparently due m part to the

yperliy as the zune sulphate turbidity was negatnve
He was quite jaundiced, with a maximum total serum il
rubin of 46 mg per cent Laparatomy performed after one
month of jaundice revealed no extra hepatic obstruction Ve
did several blopsies on this patient, and n all the predomunant
finding was that of biliary stasis  In the biopsy obtained
at operation, there was some evidence of hepatitis, but the
prevailing opinon of o number of pathologists who viewed
the biopsies was that the changes were essentially those of
obstruetnie jaundice The hiopsies were sumilar to those
reported by Watson and Hoffbauer {1946) 1 therr cases of
so called cholangiohtic hepatitis. At post mortem the byer
showed biliary stasis  There was no currhosis I cate this 2s
an example of & case of obstructive Jaundice of 13 months’
duration without development of any eirrhosis

A liver biopsy obtamned from a patient with sarcoidosis
shows granulomas, as deseribed by Scadding and Sherlock
(1948), Van Beek and Haex (1948), and Van Buchem (1946)
The patient was s young man with hepstosplenopathy and
hilar and ngmnal Jymphadenopathy ¥ig 315 a hugh power
view of the biopsy, showing what 1s probably a pre Schaumann
and a Schaumann body

Fig 4 was taken from a man of 52 with sarcoidosis  Note
the gant cells and the scattered granulomas  Three months
later the biopsy still showed many small seattered granulomas
but no curhosts  Ten months later there was definite fibrouis
(Fig 5) We realize that this doesn’t prove that sarcordosis
Jeads to curhosis, but we present st for what 1t 15 worth
Ve were unable to find any fibrosis 1n the two previous
biopsy speaimens

Another interesting case was a coloured woman of 32 who
presented a typical Banti's syndrome, with hxmatemesss,
1 anemia, Sp Iy, and cesophageal varices
She }fnd had a spleno renal anastomosis and a splenectomy
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11947 Alwver biopsy at the time of operation was negative
n Vay, 1950, she developed aseites Her serum albumin
\as2 8¢ per cent, there was 15 per cent retention of brom-
ulphalemn at 45 munutes, the thymol turbidity was 7 units,
nd the zin¢ sulphate turbsdity 20 A hver biopsy m May,
950, shoned it with & Is the
arcoidosts producing the chmeal preture of enthosis ¥ Does
he have cirrhosis not revealed 1n the biopsy speamen® s
he aseites due 1 part to large glands pressing on the portal
en® We don't hnow the answers to these questions, but
1e feel nevertheless that this case 1s of great interest
We also studied a patient with & posttive blood eulture of
Brucella sms - Agan atbiopsy we found scattered granulomas
The biver bnopsy changes were similar to those m Brucella
ortus snfections, described by Spinl and associates {1049)
of the Umversity of Minnesota
A sunilar ease of a patient with a positive blood culture
for Brucella has been studied by Drs Joseph Kirsner and
William Ricketts of the Umversity of Chmeago Using 2
special Gomart Trichrome stain they found in the biopsy a
considerable amount of Lkver damage with severe hepatitis
Two and 2 half years later when the patrent was entirely
symptom free, liver btopsy showed typical granulomas with
gunt cells and alo revealed the presence of fibrosis
A ¢ase of undefined granulomatous disense was that of
coloured male of 26, with chills and fever of eight months’
1o _ ' %ed anemua shght leuco
“hver profile” except for
. 3 Bodansky umts per 100
ce Laser buapsy showed the presence of seattered mthary
granulomss of undeternuned cause  Varwous serologieal and
blood tests were negative for any specific type of mnfection
About a month later, granulomas were stiil present m the
b1opsy specimen  Four manths later granulomas were still
present, but 1n addition, there was a guestionable eirrhosis
Dr Tracy Mallory has seen evamples of granulomatous
disepse, otherwise undefined, progress into cirrhosls {personal
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communication to the author) Dr Edward Gall believes
that this patient may be developing currhosis, but, of course
more trme will be required to determune this

Granulomas and giant cells, indistinguishable from those seen
1 sarcoidosis, brucellosis, and even tuberculosis, were found
n a biopsy taken from a woman with secondary syphihs

We have one case of fatty mfiltration of the hiver without
development of cirthosis  The patient was a very fat woman,
non alcoholic and non diabetic  She has had seven hver
biopsies during a period of over three years, and all of them
showed the presence of fatty vacuolization After she had
been on 4 g of choline a day with her diet unaltered, for si<
months, a biopsy showed that there was still a good deal of
fatty vacuohzation After four months of 16 g of cholme
daily, which she had some difficulty in taking, there seemed
to be less fatty vacuolization, but ¥ will admt that 1t's not
valid to conclude that there was really less fat present
After three years, she still has a good deal of fatty infiltrabion
There 1s no evidence of cirrhosis  You might say that we have
missed the cirrhosis m our biopsies  We beheve, however,
that since a nutrrtional type of cirrhosis Is apt to be diffuse, 1t
15 not likely to be rmssed on needle biopsy of the iver  Sol
shaw thus as an example of fatty mfiltration of the liver of at
least three years standing without any cirrhosis developing

T know these observations prove very httle, if anything,
but 1if any of you have seen cases of sarcordosis or of brucellosis
develap curhosis, 1 should like to hear about them Spmnh
and associates (1918) have listed some literature deahing with
the occurrence of curhosis 1 brucellosts  They pomnt out
that while a direct relattonship between hepatic currhosis and

brucellosis 1n the human has not been established, * There 15
d that brucell may be s magor

genesis of severe and, at times, fatal

1n,
accessory wncitant m the

cirrhosis *
T belteve, therefore, that we should be on the look out for

f
granulomatous processes os playlag a role 1 some cases O
cirthosts of the hiver



Brorsy Stuptes 1N CiRRmosts 105

REFERENCES
Krakvr, N B (1041) Acta med scand , 108, 48
LeiBowitz, S, and Bropy, H (1950) Amer J Ved, 8, 675
Scapm~e § G and Smerrock 5 (1948) Thorar 3,79
SmErtock S (1945) Lancet n 897
SPINK L W, Horrsaves, F W, Watkes W W, and Gaeen, R A
1049) J Lab chn med 34, 4
vaN Beex, C and Haex A J H (1043) Acta med scond 113,125
van Buceem, F S T (1046) Acta med scand, 124 168
Warson C J and Horreauer, F W (1946) Ann wntern Med,
25 193

C M Brsr Dr Schiff s shdes scemed to show that a lot of the
sntracellular fat had disappeared 1n hus choline treated patients I
suppose it 16 going 10 be necessary for the chmeians to go over therr
matenial—that was Dt Schuff s 0wn suggestion—and see whether Just
the fat left wittun these large cysts remains, or whether there 1s intra
cellular fat as well

W S Hantrorr I was very mterested in Dr Schiff s slides, for
they iltustrated what appeared to me to be fatty cysts in Livers of
human alcoholics who had received dietetic treatment for several
months  This would appear to be the parallel in man of what I
showed earlict mn choline deficient rats fed diets with choline restored
to them for two months



DISCUSSION ATIOLOGY OF CIRRHOSIS IN
CEYLON

1 A4 E RARUNARATNE

T wish to make & few remarks on the eetiology of cirrhous

;n Ceylon and to show illustrations of the vanous tistological
Ypes

Tt1s well known that exrrhosss of the liver 1s widely prevalent
in tropical countries It has been supgested that malnutotion
plays an important part m its causation

There are seven conditions I should hke to mention
1 Currhosis of the Lnter in Infants

1 would mention three cases of mfantile bilrary ewthosts
The children were aged one year, one year nwme months, and
two years and were all admutted for abdonunal distension
On exammation the hver and spleen were enmlarged, and
there was jaundice and asaites  They had been fed on cow’s
yulk, heen breast fed, or both There was no history of
Jaundice i the family of any of them Histological examina
tion of the liver of on¢ child showed atrophy, degeneration,
and necrosis of the liver cells and 1t was noted that fibrosis
did not onmnate 1n the portal tracts (Fig 1} In the second
child a nodule of hyperplastic liver cells was seen
2 Laennec’s Circhons wn Children

This eondition 1s relatively common s Ceylon  Vtithia
a pertod of six months 1 saw five typical examples 1n children
whose ages were three and a half years, four years, six years,
and seven years (two) All these cases showed marked cellular
infiltration of the portal tracts, and in three there were, i
adtition, defimte bands of fibrosis umting the cell mfiltrated
portal areas, thus conformig to the “mter msular” stage of
Fressinger A certain degree of fatty change was present ;m
Wl of them  One case (Fig 2) was of special mterest as show
ng not only the completed picture of portal errrhosis, but also
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breast fed for one year and thereafter had been fed on rce
A biopsy of her hiver showed extreme fatty mfiltration (Fig
4), every cell was distended by a large globule of fat Fig 5
shows cell infiltration of the portal tracts, m high power, m
a second case
4 Adult Kwashiorkor

T would yust mention one case n a patient aged 50 who had
generalized cedema, ascites, loss of hair on the scalp and
scanty barr m the axillary and pubic regions He had
hyper keratosts of the shin and pigmented areas Plasma
protemn was low, the albumn being reduced and the globulin
mereased There was also keratomalacia ponting to vitammn
A deficiency  Biopsy of the hiver showed early cirrhosts with
some fatty mfiltration (Fig 6)
5 Ulceratwn of the Large Intestine

Biopsies of the Liver 1n cases of ameebie uleeration and
bacillary dysentery have shown marhed fatty infiltration
with early fibrosis (Fig 7)
6 Alcohol

In Ceylon aleohol 1s not a frequent cause of errhosis  Pro
fessor Fernando reported on 87 cases of Laennec s eirrhosts
and noted a hustory of alcoholism n less than one third of the
cases, and m some of these there was definite evidence also
of dietetic deficiency
7 Post-necrotic Fibrosis

Professor Fernando also examined 15 cases of post necrotic
fibrosis following nfectise hepatitis, and found a defimte
history of dietetic deficiency 1n six of them  Fig 815 taken
from a typieal case of post necrotic fibrosts

I am grateful to Professor Fernando and to Professor de
Silva for their assistance and for the use of their records
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of cases of subchronic atrophy of the hver was very small
before 1944 Since 1944 an mereasing number of cases of
this rare disease has been observed and practically all of them
were seen it women The case records for these patients all
showed a istory typical of chrome hepatiis The number
of cases of portal crrrhosts during these 20 years 1s fairly con

stant and does not increase during the hepatitis epideme m

3 7 |

928 EE TR TR TR ™)
Subchr atrophy of the liver female R
" - n on » male 1]
Cierhosts hepatis Lagnnec female B
- » - - mg o

F1a 1 The oceurrence of subchrome atrophy of the hiver and
cnthoss hepatis Laennec in post mortem matenal of the
hommunehospital from the years 1928-1947
(M Bjorneboe and F Raaschou dcta med Scand supple

mentum 233 41-02, 1949 )

the forties The only change 1s perhaps & relatively greater
proportion of women among cases of portal cirrhosis ]tS)'
gomg through the case hustories for the 33 women with portal
cirrhosis observed from 1944-1948 1t was evident that nine
had had a typical chrome hepatitis  The average duran:)r;
of symptoms was not longer for these cases of female porha
airrhoss than for the ay erage of cases with subchrome atrophy
f the liver
¢ Tl\irle 15 abundant evidence in this material from the Dam}s]h
epidemtc that portal cirrhosis and subehronie atrophy of the

liver may be caused by hepatitis
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bacterial toxins may play a role m the course of the disease.
This would be a parallel to the very interesting ohservation
made by Gydrgy of the importance of bactenal flora for
dietetic hver damage n rats.

GENERAL DISCUSSION

€ J Warsov I was particularly interested 1n some of the pomts
brought out i Dr Hartroft 5 presentation I have had the privilege

portal m ergxu Dr Davies, who has been studying Kwashiorhor i
Uganda, mnforms me* that he believes the fibrosis 1 that condition
15 imtially portal rather than central This raises the question whether
fatty errrhosis in the animal 1s entirely 1dentreal with that i human
bemngs, and to what extent we can draw snalogies We have been
1nterested in this question from the standpont of pigment yuetabolism
It may be pertmment that dogs and rats may be literally lalled with
alcohol exther i acute or chrome expeniments, with development of
fatty liver, but without development of rmgmms In::f'_l'},’" species

an armte

bhemnp the tvue whreh r Bjoluenve nas gu v s .

it mteresting that RICOAOL dOEY HUL Lause u g
O anes of pomtn matab m dogs and rats but does in

U - ST e eehoare ae 3t accurs m the US,

eal exrthoses.
Mre two man
tty errzhosis,

*Personal commurcation
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need pot be fatty by the time mz imhv:dual comu to rmmpsy h»cmne

time
e e b m a8 ebare T oo 0
Gegrees o1 Msnslion veLween mbu ¢
toxic nodular, o socalled heale
other

[T
3 acute yellow attophy. on ‘the
L S, P Davmsow  Few experienced physcssns feel confident 1w
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to hepatie diseases 1s of no importance in prognosis I know of
farmiies in which more than one mcmberpdleg; of hepatiis assc;s:::zr:dl
wath alcoholism  Although the patients had been heavy drnkers they
drank no more than many mdviduals who never develop chrome
hepatitis  Moreoyer, belonging, as they did, to the higher econome
meome groups, I do not helieve that the hepatitis could have developed
sumply from dietary deficiency Hence I beheve that they were born
with inferior Iivers, 5o I suggest that age, toxie agents such as aleohol,
infection, dietary defictency and hereditary mfenonty of the kver are
all factors which must be taken into account when we are considering
the prognosis of hepatitis
J Stoxes In connection with these remarks and those Dr
Bjorneboe has made 1t 1s of mterest that children appear to develop
a p to the virus of hepatitis, 1f they are
exposed to 1t at & very early age T agree that eirrhosis 1s more apt to
b - o anT LG 2 A cancn lnban n1fa  Pacubly

nurses had been exposed to floors vhere children were sutfering lrom &
muld gastro mtestmal disease which was being kept alive by the con
tinuous addition of susceptibles Also a few chrome active cases
appeared to carry the virus in their stools This group of children
showed positive liver function tests, and there had been two cases
among the children of hepatitrs with jaundice It was prevented
temporarily by the use of gamma globuiin, but when gamma globulin
* "= -~ =4 Lshamivees  The nurses had a much more

usually their jaundice

of hepatitis m another

or the epidemue virus,

1d among the younger

individuals was the same, but the older ndivadaals had a much longer
1e A A wwama mieh mnre severelv affected by the disease

means of the natural route for the protecuvn vl susiuss s o

cirrhosis 1 later Ife
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H W Bestertziz The obsemations of Dr Dyemebor, Dr
Drsidson and Dr_Stokes have eacoursied me 10 present some findings
which may possibiv be relevant
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T O MacCaruM  Could pur Amencan colleagues tell us whether
now mght years after the gveat epmode of the yellow fevet vacome
prondiee there s any evidence of an ncressed rate of crerhosus in the
States® Hfaw long dnes it tabe to produce zirthosis ¥ How quickly can
sougetity Andhase youany enidence of howmany eases who had these
wterogense hatches and who apparently did not develop jaundice are
turmng ap with sub chromae hepatits o exrhosts 7 An example of ths
problem came to notice a few davs ago A Servicernan who had been
mxccled with an ietecageare batch of yellow fever vacoine i November

943, and who had then shown no svmptems of sny hrer damoge,
s\uldmly Heveloped gaundice and eirthosis n 1949 and died withn &

U paeask
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Jaundice at the time subsequently died of hepatit; ¥
these fgures very difioult Jo comelate 7 T ol Inter Asen't
C J Warsow They're very hard ta obtam , 1t's ext:
s remely difficult
toLdetLer‘x‘ane th‘e meidence of eurrhosis in the vast number of mydwni‘lcx‘::ls
A LA s Ann basl w1042 Mhoea oo oee A

there were 32 that had a previous history of jaundice, anu vl Liest i

had & Instory that was at least strongly mdtcative of infections hepatitis
13 s1e thacama year of

nothing

ore were

ago, the figure was around 70 per cent { wie feutnia i n,
ealing with preponderently alcohohc

7) If de Wi
Julius Springer 1937) one 15 dealing with preponderantyy ot d

I first began to see Imfecuve uepdllissxaw ¢
Ry G ks 1n Preparatory

form about 1025 I watched a senes of small outbreal
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of caves of the acute disense £o on to the chrome sequel, but these
patients, L thiak, may wetl account for a number of the cases of aicthoss
seen {n Rutasn m which aleohol es & causal factor can be excluded

W oy s b B Lluup, 106 souence of QIsoLK Uitesse
bcmg as Dr McNee smd, extremely small
) P‘ guAL In the South of Trance both epidemic hepatitis and
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appears when the specific infection disappears, at other times the
fibrosts rematns after the disappearance of the mflammatory lestons and
may merease later  These mflammatory eirrhoses may appear even in
children  Othec inflammatory causes of cirthosis are tuberculosis severe
analana and congemital syphibis  The cirrhosis has heen confirmed by
greal and elimeal 1t may develop without any fatty
infiltration or centnlobular necrosis In our studies at Montpellier we
found that more than 40 per cent of all airthosis cases were mnflam
matory, the others being of afcoholie, obstructive or other natare I
have also found some cases of currhosis 1n children whose mothers were
Rh negative and immunized by the Rh antigen of the father
F Wunrsav~y  In Switzerfand we find that at least 70 per cent of
our eases of liver cirthosis are caused by chrome aleoholie intoxication
the rest are of posthepatitic or unknown ongin {the so called cardiac
arrhosis not included) In our country every year between 800 000 000
and 900 000 000 hard Swiss francs are spent on alcobolic beverages
This amount 15 drunk by a relatively small percentage of the people
and that 1s why jou can see such an impressive number of cases ol
Iiver cirrhosis caused by aleohol

—L o Jamendz vorv mich nn the

i . Lo 2wl who denl afmost i LUt
an very

- vhich s

. ry ™an

1nks enormous quantities of Alconol Wikt gel Citlituses ve cae Liver,
‘::g ;ht}rl‘mk there 13 m(}xch truth in the old rule of the French chmenans
who more than & hundred years ago used 1o say, “Ne demen! pa2
erTholic gus teut 5
C H Best Regarding alcohol I dop’t think 1t's legitumate to say
that gleohol 1s toxic to the liver as Jong as an equicalone amount of
- 2 T ala ¢ ma forte infiltration and

t
1

Research on nutrtional CHrLvss M id -
tiologieal factor in human

A Gapos
rehosis to be a result of &

aleoho) to a less ymportant positiont as an
ewrhosss 30d several authors consider hiver o
Jack of methiontne or cholme 1n the diet
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autestional conditions, and the frequency wag generally Mulbutmi toa
high alcahot The re tatally
transformed by the Lerman ocewpation, and the mnsumptxon of foods

of the diminution of sleobole consumptron,

Since the war, the number of patients with alcakalic cirrhosis has
neressed, and in the Iast tno years ne have observed about five times
& many “orrhotie patients as during the German oceupation At the
Tatversity of Lyons the situation 19 the same and Delfore and co.
workers show that the umber of eirthotic pahients is actually 4 per
cent of the total number of patients sdmutted, agamst 1 per cent dunng
the yeara 1940 1940

<nough



DISCUSSION DEVELOPMENT OF TRABECULE
IN CIRRHOSIS, AND PANCREATITIS DUE
TO PROTEIN DEFICIENCY

H POPPER

Encouraged by Dr Watson’s question as to the orgin €*
the connectine tissue trabecult m human portal cirrhost
T would Iike to refer to some studies which are being carne
out by Drs Elis, Petty and myself Convincing evidenc
exists that in cirrhosis produced n experimental anumal
by carbon tetrachloride (Ashburn et al, 1947) and nutritiona
deficiencies (Hartroft 1950, Glynn et al, 1948) the connee
tive tissue trabecule ongmate in the centre and the trabecult
contaimn vessels wlich can be injected from the hepatic ven
Study of human matenal gave us the impression that
least some of the trabeculx in portal eirrhosis should be o
portal origm  Therefore, mjection masses of contrasting
colours were injected nto the portal and hepatic vemns o
nine human livers with eirthosis  Histologieal study of these
livers shons that the central part of the nodules and lobules
15 jected from the hepatic vein whereas their penphery 1
mjected from the portal vem, the vessels here being much
smaller The connective tissue trabeculw, howesver, reveal a
dense, vascular network injected from both the portal and
hepatic vemns, as can be seen from the difference in colours
In addition, n many places commumeations of relatively
large branches of the portal with those of the hepatic vemn
can be seen 1n the trabeculz This indicates charactenstic
differences between the experimental eurrhosts 1n rats, which
1s primanly central m ongin, and human exrrhosis, m which
the trabeculx contain vessels of portal and hepatic ongin
and which possibly, therefore, are dersved from both central

and portal spaces
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to nterpret this experimental evidence a5 g strong support
for the ption that the p de, tes m the
presence of severe protemn deficiency We suspect that thr
may be an ztiologieal factor mn at Jeast some forms of human
chronic as well as acute pancreatibis
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GENERAL DISCUSSION
G R CamEroN A nawe attitude 1s assumed by certan expen
mentahsts in
frver It ha
other people
- A dam e mwehace o #nchow nng landmark  Now 1 think
etry

uch

appears at the centre of the lobules and also at the periphery e

stressed the active nature of the growth of peripheral fibrosrs Ve m\a}
very much the generahzations of Fiessinger and his classification of
different stages of cirthosis

In ‘;he mogrc recent espenmental work 1t 15 assumed that i a Iner
which 1s changing the landmarks quoted sbove are fived They 'hge
nothing of the sort They change Once Grrhosis 15 started |;1T .
Jobules may collapse and the landmarks can be completely altersd
For mstance central vewns can be brought right up against the per:lp u:‘r'\i
of lobules In this way the most bizarre effects may be produce ant
the whole of the geometry goes wrong I dont beleve um:l the om fer
work on the distrihution of fibrosts 1s vitated by the supposed accu!
of the landmark methods
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In congestive splenomegaly without ascites of 38, 37, 40 and
46 5 cm of water, Blakemore (1947) found an average of
83 em of water 1n six cases, and Linton (1948) had pressures
of 23, 84, 42 and 49 cm of water i simlar cases

Of course, 1t would be very nice for my argument if I
could assume that the portal vemn pressure for normal man
15 the same as for all lower mammals Certaimnly the rat, the
cat, the dog and the monkey all have normal portal vein
pressures of less than 12 em of water 1t 15 important to
realize, however, that there exists an extreme lack of pubhshed
figures for normal man, 1n the few reports evising figures
up to 22 ecm of water are recorded (Bellis 1942} I hope that
Mr MacPherson will have further data on this pomt

Next, there are records of markedly elevated portal
pressures n patients with curhosis and eesophageal varices
who did not have ascites In Pattison’s series for instance,
the patients who did not have ascites were found to have
portal pressures as high or higher (83, 35 10, 60 em water)
than those who had ascites (12, 25, 28, 82, 85, 35 ecm water)

There 15 also good evidence on this pomt m the dog At
least three types of preparations have been made 1n which
moderate to marhed elevation of the portal vem pressure
has occurred without the formration of asartic flud

Furst, there 15 the production of silica fibrosis of the liver
by semal ntra portal mjection of ground quartz A very
marked collateral cireulation to the mtrahepatically obstruc-
ted portal ciremt develops, I beheve this 15 the only expen-
mental method which has sometimes resulted i the formation
of true submucosal cesophageal varices in the dog  After the
first eighteen months of the silica fibrosis, Rousselot and
Thompson (1939) found elevated portal venous pressures
(22 5 23, 26, 29 5 cm water) but at this stage, no ascites
R Tot. 1 }

Dr Grmélay, Dr Bollman and I have repeated these
experiments, m modified form, and confirm these ﬁndmt%s
In the peritonesl cavities of our dogs fifteen nonths after . e;
frst intra portal mpection of ground quartz, we see mar
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FACTORS IN THE MECHANISM OF ASCITES
H G KUNKEL

I s difficult to evaluate the relative role of a single factor
such as mcreased portal pressure i the mechanism of ascites
because of the numerous different agents, known and un
known, that are mnvolved It has become apparent however,
that different patients with eirrhosis vary greatly in both the
number and relative mmportance of causal agents mducing
ascites At one extreme 15 the middle aged aleoholic who 1s
thin and dehydrated and has accumulated ascites steadily
for a considerable period of time He represents the most
ntricate picture where, 1n addition to increased portal pressure
and hypoalbuminemra, extreme renal retention of sodium
and various antidiuretic matenals undoubtedly play a role
Such a patient rarely responds to the elimination of a sigle
factor by various forms of therapy Elevation of the serum
albumin level to normal by means of intravenous albumin
njections only occasionally produces a significant diuresis

At the other cxtreme 1s the young, fauly well nourished
ndividual with early ascites and severe hypoprotemnzmia,
approaching that seen wmn the patient with nephrosis The
distributton of flud 1s only shghtly different from that mn
the patient with nephrosis, varymg only 1 a greater tendency
for the flmd to appear m the abdomen Such a picture 13
usually seen i patients with the post necrotic type of ewrrho
sis and 1n certan young girls with liver disease of unk;wm‘l
setiology  Despite the 1 of flud, a sig
amount of sodium 1s always found m the urine A search for
antidiuretic materals, tested both m the rat and dog, has
not revealed such defimte effects as in certain patients with
nutntional cirrhosts and long standmg ascites  The hypoal
¥ and d portal p here appear to
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be dommant i the mechamsm of aseites  Such pauents
tend to vespond readiy to intravenous albunun jnjections
with a duwresis and loss of asertes A study of this t\ypc of
S s oe. s 3 s PRt R .

Poaa

Fig 1l the threewy course of & -year-
old @il with post necrotic erthous following nfectious

EEEEREEE EEEEEEEEREE]
™y 948 ™ 58

Fielation of the aerum albumin concentration 10 the
frrtnalion of astites and cedema In & patient wath errhoss of
the Dner before snd after o splena-tenal wasstaross

hepabitis  Serum slbumin lesels throughout this time are
plotted  They were all carnied ont at the same tyme on sera
that had been stored 20 the cold  The Howe method, modified
to aclieve an sceusncy of +8 per cent, was ysed  The
uppes portion of the chart mdicates the approximste ascites
and ccdema that were present  The large arrows over the

albummn eurve simify asophagenl hamorrhages  The ponts
waven ks
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where albumin was given are mdicated by numbers of 25
gram umits at the bottom of the chart

The patient suffered the first cesophageal hemorrhage at 2
time when she was well nourished and was free from ascites
and cedema  Despite two blood transfusions the albumin
level dropped severely and ascites gradually formed, requiring
a paracentests  Gradually, while on no speafic therapy, the
albummn level rose to approximately normal over a pertod
of almost five months During this time the ascites gradually
disappeared  Approximately one year later the patient agam
had a severe hamorrhage, followed by 2 very low albumm
level and a return of ascites  She fell into a coma for two days
from which she gradually recovered This time, 10 umts of

ated human alb were ad; d ntrave

nously with an mmmediate elevation of the serum albummn
level and a diuresis with loss of all aseites  The patient was
able to preserve the elevated albumm level for a pertod of
four months, when a third hemorrhage developed, agamn
resulting 1n coma and ascites  Albumn was not given and
the ascites persisted for several months along with a sub-
normal serum albumin Jevel A fourth hemorrhage then
developed, resulting 1in the third episode of coma, that was
treated with blood transfusions with very slow improvement
A dwresis of the asatic flnd was obtamed following the
admimstration of 11 umts of concentrated human albumn
This tune, how ever, she was unable to preserve the artifically
elevated serum albumm levels because of a gradual deterora-
tion 1n her general condition A spleno renal anastomosis
was carried out by Dr Alfred Blakemore At operation the
portal pressure was noted to be just over 300 mm of water,
which then fell to 110 mm of water following the estabhsh
ment of the shunt  Following operation there were no further
hemorrhages (to December, 1850), and no further ascites
developed However, for some reason, not clearly understood,
the serum albumin level fell to a low range and considerable
cedema developed 1n the lower extremity The serum
albumin level was rased nly on four t
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mto the tissue flmds and that an equibbrium 15 rapdly
estabhshed  To ratse the serum albumin level by 1 gram per
cent means raising the albumun level 1n aseitre fluid or cedema
fluid by a simlar amount The concept of a rgid vascular
wall impermeable to collords such as albumin 1s not tenable

Recently, we have been interested 1n the effects of albumm

d ered Intrapent lly to patients with cirrhosis
and ascites, such as the one described above Such albummn
1s rapidly absorbed into the blood stream, and 1t 1s possible
to raise the serum alburun level markedly by this means
without mcreasing the volume of asaitic flsd  In two patients
a loss of asaitic fld was actually obtamed by admimstering
albumin intraperitoneally Osmotic pressure measurements
indieated that when equilibrium was established 1 approx:
matelv twenty four hours following the mjection, the osmotic
pressure of the serum had nsen to the same degree as the
osmotic pressure of the aseitic flmd A diuresis was produced
because of an Increase in plasma volume that developed
secondarily to the mse m the serum albumin level These
effects offer additional evidence for the rapid mterchange of
protemn between serum and tissue flumds

The entwcal factor, however, 1n the overall retention of
fluid 1s the retention of sodium by the kidney The relation
between hypoalbummerma and sodwm retention 15 a
dommnant problem under mveshgahion in patients with
nephrosis as well as those with crthosis  Certamly the
reduced effective blood volume 15 one of the factors m the
retention of sodium, but there appear to be many others
The ohservations of Farnsworth and Davidson and co workers
on the extreme sodmm retention by the loadney in many
patients with the alcohohe type of cirrhosis are particularly
mteresting  Eisenmenger has recently demonstrated that
over wide ranges of sodlum intake the sodium exeretion by
the kidney 1n such patients remams extremely low, and as a
result, the amount of ascthe find Jaid down 15 directly
proportional to the sodwm mntake The extreme sodm
retenton appears 60 restlt from the stimulus of 2 constant
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THE PATHOGENESIS OF ASCITES
POUL IVERSEN

THE current view of the pathogenesis of ascites 1s as
follows If aseites 15 to develop the hydrostatic pressure m
the blood capillartes in the abdommal region must be higher
than the difference between collnd osmotic pressure m
plasma and aseitic flud +the hydrostatic pressure m the
abdommal cavity The factors that enter mto thus relation
ship will again be influenced by the permeability of the
capillaries by the electrolytes, by blood volume changes
and by the antidwretic hormone

The most mnportant factors m the formula are no doubt
the hydrostatic pressure m the blood capillaries and the
colloid osmotic pressure of the blood The hydrostatie
pressure m the abdommal cavity is less important Its
maxtmum value 1s 100 mm of water regardless of the degree
of ascites  As 1t indirectly increases the hydrostatic pressure
through pressure upon the vemns i the abdormnal cavity 11
cannot be a hmiting factor for the development of ascites

The mamn pomts 1n this view of the pathogenesis of ascites
have been formulated by Poul Iversen m 1928, based on a
number of direct measurements of colloid osmotic pressure m
blood and aseitie flmd

In the third medical department, Kommunehospitalet,
Copenhagen, we have 1n recent years studied the pathogenesis
of ascites 1n subchronie atrophy of the iver In these inves
tigations we have used direct measurements of colloid osmotic
pressure of serum, serum protemn analyses and pathological
anatomical studies Subchrome atrophy of the lver 15
characterized by a marked reduction 1n Lver parenchyma
and a pronounced failute of most hver functions  The relation
of this disease to typical portal cirrhosis 15 not elear  As far
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that there 15 a sharp Iumt between cases with and without
aseites  The hmit 1s a colloid osmotie pressure of 220-240
mm water.

Fractwnal analyses of serum protems (usmg ammonium
sulphate precipitation)  Fig. 2 shows the relation between
colloid osmotic pressure of serum and serum protem fractions
according to the formula ~—

Colloid esmotic p kx(8.56 al }

(tn mm, water)

S mm water
5
(=]

pressy
8
o

collord asmetic

“ 1% 2 20 22

° " 356 Albuniin + Globuln
~a = oThumin and
Meat, 83,

where k15 16 This formula was found to fit our data best
The standard deviation 15 33.

To find the relation between the occurrence of ascites and
the concentrations of serum albumm and globuln we have
im ¥ig 3 plotted albumm agamst globulin for a large number
of cases of hepantss, with and without aseites. Each emcle
represents one case It 1s evident from the figure that there



PAnmm:\‘sts OF Ascrrpg 139
IS a sharp i, :t between cases wytp g,
that !hlx lim,

nd mhout ascites ang
n be €Xpressed by the £,

of the straight
5 albumyp +globu!m=14 2
that 15 when ) 5 gnen case o; hcpatlhs the sum g 5 albumyy,
“Helobulyy 4 below 14 2 the pay, 10t hag g, sertes

2,

o “ s 6 7 ) l'
© Hepat 5c teg deml Clobuln
s Heparp !

ha 3 Rention be('rrn Valuen fop 4, FETM Aty and Uione
for serupm globut
O Djomeroe ¢ Brun

And ) hl-ehlm_ Arth ynp Vied g3
SM 49

These uneshgnuons have show €an find 4 sharp
Itnye bet es o hcp:mm with d mllmut ascites
Wwhen (‘onsd the o1d ogmy, e py ure mmurvd
direet| '} M seryp, al \\hc connd er the o,
of the M protey, lmchons

lrnhons

Ve conclude f ™ these



140 Pour IvErseN

results that in this type of hiver disease (subchromic atrophy

of the Iiver) the strength of the collord osmotic pressure 15

the most important factor 1n the pathogenesis of ascites
From Fig 31t can be seen that the concentration of albumin

Aloumin

Globulin

1 2 3 4 5 6 7 8

Fic 4 Relation between albunun and globuhn m sers from
rabbits ymmunized with polyvalent antigen The hne through
the ponts has the formula 3 2 Alb +Glob =15 ¢

(cta paih et mucrobiol Scand , 22, 323-334, 1045 )

decreases when the concentration of globulin inereases  There
1s a considerable dispersion of the pomts but the mam ten
dency 1s obvious  We have considered the possibihty that this
mmght be an md of a regulatory h trying to
keep the colloid osmotic pressure constant while the concen-
trations of albumin and globulin fluctuate  Ascites mught
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fractions  The figures demonstrate the same nverse relation
ship between albumin and globulin as the hepatitis matenial
Ve therefore believe that this regulation mechanism exists
but as the dispersion of the pomts n these graphs 18 rather
large we think that this mechanism 1s not the only one for de
terminming the relation between albumin and globuhn in serum

Pathological Anatomical Investigations

We have concluded from our nvestigations that the level
of the colloid osmotic pressure 1n serum 1s of decisive imper
tance for the occurrence of ascites m our patients This
result may be due to the fact that our material consists of
cases of subchronic atrophy of the hiver and not of cases of
portal errrhosis  We have studied this question by examming
108 autopsied cases of subchronic atrophy of the liver and
76 autopsied cases of portal cirrhosis all autopsied during
the same period In the first series of cases 74 per cent had
ascites 1n the other series 54 per cent Ve have studied
these cases of ascites more closely Among the cases with
subchronic atrophy and ascites 50 per cent had cesophageal
varices whereas 73 per cent of the cases of portal cirrhosis
with ascites had varices Besides the degree of development
of the varices and the ineidence of rupture of the varices were
higher mn the group with portal airrhosis Ve conclude from
these mvestigations that the portal hypertension measured
by the frequency and degree of development of cesophageal
n pevtal eirrhosts than in subehronte atrophy

varices 1s higher
of the hver It [v "are 10{ that the
strength of the e pres? ¢ re mportant
factor for the dey - f atrophy
of the liver than +ent with
the observation £ <e ascites

sars generally
that ascites n
become
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Extra-hepatic Block

In the combined series of 128 cases there are 80 of extra
hepatic portal bed block (Table I) A O Whipple’s (1945)
famous case of cicatricial occluston of the spleme vemn gave
nise to the 1dea that obstruction n the splenic vem alone nas
common, but m this sertes 1t has been possible to demonstrate
1t with certamnty i only two cases  In nne cases the obstrue
tion was n the portal vemn, i eight 1t was probably there,
and 1n SIX cases a partial or plete portal vein thromb
was assoclated with cirrhosis of the hver and was probably
secondary to it In 11 cases the site of obstruction was not
determined The thrombus 1n the portal vein had become
organized and canalized 1n two nstances, but 1t was evident
that no significant volume of portal blood was reaching the
Iiver through these channels In one case the portal vein
was blocked with Cong 1 al Iitres
were found 1n seven cases A complete atresia of the portal
vemn was present on four oceasions In two cases there was
congemital dilatation of the splenic vem and the proximal
end of the left gastric vein, and mn one case the vemns were
small and multiple A cavernous angioma a true vascular
tumour of the portal vein at the hilum of the liver, was found

once
‘Table I

ExXTRA HEPATIC OBSTRUCTION
A Sute of Obstruction

\umber of cases 3¢
Portal ven —proved 9
probable 8

Splentc vein -~proved 2
Undetermined n
Crrrhosis +portal vern thrombosis 6
B Type of Leswon .
Organized thrombosis  —alone 2
—with eirrthosis 6

Congenital abnormality —atresta 4
vaticosity 2

small multiple seins }

1

Caxernous angioma of portal ven
QObstruction by caremnoma
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cases total gastrectomy was done by Dr David Habif Over
a period of six to eighteen months bleeding did not oceur,
but the nutntional difficulties which followed the operation
were so great that I would advise 1t only as a last resort,
and certainly not mn a cirrhotie  In the cirrhotic the operation
of choice 15 the porta caval The broct 1
effects of diverting the portal blood from the hver are very
much less than ammal experiments lead one fo expect,
probably because the larger proportion of the portal venous
blood 15 already not coming m contact with the hver cells
and the organ has therefore had a chance to adapt itself to
the latory ch which op ple

g

Porta-systemic Amnastomosis in the Treatment of
Ascites

Porta systemic venous anastomosis was performed i 13
cases of cirrhosts of the ltver mn which ascites was the mam
presenting feature, and m one case m which 1t appeared for
the first time after operation  The existence of portal hyper
tension v as proved 1n 12 cases—n nine by direct measurement
of the portal blood pressure at operation, and m four by the
presence of an enlarged spleen, and of cesophageal varices or
other large venous collaterals In two cases (Nos 6 and 8),
the spleen was enlarged moderately, but there were no
cesophageal varices and the portal pressure was not recorded

Absolute evidence of the fate of the anastomosis was
obtaned at necropsy m mne cases On four occasions the
shunt was found blocked by recent thrombus formation In
five cases the shunt was open, but m Case 10 1t was only
about one quarter the calibre of the two adjacent veins
Shrinkage of the spleen, or of cesophageal varices after porta
caval provided cir tal evidence of a
patent shunt m Cases 11 and 14, and m three patients (Nos
8, 12 and 18), the progress of the disease suggested that the
anastomosis was open and functionmg The period of
follow up m the surviving patients has been at least twelve

months
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end to side porta caval anastomosis on 24th April 1945
(Dr A H Blakemore) The Lver was small and 1ts lobular
pattern distorted Ascites recurred and required paracentests
at about ten day intervals for four months after operation
Dunng the succeeding two years he gamned 50 Ib weight
He was free of ascites and cedema for nearly four years In
June, 1949, his doctor reported that ascites had agam
developed

Case 11, a man aged 42, complained of a 25 Ib weight loss
over a five year period Between December 1947, and
September, 1948, there were three episodes of melena  On
admssion he was jaundiced and lean, with a swollen abdomen
and great enlargement of the liver and spleen On 15th
October, 1948 an end to side porta caval anastomosis was
performed by Dr A H Blakemore Liver biopsy showed
active chronic hepatitis  Ascites and pleural effusion recurred
for three months after operation, despite high protemn diet
and intravenous salt poor albumen Thereafter he remamed
free of fluid for eight months The spleen decreased markedly
i size, but liver enl and jaundice p { In
November 1949, cortisone, given in an attempt to dimmish
the mterstttial inflammation 1n the Iner mnduced temporary
regression of the jaundice decrease n the size of the liver, and
a massive ascites which disappeared withn five days of
stopping the drug (Hanger, 1850)

In three cases a noticeable decrease in the rate of asaitic
flurd formation has followed porta systeme venous anas
tomosis

Case 12 a girl aged 18 had a prolonged attach of infectious
hepatitis n 1941 The first heematemests 1n 1945 was followed
by a transient ascites the second mn 1946 by coma for tno
days and ascites which responded to intratenous albumen
Durmg the succeeding exght months melena oceurred on
three occasions and ascites was constantly present, though
not to a degree requiring paracentesis The liver function
tests are recorded in Table IV At operation (13th May, 1947,
Dr A H Blakemore) a small nodular Irver was found and
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splenectomy and end to side spleno-renal anastomosis were
done There has been no recurrence of bleeding or of ascites,
notwithstanding a fall i the plasma protens five months
after operation to albumen, 2 6, and g]obuhn 2 0 g percent
darin anea val m tha lace and hae naen Ao bo e
- .- - .

Case 13 a woman aged 38 Subacute hepatic necrosis in
December, 1044 was followed by asoites which required
frequent paracentesis and was only temporanly relieved by
sapheno peritoneal anastomosis in February 1945 and button
ih ge of the p 1 cavity 1 Sep 1646 The
Iiver was then reported to be large and sogpy  In September
1947, the nscites was made worse by 150 g of albumen mntra
venously The opentmn of splenectomy and end to side
pl as { d on 10th October,
1947 Dr v T Blnkcmom) The hver wns small and
nodular and the portal pressure 20 cm of saline  Asaites
has not recurred in the two ycars since operation

Case 14 a man aged 5) who admutted to a considerable
daily consumption of spirits  complained of loss of appetite
and weight for eight months before leg cedema and aseites
appeared 1n July 1918 A 2500 calones tugh protein Ingh
sitamin diet with methiomne 8 g per day and no alcohol
wnprosed his general health but, even when supplemented
by mercurial dieretics and intravenous albumen did not
nfluence the formation of aseitic and cedema flmd ~ On 24th
Arnl 1048 an end to-side porta-caval anastomosts was
performed (Dr A H DBlakemore) The portal pressure was
23 em of saline  The hiner was small and showed severe
lobular distortion  On ordinary ward diet plus protemn
supjlements end an unrestricted salt mtake ascites and
dema recurred  \f 1d BEAaIn were
but a diet containing 180 g of protein and 1 5 g of sodium
chlonde caused a loss of 8 kg 1n weight over o three week
period  This régume has been continued at home  There has
been no detectable asaites, and vy aesophageal varices can
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e seen on barium swallow, but cedema of the ha
b legs has per

Assessment of Results

The prognosss of ascites n cirrhosts of the liver varies with
the of 1ts develof ¢ In a person who shows
no other signs of hver disease, 1t may appear after an episode
of bleeding, an operation or an acute general infection, each
of which produces a temporary condition of hepatic msuffi
ciency  If the impact of such episodes on an already damaged
Itver 15 severe, coma and death may ensue, but 1n most cases
the ascites 1s transient and 1ts disapp may be h d
by mfusion of concentrated albumen (Kunlel e al, 1948}
The occurrence of aseites i the crrrhotic patient who already
presents evidence of profound hver damage—Iloss of weight,
anorexia, jaundice, mental apathy, or grossly abnormal liver
function tests—is of serious prognostic significance Cates
(1943) reported that of 53 patrents who had survived one
month after the onset of ascites 62 per cent were dead within
a year In a series of 162 cases of cirrhosts analysed by
Henrikson (1936) the duration of life after ascites appeared
averaged 12 8 months In six of the seven patients who died
m the mmmediate post operative period (see Table II, page
153) and m all those who were not benefited by operation
there was evidence of severe Inver dysfunction  In one patient
(Case 5 Fig 1) on a lngh protemn diet (140 g daly) without
restriction of salt the liser was unable to form suflicient
albumen to halance the loss mto the ascitic flud (about 1 g
per day) and maintam its level in the plasma  In such ar
cumstances quite nunor surgery may preaipitate an hepatic
erisis Morison (1896 1912), Talma (1898} and Turner (1906)
emphasized that toxemia, jaundice and failure to w 1thstand
at least two para eses were cont d to operation

m cirrhosts
After porta systemic anastomosis in five cases, the fall n

portal pressure averaged 10 em of salme (range 5-16 em )
If the presence of portal hypertension were the most impertant
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contnbutory factor 1 the development of asutes, such a
reduction 1n portal pressure should be fotlowed by an unequi
vocal dimmution in the rate of asatic flud formation  Tius
&id not occur in three enses  In Case 8, the state of the
anastomonts 15 not hnown, but in Case 11 there 15 cireum
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stantial evidence of 8 patent <hunt in the progressnve dinn
uution wm the size of the spleen  Tluid continued to form,
however, it three months after operation  and mine months
ter the miti upset of salt and water metabolism caused
by the adnuantration of eottisane wduced an neertes whach
diappenred five dass after the drug was withdrawn  In
L 250 30 ascites mppeated for the first tinie after o shunt wiuch
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hepatic d ion, venous may be followed
by rehef of ascites

On two occasions, however, ascites disappeared after a
successful porta systemic shunt, but peripheral cedema
persisted and seemed to become more resistant to treatment
These observations support the view that asaites in the
patient with curhosis of the liver 1s part of a generalized
flurd retention The raised portal pressure determines the
localization 1 the p 1 cavity of the retamned flnd,
but contributes hittle to its actual formation
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pericarditis where you have obstruction to the entry of blood into the
heart  ile has produced obstruction to the inferior vena cava above the
liver, and obtaned the effects nated by Dr Charles Bolton many
sears agn  He then suggests that dilated hiver lymphatics transfer
fiuid somehow into the peritoneal eavity Tte dhlated Jymphatics
should I imagine communicate with the thoracic duct and the Awd
should keep in urcl'llahon tha sy 1 don t see that that accounts l_ar
et et e N qerea b AP A i ol

- . . .
retention in patients who already had ascites but 1 would hike to hear
from him more about the controls in people with  epatic disease wit! out
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DISCUSSION STUDIES ON ‘‘ALCOHOLIC”
GIRRHOSIS AND CHRONIC RECURRENT FLUID
RETENTION AND ASCITES

T C CHALMERS

N o h hat Dr Kunkel has said by
Drs George Gabuzda, H S

sy i (1950) m the Thorndike
Memoral Lab 'y on ts with “aleoholic” cirrh
and chrome recurrent flud retention and aseites 1 would
hke to summanize first by saying that 1t has been said quite
frequently that the defect 1s erther m poor renal function,
resulting 1 the retention of salt, or else that 1t 1s mn poor
metabalism of hormones by the hver, resulting n retention
of salt by the kudney However, 1t may be that the hidney
1s working beautifully, and the homeostatic mechansm of the
hy 15 working b lly, and that if they did not,
the patient would die of an Addisoman likeensis I think the
best way to show that problem s to consider the importance
of the paracentesis in continuing what 15 referred to as the
abnormal sodium retention of curhosis  Thus 1t can be shawn
that the urinary sodum retention 1s necessary to compensate
for the massive amounts of sodium lost by way of the pert
toneal cavity

Fig 1 shows the balance study of a patient with chronie
ascites who had 13 Litres of flind removed  His serum sodium
was around 138 at that time, and that would mean that about
120 g sodum chloride was removed within a few hours frms
his pentoneal cavity After patacentesis there is a rapl
gain 1n weight over the first three days accompanied by 2
defintte drop mn urme output, then a levelling off with :‘
slower rate of weight gain  There 1s a rise in d:fi hm}?tag\:é

howmg that he 1s b hemo ted as the
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ours 1nto hus ascitic cavity, and there 1s a drop m the serum
dinm, suggesting that he 15 retamung water m excess of
It 1le doesn’t put out anv sodium in his urine beeause
ich o tremendous amount 1s being lost nto hus asaitie flnd
ssociated with this external loss of sodium s a Jow serum
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F1 1 Eftect of paracentesis on the hematocnt serum sext am.
and fuid batance

odium to which the patient with chrome ascites becomes
ceustomed

Fig 218 shown to emphatuize that patients with masne
iseites have some «edemn which we believe s related ta
ressure of the ascitic fluid on the inferior vena eava When
apped the patient doesn t gain much wepht but lus ascites
s pasae ”



DISCUSSION STUDIES ON ‘‘ALCOHOLIC”
GIRRHOSIS AND CHRONIC RECURRENT FLUID
RETENTION AND ASCITES

T C CHALMERS

I would Like to supplement what Dr Kunhel has said by
reparting some studies done by Drs George Gabuzda, H §
Traeger and Charles Davidson (1950) in the Thorndihe
Memonal Laboratory on pattents with “alcoholie™ etrrhosts
and chrone recurrent flud retentron and asates I would
Iike to summarize first by saying that 1t has been sard quite
frequently that the defect 15 either m poor renal function,
resulting m the retention of salt, or else that 1t 1s m poor
metabohism of hormones by the liver, resultng m retention
of salt by the kudney However, 1t may be that the ladney
1s working beautifully, and the homeostatie mechamsm of the
hormones 1s working beautifully, and that if they did not,
the patient would die of an Addisontan Theensis I think the
best way to show that problem 13 to consider the unportance
of the paracentesis m continuing what 15 referred to as the
abnormal sadium retention of exrhosis  Thus it can be shown
that the urinary sodium retention 15 necessary to compensate
for the massive amounts of sodum lost by Way of the pen
toneal cavity

Fig 1 shows the balance study of a patient with chronic
ascites who had 13 litres of fluid removed s serum sodium
was around 138 at that trme, and that would mean that about
120 g sodium chloride was removed within a few hours fmx;\
Ius peritoneal cavity — After paracentests there 18 O;i tgPl
gam m weight over the first three days acccmp’u;e d’" ;
defimte drop m urmne output, then 2 Tevelling o ‘:) :
slower rate of weight gain  There 1s a Tis¢ m the hzm: (‘1::1&‘
showing that he 1s becommyg hzemo concentrated as the
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pours 1nto tus ascitic cavity, and these 1s o drop i the serum
sodwm, suggesting that he 1s retarmng water i excess of
salt  He doesn t put out any sodium m his urine because
such a tremendous amount 1s being lost nto his aseitie flid
Associated with this external loss of sodium 1s 2 low serum
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Fig 1 Effect of paracentesis on the hematocnt, serum sodm
and fluid balance

sodrum to wiich the patient with chrome ascites becomes
accustomed

Fig 215 shown to emphasize that pattents vath massne
aseites have some @dema which we beheve 1s related to
pressure of the aseitic flwid on the mierior vena cava  Vihen
tapped the patient doesn’t gamn much werght but his aseites
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recurs just as much because the cedema flmd 15 mobilz
and, because of the increased portal pressure, 13 deposit
i the abdommal cavity There 15 an estimated decrease
Plasma volume of about 14 per cent  The hzemoglo

R.K. PATIENT J.Ge
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3 1 ASCITES Lfis 1t
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Fic 2 Kffect of paracentesis on the body weight haematocrit

s tient
ted ascites cedema and plasma volume in a pat
and estima on a pormal salt mtake.

parallel the hematoents, which suggests that 1t 1s not ]u:::

change in size of the red cells but 15 an actual hemo fcnce:ﬂvc
T ¢

tion  So the patients re q p

decreased plasma volumes, are hemo concentrated, and have

a lowered serum sodmm
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anzmia and that thewr hxmatocrits are hept falsely elevated
by the hiemo-concentrating effects of the repeated paracen
tests  Thus they may not have an mereased blood +olume
as has been shown by the Evans blue method, but their blood
volumes may m fact be restricted  For the first pertod the
patient 1n Fig 8 was on a diet contaimng about 7 grams of
sodum chloride, 113 mulliequivalents  After he has had
several taps and his ccdema has disappeared he 1s put on a
ciet contamng 10 mulliequiialents of sodium, about 0 6
grams of sodium chloride, per day  His wesght stays the same,
his urinary volume comes up, lus hematoent stabilizes his
serum sodium gradually nises  If this chart were contmued
through the next six months 1t would show a gradual gain n
weight, caused by an aceumulation of flesh, not fhnd, accom
panying a gradual increase in urine output, a gradual stabih
zation of the hematocnt at about 34 or 35 During this time
his serum sodium gradually nses until it reaches normal
because he 15 no longer receiving paracenteses His portal
venous pressure was measured by putting a needie m a
collateral abdominal v ein, obstructing the vern, cephalad, and
assumung that this was somewhere near the true portal
pressure It seemed to decrease as he got better Two or
three months later his urinary sodmum, presiously very low,
began to rise slowly and now, about eight months later, the
patient 1s beginnmg to eat salt and to put it out 1n his urine
Apparently the patients mamtained successfully on a low
sodnm  diet eventuallv are able to eat sodum without
ascites lation  The expl 15 not apparent
Mr Macpherson has said that he wants to be most dogmatic
1n say ing that surgery has no place in the treatment of ascites
I would Iike to be equally dogmatic and say that we beheve
that no type of surgery, even paracenteses, has any place 1n
the treatment of ascites once the patient has been stabilized
by the first one or two paracenteses necessary to remove the
flmd present on admission, meluding the cedema flnd  But
the diet has to be very low n sodum, less than 0 6 g sodum
chloride, and 1t has to be mamntamed, 1n some mstances for
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DISCUSSION FACTORS IN THE PRODUCTION
OF ASCITES

ROBERT W RARK

We behieve that there are many factors which, when the
act together, produce ascites n individual patients wit}
cirrhosis of the hiver Moreover, 1f a combmmation of differen
factors are producing ascites 1n a patient, removal of one o
the factors may clear up the ascites

Our studies show that m many alcoholic patients with
errthosis an adrenal dissociation exists, with very low 17
ketosterord output and high cortin levels n the urine {Table
1} This hormonal sttuation is reflected 1n1 therr bady con
figuration Recently, we mjected cortisone mnto Ppatients with
a low sodium 1ntake, and when we withdraw cortisone, we
observed » sodium diuresis

Table I

24-Hour 17 KETOSTEROIDS AND CORTIN EXCRETION IN Tag URINE
¥ROM SIX PATIENTS WitR CIRRROSIS OF LIvER

Urinaty Urinary o
No [Pavent Age | Sex Pﬂ;’;ﬁe y&“z‘l“h‘:lfx . ,:\.; ';i'fe‘:\';.‘.’fff. E;:' }X‘h,{;u
1 |LF '58 ] M| 116/68 45 16 100
2 4 TW 58| M| l18/62 38 o7 0
3 |KK 54| M| 1nzp2 33 18 343
4 (AM 82 M 98/56 43 12 &5
5 | Pw 52| M| 108/62 57 22 121
6 |BF 60| M| 128/76 38 14 43

Fig 1 shows the effect of a low sodium diet 1 preventing
the re accumulation of asatic flud Note that Ius *“dry
body weight after the paracenteses was about §5 kg  He s
a big man that 1s bag boned, and hus best body weight when
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he wag Wwell uag about g5 kg me has therefore losta consider
able amount of body tissue (not fat) Tpg loss of body tissue
s & commop finding i OUr patients With cirrhogys

We therefore feel thay OUr patiengs need 5 high Protein
diet as wep as a loyw Sodium dyey We agree th Dr Klatsk,
and with p, halmerg that of you but an alcohole eirhotye
to bed on 4 Runmal diet he wj) get much better, and we g,
this to ap) OUT patients ¢, 8¢t them 1p , state of balance before
we feed them B prote) diets Y Will iy, Tove for
tuenty 44 thirty o Sixty days and then they vl level of
Ifyoqy feed more Protem at thy,, time they then will do very
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There 1s no more ascites at the end of the study At three
points early in the study, we infused albumn, and the albumn
passed 1nto his ascitic flmd At one point, at the end of the
study, when we infused albunmm, 1t did not pass mto his asestse
flind At a pomnt at the very end of the study he has mamn
taned his weight, he 15 perfectly fit, ks iver function tests are

HEALTHY TREATED
Scor t ssues Sear ¥ ssue+
Liver nodules= Lorgs Itves nodu es=
Portat Hypertension Portof hype fension
+ Bt
PROTEIN DEPLETION | NORMaL, T SSUE PROTE N
e "
e v
N
= o
< fa
-
NO ASCY ASCITY NO ASCITES
Fre » Mesentenc capliaty diagram representing fole of

protem depletion n formation of asatic flu d

quite normal but he has a large massive Iiver, full of big

nodules and scar tissue and hus portal pressure 1s high whether

measured indrectly from abdormnal collateral vemns as Dr

Dawidson has done, or by measurmg ins hemorrhoidal vein
'S

Pr;flsg“ r: shows the passage of mtravenous albumin into }us1

asertie Amd after infusion during eighteen days, with 2 total

P v onn m of alh mn
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What ye think happens M some Patients shown 1 Fig 5
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DISCUSSION PORTAL HYPERTENSION IN
CIRRHOSIS OF THE LIVER TREATED SURGICALLY
BY PORTACAVAL SHUNT

ALLAN GAMMELTOFT

In crrhosis of the hiver deficiencies in the varous liver
functions, due mamly to atrophy of the parenchymal tissue,
can be treated medically with benefit And the prmeiple of
the medical treatment must be to provide substrtutes for the
more vital functions and an attempt to reduce certam inter-
mediary metabolic processes  Treated by this prineiple over
along peried, six to twelve months, the hiver often regenerates
to a great extent and will be able to function almost normally
But the fibrosis in the liver once there, will never disappear,
and portal hypertension, which 1s the result of fibross, will
never decrease Nature cures or assists 1n curing this con
dition by the well known des elopment of collateral circulation

With the dilatation of the collateral vemns the portal blood
by passes the hver, but the portal hypertenston still persists
And no medical treatment 1s able to dimumsh an already
developed portal hypertension due to eirrhosis of the hiver

In the cases where the collateral circulation makes its way
through tributares of the coronary vemn to the aesophageal
veins with the dev elopment of varicosities, then the mndication
for surgical treatment becomes obvious The evidence for
this 1s confirmed bv Patek’s analy sis of 124 cases of eirrhosis
treated medically Forty four of these 124 eirrhotics had
heematemests, and witlan one year of the first blceding
episode, 22 of the cases died from hemorrhage

During the past year I have had the opportumty to examine
and follaw up the cases of portal hypertensian treated surgre
ally by portacaval shunt operation performed by Blahemore
from 1944 to date at the Preshyterian Hospital in New Yorh

e
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Table IIE
MaJor I FoRr S T T IV CasES OF CirREOSIS
Hzmatemesis or Melzna 59
Ascites 10
Cirrhosis and Esophageal ¥ arnces 9
Chian s Syndrome 1

Table IV shows the type of portacaval shunt performed
the 79 cases 'The portal vein to vena cava, which 1s techme
ally easier than the other types mamly because of the
greater size and thicker wall of the vessels shows the lowest

mortality, 16 2 per cent

Table IV
TyYPE OF PORTACAVAL SHUNT IN SUBGICALLY TRPATED CASER
or Cirruosis {79)
37 (DedPostap 6 (16 Zpercent)
89 (DedPost op 8 (20 5 percent)
1(DedPostop 1)
1(Ded Post-op 1)

Portal Y em ta Vena Cava

Splenic Vein to Renal Vein

Umbilical Vein to Vena Cava

Portal Ve to Rensal Vemn

Inferior Mesenteric Vein to Vena
Cava

The causes of death durmg the follow up period m sur
meally treated cases are recorded in Table V' The 12 cases
died from two months up to four years after the operation
Three of the five cases wiich died from hematemesis and
revealed a closed shunt at autopsy, had a splenorenal shunt
performed by the vitallum tube techmque The two other

‘Table V

Catses of Dearn DuRInG Foirow UP IV SURGICALLY TREATED
Cases or Cirrmosis (12)

Hzmatemests with Closed Shunt

wath Open Shunt
Cholerua with Closed Shunt

with Open Shunt
Perforated Ulcer (no autopsy)
Hezmochromatosis with Open Shunt
Accidental (Pulmonary (Edemz no autopsy)

10 g
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improving with every follow up exammation None of the
cases have ascites

Table VII
CoVPLAINTS 1N TIP MODERATELY WELL FOLLOWED UP Casts (11)
One Episode of  Shght Stight
Mild Bleeding Jaundice  Anhkle Bdema
Temales (7 cases) 1 z 8
Males (4 cases) 1 2 1

And how 1s the liver function m these patients ? Table
VIII shows the results of six waportant tests in the cases
followed up for more than one year In the bromsulph
thalem, A/G ratio, galactose removal constant, cholesterol
test and the prothrombm time only a change of 10 per cent
or more of the pre-operative level has been taken as imprave
ment or the reverse For the cephalin flocculation test only
a change of plus 2 or more has been regarded as significant
All the cases have been proved to be cirrhosis of the hiser by
biopsv

Table ViIII

Tie INFLUENCRE OF THE PORracavar Suunrt OPERATION ON LIver
Funerion Tests IN CasFs oF CIRRHOSIS OF THE Liver FoLLoweD up
FOR MORE THAN ONE YEAR AFTER OPERATION

Improved No Change Worse

Bromsulphthalem [ 20 4 (32)

Albumin/Globulin Ratio 6 20 11 (87

Cephalin Floceulation 8 2 7 {87)

Galactose Removal Constant 4 2 5 )
Choalesterol Esters i per cent

of Total 3 | 2 (19)

3 12 1 {15)

Prothrombin Tune

The most smportant conclusion from these data 15 that
only about 20 per cent of the surgically treated cases show
progression of thew hver damage due to cirrhosis, about
20 per cent show definite improvement and about 60 per cent
show no change  Marny of these latter cases have pre operative
values of Iver function tests within the normal range  And
so, any improvement m these cases was impossible
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measured 15 600 mm H,0 and the lonest post operatine
pressure measured 1s 40 mm H,0

InFig 1 the of portal p are platted
m relation to the time m years which elapsed from the
observation of the first ssmptom of eirhosis of the liver up
to the time of operation The longest period has been ten
vears  From this figure it 1s obs 10us that there 1s no tendency
to mcrease or decrease of the portal pressures during the
vears of lustory  If an increase in the portal pressure takes
place during the years of curhosis of the Iiver a line drawn
from the average pressure salues will show a rse from left
to right according to the time elapsed from the first symptom
up to the operation This Fig (Mo 1) shows vers definitely
that the average pressure hne drawn from the dots 1s very
near to the horizontal hne and parallel to the abscissa

The obsers ations abov e deseribed would mdicate that when
the cirrhosis shows defimite symptoms then the portal hy per
tension 1s maximal and neither increases or decreases during
the disease And from these findings one would conclude
that a patient 15 better off with a portacatal shunt operation
early in the disease than later when the hver function 1s
badly damaged

I would like to make a few comments on ascites as an indica
tion for portacatal shunt operation  Ten of the 79 cases were
treated surgcally for portal hypertension with ascites as a
major indication  \one of the 38 cases followed up for more
than one year showed any sign of ascites

From what we heard to day portal hvpertension 1s only
one of manv factors m producmg ascites  Ascites 1s only a
partial indication for the performance of a portacaval shunt
n contrast to esophageal varices as an absolute mdication

Only after an attempt to treat and control some of the
other factors the colloid-osmotic pressure and the sodmum
retention then the performance of a portacaval shunt to
reduce the portal hypertension can be discussed From
arimal expertments it i shonn that stasis 1 the Jymphaties
an mereased production of the antidiuretic factor and DM







DISCUSSION+ CGIRCGULATORY STUDIES ON
PATIENTS WITH ASCITES

SHEILA SHERLOCR

I should hke to show you some eirculatory studies which
)r Sheila Howarth and I made at the Postgraduate Medical
chool on patients with tense ascites from various causes

Pressures were estimated with a saline manometer n the
eritoneal cavity and in the nght aurcle, using cardiac
itheterization In the patient illustrated (Fig 1), the intra
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pentonesl pressure was very ligh and, as 15 often found
clinieally with ascites, the jugular venous pressure was also
raised above normal  The latter was reflected as one would
anticipate, 1n & high night auncular pressure It is the
mechanism of tlus raised mght aurcular pressure that 1
wanted to discuss Cardiac output was also estimated At
sixty minutes, two more litres of fluid were mtroduced nto
the pentoneal cavity, resulting i a great increase m intra
peritonenl pressure  The right auricular pressure also rose,
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Fia 2 The effect of ascites on intrapentoneal and intrapleural
preswures and on cardiac output Introduction of more fuid
into the peritoneal cavity is marked +

but cardiac output was unaltered The fld was now let
off (82 punutes) and there was a fall i trapentoneal
pressure and in the iight auricular pressure  Again the cardiae
output was unaltered  This, then 1s an example 1n which the
night aunicular pressure has been greatly altered by the
conditions below the diaphragm, but i which the cardiac
output did not change
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In a patient with pleural eflusion and ascites we also
measured intrapleural pressures (Fig 2) Agan we raned
the pressure in the abdomen by putting 1n more flud We
caused a rise m the intraperitoneal pressure and in the mtra
pleural pressure, but again the cardiac output didn’t change
We believe the rased night suricular pressure and the rased
venous pressure m the neck occurring 1 patients with ascites
are merely secondary to the raised diaphragm and raised
intrapleural pressure resulting from the increased tension
n the abdomen



DISCUSSION ELECTROPHORESIS IN HEPATITIS,
LIVER ATROPHY AND CIRRHOSIS

G VIOLLIER

1 would hke to mention a few electrophoresis results
obtained from cases of hepatitis observed during the epidemic
of 1946 1n Basel The data may be of value in furthering the
rel hip between hyy and ascites and
odema development 1n chrome hver diseases discussed
earlter by Dr Inersen  Vie were surprised to note an almost
normal A/G quotient in many cases of acute and sub acute
hver atrophy Simlar A/G quohents were observed m
severe } with p ascites
and cedema  One could perhaps nssume that the physio
logical function of the albumin may have been altered
through the injury of the hiver although there 1s no expen
mental d for this lly not on
physico chemical grounds Other cases without aseites and
cedema dymg of subacute liver atrophy hsving a normal
serum protein content had a quotient well below 1 It may
be that in these cases the penod of 1llness was too short and
too acute for the \! of severe hypop: mia
and the consequent development of cedems and ascites
Generalizing we can say that durmg the epideric of 1916
ascites and edema appeared only when hypoproteinzmia
had been present for several weeks beforehand

Material and Method
The material at our disposal was 1n 1ts way unique There
were 1n the year 1046 1n the whole town of Basel 220 cases
of hepatitis of which 44 proved fatal a mortality of 20 per
cent  Such o lngh denth rate due to hepatihis has perhaps
never been recorded in any one such small commumty and
185
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over such a short period of time  One hundred and forty nine
cases were admitted into the Burgerspital from February
1946 to April 1947 Forty one of the admutted patients
died, 30 of them 1n the months of June, July and August, 1946
Thirteen showed severe hepatic failure but recovered after
long treatment, while in 95 cases the hepatitts was of the com
mon bemgn type Prof Staub has reported on climcal
observations n previous papers (Staub, 1946a and b, Staub
1947) Table 1 shows how the peak death rate of 1946
gradually decreased till 1t came back to the usual letel agan
between the years 1948 50

‘Table T
\orrALTY OF TRE HepaTimis Lripestic 1v BaseL

Year “umber of cases Fatal cases Mortal ty mn per cent
1942 315 3 0 98
1943 703 2 0 28
1944 24 2 041
1945 87 1 115
1948 220 414 20 00
1947 79 7 8 90
1948 89 4 4 50
1949 101 1 0 99
1920 38 — —

Changes m serum protemn are not, strictly speahing specific
for Iiver mmy but the electroph lyses still
give the best mnformation on the function of serum protemns
mn Iiver diseases  This method does not merely fractionate
the serum protems mnto thewr vartous physico chemical parts
but at the same time 1s a means of separating the specific
physiological functions carried by each component Ir,x
1946/47 we performed electrophoresis analyses using Tisehus
ongmal cell 5 mm in heght, and a barbiturate acetat’e
buffer of pH 7 8 Smce 1948 we have used Longsworth’s
cell, 90 mm 1 height, and his diethylbarbiturate buffer,
However, by 1948, there were no

having a pH of 8 5
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1985), has been found to be positive n cases where the
y-globulin concentration 1s high  This 1s especally true when
the alb 1s also reduced In , therefore, where
these protemn conditions are realized and yet no liver damage
1s present the Takata can be positive, while 1n a few cases of
obvious liver injury the Takata reaction may be negative
From expertence gathered i 194647, severe hver damage
usually resulted i a posttive reaction which with progressing
severity of the disease became more and more strongly
positive  On all accounts a constantly positive Tahata
reaction n jaundice means serious parenchymal mjury As
the patient recovers a strongly positive Takata will gradually
become negative again  This may suffice to show the useful
ness of the Takata reaction as a hiver function test

Finally, the presence of low sedimentation rates and small
fibrinogen concentrations were found to be valuable, if not
stire ssgns of threatening liver atrophy  In those cases where
the sedimentation rate and fibrinogen concentration increased
there was recovery

Here then are some examples where the course of the disease
was followed by electrophoretic analyses

The first case (Fig 1), a woman, 47 years old P B, having
suffered for several years from a gastrie ulcer 15 an example of
subacule atrophy of the hver A month before adnussion
to hospital the urine became dark in colour, followed a fort
mght later by jaund On tion (L of
August, 1946) the Takata was shghtly positive and the total
serum protemns nearly normal  The electrophoresis showed a
shight ncrease 1n y globuln and an A/G quotient of 0 93
The only disturbing facts were the low sedimentation rate
and the small fibrinogen concentration (156 mg per cent)
During clinical observation the A/G quotient fell consistently
and on the 18th of August the Takata reaction was strongly
positive  Despite numerous blood and plasma transfusions,
dwresis was not raised,, and there was much vomuting At
the beginning of September a marhed decrease in liver volume
was noted followed by feetor hepaticus, mental confuston
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and finally coma The y globulin increased up to death
There was no ascites, total protemn 7 23 g per cent Fibn-
nogen concentration and sedimentation rate were constantly
fow At autopsy the liver was small and atrophied, weighing
730 g, the left and nght lobes were almost completely
collipsed with a few parenchymal remains showing adenoma
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Tio 1 Subacute fiver atrophy leading to death two months
after the development of jaundicr

B , severe, wid d i hot: hzmor
thage and nephrosis, gastrie ulcer
In subchronic atrophy the course of the disease 1s slower,
with development of ascites and cedema  Such was the case
tn a young girl of 22 years, St A (Fig 2) who came inta
hospital six weeks after onset of jaundice On adnussion the
patient already showed signs of ascites and cedema, reduced
Inver volume, pronounced hy poproteinma, shghtly positne
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weight, but the hypoprotemzmia was not mmproved The
electrophoresis pattern followed the imcreasing seventy of
the patient’s condition . the A/G quotient steadily became
lower, the y-globull d and the H- which
was 8 7 per cent at the beginning, rose to & O per cent
Closely following these alterations the Takata reactions
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Fic 3 Severe hepat:
patitis with ascrtes and cedema recoyenny
four months sfter the development of jaundwe &

became more and more strongly posiive The patient dred
th coma hepaticum, four months after the onset of jaundice,
the fibrmogen content and sedumentation rate having
rex;xlned constantly low
ig 5 shows the return of the electrophoretic pattern

normal im a case of hepatius with severe hgpatxc fm‘l’ume Tltlg
l*;;lndlce in the patient, a 50 year old woman, St R, started
ahout two weeks hefore entry into hospital Exarmnation
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showed the presence

G. Viorumr

of ascites and cedema, shght hypopro-

temzma and positive Takata reaction. The A/G quotient
was 0.66, the H-component 4 1 per cent of the total Pprotemn
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Fio 4 Severe hepatitis with liver strophy, recovenng fise
‘months after the begmning of jaundice

content Further chmeal findings

myocardial damage

hypertoma with shght

The liver was enlarged Treatment
ted plasma t fi Recovery

trophoside and
followed wat

h mcrease n albumn and fall i y-globuln
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and the disapp of the H 33
At discharge, four months after the beginmng of jaundice,
the Takata reaction was however still strongly positive  The
hver had returned to the normal size The patient had &
high sed rate through which 15 ch 1e
of cases progressing favourably

A sinular case 1s shown in Fig 4 The patient, a 46 year
old woman, RF, developed jaundice three weehs before
admission to hospital ~ She was apathetic on admission  The
lner was markedly reduced, there was repeated ‘omuting
and ascites and cedema were present  Laboratory tests
showed a pronounced hypoprotemzmia, Takata reaction
positive, A/G quotient 0 71 and the H component 4 3 per
cent  lowever, the fibrinogen concentration and sedimen
tation rate were both famly high With repeated plasma
transfusions the total serum protein concentration rose,
dwresis increased and the ascites and ccdema disappeared
Recovery was slow, the albumuin concentration rose very
slowly, the A/G quotient reaching a level of 0 99 after four
months  The Takata on discharge, however, was still
strongly positive, and the liver enlarged with a hard edge

In companson with these severe cases Fig 5 shows the
usual course of two cases of mid hepatitis In the first
patient, a 42 year old woman W M a few days after admis
sion, the bibrubinmmia reached 9 95 mg per cent the
Tahata was strongly positive and there was a passing hypo
protenemia  The g globulin concentration was high  Soon
there followed the beginming of recovery with mcrease in the
A[G quotient Vhen the patient left, 84 days after the out
break of jaundice, the Tahata was only weakly positive By
studying the electrophoretic patterns one can follow the
reduction of the relatively high 8 globulin concentration

The sccond case a 40 year old woman G M, had a similar
istory On the 17th March 1947 {two weeks after admission),
the bilirubm concentration rose up to 9 85 mg per cent
With recovery the ususl rise in albunun concentration and
fall In the § globulin peak were obseried  On discharge on |
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the 7th July the Takata was completely negative High

fibrinogen and sedimentation rate were noted throughout
There 15 a discrepancy between the chemically and electro

phoretically determned albumin concentrations (see Fig 5)

Frc 5 Two cases of bemign hepatitis showmng a compariion
between el and AlG

quotient

But due to its convemence and rapidity the saltmg out
method 1s widely used The chemical A/G quotient 1s some
what higher than that deternmuned electrophoreticalfy,
although 1ts trend on recovery of the patient, 1s practicafls
wdentical with the other
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Tesults of serum esterase determinations Acety1 choline
todide and tributyrne were used as a substrate n a medum
of Krebs’ bicarbonate Ringer solution The evoh ed carbon
dioxide was determumed manometrically Activity 1s given
i mm?* CO, per mg serum protein an hour In the first
patient, a 89 year old woman, HG, having a hepatitis
of the bemign type, one sees on recovery the increase m
the albumin and the parallel reduction m g and y globulin
peaks The esterase actinty also mecreases till 1t reaches
normal

The second case, a 45 year old male, GE with currhosis
of the lver and dehrium tremens shows a sumlar nse in
alburmin and esterase activity on improvement In contrast
to the first the values do not come back to normal so that
there 1s only mprovement in the patient’s conditrion not
complete recovery The H component receded from 8 8
to 5 8 per cent the y globulin still remamed high, character
1stic of hiver enthosts  The Takata was strongly positive
throughout and at discharge the liver was enlarged with &
hard edge

Conclusion

From experience we find that the electrophoretic study of
the vanation m serum protems, 1n liver injury, 1s of great
prognostic value In hepatitis ascites and cedema may
dev elop even with a normal A/G quotient if there 1s a constant

ypop: and the jaundice 1s of long standing  We
have exammed cases with ascites and cedema 1n which the
electrophoretically determined serum albumin was Tugh
with the y globulin but slightly increased eg 62 per cen;
albumin and an A/G quottent of 1 63 The results of repeatet
electrophoreses 1n such cases were closely parallel % 1th the elim
cal observations In recuperating patients the electrophoresis
diagram remuned unaltered while in cases where the disease
led to subchromie hiver atrophy (see Fig 2} the aIbumum
fell and the gamma globulin rose constantly until finally
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showing a similar picture to that seen mn cirrhosis although
there 1s no trace of increased connective tissue  Yet parallel
to the increase in y globulin, we find an mfiltration of lympho
cytes nto the pen portal spaces (this may be the “pre
cirrhotic state”)  Another explanation offered by Dr Martin
(Martin, 1949) 15 that the y globuln may normally be
destroyed m the hier for 1ts subsequent excretion or rebuild-
g The diseased liver would, due to its impairment, be
ncapable of continuing this function This would explain
the enormous rise 1 y globulin 1n hiver atrophy and eirrhosis,
though I have not yet found any experimental support for
this hypothesis This theory bemng acceptable one would
have to postulate the extra hepatic formation of y globulin
Our electrophoresis analyses 1n cases of liver atrophy and
cirrhosis do not mn any way hinder this assumption
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eseape from the capiliarv bed into free tissue epaces It scemis fo me
that the lymphatic eiremt is exactly analogous, and that elong the way
towards the thoractc duct, flusd can Iihewase escape from the lymphatic
channels

Professor Best has asked me 1o make n lew morc remacks about the
anatomy o
human mcr‘ T dome bebere we aow muc). nbaut the lymphatic

1 would Dike to ask Mr Macpherson nhat he thinks 18 the notinaf
portal vein pressure in man

noG th‘mn l'ter;!,nm)) agree with Professor McMichsel that

oy 7o
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showing a similar picture to that seen n arrhosis although
there 15 no trace of increased connective tissue  Yet parallel
to the merease 1n y globulin we find an nfiltration of Jympho
cytes mnfo the pen portal spaces (this may be the pre
cirrhotic state ) Another explanation offered by Dr Martin
(Martin 1949) 15 that the y globulin may normally be
destroyed in the hiver for 1ts subsequent excretion or rebwld
mg  The diseased hver would due to its imparment be
mcapable of contmumg this function This would explamn
the enormous rise 1n y-globulin m liver atrophy and cirrhosis
though I have not yet found any experimental support for
this hypothesis  This theory bemng acceptable one would
have to postulate the extra hepatic formation of y globuln
Our electrophorests analyses m cases of liver atrophy and
circhosis do not 1n any way hinder this assumption
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the post necrotic type of cirrhosts because the
case appeared to be less
complex than the averape case of Laennec’s cirthoms with marked
ascites  In tlus patient two factors apbeared to be domnant, hypo
. and we were able o got

played
lum excretion i control

A I S MacrucrsoN Professor McMichael mentioned that the

P

recent paper from the Mayo Chme e also said that hemorrhage 1n
portal hyp: 13 not. ly from h ] vanices  Agam
I entirely agree with him Operation must never be undertaken unless
hamorrhage ean be proven to be from cesophageal varices

I was most mnterested in Dr Gammeltoft s continuation of some of
the work that T had been doing n the States with Dr Blahemore and
particularly m the fact that he was able to demonstrate that 20 per cent
of the cases showed mmprovement 1n liver function after operation
But I don t think he will be so bold as to ascribe that improyvement to
the operation It does I 1funk, reflect that the liver 15 now able to work
m 2 much better environment , 1t 15 not losing ether bleod protein or
plasma protemn and 1ts nutrition 1s better When I was speaking about
ascites, I deseribed those cases m which the ascites was persistent and
was associated with obvious signs of liver damage Dr Gammeltoft
and I were at cross purposes there because I dehberately avoided
meluding any m which the ascites could be assocated with severe

d 1t

Dr Volwiler asked me about the normal portal pressure I did &
series of cases m people who were beng operated on for vamous
abdominal complaints other than cirbosis  In patients amzslheuzet?

to obstructed respira
the arm very greatly

ancesthesia or with the presence of cyanosis due
e 1 was wnterested

tion  You could increase the venous pressure 1
without affecting the portal pressure 2% all Therefor
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faecal stercobilin, this stercobilin cannot be derived from
lok 100, as the bilin derived from

the labelled ham first appeared as a second wave in the feeces
about 120 days later, correspondmng to the hfetime of the
erythrocyte Ruitenberg estimates that about 15 per ecent
of the bilirubin 1s formed by synthesis and the rest from hem
under normal conditions, but that the synthetic fraction may
mcrease to 50 per cent in certain blood diseases Gray,
Neuberger and Snéath confirmed these observations but felt
that the initial nise 1n the heavy mtrogen m the stercobihn
mught be due to disintegration of erythrocytes within the
bone marrow before they reach the cireulation

Thus bilrubin may be formed from other sources than
hemoglobin, and hemoglobin may give nse to formation of
other pyrrole compounds than bilirubim—but to what extent
and influenced by which factors these processes, so contra-
dictory to our customary 1deas, really take place, 1s not
known But it 1s clear that one cannot hase caleulations
of the amount of heemoglobm broken down on the amount of
bile pigments excreted

That the liver 15 capable of disposing of about twenty times
as much bilirubm as 1s produeed under normal conditions has
been generally assumed-——a view advanced by Ruch and mainly
based on McMaster s experiments with hgation of increasing
proportions of the bile ducts in dogs and monkeys But
this view can lmrdly be maintamed after Bollman and Mann
m dogs after removal of
two thirds of the liver, and Thompson and Wyatt, and ench
observed progressive bilirubin retention n humans after daily
miravenous mjections of bilirubin m quantities corresponding
to twice the normal bilirubin production  After this, a
reduction of the excretion capacity to a third or 2n merease
of the production to three times the normal should be enough
to cause hyperbilirubinerma

The so called direct diazo reaction of Hijmans van den
Bergh has been much discussed  In my opinton 1t 1s a curions
biochenncal phenomenon with imited nterest  The reasons
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BILE PIGMENT METABOLISM
A Brief Survey of Problems and Recent Developments
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BrLE pigment metabolism has turned out to be a much
more complicated matter than was generally assumed This
1s clearly shown by the recent monograph of Lemberg and
Legge who deal admirably with many aspects of bile pigment
metabolism and propoese a simplfied nomenclature for bile
pigments which 1s strongly recommended for use in future
publications to counteract confusion

Hamoglobin 15 broken down to bihrubm but not all its
hzm gives tise to bilirubin but may give dipyrrole compounds
such as bilifusemn which m certam cases may domunate over
bilrubin ~ That haemoglobin may be broken down to com
pounds other than bilirubit makes 1t possuible to understand
the rare cases of biliary obstruction and acute yellow atrophy
without jaundice which have been known for several years
but were 1mpossible to explain  On the other hand it can
no Jonger be taken for granted that all bilirubm s deri ed
from disintegration of heemoglobin as part of 1t 15 formed by
direct synthesis as a by product of the protoporphyrin
synthesis leading to hemoglobin  This 15 known from feedm[g
glycine labelled with heavy mitrogen (Rittenberg and c‘f’]
laborators) which was rapidly followed by sncorporation of t :3
heavy mitrogen in the circulating hzmoglobn and ab;):e
:qually as rapidly by the sppearance of heavy nitrogen m

202
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fazcal stercobxhn~ this stercobilin cannot be derved from

as the balin destved from
(he lebelled heem first appeared as a second waye 1n the faces
about 120 days later, corresponding to the hfetime of the
erythroeyte  Tittenberg estimates that about 15 per cent
of the bilrrubin 15 formed by sy nthesis and the rest from hem
under normal conditions, but that the synthetre fraction may
mnerease to 50 per cent n certam blood diseases  Gray,
Neuberger and Snéath confirmed these observations but felt
that the imtal nise 1n the heavy mitrogen in the stercobilin
nught be due to disintegration of erythrocytes within the
bone marrow before they reach the crculation.

Thus btlirubin may he {ormed from other sources than
hzemoglobin, and hemoglobin may gne pise to formation of
ather pyrrole compounds than biirubin—but to what extent
and influenced by which faetors these processes, so contra-
dictory to our customary ideas, really take place, 15 not
known Dut 1t 35 clear that one cannot base caleulations
of the amount of hxmoglolin broken down on the amount of
tale pigments excreted

That the hneris capable of disposing of about twenty trmes
as much hiltruben as s produced under normat conditions has
been generally assumed—a view advanced by Rich and mainly
based an McMaster's expeniments with hgation of increasing
proportions of the bile ducts 1n dogs and monkeys. But
tins tiew can hardly he mamtained after Bollman and Mann
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1ntrax enous gecttons of bihrubin 1n quantities currcslyondm};
to twice the normal bilrubin production  After this, a
reduction of the excretion capaaity to a third or an increase
of the production to three times the normal should be enough
to enune hy pethulirubinenun

The so-called direct diaza reaction of Hiymans var den
Berph has heen much discussed  In my opinion it 15 a cunous
biochemical phenomenon with hnmuted mterest. The reasons
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for this view are mven mn a monograph  Biology of Bile
Pigments  which I hope to fimish shortly and 1its section
dealing with the biological significance of the direct reaction
vou will find 1n an appendix to this paper

The himits of normel serum bilirubin are not defimtely
known In adult man values below 1 mg per cent are
considered normal but the upper hmut 15 difficult to deternune
and the lower ltmit has not heen discussed because the ana
lyttcal methods in general use cannot determine low values
with suflicient accuracy But methods fit for this purpose
exist  The fixation of the upper hput 15 difficult because
of the existence of the condition called hereditary non
hemolytic hyperbilirubinzemia which 1s difficult to classify—
some cases may be extreme varants of the normal some may
represent a metabolic anomaly and accordmng to Hult
many, perhaps most cases generally placed m this group
are really posthepatitic syndromes after abortive cases of viral
hepatitis Hult based this conclusion on his finding of the same
type of fatty infiltration of the liver 1n posthepatitic syndromes
and Ins cases of non hemolytic hyperbilirubimgemia

The site of the bilirubin formation has been much discussed
Most writers feel that bihrubin can only be formed m the
reticulo endothehal system and others that it 1s mamly
formed 1n the parenchyma cells of the hver Lepchne (1930)
proposed the duahistic theory accordmg to which 1t 1s formed
m both This theory has been erticized because bilirubin
formation from hamoglobmn was looked upon as such a
speafic funetion that 1t could not be ascribed to two types of
cells so fundamentally different But since Lemberg, has shonn
that hemoglobm hreakdown cannot be considered & speeific
function this objection cannot be regarded as vahd It
seems most likely that bilirubin formation takes place all
tissues but under normal conditions mamly m the reticulo
endothehal system

The fate 01¥b116 pigments formed 1n the organism h:;s hbeen
subject to cl angmg views Lemberg holds that notb 1r;| 10
but biliverdin 1s the compound primarily formed from
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heemoglolin in the orgamsm and that Tiliverdin 15 reduced
to bilirubin 1n the tissues  According to Baumgartel this
reduction may be carmed further to mesobilirubim and
mesotilane (urobilinogen T\ a) 1n the tissues and 1 the bile
and 15 crused by a special enzyme formed by the cells of the
reticulo endothelial system This enzyme docs not oecur 1n
hertmvorous ammals for which reason their bile 1s green
Whether bilirubin is absorbed from the intestine has been
much discussed and 1s not known with certainty Because
molecular bilirubin solutions do not pass collodion membranes
B de Jong) and phyrm 15 known not to
be al sorbed absorption of bilirubin cannot be regarded as
hkelv  Bilirubin does not underge change mn the small
mtestine, but 1n the colon 1t 1s hydrated to tetrahydromeso
bilane (stercobilnogen) by bactenal enzymes as has been
shown 1n in tiro experiments by Baumgartel This takes
place throughout the colon by means of the dehydrogenase
from dead Baeillus coli and the necessary hydrogen 15
delivered by an oxy reductive svstem consisting of the smino

bilie s formed 1n tins process e further holds that
mesobilane 15 never found 1n facees but thus 13 certamly wrong
But when he believes that tetrahydromesobilane ean never
be formed from mesobiline by the action of bactenial enzymes
he mav be ight  The most likely explanation of the urobilt
nowd formation at present seems to be that tetrahydromeso
bilane s only formed —directly without intermediary products
—n the mtestine by bacterial enzymatic | ydration of bils
rubin and that mesollane can be formed 1 oth outside and in
th ¢ intestme by other processes than those giving nise to the

of tetrahy bl The role of the mtestinal
flora 15 most clearly <hown bLv the recent expeniments of
Sborov and Watson who sterihzed the intestine with aureo~
myein after which the urobilmoils disappeared from the
frees and bilirubin gtsell took their place
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After thf‘ mvestigations of McMaster and collaborators it
was g y pted that urobilinoids were only formed 1n
the 1ntestines, until German v estigators ponted out, about
ten years ago, that uriary exeretion of urobilinoids 1n acute
hzmolytic conditions begimns so soon, that the bilrubin formed
by the hemolysis cannot have reached the colon and been
transformed mto urobilinoids with such speed Hence 1t was
necessary to assume extra mtestinal formation mn hemolytic
conditions  Baumgartel feels that mesobilane 1s regularly
formed extra mtestnally, but curtously enough he finds
only mecreased excretion of tetrahydromesobilane and not of

bilane m hemolytic cond He has ndvanced many
teresting theories, but 1s often hard to follow, and his
experiments and observations have mainly been published
as brief summaries He has just published a monograph
“Physwlogie und Pathologie des Bilirubnstoffwechsels als
Grundlagen der ILterusforschung” (Georg Thieme, Pubhsher,
Stuttgart)

Much work 1s required before the laws will be known which
govern the occurrence m urme and feces of mesobilane
(urobilinogen) and tetrahyd bl (stercobil ),
and 1t 1s not yet known whether it be of chinical mnportance
to distingwish them from each other, a distinction possible by
means of the ferric chloride mesobthviolin reaction of Lem
berg As the well hnown classical theory explaming the
oceurrence of urobilinuria 1n liver disease 1s based on exclu
siely enterogenous formation of urobinowds, 1t needs
revision However, as there 1s generally good agreement
between climeal findings and theoretical expectations, the
enterogenous formation of urobihnoids 1s probably the more
important 1n disenses of the Liver and bile passages

Dealing with urnmary bilirabin, 1t 1s mmportant to remember

that all bilirubm 1 serum 1s always firmly attached to the
serum albummn (cf With 1948) Hence 1t cannot filter
through the glomerul: and can only be exereted through the
Lidneys by active tubular secretion The biirubm clearance

of the kidneys 15 very fow, 0 1 0 5 mf per mm It contrast
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to this the scerctory capacity of the hiver 1s enormous  The
serum threshold for renal excretion shows considerable
individual varation, and 1s probably different in increasing
and diminishing jaundice, and 15 certamly much higher
hamolytic jaundice and icterus neonatorum than m other
forms of jaundice This has been aseribed to the direct.
indireet reaction of the serum bihirubin, but, although some
connection exists, 1t cannot be a simple one, and 1t 15
certanly an over smphfieation to postulate that only
hiltrubin with the direct reaction appears in the urine  This
13 perhaps most clearly shown by the expeniments of Mann
et al (1924) who found well marked bilrubinuna i ther
dehepatized dogs, 1n whom the serum bilirubin showed
indirect reaction

Several investigators hax ¢ demonstrated balirubin in normal
unine, and I have confirmed tlis 1 70 out of 100 normal
urines by filtering about 50 ml through tale and performing
the Harnson and diazo tests on the coloured surface of the
tale  Thus 1s of interest, as shght hlirubinuria has been used
as & sign of early viral hepatitis

The exerction of uromhnoids through the unine 1s governed
by other laws than that of bilirubin, they oceur enly 1 very
small quantities in serum 0 5 mg per cent at highest, and are
excteted rather easily with both urmne and bile

studied especially by von Dabeneck, are formed 1n unine and

bile from bilwubin and urotilinmds and are very latule
and impossible to d i\ vely They are perhaps
' .

P

strong tendency to polymenzation  Mesobilifusein occurs
regularly i the feces as the chromogen pre mesobihifusan
which mny be found 1n larger smounts than the urolnlinoids,
according to Siedel  These substances eannot be determined
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quantitatively, as they are labile and do not give charactenshic
colour reactions

The theory of yaundice has been modified through recent
brochemucal research (With, 1947, 1949, Edlund, 1948) 1f
hvperbilirubinemia has a eertain duration, bilirubimn nvades
the tissues and 1s bound there, presumably to elastin  Asat
1s bound to albumm in the serum, this process cannot be a
sumple filtration or diffusion through a membrane tight to
colloxds, but, as the lymph from the extremities 1s hnown to
contamn minute quantities of all , the bilirubin probabl,
enters the tissues together with these traces of protem

Jaundice may be caused by hyperproduction of bikrubin
{production jaund by d d y capacity of the
Iner (retention jaundice) and by dnersion of the bile secre
tion from the bile duets to the lymph (Iymphogenous jaun
dice) The lymphogenous yarety may be due to mmute
ruptures 1n the bile canalicult (regurmtation jaundice) or
to a special secretion h {non regurg 1lympho
genous yaundice) The latter must take place 1n the mitral
stage of occlusive jaundice, because bilirubin appears so
rapidly and while the pressure i the bile ducts 1s so low
that ruptures of the bile capillaries eannot have taken place
‘The forms of jaundice occurring 1n the chimc are combinations
of these three basic forms Occlustve jaundice 15 a combina
tion of lymphogenous and retention jaundice , n 1ts begmn
ning, the lymphogenous component 1s non regurgitational,
but later, regurgtation may occur Parenchymatous jaun
dice 1s a combnation of retention and lymphogenous jaundice
of the regurgitation type, due to necross of liver cells opening
the passage from bile capillaries to lymph spaces  Also intra
hepatic obstruction of fine bile ducts due to evudat:onLn')::y
play arole A rapidly developing mtense ) 15 P!
most often lymphogenous, but sei ere jaundice may be caused
by retention or hyperproduction alone if 1t has a week or more
to develop, hence the rapidly developing Jaundice in viral
hepatitis 1s probably due to necrosis with regurgitation
Heemolytic jaundice may be due to production Jaundice
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alone or in with r , but pure §
jrundice 1s probably sufficient explannt:on n most cases
Non hiemolytic hereditary jaundice may be a non hemoly tic
production Jaundice 1n which bilirubin 15 produced m abnor
mal amounts by synthesis thanks to an inborn error of meta
bolsm similar to the porphynias and Watson's idiopathie
coproporphyrinuna  If thus be true there are two forms of
production Jaundice, 3 hamolytic and a synthetic  JTeterus
neonatorum 1s a combination of production and retention
Jaundice, Mollison has shown that blood destruction tn the
new born 15 about twice that m later hfe and that brom
sulfalemn clearance in the new born 1s far Jess than m adults
But the explanation of the typieal mse and fall of icterus
neonatorum 1s the Ech fistula effect of the patent ductus
venosus \ranti which Beners (1923) found to be closed yust
at the time when the jaundice bepins to diminish

1 hope I have d the more 1mp blems and
new developments i bile pigment metabolism and have made
ciear that these themes are much more compheated than
formerly helieved, that thev present many unsolyed problems,
and that most classical theores concernmng them need
revision
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APPENDIM

THE BIOLOGICAL SIGNIFICANCE OF THE DIRECT
DIAZO REACTION®

TORBEN R WITH

Huyans van DEN Berer (1018) expressed the opinon
that 1n “dynamic jaundice” the bilirubin of the serum has
not passed the hver cells, in contrast to * mechanic Jaundice”
in which the bilirubin of the serum has passed the hner cells
and afterwards returned to the serum agamn  The term
¢ dynamme Jaundice™ 15 old fashioned but covers our groups,
production jaundice and retention jaundie As van den
Bergh found that the diazo reaction was of the direct type in
“mechamic Jaundice”—in which 1s included hepatitis which
at hus time was believed to be due to obstruction of the bile
passages by mucous plugs—and in bile, but of the indirect
type in the serum of patients with “dynamic jaundrce,” 1t
was easy to conclude that bilirubin did react mdirectly before
passing the hiver cells and directly after having performed this
passaige  This hypothesis which was advanced rather
cautiously by van den Bergh was regarded as an established
fact by Lepehne (1920) and McNee (1922) and this view has
been accepted by most later wnters {ef “nlson, HHG)
Only a few authots have d this
theory as for instance }lamson {1937, p 246), S!em (wn),
Cantarow ef al (1942) Pavel (1913), W nh (1914), Cantarow
and Trumper (1945, p 441), Jiménez Diaz et al (1948) and
Rihn (1950)

A serious objection to the hypothesis that the direct
reaction 1s only given by hilirubin 1n serum which has passed
the hyer cells1s that the prompt direct reaction 1s found in the
- ::L-:E p(.‘h. te " Torekction 8 of “Iiology of Tile Pigments * & monograph

Urn oo am

s
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serum of patients with severe acute yellow atrophy of the
Dhver (cf Castex et al, 1940, Stem, 1941, Pavel, 1943,
Watson, 1946), for in such cases the damage to the hiver
parenchyma must be so severe that hardly any bilirubmn can
Ppass the liver cells  This goes strongly against the hypothesis
and this point has to be emphasized because 1t has not et
been made sufficiently clear

Further, Schaffner ¢z al (1949) have questioned the liver
passing hypothesis on the basts of much chnical matenal
They feel that 1t 15 n the Kupffer cells rather than i the
parenchymal cells that the change from the indirect reaction
to the direct takes place

Moreover, several experimental obsery ations on obstructive
Jaundice point decisively agamst the hypothesss Thus the
bilirubm concentration of the serum rises rapidly in exper
mental ocelusive Jaundice 1n rabbits and dogs, but neverthe
less the direct reaction only develops gradually Several
mvestigators have observed this phenomenon  Lepehne
{1921} found a biphasic reactron m the mmtial stage of obstruc
tive Jaundice n dogs, and Kodahma (1925) found the indirect
reaction n dogs during the first five to six hours after the
accluston, and the direct after eight to ten hours Necrosis
of the parenchyma giving mse to regurgitation was first
observed after forty eight hours Davies and Dodds (1927)
found no direct reaction 1n the serum of rabbits with biliary
occlusion during the first twenty hours, biphasic reaction
after forty hours, and prompt reaction only after sixty six
hours Lepehne (1921) found prompt reaction twenty four
hours after the occluston wn three rabbits but only after
fifty hours 1n a fourth, and after seventy two hours mn a fifth,
and smmlar observations were reperted by Retzlaff (1928)
and Gnffiths and Kaye (1980) In dogs the imtial phase,
with indirect reaction, 1s considerably shorter—only & few
hours—than m rabbits, as the direct reaction 15 established
about five hours after the occlusion has taken place (Barron
et al, 1928) 'These observations are not in agreement with
the assumption that the serum bilirubn acquires 1ts direct
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reaction by passing the liver cells, as the mitial rise in serum

bilirubin after bibary ok 1s due to the bilrubin from

the hver lymph—tius bilirubm has passed the liver cells—

and not to retention of bilirubin in the blood, which 1s known

to develop much later than the lymphogenous jaundice

(cf ShafirofY et al , 1939)
ar Rt

that they have rarely obtamed a definite direct reaction under
such conditions  And they further mention that in some
species of sumals the diazo reaction 1s direct in bile obtamed
from the gall bladder and indirect 1n bile obtained from the
hepatie ducts, and that in species of amimals which do not
possess a gall bladder the bile neser mves a direct reaction

They conclude * This would appear to be sufficient to prove
that the mechanisms of the direct and indirect van den Bergh
tests are not simple”—and this clear and entical view one
can hardly but approve, but unfortunately the same anthors
have completely changed their minds a few years later, as
Bollman and Mann (1932} state  *In all our experiments,
on complete remoral of the liver, it has been noted that the
bihrubin that accumulates in the blood and tissues 1s com

parable to that found in man normally, and in cases of
hamolytic icterus, that 1s the ndirect van den Bergh
reaction 15 positive but the direct reaction does not oceur
This seems contradictory to their statement cited above, but
as Mann, Bollman and Magath (1824) mention that after
hepatectomy van dun Bergh's test 1s first ndirect and later
may become biphasic the former statement must be mght
and the latter cannot be quite correct  Further, 1t has to
be remecmbered that the serum bihirulin concentrations
reached 1 hepatectomized antmals are alwayvs low, the high-
est value ubtnmed—nnd that was after injection of solutions
of b hundreds of of Mann et al

(1924 1 c) was a 2 mg per 100 ml and, as the biltrubin
concentration plavs a certain role for the direct diazo reaction,
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1t 1s perhaps not so surpnising that the direct diazo reaction
only becomes biphasic and practically never prompt under
these condittons  Moreover, one has to remember that even
after experimental occluston of the common bile duct the
direct reaction only develops after several hours and de
hepatized ammals do not live much longer  As the bilirubin
concentration after ligation of the common bile duct plus the
cystie duct mses much more rapdly than after hepatectomy—
which also causes profound changes i the general  bio
chemical surroundings”—it 1s not difficult to understand
without the aid of the liver passing hypothesis that the diazo
reaction in dehepatized amimals only seldom becomes biphasic
and practically never direct

Further, 1t has been shown directly by Gebhardt (1939)
that hver passing 1s not always followed by a direct reaction
He found the indirect reaction in the bie under certam
eonditions  Deenstra {1947) made sianlar pbseryations, and
found moreover, that the bile may show the indirect reaction
simultaneously with a prompt direct reaction 1n the serum
and he warns agamst drawing too close parallels from ammal
expenments to human pathology

More expermmental evidence agamnst the hver passing
hypothesis has recently been dehvered by Snapp et al (1944
1947) who found that ntravenous injection of aqueous
solutions of bilirubinate 1 dogs was followed by a hyper
birubmaenia with mdirect diazo reaction, but if before the
mjection, the bilirubinate solution was mixed with dog plasma
and a certam amount of alkali added—which made the
reaction of the mixture direct—a hyperbiirubinznua of the
direct tvpe occurred These experiments show clearly that

passed the liver cells, but 1t certamnly raises grave uoube v

the liver passing theory
Finally the experiments of Jimenez Diaz et al (1048) con

tribute to our doubt of the yaldity of this theory They
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read the direct and total serum bilieubin with the Malloy and
Evelyn technique tn 15 dogs m varous phases of experimental
Ihary obstruction, and not only i the blood of the gencral
errcplation, but m blood both from the abdommnal sorte and
from the hepatic, portal, remal mesentenc, splenme, and
wferior esval veins  Bilsrubtn with indirect reaction was
found to enter the blood stream via the splenre vemn and to
nappenr during the passige of the blood through the hidnev
and mtestine, and no signs were found pomting towards
transformation of indirect reaction mte diect through
passage of the ver  In conclison, the authors express the
opimon “!)mt thc views that are currently held in these

R .

passing hy pothesis cannot be mamtamed  The very complex
chemical phenamena known as the direct and sndirect dinzo
reactians seem hard ko correlate to biologreal processes, and
1t 1s perhaps natural ut present to regard them ss cunosa
without biologic and chnieal significance
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high labelling indicating the second source stercobilin contaiming 15N
15 still present

Direct synthesis of from
N e LG

15 unlhely
il

Jaundice has the same side chains as protoporphyrin except that the
two vinyl groups have been reduced to ethyl groups, and that the
arrangement of the side chains is the same We believe that porphyring
are synthesized from a monopyrrolic compaund , if so 1t 1s defficult to
see how by direct synthesis of bile pigment from the precursor you
would get the same arrangement of the side chans
Ve therefore wanted to find out whether the labelled stercobilin
which appears soon after Iabelled glycine was fed was the same as the
from the h breakd It seems to be precisely
the same, the chemcal analysis and the physical properties are the
same We therefore exammned the infra red spectrum  We first showed
that you could recognize transposition of groups in a tetra pyrrofe
pgment, for example we found the spectra of coproporphynn 1 and
eoproporphyrin 3 were quite different Ve then exammed the sterco
bibn obtawmed from & case of hemolytic anzma, and from a case of
congenital porphyria 1n which the bile pigment 1s mamfy derived from
the first metabolic source The infra red absorption spectra were
identical We therefore do not think that Steﬂ:ﬂ‘bl"n 15 sy:xthefxzed

P lly no di of the h Jlobin until the end ol tne ulv
span of the red cell We feel, therefore, that the first source of biirubin
dertves from the degradation of heemoglobin of red cells before they are

mature R
D 1 1d Like to say a few words about the chmeal implu

et e e o o it wth Dy With that the

. ver we have to

of serum as af

. VWhen we find

ah direct
a hyperbibrubinzmia we consider the value for the prompt
b‘hr}"ﬁn measured 1n one minute, according to the general p;olccd;'l’:
of Malloy and Evelyn When the percentage of prompt direct bilirubur
15 below 35 per cent we consider the case one of prehepatlcl ]aun]lhc,
and we make the diagnosis between the hemoly twl l:’:&‘;:: 5:::1 vme
types to the excretion of n

yx?ceentﬂge of the prompt direct 1s higher than 35 we are algwst ;;1:: 5 :
deahing with a parenchymatous or obstructive type of yaun m}elm i
experience the real importance of the total ‘ibrubn values #.
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found in most normal unnes But the gross bilirubinuma found
Jaundice can hardly be explamed in this way,

N. H. MarTIN - Some of the bilrubin conld be passed as a protein
conjugate,

T. K. Witr * Yes, 1t could.

C. H Gray Dr Gajdos suggested that in urne there might be a

of low weight with the various

which he perfc Might that bena bile acd

present in blood, and might 1t be the cause of the dreet and indirect
Van den Bergh reaction ?

A. Ganos. Bile salts don’t interfere The addition of bile salts
does not change the results On the other hand, the unnes studred 1n
our experuments have often been free of bile salts

C. J. Warsox+ I would like to say a few words nbnuE ll-:_e q\:,cxhon

W ek e 3 P Ryt iy

S Sy ptvcianiied

urobilmogen ‘i etther fwces or unne Baumgirtel's explanation for
that 1s that there 1s a block 1n the Liver under those circumstances,
and that the necessary dehydrogenase system of the hiver cell 1s sup-
pressed, so that the reduction 1s not carned out. 'That, of course,
15 purely theoretical, and difficult to reconcile with the occurrence of
large amounts of urobilnogen 1n the unne 1n & yanety of states of ner

mqury
Sborov, Jay and I have been studying the‘eﬂc(-t of_ sure:.)m) c;m on

i It nto the range that characierues
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PART V

SPLANCHNIC BLOOD FLOW
Charrman  C J WarsoN

RELATION OF LIVER BLOOD FLOW TO
CHANGES IN CARBOHYDRATE METABOLISM

SHFILA SHERLOCK

1 srourn hke to speak about the work we have been domg
at the Postgraduate School on the relation of liver blood flow
to changes i carhohydrate metabolism This work has
been done m collaboration with Dr A G Bearnand Dr B H
Billng The techmque we hate been using for iver blood
flow 1s well known to you, 1t 1s that of Bradley and s
co workers (1945) A catheter 1s passed into an hepatic vem
and the extraction of bromsulphalew by the hver 15 measured
Most people who have used this techmque have only con
tinued for & matter of an hour, we have gone on for penods
of two to two and a half hours measuring the overall changes
n hepatic (splanchnic) blood flow over that time and com
paring the changes in flow with changes  hepatic output
of glucose and 1n hepatic lactic acid uptake

We have used adrenaline and noradrenaline
changes Adrenaline differs from noradrenahne chemically 1n
that 1t has an extra methyl group and 1t differs very mucl
i 1ts pharmacologieal actions  Both are probably produced
by the normal adrenal gland Noradrenalme 1s an overall
vasoconstrictor and adrenalne 1s an overall vasodilator
Adrenslme mereases the cardiac output greatly, and nort
drenaline has practically no effect Fig 1 shous the effect
of these two substances on splanchnie blood flow This s a
composite graph  for adrenalie 1t represents men values

222
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noradrenaline  This latter 1s probably a vagal reflex The
overall effect on the blood pressure 15 a very great increase
mean blood pressure with noradrenaline, but only shght
with adrenaline I would like to remind you that we are
measuring splanchnic blood flow, not liver blood flow,
because, 1n spite of all efforts, the portal vems remain sacred
and we are actually measuring flow from the artemal supply
of the splanchme area right across to the hepatic vem  With
adrenaline there 1s & very great increase i splanchmie blood
flow, whereas noradrenafine has practically no effect but, if
any thing, a depression  That means that 1f we apply a sumple

mean blood pressure

formula, splanch lar restst:

T splanchnic blood flow

we show that ad line 13 & splanch dal whereas
drenaline 1s a splanch 1etor

Where are these changes taking place ? There are various
alternative suggestions It could be in the splanchme
arterioles, and that seems to us the most hkely site  Alter
natives would be 1 the sinusoids of the liver, but 1t has been
shown 1n ammals by direct application of adrenaline and
direct observation of the liver that adrenahne constricts
sinusoids (Seneviratne, 1950) In antmals a hepatic shuce
gate has been postulated with adrenahme, that 1s a veno
constrictor mechanism at the exit of the hepatic ven from
the liver  There 15 no histological evadence of such & mecha
msmmman We are all interested now m shunts through the
Tiver and 1t may be that adrenaline opens up some sort of
shunt through the centre of the liver That agam 1s just
pure theory Our findings are 1n contradistinetion to the
work of Grayson and Swann (1950} on the effect of adrenaline
on the splanchnic circulation They have shown that it
prod a hed splanchmie blood flaw  They used
much the same amount as we did, but a qute different
technigue

Fig q2 shows changes i blood glucose We measure the
hepatic venous glucose concentration, and the capillary
glucose concentration, which 1s equvalent to thst mn an
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artery. 1I the difference betneen them 1s multiphed by the
blood llow, then we pet the total amount of glucose that 15
Jeaving the hver Vith adrenahine there 1s a great amount
of glucose fesving the liver, whereas with noradrenaline the
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¥ia 2 Fffect of sdrenahne and noradrenaline on Liood glucose

glucose output 1s mueh less 1t s mieresting to note that the
change 1n concentration of hepatie senous glucose for these
two substances 1 vers nearly the same but the splanchnie
blood flow with noradrenaline remams the same or decreases
abghthy, whereas adrenalint nereases the flow and the
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resultant output of glucose with adrenalme 15 therefore much
more  That 1s reflected very nicely in the rise of capillary
blood sugar, that for noradrenaline being about half that for
adrenahne, although the dose 1s doubled There has been
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Fic § Effect of adrenalne and noradrenaline on blood lactic

very hittle work done on the effect of noradrenaline on carbt:i
hydrate metabolism, but m general noradrenaline 1s belies e
Iine
to produce much less effect than adrenal
g’drenalme produces a nse n peripheral venous lz}c)tw
acid (Fig 8), hepatic venous lactic acid 1s always less ; al:
the perpheral venous value In other words the live
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overall findings of oxygen ption with adrenal It
1s hnown that adrenalme does greatly mcrease total oxygen
ption  This d oxygen i3 certamnly

1s not used for intestinal movements, which are depressed
by adrenalme It seems that one of the major needs for
oxygen 1s for the buld up mnto glycogen of lactic acid brought
back to the liver from the muscles That fits very mecely
with our results, for noradrenahine had no effect on lactic acid
metabolism, and 1t has practically no effect on splanchme
oxygen consumption

Adrenaline increased hepatic lactic acid uptake and also

lanck oxygen ption  With noradrenalime, one
does notice also that because the flow has been depressed
the hepatic venous unsaturation inereases to mamtam the
consumption constant
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232 . GENERAL Discussion
I would like to refer once more to the studies presented yesterdas

of Ehas Petty and myself concerning the dxstrll?utinn of \}resselsdlz
human cirrthotic Livers” as recognized 1n preparations 1n which the
hepatic and portal vems were injected I want to emphasize again that
in cirrhosis many anastomoses between relatively large branches of
the portal and hepatic veins can be demonstrated in the connective
tissue trabecule  Such anastomoses must have great influence on the
bleod flow through the lLiver in cirthosis  These anastomoses represent
many small Eck fistule 1n the hver, possibly through such an anasto
mosts blood 1s shunted away frem the lobulsr or nodular parenchyma
Ttus should interfere with the blood eirculation in the parenchyma In

€ J Warson Was this shown only in errrhoties ?

H Porrer  In the normal human liver such anastomoses cannot be
demonstrated To our present knowledge they only develop in the
connective tissue trabeculz of cirhosis

A GaMMELTOFT Was this after a portal caval fistula had been
performed ?

H Porper The studted cases were mostly portal and & few post
necrotic eirrhosis  They were 1njected after the autopsy In no case
had a shunt operation been performed

G R CameroN  You mean that there 13 anastomosis between the
portal vein and hepatic vemn ?

H Yorrer Yes

G R CameroN It wasn t the hepatic artery ?

H PorrEr In the pictures presented the hepatic artery was not
njected but only the portal vein with blue gelatin and the hepatic
vein vith black india ik In other preparatons i which the hepatic
artery was injected 1n addition commumcations between branches of
the portal vemn and hepatic artery were noted

G R Camerov  Methods of deterrminung the blood flow through the

liver are unsatisfactory and humited and this one seems to be no
- — 4 ason h +De Qherlack with charae

¥ Lacmne  hen we have normal vATISUOLS wou v
> moment we are trying
1n the hver Ve have
RN
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I would Iike to refer once more to the studies presented yesterday
of Elas, Petty and myself concerming the distribution of vessels 1
human crrhotic livers as recognized in preparations in which the
hepatic and portal vems were injected T want to emphasize agan that
wn cirrhosis many anastomoses between relatively large branches of
the portal and hepatic veins can be demonstrated in the connective
tissue trabecule Such anastomoses must have great influence on the
blood flow through the liver 1n cirrhosis  These anastomoses represent
many small Eck fistul in the hiver, possibly through such an anaste
mos:s blood 15 s}_l}lnted away from the lobular or nodular parenchyma
E e N wad wroa 16 nn m thn mmionh et Te

C J Warsov Was this shown only i cirthoties 7

H Porrer In the normal human Iiver such anastomoses cannot be
demonstrated. To our present knowledge they only develop in the
connective tissue trabecule of curhosis

A Guoiertorr  VWas this after a portal caval fistula had been
performed ?

H Porper The studied cases were mostly portal and a few post
necrotic euthosis  They were mjected after the autopsy In no ease
had a shunt operation been performed.

G R Caxerov  You mean that there 1s anastomosis between the
portal vem and hepatic vemn ?

H PorrEr Yes

G R Caxzrox It wasn t the hepatic artery ?

- P ceen ambad

+ha henatin grierm was 0ot

by this method you notice that there are varidlions Lui s vov aw
in normal indmviduals How can one draw any concluf:‘o):s ngru:
: ~F ¢hat or

" e have
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they have associations with the names which are familiar
and because these diseases have not as yet been charactenzed
fully enough so that they can definitely be called types of
hepatitis  Qur studies have furmished some suggestion that
the IH virus like the virus of measles may be antigenically
homogeneous The other points of difference indicated on
the chart are well known Ve have seen the A or IH virus
with an incubation pertod of as hugh as forty days or as low
as about fourteen days  The work with the SH virus has been
carned out with volunteers, and among them we have seen
higher incubation periods than this but very rarely lower than
54 days The temperature and symptoms do not help very
much to differentiate these two viruses 1f they can be called
two viruses  Secondary cases are common with the IH virus
and uncommon with the SH virus  One important difference
and a reason for calling this virus SH 1s that both viruses
appear to occur m blood whereas apparently only the TH
virus oceurs in feces Ve have been unable even with
filtrates of faces from cases of SH injected parenterally to
produce the disease tn volunteers and cross mfection appears
to be very uncommon  Age susceptibility 15 also important

In TH epid cases are paratively rare after 40
years of age unless as Dr Bjorneboe has mentioned a
population 1s attached which may not have had previous
expenence With the virus  Oral admmstration of IH virus
causes nfection while orally moculated SH virus fais to
nfect Viith respect to homologous immumty we have
Irepeatedly attempted without success to produce TH viral
hepatitis 1n the same mdividual twice and such homologous
ymmumty we have also demonstrated 1n respect to the SH
virus  Also neutralizing antibodies apparently are produced

n convalescent cases

On the other } —=umty
between the 1H ar sery
' r the

clear cut  If one
SH vrus there was no immunity produced apparently to the

heterologous virus  This has been demonstrated by njecting
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break in the pedigree because we were unable to procure
volunteers However at the sixth passage, m chick embryo
tissue culture, grown 1 Suns Sander’s medium, we have been
able to pass the virus to volunteers Although there was a
"lear cut hepatitis, in none of these cases did Jaundice oceur,
whereas generally when volunteers have been moculated
sith the natural virus of the Akiba and the New Lishon
trams, jaundice has occurred  When four volunteers were
noculated with the eighth tissue culture passage, three
leveloped hepatitis without jaundice, and one remaimed well
And simlarly, as shown, volunteers mnoculated with the tenth
»assage material developed hepatitis without jaundice  From
he tenth passage in tissue culture, the virus was then passed
o the amniotic sac of the chick embryo  Matenal from the
hird ammotic passage produced typical hepatitis without
nundice i four volunteers, while one faled to develop
epatitis  The infected amniotic fluid from the third passage
n, which represents about 102 dilution from the origmal
sed virus, Akiba stramn, was utihized as skin test material
t was mrradiated with ultra violet Iight—about five times
1e amount necessary to kill the PRS strain of influenza A
wus  Unmfected amniotic flud irradiated n 2 sumlar
ishion was used as contro} shin test materal
For the test there 15 1njected 0 1 ml erther of the irradiated
nmiotie flmd undiluted or diluted 12 The test 1s called
ositive 1f 1t has induration and redness of 10 mm 1 diameter,
both directions
In those 1ndividuals who had the tissue culture passage
rus or the amnotic passage virus the days of duration and
e clincal signs were similar to those in volunteers who had
e natural disease The mcubation period was of the usual
1gth for the III virus .
Cases have not been termed hepatitis without jaundice
dess they have had at least three markedly positive liver
nction tests on successtve occasions in addition to nausca,
muting and a large tender liver

Fig I shons the fndings o 2 solunteer with the Akiba
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tissue culture passage 10, with typieal nereases in hver
function tests and symptoms of lovg duration  Fig 2 shows
another case with the New Lisbon tissue culture Ppassage 10

These volunteers were women prisoners with an exceptional
Interest in the studies  They volunteered more readily because
1 many cases they were women whom the authonties were
able to rehabilitate mto eivilian hfe They lost an average
of about 10 pounds of weight as a result of the disease cansed
by the amniotic passage virus and the tissue culture passage
virus  In addition 80 per cent of them had alterations in their
menstrual flow, usually changes in frequency and amount,
which we have found 1n typical cases of nfectious hepatitis 1n
young women The performing of bromsulphalein tests on all
of the volunteers was difficult because needle punctures for this
purpose had to be made twice m the same day It 1s more
difficult to obtain volunteers 1f one uses the bromsulphalein test
as a routine  Representative tests, however, indicated a re
tention of bromsulphalemn which was quite characteristic
of viral hepatihis Fig 3 shows Aliba ammotic passage 3,
also with marked symptoms and 1ncrease n the liver function
tests
We have carrted out approximately 5,000 shm tests The
ones that I am going to show are representative These par
ticular ones are shown because they were carned out i
certatn mstituttons, and 1 all of these mstitutions viral
hepatitis was apparently endemic

There were 127 tests in children, of which only 11 were
positive  In general we have found that i the ahsence of
endemic hepatitss 1n an mnstitution the children usually have
only @ small percentage of positive tests Where hepatitis
has been endemie, there 1s a larger number of positive results
286 'There are only 8 per cent, however, among the new
admssions Among random adults there were 80 per cent,
compared with 57 per cent m nstitutions where hepatitis
was endemic  Vhere there has been no endemic hepatatts,
only 32 per cent of adults have positive tests  The adults
Aiffer sig utly from the chld
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The results of the skin test with infectious hepahitis in a
large group of individuals were as follows+ In the icteric
group, of 11 volunteers, 11 were positive (100 per cent);
of 136 spontaneous, 128 were positive (04 per cent) ; averaging
95 per cent for the whole group In the non 1cteric spon-
taneous cases resulting from the natural virus, 00 per cent
had positive tests, while 1n the non-ictenc induced cases of
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Fi6 8 Hepatitis without jaundice following exposure to the Srd
ambiotic passage of the Akiba stramn (volunteer 28)

hepatitis 97 per cent had positive tests. Vihen the culture
virus 15 used those that have suffered hepatitis without jaun-
dice have positive tests in 100 per cent This and other
stnlar studies would suggest that perhaps the A or IH virus
has a common antigemc constitution

In the out patients department of the Children’s Hosptal,
five children were tested during early viral hepatitis, with
negative tests They were retested n four to seven days
and all had positise tests

Convalescent serum from patients with epidemic hepatitss,
added n equal amounts to the infected ammiotic flud, and
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mcubated, has been used 1n 3 mdividuals with known positive
skin tests With the neutralized materal, their skin tests
were negative, with the exception of one patient 1n whom
partial neutralization occurred, the tests before partial
neutralization bemng 25 by 20 mm, and afterwards 10 by
10mm One other patient had a non specificreaction  Serum
obtamned from patients before their disease developed did not
thus neutralize the skin test Six volunteers were negative
to skin test duning the late inoculation period after exposure
to the natural virus  Following jaundice in two and hepatitis
without jaundice 1n four, all six individuals developed positive
tests In the two cases that developed jaundice the skin
tests became positive as the jaundice appeared Frie volun
teers positive to the skin test, when their resistance was
challenged with the natural virus, did not develop hepatitis
In the epidemrc mn Chicago and at the Rosewood Traming
School near Baltimore, Dr Drake and I conducted the tests
and read them without prior hnowledge of the diagnosis
In Chicago of 28 new adnusstons, 25 had negative tests and
only three positive tests Among the nurses that had had
hepatrtis with jaundice during the period from 1942 to 1949,
24 out of the 25 nurses had positive tests They also were
spotted by the tests without previous knowledge of their hus
tory by those performing the tests Thus, i general, correct
celection was made purely on the basis of the skin tests

GENERAL DISCUSSION
J H Dimie  Was the route of infection oral m the mfections
produced with the attenuated passage stram of virus ?
J StomEs les
.- - ' Y <t = ne nthacanan eferie cases?

r

instances we have carried out biopsies when tneie 14> v po t
1 virus

wathout jaundice with the natum. vn i vhe test 15 atll

1 e since 1942

feveloped the
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J Stomzs  Thatls & very dificult problem and we have no pnswer

SII virus, then finally from infectious mononucleosss, 50 there are st
least those three causes We believe that the indiidual who has had
S OTERE SRR et veanR e

N F MAGLAGAN | WOUIL LK€ 10 LUSKE & SHUFL COMENL I e
flocculation tests During the war years we compared around 100 cases
of infective hepunm with about 50 cases of post-arsphenamne jaundice,
which we asumed to be mamly the syringe transmitted virus type
In that series the mfective hepatitis showed about 90 per cent of the

1 tests and the 2 e hepatitis only sbout 50 per

PPN B

like to stress agam that the work that has been done fn Amenca, in
Aftica by I'indiay and his tesm and 1 Great Brtain has all been done
on only one or two strams of these particular viruses That {s why I
ke t0 use the term viruses Tather than diseases [ thunk dhia work of
Dr Stokes and his coll of the
“ingltness® of the epudermic e T radividual ense, the ongm
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of the virus cannot be by clinical, b orh
examnation  We still do not really know what the virus was mn the
yellow fever vaceine mn the US A 1n 1942, other than that 3t was
d by ) The same apphes in England,
except that we were fortunate m being able to recover part of the batch
of serum used in our vaceme 1n 1942, and were able to show that it pro
duced the same high attack rate as the vacomne had  We continued to
use this plasma for irradiation and other expeniments I should like
to recall some of our experiments 1n tissue cultures which were reported
1n 1944 (MacCallum and Bauer, 1944) # Our source of virus was serum
from the cases of yellow fever vaccine jaundice in the Amencan troops
1 North Ireland 1n 1942 and convalescent mumps plasma which
caused an outbreak mn a group of Amencan and Enghsh soldiers mn
Salisbury, looked after by the Amenican Red Cross Harvard Hospital
group  We passed these two Lmes of presumed seterogene matenal in

Some of these tissue culture supernatants were m]eclid mtradermally
. e el namt foren tha y eltow

reactions and the controls were negative 1 the convalescents and all
were negative in the normal subject, but he developed jaundice 89
days later, 1 was quite optinustic Ve then injected the same cultures
sntradermally i s men who had had yellow fever vacame jaundice,
two who had had plasma jaundice and two who had had ordmary
nfective hepatitis The skin reactions were all negative m these men
50 T lost interest in the skin tests However proving that there was

infective matertal there, the normal control in the first expenment
1 an a3 4 feaw non T2t an and ane of the two

nth
da
mu
“ode
iped
7bat
nth

whether they have done actual transmussions wili v vt
sMacCallum F O and Baver D J Lancet 1944 3, 622



DISCUSSION+ EPIDEMIOLOGY OF INFECTIOUS
HEPATITIS

H puUcci

The studies to be reported were done in collaboration with
Drs. A Hormtz and A Cnistoffanin, at Sanhiago

Although acute hepatitis 1s so common in Chile, that 1t
constitutes the Jargest group of hospitalized cases for acute
diseases, 1t is noteworthy that 1t apparently oceurs entlrely
n endemic form, real being
Tare

The prevalence of acute hepatitis 1n our country may be
due to the wide use of irngation in agnculture

We have felt that the absence of ep\dcmlcs may be due to
the constant of 1 cases, n

of a large p of the popul In

order to test this hypothess, a study was undertaken of the
contacts of a group of 93 consecutive and unselected hospita-
lized cases of acute hepatitis with chmcal jaundice

Due to the lack of spec:ﬁc dmgnostlc methods, those con
tacts were d bably to have sub
who showed definite posmve results 1n a battery of floccula-
tion tests (thymol turbidity and flocculation, cephalin-
cholesterol colloidal gold and colloidal red) The index of
positnity was an arbatrary level derived from the results of
these same tests in the group of hospitalized cases

‘These examinations were carried out in a group of 194
known contacts of the hospitalized cases of hepatitis and
simultaneously 1n a group of 223 healthy persons and contacts
of patients with other diseases than hepatitis

A study of possible sources of infection was not contributory

The resuits of this investigation showed statsstically signy
ficant difference hetween the hepatitis contact group and the
controls, as shown in the accompanying table
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248 InpEX

Cirrhosis—continued Hepatitls age factors 111 113 236
Tow protemn diet 43 albutun 68
needle b:opxy 101 alcoholism 113
edema 171 sureomyenn 82
portal hypertension 180 beta globulins 73
portal pressures 124 bilirubinuna 207
Teversibility of 7a blood donation 243
Rhesus antigen 1 epiderme 1n Basle 180
surgical trc;\tment 145160 174 |  epidemic in Denmark 109
181 epidemuology 245
thio-amino acids 79 function tests mn, 238
tocopherol 79 homologous serum_ 101
witamun B,, 81 89 immunty 114 236
Cortisone 152 188 in chuldren 114, 117
Cystine 49 50 mcubation periad 117 236
Cystinuria 27 1n women 109 111
menstrual changes 10
Dietary factors in hiver injury 81 Y
Deoxyribonucleic acid P 82 42 mh’g':m m
of; 83
Electrophoresis 68 185 198 }'3,333‘3" 118
Ethanolamine metabolism 29 protemn changes 197
Ethionine 121 skin tests 238 24° 244
streptomyen 83
Fat embolism 99 toxe 1
Faty infilration 77 103 viral 235 242 243
eholine 79 80 100 virus antigemerty 117
ethiomne 121 without ,aundm 115 UY
methionmne 54 121 llow fever vaceine 115
meotmamde T8 Hepatolienat fibrosis 147
Function tests ammomum sulphate | Hepatoma 28
turbidity 2
bromsulphalein 31 72 Infections mononucleosis 101 243
cephalin cholesterol 58 Inferior vena cava—obstruction 125
flora B2 85 205 220

ﬂmuldt on 16 81057 63 243
Jaundice vaneties of 208 218

meam
posl opel'atlve 24 al 107 112 121
Serum cotlondal gold 2
Takata reaction 187 Leishmaniasis 117

ol flgcculation 2 60 Liver ascorbic acid content 48
thymol turbidity 2 102 biopsy 81 101
Von den Bergh %11 215 210 blood crreulationn eurrhos s 232
zine sulphate turbidity 2 9 blood Bow 222 278 230 233

cholesterol content 54

it body 67
Gamma globulin 59 114 187 197 g:;nyf;g;omdm ucid P content
Ghutathione 47-49 fat content 45 46

fat distnibution 9011(}()“
k&
mochromatosis 17 147 fatty mfltration
g:]minthmsns 107 glucose output 922 276



INpEX 249
metabolsrm 217

jyer—continued protoporphyrin
utathione content 4 P rotein depaiencies 8234 40 A7 50
& uence of patary 13 1o 90100 108 1

ntuitei
Tactic acid uptabe 222 228
ph flow 120 108

It Riponucteic sed 118

necros® 4T 75 81

‘on protemn it .n content Sarcoldos!is

hosphot pin content 3346 | Scuistosomissts 147
P enous cireutation 259 Sohim clohmesterase T

')Mmbl‘"lc acid content 86
e ehromse strophy 10 130 189

9!
gy ceride conten
Lymphnﬂc crrenlation 199

Sodium retenuion 134 200
Macroglopulins 184 i paracentesis 18
Malarla 188 splanchatc bload flow 222 223
esobilane 20> T yaen consumption. 227
N htonine 54 121 153 Splene 159
Myelofiprosis 147 Spienic vein obstructiol 148

Pleno renal snastomess 132
Naturtn _membrane Sk 1z S reobilin 203 217 ¥
Necrogenic veast a Streptomyein 83

Sulpnagusnadine, 85

et
Non hmmotytic hperbil rubsmeme
204 Sypuilis 118
Cakata reaction 187
“Tocopherul
Terramyein 83

(Esophagest varces 148 160 1714

pancreas Deerond after ethionine
Utine smino-acids 1t 22.31

arginBse 10
cystne w27
Ahanolamune 1n 28

121
pantreatitls protein defgeney 12t
Paper chromatograpl ¥

ellagra 43
peniciliin 65 iysne n 27
Phnspho\lplni 34 36-42 46 ‘Drobilinogen 206 220 221

Pituitary hver Ty 1ns
polymyxin §
Porphyrinuris 312
Torial bypertension, eurgieal prob
erns 143 1
phlebography 148
ressure 123-126 179 200
prous crculation 229
Porta systemic anastomostt 150

Venous pressure portal 123 126
179 200

aystermic 161
Vitamin By 8189

@eight gam with antibiotics 86
Weil 5 discase 113

yeast d ets 50 52
Yellow fever vaeome 115 224









