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10 Liver Injury

tions” more ecvident than in medicine. Today, to be effectine,
medical research and practice must embrace data from all the
disciplines including nuclear physics at onc end of the spectrum
and cultural anthropology at the other, for advances m one field
are frequently dependent upon knowledge derived from quite
another discipline.

Although the fertility of the multidiscipline approach is thus
recognized, universities, and scienhfic societies and journals which
are usually restricted to one small area of a ficld in their coverage,
have not yet made adequate provision for channels of interdiser-
plinary communieation. We do not wish to compete with the formal
scientific meetings or with the scientific journals which have estab-
lished patterns and formats for the presentation of material Our
purpase at the meetings is to keep an informal atmosphere and to
encourage the exchange of methods, research plans, concepts and
difficulties, which cannot be done if there 1s formal speech making,

The Foundation has endeavored to meet the need for inter-
disciphnary communication by bringing together for a seres of
two-and-a-half day annual conferences 2 small group of investi-
gators, representing 1n 50 far as posstble all the branches of science
refated to a chosen problem Participants 1n these informal con-
ferences over a five-year penod develop a feeling of friendship,
trust and mutua] respect which mn turn promotes communication,
cross-fertihzation of ideas and cooperation The success of such an
endeavor, however, ts dependent upon full participation of all
members m the discussion Accordingly attendance at any con-
ference is limited to twenty-five .

Under the guidance of Dr Willard C. Rappleye, President of the
Foundation since 1942, the Conference Program has been gradually
expanded and enlarged until during 195; it mc]udgd twelfe -(Mi
ferent groups wiich meet amnually to discuss a wide variety of
problerms 1 the field of medicine and the closely related dxscxp)me‘si
Our plan is to discontmue the meetings of each group at the en

Y ears.
Oflfj\ :r?i,er to share with a wider group of ms estigators and students
the essental qualty of these conferences and to give others an
insight into the functions of the scientific mm(&‘the informal xjn(;llfe
and tempo of the d i as far as p are preserved in
the published transactions

Frank-Frevost Sy, M D,
Medieal Director



THE LIVER AND
CARBOHYDRATE METABOLISM

EINAR LUNDSGAARD
Department of Physiology
Institute of Medical Physiology
Unnersty of Copenhagen
Copenhagen, Denmark

1 nave BeeN ashed to make some introductory remarks on Iver and
carbohydrate metabolism They are closely related: the Iner plays
a role in carbohydrate metabolism, and at the same time carbo-
hydrate metabolism has a specific sigmificance for the metabolism
of the liver.

The liver functions as a store or depot of carbohydrate and is
the mam, if not the only, site of glyconeogenesis These arc the
two prncipal factors m the part played by the liver in carbohydrate
metabolism Other ponts of minor importance might, of course,
be mentioned When I stated that carbohydrate metabolism was
of sigmficance for the metabolism of the liver, 1 was, of course,
hinting at the antik ic effect of carbohy

I shall not, at this juncture, attempt to give a review of the very
comprehensive subject on which I am speaking, but shall confine
myself to a presentation based on the experiences gamed in my
laboratory Therefore, 1t will necessanly be rather onessided, pas-
ticularly because most of our experiments have been performed
on artificially perfused and isolated cat Iners However, perhaps
Just for that reason 1t will stmulate discussion

T shall not say much about techmques, but I think I ought to
mention that we always used blood from the same spectes m our
perfusion expeniments As a rule we used defibrinated blood shghtly
diluted with Runger solution, but now and then we uscd heparimzed
blood, T do not think 1t makes any difference The blood was
ovvgenated with oxygen contaming about 45 per cent carbon
dioude, the Iner was perfused only from the portal vein We have
occasionally perfused simultancously from the liepatic artery with-
out noticing any difference m the behavior of the hner

The perfusion techmque has certam advantages which scarcely
need to be pointed out, but 1t also has drawbacks It ean be clumed

1



12 Liver Injury

that the aruﬁcia]ly.pcrfnsed lver is not in a normal state. I could
present arguments in fa\for of this claim, but I shall confine myself
to mentioning that the isolated liver always and steadily gives off
inorganic phosphate to the blood. This undoubtedly must signify
some kufd of impairment. I mention this regular observation also
!JeCﬂUSe it has some bearing on the carbohydrate metabolism of the
isolated liver.

Frcmon.t-Smxth: Dr. Lundsgaard, will you tell us about the pres-
sure relationships in your perfusion? How much pressure did you
use, and how much liver?

Lundsgaard: A cat liver generally weighs from 70 to 80 gm. The
flow is usually from about 60 to 65 ml. per minute, winch gives 2
reasonable arteriovenous difference in ovygen content of the blood.
In a good preparation, this flow can be upheld with a pressure of
from 10 to 12 em H.O.

Fremont-Smith: Is 1t steady flow, or 15 it pulsating?

Lundsgaard: 1t is pulsating.

Hanger: May T ask if the liver you perfuse gives off potassium
as well as phosphate?

Lundsgaard: 1 have never dared make potassium determinations
because 1t 1s practically unavoidable to have a shght hemolysis in
the blood in a perfusion experiment. Even though 1t is shght it
occurs and will influence the potassium concentration in the plasma.

Shorr. Did that affect the phosphate values you obtained?

Lundsgaard. 1 do not think so, because as 1 shall mention later,
under certain circumstances the steady increase in plasma phosphate
can be nverted

It 15 an old observation n our experiments that there is a striking
Aifference between the rabbit and cat hivers in their ability to store
glucose as glycogen. When a rabbit lver is perfused with blood
with farly lugh glucose concentration, the glucose concentration
n the blood dimmishes rapidly and glycogen is stored in the liver.
Even at hgh blood sugar concentrations, a fall in blood sugar
concentration is never observed in cxperiments on cat livers. In
such experiments, a shight but steady increase in the blood glucose
concentration 15 always observed As this holds true even when
working with practically glycogen-free hvers, the increase in b}ood
sugar atson must undoubtedly sigmfy a gly genesis

In spite of the stuking difference in carbohydrate metabolism,
as roughly judged from the changes in blood sugar contentration,
the {ust mentioned steady loss of phosphate 1s met with in the hver
from both species If phosphate acceptors with apparently bigh
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avidity, such as fructose or glycerol, are added to the blood per-
fused through a cat lner, the jon of inorganic phosp
in the plasma falls stecply, The effect on the plasma phosphate 15
only transitory. As soon as the added phosphate acceptor has dis-
appeared from the blood, the phosphate concentration nises steeply
and reaches the same concentration as would have been reached
without any additron to the blood Whether the same cffect on the
blood phosphate concentration can be evoled in the rabbit liver by
adding fructose or glycerol, I do not know. It ought perhaps to
be looked into. At any rate, I think it can be stated that glucose 1s
not a sufficiently greedy phospt ptor m the rabbit hver to
prevent the constant loss of phosphate The loss in the cat liver
consequently cannot be attributed to its apparent inability to store
glucose as glycogen

The amount of phosphate gien off from such a liver is rather
small. We generally use a volume of, say, 250 ml of blood with about
150 ml of plasma Durng an expenimental period of about 15
hours, the of ic phospl in the plasma
mcreases from 4 to 5 mg per cent at the start of the period to
9 or 10 mg per cent at the end That is a rather marked increase
m concentration, but the amount of phosphate given off from the
hner 15 small

As already hinted, fructose 15 metabolized in the isolated cat
liver with great avidity Half an hour after the addition of from
1t0 15 gm of fructose to the blood, the fructose has disappeared.
Generally half of the amount added has been stored as glycogen,
and the other half reappears in the blood as glucose. I shall, liow-
ever, not go further mto tlns pecubiar feature in the carbohydrate
metabolism of the cat hver

Tthak Dr Kosterlitz stated that the diabetic liver stores fructose
as glycogen, but does not touch glucose We may say that the
1solated cat Iner behaves as a duabetic Iner, but with the difference
that 1t cannot be influenced by nsulin

Shorr. How Iugh do the glucose levels rise? 1 had in mund the
work of Major and Mann (1) and also Barker and Sweet (2) on
depancreatized dogs These workers demonstrated that when high
Ievels of glucose were maimtained in the blood stream of diabetic
dogs, there was a sigmficant storage of glycogen mn the liver, and
also mn the muscles Barker and Swect showed that this took place
without any ouidation of carbohydrate in the diabetic ammal Is
my recollection correct, Dr Best?

Best Yes, in diabetic animals.
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Shorr: And in phlorhizined animals ~

L.(md&gaard: 1 have never worked with quite so high a concen-
tration, but I have performed expeniments with isolated cat livers
over a wide range of glucose concentrations. In some experiments,
I have even artificially lowered the glucose concentration for special
purposes. The highest concentration has been from 500 to 600 mg.
per cent. Do you remember how much glycogen was deposited in
Soskin’s experiments with glucose?

Shorr: 1 cannot cite figures, but they were very significant.

Kosterlitz: As far as I remember, 1 gave equal quantities of
glucose and fructose to diabetic dogs, and obtained from 02 to 03
per cent hver glycogen with glucose, and up to 6 per cent with
fructose. The difference was as considerable as that (3).

Shorr: My recollection is that it was distinctly above your Jower
figures, but not as high as your higher ones.

Best: 1 think quite a bit of doubt has been thrown on some of
those experiments, because no one knows how long a Jittle insulin
persists after removal of the pancreas. Recent work from Cori’s
laboratory (4) suggests that even three or four days after complete
removal, we can find some indication that a few active molecules
of insulin are still there.

Shorr: Of course, 1n the case of phlorhizin, there is the question
of how long glucose can be perfused without bringing about the
eventual stimulation of the pancreas that comes from exposures to
glucose. Therefore, 1 thk both expenments may be vulnerable.

Kosterlitz: In my experiments, fructose was given weeks and
months after pancreatectomy

Best. T think 1t 1s a great admission of ignorance that we have
not been able to perfuse an isolated organ and have it perform its
physiological functions Therefore, Dr Lundsgaard’s statements
about physiological results m the 1solated lver are extremely m-
teresting.

Lundsgaard Nevertheless, 1 should Iike to point out that I do
nat consider this as an absolutely normal state Under ordinary
conditions, and even at high blood glucose concentrations, no net
carbohydrate metabolism is demonstrable in the cat ver by deter-
minations of hver glycogen and blood sugar concentration. I may,
in this connection, mention that the respmatory quotient of the
wsolated cat liver 15 always very low. generally between 06 and 07.

We have, of course, endeavored to induce a net carboly drate
metabolism, especially a deposition of glucose as glycogen, 1n the
cat iver I may at once say that we have utterly fatled 1 shall net



The Liver and Carbohydrate Metabolism 15

go mto the different measures which we have tried 1 shall only
dwell on our failure to evohe a deposition of glycogen m the isolated
cat hver by adding msubin in vanous doses to the blood Nor has it
been possible i experiments on rabbit Iners to demonstrate an
s o '  glycogen
righ blood
. f glycogen
. ren added
On the ather hand, at corresponding blood sugar concentrations,
msthn has a very marked effect on the utihzation of glucose mn a
hind Jimb preparation Our failure to demonstrate an effect of
insulin on isolated livers has of course raised the question as to
whether insulin exerts any direct effect on the intact Iiver It cannot
be doubted that it is possible to induce storage of glycogen in the
glycogen-poor liver of a diabette orgamsm by administration of
insulin, but this may be a secondary effect, the mechamism of which
we cannot account fOr.

The question of whether msulin promotes glycogen deposition 1n
the Iiver of the normal organism has been answered in contradictory
ways by different investigators Offhand, one would think it easy
to obtain an answer to this question by simple expenments How-
ever, there 1s the dificulty that the hy pogly cemia caused by msulm
must be assumed to evohe a liberation of epephnine, which again
counteracts a possible effect of nsulin on the glycogen content of
the liver. When a dechine in glycogen content in the liver is observed
after admimstration of msulin, it 1s generally interpreted in this way

Shorr Ilow much time elapses from the removal of the cat Iner
to the termmation of the experrment?

Lundsgaard. T usually allow from 20 to 30 minutes for the isolated
Iner to settle down to the changed condition A half hour after
the actual 1solation, we start our experimental period We then
generally carry on an experiment from 1% to 2 hours. The Iner will
undoubtedly keep m good shape for somew hat longer, but I prefer
not to extend the actual experimental period beyond about 2 hours,
That 1s about 2% hours for the artificial perfusion

Shorr The reason I rmsed the question was to bring up the possi-
bility that we may be dealing with an escape from anti-insulin
factors in the tissue which comes about with time. The function of
msulin, broadls speaking, 1s to counteract the effect of antr-insulin
factors on carbohy drate metabolism, which can go on independent
of msulin 1n tissue provided these anti-insulin factors are not operat-
mg The detenoration of these factors in tissuie takes place with time
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Dn. mcubah‘o.n of tissue in vifro; hence it is important to consider
this prccf{ss in any prolonged in vitro experiments, However, T think
that the time periods over which your experiments were carried out
were too short to introduce this factor to a significant degree.

Fremont-Smith: You gre refernng to your experiments on the
heart?

Sh()r’r: T am referring to some experiments I carried out in 1937
(5) with cardiac slices removed from dogs with pancreatic dia-
betes. These slices have an imtial in vitro respiratory quotient
{R.Q.) of from 0.70 to 0.73 If they are then incubated in Ringer
glucose phosphate in an atmosphere of oxygen at 875° C. with
shaking, their R.Q will sise to 0.85 at the end of 5 hours and to
100 at the end of 10 hours. If we work at 41° C, the diabetic heart
slices have a2 R.Q of 1.00 at the end of 4 hours If we add insulin
to the ciabetic slices, we do not accelerate the rate at which these
slices have an clevation of R.Q. I interpreted these phenomena as
indicating that in the diabetic heart in which insulm was absent,
there were anti-insulin factors present presumably of pituitary
and/or adrenal ongin. With the prolongation of incubation these
factors were destroyed and the diabetic heart was now free of the
anticarbohydrate action and could resume their inherent potentiah-
ties for oxidizing glucose without the intervention of msulin

Lundsgaard Insuln 1s usually added in the middle of the actual
esperimental period, that would be within 1% hours after the Iner
has been isolated.

Best In general, m hypophysectorized animals, where the thy-
roud, adrenals, and gonads have degenerated — 2 little activity may
be left, but not much — we can stil demonstrate all the actions of
msulin beautifully. the storage of glycogen and fat, and the reten-
tion of nitrogen However, 1t 1s not a perfect physiological eperi-
ment, and I think we probably should attempt to get nd of all
those antagomstic factors. My prediction would be that the action
of insulm would be obtained just as dramatically even though the
experiment was not sound from a physiological point of view.

Lundsgaard 1 think the last point T mentioned was this questton
of the effect of msulin on the glycogen content in normal, not
diabetic, ammals .

Best We are all probably thinking that many of these evperi-
ments were done before the hypoglycemc factor was separated
from msulm.

Lundsgaard Even in our old

er experiments, we used crystalline
nsulin which we obtained from Dr John J. Abel Balti

imore At
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the same time, we had another preparation from Dr David Scott,
which had a marked glycogenolytic effect. It stood out particularly
clearly i perfusion expenments on rabbit lners, because in that
case the blood sugar concentration falls steeply. On the addition of
Scott’s fnsulin, the decline of the blood sugar concentration turned
into an increase. However, the Abel preparation had no effect on
the blood sugar curve. For that reason we have rehed on the
assumption that 1t was free from the glycogenolytic factor.

Best: T do not know whether it was free, but it was much lower

in glucagon
7

Our later exp were performed with the
Noro sulim which C De Duve (6) clumed to be free of the
glycogenolytic factor. T do not know whether we could ever say st
was completely free.

Best: 1 think 1t 1s virtually free

Lundsgaard, In my laboratory one of my former assistants has
carried out some experiments to elucidate the question of whether
msulin enhances glycogen deposition in the normal hver, He used
the Himsw orth technique which enables us suddenly to cut out the
Inver from the emculation in unanesthetized rabbuts Insulin was
mjected intravenously, and the decline in blood sugar concentra-
tion was followed from 20 to 30 minutes Then the liver was tied
off and the further decline in blood sugar concentration was fol-
Jowed The aim was to tie off the lner at a stage when hypogls-
cemua had not yet developed. In the most successful experiments
the blood sugar level just after admmistration of insulin was from
110 to 120 mg. per cent, and the liver was tied off at the level of
from 80 to 90 per cent. If the hver takes an appreciable part in the
lowenng of the blood sugar concentration following adminmstration
of msulin, we should expect the dechne in blood sugar concentra-
tron to slow down after the liver had heen cut off. However, such
an effect was never observed, and on the contrary, the fall 1n blood
sugar concentration generally became somewhat steeper after the
Iner had heen tied off In some expeniments an attempt was made
:o keep the Dlood sugar level constant after the injection of msulin

et s
the hlond
Using cats. 1 have myself repeated some experiments performed

on dogs by De Dwve ef al (T) The disappearance of glucose after
a supramaumal dose of msulin was measured simply by determinng
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the rate of glucose infusion necessary to heep the blood sugar lesel
coustant In their experiments, the Belgian mvestigators found
that the rate of glucose disapp e in ey ized and
eviscerated dogs only amounted to one-fifth of the disappearance
rate in intact dogs In my experiments on cats I found no difference
between normal, hepat d and evi d animals. Accord-
ing to my results, in cats at any rate, the rapid disappearance of
glucose after a large dose of insulin was completely dominated by
the uptake in the muscles.

With the experiences gamed in my laboratory as a background,
I think consideration of the question of whether insulin exerts any
direct effect on the deposition of glucose as glycogen in the lner
is justified. The unquestionable increase in hver glycogen in a dia-
betic organism treated with insulm, might in some way or other
be secondary to the normalization in the blood sugar level, and the
stoppage of glucose loss through the kidneys,

As already mentioned, a rough carbohydrate balance, based on
glycogen and blood glucose determination, scems to indicate that
a glyconcogenesis is gomg on mn the isolated cat liver. 1 may, m
this connection, mention that the blood lactate concentration rapidly
drops to a very low level after the start of such a perfusion etperi-
ment and remains very low throughout the expenmental period
The extent of the glyconeogenesis, however, seems to be very
modest. In expeniments on livers from cats, starved for several days
or kept on a fat diet for about a week, I have found a glucose output
from the liver of from 1 to 2 mg per minute. This must be called
a modest output when 1t is taken into consideration that the general
metabohsm of a cat, weighing 3 kilos, corresponds to the oxidation
of about 25 mg, of glucose per minute. It must also be cafled a
modest output when compared with the glucose utihization of the
extrahepatic tissues which various investigators have obseqed, by
the simple method of determmnng the rate of glucose mfusmg
necessary to keep the blood sugar level constant 1n hepatectomize
or eviscerated animals

In experiments of this type on cats I ha\'f: found a glucose
utilization m the periphery of about 7 mg per minute In my c-qym:—
ments, the average blood sugar concentration was 114 mg per cent.
Thus 15 a high level compared with the blood sugar concentration
in a starving ammal This also apples to similar detenm]rmlltﬂgls
performed by other mvestigators The rate of glucose ubhza tlh'c]
in the extrahepatic tissues 1s to a marked degree ds;pendcnt ‘;"l’cosc
glucose concentration It 1s likelv that the extrahepatic g
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utilization is definitely lower under such circumstances, where the
maintenance of the blood sugar level is solely dependent on a
glyconeogenesis 1n the Iner. 1 do not think that it can be evcluded
that a glyconcogenes:s of from 1 to 2 mg. per mnute 15 sufficient
to maintam a blood sugar level of 70 mg per cent in a starving cat.
On the other hand, this assumption seems scarcely compatible with
the view that the metabolism of the central nervous system 1s
exclusively a carbohydrate one if, as it 1s now generally stated, the
oxygen ption of the bram to 15 per cent of the total
resting oxygen consumption

In my experiments on livers from starved cats, and those fed on
fat, the ratio between increase in blood glucose concentration and
merease 1n blood urca nitrogen was determined The dextrose/nitro-
gen-quotient caleulated in this way ranged between 3 and 5. This
order of magnitude should be ble with the assumption that
ghicose is formed exclusively from protein I am only touching on
the classic problem of whether fats in the lier are converted into
glucose, which is given off from the liver to the blood 1 shall not
venture further into tins much debated classic question, but T may
mention that through the years I tend, less and less, to beheve that
such a net formation of gluicose from fats plays a part m the metab-
olism of the ammal organism

Shorr: May I revert to the problem of the source of energy of
the braim as 1t relates to the justification of using total oxygen con-
sumption as a measure of its carbohydrate metabolism® Although
we are prone to consider glucose as the sole source of energy for
brain metabolism, an assumption which would justfy using the

of oxygen D to estrmate glucose oxidation,
actually only a portien of the brain, namely the gray matter, utihizes
glucose exclusively The white matter, on the other hand, has a
low R Q, therefore, the accurate use of the total oxygen consump-
tion of the bramn for the calculation of glucose consumption would
require that it be corrected for the relative oxygen consumption of
gray matter versus white matter,

Lundsgaard  But the metabolie rate in the wlnte matter is very
low compared with that of the gray matter, and dircct determina-
tians, ¢ven performed 1n humans, on the oxy gen and carbon diovide
content m artenal and venous blood coming from the bramn hasve,
se far as [ know, guven a quotient of unity.

Best: Didn't Himwich (8) obtan a quotient of unity?

Shorr e got a quotient of almost unity However, 1t 1s true that
1 we use only cortes, we shall obtain an RQ of unity. If we include
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more and more white matter, the R Q. falls in proportion to the
extent of admixture with it Certainly, the R.Q. of white matter
in vitro is not in the neighborhood of 1.

Goldblatt: Might that be an indication of a great difference
the relative amount of blood circulating through these two dif-
ferent parts of the brain?

Shorr: It could easily be.

Lundsgaard: Undoubtedly the blood flow through the two dif~
ferent matters is proportional to their metabolic rate. 1t is the same
thing if we say there is a difference in the blood flow, or in the
metabolic rate of the two matters

Best: The slice technique does not give the same answer as
perfusion, in many cases, but I think we should all agree that we
prefer the perfusion to the slices, and the whole animal to the
perfusion,

Lundsgaard: Yes Although we have not carried out systematic-
evperiments to investigate the effect of insulin on the protem
metabolism of the isolated cat liver, I think it is safe to state that
we have never observed any effect of insulin on the urea or glicose
output from such 2 hver This may be summed up by saymg that
we have found no evidence of an effect of mnsulin on the glyconeo-
genesis apparently going on in the 1solated cat hiver. This, of course,
has strengthened my doubt as to whether insulin exerts any direct
effect on the liver.

But the fact that no net carbohydrate metabolism can be demon-
strated in the isolated cat liver does not necessarily mean that it
does not take place. Livers from normal cats starved only from 24
to 48 hours put out only quite small amounts of ketone bodres, and
those from pancreatectomized cats, or from those treated from 2 to
3 days with phlorhizin, put out very large amounts of ketone bodies.
Nevertheless no difference between the two types of hver as to
the carbohydrate balance was found. The respiratory quotient of
the hivers putting out large quantities of ketone bodies was con-
siderably lower than that of the normal livers, but it is a .SImple
consequence of the ketone body formation in which oxygen is use
without any simultaneous formation of carbon dioude Oﬂhandf,_
one might conclude from these observations that the extent of
carbohydrate metabolism was of no consequence for the rate ol
Letone body formation, which would be contrary to the pre‘.’m]lf}g
view As I said before, a lack of a net carbohydrate metabolism in
both types of Iners does not necessarily mean, however, that no
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ifferences exist n the metabolism of carbahydrates or the carbo-
‘hydrate turnover in the two types of hvers

Gurin: Dr. Lundsgaard, T think it 1s rather interesting that the
liver 1n the previously fasted cat is still able to synthesize fat,
whereas the liver 1n the previously fasted rat could not. I have not
worked with a large numbex" of species, l:ut we were rather sur-

in connection with what you say.

Lundsgaard. Yes, certainly. During the last year, Dr. ] A. Muntz
(9), of the Biochemistry Department of Western Reserve Unnver-
sity, has been working 1n my laboratory and has carried out experi-
ments on isolated cat livers using glucose labeled with C*4. 1 shall
not go into detatls as to the technique employed, but ¥ shail men-
tion onc compheation. As the jsolated cat hiver metabolizes lactic
acid and may store lactic acid as glycogen, in Dr. Muntz’ experi-
ments it was necessary to prevent glycolysis of the plasma glucose.
“This was done by poisoning the red corpuscles with i
washing them lightly and suspending them in the original plasma,

Dr Muntz' experiments have revealed that an ovidation of carbo-
hydrate actually takes place in the isolated liver of a eat. Judging
by the activity 1 the metabolic carbon dioxide, the carbobydrate
oadized only covers from 3 to 5 per cent of the total oxidatuic
metabolism of the liver, This figure, however, 1s 2 minimum fgure,
as 1t 1s caleulated on the basis of the activity of the plasma glucose.
Dr MuntZ’ expertments also revealed that plasma glucose ts built
nto Iner glycogen at a not derable rate The disapy
of actiwity from the plasma could not be accounted for by the
actraty found in carbon dioxide and glycogen. The reason far this
15 probably that plasma glucose enters the pool of phosphate esters
of the liver

Unfortunately, only a few experiments on hvers from cats poisoned
with phlorhizin have been performed, the results did not differ in
principle from the expeniments made on normal cat livers Also,
m the phlorhuzin Iners, an oudaton of carbobydrate of the same
order of magmitude as i the normal livers could be demonstrated.
However, the experments are too few to decide whether any dif-
ference eusts between the two types of livers with regard to the
rates with which plasma glucose is incorporated into huer gl cogen
<nd enters mto the pool of phosphate esters "

P Iy, I think at able that an exchange of gluense
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molecules between plasma and liver glycogen could be a conse-
quence of ketogenesis. It is more difficult to conceive of the s1g-
nificance of the entrance of glucose from the plasma into the pool
of liver phosphate esters. If this entrance only signifies a simple
exchange of hexose molecules, the rate of exchange can scarcely
be of any significance in the rate of ketogenesis Only an ovidatie
degradation of hexoses with a formation of pyruvic acid should be
expected to erhance the oxidation of acetic acid in the tricarbovylic
cycle and thus connteract a condensation of acetic acid to ketone
bodies. With regard to carbohydrate oxidation, Dr Muntz’ experi-
ments revealed no difference between normal livers with a small
output of ketone bodies, and livers from phlorhizin-poisoned cats
with a large output of ketone bodies. The experiments, however,
are so few that I do not consider the possibility ruled out that some
difference in carbohydrate metabolism between the two types of
livers exists which may have some connection with the difference
in rate of ketone body formation. Even if we assume ths to be the
case, some difficultzes are nevertheless encountered if one tries to
explain the large ketone body formation n the phlorhizin hvers
simply as due to a blocking of the tricarbovylic cycle.

1 think it can be taken for granted that the oxidative metabolism
of both types of Lvers is predominantly a combustion of fats The
protein metabolism of hvers from depancreatectomized cats and cats
poisoned with phlothizin is shghtly higher than in hvers from
normal cats

Shorr: May I ask what the glycogen content of the 24- to 48-hour-
fasted cat is compared to the phlorhizined cat?

Lundsgoard. The liver from the cats starved from 24 to 48<hours
is generally in the order of magnitude of 0.1 per cent and in ths
phlorhizined cat 1t may go down to a fraction of this, such as 002
per cent.

Shorr. You do not think that may have a relationship to the dif-
ference m ketone body formation?

Lundsgaard: It may have. It so, the presence of glycogen should
account for the difference.

Shorr. On that basis? "

Lundsgaard. Until recently I have emphasized that thege“shou
be no difference in carbohydrate bolism, I.mt the r
m glycogen concentration 1n the two types of livers s}.wuld g ;1
sigmuficance. However, we have now seen that there is a certa .
turhover m carbohydrate, even 1n the cat Ters, where there 13 “k
net or over-all carbohydrate metabolism I think one has to loo
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for a difference in this turnover. So far we have not been able to
demonstrate any difference, but T do not dare to rule out the possi-
bility completely.

1 wish to emphasize that even if we assume such a shght dif-
ference, which so far we have not been able to demonstrate-there
are some difficulties in explaining the diff ¢ in the ol
in these two types of Iners.

Gurin Would that not be invol ed m the metabolic fate of acety]
coenzyme A, a two-carbon fragment which s undoubtedly the
source of the Letone bodies® You referred to the oudatne fate
of acetyl coenzyme A indirectly, and 1 assume that is what you were
talhing about. There are a number of metabolic fates that may be
consideredd with respect to what happens to acetyl coenzyme A, 1ts
comversion to acetoacetyl coenzyme A, which is undoubtedly the
immediate precursor of hetone bodies There 15 an enzyme myvolved
m the hydrolysis of acetoacetyl coenzyme A Should this become
mactivated in one case, fewer hetone bodies would be formed. The
acety} coenzyme A can be used for resynthesis of fat, which brings
up the question of the hser of the phlorhizined animal bemng able
to resynthesize fat, or utihzing coenzyme A for synthesis or other
assumlations, and so on 1 think this is a rather dificult question
to answer at the moment

Lundsgaard ¥ cannot tell whether these livers are able to syn-
thesize fatty acids There 1s a very pronounced breakdown of fat
going on m these livers

Shorr. Actually, then, the situation 1s this- althongh once the Iner
1s out of a phlorhizined or normal ammal, you cannot demonstrate
any net gain of carbohydrate, yet ketone bodv formation is stok-
mgly different, and the only correlation that 1s conceivable s the
“set” of the ammal at the ime you take the Iner out, at which time
the normal ammal has more carbohydrate than the phlorlizined
one,

Lundsgaard Yes, that is just what I am gowg to bring out. T use
the expression, “the setting ™ As protem metabolism constitutes only
a mmor fraction of the general metabolism of the liver, and as no
net carhohydrate owdation 1s demonstrable m the Iner, T thimk
one may take the carbon diovide output as a rough measure of the
complete ouidation of fats i both types of hiners, whether they
hiave small or lngh hetone body formation As the fatty acids con-
stitute 90 per cent of neutral fats, this agam means that the carbon
dioude output can be taken as a measure for the complete ovdation
of fatty acids Now, the carbon dwwude output from both types of
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livers is of the same order of magmtude. Apparently the tricar-
bovylic cycle is not bloched in a lver putting out large quantitics
of ketone bodies, as such a liver ovidizes fatty acids completely
at the same rate as does a normal liver. The tricarboxylic cycle
might nevertheless be blocked, Then one has to assume that the
last steps in the oxidation of fatty acids in a liver putting out large
quantities of ketone bodies do mot pass through the tricarboxylic
cycle, but consist in an oxidation of ketone bodies following 2
different route.

Even if one makes these assumptions, it is, I think, difficult to
conceive how such a change in the last steps in the oudation of
fatty acids can directly influence the rate of the first steps in the
oxidation of fatty acids, which are increased in a liver putting out
large amounts of Letone bodies. The rate of the total fatty acd
metabolism, as measured by the output of hetone bodies plus casbon
diovide output, may be four to five times as high in a lver from
a cat poisoned with phlorhizin, as in 2 normal liver.

It is my experience that it is impossible to change the type of
metabolism of an jsolated liver. The liver, when isolated, is either
“set” for a vivid metabolism of fatty acids with formation of large
quantities of hetone bodies, or fo_r a considerabf;: 'Iess vn:'id’fat

t
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ces should then
- . the fat metab-
olism. However, the different “setting” might also be due to dif-
ferences in the hormonal “setting” provoked by the impairment of
the carbohydrate metabolism of the organism as a whole.
Shorr: Have you ever analyzed the whole system? In I.)erfuslm\v
expertments one has to assume that what one is determining by
analysis of the blood is a complete reflection of what is going on
1n the tissue. This need not be the case. I wonder whether you have
obtaned a complete balance sheet in any of the experiments \\hllc‘\
melude both the perfusion fiud and the liver. This may be im-
portant because certain reactions may go throug}} more thmd ‘oni
pathway, for example, n the Iner acetate may cither be ou ﬂea !
through the tricarhoxylic acid cycle, or accumulate 1 8‘?5515""'
acetoacetic acid Co : .
tion as to which « . [ :

there 15 an accum.... . Co :
may require the use of certan enzyme inhibitors such as Huorodtt
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tate, which make 1t possible to determne the magnitude of aceto-
acetate formation by presenting it from gomg through the tricar-
hoxyhie acid cycle Is my reasoning wrong about this possibility ?

Gurins No, I do not think you are wrong. It seems to me that
there is an increasing body of evidence that Iner shices, or lner
tissue taken from cxperimental diabetic ammals, are capable of
handling or oxidizing lactate, decarboxylating pyruvate, forming
acetyl fragments, and oxidizing acetate via the tnearbotylic cycle,
1 do not scc how 1t is possible, at the present time, to make much
of a distmction between fat and carbohydrate oxidation So far as
the whole balance 15 concemed, I ean understand that if we are
driving a scries of reactions in the direction of glucose, which is
excreted from the whole ammal, we are foremg an equilibrium in
one direction or the other. However, it seems to me that it is worth
while considening the fact that the enzymes for oxidation of either
carhohydrate or fat are essentially mtact By carbohydrate, T mean,
of course, the metabolic products such as pyruvate or lactate which
can be derived from glucose If the glucose in the duabetic state
cannot be phosphorylated, obviously carbohydrates cannot be
oudized However, so far as the major metabohe products which
are present n the tissue are concerned, it seems to me that in the
diabetic state we have the enzymes, the total mechanism there,
which are able to oxidize them both Since both fat and carbo-
hydrate can gne rise to the same common mtermediate, acety]
coenzyme A, so far as the oxidation 1s concerned, 1 do not sce that
we can make any distinction between the two major foodstulfs,
fat and carbohydrates But perhaps this is a one-sided biochemist’s
point of view

Best 1 do not know whether we have enough information to
debate the sigmficance of the findings in the Iner shees.

Gurin Let us go back to the whole ammal.

Best Tt does scem to be a Iittle easicr to influence the shee than
1t 1s to influence the perfused liver. We have to give some things
to the animal to obtain the effect on the shice, but we can add the
insulin, say, to the shice and get glycogen formation Is that not sa?

Lundsgaard ‘That is the reason why I think it is really justifable
to discuss whether mnsulin has a direct effect on the hyver, Offhand
you tught thunk you would be able ta answer this question; in the
whole animal, of course, msulin has an effect on the lner. However,
T am not convinced that 1t has ever been proved that insuhn has
a direct effect on hver tissue,

Gurin One can demonstrate, 1 think, a nmmber of minor defects
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of i titro effects of insulin. This bears out the pomt that Dr. Best
made. For example, the incorporation of labeled acetate and
pyruvate into fat 1s stimulated in normal liver slices by the addition
of insulin This has been done in several laboratories Just what this
means, and whether or not it 1s important, I am not prepared to
say. My own feeling has been that this is some sort of secondary
effect which makes available a little more of the energy required
for Yipogenesis One can demonstrate this in normal antmals, but
not in diabetic animals.

Shorr: Dr. Gurin, it has been stated that in the diabetic rat, the
turnover 15 profoundly reduced, not only in the carbohydrate cycle,
but even more so in the fatty acid pool (10). If we have a profound
reduction n fatty acid turnover, and at the same time a marhedly
increased output of ketone bodies, then the bottleneck might be
the passage of the two carbon fragments through the tricarbotyhie
cycle The bottleneck may be coenzyme A. What is your opinion?

Gurmn: I should like to reserve that for a little later.

Fremont-Smith. You see, this 1s very interesting It 15 the sort of
false position we get into when we try to have a discussion of
carbohydrate metabolism and then later, a discussion of Ipoid
metabolism. Really, one should have a discussion of the two to-
gether

Gurin. I think proteins could well come into this, too.

Fremont-Smith I did not mean to ehmmate the proteins

Best In our recent deliberations on the future of physiolngy,.l
think we agreed that 1t would be most profitable to have the organic
chemists do whatever they Iike on small bits they can get from }he
body, such as fractions of cells, and so on, and the bophysicists
do what they like, but there will probably always be a place for
what we would call mtegrative physiology, because, after all, we
do want to know how all these things are coordinated and how they
function m the intact orgamism

Gurin: 1 think that is what we are interested in, too, Dr Best.

Best At the same tme, physiology should never intubit the
argantc chemust from going as far as he likes, so long as he helps
us to armve at a better understanding of the whole picture )

Gurin Esactly I think this 1s really the motivation behind our
own work and that of many others who are mterested in the !.“‘;‘
mate mechanisms involved: to discover what actual steps, chemical,
metabolic, or enzymatic, are mvolved in this tremendously :‘:,on:
pheated sertes of reactions Once some of these steps harve ‘ :ﬁe
worhed out, they have to be integrated into the behavior o
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whole organism 1 think this is much more difficult than what we
are doing.

Best+ There mught be a chemist working on an enzyme, and
another working on an anticnzyme, but if they were put together,
nothing at all would happen

Fremont-Smith- Another way to say it 1s that the chemist tnes
to specify all the possible reactions, and then, when we reach the
pont of reintegration, we have to try to find out which are the
actual reactions and which have the highest prionties under dif-
ferent circumstances. However, until we know all the possible
reactions of the isolated fragments, we are not in a position to
judge which one might be selected in the more integrated organism

Shorr Tt is surprising that the pathologists have not asked what
the liver cell looked like at the end of two hours of perfusion

Best It looks worse and worse, does it not?

Lundsgaard: 1 never had a pathologist look at the lners I was
working on; perhaps T should have

Best: From my own experience, T can tell you that it is very
disturbing to have a pathologist look at the perfused Iner. However,
1t 1s ohviously one step nearer the intact orgamism than the lner
slice

Later on I hope our chimcal friends will diseuss abnormalities in
carhohydrate metabolism i the lner T do not mean the diabetic
state, but curhosss, galactosenma, the pathology in son Gierke's
discase, or something of that hind 1 thinl it would make it 2 better
record if we had here some comments from the pathologist or

linician about morphologieal changes d with interferences
with carbohydrate metabolism.

Fremont-Smith May 1 go back to a pomnt which arose from the
suggestion that we look at the histopathology of a perfused organ
and a perfused ner, and the progressive changes that take place?
Would 1t not be interesting and perhaps resealing to make hner
shices at different times successively in such a perfused biver, and
sec how they behaved at the end of the experiment? Might you not
be able 1 this way, to get a picture from a different angle of some
of the changes, or lack of changes, m the fundamental processes
gomg on 1n such a perfused organ®

Lundsgaard There may, of course, be some funchon which yon
can study more canly wath the shiee techmque, but changes in the
different reactions n the linver should stand out, too, in the entire
argan The rate of the general metabolism as measured by the
ovygen consumption in such an isolated Iver. 1s undoubtedly lower
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than normal. We always see that at the start of such a perfusion,
the rate of oxygen consumption is fairly high, but then, in half an
hour, it drops, and finally reaches a rather steady level without any
further decline, N iy

Best: I't is obviously an indication of our ignorance that we obtam
patho]ogx?al changes in the perfused liver. If we knew how to per-
fuse the lu’er: there would not be any. It should look normal at the
end of the time.

Fremont-Smith: If certain reactions in the Jiver cells were the
same in the middle and at the end of the perfusion experiment, 1t
would have a more definite significance than if there were gross
differences in the behavior of a liver slice at the beginning and end.
and this would provide a kind of secondary control. Is that a
possibility?

Lundsgaard- Oh, certanly.

Watson: Dr Best, I was wondering about the rate of bile forma-
tion and the constituents of the bile Did you study this at all dunng
the two-hour period of perfusion?

Lundsgaard. No, we have never been iterested in the study
of the bile.

Watson: T wonder if you could use that as a measure of normality?

Lundsgaard. Yes, I believe one could,

Watson You would obtain a group of curves, and after a certain
period of time they would all start to fall off at different rates. As
Iong as they were on a level, I magme that that would give you
some 1ndex of the function of the perfused liver.

Lundsgaard: Of course, 1t would be quite elucidative to measure
the rate of hile formation, but we have never done it.

Shorr: Or bromsulphalein clearance?

Best Is there a steady bile formation?

Lundsgaard: I cannot say

Watson: If the pigment and bile salt were quantitated, I think
those two things, together with the amount of bile, might gre us
a pretty fair msight mnto what the liver was doing.

Best That 1s a perfectly simple, direct, obvious problem: 1o
perfuse a liver so that bile formation remains normal, so that 1t
stores glycogen when we wish 1t to, as in the intact animal. Yet, no
laboratory has been able to do that.

Kosterlitz 1 wonder whether Dr Lundsgaard would be pre-
pared to enlarge a httle on why glyconeogenesis in the Perfused
liver 15 not as large as would be expected from theoretical con-
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id You sard, Dr. Lundsgaard, that the amount of glocose
formed is below requirements. Have you any views on that?

Lundsgaard: Yes. What I intended to say was that the output
of ghicose which I have found in the isolated liver is modest, and
if it is compared with the figures from the literature for the utiliza-
tion of glucose in the periphery, 1t seems too low to maintain the
blood sugar level. According to my own experiments, in which the
peripheral utilization was determined simply by kecping up the
blood sugar level by infusing glucose at a constant rate, the output
was also low. I found a utilization of about 7 mg. per minute, and
an output from isolated livers of from 1 to 2 mg per minute, How-
ever, I then pointed out that the blood sugar Jevels at which the
determinations of the peripheral utilization had been made, in my
own experiments, and those of most others, was rather ngh, and
the utilization in the penphery was markedly dependent on the
concentration For that reason I would not dare say that this output
of from 1 to 2 mg per minute was too low a figure to keep up a
‘blood sugar concentration of, say, 70 mg per cent, which would be
found in the fasting ammal That is one point which might be
discussed along with the question of the rate of glyconeogenesis in
the liver, because there is some discrepancy there

When I saw this rather small output of glucose from the Iiver,
1 performed some experiments in which the blood, which was taken
up by the pump 1n my perfusion expeniments, was divided into two
streams- one going through an isolated Iiver, and one pumped into
the jugular vein of a hepatectomized or eviscerated cat At the same
time, an equal amount of blood was taken from the carotid artery
of the cat and added to the perfusion system, so that the liver was

d with a b d animal T first ran the liver for
three-quarters of an hour, which was a sufficiently long penod to
dctermine the glucose output from the liver.

I found a considerable increase in glucose output from the liver
after 1t had been d with the hep ized cat, but 1t
turned out that this was simply due to the rather high blood lactate
concentration one obtamed when the hepatectomized cat was

SR Y) PN
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Suauul UL wuat 13 generany canea a Con cyele, and it was not
really an effect on a true glyconeogenesis

Keosterlitz 1 was wondenng whether the addition of adrenal
corticowds to the perfused hner would influence gly concogenesis.
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Shorr: May we add epinephrine to that?

Kosterlitz: Yes.

Lundsgaard. We have performed some experiments with cortex
hormones, but I have not seen any effect. I think our experimental
period is too short; the effect is not so rapid that 1t may be ohserved
in a two-hour period.

Shorr: 1f the presence of epinephrine is so critical a determinant
of the rate of glycogen breakdown to glucose, would the epinephre
content of the perfusion fluid be important to consider in relaton
to the results? Do you think there is much epmephrine left in the
perfusion fluid?

Lundsgaard: No.

Sharr: Hence, one of the important determining factors in the
release of glucose from the liver is absent.

Lundsgaard: Yes

Shorr: Perhaps the dow value may be in part a reflection of the
absence of epinephrine from the perfusion fluid?

Lundsgaard: That is unlikely, because in the experiments m
which we determined the glucose output from the hver, the glycogen
content of the liver was so Jow that a shght change in the per-
centage of liver glycogen was of no consequence in the balance.
We cannot rely on the glucose output if there is a fairly high gly-
cogen content mn the hver, then it is impossible to say anythwg
about the glyconeogenesis. Glycogen content in the liver, a slight
breakdown of glycogen, or a shght increase of glycogen, would all
upset the calculation of the glyc i

Shorr: Thus, if the liver perfusion were not an ideal perfusion,
artefactual glycogen breakdown would produce an artefact i tesms
of glyconeogenesis

Lundsgeard: Yes. I should also say a deposition of glycogen Of
course, glycogen content cannot be determined with mmP“»’“;
accuracy Therefore, if we have a fanly igh concentration &
glycogen in the lver, shght differences from the beginning to "1
end of the experiment would infl the calculated glyc
s15 to such an extent that we could not rely on the result. Haweser,
of we have a very low glycogen content at the start, as well as ﬂ;
the end of the experiment, then 1 think it is safe to use the actual
changes i the blood sugar concentration as a measure of the

lyconeogenesis

gyshorr gOf course, In that case the assumption is that fhe. 0"}!)’
source of glucose in the perfusion fluid commg out of it is the
glycogen, and protemn 15 not a contribnting factor.
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should think this process would also be seen under the conditions
of the perfusion,

Best: However, in the intact animal we have the indirect offests
of epinephrine in the liberation of anteriov pitwitary materjal

Shorr: That is one possibility which we cannot exelude. My poat
is that we do not seem to have enough data to draw up a complete
halance sheet, and it was my thought that humoral factors may be

ponsible for this discrepancy.

Fremont-Smith: 1 am mare and more convinced of the necessty
of using different techuigues in the same laboratory on an expen-
ment. I think the tendency to isolate a special technique and
develop it ta a greater and greater degree of refinement, sometimes
blinds us to the possible advantage of simultaneously doing some-
thing else in the same experimental procedure that would give s
another cross-sectional view of what is geing on.

Best: | agree that it would be interesting if Dr. Lundsgaard hed
the facilites to study three preparations instead of one: {a) 2 et
slice from an animal prepared from the dietary and hormonal poiat
of view, (B} liver slices from the same animal, or a comparable
one, and perfused by the method he has been using; and {c) the
mtact animal with the circulation arranged so that he could measure
and sample the ingoing and outgoing blaod from the hver I that
were done under as nearly comparable conditions as possible, I am
sure he would get widely divergent results and have a great ded
of difficulty 1n integrating the answers. As it is now, Dr. Lundsg?afd
can only do one. Some other laboratory works under conditions
that are not comparable, and we struggle to coordinate the results,
It is a hard way. We make it difficult for ourselves, B

Shorr: Dr. Soskin (11) did that type of experiment in 1no Wi
low and high levels and found that whenever the arteral Jevels 0‘
glucose were high, the hepatic vein blood was lower; whene‘;
they were low, the hepatic vein blood contawed a Ingher c0
centration o

Best. Dr. Soskin really mterpreted his answers on the basis '
the concentration of sugar, but he was also influencing many Otn;e\l
tlungs when he raised the level of sugar. I mean, the hormo! .
balance could have changed by the level of sugar which he ma

tained, ’

Fi Sruth: When a dinated, simull attack bé’
| di i i atory

means of several different technigues in the same hborpet::)“w

indicated, would it be possible to organize a temporary

effort® It 15 usually not passible for one laboratory to provide facilt
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B.gst: Those of us who hnAve spent time perfusing organs might
do it better. We might acquire more of the eusting knowledge, or
new knowledge that might help us. However, 1t is interesting to
reflect that from the perfusion of the heart, which Dr. Otto Loewi
(12) carried out - a rather unimportant one from the physiological
point af view — he di d the Wheration of acetylchobme, one
of the greatest discoveries of our time.

Shorr. From a frogl

Best: It 1s really the result obtained, and not the perfection of
the techmque, that matters I am now going to ask Dr. Houssay
to speak

Houssay: The liver plays an important role in the production of
glucose, in the homeostasis of the blood sugar level, and in the
regulation of carbohydrate metabolism. The classical evperiments
of Mann, Magath, and Bollman, which many of us here have re-
peated and confirmed, has shown that the Iiver is the prmeipal site
of the formation and release of glucose in a quantity adequate for
the mai; of normal gly . After | , the hlood
sugar falls, and 1t is impossible to produce a hyperglycemia, either
of diabetic or other ongm.

The hiver 1s able to form and store glycogen and use it for the
formation of glucose, and is also an ymportant organ for the forma-
won of fat from carbohydrate. It 15 not possible to study carbo-
hydrate metabolism of the hver without considermng that this
metabohsm 1s copnected with §at and protein metabohsm, the
phenomena of fat and protemn metabohsm are dependent on carbo-
hydrate metabolism

For the study of the role of the Iiver in carbohydrate metabolism,
¢ been used: For instance, 1n the whole animal
¢ balance between the glucose which enters and

.+ alen haon a werv

many methods bav

we may observe th
N (A Tl avbecanbicn o tha loar
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Our results on the action of the glucocorticoids seem to cover
the clinical field much better, because as you know Venming and
Browne (15), Nelson and Samuels (16), Bush (17) and others,
showed that pregnancy is a physiological Cushing syndrome from
the hormonal point of view, and that 1s what we shall sce now

In Figure 2, we observe that when we inject 5 mg per kilo of
cortisone into an animal which is not pregnant, we do not see any
difference m the blood sugar curve. When we inject 2 mg. of

BLOODSUGAR

GR %
S

0 10 20 30 60 90 thn 120

. ly from the 13th &
¢, 2 mg hvdrocortisone per kilo daily
FIOUNE B etone vinancy (5) On the. 10th day. (3) On the 18t iy (oot
tloon) (4) On the 2Ist day. Rtpnn(ed,"b\: pem;ssnlon. {r&f;\ .,
hydrate metabohsm duning prefr . etes 3, 1 (2
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and at the end, the fetuses are dead That animal, a few days after
the death of the fetuses, becomes normal again, from the sugar
tolerance point of view,

To put it briefly, the nutrition of the fetus is highly disturbed
by doses of 2 mg. of cortisone or ACTH per hilo Therefore, we
went down to a dosage of 0.5 mg. cortisone per kilo body weight
of animal, which does not kill the uterine contents. Wath that dosage
we were able to study the action of the glucocorticods, which -
creased, physiologically, on the glycogen 1n the placenta

In 1908, n the laboratory of Sharpey-Schaefer, Lochhead and
Cramer (18) studred glycogen in the placenta. The first statements
of Claude Bernard were published 1n 1853,

To study glycogen in the placenta, we must reahze the difference
between two sides of the placenta: the maternal side, which we shall
call the “maternal placenta,” and the fetal side, which can be
decorticated

My son Peter and I (19) have been able to show that 05 mg of
cortisone, given for 3 or 4 days, increases very marhedly the gly-
cogen in the placenta, and more so on the fetal side.

TABLE 1

Glyeogen Percentage in Rabhit’s Placenta on 14th Day of .Pregnﬂn!'!
‘After Four Daily Doces of Corticone (0.5 mg. per kilo)

Maternal Placenta Fetal Placenta
Cantrol ! Cortisane Control Corhsone
- -~ N ARG
201 } 595 - 143
360 | 578" 052 148
410 | 624 064 I 270
200 ' 170 064 ’ 250
180 / 408 057 { 183

Repnnted, by permssion, from Hoet, ] ®  Carbohydrate metabolim  dunng
pregnancy Diabetes 3, 1 (1934)

o animals, mated at the
he placenta changes

¢ took them just af
one, but the

Table 1 shows the data obtained from tw
same hour Smee the value of glycogen in t‘
every two to three days dunng pregnancy, W <
the same tune The control ammal did not get cortis
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of Leiden, has traced it for more than ten years now, fourth,
erythroblastosis; and fth, hepatomegaly and card galy, as
Miller (21) of Kansas City has shown.

Necfe: What is the physiologic nature of the hepatomegaly?

Hoet: 1 am not sure, but it is highly probable that it is due to
the large amount of glycogen and a very great absolute increase.

Popper: Fat seems to be also present in addition to much glycogen
in the liver of the fetus of diabetic mothers. Is the erythroblastoss
comparable to that from rhesus incompatibility?

Hoct; Perhaps the illustration will help to answer that question
On the left, in Figure 5, we have a baby born in the eighth month
of pregnancy of a prediabetic mother, and we see that 1t is really
blue or bluish red. On the night 1s a normal one, which s just 2
term baby, and does not have that Cushing-like face of the bab}
of a prediabetic, or treated diabetic, mother. A diabetic mother i
not going to have 2 living child without treatment; the nutnition of
the fetus will not be sufficient However, a treated diabetic woman
will have a child like the one we see on the left. We can obsene
how bluish they are, they have erythroblastosis.

However, the difference between erythroblastosis and xhesuc
incompatibility, is that the erythroblastosis fades away the first et]- .
after birth, whereas the rhesus incompatibility increases e{wrmolls d)
and produces jaundice The children may be absolu.tely jaundiced,
and the hver is certainly quite abnormal. However, it does not PEI;
sist very long They are passing through a period in which they JZ
in danger of anovemma We do not know exactly what hapP(‘t"er
however, a few die. The question of the hyaline xflembrane n "
lungs plays quite a role in the death of those c'hﬂdren '{;h'ﬂe tﬂhc
very hypoglycemic, but 1t is not the hypoglycemia that will b
cause of death . th such

Figure 6 shows that in the pancreas of children WHIT,S]U: -
mtrauterine malnutntion, the islets are very abnormal tn e
seen by the embryologist Dubrewl (22), m 1920, andf up obmlal
he studied the phenomenon m women and 1n dogs 2l h;l‘ ssuxhcb
e y He ob d an enormous increase in the
of the slets of Langerhans which we see drawn there. b

The relation of that particular kind of pathological I"mc’e';"enh‘
full diabetes 1s seen very plamnly m the history of diabetic Pl‘;ecnﬂsﬁ
and 1n Figure 7 we see a patient, Mrs V, who came to l;sthe still-
she was losing her babies However, the charactens)hc (:X ot e
births was that they were heavy babies. We saw :erblood sugar
third pregnancy, and she was prediabetic. That meant 2
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above 200 mg. more than two hours after bemg given 50 gm of
dextrose. She was diabetic during her pregnancy. She was gnen
insulin, and the third baby is doing perfectly well It was bom
nearly two months ago We discovered also that her sister had the
same condition. She also had had very heavy babies, and had lost
two. The sister had a diabetic curve, and the mother of the two
sisters had been diabetic as well

d Q - Q BOTH SISTERS DIABETC

I_T__'
(j Q DIABETIC

— L

g Q O 0O O

'_I_G_K'-'_—Iﬂlll.ﬂmﬂ STILLBIRTH  STILLBIRTH

O O O O

HISCARRIAGE  MISCRRRIAGE  3K600  4KOGO, BORN ON BHONTHS
DIABETIC PREGNANCY 60 UN INSULIN DAILY
HO INSULIN 15 REQUIRED AFTER PREGNANCY

Fiovre 8 Mrs € Reprnted, by permussion, from Hoet, ] P Carbohdrite

metabolism durtng pregnancy Dabetes 3, 1 (1954)

i ; 3

Figure 8 shows another very typical history of Mrs C, \)Vl;s c\;‘:r‘n
to us because she had lost two babies There was a third CI“ o b
at eight months, and weighing 4 kg, which was lving She her:
weighed 6 kg at birth ! e

We saw here during the fourth pregnancy She was pregu’lllii .
We gave her a large amount of msulin because the .dxsturse.':i o
carbohydrate metabolism 1s charactenzed by a very mcren‘ha( i
for 1t Sixty umts of insulin were injected daly during
pregnancy -

Shorr Protamme, or regular’ . .

Hoet. In many cases we give protamine, but here, ‘m]:}ensd}: .
ticular case, 1t was 30 umts of regular msuln given “;h © ol
However, very often we give protamime m one dose, Wi
dose of regular at mght
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BLOODSUGAR
GR. %
5
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N has
Ficere @ Mrs L B, 88 years Father's sister 1s diabetic Previous pregnancy
been tovemic (1) December 1952 2 months pregnant (2) March 1953 gxén';"’::‘:
pregnant (3) July 1953 1 month after delivery by cesarean section on
1953, after 34 weeks of pregnancy.

Best I thmk 1t would be useful to say what happened in the
alloxan diabetic rats §

Hoet It mught be stated as follows: the hypcrcomca.]lfmﬂ‘:e
pregnancy, by way of the glycogen in the placenta, determines an-
nutnitional economy of the fetus, which makes the embryumcll’ Y
creas abnormal This concept, derived from climcal s(u'dxes, h:s 18’6“
put to the test by two Germans, Bartelheimer and Kloos )
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TABLE HI
105 Children of Diabetic Mothers Between 13 Months and 20 Years

Compared Growth of Boys and Girls

Height 51 Boys 51Guls
3 Inches Above Standard 57% 3¢
Weight
30 Lbs Above Standard 50% At

Glucose Tolerance Tests

28 Are Hyperglycemic
7 Are Hypoglycemic
25 Children of Diabetic Fathers
8 Are Hyperglycemic
2 Are Hypoglycemic

Reprinted, by pcrmussion, from Whte, P., Koshy, P, and Duckers, J The manage-
ment of pregnancy complicating diabetes and of children of diabetic magh:s
[ Chn North Amenca 37, 1481 (1953), (Philadclphia and London, Saunde

Table TIT shows the difference between the offspring of the
duabetic father and the diabetic mother This was done bX “g":e'
Koshy, and Duckers (27) 1 do not Ike to call them ‘diabetic
mothers” when they were treated diabetic mothers; they Wert
rather, mothers with a nearly normal, but stil pathologic, hc‘"l(‘l)a:
hydrate metabolism during pregnancy. We see that 25 of t }emd .
children had a hyperglycemic glucose tolerance test, ﬂ"q'{( hers,
definte hypoglycemic curve. Of the 25 children of dmbeél; “onl\i
only three had hyperglycemic curves, and only two had hypot?
ceme curves. Jain genetic

Thus, there 15 an interplay betw cen two factors. one, plam gmon'
heredity, and two, a very important factor, the maternal f’nt o
ment which we must recognize at an early stage and ot :“;‘ st
the woman 1s fifty and has permanent }1YP°YS1)'C‘7’"‘“]' ebeforc
observe women at childbearing age and try to find D}‘]’t‘, “I"g erghy-
they are permanently hyperglycemic, whether they n&e‘ lr)upof the
cemia of pregnancy, because this determines the ?c{; 1t101
child which later on will give an anticipation of d]l‘; e;z-s.]m at

Fremont-Smith. Wauld you szy that m the chi ‘:h:; the two
genetic mhenttance, and 15 also born of a diabetic mo yer.
influences act mgethcr to produce a serious sitnaion
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{n Leiden, They were wamen wha had lost at least one baby, who
during pregnancy had prediabetic blood sugar curves, and to whom
insulin in doses of 20, 40, and 100 units was given

Shorr; When did you start?

Hoct: At the fourth month, Now and then it was earlier, but at
least by the fourth month. Thus, there is already quite strong
chinical evidence that by cb the 1 envil we
protect the baby against stillbirth, We shall have to see what hap-
pens to children, but we hope that the phenomenon of anticipation
of diabetes will be delayed

Shorr: In the next pregnancy you start from the very beginning®

Hoet: Yes,

Neefe. Are the muscarriages or abortions always late in the
pregnancy ?

Hoet: In plain prediabetic cases, it is Jate, the fetus dies in utero
n the cighth month However, there are cases, on which I have
chnical evidence, in which we must expect them to abort in the
fourth month In one case, the first baby was bom aliv e, the second,
weighing eleven pounds, died two days after Inrth; and the third,
fourth and fifth pregnancies were abortions at the fourth month
Of course, we have all types of cases.

Best: Dr Houssay, have yon stndied pregnancy in partially de-
panereatized animals?

Houssay: With proper support, an anima! subjected to pan-
createctomy can he mamtaned m a prediabetic state When preg-
nant, such an animal has, in the beginning. a normal blood sugar
fevel The bload sugar tolerance cunve is normal, but after a short
time, the curve will go igher and higher Then the animal develaps
gheosuna

Thus, the first sign of duabetes i thes animal s in the tolerance
cnnve, which is the only possible means of detection We have some
obsenvations but we have not yet finished In alloxan diabetes, there
are sometimes lesions i the placenta in eases of stillbisth However,
we hase not yet seen the mcrease in weight i the newborn and
m rats, we tdo not yet know the reasons for these negatne results

Hoct The onlv people who have seen it in rats are Hultquist and

Engfeldt 123.2%) in Gothenburg They have seen a few cases of a
distinet merease m weight i rats fetuses who died in ptero the Last
dav, however, as a mle, the increase 1n wesght cannot be observed
Decause they die off duninz pregnancy  There was one rat, the
photograph of which is well known, which weighed § gm |, whereas
the ustal werght ds from 5 to 6 gm On the other hand, in the
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177 OF HEAVY NEWBORN TO PREDIABETIC
NOTHERS DUE T0 MATERNAL ENYIRONMENT.

97 OF HEAVY NEWBORN DUE 70 INHERITANCE.
5 DIABETESFREE PARENTS ((ONTROL).

Ficese 11 Role of maternal environment on overweight babies, Repnated, |
azqry)sswn, from Jackson, W. P, U.: Studies m pre-dubetes Bnt, M. ] 2, €
52,

during pregnancy. When they see a heavy newborn, they contt
a sugar tolerance curve during post partum, which is one of tt
worst criteria one could think of. During post partum the %om2
has a physiological hypoglycemia. Fasting, she has a blaod sug.
content of between 60 and 80 mg, If one gives 50 gm. of dextro
the first ten days after delivery, the blood sugar does not go }Hg}"
than 125 mg, and comes back to 60 or 70 mg, after 90 minutes
Therefore, the obstetricians who obtain a blood sugar curve du{m;;
the ten days that the post partum woman 1s in the lying-in hospit’,
do s0 at the very moment yhen they cannot discover the drabetes
The first three months are also not the months with hypéﬂ'ﬂg
ticalism As has been shown by Venning and Browne (15)' 5:3
others, hypercorticahsm starts from the fourth month onw2 tl:y
comes to a peak at the sixth month, 15 a bit lower at the Setve‘;e};
starts to inerease again at the cighth month, a.nd then the Ie:is ;;‘etes
befare dehvery goes down again. Thus, the criterion for pre x}ﬁ e
15 the sugar tolerance curve done from the Fourth month o Pms
nancy It 15 best to do 1t in both the second and third trimes
of pregnancy.

S[;mrgr. Inyu(her words, damage to the fetus is not done m the
first four months?

Hoet 1 could give you the figures from twenty pe‘rsox;nM
and also three cases from A, J. C Haex* in the chinic of

] cases,
ulder

# Personal communication
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in Leiden. They were women who had lost at least one baby, who
during pregnancy had prediabetic blood sugar curves, and to whom
fnsuhin in doses of 20, 40, and 100 units was given.

Shorr: When did you start?

Hoet: At the fourth month. Now and then it was earhier, but at
least by the fourth month. Thus, there is already quite strong
clinical evidence that by changing the maternal environment, We
protect the baby against stillbirth We shall have to see what hap-
pens to cluldren, hut we hope that the phenomenon of anticipation
of diabetes will be delayed

Shorr In the nest pregnancy you start from the sery beginning®

Hoet* Yes

Neefe: Are the mscarriages or abortions always late in the
pregnancy?

Hoct+ In plain prediabetic cases, it is late; the fetus dies in utero
in the cighth month However, there are cases, on which 1 have
chinical evidence, in which we must expect them to abort in the
fourth month In one case, the first baby was born alive, the second,
weighing eleven pounds, died two days after birth, and the third,
fourth and fifth pregnancies were abortions at the fourth month.
Of cowsse, we have all types of cases

Best: Dr Houssay, have you stadied pregnancy in partially de-
mnereatized ammals?

Houssay. With proper support, an ammal subjected to pan-
createctomy oan be mantained dn o prediabietic state When preg-
nant, such an animal has, in the beginning, a normal hlood sugar
Ievel The blood sugar tolerance cune is normal, but after a short
time the curse will go lugher and lugher. Then the animal develops
glycosuna

Thus, the first sign of diabetes in tlus animal is in the toleranee
cunve, which 15 the only possible means of detechion We have some
ahsersations but we have not yet fimshed In alloxan diabetes, there
are sometunes lesions o the phicenta i cases of stilibirth Howeser,
we have not yet seen the fucrease in weight in the newbom and
w rats we do not et know the reasons for these negative results

Hoet The only people who hwe seen it in rats are Hultqust and
Fagfeldt (252%) m Gothenburg They have seen a few cases of a
dutinct erease 1 weight i rats fetuses who died in utero the last
dav however, as a mle, the increase in weight cannat be observed
becanse thes die off duning pregnaney  There was one rat, the
photozraph of which 1s well known, which weighed 8 gm, whereas
the vl woicht 3 from 510 6 gm On the other hand, in the
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adrenalectomized animals Dr. Houssay (29} abserved, in 1945,
that the weight of the animals was low for one or two pregnancies,
and that it increased agam when the accessory adrenals took up
the function of the adrenals.

Houssay: In these cases, however, when the rats are bom therr
weight is shghtly under normal, and during lactation the growth is
deficient. The weight of the adrenals 15 increased in the newbom
1t has been definitely established that adrenotropin increases after
adrenalectomy.

Hoet: We have done another experiment, not on the absolite
weight, but on the increase i weight after four days of cortisone,
and there we obtained an increase in weight of the fetus. When
we gave 0.5 mg of cortisone from the twentieth day of pregnancy
to the twenty-fourth, there was not a gain of glycogen mn the ph-
cents; it was down to 1 gm. or under. However, the weight of the
fetus increased more quichly It 1s difficult to compare two dfferent
animals, and the absolute weights of the fetuses

Houssay: Also, if the birth 1s delayed, in some instances the
fetuses die. However, 1f they are bom, they are larger because the
pregnancy has been extended from one to three days.

Hoct. Yes, that is one of the difficulties Therefore, we gae
05 mg of cortisone for only four days We obtamed an mncrease,
but the figures are not absolutely certain The mean weight of t}_ze
fetuses was 212 gm for twelve fetuses in the control, and 270
gm for twelve fetuses n the experimental animal.

Shorr: To what extent 1s this increase in weight m water?

Hoet. 1 could not tell you.

Best What 1s the sequence of events heref Pregnancy is a s

Hoet: Increase in corticoids,

Best: Yes, but what starts the mncrease m corticoids?

Houssay- Could 1t be estrogens?

Hoet  Estrogens or anterior prtwntary hormones. .

Popper Formation of hormones in the placenta i
mmportant.

Hoet It 15 obtamed with ACTH .

Kosterlitz Can you produce the diak effect of p
by removing the fetuses and leaving the placentae?

Hoet. 1 have not done that expertment .

Kosterlitz This may tie up with observations on the hver, beca:lic
w pregnancy of rodents (mice and rats) we find that ;ror]ﬂsn "
sccond half of pregnancy onward, there s a very marke Imh %5
m the Iner There 1s increased cytoplasmic basophiha, whiel

tress®

tself may be
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due to an increase in the nbonncleic acd content; this occurs in
the absence of the fetuses as long as the placentac are intact. There
seemss to be a factor secreted by the placentac and 1 was just
wondering whether your phenomenon 1s of a simlar nature,

Other changes one finds in the Iner, such as an mcreased tum-
over of phospholipid P, are dependent upon the presence of the
fetnses \When they are remosed, leaving the placentae intact, this
increased turnover is abolished Thus, we have in pregnant organ-
isms various changes, same dependent upon the internal seeretions
of the placentae, and others on the increased metabolism due to
the presence of the fetuses It would be very interesting to know
into which category your obsenvation fits.

Hoet: 1 think that expenment will be very important, becawse
there are very good teasons to thind that the placenta may be the
source of ACTI T do not say that Opsabl and Long's {30) fignres
are absolute, but they have been showing that the placenta atself
contamns, and probably produces, a large amount of ACTH.

Sharr, Jmler (31) s evidence on that

Hoct: Yes, and also Tarantino (32) and Gray (33) However,
there are at feast three Jaboratories which have shown that the
placenta s . source of ACTH Then we have what yon desenbed.
even though the fetus is remosed, if the placenta goes on lning
the source of ACTH 15 there Then we hase the phenomenon of
the hyperglycemta f the pancreas is not perfect

Kosteeitz We have dane some expenments in that direetion
We didd not find any evidence of ACTIL, but pethaps our evidence
was meonclusne When we hypophysectomize pregnant rats and
remore the fetuses at the sune time, ther the weight of the adrenaly
1 reduced gust as at is i ponpregnant ammals, Thns, the wenrht
of the adrenals 15 not muntained by a secretion of the placenta,
which would mdicate

Hoet But you remove the fetuses?

Kosterhitz Yes, but the placentae are stll these

Hoet Ts thit done durmg the Tist wedk of pregn ey ?

Kosterlitz Yos

Htoct: Then the fetuses are formed The fizures which 1 reported
catcern the stage w which the plicentae are Targe and the fetnses
small If the placenta does make ACTH. 1t would not be dunng the
Iist weel when the argans of the fetus are there, 3t would be dunng
the begimmng and nuddle of pregnancy

Kasterltts We removed the fetises on the thirteenth ar four-
teenth day of pregnaney an the rt They are ven small at that
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stage We were not able to mamtain the weight of the adrenals

Hoet. We do not fully know the physiological mechamsms, but
the high susceptibility ‘of the pregnant ammal to carbohydsate
metabolism disturbance produced by glucocorticoids is quite an
astomshing fact. Gomg into that, we found that Florentin and
Picard (34), and Rosenloecher (85) described the formation of
new slets in the pancreas during gestation Verne (36), from Pars,
is able to distinguish a gestation pancreas from any other pancreas
We think that pancreases of pregnant animals are macroscopically
a little more reddish than normal

Shorr: I wonder whether the senaitivity might be related to the
concurrent action of the sterods For example, during the luteal
phase, with high progesterone production, the glycogen content of
the uterine cells 1s greatly increased, and if there are two factors
operating, one of which 1s a hormonal setting already making for
glycogen deposttion, then we have a situation of mereased sens-
tivity to any factor that will deposit glycogen. We cannot dissociste
these, naturally, m a pregnant ammal. .

Hoet: It is posstble However, there is a very close functiona!
relationship between the islets of Langerhans and the secretion of
glucocorticoids by the adrenals. Green, et al. (37) have found that
n 1njecting more and more glucocorticods, they also have to 1
crease in a parallel way the dosage of insulin,

Gyorgy: Can a gestation pancreas be produced in a nonpregnart
ammal with glucocorticoids?

Hoet: 1 suppose it can, Haist (38), who 1njected cor
measured the number of islets, found quite an increase a
ing cortisone for a few days.

Hoffbauer. Was an actual increase in the total number o
in the pancreas observed?

Hoet: Yes, but I think the phenomenon 1s even T
than Haist thinks The islets are really very hyperpl_astIC;
and More (39) have shown that they are very rich m

Hoffbauer: Then it is hyperplasia of islets that already
newly formed islets?

Hoet: T could not tell you that

Lillie: Is it hyperplasia or an enlargement? ko

Hoet. There is a very clear-cut enlargement, but there is
hyperplasia. :

yge?t): What is the story? The placenta forms AEllher y“ “]‘)“:;f:
ACTH or stimulates the liberation from the pituitary. We obts

tisone and
fter inject-

f islets

en more stnhing
Kobemich
glycogen
exist, not
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an dncreased seeretion of glucocorticods, which stimulates the
pancreas You go on from there, Prolessor Hoct

Hoct: 1€ the pancreas is normal, it heeps the blood sugar tolerance
absolutely normal, and there 15 a normal pregnancy. 1€ it is an
animal that has recened alloxan expenmentally, a young persan
in a famly i whom the pwncreas is genetically a It less fune-
tional, that pancreas s not able to adapt itself. Therefore, the
maternal ensvironment beeomes hyperglycemic, and the gheogen
is not formed in the nght way m the placenta. Probably there as a
Iyperglycemia dunng the embryogenesis of the pancreas That
pancreas hecomes abnormal macroscopically, we can see it. If the
newborn Inves, that pancreas, which has been hyperplastic during
its embryogenesis, is going to hecome an organ which gives way
at the age of fifteen, twenty-five, or later, when infection or some
other factor occurs Thus, 1 think we hase a hink hetween the mother
and the anticipation of dhabetes in children, which is not genetie,
but a maternal environmental factor that may be corrected

1n the book of S, Warren (10), there is a picture of the ilets of
Langerhans full of glycogen, produced by the mjection of an amount
of cortisone whieh was not very large, but still much larger than
what we have been using

Goldblatt  Probably crroneowsly, T was under the impression
that, as in the case of the glomerulus, so with the islets of Langer-
hans, the number actually docs not increase after birth. 1T have
thought of the enlargement as being due to an increase, cither
the size of indnadual cells, or in the number of celly

Best This s before hirth

Hoct Alo n the mother's panereas Verne (36) showed pan-
crlr.l\('s m which there were clearent ncreases in the nomber of
wstots

Coldblatt 1 am fully aware that the number of skcts in different
mdraduals vanes a great deal, that 1s anquestionably correet 1 am
alo willing 1o accept the hypathesis that there is a change from
a small number to a Luge number, but it is new to me,

Lille 1 thank ot wonld be hard to prove.

Hoct By wsing pregnant and nonpregnant mice of the <ame
stram at has been shown that in pregmancy there |s an increaved
minber of wlets

Fopper Uahould Bhe 1o taise several points The finst deals with
the pancreas. and vun offer an answer to the guestion which Dy
Goldbtut has raned. If new islets are formed, as T believe donbt-
lessh happens under experstnental conditions and may abse eccur
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stage. We were not able to maintain the weight of the adrenals

Hoet: We do not fully know the physiological mechamsms, but
the high susceptibility of the pregnant animal to carbohydrate
metabolism disturbance produced by glucocorticoids is quite a
astonishing fact. Going into that, we found that Florentn and
Picard (33), and Rosenloecher (85) described the formation of
new islets in the pancreas during gestation. Verne (36), from Pars,
is able to dstinguish a gestation pancreas from any other pancress
We think that pancreases of pregnant animals are macroscopically
a httle more reddish than normal.

Shorr: I wonder whether the sensitivity might be related to the
concurrent action of the steroids, For example, during the Intea!
phase, with high progesterone production, the gy cogen content of
the uterine cells is greatly increased, and if there are two factors
operating, one of which is a hormonal sctting already making f‘{‘
glycogen deposition, then we have a situation of increased senst-
tivity to any factor that will deposit glycogen We cannot dissociate
these, naturally, in a pregnant animal,

Hoet. 1t is possible. However, there is a very close funcfwm]
relationship between the islets of Langerhans and the secretion o
glucocorticoids by the adrenals Green, et al. (37) have found !}f:xt
in injecting more and more glucocorticoids, they also have fo in-
crease in a parallel way the dosage of insulin.

Gyorgy- Can a gestation pancreas be produced in 2 nonpregnant
animal with glucocorticoids? . 3
Hoet: T suppose 1t can. Haist (38), who mjected cortisone 20
measured the number of islets, found quite an increase after mject:
ing cortisone for a few days. et

Hoffbaucr. Was an actual increase n the total number of islets
in the pancreas observed? \ing

Hoet. Yes, but I think the phenomenon is even morc st '.ni’
than Hast thinks. The islets are really very hyperplastics A?beml:n
and More (39) have shown that they are very rich in g)‘“’g "

Hoffbaucr. Then it 1s hyperplasia of islets that already exist, ¥
newly formed islets?

Hoet 1 could not tell you that.

Lilhe Is 1t hyperplasta or an enlargement?

Hoet There 1s a very clear-cut enlargemen
hyperplasia

yll;el;f What 15 the story? The placenta forms. Either 1
ACTH or stunulates the liberation from the pituitary We

t, but there s also

r 1t mahes
obtain
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an mereased secretion of glucocorticoids, which stimulates the
pancreas You go on from there, Professor Hoet

Hoet. If the pancreas 1s normal, it keeps the blood sugar tolerance
absolutely normal, and there 1s a normal pregnancy, If 1t is an
animal that has reccived alloxan expenimentally, a young person
in a family in whom the pancreas is genetically a bit less func-
tional, that pancreas is not able to adapt itself. Thercfore, the
matemal environment becomes hyperglycemic, and the glycogen
is not formed 1n the nght way in the placenta Piobably there is a
hyperglycemia during the embryogenesis of the pancreas That
P b abnormal ically, we can see it If the
newborn Ines, that pancreas, \:’]lic]\ has been hyperplastic during

and the anbieipation of diabetes in children, which is not genetic,
but a maternal environmental factor that may be corrected.

In the book of § Warren (40), there is a picture of the islets of
1 chans full of glycogen, produced by the of an amount
of cortisone which was not very large, but stll much larger than
what we have been usmg

Goldblatt. Probably erroncously, I was under the impression
that, as 1n the case of the glomerulus, so with the islets of Langer-
hans, the number actually does not increase after birth 1 have
thought of the enlargement as being due to an increase, either n
the size of individual cells, or in the number of cells

Best Ths 1s before birth

Hoct Also m the mother’s pancreas. Verne (86) showed pan-
creases in which there were clearcut increases m the number of
islets

Goldblatt T am fully aware that the number of wlets in different
wdiiduals varies a great deal, that 1s unguestionably correct T am
also willing to accept the hypothesis that there is a change from
a small number to a large number, but 1t 15 new to me

Lilhe T think it would be hard to prove

Hoct By using pregnant and nonpregnant mice of the same
strain, 1t has been shown that m preg there 1s an i d
number of slets

Popper T should Iike to ruise several points The first deals with
the pancreas, and may offer an answer to the question which Dr.
Goldblatt has raised If new islets are formed, as T believe doubt-
lessly happens under experimental conditions and may also occur
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stage. We were not able to maintain the weight of the adrer

Hoet: We do not fully know the physiological mechanisms
the high susceptibility of the Pregnant animal to carbohy dr
metabolism disturbance produced by glucocorticords is quite
astonishing fact, Going into that, we found that Florentin 2
Picard (84), and Rosenloecher (85) described the formation
new islets in the Pancreas during gestation Verne (36), from Pu
is able to distinguish o 8estation pancreas from any other pancre
We think that pancreases of pregnant animals are macroscopical
a little more reddish than normal,

Shorr: I wonder whether the sensitivity might be related to th
concurrent action of the steroids For example, during the lute:
phase, with high progesterone production, the glycogen content o
the uterine cells is greatly increased, and if there are two factor
operating, one of which 1s a hormonal setting already making for
glycogen deposition, then we have a sitnation of increase'd senst-
tivity to any factor that will deposit glycogen We cannot dissoute
these, naturally, in 5 pregnant ammal, !

Hoet: 1t i possible. However, there is a very close :’unchomf
relationship between the islets of Langerhans and the secretmnhﬂt
glucocorticoids by the adrenals Green, et al (37) have found t J_
in injecting more and more glucocorticords, they also have to m
crease in a paralle] way the dosage of insulin, ;

Gyorgy Can a gestation pancreas be produced in a nonpregnan
animal with glucocorticoids? . nd

Hoet. 1 suppose it can Haist (88), who mjected cortisone a "
measured the number of islets, found quite an increase after injec!
ng cortisone for a few days.

§1uﬂbauer Was an actual mcrease m the total number of 1slets
mn the pancreas observed? criang

Hoet. Yes, but I think the phenomenon is even more ;" xcf
than Hasst thinks The sslets are really very hyperplastic; I“I’ i;men
and More (39) have shown that they are very rich in g}_cr gno!

Hoffbauer, Then 1t 15 hyperplasia of islets that already evist,
newly formed isletsp

Hoet 1 could not tell you that | "

Lilhe Is 1t hyper, lasia or an en argemen

Hoct There }x,sp apvcry clear-cut enlargement, but there 1s also
hyperplasia es

ygcg) What is the story? The placenta fm’m.i E"!‘e;'v" :l];tl:l\m
ACTH or stimulates the liberation from the pitwtary. We
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you that Emmanuel G Ambrose,* of the University of London, told
me that the best matenal for study was the pregnant mare, m which
the 1slets inereased many times

The fact of erythroblastosis s a chinical one They have nucleated
red blood cells at the pertphery, perhaps 20 per cent. 1 had one
with 10 per cent If they died, the pathologists described erythro-
blastosis in the hver, which means 1slets of blood-forming materral
The most complete paper on this subject 15, I think, by Miller (21)
We saw the lustory of the two patients, whose two children had
died The two newborns who died had been exsangumated and
transfused, because the medical men thought 1t was rhesus mcom-
patibihty, 1t was at the next pregnancy that we were able to put
nght that false diagnosis

1 do not think we can say that experimentally we have seen
erythroblastosis, up to now it has been only a clmeal fact How-
ever, I know that Gyorgy has been looking into the matter, and
has some speculations about the pathogenesis of that condition

Gyorgy As Professor Hoet stated, D1 H C Miller (42) of
Kansas City, about mine years ago also published an excellent paper
on erythroblastosis m newborn infants of diabetic and prediabetic
mothers, with all the istologic entena one would require 1 cannot

PR A A

remem®-~ - L-s » placenta, but cer-
tandy In Ius conclosions
he sta n a newbom of a

diabetic or prediabetic mother, cannot be distmgished from the
similar condition seen m rhesus incompatibibity In the latter, as
Professor Hoet pomnted aut, the mmportant difference is that the
erythroblastosis and its sequelae really come to the fore on the third
or fourth day, sometimes on the second day, but less commonly at
birth, whereas 1 diabetic erythroblastosts, it disappears 1n a few
days and does not requnre any treatment.

Erythroblastosis means mcreased destruction of red blood cells,
which m turn ind P to some h agent We
found piestously that alloxan, or rather its reduction product,
dialunic acsd, may act as a hemolyzing agent provided there exsts,
simultaneously, a deficiency of vitanun E (48,44,45) Furthermare,
1t has been shown that newborn ammals and humans are 1n a state
of more or less d vitamin E defi y, which may be
called “physiologic” (43,46) In order to connect these two seem-
ngly mcongruous findings, we made the assumption that 1n dabetic
or prediabetic mothers there must arrculate 2 hemolyzing, allovan-

* Personal communication 1953
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exceptionally in the human, the intercalated cells of the excreton
parenchyma should be the site of the formation of new islets For
instance, these cells proliferate in cystic fibrosis of the pancreas,
giving rise to the formation of islet-like structures, as I am sure
Dr. Goldblatt and Dr. Lillie will agree. If new islets should form
in pregnancy, these intercalated cells should carry the brunt of
regeneration and new formation, and I believe it should not be
difficult for the morphologist to d ate such an i

The second point deals with the very fascinating relationship
between the placenta and liver. My co-worker, Dr. Elas, has re-
cently restudied the embryology of the hver, and I have leamed
from him that the liver eventually takes the place of the yolk sic
With an apology to the physiologists, I believe with him that the
liver has a function probably comparable to that of the yolk sac
even in adult hfe. The metabolic interrelationships between Iiver
and placenta should therefore be very interesting,

The third point deals with the erythroblastotic picture m the
diabetic cluld, which I stll do not quite understand, I should
appreciate enhightenment from Professor Hoet or Dr. C)'org)’~'n"“'
do we define erythroblastosis? Of course, the common defimtion 15
that of a hemolytic dicease of the newborn due to incompatibility,
mostly in the Rh group, but sometimes m other blood group factors.
the fetal and infantile organism responding with excessive erytare-
poletic regeneration, Is there evidence of hemolysis or any other
reason for such a regeneration? Morphologteally, we have, I‘behe\ef,
three important enteria for erythroblastosis There is the pxcturc;qo
excessive erythropoiesis in the hver, which of course occurs 1 Dt;"
conditions also and I believe is that to which you ref‘er. I\eﬂ{ 4 :
septal capillaries of the lung reveal m erythroblastosis Veli)’ 3:‘%2
en throporetic cells, and this is almost more characteristtc than .
changes n the liver, and even recognized in maceniated fetus h
often rely more on the lungs than the hver for diagnosis, ar
wonder whether these changes are seen in dinbe!e{ ¢ thucke

Lastly, the placenta may show a charactenistic pmt'uredu at‘oui
enad vills, though it 1s claimed that that occurs mainly in e emthw-
children (41) Ts the glycogen increased in the placenta i eny e
blastosis? I am confused about the relation betwt?en diabetes or e
glucocorticod response and the erythroblastotic changes it
hver Could you help me, Professor Hoet? pore

Hoet Before speculating any more, we hope to have mfmtllze new
morphological data, we do not know exactly the sonrce OI el
islets, and so on, and are looking for material. Howeser, c
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a gir! who became pregnant. In the third month she had a bl.ood
sugar of 300 mg She aborted. When she came back, she was plainly
diabetic, and she d so indefinitely. Apparently, the hypo-
glycemic curve may change to a hyperglycemic curve, and then
back again to a hypoglycemic curve

Fancom (1935-1938 ), published reports on six cases of acetonemia
with hypoglycemia, and he published these because after the phase
of hypoglycemma they became plamly diabetic. I, myself, have seen
two cases of chronic hypogly not in the Isive stage, they
were the children of diabetic mothers One was bomn when the
mother died of actdotic coma during pregnancy

That is not a proof We have no pathological matenal However,
when we see those patients with hypoglycemia for years and years,
and they become diabetic later, it 1s a fact which we cannot forget,
even if we do not know how 1t happens,

Hartroft. What do you think happens to all these superabundant
wslets in later life when diabetes develops?
Hoet 1 do not know
Shorr: Inasmuch as diabetes 15 not ssmply an msuln msufﬁcienc‘y,

Dr Houssay?

Houssay That 1s possible, 1t seems to me that the pont deserves
more quantitative research

Best Is there any clhimcal evidence that the hypercorticalism
persists® That would be 1n the mother, would 1t not?

Houssay With cortical hormones, after a long time we obtain
a hyperplasia of the 1slets i the rat We could prevent diabetes
in rats with subtotal pancreatectomy by giving different compounds
At the beginning there 1s an increase of symptoms of diabetes 1n
some cases because the cortical steroids have some diabetogenic
action, but after three, four, five, or six months, the amimals treated
have less diabetes than the untreated For example, they have 10
per cent, or something like that, and the ammals without treatment
have 77 per cent In the protected rats, there 15 an ncrease in the
islets of Langerhans 1 have data on compounds A, E and F

Madden. 1 helieve there are some figures on the number of 1slets
m the pancreas of the newhorn in relation to the adult human
pancreas, and these might be pertinent. As I recall, they are quoted
by George Gomori (48), but I do not remember whom he was
quoting After birth ther¢™®n distinct merease m the number of

.
3
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like agent, .with its source in the maternal metabolism, The agent
may freely invade the circulation of the fetus, where its hemolyzing
effect will become evident owing to the absence of sufficient amourt
of protective vitamin E. On the other hand, the red blood cells of
the rr.mther, with her sufficient stock of vitamin E, will and should
remain unharmed. The disapp of erythroblastosis in the
!nffmt after birth may be explained by cutting off the noxious agent
in its source, ie., in the maternal metabolism,

Obviously there is no proof for this assumption. Giving large
doses of vitamin E to pregnant mothers failed in experiments be-
c?use.of the inability to break through the placental bamer for
vitamin E. In contrast to rats, the “physiological” vitamn E de-
ficiency in newborn human infants was not significantly relieved
by administration of large doses of vitamin E to the pregnant
mother. We should perhaps try to substitute some other antioxidant
for vitamin E, a substance which might penetrate the placentat
barrier, and act in the fetus as vitamin E does.

Hanger: Do these prediabetic children have evidence of
hemolysis?

Gyorgy: No, because it is not a massive hemolysis Jaunduce 5
rare, and usually not very marked in the erythroblastosis of nes-
born infants of diabetic or prediabetic mothers. As a rule the only
clinical sign of erythroblastosis is the presence of nucleated red
blood cells in pathologically large numbers in the circulatmg blood,
with extramedullary h siesis at histological e tion of
the liver and lungs

Hartroft- The question I should like to ask Professor Hoet is 0n¢
that he may say is premature at this stage, but nevertheless T hope
he will consider it He demonstrated that the heavy newbom of the
prediabetic mother has more islets than normal, as shown by the
figures, and said that this is associated with hypoglycemia Loter
on 1n life, some of these infants develop hyperglycemia and diabel®s

This last step I find difficult to comprehend. If an infant is bom
with even better than normal equipment for the production ¢
insulin, why should its islets fail later on? This sequence seernsda
variance with the classical concepts of disuse atrophy. I wot e
whether Professor Hoet could explain the link between these tW0
stages of hyperplasia and atrophy.

Hoet: There 1s a Imk m the experience ol od 2
John (47) who, from his experience of 15 to 20 years publish
paper on 57 cases of prediabetics in 1950, has shown seven of 81{;”
cases who were hy poglycemic f0r five or six years- One of them ¥

£ certain clmes D
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and were plainly hypoglycemic Then they became pregnant. They
were all nght during pregnancy, but after partus, the convulsions
again started in both cases. Both the cases of Campbell, and the
one of Pompen, were operated upon and very clear-cut adenomata,
or msulinoma were found

When we look at the blood sugars during pregnancy, or at mei-
dences of infection, and so on, we find that even during the convul-
sive pentod of hypoglycerma, there are hyperglycemic tolerance
curves Thus, hypoglycemia and hypergl ia are conditions
which have something 1n common, “Dysmnsulimsm” has been used
svery often to cover all vamances in the relations of our clinical
statements to the pathological findings

Herman Ferner (52) i 1938, saw that 40 per cent of the cells
of wlets in normal newborn cluldren are beta cells, and m the
pancreas of the newborn of diabetic mothers, the figure is still
mercased I think hes statements are farrly well established Dr,
Hartroft told me that Ferner used drawings and not microphoto-
graphs, but T still think it was worth while to show them in his book

Neefe TIs there any possibihty that m the hypogl states
that you referred to one might be dealing with an aberrance of
external pancreatic secretion m these newborns, rather than just
the islets of Langerhans? For instance, m deficrencies of extra-
pancreatic seeretions, at times one does see hypoglycerma as a
phenomenon It may be that the total organ 1s involhed i these
ligures

Hoct Of course, these are statements out of the lterature How-
ever. if we read the literature on hypoglycemia and hypergly cemua,
we find the chmieal fact that cancer of the head of the pancreas
praduces diabetes One gives these cases msulin for four or five
months, but the last two months they do not wish any mnsulin, and
hecome plamly hypoglycemic Verne, and others, have been study-
mg those cases, which are more or less a repetition of the hgation
of the pancreatic duct by Laguesse (53) and others, and they find
an ierease 1 islets 1 the pancreas, when the head s cancerous

Of course, we should not try to go too far, and this brings us
a long way from the that dunng y the woman
1s hypersensits e, from the carbohydrate metabolism point of view,
to cortisone and ACTIY
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islets. If this reserve, so to speak, were used up by the stimulus
occurring in a fetus of a diabetic mother, it might be ready for the
assaults of Jater life

Hartroft: You think the pancreas has only a certain reserve for
forming islets, if it 1s exhausted too soon, there is nothing Jeft.

Madden: There are certain vanable limitations for resenes of
all the organs; for example, hypertrophy of the heart. The heart
does not hypertrophy indefinitely; there arc himitations What im-
poses them, I certainly do not know, This just occurs as a possibilty.

If the hyperinsulinism occurs early in Iife, it may, as Dr Shom
suggested, induce a Frankenstein reaction of the anti-msulin balance
that may have a greater capacity and could, therefore, easl
dominate later on, going from a hypermsuln and hypoglyceme
state, to a hyperglycemic state,

Lillie: Is there anything known about any shift 1n cell type of
the islets in the alpha and beta cells?

Madden: 1 have not seen that

Houssay: Usually n the hyperplasia there are more bet
alpha cells in these cases

Goldblatt: There is one assumption that we are all making \\hlfh
perhaps may not be justifiable; that is, that with the merease 11
number, the cells are still normal In that case 1t may be that the
cells are actually more vulnerable to noxious influences, and there-
fore deteriorate more readily

Houssay: An important question is the ani
The rat very easily develops a hypertrophy an
1slets. However, observations on the rat do not necessal
what could happen in other species.

Best If we can reproduce this i a
should be reasonably easy to work out some of the y s

Hoet. As to the relationship betsveen chronic hypoglycemic sme.
and diabetes, I should hke to report two very mportant obser‘ﬂ‘
tions One 15 the first case of hypoglycerua was o.pers!ed on "
Judd (49), of the Mayo Chnic. The patient was using 200 gn]“_;,\e
Sugar a day, and was operated upon for his chronic convu ot
hypoglycemia. They found a tumor in the sslets of Lnngerh:msl.lsi‘e
he died after the operation Three years before he was 1 comu
hypoglycemia, he was passing sugar in the urine. en

There are two cases m the literature, one publshed by P;’Im:l:n 3
(50), from Deventer, and another by Howland, Cﬂmelébe k-
collaborators (51), of hypoglycemic women who start :(:;f()}
sions the first fortight after partus. They had a blood sug

a than

imal species studied
d an increase of the
nly ndicate

n experimental animal,
mechanisms



w
]

-

The Liver and Carbohydrate Metabolism

1o the chemistry of growth Proc Roy Soe¢, London, 3B 80,
263 (1908)

Hoer, P L Cotisone and placental glycogen wn the rabbit
] Phyuol 120, 68P (1953)

VAN Beek, C Autopsy findings in stillbuths and neonatal
deaths suggesting maternal diabetes Communtcatron 1st Internat
Congr of the IDF, Lewden, 1952,

Mirrr, H C, and WinsoN, H M: Macrosomn, cardiac
hypettroph and hyperplasia of the sslands of
Langethans 1n infants born to diabetic mothers | Pediat, 23,
251 (1943)

Dusrruit, G  Hypertrophie du parenchyme endocrine du
panceéas chez des nouveau nés 1ssuy de méres glycosuriques
Compt vend de I'Assoc d anat 46, 173 (1938)

BurN, ] H  The Background of Therapeutses New York and
London, Oxford, 1948

BartriMEmncr, H, and Kroos, K Die Auswirkung des
expertmentellen Drabetes auf Graviditat und Nachkommenschaft
Zischr § d ges exper Med 119, 246 (1952)

HurrQuist, G T  Duabetes and pregnancy, anmmal study
Acta path et murobiol scandimay 21, 695 (1950,

JacksoN, W P U Studies 1n pre diabetes Bra M | 2, 690
(1952)

Whrrz, P, Kosuy, P, and Duckrrs, ]  The management of
pregnancy complicating diabetes and of children of diabetic
mothers M Chn North Amerna 37, 1481 (1953) (Phila
delphia 20d London, Saunders)

Huerquist, G T, and EwoFsior, B Gunt gromth of mt
fetuses produced experimentally by means of adminsstration of
hormones to the mother during pregnancy Acta endourmol 3,
365 (1949)

Houssay, B A Acadn de 1t nsuficiencia supracrenal durante
1a preiiez sobre la madte y el hyo Rev Soc argems de brol
21, 316 (1935)

Opsan, ] C, and LoNg, C N H  Identification of ACTH in
human plicental tissue Yale | Brol & Med 24, 199 (1951)
JuLer, | W Adrenal Funition Duemg Pregnancy and the
Lffect of ACTH During Pregnancy Proc Second Clin ACTH
Conf Vol T Rescarch New York, Blaksston, 1951 (p 77)
TaRANTINO, € Sulla presenza di ACTH nella placenta Folia
endocrmol 4, 197 (1951)

Dr Courey, C, Grav, C H, and LuNNON, ] B Adrenal
cortical hormones in humaa placenta Nature 170, 494 (1952)
FLorrNTIN, P, and Picarp, D Recherches sur le pancreas
endonine Rer frang d endocrmol 14, 1 (1936).
RostNLoFCHER, K Die Vecanderungen des Pankeess m der
Schwangerschat bet Mensch und Tiee Arch . Gynak, 151,
367 (1932)

VLRNE, J - Polynesic et &sic langerh 2é
tions histophysiologiques sur I jon de nombre et de




N

“w

Licer Injury

. BARKEr, § B, and Sweer, | E : Effects of carbolydrate plethors

in experimental diabetes. Science 86, 270 (1937).
Kosrrauz, H.. Dber die Glykogenbildung in der Leber ohne
Insulin; zugleich ein Beitrag zur Theotie der Etsatzkoblehydrate
Arch [ exper. Pah. w. Pharmakol 173, 159 (1933).
Kraut, M E.- Effect of insulin and pitustsry bormones on
?llu;;lsj uptake 1 muscle. Amn. New York Acad. Se. 54, 689

. Ssong, E: R of carbohyd xidation in duabetic

tissue an vitro Science 85, 456 (19’37)‘

. DE Duve, C, Hers, H G., and BOUCKAERT, J. P.c Nowselles

recherches concernant action de Vinsuline; action de Iinsulne
sur le glycogéne du fote, Arch internat. pharmacodyn. 72, 45
(1946},
De Duve, C, De Naver, P. P, Van Oostveor, M, and
BouckAgrt, | P.: Nouvelles recherches concernant action de
Vinsuline, action de Yinsutine chez 1'animal normal, hépatectomist
ot évigcéré Arch, imternat. pharmacodyn. 70, 78 (1933)
Hivwicw, H E. Bram Metabolum “and Cerebral Disorders
Baltimore, Willtams & Wilksns, 1951
KRUHGFFER, P., and MuNTz, |. A - Carbohydrate metabolism
of the ssolated perfused cat liver 2s studied by labetled ghuccse
and fructose Arta physol, scandmav, 30, 258 (1954)
StLTrEN, DEW, JR, and Boxeg, G E: Studes in carbo-
hydrate metabolism, metabolic defects in alloxan diabetes [
Biol Chem, 156, 271 (1944).
SoskiN, S, Essex, H. E, Hermcx, J F., and Mann, § €.
Mechanism of regulation of blood sugac by hver Am ] Phyiol
124, 558 (1938)
Loewy, O Die chemische Uebertragung der Nervwirkung
Schwerz med Webnschr 67, 850 (1937).
Barns H. H F, LiNoan, O, MorGans, M E., Rew, E, and
Swyen, G ] M’ Foetal mortahity in pregnant rats treated with
anteror-pituttary extracts and 10 alloxan-dubetic yats Lancet 2
841 (1950
Young, I' G Growth hormone an:
Clm Endocrmol 11, 531 (1951) i
Vennie, E H, and Browne, | S L. Usinaty excretion &
adrenal cortical sterords Amn New York Aved Se- 50, 62
1949
l(\IELso}N‘ D H, Samuris, L T, Wierarpson, D, G, "{]A
Tyrer, F H  The levels of 17-hydroxy cotticosteroids in p:"aj{' !
eral blood of human subjects ] Chn Endorrmol 1L, 102
11951)
Busn, I E The paper chromatograpl
apphicatton to assay }Engﬂems BIO{U}%] of Antetior P/tmm!,;nd;:
Adrenacortical Hormones Ciba Foundation Colloquia on
crisology Vol V. London, Churchul), 1933 (p 203)
LocHHEAD, |, and CRAMER, W . The glycogenic changes !
placenta and the foetus of the pregnant i)

d expertmental dusbetes i

hy of sterords and s

Bbit- a contebution



THE LIVER AND FAT METABOLISM

SAMUEL GURIN
Depariment of Physiologual Chemstry
Unersity of Pennsyliania School of Medicane

It 15 Quite apparent that the problems of the Iiver and fat metah-
olsm cannot be confined to anabolism and catabohsm of fat.
Fat molulization, transport from extrahepatic tissues to the hiver,
and hormonal and physiological controls are also imolved There
15 the question of release of lipid from the Inver to the errculation.
There are other problems, mvolhng the effects of nutritional de-
ficiencies upon the fat content of the liver. All of these, of course
are tremendously important,

Can any of these be pushed along another angstrom or so by
utihzing some of the newer tools which have been developed im
recent trmes, such as better methods of dong in titro studies?
There are improved methods of homogemzation of tissues, separa-
tion of cellular components, and extraction of water soluble en-
zymes There are also, of course, the isotopes that are avalable
d - -~ . AN

I

poir .

defictent animals, and with methonme-deficient ammals You are
all even more familtar with the profound results produced on the
Iner of such ammals, so far as the fat content 15 concerned.

What are the metabolic reasons for the acctmulation of fat n
this tissue under these conditions? Is tlus because there is a failure
to oxrdize the fat? Is st because of mcreased synthesis or mobiliza-
tion?

Some of these questions have probably been answered already
by some of you Iloweier, since we now have the imnportant
enzymes miolied mn the synthesis of the fats m aqucous solution,
1t should be possible to find out where the defect Lies+ what enzyme
has been destroyed, of that be the case, and what cofactors are
lacking It scems to me that the time has come for an attack upon
spectfic metabolie defects in this particular condition

1 shall speak chiefly on the synthetic aspect of the fatty acuds and
perhaps brefly on their oxdatne fate prmanly because there have
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fatty acids, and probably also of the carbohydrates. Acetyl y
Als dcmed (oo from pyruvate as a result of the action of pyruvic
ovidase, and so here we have a common mecting ground for both
carbohydrate breakdown and fat breakdown,

The acety] coenzyme A can condense with itself under appropriate
conditions to form acetoacetyl coenzyme A. This has been worked
out very beautifully in F Lipmann's {2) laboratory. There is an
enzyme in hiver which very actively and rapidly hydrolyzes the
coenzyme A 1\vay from the ucetoacetyl coenzyme A to produce
P an end product of
metabolism It is slowly, :md \vlth dlﬂiculty reactivated by the Iner
to form acetoacetyl coenzyme A, and so I have not put an arrow
there pomting 1n the opposite direction There 15 a small amount
of activation possible in the liver, but by and large the acetoacetate
15 relatisely inert in the liver, a fact that 1s well known to all of you

The central compound, acetyl coenzyme A, may also be reutilized
for resymhesls of long chamn fatty acids The arrow on the left,
gomg up the possibility that the liver can utilize
this two-carbon fragment for the resynthesis of fatty acds

1 should lTike to summarize some recent workh which has come
to frmtion 1n recent wecks after many years of study on the oxida-
tion of the fatty acids by the hver (Figure 13) Not all of the indi-
vidual steps has e been ngorously proved, but I think thcre 15 enough
evidence to indicate that the mech lved 15 bly cor-
reet, 1t involves an activation of long-chamn fatty aaids “dernved from
triglycerides and phospholipids The reaction probably requires

CoA
R CH,CH,CH; COOH ~————> R CH,CH,CHLCO - SCoA
-2E
FAD
H;O
R CH;CHOH-.CH;CO-S CoA we————=——>R CH,CH = CHCO § CoA
il
DPN
CoA
R-CH,-CO CH; CO $-CoA «————> R.CH,CO S.CoA + CH,; CO:S CoA

Ficere 13
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been, I think, some very tmportant recent developments in tk

Before doing so, however, I should like to call your atter
the framework within which T am gomng to talk Figure 12

Fatty Acids

l“'  bbted i Dubeter PRI, At
.

—_—

. 5 1 L +0r
———— CH,COCH,CO5CoA
l cI
A

CH3 COCH,COOH oy 41

Ficune 12

a very simple scheme which will serve to orient those of o
have not been keeping up with the work going on 1n this iso
metabolic, in vitro field.

Fatty acids can be, and are, oxidized by the liver b?' ap
that I think 1s now fairly well understood. The major P
formed upon oudation of fatty acids is probably largely
coenzyme A, which contains an acetyl group attached to the!
of coenzyme A This substance, T think, 1s pmbftb]y the Iong-ml‘
mysterious 2-carbon fragment that can be derived from faltyt<
The oxidative process 1s not completely clear, that has g"
settled. However, I think there 1s no doubt that lhevprE om
product resulting from the ovidation of the Jong-chain fatty
i the lver 1s acetyl coenzyme A

The fate of acet;}ll coenzyi,ne A is also reasonably well um[i]e'ri
This substance, as has been so beautifully demonstrated by t
and Ochoa (1), will condense with ozalacetate to furl;:e;l]
Thus system has been isolated The enzyme mvolved has i
fied, and m a solution of the enzyme (;Jvith acetyl coenzyme A,
oxalacetate, citric actd can be forme

I think most of us are agreed that tins r'epresenis P'O!’r:l;])‘
major patlway by which the acetyl porf!on of coenzy thee
audized to CO. and water Thus, the series of reac‘(‘;o?scn 5
the Krebs cycle 1s probably the major pathway of ovidat
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hahl

fatty acids, and p also of the carbohyd Acetyl coenzyme
A is derived, too, from pyrusate as a result of the actian of pyrumic
oudase, and so here we have a common meeting ground for both
carbohydrate breakd and fat breakdown
The acetyl coenzyme A can condense with itself under appropriate
conditions to form acctoacetyl coenzyme A This has been worked
out very beautsfully in F. Lipmann’s (2) laboratory. There 1s an
enzyme m hver which very actively and rapidiy hydrolyzes the
coenzyme A away from the acetoacetyl coenzyme A to produce
Acetoacetate, in lver, rep an end product of
metabolism It 1s slowly, and with difficulty, reactivated by the liver
to form acetoacetyl coenzyme A, and so I have not put an arrow
there pomting n the opposite direction. There 15 a small amount
of activation possible in the liver, but by and large the acetoacetate
15 relatively mnert m the Iner, a fact that is well known to all of you.
The central compound, acetyl coenzyme A, may also be veutilized
for resynthesis of long-cham fatty acids The arrow on the left,
gomg upwards, mnd the possibility that the liver can utilize
this two-carbon fragment for the resynthesis of fatty acids
1 should like to summanze some recent work which has come
to frumition 1n recent weeks after many years of study on the ovida-
tion of the fatty acids by the ner (Figure 13), Not all of the indi-
vidual steps have been nigorously proved, but I tlnnk there 1s enough
evidence to indicate that the mechanism mvolved 1s probably cor-
rect, it involyes an activation of long-cham fatty acids dernved from
tngl des and phospholipids. The reaction probably requires

CoA
R-CH,CH,CH, COOH ~————> R CH,CH,CH,CO . § CoA
2E
FAD
H,0
R CH;CHOH CH,CO § CoA =——————>R CH,CH = CHCO.5 CoA
28
DPN
CoA
RCHy CO CH,.CO § CoA ~——— R.CH,CO § CoA + CH;-COS CoA

Ficure 13
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ATP (adenosinetriphosphate) and coenzyme A to give 2 long
chain acid which is combined through its carboxyl to the sulfr
group of coenzyme A, a long-chain acyl coenzyme A. This actnatel
fatty acid may now be ovidized (the enzyme involved is a favopro-
tein) to an unsaturated acid which is still attached to coenzyme A
This alpha-beta unsaturated compound is hydrated to form the
beta-hydroxy acid coenzyme A complex, which may then be ou-
dized, thereby losing two electrons, by a system requirmg DFY,
or coenzyme III, to form a beta keto acid, still linked to coenzyme A

At this pont there is a cleavage which involves an enzyme that
has been called thiolase and a second molecule of coenzyme 4
Here now is the beta oxidation that all of us have known for many
years: a cleavage forming one molecule of acetyl coenzyme A asd
an acid which is now shorter by 2 carbons, but which is still attached
to coenzyme A.

What has been accomplished by this? Two carbons have beet
broken off. We now have an acid shorter by two carbons, but thi
15 in an activated state, and the process may now contim:e unt'\l
all of the fatty acid has been cleaved into acety] coenzyme A This
we may call a fatty acid oudizing eycle, if we like As I say, man}
ponts will need further investigation, but there is enough f:wder!t;
now to convince most of us that this represents the way in “}“’55
the liver certamly, and perhaps other tissues, ondize fatty 2¢i

In the time I have at my disposal I cannot pay tubute to all .
the nvestigators involved n this study, but I might say that st:u'm\rz
with the brilliant work of Munoz and Leloir (3) a number ofd)lfam7
ago homogenates were first made that were capable of o'}c]l '12;;
fatty acids This was continued in the laboratories of Lg f(’;“r‘:m
(4), and later Lipmann (2), Lynen (5), Ochoa (6), an b
(7) There were many others, The details of this particular me "
nism could not have been worked out without these newer t ;r‘om
techniques of homogentzing, separating cellular comlﬂme.“‘lsc din
such homogenates, extracting out the soluble enzymes m“’t‘ an
each of these steps, determimng the cofactor reglur?n;eﬂ ;;ﬂ““
finally separating the enzymes to study each reaction in ‘l‘)le made
because 1t 1s only in this way that most intermediates can o it
to acenmulate This has been the secret, T think, of the succe
this particular area, »

Shorr Would you hindly repeat step 47 «d

Gunin We ha\)e a hydration of the alplm-bc.m‘unszmlrat;:i!;“m
to form the beta-hydroxy acyl coenzyme A. This is quite ? «thooks
the standard metabolic reactions that we have seen in t€
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for the last twenty years, the only difference betng that this is all
accomplished on mtermediates attached to the coenzyme A mole-
cule We are gong through an alpha-beta unsaturated acid, a beta-
hydroty, and a beta-keto acid, but the only difference is that these
are combined with coenzyme A and are not there as free acids This,
of course, 15 one of the reasons why they have been difficult to
1dentify, The other reason is that these enzymes are active meta-
bolteally and i diates do not late. It 15 only when we
can punfy the enzymes that we can have such mtermedhates ac-
cumulate. You ‘will notice that Figure 12 has separate arrows
indicating synthesis and cudation This 1s enly for the purpose of
simpheity, and not to imply that the reactions may be totally
different

This is one area in wlich there 15 some debate 1 think most
investigators believe at the moment that the reactions imvolved 1n
the oxtdation of the fatty acids down to acetyl coenzyme A are really
reversible, and that the acetyl coenzyme A can condense with tself
by the same seres of reactions to form long-chain fatty acids How-
ever, this has not yet been established

1 will say this 1t has been possible to demonstrate in 1solated
enzyme systems that acetyl coenzyme A can form, or be converted
mto, butyryl coenzyme A In other words, 2 molecules of acetyl
coenzyme A have condensed to form acetoacetyl coenzyme A, and
then by a simuple reversal of the reactions that I have shown in
tlus figure, we obtain hutyryl coenzyme A

Shorr tow about propionyl?

Gurin, 1 believe 1t has been demonstrated that that will also
condense

Shorr Has 1t? There 1s a very cunous situation with propionic
aad, at least in certamn tissues Fuichgott and 1 (8), working with
smooth muscle of the rablnt intestine, showed that fatty acids
would support the contractility of muscles which had been allowed
to run down through the exhaustion of their carhohydrate stores
during incubation in the substrate-frec medium When we added
butyrte acid, contractility was resumed 1f we then added propiome
actd, we mlubited the contractility due to butyric acid, and of we
added mare butyric acid, we could overcome the inhibition due to
proprome acid We interpreted aur experiments as indicating that
beta-oudation occurred in mtestinal smooth muscle, and that
propronic acyd and the two carbon fatty acid fragments competed
for the same enzyme surface When there was a preponderance of
two carhon fragments, smooth muscle contraction went on but
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when propiome acid predominated, contractility ceased, because
the concentration of propionic acid prevented the two carbon frag-
ments from getting on to the enzyme surface.

Gurin: As a matter of fact, Stadtman (9), I believe, demon-
stated with micro-organisms, this condensation of a 3-carbon with
a 2-carbon fragment, and it is a rather simlar type of condensation

If the process is truly reversible — and that means the enzymatic
steps are the same in both oxidation and synthesis — there ase 2
number of questions, of course, that are immediately rased For
example, what decides which shall predominate: oxidation or syn-
thesis? How do hormonal and nutntional disturbances affect the
mdividual steps involved 1n this synthetic process?

I have been interested in the first question: what enables the
synthetic process to go on, and what helps it go one way or the
other. Some of the work that has been done by my colleagues bears
on that particular point. We have been using primanly an extmct
of liver, which is particle-free, contains soluble cytoplasmic enzymes,
and also an extract of mitochondria Thus, we have in this water
soluble system the enzymes extractable from the mitochondra)
fraction obtained from the hver, plus what remamed in the super
natant fraction. .

Shorr. May we have, for the record, your method of making the
extract?

Gurin: Dr F Dituri (10) and Mrs J. Warms (11) hae do
this Liver is homogenized in a phosphate buffer, m 2 l’om‘!:
Elvehjem homogenizer; subsequently, 1t is spun down at Jow teé’e
perature to remove cell debris and nuclei. At higher speeds& e
mitochondria are brought down; they may then be w.ashed, an o
wash discarded. They may be treated with hypotonic fo]unons, .
water, for a half-hour, with very gentle strnng. This seeﬂ}l‘s «
extract from the mitochondnia the enzymes needed for SY“‘hea;
After this treatment, the supernatant fraction is combumed wit ‘l
suspenston of mitochondria in water and then spun at evtre;l;i
high speeds 1n the ultracentrifuge until particle-free The re;nteri
supernatant find is what we use for this biosynthests. A it Ia iy
shall mention some of the cofactors which are needed in tha!‘ :}m
thesis I mmght say that the same process is used to PTEP:'M“
extract that will synthesize cholesterol from acctate or Pt)'f:\m)
Frgure 12 represents some of the reactions 1 'ta]ked aboul T
coenzyme A, plus oxalacetate, gives rise to citrate. "ﬂ}e °m el
action mvolves 2 acetyl coenzyme A molecules combining bé re-
acetoacetyl coenzyme A The acetoacetyl coenzyme A may
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duced to beta-hydroxybutyryl coenzyme A, and subsequently to
butyryl coenzyme A. This would be the pathway of synthesis of fat
i the liver. Since there is an actne enzyme which sphts off co-
enzyme A from acetoacety] coenzyme A, it would hydrolyze to give
acetoacetic acid plus coenzyme A

TABLE 1V

Incorporation of 1-C!4 Acetate and 2.C14 Pyruvate into Long-Chain
Fatty Acids by Particle-Free Extracts of Rat Liver

Substrate Concentration Moles Incorporated
Acetate 35 pMoles 004

- 33 uMoles 004
Pyrurate 175 pMoles 014

“ 33 pddoles 03

“ 525 pMoles 033

Table IV shows some of the results one may obtain n a study
of the water extracts taken from liner You will see that the incor-
poration of labeled acetate into fatty acids is appreciable, these
experiments have been done with C'* labeled acetate and pyrinate.

Shorr No added coenzyme A?

Gurnn - We do not need to add coenzyme A, since there 1s a
sufficient amount present Actually, the system does require co-
enzyme A but it has been difficult to demonstrate it We have used
DPX, ATP, coenzyme A, and the mcorporation mto fat 1s remark-
ably stimulated by aitrate, as I shall show later

You will note that the pyrus.ite 1s utilized much more effictently
than acetate T might say this 1s in decided contrast to previous
results obtamed wath Iner slices, both i our laboratory and in that
of Konrad Bloch (32) By increasing the concentration of pyruvate

that carbohydrate 15 2 much better source of fat than vinegar,

I mught say, too, while I am on the matter, that such an extract
prepared from prgeon Iner 1s much moare effective, so far as the
ssnthests of fat 1s concerned, than the rat extract The reason for
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this is that we have a very strong acetate-activating system in
pigeon hver I must remind you that when acetate is used as a sub-
strate, it must first be converted to acetyl coenzyme A, 2 process
which is difficult in the rat liver Lipmann (2) has studied this sys
tem very thoroughly. Pigeon Itver does a much better job of convert-
ing acetate into long-chan fatty acids than rat liver. The isotope
found 1n the Jong-chain fatty acids resulting from this incubation 1
distributed throughout the chain length, so I am quite certain that
this represents a true synthesis, and not simply an incorporation na
limited part of the fatty acid molecule

If one makes the same kind of solution from the liver of 2
alloxan diabetic rat, for example, there 1s almost no hipogenesis 2t
all from either acetate or pyruvate This, of course, 1s not too su-
prising There has been a good deal of work done in recent yeas
which was started by Drury (13), and then Stetten (14), demor-
strating a breakdown i the ability of diabetic animals to comert
carbohydrate to fat, Brady and 1 (13) have done some work withher
slices which some of you may be familtar with, showing that the ner
shees obtained from alloxanized rats, or depancreatized cats, 105§ therr
ability to convert radioactive acetate into long-chain fatty acids

We became interested in this question of how such extracts differ
from normal extracts, An important clue came from the string
work of Baker et al. (16). Most of you will recall that he found that
hiver shees of diabetic rats, which had been pre-fed with fructose,
were capable of synthesizing fat from lactate or acetate, but]m:
from glucose. Lyon et al. (17), also demonstrated that Tver § IC;
obtamed from fasted ammals were relatively incapable of synthest
ing fat Smmlar work was done by Van Bruggen ef al (.15) 41

Thus, 1t seems pretty clear that the diabetic hver s){ce——-'“‘t "
refer to that from the alloxanized ammal —is able to utilize fruc! :7}‘
fawrly well It 1s apparently able to glycolyze the fructose gﬁ"':{’ by
There was other evidence that lactate is fairly well tmd\ze‘ o
drabetic Iiver shces, and that pyruvate is just as well decarbos) :
by diabetic tissue as it 1s by normal tissue There 1s 2 C""S:’ E{;ehc
body of evidence that fatty acids are rapidly oxidized in the 13 .
state Thus, from this materal, we may draw the following
clusions ©

a) Most of the glycolytic enzymes appear to be ntact 1 t
diabetic state

b) The oudative enzymes appear to be intz.\ct; the:
the ability to activate fatty acids, and to oxidize su
as lactate, pyruvate, and acetate

se hissues hate
ch substances
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Chailoft {18), as T understand 1, interpreted his findings to mean
that lipogenesis was somehow tied up with glycolysis As I interpret
his experiments, this mdicated to um that the fundamental block
was gl before the gl G-phosphate level, whether it
was at the hexohmase or the cell permeability level 1s of course
not established He s as not certain whether there was another block
m the conversion of acetate to fat T believe at one time he did feel
that such a block was nvolved,

Table V will indicate a few of the results obtamned by Mr. Walter
Shaw m our Jaboratory. Here 1s a water-soluble extract; there are
no membranes imolied I am simply reporting the counts per
minute in the recovered fatty zcid, and all of these expenments
werc done under exvactly the same conditions You see that the fatty
acid recovered contmned anywhere from 60 to 100 counts per
mimute per mg of fatty acid. The dabetic solutions yield counts
ranging from about 4 to 15 counts, n contrast to the much higher
fignre obtained with normal extracts If to this “diabetic solution”™
we add mitochondria obtamed from the hivers of normal rats, there
1s no stmulation We then added the supernatant fiud obtained
from the hvers of normal rats There was a very considerable stimu-
lation 1 a number of cases Thus, 1t became clear to us that there
was something in the supernatant fluid which was stimulating these
“diabetic extracts,” and which permitted them to nerease the
amount of fat capable of being synthesized When we added gly-
cagen, a good effect was observed with control values of from 6
to 32, and from 13 to 50 Finally, hevosediphosphate had a very pro-
nounced effect It practically hrought hipogenesis back to normal
Thus, sunply by the addition of hevosediphosphate to a “dizhetic
solution,” we could restore lipogeness to normal, or very close to
normal rates

You will see that when the “diabebic solutions™ are supplemented
with glucose, there 1s no effect. We hase done this several times
The addition of glucose to stch extracts 1s without effect

If we add glucose-6-phosphate, we double or triple the incorpora-
tion The effect 15 not if but 1t 1s definitely fi
Incidentally, if we add ATP along with the glucose-6-phosphate,
we double the effect that we abtan with glucose-6-phosphate
Finally, hewosediphosphate has again an enormous effect You will
see that fructose — we have run only one or two expeniments - has
an effect whch ss greater than that of glucose. Glucose has no effect,
and fritctose 1s very defimtely better Phosphors lated intermediates
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re extremely effective It appears that glycolysis is necessary for
flicient {at synthests, but what the reason for this is, I do not know.

Shorr: Do you mean glycolysis or turnover?

Gurin- I do not know just what I mean by that. I think that we
ave active glycolysis, and the process has to be going on actively.
Whether st 15 to furmsh reduced DPN, 1 do not know. We need a
ource of hydrogen for this synthesis, but I do not know whether
t will produce energy of the right land AlLT can say is that if we
add phosphorylated intermedsates of glycolysis, lipoge r d
in a solution which would otherwise be inert or relatively inext.

Shorr, There is some cvidence which Dr. Furchgott and 1 re-
ported that the turnover of high energy phosphate in viable skeletal
muscle 1s equally rapid when muscle burns at a respiratory quotient
(RQ ) of 0.7, as when it burns at an R Q of 1 Therefore, phosphoryl-
ative processes must be gomng on in relation to fatty acid oudation

Gurin: I have no doubt that in this case the rate of phosphoryla-
tion is lmuting If we compare the effects of glucose, glicose-6-
phosphate with and without ATP, and finally HDP, we reach this
conclusion

Houssay The hmiting factor 1s glucose-6-phosphate?

Gurin Yes, another point 1s that the same enzyme solution which
utihzes glucose-6-phosphate for the stimulation of lipogenesis is
unable to use glucose with or without the addition of insulin in vitre

Lallie, This 1s allovan diabetes?

Gurin: Yes The same solutton which can use ghicose-6-phosphate
apparently cannot utihze glucose, and 1t may be that we have here
an indirect way of measuning the hevokmase reaction

1 have mterpreted all of this to mean that the mability to syn-
thesis fat, which is assocated with the diabetic state, may be a

of a hed mtracellul 1on of phosphory-
ated mtermediates Whether or not thus is true I cannot say, but
I suggest 1t as a possibality  Whether this also expluns the phe-
nomenon observed in fasting, I am not sure, but it secems bke an
attractive speculation at the moment 1 thunk 1t certainly needs
further mvestigation

Table VI represents the cofactor requirements of this system
Since we have 2 water-soluble system, it 15 rather easy to get nd of
cofactors, but not by diualysis, surprisingly enough, because our
enzvme system scems to be readily mactnated However, simple
treatment with charcoal removes ATP and DPN, and if used suf-
fierently exhaustisely will even remose a fair amount of coenzyme
A What we doss simply to stir the enzyme solution for five or ten




78 Liver Injury

TABLE VI
Cofactor Requirements for Lipogenesis by Aqueous Liver Extrachy
System Cofactors Radioactraty
o cpm per mg Faty Acd
e
Normal Control —_ 120
“ “ DPN 52 140
Charcoal System _ 0 0
- “ DPN 9 2
“ - ATP 3 2
- “ Co A 2
“ “ DPN, ATP 18 9
“ “ DPN, Co A 129 40
- - ATP, Co A pE] 32
“ “ DEPN, ATP, Co A 1 213 500
TABLE VI
Lipogenesis from C14 Acetate by Aqueous Entract of Pigeon 10
Conditions cetatg Trorpont?
. . e
Control 003
- + Cutrate 477
- + l-Glutamate 0383
- + Oxalacetate 070
115

+ a-Ketoglutarate

minates with charcoal, centnfuge and flter 1t. Tf we do this three 0;
four tumes, we can remove considerable coenzyme 2 This ﬁBw
procedure which has been utilized by a numbet of Jaboratori®® -
adding back the coenzyme A, one can see that some of the Lpoge?
activity 15 restored. T am reasonably certain that the system n;
requrres a flavoprotein. As yet, we have not been able to remﬂ\e“

Table VII illustrates the atric effect that [ mentioned P“d(
ously. In addition te the cofactors required for active fatty ®
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synthesis, eitrate has an enormous effect, much greater than that
of alpha-beta glutarie acid, ovalacetate, and glutamic acid.

Shorr- Do you know why, or what the process involved is?

Gurin: 1 have not the vaguest notion.

Shorr: Have you tried versenc?

Gurin- We have tried the versenes, which do not do this I do
not beheve this is a ealei plexing effect, although calcium
is quite inhubitory to this process. However, I must confess that 1
do not know what the actual mechanism of the aitrate effect 1s
We have attempted to study that in some detail

TABLE VIII
Effect of Citrate upon Aqueous Extract of Pigeon Liver

Acetate Incorporated + Citrate — Citrate

to {n\oles} (uMoles)
Fatty Acids 1000 002
Cholesterol 000 000
Citrate oo1 001
co, 040 050
Acetoacetate 300 700
B-hydroxybutyrate 070 300

Table VIII demonstrates what happens in the absence and
presence of aitrate when this water-soluble system —which, ma-
dentally, 15 obtained from pigeons — is incubated with radwactne
acetate We divide the solution of radioactive acetate inte two
halves To one half we add citrate, to the other we do not We have
tried to determine the distnbution of the 1sotope among the com-
ponents that you sec We note that in the presence of the citrate,
much less acetate 15 converted nto acetoacetate and g-hydrovy-
butyrate, than 1s the case when there 1s no atrate left There is
sumply more acetate converted into hetone hodies m the absence
of citrate than mn ats presence. Those of you who hase studied
antiketogenie substances for vears, will be somewhat amazed to
sec a case of antiketogencwis desenbed 1n an aqueous solution 1
a test tube

Shorr Does fluoracetate have any effect on this reaction?
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Gurin: We have not yet studied it, but we should do so. These
rl'esults do not account completely for the stimulating effect of
citrate on fatty acids. On a quantitative basis it does not accout
for it, so I still do not know what the reason for this 1s

Shorr; What happens to the citrate? Have you quantitated 1’

Gurin: Yes, we have in one experiment. Actually, there is ten
little disappearance. You see, we do not have the Krebs cycle here
We certainly do not have the complete cycle, or the eytochrome
oxidase system Thus, it is relatively mert.

CGyorgy: Why did you exclude the chelating effect of ctrate?

Gurin: We assumed the effect of citrate was to tie up the calom,
and so we did some expeniments with versene in different coner-
trations; we could come to no conclusions whatsoever.

Shorr. What pH did you run at?

Gurin- 1 do not recall what the pH’s were, we ran it at seventl
pH’s. Most of them, I think, were between 7 and 7.8

Hartroft: 1 wonder if the stimulating effect of citrate on Rty
acids might not be explained in this way. With reference to Table
VIIL if citrate were added, would there not then e so muth
present that the reaction could not progress further in that dire-
tion?

Gurin The difficulty is that the equilthpum s far ove
side of the aitrate, and 1t is practically impossible to drive it bﬂ;l
mn the opposite direction. Even if we piled up the atrate, I dov
if we could form much acety! coenzyme A from the citrate

Hartroft 1 was wondenng not so_much whether the 19.!(:!“;‘;
mught be reversed, as whether the addition of atrate would simplY
halt the flow.

Gurin: 1f what I said 1s true, then T think 1t is also teve th
would not prevent the formation L

I should like to speak of the few studies made by Dr. Jme
Rabinowitz (20) on the biosynthesis of cholesterot fmmﬂ;‘“mes
and pyruvate in a similar aqueous enzyme system The fi’ (.'u‘ e
have been much greater here. For years, everyone working mih“
field has attempted to make a cell-free suspension of h\(;;‘ncher
would synthesize cholesterol and has always farled Df'b Wi
(21), at the Massachusetts General Hospital succeeded yod of
a loose-fitting Potter-Elvehjem homogenizer for a short ?;f‘h she
time She discovered that this resulted in a suspension W ‘{cﬁcxem
could show to be relatively cell-frce, and which was m\}w\‘sie wn
at comerting labeled acetate mnto labeled c.holesh:’rﬂ Lane the
Jondly mformed me of this With our experfence i e

¢ on the

at it
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water-soluble system for fatty acid synthesis, it did not take us
very long to develop a completely water-soluble particle-free system
that would do the same thing, starting with homogenates as she
prepared them We succeeded 1n doing this with the rat, but failed
with the pigeon, which is a surprise to me, because I had always
thought that pigeon hver could do anything However, it apparently
cannot synthesize cholesterol when handled the way we treat rat
liver, The incorporation into cholesterol was not as great as that
obtained with fatty acid, but was nevertheless quite significant.

TABLE IX
Biosynthesia of Chol 1Ly A Extract of Rat Liver
Substrate Qioet, S"";‘,g;;{;fm

1-C1# Acetate 10 00012

- 10 00010

2-C Pyruvate 10 00150

- } 10 00120

Table IX gnes us an 1dea of the magmtude It is rather small,
but we get counts of the order of 100 to 300 per mg, of cholesterol
Ths, of course, depends upon the speaific activity of the substrate
that we start with, whether it be acetate or pyninate It s certamly
appreciable We can agam see that pyruvate serves as a better
source of carbon for cholesterol than acetate We will remember
that acetate can be comerted to acetoacetyl coenzyme A with duf-
ficulty, whereas pyruvate can be easily comverted

We hase also done some prelminary work on the distnbution
of the 1sotope 1 the hol 1 We were Iy wor-
ned that we were simply studymg an incorporation of labeled
Pyrusate or acetate into 2 small portion of the cholesterol, that a
Little fragment was shppmg i and out, and that we were not really
studying the nosynthests of cholesterol. There are indications that
there 15 about an equal distribution of notope between the side
chamn, the nucleus, and the angular methyls Thus, T think it is
probably fair to conclude from this that the enzymes present for
the complete synthesis are there, although they may not be func-
tiomng at the most cfficient rate After all, ths 1s not truly physio-
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Iogical, but nevertheless the enzymes are there, and T think we gre
actually studying the synthetic process.

The cofactors required for this system are rather similar to those
of the fatty acid synthesizing system. We need DPN. Tnstead of
just ATP, we may use any one of the adenosine phosphates, that
is, adenylic acid, ADF, or ATP. Coenzyme A is required, and prob-
ably also flavoprotein, although we have not proved this The
solution utilizes a small amount of oxygen, and in the ahsence of
the cytochrome system, I assume 1t means that there is some flae-
protein mvolved whick is utilizing some of the oxygen, We hne
mvariably found a small uptake of oxygen with these solutions

o far as other precursors of chalesterol are concerned, not ven
much is known, We have been studying other precursors, such as
acetoacetate. I think liver shees and whole Iiver can utilize labeled
acetoacetate for cholesteral synthesis, but the water-soluble systen
1s unable to do so. I presume this means that this system has lot
whatever Iittle ability it did have to activate acetoacetic acid o
form acetoacetyl coenzyme A. Thus, we have been unable to meor-
porate acetoacetate into cholesterol,

This, of course, like so many other projects, leaves more ques-
tions unanswered than it answers We have been m:e.rested. first
of all, n finding out how to prepare solutions that contain all of ﬂi‘
enzymes necessary for a complex series of reactions, how they work,
what cofactors they require, and what substances they {ﬂﬂkli a;
intermediates After this, of course, there are the physiologies
problems How much of this 15 produced, how much of !ha“;
produced? Are these demonstrable reactions truly major Te“d‘““”a
interest to the physiologist, or are they not? Tlus now becoﬂz;sw
matter of reaction rates, equilibria, removal of products, an ™
forth, Such factors, I think, decide whether more fat shal).be U:!ﬂ o
more carbohydrate converted to fat, more Iatty acid ovidize i
mare cholesterol synthesized. It 1s perbaps in that area that al o
these complex questions dealing with the role of hormt;]nes-‘ b
example, need to be studied. I am sure that that aspect Of; ¢ pwv
lem will be mvestigated, and will certainly be discussed for maay
years, . ate 15
Shorr Could I ask the basis for your statement that pyrus
used just as well by the diabetic? e that

Gurin  If we study, for example, the amount of P,V““-‘vmmsy
goes to form acetoacetate, and can produce lhzs ?n our' :)m Y
we shall see no difference. However, it is in a limited s(); eOt too
if we study the acetylation reactions, we shall ako find
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much difference. 1 am very glad you brought this to my attention,
because 1t illustrates once again how important 1t 15 to define
whether we are talking about a limted system, or the whole animal.

Shorr: At one time, | made a comparatne study (22) of the
abihty of certam dubetic tissues to utihze pyruvate, as measured
by the increase in oxygen ption and the respi y quotient,
and svery striling differences were observed. In all the tissues
studied, the normal tissue had a greater stmulation of oxygen
consumption with pyruvate than did the diabetic; the respiratory
quotient was curously enough higher in the diabetic than in the
normal tissue If 1 recall correctly, 1t was most striking in the
diabetic heart. There 1 obtained a quotient of 134 in the normal,
and 120 — the tt 1 one for the oxid of pyruvic acid —
i the diabetic tissue. With the Houssay ammal, both the stimula-
tion of respiration by pyruvate and the resprratory quotient returned
to normal

The question 15+ what 15 left behind m the diabetic? Do we
have a system that 15 lacking some factor that 1s not a companent
of the essential enzyme systems? There, T think, we must not draw
any conclusions unless they are confined to the speaific tissue under
study For example, we cannot mcrease the anaerobic glycolysis
of skeletal muscle of a diabetic by the addition of glucose How-
ever, we can profoundly mcrease the bie glycolysis of heart
muscle of a diabetic by addition of glucose, Olnionsly, not all
tissues have the same qualities.

Gurin [ mught say that m work with labeled lactate, or pyruvate,
going to CO:, there 15 good evidence that there are wmimpaired
enzymes to oudize those substances in duabetic tissue, particularly
lver, as compared with normal

Shorr And yet, with some tissues, as the viable slice or stnp,
the response to lactate 1s better i the normal tissue. It may be that
as we reduce activities to a certam level i speafic types of ex-
tracts, and these differences which depend on organization are all
hlended, just as, for example, when we take out a brain and do
respiratory measurements under the most optimal conditions
itro, we have a reduction by certamnly 95 per cent of the over-all
rate of oxygen consumption wlich we cannot, to any real degree,
clevate towards what prevails in the body

Gurin 1 do not like the 1dea of saying that it can be demon-
strated that pyvrnate forms acetoacetate quantitatinely in washed
mutochondna Of course, this is a washed system, it is free of dicar-
bowhie aady 1f we add the dicarhonylic acuds, we do not get
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obtan a deficiency of acetyl coenzyme A, and a diminution of som
of these synthetic processes in which acetyl coenzyme A s utizel
as a precursor. I think this is an area which is goung to be studie
very actively in the next few years, but I do not know any specth
insfiances of studies of deprivation of some of the sulfur-contanm
acids.

Hanger. Suppose we made a water extract of a choline-defioer
Irver. Would we have any way of cahbrating enzymattc actmty
terms of the normal liver?

Best; We could easily estimate the coenzyme A, could we ol

Gurin: Using labeled acetate or pyruvate, we could find o0
whether it synthesizes fatty acids, and if so, whether it oudiz
fatty acids? One could then introduce fatty acids Does 1t come
them to acetyl caenzyme A, or to acetoacetate, i this aqueats sol
tion? In other words, what is the nature of the bloch, and what p2
of the mechanism 1s involved?

Hanger: Could we make any quantitative comparison betwet
the two masses of tissue?

Gurin. 1 think all we could do, on a statistical basis, would §
to compare what we obtain with an extract from a normal liver ar
the liver of a choline-deficient animal

Best. Dr. Roseafeld, in our laboratory, did this for coenzyme .
and mstead of deficiency in the choline-deficient anumal, as ¥
guessed, there was actually an apparent Increase.

Kosterlitz: T wonder whether Dr. Gurin’s findings m2y expla
some observations which go back as far as the preinsulm €1
that time, fructose was used therapeutically. It was found that
was better retamned than glucose, and also had a very t¢ :“
antiketogenic effect. The same holds for galactose. Both fmcg
and galactose are readily assimilated, That is to say they d‘fm; i
from the bload stream as rapidly as 1 nondiabetic persons, i <
ing that the phosphorylating mechanism is not sertously 4“’"“5“3
Does that perhaps tie up with your findings that fructose "“)P‘;:m
Iipogenesis? It mught be very interesting to see whether ga'lhﬂ \
would have a similar effect, and perhaps also sorbite), whie
antiketogenic 1 human diabetes,

Gurin We have not studied sorbitol and galact
fructose effect we obtamed clnically is explainable on ¥

ose. T hope U-
hat basis

. ‘e animals,
Jt has been estabhshed expermentally that in d;abetlcni:im{gese
at least, there 15 an ability to phosphorylate fructose, & st

t Jeast, by fructose

tent a
extracts can be stimulated, to some ex 1 do mot know. One ©

how this 1+ being accomphshed, of course,
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the reasons is that we do not yet know the many steps involved m
reversing the whole series of oxidative steps. We have to supply
energy and hydrogen. Presumably this is reduced DPN and reduced
flavoprotein, The amazing thing to me is to find an extract that
will do this at all A year ago I predicted that no one would syn-
thesize cholesterol in a cell-free system, but now we are doing it
in our awn laboratory

Shorr. As regards fructose, I think we also have to bear »n mind
the question “with respect to what?” For cxample Loebel in 1925
(24) showed that fructese was oudized by gray matter of the
brain, but glycolysis did not take place

Kosterhitz: Of course, when fructose or galactose is phosphory-
fated, we obtain hexosediphosphate

Gunn, T wonder what the evidence is.

Shorr: I think direct lactic acid determinations as well as meas-
urements of CO. production were made As far as I know the
findings have never been contradicted

Neefe In states of advanced liver msufficiency, there has been
some interesting evidence that increases in the concentration of
alphaketoglutaric and pyruvic acids are found in the blood Have
vou any idea where the breakdown might be under those circum-
stances?

Popper. Increases, not only of hetoglutanie acid, but also of citnc
acid have been found (23,26).

Gurin: T have no logical explanation for that. I could offer sug-
gestions, but would have no real evidence to base them on

Shorr Don't we have to ash ourselies about witnic aeid metab-
olism 1 the whole orgamsm® Would we expect, offhand, that
aitne acid given to an ammal would appear quantitatnely as glu-
cose® That 15 what happens ordinanly when we gne atrate by
mouth We recover it as glucose, or glycogen, m the Iner, and then
it subsequently comes out as glucose in the blood In terms of the
whole orgamism, we thus have the aitric aerd cyele that we know
Hewever, there 1s also another eitne acid pathway, and the large
amount reappearing 1n the unine as glucose makes us wonder what
we know about this other mechanism

Gurtn Perhaps this 1s oversimplifying 1t 2 it on my part.

Shorr We are all dong that

Gurin T am a httle hesitant about saying this, but we all know
that the carbons which go into citrate are not the oncs that come
out as ghicose What we are doing 1s companng something else In
other words, the oitrate can still go through the ¢y cle, but something
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else that right have entered mto the mechanism has been pushed
out, so that an equivalent amount of carbon comes out in the fom
of glucose.

We did some experiments with labeled lactate a few years ago,
with phlorhizined animals, which indicated the same thing We
can put in Jactate and label it, but it is not those carbons that come
out as glucose; it is some other nonradioactive or nonisotopic carbon

Shorr: Is this in an animal that has very Iittle or no glycogen
in its liver?

Gurin: Yes, I think the problem is largely one of masses Itisa
matter of equilibria, as I was saying before, The physiological prob-
lem is to ascertain how much of this or that is made, and how much
is oxidized. This is what we can see and measure.

Best- 1 should like to have Dr. Houssay's and Dr. Gur's re
actions to this question, According to the paper by Brady, Luless,
and Gunn (27) on the Lipogenesis of liver shces in the cuabetic
animal, you took out the pituitary and made a Houssay ammal and
the lipogenesis returned. In the Houssay ammal, the metabohe e
is what, Dr. Houssay? Is it 20 or 30 per cent lower than normal

Houssay: It is lower than in the pancreatectomized animal It can
be lower than the normal, yes

Best It interested me very much that t

Houssay. In my dogs there was about a 2
the metabolic rate, which is not very much In the rats it »
definite, from 30 to 40 per cent.

Best. Thus, the metabolic activity of the tissue, et us say, WO
decreased by removal of the pitwtary, and yet, when Dr Gum
and his coll studied the lipog; it was at the normal rate

Gurin- At somewhere near the normal rate. On a quantitatine
basis, I prefer not to say unequivocally that we have 2 normal rate

However, I think this 1s important in considering what f)'l"e oe
metabolism 15 gong on, Dr Best. In the depancreatized anima’ ‘:)f
are presumably having a tremendously accelerated otldatl;{'s s
fatty acids In the Houssay animal, as T understand 1t 't 11&;
dimmshed, and we do not have the rapid oxidation of fatty ac! .
On the other hand, we may have increased P)"’?Ph"'yh"o“
carbohydrate .

1 fh?l’lk it 15 a matter of what hind of metabolism 15 lef‘g\":‘
If we have, for example, a higher intracellular conceqmtm; i~
phosphorylated intermediates for glycolysis —I am Ioo’“ngbﬂ ¢ this
Shorr when I say this, because I do not know what 1 mean ¥

le lipogenesis came back

0 per cent decreast of
s more
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term —we might have better ipogenesis I think that may offer &
reasonable explanation.

Houssay. In the whole rat, after hypophysectomy, there is a
decrease of fat, because they eat very little; but after forced feeding
they develop a large quantity of fat, more than the controls who
reccive the same quantity of food One mmportant fact 1s, that
under some emergency condition in which a normal animal catab-
ohizes a great deal of fat, the hypophysectomized animal i ap-
parently unable, after pancreatectomy to increase hetonunia After
phlorlnzin, they have also less hetonuria, the production of ketone
bodies 15 very definitely dimmished in the hypophysectomized
animals That is one hasic fact

Shorr. Ts this in the hypophysectomized and pancreatectomized
animals, or is it just in the hypophysectomized animals?

I y: In the hypophy d ammals, as compared with
the normal, and especially in those hypophysectormzed and pan-

d, as compared with the deg ized animals,

Shorr, Could some of it be due to the factor of mobilization?

Houssay* Yes, apparently the mobilization is lower

Gurin, Dr. Houssay, did T understand you to say that hypophy-

B v e “ SN SN '

)

away the pancreas and the hypophysis, the animal has very httle
ketanuria 1in companson with an animal without the pancreas and
with the hypophysis Thus, hypophysectomy very much dinumshes
the production of ketone bodies This 15 one of the typical facts
about the animal deprived of hypophysis

Curm This fits in with the 1dea of wereased hipogenesis, when
the pitwitary 1s removed 1 addition to the pancreas,

Houssay What 15 your explanation for the decreased catabolism
of fat m the hypophysectonuzed ammal?

Gurin The decreased oxidation of fatty actds?

loussay Yes

Gurin I cannot answer that, Dr Houssay, 1 thiok we are now
tearming that one metabolic process influences another T helieve
glycolysis 15 an amportant process, particularly where synthetic
processes are concerned It has been found to be tmme m the case
of n vitro studies imvolving protem synthesss. Chaboff (16) and
we, ourselves, have proved this is true i the case of faty acd
swnthests Thus, 1 behese glycolyss plays a more important role
than we have latherto believed
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Houssay: Yes, but in the hypophysectomized amma), we easly
obtain deposition of fat, but not of protein, in spite of the fact that
glycolysis is useful for both reactions.

Shorr: What about the glycogen content of the Iner?

Houssay: 1t is high after a feeding. However, very soon the de-
crease daring fasting 1s more marked than in the normal animals,

Shorr: 1t is after feeding that they make fat and store it.

Houssay: Yes

Best. They do not eat very much.

Gurin: The experiments which we published were made on a
very small series of hypophysectomized animals,

Houssay: The forced feeding is very important 1n the hypophy-
sectomized animal,

Lundsgaard: Dr. Gunn, do you think it possible that a block 1
the synthesis of fatty acids from acetyl coenzyme A might be re-
sponsible for the condition which is met in a liver pounng out
Targe amounts of ketone bodies? If not, the ovidation of fatty auds
down to acetate must be increased considerably, as, accorfmg to
my observations, the degradation of acetate following the “citrate
route” is of exactly the same order of magnitude as in a liver with
only a small output of ketone bodjes.

I may also put the question: Do vou think that the cycle

f fatty acids “\
acetyl coenzyme A
proceeds normally at a considerable rate, so that a blockadelm
the synthesis would result in an accumulation of acetoa.cetiht;.
accompanied by an oudation at normal rate 9{ acetate uaf b
Krehs cycle? Here we have to take into consideration the Jtev
which T have mentioned previously, that if we judge the 5 ¢
of the breakdown to the acetate stage from the carbon dxaflde (;\tl‘e'
put plus the ketone bhody formation, it 15 four to five h}r:lﬁ &
rate which we see in the normal liver That 1s to say that the &
(fmy acids"\
acetyl coenzyme A
should proceed at a considerable rate to account for the fa::;‘“"]"{
of ketone badies, simply due to a block in the sesyn! :uuul
acety] coenzyme A to fatty acids I should imagime that xds were
be a rather expensive pattern of metabolsm, if fatty ;‘V:o be re-
continually, at such a rate, broken down to acetic aci
synthesized nto fatty acds
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Gurin. Dr. Lundsgaard, mn the past I have postulated just such
2 mechamsm, because it scemed to me at one time that there was
evidence that the pathway of synthesis might be different from
that of breakdown, For example, in the case of the hver slices
obtamed from an alloxan diabetic ammal, apparently ovidation
was proceeding at an accelerated rate, and yet, if we put n labeled
acetate or labeled pyruvate, there was very little incorporation mnto
fatty acids, Thus, it seemed to me there was a chance that this was
not a truly reversible process

Further, under anaerobic conditions, we can to some extent, al-
though not completely, dimmish fatty acid synthesis. So we have a
second condition where we have synthesis of fatty acid and rela-
tnely little oxidation, Both of thesce factors together led me to
believe, at one time, that the pathway of synthesis must be dufferent
from that of breakdown Thus, I put the two arrous far apart.

In view of the recent work on the reversible enzyme systems, my
own feeling is that those two arrows should be brought together,
and that this 1s probably a reversihle system The factor which
deaides the way it will go is perhaps dependent upon the avarl-
ability of reduced DPN as a source of hydrogen for this synthests,
higl gv phosp , OT hing else However, 1 think most
Iiochemusts would beheve, today, that the process is truly a re-
versible one, and the dwection that at takes 1s dependent upon
ather factors, such as how much hydrogen 1s available to use in
reducing all of these acets] coenzyme A molecules which must
condense to form a saturated long-cham fatty acid A lot of hydro-
gen must be supplied, and much energy I think the answer prob-
ably hes m sources of hydrogen and energy, rather than that there
are two scparate pathways

The rate with winch the resulting acety] coenzame A is oudized
or comerted mto acctoacety] coenzyme A, represents another un-
fnown area It will certamly be dependent, to some extent, upon
the avalability of the atric acid condensing enzyme, and how much
oxalacetate 13 available to make citrate I should suspect that un-
doubtedly, 1n some instances, this 1s a limiting factor. This oxalace-
tate must be derved from carbohydrate and pynnate, by car-
boxy lation

Lundsgaard. That should be a hmiting factor for the oudatne
degradation of acetate down to carbon dicude

Gunn This 15 correct

Lundsgaard 3 this reaction proceeds at a normal rate, and at
the same time, there 1s a largely increased formation of hetone
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Houssay: Yes, but in the hypophysectomized animal, we easlly
obtain deposition of fat, but not of protein, in spite of the fact that
glycolysis is useful for both reactions

Shorr: What about the glycogen content of the liver?

Houssay: It is high after a feeding. However, very soon the de-
crease during fasting is more marked than in the normal animals

Shorr: 1t is after feeding that they make fat and store it,

Houssay: Yes.

Best: They do not eat very much,

Gurin: The experiments which we published were made on a
very small series of hypophysectomized animals

Houssay: The forced feeding is very important in the hypophy-
sectomized animal.

Lundsgaard: Dr. Gurin, do you think it possible that a block m
the synthesis of fatty acids from acetyl coenzyme A might be re-
sponsible for the condition which is met in a liver pounng out
large amounts of ketone bodies? If not, the oxidation of fatty acids
down to acetate must be increased considerably, as, accorglng to
my observations, the degradation of acetate following the “atrate
route” is of exactly the same order of magnitude as in a Tiver with
only a small output of ketone bodies.

I may also put the queston: Do you think that th

( fatty acids'\

acetyl coenzyme A
proceeds normally at a considerable rate,
the synthesis would result i an accumu o e
accompanied by an oxdation at normal rate 9f acetate h‘mfacl.
Krebs cycle? Here we have to take mto consnder.atmn the -
which I have mentioned previously, that if we judge the mt-
of the breakdown to the acetate stage from the carbon diotide O‘Ue
put plus the hetone body formation, it is four to five u}x:xes o
rate which we see in the normal lver That is to say that the &)

(‘fﬂtty ncids'v\
acetyl coenzyme A
should proceed at a considerable rate to accoun o
of hetone bodies, simply due to a block in the rt;s)'?:}t’e::llld
acetyl coenzyme A to fatty acids I shoulc.i 1magme tha e
be a rather expensive pattern of metabolism, 1f fatty ac

ic aci be 1e-
continually, at such a rate, broken down to acetic acid to b
synthesized mto fatty acids.

e cycle

so that a blockade m
lation of acetoacetate,

t for the formation
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Gurin, Dr. Lundsgaard, in the past I have postulated just such
a mechanism, because 1t seemed to me at one time that there was
evidence that the pathway of synthesis might be different from
that of breakdown. For example, in the case of the Iner shees
obtamed from an alloxan dibetic animal, apparently oxidation
was proccedmg at an accelerated rate, and yet, if we put in labeled
acetate or labeled pynunate, there was very httle mcorporation into
fatty acids Thus, 1t scemed to me there was a chance that this was
not a truly reversible process

Further, under anacrobic conditions, we can to some extent, al-
though not completely, diminish fatty acid synthesis So we have a
second condition where we have synthesis of fatty acid and rela-
tnely httle oudation Both of these factors togcther led me to
believe, at one time, that the pathway of synthesss must be different
from that of hreakdown Thus, I put the two arrows far apart.

In view of the recent work on the reversible enzyme systems, my
own feeling is that those two arrows should be brought together,
and that this is prebably a reversible system. The factor which
decides the way 1t will go is perhaps dependent upon the avail-
alulity of reduced DDPN as a source of hydrogen for this synthests,
high-energy phosphate, or something else However, I think most
ochemusts would believe, today, that the process 1s truly a re-
versible one, and the direction that 1t takes is dependent upon
other factors, such as how much hydrogen 15 svailable to use in
reducmg all of these acety] coenzyme A molecules which must
condensc to form a saturated long-chain fatty actd A lot of hydro-
gen must be supphed, and much energy. T think the answer prob-
ably lies n sources of hydrogen and energy, rather than that there
are two separate pathways

The rate with which the resulting acety] coenzyme A s oxidized
or comerted into acetoacety | coenzyme A, represents another un-
known area It will certamnly be dependent, to 50me extent, upon
the avarlabthity of the eitne acid condensing enzyine, and how much
ovalacetate 1s available to make atrate 1 should suspect that un-
doubtedly, m some mstances, this is & hmuting factor This oxalace-
tate must be derned from carhohydrate and pyruvate, by car-
boyylation

Lundsgaard  That should be a hamting factor for the ovidatne
degradation of acetate down to carbon dinude

Gunn This 1s correct -

Lundsgaard If this reaction proceeds at a normal rate, and at
the same time, there is a largeh inereased formation of ketone
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hodies, I think it must probably be due, either fo a block in the
resynthesis of acctate, or an enhancing effect on the primary steps
of the oxidative breakdown, to acetyl coenzyme A,

Gurin: 1 think so. This may be a naive explanation, but has been
confirmed, I think, by much experimentation. If the amount of
acetyl coenzyme A is increased, as it may be in the dubetic state,
it overpowers the amount of ovalacetate available for condensation
to form citrate. The excess, I suppose, must follow this course
and perhaps some becomes cholesterol, too, Of course, I am speculat-
ing Y am not sure I have answered your question, Dr. Lundsgaard

Lundsgaard: Oh, yes, I think so, because as far as I understand
you, you suggest that the oxidation of the fatty acids, for some
reason or other, may be enhanced, without any change in the
oxidation to carbon dioxide. X

Gurin: Via the Krebs cycle. However, it is an increase in the
breakdown of fatty acids. Is that what you mean?

Lundsgaard: Yes, the primary breakdown of acety] coenzyme A
You do get greatly increased acetoacetate production Howeu‘f‘y
we cannot say that the acetoacetate formed represents the acety
coenzyme A that might normally have gone back to fatty aeds

Gurin: 1 beheve Dr Sidncy Weinhouse {28) has some expen-
ments with labeled fatty acid. They show that therc is mcrems&'I
breakdown of the fatty acids in liver shees of diabetic anmals
believe this is correct gt

Hartroft: If there 15 1ncreased breakdown of the fatty acids
acetyl coenzyme A, why is there a fatty hver in diabetes?

Gurin. Transportation and mobthization is probably the answer
I do not belteve 1t could be duve to (iinc;ensed tsynthesns, bgcause
that is apparently dinunished mn the diabetic state

Hartro?t? Is 1tybecause the oxidation still cannot keep vp with
the rate at which fat is brought to the lver in diabetes?

Best. There 1s a tremendous loss from the depots, as you ©

Madden Ts it true that sulfur is lost from the acetoacety}
enzyme A? - §

Gurin. The sulfur stays there Lynen (29) did brilliant work on
the 1solation of acetyl coenzyme A.

Necfe How does one measure that? 1wl

Gurn There are vanous ways of attempting to get ntl“t'e from
react with hydrovylamine We can make acetyl phosp “cm 20
acetyl coenzyme A, and acetylhydrovamic :I‘Cld by ths reljas been
acety] coenzyme A with hydroxylanne, Lipmann (2) averal re-
studying active acetate for many years, and there are S

Loow
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actions that he has worked out for the estimation of acety] cocnzyme
A. Tt 1s a rather labile substance, but just stable enough to work
with,

Neefe. Can it be measured in blood or serum?

Gurin: 1 do not know how much s there, but 1 think the amounts
are extremely small. The sources have been, I believe, hver and
yeast, Lynen wolated jt from yeast,

Lallie: How far can these results on the alloxan diabetic Iner be
transferred to, say, the pancreatectomized, phlorhizin, or human
spontanous diabetic lver?

Gurin We have done some work with Iner shees from the de-
pancreatized cat, and they behave just the way the Thver slices of
the alloxanized rat do Thus, at least in those two instances, there
1s rather good correlation In both cases, there is a famlure of
lipogenesis.

Best. 1 think one of the main pitfalls with alloxan diabetes, 1s
that so frequently there 1s a little msulin Jeft. When the whole
pancreas 1s remosed, a good many digestive enzymes are lost, but
we do not have to worry about the insulin that may remain Even
m quite severe alloxan diabetes, some msulin may still be prodnced.

Hartroft. Is there a recogmzable histological abnormality in the
diabetic Iiver, other than that of an abnormal accumulation of stan-
able fat?

Popper Several changes have been reported Rossle (30) dev
senibed as sclerosis an merease of mtralobular collagen Quite fre-
quently collagen 1l can be d d m diabette Ivers
to enforce the reticulum framework. Furthermore, the Kupffer cells
are sometimes markedly enlarged, wiich, however, is not charac-
tenistie for diabetes, More typical is their appearance under the
fAuorescent micrascope, in that they are heavily Toaded with fluores-
cent vitamin A, whereas the lner cells yeveal very little (81)
Tinally, m addition to fat, ghycogen s found in higher amounts in
the diabetic hner than 1s otherwise seen n the cadwer hiver after
the usual agonal peniod Al that holds true mamly for non- ar
poorh -compensated diabetes, and therefore these changes are now
mfrequently found Grossly, such glycogen-nch bvers have a rosy
hue which may be due to the increased glycogen content, as has
atready been assumed wmany years age 1t s a typieal preture whach,
however, 15 present only n some of the patients dying in diabetie
cam

Neefe s there not some change m the nucles?
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Popper: Due to glycogen deposition, the nuclei appear ballooned
in diabetes, especially in the periportal zone. This has been called
glycogen degeneration of the nucler, It occurs, however, n 2 vanety
of conditions including passive congestion (82). It is more regularly
found in diabetes than in any other condition and has been seen
also 1n liver biopsy specimens (33). Repeatedly we noticed this
picture i biopsy specimens i the absence of congestion and sub-
sequently learned that the patients had diabetes.

Neefe: Dr. William Ehrich called our attention to it on some of
our biopsies and explained that there were changes in the nuclel
I did not recall what they were

Gurin: The only difference we have observed between diabetic
and normal tissue 15 localized in the mitochondria, ie, the mitoe-
chondrial fraction We have observed repeatedly, after obtaming
this fraction from lvers of diabetic rats, that these mitochondm
apparently do not lyse in water as readily as those from normal
livers. When we compare the two, there is an immediate turbidity
as soon as we add the water to the mtochondria of the norm
liver; 1t becomes milky. It is quite apparent that they are breaking
up, or that something is being extracted. The mitochondria of the
diabetic hivers, on the other hand, appear to be considerably mor¢
resistant. This worred us for some time, because of our ch\.lC“g‘
that the enzymes necessary for the synthesis of fat reside in the
mitochondna. So we made rather lengthy extractions Of course, we
had fortunately worked with whole homogenates and lvers, “hfmt
confirmed the fact that the whole tissue could not synt}}eSlZB aty
we have noticed that dufference frequently. What that is due 110,
I do not know, and whether they would show dfferences if property
stained, I have not the faintest notion -

Popper Fat stains quite often produce artefacts, as 1 :m’: the
Dr. Lillie will confirm, 1 should rather not commit myself as th
staning of mitochondria mn this condition and would Iike to
what Dr Lilhie thinks about it.

Lalle. 1 am not too happy about mitochondna. I thi
could obtain perfectly fresh material from liver biopsy,
methods could be used successfully. The older hematoxyls
of course, were not too specific. . .

Gurin It seems to me it 15 worth studying. The thing t:)eﬂst a‘len
presses me 1s that this is the structure of the cell that re,;p\:ses the
carries out ouidahve processes, It produces the CO: ﬂlj 31 b
otygen This particle 1s a perfect little chemical factory, ﬂ?a come
Lieve it 15 going to be the center of intesest for a Tong time

ink if we
supemta
n metheds,
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Lillie: 1 think perhaps elcctronmicrograph studies will be increas-
ingly dirccted to the mitochondria.

Gyorgy. Dr. Madden asked about coenzyme A and its possible

with deficiency of sulft amino acids, Last
spring, at dlc New York Academy of Medicine meeting, Dr. R. E
Olson, of Pittsburgh, claimed that in dietary Jiver injury, leading
to massive neerosts of the hver, which is based on a double de-
fierency of sulfur-contmmng amino acids and witamin E, the co-
enzyme A is very much rcduccd, and further, that itamin E
T the red of p ion of coenzyme A,

Gurin: Tt would not be surprising if there were such a relation-
ship, because the thiolethylanune group in the coenzyme A molecule
undoubtedly anses from onc of the sulfur-containing ammo acids

Best. In these conferences we have debated again and agan
everything we know about the action of choline. T think all of us
are agreed that we have not been mmpressed by the clams that
msulm has anything to do with artenosclerosis The data of Steiner,
Kendall, and Morrison, recently reviewed by J D Davidson (34),
incicate that there is no true connection We have recently been
working in our own laboratory, the Banting and Best Department
of Medical Research, with severe choline deficiency Dr Hartroft,
will you outline this for us?
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CARDIOVASCULAR LESIONS IN
CHOLINE-DEFICIENT RATS*

W. STANLEY HARTROFT
Banting and Best Department of Meducal Researh
Unirersty of Totonto

THE ExPERIMENTS I shall speak of had their ongm in studzes on
the liver in choline deficiency; I do not think they have any chrical
significance at the present time. Seven years ago, Kesten and
Saleedo, working with Dr. Stetten at Columbia (1) reported that
young rats fed a low protein diet, containing 35 to 40 per cent of
the ethyl ester of the short-chain fatty acid, lauric acid, died within
3 to 6 days of a masswve cardiac necrosis These heart lesions could
be prevented by supplements of choline added to the det

Two years ago we attempted to confirm this observation, but
our rats failed to consume the food mixture containing ethyl laurate,
and died from inadequate caloric intake without, of course, develop-
ing any cardiac lesions. It was not until a year ago that a newcomer
to our department, Dr George F. Wilgram, at Dr. Best’s suggestion,
took up the problem By perseverance, he succeeded 1n ccnﬁrmmé;
Dr Stetten’s observation concermng the cardionecrogenic action o
ethyl laurate in low cholime diets, although his rats did not die bnS
rapidly, nor was the cardiac necrosis as extensive as reported by
the Columbia investigators.

In our rats, fed ethyl Jaurate m a choline-deficient food mmuril,
cardiac necrosis was preceded and accompamied by the deposii®
of abundant amounts of stamnable fat in the muscle fibers of aﬂectf :
hearts Kesten, Salcedo, and Stetten, had looked for smilar ge
deposits m hearts of their ammals and reported their ubscnctfd "
think this apparent discrepancy may be explained by 2 consx[ E«e&
tion of the stage of cardiac necrosis involved. In the e‘arher sd"anl
of the lesion, stainable fat in affected muscle cells xs.abug l:s];
(Figure 14), later when the cells have undergone necrosis and

ination
! ! ophages Examind
the fat escapes and 1s removed by phag fat. for 1t has

of necrotic hearts at this stage r i very well

largely, been removed. The fore e
S , o

*This work was carned out m collibor an

Bantins ind Best D ment of Medica -
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Freune 14 Frozen section, stained with Oil red 0 to demonstrate fat, prepared
from the heart of a cholinedcficient rat This ficld illustrates several stages in the
production of the type of cardiae damage descnbed in the text At the peniphery
of the lesion, cardiae muscle edls are filld with stanable fat depouts (black §n
phutograph ) 1o the more adsanced Jortons of the lesion, muscle cells have
Pecome Rsedt with releate of Dot drophts, which have Leen remored by macro.
phiges N300

account for the differences between the findings of Kesten, Salcedo,
and Stetten, and our own, with regard to stamable fat,

At Toronto, we then investigated the effect of choline<leficient
diets which contamed synthetic tngly cerides other than lauric acid
or ats ethy ester Tricaproin, trcapry hin, trimymistin and tnpalmtin,
when incorporated into chaline-deficient dicts at levels of 25 to 35
per cent, were all effectine m producing varying degrees of cardiac
necrosts in young male rats consuming these food mixtures, When
all fat was omitted from the basal cholinedeficient ration and
repliced by sucrose, a small percentage (20 per cent) of the rats
fed this diet also deseloped lesions i their hearts Cardiac necrows
and more than trees of stanable fat in heart muscle were absent
m rats fod any of these expermental diets supplemented with
cholme chloride (083 per centd We concluded, then, that the



100 Liver Injury

essential cause of this type of cardiac damage was dietary cholne
deficiency per se, and that this could be intensified by the additon
of a high percentage of synthetic triglyceride to the diet Com-
pounds of lauric acid were more effective in increasing the incidence
of the lesion than were other triglycerides tested, and to this extent
our observations were in agreement with those of Kesten, Sakedo
and Stetten They had concluded that only denvatives of laune
acid were cardionecrogenic in choline-deficient diets Our exper-
ments indicated, however, that the essential condition for produc-
tion of this lesion was dietary chohne deficiency, and that ethyl
laurate, mstead of being necessary for its production, intensifed
the effect of choline deficiency and rendered its effect on the heart
more dramatic and easily demonstrable

These results prompted a series of esperiments in which naturally
occurring fats (beef, fat, lard, com otl, and coconut otl) were fed
at comparably high levels (25 to 85 per cent) in this type of
choline-deficient dict. Rats consuming these food mmutures de-
veloped varying degrees of hpocardiosts (fat in heart muscle) and
cardionecrosis. Beef fat and lard, under these conditions, were
associated with a higher incidence of the lesions than were <0
oil or coconut oil. Over 90 per cent of young male rats (10?1—0
gm ), which were fed a choline-deficient diet containing 33 Per
cent lard, and 30 per cent methionine-poor protein,.developf
cardiac lesions These changes in the hearts of the animals \;ﬂf
frequently, but not necessanly always, associated with the fie\e Opz
ment of acute renal lesions It appears at the present glme(;;s
kidney damage may intensify the effect of cholme'-deﬁment i
on heart muscle, but is not an essential factor for this resu.]t s

Recently we have observed both gross and microscopic Jest

N nsuming

m the aortas and coronary arteries of young male rats co f st
choline-deficient diets of this type (Figure 15). Deposits o sm
able fat have been observed in the walls of coronary a"e;’es;d in
m the aortas both fatty and calcrum deposits ha.ve be.en cu“
intima and media respectively. Grossly sclerotic ]esnor;sdl i
aorta have been observed within periods as bnef as ! 12 the
young male rats fed on these duets. The changes C‘PPC‘"I to et
acute version of the ones observed in older rats fed fesfst et
hypolipotropie diets contaimng smaller percentages ah
periods of 4 to 6 months (2) 5 s

The deposttion of stainable fat n hearts and arteries ast}:;fulhe
m kidnevs and Lvers of cholne-deficient rats s“gg'emot hmted
Tipotropic action of choline and its dietary precursors is
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Fieunr 15 On the Jft is a normil, arterial branch in the heart of a choline-
supplemented control rat On the nght is & sumbir prepiration from a chohine-
drficient ammial Both sections have been stamed with Oil red 0 to demonstrate
stamnable fat The wall of the artery m the choline-deficient 5at contains stamible
fat, clucfly in the media, with a small amount in the mtima \300

to the hver alone The concept appears to be emerging from these
and other myvestigations that adequate amounts of dictary choline
are necessary, not only for the mamtenance of a normal and healthy
Inner, but also for the presens ation of a normal cardios ascular-renal
system Tlus approach ss perhaps further supported by the finding,
previously reported from eur laboratones, that hnef penods of
choline deficieney n the early hfe of young rats may be assoctated
with the development of hypertension later (3)

Goldblatt Dr Hartroft, although you did not mentton anything
about the clastica i the media, I am sure you must hne studied it
T am thunking about the sork of Blumenthal, Lansing, and others
{4.5) on the pnmny degencratine changes i the media

Hartroft  \icroscopte changes in the elastica lamina do not
appear o constitute 2 primary feature of the leston We have not
emploved nucromaneratton methods, but histochermeal techmques
for the demonstration of stamable calaum deposits have failed to
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reveal any abnomnal caleification in the early stages of the lesion,
encountered either in the aortas, or coronary arteries, of affected
rats, Stainable fat deposits in the artenal walls appear to precede
quite clearly any later calcification in the aorta. In the coronan
arteries we have not yet d abnormal calesfication, and
have only observed deposits of mural lipid.

Necfe: In the acute infarct in the human, does one see this fat
deposition in the muscle cell?

Hartroft- 1 beheve stainable fat depostts in cardiac muscle are
frequently encountered in acute infarcts of the heart in man

Popper There is a stage where st can be seen

Hartroft. Both in the case of cardiac infarcts in man, and in the
type of cardizc necrosis ed m the choline-deficient rat,
the amount of stamable fat deposits observed depends on the stage
of the lesion observed. Before cellular lysis has occurred in the
affected regions, the muscle cells frequently contain abundant
amounts of fat. With further advance of the neerosis and dissolutien
of cell membranes, the fat 15 hiberated into tissue spaces whese &
15 engulfed by macrophages and removed Thus the more advanced
the necrosis, the less the amount of fat in muscle fibers,
conversely.

Best. The rat 1s a difficult ammal 1 which to produce Jesions (;f
thus type. In these experiments there has been no added cholestero
therefore, one of the next steps will be to add it. Dr. Hartroft
earrying this out at the present time.

Lilhe Ths process is decidedly reminiscent of dietary heart
lesions which Ashburn showed me 1n his laboratory about ten }Eﬂf
ago He and Daft (6) and some others tried to vepeat the exper
ment, and 1t did not happen again.

Best Was that a low-choline diet?

Gyorgy The usual low-choline diet s

Madden: 1 thmk Wissler (7) reported the Pmd“cf“’" “}E it
lesion in rats on a lard diet I do not believe he specified ! ar
was low choline, and I do not know whether this was meas®
High choline intake was noted in later repart {8). o

Hartroft: The ammals which developed acute lxpom“fl"“sh‘gh_
atheromatous lesions (9) of caronary artertes were forcﬁ-fe "e st
fat, mgh-choline ration containing chelesterol, and \\1§h :li‘idne)’
cent NaCl in their dnnking water were subjected to anti-ra -ts i
sernm, DCA, and sesame oil injections. In chronic‘re“I’f““‘c;')<e e
ing a year, lipomatous lesions of the coronary arteries were ﬂlcmcnlsv
in a group receiving high levels of Tard, high-choline supp

and
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and added cholesterol. I do not know whether Wissler observed
gross lestons in the amumals” aortas The presence of the lesions in
rats, given choline supplements, is difficult to correlate with our
findings. We have nexer encountered vascular abnormalities in large
numbers of control rats fed our basal diets supplemented with 085
per cent choline chloride Experniments in our laboratory, currently
underway, melude rats heing fed our basal diet with added cho-
lesterol, in the presence and absence of choline supplements,

Madden: What is the degree of choline deficiency?

Hartroft: 1t is very severe. The high levels (25 to 35 per cent) of
fat are one factor, and the high level of methionine-poor protein
{30 per cent) is another The diet which we have employed most
extensively in these experiments contam 30 per cent alcohol-
extracted peanut meal, 5 per cent alpha soya protein, and 10 per
cent casein, These diets are then high in fat. high in protemn and
low m cholme

Madden. And Jow mn methionine?

Hartroft: Yes, although the protein content is 30 per cent, the
dicts contain only 440 to 530 mg of methionine per 100 grams of
food mixture

Madden- Are they vitamin-supplemented?

Hartroft. Yes, the dicts contain a vitamm supplement which we
routinely employ 1n most of our dictary expeniments (10).

Best: Some day we may be able to wnite a paper on the produc-
tion, i 17 days, and by dietary deficiency, of the signs of advanced
old age in young rats, but we have quite a long way to go before
that will be possible

Hartroft_ Of the natural fats studied by incorporating them at
levels of 25 to 35 per cent i this type of basal dret, coconut ol
did not result 0 a very high percentage of cardiae lesions in rats
consuming the food mixture This was somewhat surprising as
coconut o1l contams a large amount of laurie acid

Best: This cards ic neerosis oceurs m 100 per cent of these experi-
ments, but 1t as absent with choline

Hartroft Young rats consuming the ligh fat (35 per cent lard),
hugh protemn, and low-choline diets, deseloped cardiac lesions m
almost even wstance, controly fed the same diet with choline
added were free of significant changes in their hearts.

Popper 1 assume vou did not find any mural thrombi in the
heart muscle

Hartroft At the time of autopsy, no attenpt was made to remove
blood or bloodt clot from the chambers of the heart in order to pre-
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reveal any abnormal calcification in the early stages of the lesin,
encountered either in the aortas, or coronary atteres, of affected
rats. Stainable fat deposits in the arterial walls appear to precede
quite clearly any later calcification in the aorta. In the coronary
arteries we have not yet encountered abnormal caleification, and
have only observed deposits of mural lpid.

Neefe: In the acute infarct in the human, does one see this fat
deposition in the muscle cell?

Hartroft: 1 believe stainable fat deposits in cardiac muscle are
frequently encountered in acute infarcts of the heart in man

Popper: There is a stage where it can be seen.

Hartroft. Both 1n the case of cardiac infarcts n man, and i the
type of cardiac necrosis encountered in the choline-deficient 12t
the amount of stainable fat deposits observed depends on the stage
of the lesion observed. Before cellular lysis has occurred in the
affected rtegions, the muscle cells frequently contan abundant
amounts of fat, With further advance of the necrosis and dissolution
of cell membranes, the fat is liberated into tissue spaces where &
is engulfed by macrophages and removed. Thus the more adsan
the necrosis, the less the amount of fat in muscle fibers, and
conversely.

Best: The rat 1s a difficult ammal in which to prod
this type In these experiments there has been no added cholestesol
therefore, one of the next steps will be to add 1t Dr. Harfroft 5
carrymg this out at the present time

Lille: This process is decidedly reminiscent of detary heart
Jesions which Ashburn showed me 1 his laboratory about ten years
ago He and Daft (6) and some others tried to repeat the expen
ment, and 1t did not happen again

Best Was that a low-choline diet?

Gyorgy: The usual low-chohne diet s

Madden. 1 think Wissler (7) reported the production of ! ‘t
lesion 1n rats on a lard diet. I do not believe he specified that §
was low choline, and I do not know whether this was measuse
High choline intake was noted m later report (8) d

Hartroft The ammals which developed acute !iPD“‘“““‘SMn .
atheromatous lesions {9) of coronary arteries were fomc'-fed a ger
fat, high-choline 1ation contaming cholesterol, and with Dc'edﬂe"
cent NaCl mn therr dnnking water were subjected to z‘"“'ml-{‘ t-
serum, DCA and sesame o1l injections In chromc'e‘PE"me";;r\
ing a year, hpomatous lessons of the coronary arteries were Olemenbx
m a group recerving high levels of lard, htgh-choline supP

e Jesions of
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and added cholesterol I do not know whether Wissler observed
gross lesions 1n the ammals’ aortas. The presence of the lesions in
rats, given choline supplements, is difficult to correlate with eur
findings We have never encountered vascular abnormalities in large
numbers of control rats fed our basal diets supplemented with 083
per cent cholme chlonde. Experments in our laboratory, currently
underway, include rats bemg fed our basal diet with added cho-
lesterol, in the presence and absence of cholne supplements

Maddcn: What is the degree of cholme deficiency?

Hartroft: 1t is very severe. The high levels (25 to 35 per cent) of
fat are one factor, and the high level of methionine-poor protein
(30 per cent) is another The diet which we have employed most
extensively in these experiments contain 30 per cent alcohol-
extracted peanut meal, 5 per cent alpha soya protem, and 10 per
cent casein These diets are then high in fat, high m protein and
low in choline,

Madden. And law in methiomne?

Hartroft Yes, although the protein content is 30 per cent, the
diets contam only 440 to 530 mg of methiomne per 100 grams of
food mixture

Madden: Are they vitamin-supplemented?

Hartroft: Yes, the diets contain a vitamm supplement which we
routinely employ in most of our dietary experiments (10)

Best Some day we may be able to write 2 paper on the vroduc-
tion, 1 17 days, and by dietary deficiency, of the signs of advanced
old age n young rats, but we have quite a long way to go before
that will be possible.

Hartroft. Of the natural fats studied by incorporating them at
levels of 25 to 35 per cent i this type of basal diet, coconut ol
did not result 1n 2 very gh percentage of cardiac lesions 1n rats
consummng, the food mivture This was somewhat surpnsing as
coconut a1l contams 2 large amount of launic acid

Best Ths cardiac necrosis occurs in 100 per cent of these experi-
ments, but 1t 1s absent with choline

Hartroft Young rats consuming the high fat (35 per cent lard),
hugh protein, and low-cholne diets, developed cardiac lesions in
almost every instance, controls fed the same diet with cholme
added were free of sygmficant changes 1n thew hearts

Popper 1 assume you did not find any mural thrombi in the
heart muscle

Hartroft At the time of autopsy, no attempt was made to remove
blood or blaod clot from the chambers of the heart m order to pre-
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Popper: No, I meant arteriosclerotic vascular changes.

Hartroft: We have not observed vascular lesions in the rena
arteries,

Madden: Have you tried it in adult animals?

Hartroft: Yes; Rudout, Sellers, Best, and I (2) observed ths type
of lar d. in choline-deficient diets for the first tume in
young, adult, male rats, and reported these findmgs a Iittle more

an a year ago. I referred to these changes earlier as chronx
lesions. The animals in which they were observed weghed 16020
gm. at the beginning of the experiment. They were maintained on
a low-choline diet for periods ranging from 4 to 6 months The
total age of the animals at the time of saenfice was still under 300
days, however. The aortas of many of these rats were grosh
sclerotic, and in the coronary arteries of many of their hearts, fat
deposits were found in intima and media. There was mtimal hyper.
plasia in many of the vessels of the heart The fat content of the
diet fed these older rats was less than in the acute expertments we
have reported today, and contained 20 per cent hy drogenated
vegetable fat, called “Primex.”

Popper. Do you assume that the alteration of the myocardil
fibers 15 the result of anovia due to obstruction of small vessels, ot
do you think 1t 1s independent from the vascular lesions?

Hartroft: T cannot give a definite answer to that question. Fre-
quently the vascular and parenchymal changes in the heart appeas
to progress hand-in-hand. In some mstances, however, we hae
encountered lesions 1n vessels without changes jn heart ruscle,
and conversely. o,

Madden- May I ask if you have tried to reverse the Jesions

Hartroft: No. That is a good experiment which will have to be
done.

Bollman. What changes are there m the blood? "

Hartroft Dr Jessie H Rudout, in our laboratory at the Ban “;r%
and Best Department of Medical Research, studied th'e total se‘l":'(h
ligids, aud the serum cholesterol, i the choline-deficient 1ats e
vascular lesions. She found that the level of serum cho}esiml)ne-
the rats with lesions was significantly less than in the chob
supplemented controls,
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THE LIVER AND PROTEIN METABOLISM~

H. W. KOSTERLITZ
Department of Phyuology
Unisersuy of Aberdesn
Aberdeen, Scolad

WE MAY Arrroacn the relationship between protein metabolsm
and the hver in two ways; either by considering the effect of the
liver on protein metabolism, or in reverse, the effect of proten
metabolism on the composition and structure of the hver. These
relationships exist also as far as carbohydrate and fat metabolism
are concerned, but in the case of protein metabolism, the changes
which we observe in the lver are much more pronounced and
apparently have greater importance.

1 intend to subdivide my presentation into roughly three parts
In the first section, I shall deal with the problem of a standard of
reference for the analyses of liver tissue. In the second, I shall con-
sider the effects of dietary proteins on the composition of the Iner,
and in the last section, discuss the effects of some hormones on the
constituents of liver tissue, with particular reference to nbonuck:
acad (RNA).

So as far as a standard of reference for hiver analyses is concerned,
this 15 an old and rather difficult problem. If we wish to exP‘“e‘
results of glycogen and triglyceride analyses, then we may 03 ﬂm’,“‘t
the difficulty which is caused by the rapid changes in the “e‘f%ee
of the lver by referning the results to fat-free and glycogc'"'w
dry hiver tissue. However, if there are simultaneous changes‘}!;bk
protem content of the liver, this method is o longer applict nd
These changes may occur very rapidly, within a few hours,om,l
may amount to as much as 25 per cent and more of the pr s
content of the liver. The obvious conclusion would be to e‘l“me
the results in terms of umts of liver cells, and to be even mAs
definite, in terms of units of parenchymal cells or hepﬂ“’c)(ejdﬂ.
a measure of the number of cells present, we could take the Y:]C]“,c'
and as a measure of the nuclei, the content of desoxyribon ‘
T 10n with Ars
o ol 1 o e sorponed b b e B
Council of Great Brtam
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aaid {DNA). The difficulty which arises 1s that there are other cells
JOCRRAL A el s At

relative change between h tes and ) ytes m re-
generative processes, and, of course, in_cirrhosis. However, for
short-term experiments, the type which I wish to describe here,
there 15 no evidence of a sigmficant change in the relationship
between hepatocytes and other cells
The constancy of the DNA content of nuclei was first shown by
ot T s ey " " 7 :mshown thatat
the liver nuclei
B as, for instance,
keepmng a rat on a protein-free diet for four weeks (2). A very
detailed exammation of this problem of whether dietary changes
affect the average DNA content of liver nuclei has recently been
published from the laboratory of ] N. Davidson in Glasgow (3).
He and s collaborators demonstrated that neither age, sex, nor
diet had any effect. This may be rather surpnising, because we
know that particularly in the lvers of rats and other rodents,
polyploidy 1s very marhed
Figure 16 is taken from the lecture Dr Davidson gave last year
to the Intemational Biochemical Congress (4). The amount of
DNA 1n the nuclei was determmned photometrically by means of the
Feulgen reaction. In the kidney we have only one class of nuclei,
but 1n the hiver we have, apart from the diploid nuclei, a large
number of tetraploid nucler, and a small number of octaploid nuclei
A priori, 1t 1s by no means certan that changes 1 diet will not
affect the relative numbers of diplod, tetraplord and octaploid
nucles, but from all the results which are available so far, whether
the average DNA content of 1solated nucler, or the DNA content
of the whole liver 1s estimated, there 1s no evidence of any change
m polyplordy durmg short-term cxperiments. Thus, there seems to
be a good case for using Liver DNA as a standard of reference
One difficulty wlich I should like to point out 1n this connection,
15 of a rather techmeal nature The degree of homogemization of the
Iner 1n the process of 1solating the nuclei, determmes how many
nucler other than hepatocytes will appear in the suspension, be-
canse the nucler of hepatocytes are most readily dislodged from
their cells Finally, T should mention that the results to be reported
later do not distinguish between ntracellular and 1lul,
conshtuents
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Fiovre 16 The DNA content of isolated nucler of the ladney and I“‘.:' dr:h(f
rat, determmed photometrically after staming by the Feulgen reaction Repnoi
by permisssion, from Davidson, ] N Les nucléoprotemes et li croissance
tissus Bull Soc chum brol 35, 49 (1953)

The DNA content of the whole liver 15 determined solely b’td::
size and sex of the ammal (53) Figure 17 shows the amoll)m .
DNA (mg ) n the whole liver of the different animals, both 2[510;”‘
and ordmate bemng on the loganthmic scale. We see t}mbat\een
for the range from mice to guinea pigs, the relationship bet
log DNA and log body weight, 1s linear. ifferest

Figure 18 shows the DNA content of rat livers of lrn;ture
weights. In the lower part of the curve we have young '}‘l“ upper
rats, then there 1s a gap for which I have no data, “f‘d in :he DN
part are adult mature rats. The open circles mdlcmef " e\e sats
content of the Livers of female rats, and the dots that 0 v";ahz e
1t would appear from this graph that, for a given body ;“ecge !’here
female rat has more DNA 1 the liver than the male dln]z puclen,
1s no sex difference 1n the average DNA content of the act
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Ticene 17 The relationship between log DNA P and log body wesght for fenale
muce, rats and guines-pigs The line was drawn from the regression equation lng
DNA I' (mg } = 0845 x log body weight (gm) — 167 Figures ;n brackets
nchcate number of obsen ations

1t also means that for a given body weight the female rat has more
Iner cells than the male

We have demonstrated that the DNA content of the Iner 1
mdependent of changes m the dictary protem, fat, energy, and
choline contents I shall not show you the evidence for that, because
1t 1s, of course, negatne (2,56) However, Figure 19 will, I hope,
help you to appreciate the advantage which can be derved from
referning the results to DNA

The first four columns represent the protem mtrogen content
expressed m mg per 100 gm of lner The first column s that of
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Ficure 18  The relationship between the DNA content of the lver, and tbem
e

weight. The dots indicate male, and the circles female rats, The lmes were 7
from d, by from Campbell, R M a
Kosterhtz, H. W.: The effects of growth and sex on the composition of the Ihe
cells of the rat. / Endocrinol. 6, 308 (1950).

a normally fed animal, and the concentration is approvmately 28
per cent. The second column is that of a rat which had been f
on a protein-free diet, and the concentration is down to 1.9 per cent
The third column is that of a fasted animal and the concentratio?
15 about the same as in the normal animal. The last column sh;“;
the hugh protein concentration 1n the liver of an animal which ha
been hypoph ized, and in of that operatioh
had reduced its food intake.

If we now determine the concentration of DNA m these 11\0;:
we find similar values in the livers of the rats fed on adfq““‘e}m
protemn-free diets In the fasted rat the concentration of DNA o
gone up, because of the loss of glycogen and water from e
liver. This increase in the DNA concentration is stll rnore'mfll;leSe
mn the hypophysectomized animal. The total DNA present it bod¥
Lvers is about the same, provided there are no differences in PO%

weight.
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If we now express the results in terms of mg. protein N per mg
DNA P, we have a true picture of what is happening. The first
column represents the protein content of a given number of Iner
cells After heeping the ammal on a protem-frec diet for, say, a
weeh, the value 1s reduced In the fasted animal a similar amount of
protemn has been lost, although the concentration is as high as m
the normal rat In the hypophysectomized animal the protemn con-
tent of the Iner cells has fallen even more than in the fasted rat.

Thus, 1 bebeve there 15 a great advantage in expressing the
analytical results m this way However, caution has to be exeraised,
because there may be changes in the average DNA content of the
Iner cells Thuis may be caused by a vanation i polyploidy, or by
an ancrease 1n the number of cells which are not hepatocy tes.
Furthermore, there mav be an abnormal accumulation of DNA in
the nucler, as was shown, for mstance, by Ely and Ross (7), m
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experiments in which young rats were Lept on a proten-free diet
for periods of from three to four weeks.

An alternative method would be to express the results i terms
of the whole liver; or if the animals were not of the same Body
weight, per 100 gm, of body weight, However, this would be only
a second best way of proceedmg

Best: 1 think we might have some discussion on the problem of
a standard of reference for the analysis of liver tissue at this pomt

Vars: Would a short experiment in connection with the vanations
in polyploidy be hmited to two days, one day, or eight hours®

Kosterlitz: No, much longer than that. In animals fed on 2
protein-free diet, we may safely continue for three or four weeks
I have not seen evidence that there is a variation n polyploudy
While we have not actually determined the relative number of
diploid and tetraploid nuclei, there is no positive evidence U{Jt
such variation occurs There is no change in the average DA\}
content of the liver nuclei, and there is no change in the total DX4
content of the liver.

Popper: 1 am sure some of you will remember that the same
question was brought up in these conferences several years a0,
when changes n nucleic acid content and concentration in ;
liver were reported as resulting from carbon tetrachlonde ans
ethionine intoxication (8). From the discussion m which Drs. E
Gordon, Philip Handler, Harold Tarver and DeWitt Stetten ll})lﬂ'
ticipated, the conclusion was reached that the most suitable me .
was to take as reference point the body weight of the rats at
beginning of the experiment, in order to avoid the questmnm‘lL
polyploidy, changes in DNA and what not. I should lke mhich
which reference point would appear suitable in expenmenfts ‘:)“1
are too protracted to use the mitial body weight, because o g:term
of the rats or the like. The body weight changes also in .shor .rem-
expeniments, but this change will not interfere with tl{e mt;fps"
tion, 1f one takes as reference point for the concentrat'mn. ofa e
stance in the hiver the mitial body weight at the beg}nnmgs“’mm"
experiments and 1gnores any changes of the body weight rfme"hb
from fasting (often for two or three days) or other exper
factors .

Kosterlitz 1 think all the arcumstances have to be “{ker"}’]:':n
consideration If we have a simple nutritional experment in ‘«"5'
we can assume there is no change in the number ;){7 1:]‘::‘&!3\‘
then I thinh expressing the results per 100 gm. uf initial ’:w;' where
15 all nght However, if we have a situation as in pregnanch
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the namber of hiver cells is increased, then to express the results
per 100 gm. of body weight would be misleading. We may wrongly
conclude, from increased protein values, that there is an increase
in the protein content of the hver cell, although the results may be
accounted for by the mcrcased number of cells. We find the same

ion n carbon There 15 an increase in
the protemn content, but that is due manly to the formation of new
lver cells

Popper In carbon tetrachloride poisoning, there are changes m
the nuclei and tissue which seem to mvalidate DNA as a reference
point You mentioned loss of cells, and the appearance of scavenger
cells which are not hver cells That may disturb us 1f we wish to
know whether there is more protemn m the hver cells, or whether
1t 1s distnbuted 1 more or fewer cells. All of us who make analyses
of hver tissue are confronted wath this problem, and are m urgent
need of a suitable reference pomt

K z: In carbon 1 would
be very hesitant to do any ana]ysns of this type after h\enlyvfom
hours, because up to that time, if there had been an invasion of
foreign cells, it would be very shght; that is, expressed in the percen-
tage of the number of hepatocytes, Would you not agree with that?

Popper. T do not know.

Kosterlitz: We looked at these Iivers and found very few foreign
cells When there is necrosis of cells in carbon tetrachlonide poison-
ing, we do not know whether DNA is lost or can no longer be
demonstrated by histological staining methods. From the chemical
analyses that we have made, we rather feel that it is still there

Popper Tt would be advantageous if all of those who are dong
analyses 1n liver tissue would agree on one reference point 1n order
to permit companson of the findings in different laboratonies So
far, a really smtable reference pomt does not seem to exist, and
using the mmtial body werght of the ammals 1s probably the most
pnmitne of any method

Kosterlitz Under these aireumstances, 1f we wish to obtan a full
analysis, we have to analyze the hver, and know the liver and body
weight Furthermore, we have to count the number of nuclei We
have to determine the degree of polyploidy, and also estimate the
average DNA content of the nucler No one has done that so far,
and I think we cannot answer the questions yvou have put unti] this
problem has been fully imestigated

Best 1f vou were determining desoxynbonucleic acid, what
would you use as a standard of reference?

1.




116 Liver Injury

Kosterlitz: We use the body weight of the animal. I showed you
the regression lines. In Figure 18, the regression line 15 very constant
for a given stramn of rats; we have redetermined it at intersals of
one or two years, and the numerical values of the equation vary
only a little. That is to say, there is no significant difference in the
regression coefficient, although there may be slight variation in the
absolute terms (4,6). Thus, when we determine the DNA content
of a liver, we can say whether it is greater or smaller than that
which we would expect for a normal rat in the colony.

Best: What 1 was trying to bring out was that there could b
no single standard of reference. We must have more than one

Kosterlitz: 1 quite agree with you that there cannot be just one
Strictly speaking, when we say a substance has been determined
in the liver of a rat, that 1s the first standard of reference giving the
species; then comes the sex, age, type of strain, and so on. Howerer,
so far as we know, in a normal rat the DNA content of the Inerss
determined only by the body weight and sex.

Gurin: I think Dr. Aaron Bendich (9) found recently that DNA
fractions are mixtures of several DNA’s, Wouldn't that introduce
another possibility of variability in this analytical method? I Iu};
no idea how the proportions or the phosphorus components wou
vary in the individual DNA components.

Kosterlitz: As far as the hver of the adult rat is concemed, ve
are in no difficulty, because it contains only one type of DNA In
other organs, there are two types.

Best: Do they give the same color reaction? 5

Gurin: 1 would expect them to. 1 wonder how the proportion
would change under various expertmental conditions I do not supr
pose there is any information on that.

Kosterlitz: There 15 no information whatsoever. All one cflnﬁ:;)"
is that at present there is no direct evidence of any such varial o
because of the conssstency of the results obtamned so far. Howerve?
I quite agree that one ought to look out for such ewdem“ei e

Popper: The problem is obviously even more co.ml’]’“le s e,
human If we wish to make analyses of liver biopsy SPZCIL“‘M&
body weight, or some similar figure, is obviously not swta su’ggesf
DNA probably represents the best reference point, nz }Ouan e
in your papers My question should not be interprete ﬂ: o fthe
ment agamst your statement; 1 just wished to take advantag - pomt

resent group to obtam some suggestions as to what reference P
p group ! itant about accepting
to use As a morphologist, I am still a little hesitant abo e, 5
something which changes as much, in the morphologic P
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does the nuclear chromatin which reflects DNA. T do not mean to
imply that our visual impression may not mislead us. We found
also that apparent alterations in DNA concentration were nullified
if the body weight was taken into consideration. Moreover, DNA
determnations are not the most pleasant to perform.

Watson: Do your values of DNA depend upon homogenization
and measurement of the optical density of the Feulgen solution,
or on sections? I do not understand how you obtained those values

Kosterlitz: 1 am sorry 1 did not mention that, No, these are all
chemical analyses. The DNA is determined chemically in relatively
large samples: usually 2 gm of hver

Watson Does that depend on the Feulgen solution in the last
analysis?

Kosterlitz: No, it is a Schmidt and Thannhauser analysis. As far
as Dr. Popper's question 1s concerned, I think he is posing an
insuperable problem. In biopsy samples, the error of sampling be-
comes the preponderant difficulty. In this work we use 2 gm of
Tiver, which 1s a large percentage a rat’s hiver. We have also used
the same method when we could not take out the whole hver, in
cat experiments, and it still worked, However, when one tries to do
that on a few milligrams of a human liver, an organ which weighs
several kilograms, 1 think the ervor of sampling cannot be overcome.

Popper. 1 wish to support Dr. Kosterhtz by reporting that Dr.
Robert Shank, in St Louis, in his studies on human lver biopsy
specimen, uses DNA as a reference point. I only brought up the
question so that if several of us should do lipid or other analyses
in human liver tissue, we would agree on the best reference point.

Best. How much data are there from a comparative study of the
histological and chemical 1 d for identifying this com-

pound?

Popper As far as fat (10), glycogen (11), and vitamin A (12),
are concerned, the correlation seems to be good However, iron 15
poor (13) These arc the four substances which T can remember
now, I am surc some of you know of other examples,

Vars In the case of biopsy material, irrespective of the analytical
possibilities of the sample obtained, there is the known fact that
we can analyze only a small fraction of the whole, and there 1s no
assurance that 1t represents a true metabolic pattern of what 1s
taking place m the organ as a whole I think we should proceed by
histologic study, by an estimate of how much connective tissue
there 1s and how many parenchymatous cells, and by considering
other umits of reference
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Shorr: Have you ever tried the Latapie mincer, mnstead of the
homogenizer, to separate the hepatocytes?

Kosterlitz: No, 1 have not.

Shorr: I recall one such effort on my part a number of years ago
It is my recollection that with the Latapie mincer, and gentle df-
ferential centrifugation, it was possible to separate the hepatocytes
from other portions of the lwver tissue.

Kosterlitz: 1 should say that once we have established the fat
that the average DNA content of the nuclei under the conditions
of the experiment remains constant, we do not need to isolate the
nuclei any longer. All we have to do is to determing DNA in the
sample. However, we have to satisfy ourselves first that the average
DNA content of the nuclei does not change. We know it does not
in short-term dietary experiments.

Popper: Even in regeneration, DNA changes surpnsingly httle
when objective measurements of individual cells are made, if
quote Dr, Vars correctly.

Kosterlitz: 1 think in their recent paper, Thomson, Hexd,
Hutchison, and Davidson (3) found that the DNA content of the
nuclei of the regenerating liver 1s higher than normal

Vars. That is correct. It is increased, to some extent.

Popper: Stowell (14) found that in rats, following hEP“edo"}S'
the nuclear volume was markedly increased during the first
hours, and also the nuclee acid content was high, as T yemember
The period of elevation was relatively short. In mice 1t was 2p
parently somewhat Jonger (15) Is that correct? ,

Vars. Yes, because the period of active mitosis does 'H°¢ S“'D
until around the twenty-fourth hour, and reaches a mmmlilm, :s
terms of mitotic count, of from forty-eight to se\-en‘ty-mo oU 4
His observations would confirm work along ;he same htr‘]es by Brue

16) who made counts at various stages of regeneration.
( Sl)zorr I wonder whether there is any metabole inde that ::‘g
could use as a standard of reference We have always been “It:r:n it
by urinary creatinine as a measure of effective tissue mass e d;zgc 4
be interesting to attempt a correlation in a healthy stan
organism, such as the rat.

Vars In the rat, there 1s one enzyme ti ! o
n the buman 1t would not be so effective. It is f}lf{ e"}?'mt but
danese, which seems to be of parenchymatous origin in the :Jseem:
we know very Iittle about 1ts metabobe function. Howerer, I
to parallel protem changes m the organ. It goes its ©

hat works rather well but

wn steady w4}
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and does nat show the stnling changes that other enzymes with
more nteresting metabolic functions do,

Hartroft: According to Bruno Mendel (17,18), rather strihmg
differences, involung rhad can be d db
tumor tissue and normal tissue, using ferncyamde as a test sub-
stance.

Vars: For observations of the normal regeneratne liver, it has
been a good standard of reference (19).

Hartroft: Can consistent differences m the activity of rhodanese,
and the DNA content, be demonstrated between tisstes m stages
of active hyperplasta and neoplasia? I have in mind hyperplasia
such as that following partial resection of the hiver. If I have under-
stood Dr. Kosterlitz correctly, there would not be much change in
DNA content of a tissue during active hyperplasia

Kosterlitz: T am sorry, I must hasve been confusing the issue We
must differentiate between the DNA content of the whole organ,
and that of the individual nucleus, In of the Iner, we
have a relatively small increase in the average DNA content of the
nuclel, but naturally a very marked merease m that of the whole
organ As a matter of fact, T do not think T am qute competent to
say what the DNA content of the mdiidual nuclei following
hepatectomy is.

Popper Although T do not know of a specific measurement, cir-
cumstantial evidence mdicates a shght mcrease: but surely it is not
as dramatic as one would be led to beheve from the histological
picture

Best Dr Watson and I were hoping we could obtam mformation
from this group as to what people who do bwopsies on human liver
actually use as a standard of reference

Popper We are absolutely helpless We are using the dry weight
which 1s, of course, the simplest procedure, but probably the least
wformative It at least.omits edema as a source of error, but we are
looking for something better I believe Scluff (10) in his stady on
Iner bpds uses the wet weirht As already mentioned, Shank, in
his extensive worh, uses DNA as a base line, Waterlow (20) does
also

Kosteelitz 1f 1t were possible to separate the hepatocytes from
all the other tissue, the DNA content wauld be a sery good standard
of reference However. T think the real trouble 1s that you have
such a small sample

Popper  There have been a few investigations along that hine.
Anvbods who undertakes such a study will attempt to estabhsh
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the differences in various samples of the same liver, and with most
of the substances these differences apparently are small, as has becn
shown for lipids (10,21,22), or vitamin A (12,23), at Jeast in the
normal fiver. As far as glycogen is concerned, there seem to be
sigmficant differences (24). In the abnormal liver regional af-
ferences have been reported in lipids (25), for mstance An histo-
Iogical apalysis may help. The presence of marked Fbrosis would
have to be taken inte account.

Kosterlitz: 1f allowance is made for the sampling error, I think
the DNA content is stil the best standard of reference

Lillie: 1 was thinking of the possibility of relating DNA content
to that portion of the liver which one loses in prepanng a Mall
reticulum preparation. The partial digestion that Mall used to get
rid of the cells so that he could demonstrate reticulum would seem
to dispose of, or isolate, this stroma fraction which one could then
subtract from all the rest of the sample.

Watson. That would get rid of all the nuclei, the Kupifer cells,
and any leukocytes

Lille: Certainly.

Watson: Thus, we would still be up agamnst the same problem

Lillie: In the matter of fibrotic liver we would be able to extract
the excess stroma and be closer to parenchyma. 1 do not think the
proportion of cells would vary as much as the proportion of stroma
to cells,

Watson. I was under the impression that the stroma.itself had no
DNA in 1it, anyway, and that 1t was only in the nuclef :

Lillie. But the stroma carries stroma cells which do have Df\é\:
and one finds it very diffcult to get those cells off except by
chemical means. . !

Gurin May I introduce the disturbing thought.thal in abnnﬂ“éy
Iivers the sampling is too small, and the variation too mge‘hu
justify attempts to do quantitative studies on such famples h(e?( "
that many expenmenters are attempting to 4d? this, and ﬁiﬂ ol
important On a quantitative basis, however, it js an extremely cat
sample, and a very small part of an organ that may Shf’"{ %ch
changes. What do quantitative results mean, at l'nest; wit ;omu-

ples? Qualitative ck ureﬁﬁ]nde 1 am just asking for 1%

10n, I am not an expert 1n this field, . B
‘ Shorr: 1f one mexaI;ures four or five things quantnanvel‘)e,(d‘e"
relationship to one another may constitute a frame of rel
In other words, one should not be too discouraged

Best: Dr Kosterlitz, would you continue, please.

ence.
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Kosterlitz, The next section of this talk deals with dictary effects
on the composttion of the Iner cell If we analyze the protem
content, expressing 1t as shown in Figure 20, in mg protein N per
mg DNA P, we find that with increasing protein intake, in this
case casein, the protein content of the mndnidual I er cell goes up,
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Lundsgaard: How long are the experimental peniods n ths
experiment?

Kosterlitz: A week, in each case.

Sherz: Does 1t make any difference whether the calorie differences
are with respect to fat or carbohydrate?

Kosterlitz: We did not go into that very carefully, We did a fex
experiments and it did not seem to make very much difference, but
1 would not Iike to commit myself on this pomt.

Vars: Calories, whether they came from fat or carbohydrate, or
by feeding 1socaloric and isonitrogenous diets, did not make a great
difference in hver protein regeneration after partial hepatectomy
(32). These studies were done with 8, 10 and 30 per cent fat diets

Kosterlitz: In order to maintain the same amount of Itver protem,
as the energy intake is reduced, we have to incresse the protem
mtake very considerably, relatiely much more than we should
expect from the reduction in energy intake (Figure 21), For u-
stance, 1f we reduce the energy intake by 50 per cent, the dietan
casein required to produce equal amounts of Iner proten has fo
be about fourfold. That would mean that when we are confronted
with the problem of what we shall give, either protein or calories,
calories should have preference, because it 15 much more expenshé
to produce the same amount of hver protem by increasing the pro-
tein concentration N

Shorr. Are we not getting into specific dynamic action of proteins

Kosterlitz- T should not like to commit myself on that P’""]n
However, I think our findings agree with what I know of xes;l ts
obtamed by balance experiments Elman and his mllabqn: '7]’:
(33), n expeniments on dogs, found evactly the same thing
balance experiments. i &

Gyorgy Do these results apply to all kinds of protein, of
you work only with casein? i

Kosterlitz: That was done only with casein Last

Gyorgy- The problem you raised is a very interesting D‘g mbia
vear at the FAO/\VHO meeting of nutritional experts n ]a ed
(84}, the Uganda group (J N. P. Davies, H. C. T.rqwen) clas o
that m kwashiorkor, a disease of protem malnutrition, ﬂ;e T“ e
etiological factor 1s not a low protein intake per se, but 2 o“ngﬂv
tem ratio to total calonc intake. In other words, Falong "“m_

utrition should not be as harmful as relative protein under "
o ; 0 f Jwashiorho
tion, at least with regard to the de\e,oI;r’nem o T per
Trowell even devised a tentative formula: “_Ath from > dd’be 0
cent of total calore intake supplied by protein, there wou
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kwashiorkor, If there were from 10 to 15 per cent, a danger zone
would be created, and with only 10 per cent, or under, the resyt
would be kwashiorkor,

However, this formula is not in accord with what we know of
protein metabolism; I refer you to the work of Munro (35). Al
experimental and clinical observations support the thesis that with
higher caloric intake, protein utilization, even with subnormal pro-
tein supply, is better than with caloric deficit.

Goldblatt: Would that depend on the kind of protein?

Gyorgy: That is the reason I raised the question; the frst dif-
ference may be between animal and vegetable protem

Watson: Did you not suggest that yourself with relation to mlk®

Gyorgy: Yes The “Uganda formula” is at variance with the
analysis of human milk in which the ratio of protein calories to ot2!
caloric content is from 6 to 8 per cent. Thus, human milk should
be one of the best suited foods to produce kwashiorkor Howeser,
on the contrary, everybody agrees that human milk 1s the best food
to prevent kwashiorkor. Human milk may be an exception, for
reasons not yet known, or perhaps the Uganda formula is not quie
correct. In addition, the type of protein, and even that of carbo-
hydrate, may be important, In Africa manioc, sorghum, mz'Hef, and
com are the source of carbohydrate, There is much less Kwashiorkor
1n rice-eating countries. §

Shorr: Are there any changes in the over-all metabolic rates 0
the patients under these different diets? In other words, do we forc®
a higher metabolic activity by higher calories, and hence accentuate
a deficiency? .

Gyorgy: That would be the simplest explanation for all vitami»
deficiencies We know that vitamm deficiencies do not oceur in
starvation Rickets will not develop in starvation, ax{d this ;PP‘L\;
to almost all types of deficiency conditions. However, in kwas i:" a
we are dealing supposedly only with protein nutrition, which shou
improve with ugher caloric intake, e

Kosterlitz However, is there not a difference between éh'lf E);l]’d
of expeniment, where there 15 a change in protemn only, an mch s
work, where there is a change 1n so many other factors, st
vitammns, and so on?

Gyorgy: That was the reason I asked y
casein, and what types of carbohydrates were prese

ations? . . r
i tlx\?osterhtz The carbohydrate used in the experiments “:;n:g:;,
sugar or corn starch. The supply of vitamins was fept

fy
, hether you used only
o nt in your
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that is an important point. They were gnen separately in small
dishes before the rats had their food. The ones with a reduced
caloric mtake had as much of the vitamin B complex as those with
a Ingh intake. That would not be the case in field experiments.

Best: Dr. Gyorgy, if the carbohydrate were cut down, leaving the
protein the same, then kwashiorhor would not develop?

Gyorgy: This 15 correct,

Shorr: Doesn’t that rmse the possibility that lower calories may
reduce the over-all metabolism, which 1s the reverse of wlich
you saud?

Gyorgy. With regard to protein retention, it is generally claimed
that with hagher caloric intake, protein retention will improve Tlns
should reduce the danger of protein deficiency

Hoct. 1 did hicar a little about this from Dr, E ], Bigwood,* who
was at the meetings m Gambia, But T do not think they ali agreed
as to the causes of kwashiorkor, However, it is a fact that when
children of one to six years take nothing but mamoc, which con-
tamns zewn, with milk or mulk powder, it prevents the appearance
of some of the most important hwashiorhor symptoms Those chal-
dren can eat as much as they like, it does not matter If they come
to the hospital and get milk powder, 1t can prevent the disease
Thus, T believe that a reduction in the large amount of calories
taken under the form of mamoc 15 of no use It 15 protein that must
be supplied Tt must be gnen even of the natives are going to eat
a good dinner of manioe, which they ke

Gyorgy Mamioe has only about two per cent protemn, and is

lly free from sulf; amino acids Such a milk
campargn 1s bemg camed out very successfully i the Belgian
Congo, under Government supervision

Hartroft 1 wonder whether age 1s not an important factor in
these considerations In the disease. hwashiorkor, children and
mfants are chiefly affected In the evpenments just described, did
Dr Kosterlitz use adult rats®

Kosterltz Yes

Hartroft Have vou compared such curves for weanling rats?

Kosterlitz No

Hartroft 1 wonder 1f quite dufferent results mught be obtained
by using young antmals in actie stages of growth

Goldblatt  Are vou not comparmg expenments of rats with a
complete dictany deficiency, with the chance diet of natives about

* Parsonal communication
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which you know nothing? It seems to me that is the crux of the
situation.

Kosterlitz: When people take too many calories of a low-protern
diet, their appetite will be satisfied even though they have not taken
in sufficient protein. However, in our evperiments on the rats the
point af issue was: what js the effect of reducing the caloric mtile
below requirements? The natives took calories up to requirements,
which was an entirely different situation,

Gyorgy: Nos the calories were often below requrements,

Shorr. Do we not have to determine protem sparing ability in
relation te disease? For instance, if the minimum wear-and-tear
protein 15 reduced to low levels, as occurs in Graves” disease, ve
have to go way up in the nonprotein calories. I think we haea
situation there in which we are trying to relate normal standards
as to protem sparing to a disease process. I believe we shall on]}
obtaw valid data if we actually do quantitative metabolic exper
ments There must be a minimum protein requirement m any specific
experimental situation below which, regardless of what we do, ve
are not able to keep an animal in positive balance.

Kosterlitz: 1 think Dr Hartroft has probably put hus finger o1
the heart of the problem; namely, that these are adult rats, an
you are dealing with growing cluldren [ should Iike to quote agait
the experiments of Ely and Ross (7), who fed young rats m{‘
protein-free diets They found an increase in the DNA mntgnt{?
the liver nuclei That will not happen in adult rats. Thus, a smél -;z
deficiency may have quite a different effect in young and i & \i(
animals. I think you are quite nght: m order to find out more‘ab‘;“
tlus, ane would have to put weanling rats on this type of diet :“
sulficiently Iong periods so that there would be interference W
normal growth. . Lo

Best: All the experimental work on fatty livers with respec -
the relation of caloric intake to protein deficiency supports ?‘,‘Zm
sions of the Uganda group If I may just mention very l’&‘eh" D
work on feeding alcohol, our paper (36) was challenge: P 3 ehat
Klatskin (37), who thaught we had not established the d?tiandl
the increased calories provided by alcohol created an adds e
demand for cholme We have now done all the extra e'q?:::‘n
he suggested, and the results are just the same. Thel:‘ dat 15
caloric mtake, due to the nlcohul,hp;ecx‘pimtes a conditio
completely controlled by giving choline.

Bl?lllma:: Mav I retul)-,ngto t}%e question of s‘tandmds? Ltce
to me that agam we would have to have a basis of reference,

seerms
(Hld
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1 was wondering about the cnergy intake n relation to the energy
requirement, as indicated in Figure 24, How did you calculate that
energy requirement; that 1s, on the 60 per cent intake? Is that on
the same basis as the 100 per cent intake? In other words, you have
a varying standard there, T suspect.

Kosterlitz. In Figure 23, we have three cunves. the upper curve
represents the amount of Inver protein found when the daily food
take was 7 gm per 100 gm of body weight That is the intake
the rat will choose on its own accord The second cunve is obtained
from rats receiving about 80 per cent of the energy intake of the
first group The last curve shows the liver protem of rats whose
energy intahe was restricted by 50 per cent. The curve 1n Figure 24
was directly derived from these results.

Bollman The point I am making 1s that the metabolic rate is
down You have not allowed for it in Figure 24

Kosterlits, T think one could always say that the metabolie rate
was gomg down for the first three or four days The value is the
mean value of the whole curve Of course, the situation becomes
worse then, does it not?

Bollman. Yes

Kosterlitz The energy requirements are lower, The cure would
be even stecper than in Figure 21

Bollmgn It stnkes me that 1t would be the other way around

Kosterlitz No  You sec, the cnergy requiements are lower
Therefore, the amount of energy they obtamn in percentage of their
requirements 1s lngher At least, I think so. Thus. the curve is even
steeper

Bollman Actually, m the energy requirements of the rat, for
instance, where you have 60, 1t really ought to be over about where
the 80 15, but at a different level In other words, when the food
intake 15 cut down to 60 per cent, with a 100 per cent energy re-
qurement, the ammal compensates for that and cuts down Ius
energy requirement, so that at the level of 60, you are still feeding
hum about 80 per cent of the calonies he 15 using at that time

Kosterltz That s nght Thus. the cune would be actually
steeper

Bollman 1 shall have to figure that one out

Shosr Are there no mitrogen balances®

Kosterlitz No nitrogen halance expeniments To date, we hue
found that the composition of the liner cell <o far as its protein
content 15 concerned, 15 a direct function of the dictary protein
mtahe In Figure 23 we have, on the ordinate, Ipid P per mg
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(mgfm)

Phospholipin pfowa p

Protein NIDNA P (mg/mg)

‘, contenls
Tieung 25 1} relationshipy between the phospholipid P, and proten N,o‘u“n“';‘ of
of the liver cells of 1ats, fed on equicalone diets contunmg \nmnzi' a:ﬂ od the
§uem and fat The open circles Fepresent rats on a 40 per cent fat ! quation.
dats rats on 10 per cent fat dret The line was dmwn_ from a mg!ﬁf“’_m effects
Reprinted, by permission, from Campbell, R M, and Kosterhtz, 11 e cles
of dietary protern, fat and cholne on the composition of the hve,r Ifmﬂ",’l’ ocla
grnoser of phospholipid and protn bound phosphorus Biochum el
1952)

8, 661 ¢,

DNA P, and on the abscissa, protem N per mg D.NA P. 'ghe l;ilgfl
pholipid content of the hver ccll goes up with increased pri i
content of the Lver cell, and also with mereased dletary] p:;ndl
mtake (4,6), The open areles in the figure represent amlmt’sd pi
were fed on a 40 per cent fat diet, and the dots, ammals fet
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10 per cent fat diet. The effect of the fat content of the diet 1s very
small. It is, as a matter of fact, statistically sigmficant. However,
the phospholipid content of the Iiver cell 15, in the first nstance,
determined by the dietary protem intake and not by the fat intake
of the diet Further, the phospholipid content of the liver cell 1s
quite independent of whether choline 1s present in the diet or
nat (6).

Best: You have methionine i the protein.

Kosterlitz+ Yes

Best: Therefore, you had avadable choline

Kosterlitz: Yes, but some of these ammals were fed on an 8 per
cent casein lugh-fat diet without cholime, and had very fatty Iners;
supplementation with choline, without any other change in the
diet, reduced the tnglyceride content, but there was no alteration
m the phospholipid content It was the choline n the diet, even
allowing for the methionine, which was defimtely below the
Tequurement

Best However, you changed the available choline when you
changed the protein

Kosterlz That is correct.

Best Thus, the statement that choline had nothing to do with
1t might be modified?

Kosterlitz Yes, but on the other hand, I have animals at the
lower end of this curve with a veny low protem and lugh choline
mntake, and ammals at the upper end of the curve with no choline
but a lugh protem ntake, so that probably the twe amounts of
cholme wlich are available here and there, may be of a simlar
order

Best There are a lot of vanables there The calore intake comes
i too, does it not?

Kosteelitz Yes, and w such a way that the protem content of the
Iner cell decreases with reduced calonie mtake, and the phospho-
hpid content goes down with at

Best These were adolt rats®

Kosterhtz Yes

Gyorgy What was the duration of the expennment?

Rosterlitz T'rom two davs to four weeks

Gyorgy  There was uo difference between two days and four
weehs i the plotting?

Kosterltz No. there was no difference The phospholipid con-
tent and the pratein content of the Iner cell, were alwars very
losels correlated
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Best: That is a very important and startling statement.

Kosterditz: 1 think if we analyse all the data which are availible
in the literature, we shall always find that the determining factor
for the phospholipid content of the liver cell, that is phospbolipd
P related to DNA P, not its concentration, varies with the pratenn
intake. I have been looking through almost all the asailable papers,
and there is no contradiction to that I do not know how many rats
are represented in Figure 25, but we have done it with hundreds
of animals. This close correlation between phospholipid and protea
is always found * This was confirmed for the rat liver by Davidson
(3) and found also for cultures of explants of chich heart embryo
by Davidson and Leslie (39).

Best: We have debated this many times over the years in these
meetings. The problem that worries all of us is that we should Le
to have just enough methionine available for other than bipotrope
activity, keep it at that level where it satisfies all other require-
ments except that of making choline. Howeser, we are not s
that this is possible. You said the choline content of the diet. bh:
»f you mean the availability of choline in the body, it is somethisg
different. However, that is not a big point in your argument 2
the moment.

Kosterlitz: No, it really is not. Of course, that would )ea? uw
almost 1nto the whole problem of phospho]ipids in relation to lipt
tropic factors } y

‘l;'hen I first found this relationship, 1 was rather worried abott
it, as a matter of fact, I delayed publication of it -Ho“ﬂg';\v
personal nterpretation of 1t, as you will see Luter, is that Eha‘;
protein not only changes the protein content, but bmexh‘; wl
cytoplasm of the hver cell. It is not a protein storagf, but .
becomes either larger or smaller as the dietary protein §
or down.

Figure 26 gnes us further evidence. If it were only Pht"i?:"hp‘d;
one might perhaps be worried about the situation, 13“ L lnes
the same relationship between rbonucleic acid (RNA) mup s
proten (4) As the proten content of the Iner cc:ll gf;" P
does the RNA content Thus, we really have three importan

" < RNA
stituents of the liser cell; namely, protein, phusphohp)d, and

I o
It should be noted that, while protem N and phospholipid ‘!’“::e ;mbol:""
related. choline mav cause changes 1 the nitrogenous b:n5eh of o m?.
tmolecale. For mstance, Fishman and Artorn (35) found, after (bisCehieur
tion an iocrease 1o the chehne-containg fraction at the erprose

fractions
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Male rats . Female raty

Uiver RNA PONA # (mg fmg )

El 100 [ 190 L]
Liver provein NJDNA P (mg fmg )

Ficenr 26 The relationshin between the RNA P, and the protein N contents of
the Iner cells of rats, fed on equicalonc diets contuamg varying amownts of
casan_The baes were drawn from regression_equations Reprinted, by, permassion,
from Campbell, R Al and Kosterhtz, H W The effects of growth and sex on the
compositton of the Iner cells of the rat J Endocrmol 6, 303 (1950)

which with increasing dictary protemn go up, and with decreasing
dictans protemn go down

As vou sce, the relationship can be expressed by a Iincar regres-
ston cquation, but the Iine does not go through zero The seatter
aronnd the line 1s so small that we can use this Tegression equation
to determine whether there 1s any RNA m the Iner cell, which 1s
not correlated with its protem content

Goldblatt When you use the word “protem,” should you not,
n your statement, wiclude the word “complete™ T ask that because
vou obnously do not really mean just protem I 1t were incomplete
protein you wonld not obtamn these results, 1s that correct?®

Kosterlitz Oh, yes, vou would still get the results, You see, the
protemn which is plotted on the abscissa 15 not dictan protem What
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we are conelating here is the protein content of the hyer cell, with
its RNA content. T have previously shown that the protem content
of the hver cell is a function: (@) of the quantity of protein i the
diet, and (b) of the quality of protein in the diet. Now we are
investigating what happens within the liver wader these dilfecent
conditions, and how we can correlate the various constitueats of
the lirer cells with cach other,

Goldblatt: T was thinking about the questten of choline content
Suppose you had used peanut meal, as opposed to casein, do you
think your results would have been the same?

Kosterlitz. 1 think so.

Best: In other words, a methionine-free protein would gre you
the same result?

Goldblatt: Yes,

Kosterlitz: Referring to Figure 26 again, I do not think it has
anything to do with this particular point at issue, becanse what ve
have on the abseissa is not the dietary protein but the Irver proteis
correlated with phospholipid and we have no evidence for the
assumption that the composition of hver protein will vary with the
composition of the dietary protein.

Shorr: There s, w other words, a standard “liver stuff™®

Kosterlitz: Yes; the point 1 should }ike to make is that there 5
a mathematical relationship between these hver cell ::o‘nshnmgrl:t
The “liver stuff” as you call it, or the hiver cytoplasm, 1s, in the
mstance, determined by the quantity and qualty of the dietany
protein, and by the amount of dietary fat However, the '"“‘T;":
determintng factor is the quantity and quahty of the protem
diet contains. N

Best When you say “quality,” what do you mean

Kosterlitz: T mean the amino acid composition { the

Gyorgy: Was the correlation between the proten CU"tentt,li one
cell, nb leic acid and phospholipids, determned only Wi
form of diet?

Kosterlitz. No, that is not quite so In my early “'0‘5' g'{,ﬂblfﬁ
w 1947 (40), I did not differentrate between DNA an h,'xs were
allowing for the constancy of DNA the same relallfgﬁ “Pwem.
obtained. I published such esperiments fmrh rats fef ,Czcm and
gelatn and yeast, and have also unpublished data for
zen 1 ted with tryptophane and with lysme.

- jonshi RNA and
In Figure 26, where I show the relationship betw ee‘x; tw‘c A e

i }
rolem 1 the hver cell, there 15 a shght difference o
?n,\le and female rats The Imes are parallel, but m the mal
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for an identical protein content of the hver cell, there is more RNA
(4). So far, we have found that the composition of the liver cell,
as T said before, appears to be mainly determmed by the quantity
and quality of dietary protein The next point I should like to dis-
cuss is the rate of synthesis of some of these constituents When
one puts an animal on a protein-free dict, the RNA content falls
rapidly at fiest and more slowly later (Figure 27). 1 shall discuss
the kinetics of this later. I should say here that the values of rela-
tive speatfic activity of RNA are not correct as absolute values,

D
L)
It
S
b
5F ng
. C >
% a
~, L n?u
A o 2
~s 'Ug
o Ten £
o
37 z o
) 20
E J4z 2
-
-
<
czrz" < »
o
" 2~ 060
a
21 p
@
L
s o oso
Y : "
o 1 4 7

DAYS ON A PROTEIN FREE DIET

Ve The effect of feeding £ats on & protun-free diet for vaning preods
wi the “rwle BNA P ocontent of Duer oclls (o +) the relitne specific
whnity of crude KNA (o ol and the relitne specific actinaty present fn
« ven number of cells 1o relatine specific actniy ¥ RNA I per DNA P x 008
\ %} "Crude RNA P oge the P present in the RNA fraction prepared by
the Sclumcdt Thannhats € method The pecfic sctivitses were determined 8 hours
Wt the mpvten of P



138 Liver Injury

because they are determined on the crude solvent-extracted protein
of the Schmidt-Thannhauser procedure, but this does not affect the
general trend of the results very much, The relative specific actrty,
and therefore the turnover of the RNA, goes up as the RNA content
falls, 5o that with the diminution of RNA molecules n the Iner cell,
each of the remaining molecules turns over more rapidly. The lowest
curve shows the net result; namely, that the total number of mole-
cules formed remains more or less constant, This means that whie
the amount of RNA in the liver cell is determined by dietary pro-
tein, the total amount of RNA formed per unit of time is not (41).

Munro and his collaborators (42) have shown that the rate st
which molecules are synthesized is a function of the energy intake
of the rat. Figure 28 is a slight modification of the presentation of
the results by these authors. In the first group of columns, we have
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the amount of RNA in the liver of rats: firstly, on a casein diet,
and sccondly, on a protem-free diet. The reduction 1 RNA on the
protein-free diet is the kind of effect which I have already shown,
it is only found when both diets provide adequate energy mtakes.
The open blocks, columns 3 and 4, were obtained from rats with
reduced caloric mtake. You see that the RNA content in both
columns 1s about the same. The results mdicate that when the diet
contains protein, a reduction in caloric intake has a much greater
effect than when the dict is protem-free. T would draw your atten-
tion to the fact that in this figure the zero point is well below the
basic level The turnover, which is shown m the second group of
columns, 1s very much higher on a protein-free diet than on a casein
diet when the energy intake is adequate. That corresponds to what
was shown 1n Figure 27 However, if the caloric intake 1s low, it
does not make any difference whether there 1s casein present in
the diet or not

If we now estimate, not the rate at which cach molecule turns
over, but the number of molecules that are being turned over per
umt of time (third group of columns), we find that what really
de ines the production of RNA molecules 15 not so much the
casein intake, but the amount of energy supphed by the dict. These
results were obtamed when the rats were Milled 24 hours alter the
adrumistration of P32 In rats hilled 4 and 8 hours after 72, the
results obtained by Munro, ef al (42) are not so clearent.

Thas agrees very well with the findings of Dr. Bollman and tus
callaborators (43) obtained some years ago, namely, that the turn-
over of phospholipid P 1s hugher in ammals wiich have been ginen
thyroxin than it 15 in normal ammals This means that an erease
n eneigy requirements rases the turnover of phospholipid P in
the hner

Figure 29 shows hing simalar In preg rats, the phospt
lipnd tumoser i the Iner increases progressnely as the pregnancy
goes on If we terminate the pregnancy, or take out the fetuses,
which determine the energy requirements, the tumover decreases
{41) Thus, if we may summarize the situation as 1t now appears
to us, the proten content, the phospholipid content, and the RNA
content of the hver cell, seem to be determuned by the dictany
protemn The rate at which these constituents are synthesized de-
pends on extrahepatic factars, namely, the enermy requirements of
the body as a whole

Shorr A little while ago vou said calonie mtake, rather than
energy requurements
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Ficure 29 The effccts of normal pregnancy, or termination o removal of the
Jetuses on the 14th day of gestation, on the relative specibc actmwity of phospho-
bpid P The specific activities were detctmuned 8 hours after the mjection of P?

Kosterlitz. 1 think that comes more or less to the same thing
If we keep a rat on energy ntake, which 15 reduced by 50 per cent
for a period of a week or longer, the energy requirements abo
will be low

Shorr. If you go long enough, do you ever get a point at which
the merease in turnover does not quite compensate, and is that &
entical breaking point for the liver® T am speaking of the relation-
ship between the ncreased turnover, the decreased total amatmnt
fed, and effective function of the hver cell,

Kosterlitz I do not think we have gone as far as that.

Gurin. Do you nmply that an increased turnover 1n these instances
represents the summation of continuous steady synthesis of some-
thing hke RNA, but a reduced total amount present m the cell,
which, of course, would be responsible for this increased tumover,
as yon eall 1t? On a reduced mtake of food. would you say there
15 a decreased amount of RNA 1n the cytoplasm?

Kosterhtz- In an animal fed on a diet containing protein, when
the food mtake 15 reduced the are~  of RNA in the o toplasm
goes down Because the RNA is n this way, the tummclr
Tate does not go =~ the otlie 1¢ RNA in the lrer cell

15 reduced b it oon a diet with adequate

‘ “
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calonic intake, the amount of RNA goes down, but the turnover
rate goes up Thus, the total amount of RNA produced is almost
as Ingh as before.

Shorr. Do you mean tlus is actually new synthesis or turnover?
1 mean, is it the same number of molecules turning osver faster, or
are you creating more moleeules®

Rosterltz, It is an incorporation of P*=*.

Shorr. That would not differentiate 1t.

Kosterlitz+ 1 am not quite sure what your pont 1s.

Shorr: Unless you hnow the nature of the entire cycle, or ity
utiltzation, you cannot tell whether it 1s new formation of a total
molecule, or whether — masmuch as you are measuning phosphate —
it s a turnaver cyele of the nuclec acd

Kosterlitz 1t 15 only the phosphorus. Now I come to the next
pomnt, on which T should like to have the opinion of this group
That 1, the significance of these changes m lner protemn

_ ooof ——r—T — T ]
f- Female rats Male rate
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When an animal, fed on a normal diet, is transferred to a protein-
free diet, liver protein is lost very rapidly, as has been shawn by
Addis and his collaborators (43), and the rate at which it is lost
is faster in female than in male animals (Figure 30). From a
stabistical analysis, it would appear that we have two significantly
different rates of loss of liver protemn: first, a fast one, which is the
exponential component of the regression equation (46), and then 2
slow knear one. At the same time, with the Yoss of protem, there
is also a loss of phospholipid and RNA, This difference in rates
of loss induced me to call that part of the liver cvtoplasm which
is fost rapidiy, “Iabife liver cytoplasm.” I do not wish to impl by
that term anything more than a description of the kmneties (40),
nor do I wish to say whether this part of the cytoplasm 15 labile
metabolically or structurally. 1 do not know whether 1ts composi-
tion is different from the cytoplasm which is lost at a later stage of
protein deprivation

As you all know, after an animal has been on an adequate &,
if you place 1t on a protein-free det, during the first two or thiee
days it will excrete nitrogen in the urine which 15 1 excess of the
basic amount excreted during the later stages of the pmtem-ire‘s
regimen Figure 31 shows the excretion of evira nitrogen wh

~ T T T T T T T 1
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15 compared with the nitrogen loss from the lwer. The similanty
is rather striking. The amount of mitrogen lost from the lier ac-
counts for about 60 per cent of the extra mirogen appearing i the
urine {47)

Shorr. Dhd you, by any chance do sulfur analyses?

Kosterhtz: No we did not Thus, the nature of the labile Iver
cvtoplasm accounts for a great percentage of the unnary mtrogen.
The important point, as Dr. Vars probably will tell us later, 1s that
enzymes are also lost

2 casEn

ENZYME/UIVER PROTEIN I PROTEIN FREE
)
]

150

s,

CATALASE  AL.PHOS  XAN  CATHER ARGIN

Ficune 32 Changes m the enzyme contents of lisers of rats fed on 2 8 pur cent
cawm diet for 3 weeks (xinthine oudas for 8 davs) or & protemn free diet for 2
weeks Alphos  alkaling phosphatae  tan  xmthune-oudise, cathep  cathepsn
atmn argmuse The ardinite fies the ratio of cazyme to Iner proten (100 =
salues found wn rats fed on 2 33 per tent cawin dut) The loss of hver proten
%35 approt 23 per cont on the @ per cent casun diet and spprov AU per cxnt
on the protemn free diet Compuled from diata by Miller (4%)

Figure 32 was prepared from values reported m the paper by
L. L Miller (48), m which he showed the loss of catalase, alkalme
phosphatase, xanthime-oadase, and arginase They are lost at almost
the same rate as the protems, with the exception of <anthme-
oudase The latter enzyme 15 of particular interest, becaunse the
time relations of the losses of vanthine-oudase, and the labile ner
evtoplism, seem to be very sumtlar
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Frouse 83 Varations m actvity of hver xanthine-ovidase of rats fed on a normal

ratton of a nonprotemn ration with tume after placing the amimals on the respectne

rations Solid hne rats fed on 18 per cent casen 4 025 per cent DL-methion ne

ration Broken lne rats fed or 2 nonprotem ration Reprinted, by permission,

from Litwack, G, Wilhams, J. N, Ir, Feigelson, P., and Elvelyem, C A Xanthine

?’xx%s)c and Iner mtrogen vanation with dietary proten J Biol Chem 187, 605
Y

Figure 33 has been tahen from a paper of Litwack, Willams.
Feigelson, and Elvehjem (49). You see that xanthine-oxidase, the
lower dotted curve, is completely lost within four to five days on
the protemn-free diet, and 1s almost fully re-formed after the dretary
protemn has been restored for two days.

In Figure 34 we shall see what happens to labile Iner cytoplasm
when rats are fed on a protem-free diet. Here we have the starting
point, 1 four days, all the labile cytoplasm is gone Refeeding with
a protemn diet restores 1t in two days (31). Thus, it would seem that
there might be a difference between the labile part of the yto-
plasm, and the remaining part. However, the question still s 18 it
labile metabolically or structurally? This 15 2 rather important pont,
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becanse of the first alternatine were corrcet the protem might be
an emetgency resenve, and abo the phospholimd and the BNA
However, we hase not found am evidence of metabole Libihty

Finee 35 shows experuments m which the protem and RAA con-
tents of lner cells were estimated after admimstration of carbon
tetrachlursde We thought that the damage caused thereby shonld
lead to a breakdown of Iner ¢y toplasm 1f 1t were metabolically libile
{3051) On the Jeft half of the figure we have the protein contents
of the Iner colls of rats fod on a 70 per cent casen diet Ater
carhan tetrachlonde, there was no stzmficant change As 2 matler
of fact, the new cells formed ufter carbon tetrachloride poisomng
bue protein content which depends on the pratein content of
the diet in the same way as 1t does for normal cells Farthermore,
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Fieure 85 The protem and RNA contents of lver cells of rats 24 hours after
a single subtutaneous injection of carbon tetrachlonde (02 ml per 100 gm of
Body weight) The diets contaned either O or 70 per cent casemn, the fat Content
was 10 per tent

if the labile Iiver cytoplasm were metabolically active, the tumover
of hiver phospholipids, or RNA, should be greater when labile hver
cytoplasm 1s present than when 1t 15 absent.

T have shown that this does not hold for RNA (Figure 27).
Figure 36 shows the same facts for phospholipids When ammals
on diet adequate in protemn and calories are transferred to protem-
free diets, the phospholipid content comes down and its turnorer
goes up (41) In other words, the turnover of the phospholipid P
content of the remamng cytoplasm, which has lost the labile cotn-
ponent, 15 more rapid than that of livers with labile cytoplasm
Therefore, the turnover of the labile portion cannot be Tugher than
that of the remaimng portion

Evidence was presented by Solomon and Tarver (52), which
they thought would show metabohc lability of the protein moiety
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obscrvations wath Dr. G. Donald Whedon on the excess protein
loss during the acute and chronie stages of paralytic poliomyelitis,
we noted that the sulfur-nitrogen ratio i the unne was distinetly
higher during the acute stage than the 1:14, which is usual and
which prevails during the subacute and chronie stage of the dis-
case If you still have the urine specimens, you might see whether
any such deviations occurred under your expenimental conditions.

Kosterlitz: We actually meant to do that, but there were other
problems on hand, and did not do 1t, T am afraid

Grorgy, Why do you call it “labile Iner cytoplasm™ Wou'd 1t
not be possible that it is just the result of some hormonal fluence,
say, that of the gluco-corticords? Protemn deficiency cawses stress,
znd then there 1s a hormonal mfluence which lasts for two or three

ays.

Kosterlitz- Lattle work has been done on the effect of corti-
costerouds on liver protein, but there have been two papers on rats
(53,54), and one on gumea pigs (55) In every instance there was
an increase n Liver protein even when the ammals were fed on a
protein-free diet That 1s the opposite of what we ought to find f
stress lowered Jabile ner cytoplasm

Gyorgy I just mention 1t as a possible suggestion Perhaps it 1y
not really labile ner cytoplasm but has been reduced by some
fhormonal mfluence which vou produced by your protemn deficiency

Kosterlitz. Even withmn one day?

Cyorgy, Yes

Shorr: Could thss merely be a rate phenomenon in which certain
factors have now come m to mnfluence 1n the direction of slowing
the rate of reaction?

Kosterlitz. Yes, I have carefulls considered that T have often
wondered whether I am justified m distmguishing between the
cxponential and Linear parts of the cunve My statistical friends
think T am, but T have often been donbtful about it Howeser, the
fact that xanthuine-oudase runs so parallel to labile Iner eytoplasm
seems to indicate that we deal with something more than just a
rapid rate at first, and then a slowing down

Shorr, Could this be one of the warvs in whech hormones act to
prevent protemn loss? Perhaps vou are actmally providing the raw
data for understanding the mechansms by whieh ACTH, or pitw-
tary hormones, inlubit the rate of carbohvdrate oudation

Kosterlitz The real trouble as far as 1 am concerned, s thit
hypophy scetomized and adrenalectomized rats can have labite Iner
ey toplasm provided that the hspophy sectomized ammals have been
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TABLE X

Change in Standard Specific Activity of Methijonine Sulfur
in Rat Liver Protein

Casemn 3 hours 4 days Per cent loss
0 477 359 23

235% 193 114 41

50% 1.27 053 54

Reprinted, by permussion, from Solomon, G, and Tarver, H « The effect of diet on
;‘}r_ r(:;lge_ ’c;f Yoss of labeled amine acid from tissue protemns ] Biol Chem 195,
T (1952

of labile liver cytoplasm (Table X). They fed ammals on dets
with different concentrations of casem, and then injected methio-
nine labelled with radioactive sulfur, They found that three dajs
after injection, there was more radioactive sulfur in the Iner pro-
tewns of rats fed on a protein-free diet than in rats fed on a 50 per
cent casemn diet, That, of course, they concluded was simply dve
to the greater amount of liver protein in the rats on the high-protem
diet. The point they really made was that after four days more
radioactive sulfur was lost from the animals which had labile
cytoplasm, than from animals which had none, and this induced
them to assume that the labile part of the cytoplasm tumed over
more rapidly, There 15, however, one weakness in this argument,
which is that 1n ammals which are fed on a high protein dict, the!(e
1s a very definite dwrnal cycle of liver proteins. After meals tllf
amount of protein in the lver cells mncreases, but Detween mfnzi
and partrcularly before meals, protein 1s lost from the l}\ﬂ', )af“r
that, of course, will lead to a more rapid Joss of methwnine s; l:t
1 rats with labile hiver cytoplasm, than will occur in those mfb O“c
it. Thus, as far as I can see, there 1s no cwdence‘ of metal 0;'“
1abihity of labile Tver cytoplasm All T can say about its hmdm‘\he
sigmficance is that it seems to be an mtegrating mdlcsk;rdoo ot
state of the protein metabolism of the body However, o
know what 1ts function is, and should be most grateful for avy S48
estions 1n that respect. X

& Shorr This problle)m of deposit protet has remamc(! umiseo:‘;‘nd
for so manv years that 1t may be worth while reporting € e
occasional observation that may mdicate a difference sn ‘;cth‘er. I
of the protem lost at one stage of a discase and at an



The Liver and Protewn Metabolism 149

observations with Dr. G. Donald \Vhedon on the excess protemn
loss during the acute and chronic stages of paralytic poliomyelitrs,
we noted that the sulfur-mtrogen ratio m the urme was distinctly
higher duning the acute stage than the 1.14, which is usual and
which prevails dunng the subacute and chronie stage of the dis-
ease, If you still have the urine specimens, you mught see whether
any such deviations occurred under your experimental conditions

Kosterhts: We actually meant to do that, but there were other
problems on hand, and did not do 1t, I am afraid

Gyorgy Why do you call 1t “labile Iner cytoplasm™ Wou'd it
not be possible that 1t 1s just the result of some hormonal mfluence,
say, that of the gluco-corticoids? Protem deficiency causes stress,
znd then there 1s a hormonal influence which lasts for two or three
ays

Kosterlitz  Lattle work has been done on the effect of corti-
costerords on lver protem, but there have been two papers on rats
(53,54), and one on guinea mgs (55) In every mstance there was
an increase 1n liver protem even when the ammals were fed on a
protein-frec diet. That 1s the oppostte of what we ought to find of
stress lowered labile Iner cytoplasm

Gyorgy T just mention 1t as a possible suggestion Perhaps 1t 1s
not really Jabile Iver cytoplasm but has been reduced by some
hormonal influence which you produced by your protein deficiency

Kosterlitz: Even within one day?

Gyorgy Yes

Shorr Could this merely be a rate phenomenon 1n winch certain
factors have now come m to influence m the diection of slowng
the rate of reaction?

Kosterlitz Yes, I have carefully considered that I have often
wondered whether I am justified in distingushing betsween the
exponential and linear parts of the curve My statistical friends
think I am, but I have often been doubtful about 1t However, the
fact that xanthine-oxidase runs so paralle] to labile Iner cytoplasm
seems to indicate that we deal with something more than just a
rapid rate at first, and then a slowing down

Shorr Could this be one of the ways m which hormones act to
prevent protein loss? Perhaps you are actually providing the raw
data for understanding the mechamsms by which ACTH, or pitwi-
tary hormones, mlubit the rate of carbohydrate ouidation

Kosterlitz The real trouble, as far as I am concerned, s that
hypopk d and adrenal 1 rats can have labile In »
cytoplasm provided that the hypoph sectormized ammale have
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force-fed There is no significant difference in the labile lner cyto-
plasm content between force-fed hypophysectomized and non-
hypophysectomized animals, with the exception that hypophysec-
tomized animals have a little less RNA.

Shorr: What about the castrated male?

Kosterlitz: The castrated male becomes very smilar to the
female.

Shorr: Thus, you have already shown one hormonal influence

Kosterlitz: However, I pointed out at the very beginning that
there is a sex difference.

Shorr: Then this would suggest some form of hormonal influence.

Kosterlitz: However, so far as testosterone is concerned, we \now
it has a protein-sparing effect, increases protein anabohsm. What
the liver does is only to indicate what has happened to protem
metabolism.

Best: Testosterone does nothing in the absence of msuln Did
you take out the pancreas?

Kosterlitz: No,

Vars. I should like to make a few comments on the labile luer
protemn If we go back to some of the early work of Luc‘: {56),
using the classical method of attempting to fractionate proteins, we
see that the proportion of albumin, globulin, — in the case of the
four major fractions — did not change whether the animal was
starved of protein, or whether he was well fed This swas an indica-
tion that the nature of the protein, as they talked about it at that
time, did not change n proportion,

In onr work with hepatoxic agents (57,58), we made obsersa:
tions similar to those Dr. Kosterlitz mentioned. In situations where
we obtmned severe degeneratise necrosis of varying degrees. we
also noted mereased amounts of protemn in those ivers. Tahing inta
consideration the work of Miller and Whipple (59), and others 1o-
cluding our own, which indicated that protein'did have 2 pmtedm;
effect 1 preventing degenerative necrosis, it seemed anoma 0]"
that this iver, which had already been hard hit, should shm“ UC_
same increase 1n protemn after this took place. Here were uml sxtul:lo
tions that were both giving us protein increase, and they led us

Anihb ahathor nratemn ner se. the total amount per organ—ant

metabolic function That 15 why, 1n our MOTe IELLhn wts - )
we have been happy to have Dr Otto Rosenth?l as M:I a;;:‘:hcc'sc
labarator, we have turned our attention to trying to det
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changes 1n protemn by measuring total enzymatic actiuty of certan
enzymes in the organ,

Of course, that raises many questions, particularly if we refer to
the work of Miller (60), Schultz (61), and Muntwyler (62). With
complete inamition, there is a concordance in the drop n alkaline
phosphate activity with hver protein loss n short-term starvation
expeniments If one limits protem only by feedmg a protein-free
diet, the total mtrogen loss of the hver 1s the same as m complete
starvation, yet the total alkaline phosphatase activaty increases from
25 to 50 per cent. Thus, here 1s one mstance in which loss of total
protemn does not lead to a similar pattern of enzyme protem loss.
At least one of the multitudinous enzymatic activities taking place
there does not follow. Other mstances like that may be ctted, par-
ticularly the work of Westerfeld (63), at Syracuse, and of Wilhams
(64), at Wisconsin, upon xanthme-oudase Williams has worked
on xanthine-oudase activity of the iver with relation to amino acid
starvation. He has data showing that it 15 related to specific
methionine deficiency, and that by addimg methiontne to the
protem-free diet, there s a return of xanthme-oudase actinity That
has recently been complicated stifl fi rther by the observation (63)
that molybdenum also wall return vanthine-ovidase activity n the
absence of giving additional methionine at that pomt

Thus, while we hke to thmk we are progressing toward the
understanding of metabolic function by the analysis for specific
enzymes, that work 15 still fraught with many unsolved problems
m terms of inhibitors, accelerators, cofactors, and things of that
nature I think we probably have two strihes and three balls aganst
us and have nat really started for first base

Popper. Dr Vars, 1 know from your previous papers, and you
have said 1t agam just now, that the phosphatase actrsity m tissue
or serum does not run paralle] to that of other enzymes 1n hver
damage or manstion

Vars 1 was speaking there only of complete stanvation versus
protemn starvation

Popper Tn mvestigations of Drs Huerga and Koch-\WVeser m
our laboratory (66), we were puzzled by the contrast between
alkalne phosphatase and or some dehyd be-
cause m hver damage the phosphatase actiity nses m serum and
tissue, wlile that of the other enzymes decreases Could that
pecultar behavior be due to the fact that according to histochermcal
analysis, alkaline phosphatase in most species 1s not found in
the hver cells themselves, but i the wall of the sinusoids, m the
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Kupffer cells, and in the cholangioles, while app ly the other
enzymes referred to are within the liver cells?

Vars: Alkaline phosphatase is found in both the cytoplasoue and
particulate fractions of the liver, when the Schneider procedure is
used. Of course, fractionation may lead to artefacts in concentration
or adsorption.

In further work of Dr. Rosenthal {67,68), we find evidence that
two types of alkaline phosphat distinguished by & 1
sepsitivities to cyanide and magnesium ions, exist in lher. They
do pot change in a parallel fashion under diverse situations of
metabolic activity. In complete starvation both activities decrease,
while in protein starvation alone the total activity goes up while the

gnesium sensitive p decreases in accord with the decrease
in liver proteiu. Such changes as these start complicating the picture

Best: 1 think we must go on with the third section of Dr Koster-
litz’s presentation

Kocterlitz. Dr. Vars, Figure 37 is from your paper, wntten in
collaboration with Drs. Gurd and Ravdm (69), which really be-
longs to the previous section. This 1s an experiment with which I
was very much impressed, showing that the regeneration of Iner
cells can proceed in the absence of dietary protein That, agan, 18
a point of importance. Labile liver cytoplasm requires dietary pro-
tein, but 1f there is a need for the formation of new cells, Iner
protein can be synthesized, as has been beautifully shown by' Dr.
Vars He first kept his animals on a protein-free diet for a fortnight,
and then did a partial hepatectomy. There was regeneration af the
liver and deposition of iver protemn Of course, when the anfmals
had been fed on a diet contaming protein, more protem was de-
posited in the hver 1 shall welcome correction by Dr. Vars, but [
believe the number of liver cells was identical in the two czlsesf
Thus. we have more protemn in the cells obtained from lsers of
rats fed on a diet contaming proten That is to say, these Lchs
deposited labile lier cytoplasm, whereas this was absent in the
rats fed on a protein-free diet. b

Best 1 do not understand the scale. Does that correspond to the
amount of labile, or the total protem?

Kosterhtz The difference between the protein ¢ o
two tvpes of cells would be the labile protein fraction. Ts th

Dr Vars?
rec\r’arx Ygs,s the Jower line represents the Joss of protein, ﬂ;ﬂti;‘
starting at 06 after two weeks, I think, of prior protein deple
with adequate calories.

contents of the
cor-
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Restoration of Liwver Protewn after
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Ficene 87 Companson of hver protem values for casemn fed, and proten-depleted,
#ats Values at the begimming and end of operation are shown on left Note that the
anmials on the nonproter dict came to operation with the Lyver protan reduced
from 070 to 040 gm per 100 gm 1mbial body werght as a result of the preoperatne
peniod of 14 days on the nonprotem dict Reprintcd, by permussion, from Gurd,
F N, Vars, il M, and Rnvdm, I 5 Composition of the regenerating hner after
;’l-l‘;;x;l by 1 normal and p d d rats Am ] Physiol 152, 11
)

Kosterlitz The same thing 15 often found m carbon tetrachlonde
posonng We can remove all labile Iner cytoplasm by feeding a
Tat on a protem-free dict for three or four days If we then inject
carbon tetrachlonde, new cells are formed with 2 mmnimum of
protein If we have a simlar group of animals on an 18 per cent
casein duet, then the Iner cells will contain more protein In ather
words, they contamn labile liver cytoplasm

Cyorgy Dr Kosterhtz, you call that which you lose in the first
three or four days of starvation “labile Iner cytoplasm,” but after
the first three days, 1t still goes down
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Kosterlitz: 1t goes down at g very low rate.

Gyorgy: Is the difference here three days plus?

Vars: No, 1t is two weeks, However, the loss in two weeks 15 not
dissimilar to that which occurs in seven days,

Kosterlitz: The early loss is very considerable, It is 95 per cent
of the tota] protein present, and after that 1t is very small

The next section deals with 3 slightly different problem, namely,
nondietary effects on the RNA content of the liver. The evpen-
ments shown in Figure 8§ may perhaps have some connection with
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what Professor Hoet discussed earlier, but I do not know. In preg-
nancy of rodents, ie, mice, rats, and guipea pigs, the RNA in the
Iiver goes up quite out of proportion to the protein content {44),
That is to say, we may or may not have an increase m the protein
content of the Iner cell, but the ENA content goes up Histologreally,
that can be shown by increased basophilia, particularly m the

¥ LS T

RNA P/ONA P, adjusted to protein N/DNA P = 108

1 Il 1
0 20 40 60
Weight of uterus (g.)

Ficunz 39 The relationship between excess R\ and seight of utent on the 21st
dy of gestation The varmaton of RNA P due to differences m the proten N
content of the ner celly has been elumated by adjsting protein N per DNA P
to the mean salue of 108 Reprnted by permission, from Campbell, B M, and
Bosterlitz, H W Some effects of pregnancy and lactation on the bver ] Endocrinol
6, 171 (1949)
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periphery of the lobule. It can be abolished by terminating the
Ppregnancy on, say, the 14th day; then the amount of RNA (excess
RNA) which cannot be accounted for by the protein content of the
hver cell, disappears again. If, on the other hand, the fetuses are
removed and the placentae are left in the uterus, evcess RNA is stll
formed. The point at issue here is, what are the factors that cause
this increased RNA content of the Iiver cell, and what is rts posstble
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Ficure 41  The effect of vanations 1n energy intake on the amount of excess
RNA P present for each gram of placenta on the 2lst day of gestation o _*
23 per cent casemn diet 0 pmtem-f;ee duet for the last 6 days A adrenalectomuzed.
H hypophysectomized on the 15th day of gestation

intake, and we see that the excess RNA 15 linearly related to the
food intake We further find confirmed that the animals on protemn-
free diet have as much excess RNA as the rats fed on the protem-
ining diet Adrenal y six or seven days before term has no
effect On the other hand, hypophysectomy five days before term does
reduce excess RNA, but I do not wish to go into that any further.
A complete statistical analysis of excess RNA shows that the value
of RNA P/DNA P m the liver cell of a pregnant rat is conditioned
by at least three factors (Table XI ). The partial regression coeffi-
crent of RNA P per DNA P on protem N per DNA P is not different
from that of a nonpregnant antmal. Therefore, this part of the RNA
behaves m the same way as in a nonpregnant animal There are,
howeser, the two other factors which influence Iiver RNA 1n I’"-‘Ql‘
nancy, namely, first, the energy intake, and secondly placenta
weight (70)
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TABLE XI
Regression of RNA P per DNA P (21st day) on Protein N per DNA
P, Food Intake and Placental Weights. itats: Normal Pregnancy,
or Fetuses Removed on 14th Day, or Ilypophysectomized on 15th
Day. Diets: 23 Per Cent Casein or Protein-Free

Regresston equation

RNA P per DNA P (ing. per 1 mg ) = (00330 == 00037} X protein
Nper DNAP (mg per 1 mg ) -+ (00615 % 00282) X
food mtake (gm per 100 gm body weight per day)
+ {01300 = 00263) X placental weight (gm )
++ absolute term

Absolute terms

Operation Diet Absclute term
None 23 per cent casem 1 16} 119
None Protem-free 130
Fetuses removed 23 per cent casemn 090
Fetuses removed Protemn-free 103

Approx sk of differences = 018

Hypophysectomized 23 per cent casem 077

Repnnted, by permission, from Campbell, R M, Innes, I R, and Kosterhtz, H W
The yole of hormonal end dictary factors m the formation of etcess mbonucleic
acd in the hvers of pregnant rats J Endocrtnol 9, 52 (1953)

Such excess RNA 15 not only found m pregnancy, but also in liver
Tegeneration after hepactectomy, and i hver regenesation due to
carbon tetrachlonde powsoning This 1s seen s Figare 85 which 1

ave already shown i another context We have there the protein
and RNA contents of control Invers, and those of ammals poisoned
with carbon tetrachloride On the left side are the protemn and on
the nght side the RNA contents After carbon tetrachlonde poison-
ing m ammals fed on a protein-free diet, the protem content does
ot go up, or only very hittle, this 1s the protem content of the liver
cell, not the protein content of the whole hver, which of course,
goes up On the other hand, the RNA content per liver cell goes
up very sigmficantly This 1s an observation which I hnow has
puzzled everybody who has worked on carbon tetrachloride poison-
g, namely, that while the histologically visible RNA decreases,
the chemically determined RNA icreases Howeser, the important
pount I wish to make here, 15 that this excess RNA 1s produced in
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found increases in total nitrogen content of the Iner. Unfortunately,
wet and dry liver weights, and total nitrogen, were the only factors
determined. The presumption mught be that if total nitrogen
increased, perhaps RNA would have increased also in that sttuation

Gyorgy: Where was the site of the tumor?

Vars: Subecutaneous.

Hoet: Dr. Wilder Penfield takes out the hypophysis when there
are a great many tumors, which considerably slows down the growth
of the tumors, Thus, even there 1t is not quite certain that it is the
tissue which is the primary force. It might be the hormonal settmg
coming from the hypophysis

Vars At present there are a limited number of carbohydrates
that we have to consider. glucose, fructose, galactase, and pentoses,
be they of animal or of plant origin, In a similar fashion, we have
limited the number of fatty acids that are of major importance
We have some that are called essential fatty acids, but the range
or variety is not great. When we come to abnormal fatty acds,
such as Dr. Hartroft mentioned, we begin to get into difficulties
when they are not fed i the ratio that we normally employ for
our diets In the case of protein, which means “of primary im-
portance” if we go back to the derivation of the word to the Greeh
word, protcios, we have increased our diffculties immensely sice
we know from Rose’s work (72,73) that at least for nitrogen bal-
ance in a normal adult, eight essential amino acids are of concern
With different species that number increases to ten, and still further
Then, to arrive at the permutations and combinations of an g‘?:sj
of one, or a deficiency of another, the problems are muftipl <
infinitely. One has only to recall the work of Dr. Best, Dr Gyors):
and others, upon the sulfur amino acids. ot

That epitomizes, to some extent, the difficulties that Dr. I\l’ﬂ%‘ ‘O'
and others of us, who hamve been working with the protein s! teon
the question, have had n ascertaining what is a slanduddsﬁluﬂf;dr
and m many instances we are not very far along the roa ‘;{cse';
it 15 difficult to establish the norms. We know, at least f“’“‘f these
work, that the specific needs for growth and mam\cnancedo ot
different ammo acids vary, We hnow from enzyme sty lcnse o
there are profound changes in the relative quantities 21‘;:1t nge o
find n the Lver which is ostensibly normal, or Pmte"“t iﬁnc el
in the regenerating hiver Unfortunately, at the presen s of therr
tively few enzymes are characterized sufficiently m’l(‘les the feld
Rinetics, and so on, to make cnzyme assays f’?“mdf many s
is wide open for speculation, and probably will be for m:
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1 think we should welcome some comment from Dr. Madden,
because certainly his interest m protein and amino acids has been
varied

Madden: 1 was particularly interested 1n the comments of Dr
Kosterhtz on the labile fraction I feel inclined to believe that
m the hiver cell cytoplasm 1t may be a metabolcally different
fraction, despite the evidence you suggest agamst this, becanse it
appears to have the chfferences in enzyme composition already
referred to by Drs Kosterhtz and Vars T think this 1s a point of
importance, and one upon which we should place a ittle more
emphasis than upon your suggestion that there are no metabohc
differences m the labile and remanmg portions of the hver cyto-
plasm.

As to the suggestion that all the cytoplasm 1s simlar, and that
1t is a matter of reaction rates as described by the law of mass
action, which accounts for a ‘labile fractian,” I would agamn like
to pomt to the observed enzyme differences shown by Miller,
Williams and others, as referred to previowsly I should hike to
believe that differences in the actinities of the individual protemns
1 the liver cell indicate that the ones which disappear early under
stress may actually be those that are speafically called upon early
to meet the stress, and therefore may be qualitatnelv different
There have been other modes of attack on this problem which have
suggested the same sort of thing such as the alterations of the
urnary nitrogen-to-sulfur ratios during protem depletion

The matter of the relation of the hpid phosphorus content to the
Protein mtrogen content of the cell I thought was well explained by

v Vars, in an aside to me, when he smd that thes was a matter of
the relattonship of the number of cells, cell surfaces, and particle
surfaces to the amount of protem This would obviously be a fauly
direct relationship  If we increase the number of cells, we also
merease the number of phospholipid matenals 1n the surfaces of
the cells, and the surfaces of thewr nueler and mitochondrie By
the comment that cholme had nothing to do with this you prob-
ably meant that the choline content of the diet, withmn the ranges
tn which you made the obsersations did not fluence this close
correlation between the hipid phosphorus and the protem mtrogen

£ you had given no cholme over a sufficient perod of time, and the
ammals had produced no cells but had just died, vou would not

ave a pomt on the curve of Figure 25 However, within the range
of the normal and abnormal hners which vou studied, vou do have
a rather mescapable correlation between lipid phospherus and pro-
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tein nitrogen. Is that correct, or is this a false interpretation of
the curve?

Kosterlitz: 1 think that probably the most important points on
that curve would be the values obtained from animals fed on a
protein-free diet, because any choline given to those animals would
come from the diet, unless the experimental periods were not long
enough, and there were choline still stored in the body.

Gyorgy: Is methionine in the body?

Kosterlitz: Yes.

Gyorgy: Methionine forms choline,

Kosterlitz: If we have animals on a protein-free diet -1 thmk
threc weeks is the longest period in my experiments —with and
without choline, the ratio of phospholipid P to protem N is the
same in both groups of ammals. This may be open to different
interpretations, I quite admit that.

Watson. What is the rate of decay of choline® When an animal
is placed on a choline-free diet, how Jong does 1t take to deplete
the choline storage completely? When would you say that you have
no cholme left?

Best: You never do. It js part of the structure of the body, and
1tis in every cell. Of course in fasting, as Dr. Gyorgy said, or when
the caloric intake 15 lowered, the demand is very much less How-
ever, we really have to eliminate the methionine before we can
say we have elimmated the choline available from the diet

Kosterltz. However, we cannot do that.

Best: I know, 1t 15 a very nice situation §

Hartroft Dr. Best, would a fatty liver result from a protein-frce,
choline-free diet?

Best: 1 have observed fatty livers on a pure sugar dl'ek. B

Kosterltz Those animals which were on a protein-free :13
choline-free diet had fatty livers. They had not as much tnglycer}l] e
1n their Dvers as the rats on the eight per cent casein diet, but they
had fatty hvers

May 1 comment on another point which Dr. Madden mal{i
When I said that the Iner cytoplasm is structurally zmc! nst Is“;m
bolically labile, I really meant to say that apparently g dolj Dr
belong to the labile protem pool, which has been described by
Whipple and Dr. Madden (74}2.f

Madden And many others before us. .

Kosterhtz You are the protagomst I do not know for cclx{t:‘"v
but T have the feeling that 1t does not helong to that ]gm?:lmo\m‘
ever, 1t could, qualitatively, I think Although there is a larg(
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of protesy, n the J, T, it coglg account o, only 5 Smal] mount of
the Labyj, Proteiy, Doo] of WIuppIe and Madder,

4 Costery, if he has made a1y obsery,.
tions opy the effeets of anoxig» That 5 a very Common factor m

Koster)s, Tam afraid i have 1ot but Would b Yery Interegy.

8 We have been {00 mycp, taken YD With o, f these Quanty,.

merelarmnsh:ps Ve Wished t, Obtain 55 much mfcrmahon on thy

Pomnt 59 Possible before ve dif any ©¥Perimeny of the tpe yo,
Sting

rin- py, Koslerhtz, what do YO suppose 15 the Source of this
Citra RN 4 that yo,, have descnbed here? ave yoy done any turn.
OVer studyesn Is thyg InCrease Synthesigp po this increaseq mobilyy,.
tion of erials from other tissuesd
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Ficure 42 The effects of normal pregnancy, termmation, or I 5
sty of “crude

fetuses on the 14th day of gestation on the relative specific actn
RNA P, and the relative speaific activity of “crude” RNA P present m a m\gn
number of cells, 1e specific actiity X RNA P per DNA P X 001 The sproke
activities were determimed B hours after the mjection of P

pregnant rats After removal of the fetuses alone, the amoust of
RNA remams raised, but because of the decreased turnorer Tate,
the amount formed mn a given number of cells per unit of time ¥
about the same as 1n nonpregnant rats, Thus, the mereased amowst
of RNA P synthesized in pregnancy 1s due to the increased amorrt
of RNA P 1 the cell . g
That 1s quite different from the case of phosphalipid P, 25 )Koll
will remember from Figure 29 There the situation was simp! er:
hananen the amamt of nhospholipid P n the hver cellm pl‘cgﬁ‘"’:{

n
PO

the turnover of the avmlable molecules, as idicated vy U;v‘:e the
relative specific activity If we terminate pregnancy ‘“sz pon-
fetuses out, the relative specific activity falls to the leve
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pregnant rats Thus in the case of phospholipids the total amount
produced per unit of time 1s raised because there is an increased
rate of turnover, and not because therc 15 an increased amount
in the cells In the case of RNA P, on the other hand, the rate
of synthesis per molecule remams constant, but there are more
molecules.

Shorr. Are you not using synthests as equivalent to turnover? I
think that is one of the things that bothers us

Gurin: You say that the rate of synthesis remaims the same, 1f 1
understand you correctly. Then you say that the total amount there
15 greater. Does this not mean that the destruction has therefore
been decreased?

Kosterlitz 1 am sorry, I thimk we must define the terms The
mcorporation of P32 into the molecule will give us an indication
of the rate at which each molecule 15 renened Do vou agree?

Gurin. Yes. That is a reflection of the rate of synthesis Is this
what you mean?

Kosterhtz. Yes, that 1s one thing

Gurm You say that the rate of mcorporation of the phosphorus
is a reflection of the number of new molccules that are bemg pro-
duced T think this might be the case, so let us assume that for
the time bemng

Kosterlitz No, I do not think 1t means that What it really means
15 the rate at which each molecule present 1s renewed, or rather,
the inerdence at which each molecule 1s renewed

Gurin. 1 am sorry to quibble about this, but just what do you
mean by renewed? You hase a molecule of RNA P Is it breaking
down and being rebuilt? Is that what you arc talhmg about, o1
do you mean the synthesis of 2 new molecule?

Kosterlitz. We have 2 state of equilibrim, and the more P32
15 mcorporated nto that molecule, the more often 1t has to be
renewed during a gwen time

Gurin T am not sure that you have a state ot equibbnium if the
total amount 15 1ncreasmg

Kosterlitz  This increase 1s small during the period of six hours
elapsing between the injection of P3¢ and the sacnfice of the
ammal If we have a cell in which there 1s a large amount of RNA,
and another cell in which there 15 a small amount of RNA, and the
relatine speaific activity of the RNA 1s identical n the two colls,
then the one 1 wlich there 15 more RNA will produce mare new
molecules of RNA 1 2 given time Do we agree on that point?

Gurin: Yes,
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Kosterlitz: All right. That is exactly what happens in pregnancy
The incorporation of P3? 11 the molecule is pretty much the same
throughout pregnancy, but at the end of pregnancy there is more
RNA in the liver cell than in the beginning. Therefore, more RNA
is produced at the end of pregnancy.

Best: Thank you, Dr. Kosterhtz: At this point, T think 1t would
be interesting if Dr. Hoffbauer would consent to open a discussion
on the extent to which the experimentalists have been able to
reproduce or simulate conditions which the clinicians encounter

Hoffbauer: 1 might begin by citing several areas n which we
need considerably more assistance. I regard the number one prob-
lem to be the lack of a biological test for the recognition of viral
hepatitis. The need for a specific means of detecting this disease is
apparent in almost every instance in which the chmcian i con-
fronted with a patient who exhibits evidence of acute or chromc
liver injury. It seems unlikely that we shall ever determne the role
that these viral agents play in the causation of human cirrhosis until
such tests have been devised. The mability to transmit the disease
to any anmmal is well known to this audience, it constitutes a tre-
mendous handicap. The experimental studies that have been under-
taken 1 the past were well summarized, in 1949, in the paper by
Golbert (75), who has worked with Dr. John Paul at Yale Unic
versity. To my knowledge there hias been no subsequent success
n transmitting the agent or agents that cause human viral hepatitis
to an experimental animal or to other artificial systems, such ﬂf
a tissue culture medium This is by no means an index of the h]c
of endeavor on the part of numerous mvestigators. All of the xesu]t;
to date, so far as known, have been completely negative. It wou
be a very major phsh and a tr dous fornard s:‘f,
1f we had some type of biologic test. At present nearly all knmylg g;
of this disease 1s based on studies mbhuman volunteers, carrie
by courageous mvestigators and subjects. . .

yA secn%ld area of (El;eﬁclency, from a purely practical d:vms;‘:
standpoint, 1s the lack of a nonoperatie means of \1sua'h’21"i,,a“
bilary duct system m the jaundiced pn!iell'lt.‘As youd“e n;m,
the means of arnving at a clinical diagnosis is often euu.us‘ "
based on roundabout methods of approach. The mcthods‘lon:nlim
the customary history, the physical examination, and E;"P )mac y
of nonspecific labosatory tests. Oceasionally a more d'hecfatﬁisc e
that of needle biopsy of the liver, 15 made. At best, all o e
relatnely unsatisfactory m the attempt to amve at ﬂf‘l'cﬂm This
evplanation for the presence of jaundice in a given patt
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the labihty of a ) method that would pernut
wsualization of the extrahepatic bnle duct system would be extremely
advantageous

A third area of deficiency lies 1n our lack of understanding of
the basic mechanisms responstble for the curhotic diseases The
terminology, “curthotic disease,” was used recently 1n a paper by
Bradley and his associates {76). I think 1t 1s & good term masmuch
as 1t does not commut us to a single entity

There 1s an urgent need to reproduce, i the experimental Jabora-
fory, 2 counterpart of what may best be termed “postnecrotic cir-
thosis.” I beheve that we have an experimental counterpart of the
form of human crrrhosis that occurs i the chionse alcoholic, that
patient who is a victim of “selective starvation,” 1e., a deficiency
of hpotropic factors relative to hs total calonc mntake The stmlanty
between cirrhosis as it occurs m the alcoholic patient, and the dif-
fuse fibrosis or fatty cirrhosis as it 1s produced m the Iaboratory, 1s,
1t seems fo me, too strkmg to deny I sav this both from the func-
tional and the anatomie standpoint

However, we cannot produce, at least so far as I know, an
anatomic derangement m ammals that simulates the postnecrotic
type of cirthotic disease so frequently seen among patients Such
patients are not the victims of a recogmzable defictency disorder,
and there seems Little reason to believe that madequate nutrntion
plays a role in the inception of that type of cirrhosis

We perhaps make a ristake when we tend to regard all cirrhosts
occursing 1 nonalcoholies as examples of chrome viral hepatitis
I think that may be deceptive It would be much better to admut,
as I am sure most of us do, that the disease s idiopathic It s
dificult to escape the conclusion that some cases of postnecrotic
cirthosis may be the result of viral hepatitis

1 have attempted to produce postnecrotic arhosis i the rat
Some of the studies have been reported (77,78), and arc hnown
to most of this audience The results are negative, recurrent attacks
of dietary necrosis in the rat lead to postnecrotic scarrmg, but not
to enrhosis

Best. 1T invite other chmiclans to sapplement this introduction
Dr Watson

Watson There are many thmgs that come to mind Yesterday
at a meeting m Philadelphta as T listened to a dissertation on the
homeostasis of won, my thoughts turned to the problem of hemo-
¢hromatosss In the more 1ecent lterature, there has been consider-
able interest 1n led 1 3 atosis 1 thmk there
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is no doubt that there is a form of hemochromatosis in which there
is an enormous storage of iron in the hver, with fibrosis of the ier
and of the pancreas, as a result of chronic anemia. Such indrviduals
have often received iron for long periods of time and many blood
transfusions, It seems to be rather clear that the amount of iron in
the livers of these individuals is often greatly m excess of what
they received in the transfusions,

However, the interesting question is, why does fibrosis of the
liver occur? Does the ron itself cause the fibrosis? That is a ques-
tion that 1 think the experimentalists could give more thought 1o
and try to delneate. Of course, it is true that hemochromatosts is
uncommon and therefore relatively unimportant; nevertheless the
whole question of iron storage is extremely interesting from other
peiats of view, and I think it deserves more study than it has
received.

Best: Did the Gillmans produce experimental hemochromatosis®

Gyorgy: No; Walker (79) in South Africa nsed the native Bantu
diet, consisting of corn meal, with a high iron content, and was able
to produce siderosis. One should not call 1t hemosiderosis, but
siderosis.

Watson: Finch and his co-workers (80,81) have s!udieq this
problem of iron deposition in the hvers of esperimental .’mm}ak
1 think, Dr Hoffbauer, you have some information on this subject.

Hoffbauer: Before T comment, I should Iike to draw Dr. Bollmn
out on this subject; T do not believe he has ever published the
results of some of his studses that go back for quite a time.

Bollman- Dr. Hoffbauer 1s referting to the fact that a pumber of
years ago I gave dogs intravenous hemoglobin :md. iren myechm:;
and produced hemosiderosis The livers of these anlmal§ conmine
tremendous amounts of fron After a few months of survival fol ;\\;
ing the repeated iron ijections, lver biopsies were taken, lm ‘n:
that time T suspected that early lesions of cirthosis were developing
However, these lesions were not definite and did not progresi 'I"
antnals which have survived for as long as ten years, over “1 13;
time large amounts of on remained in the fver and SPI?’" by
not believe that the mere presence of iron in the Tiver is a determ
ing factor m the production of the cirthosis iotam &

Best It seems to me very interesting that you could main
very earlv cirthosis .

Bollman 1 do not believe I could call the lesions that Isaf;‘rhe;frrlz:
cirthosts [ am sure now that these changes were not preca result
but more likely minor changes in the liver crganization as
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but I did not recognize this lesion initially. Because of the dark
mahogany color of the liver, the usual gross pathologic picture of
massive dietary necrosis was obscured We have restarted the ex.
periments, and have added tocophero] in an attempt to prevent
that disaster. So far as I have been able to tell in these vanous
studies, there is no evidence that the iron per se damages the hepatic
parenchyma, or stimulates fibrosis.

We have subjected a small series of animals to carbon tetra-
chloride inhalation to see what sudden necrosis of lver cells, and
the consequent Iiberation of iron, or iron-containing pigment, mght
do. Would this prove more disastrous than a sumlar episode of
necrosis m an animal whose liver was not loaded with won® In
prehminary experiments we have seen no difference in the behavior
or survival of two groups of rats, one with iron-laden liers, and
the other with normal livers, both developing a comparable degree
of necrosis after carbon tetrachloride exposure.

Lillic: The iron that we see in hemochromatosis is commonly
described as a hemosiderin I should like to ask if we hnow an)thlr{g
about the relationship of ferntin, or apoferritm, to the protein
matrix which is known to exist in hemosiderin.

Shorr: I can only tell you what we know about the iron of ferntin
We know that ferritin can incorporate variable amounts of mon up
to 24 per cent, and that the state of the iwron s related to the st-\lie
of oxidation or reduction of the sulfur groups in ferntin ‘In the
oxidized disulfide state, the iron 15 present largely in the fer.nc'fﬂfm
and 1s tightly bound to the ferritin molecule When ferrltxf+1s re-
duced to sulfhydryl ferntim, there is an increase in the Fe* 1ons
which are more labile. This iron is readily remow"ed from femtz!ézl;‘
vitro by the iron-binding globulin Our studies with Dr. Mam}r "
have also shown that the state of oudation or reduction off m:tm
n the body alters the ease m which iron 1s released from ‘;;’m g
When the Iiver becomes hypoxie, as in shock, the ferritin is re ;lmns
to the sulfhydryl state, and an increased number ‘of ferrOlr!;“c in
s reflected m changes m the blood stream There is an mclabullﬂ
plasma iron and in the saturation of the lmn-blnd\?gog pagel
These experiments would suggest that the movement g l:i o e
out of ferntin may be achieved by its oxidation or recud o ng
fernitin 1s reduced and more Fe++ iron fo{med, then‘}:hcfgnic form,
wron-binding globulin will pick up and g:\,dxze ]é o s:ur actrons of
protecting the organism from the potential \‘?Sﬂf cpr:u‘om
wron, and carrying on to sites of hemaoglobin urm‘h. e

Lillic The iron content of hemosiderin may run highet-
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Shorr- How high does it go?

Lillic 1 think there are figures that suggest from 70 to 80 per
cent, or perhaps even higher,

Watson: Dr. Lillie, has 1t been established that hemosiderm is
a true complex with a protein?

Lilhe+ There are indications that that 1s so We know that we
can remove the iron from hemostdenin and Jeave a materal behind
which gives the pertodic acid Schiff, or other reactions, which are
given by some hemosiderins. Pulmonary heart fardure cells gne a
quite sharp hemosidenn reaction The 1ron may be removed from
that pigment by ovalic or sulfunc acid. The pigment itself, with
its pertoche acid Schtff reaction, remawns clearly wisible

Shorr. The use of anhiferntin serum might be helpful in resohving
this problem

Lullic. Probably our best source of copious hemostdenin 15 the
lung of the chronic heart failure case

Goldblait: So far, all those who have spoken about hemochroma-
tosis have tioned only the pigment, and have
made no reference to the other matertal, hemofuscin, which 1s sup-
posed to accompany the deposit of ron-contarmung pigment m this
condition It is not present when there 1s hemosiderosis on any
other basis, such as cardiac farlure, pernicious anemma, or siderosts
from any cause, such as inhalation of metallic ron

Lilhe. That has been disputed, has 1t not?

Goldblatt: Yes, I was wondering whether this had not been dis-
proved completely, and whether this other matenal, rather than
the won-contaimng pigment, was not the fibrosis-producing sub-
stance. When we have a long-standing secondary anemia, for
example, or a primary anemia, there 1s profound hemosiderosis 1n
the pancreas and other organs, yet there 1s no fibrosis We do sce
fibrosis in the lung, from the nhalation of metallic 1on Thus, the
form of the iron may be the determming factor

Lille  Von Rechlinghausen’s (53) hemofuscin appears to have
been distubuted largely m smooth muscle rather than m bver, and
asnearly as I can discern from the hterature, there 15 not very much
to distmguish 1t from the brown pigment that one finds 10 smooth
muscle of the intestinal tract under noniron-bearing pigmentation
conditions T beheve Werner Huech (83,85) actually considers the
hemofuscin, so-called, as just another one of the lipofuscin pigments

Best- Dr Popper, would you like to present your material®

Popper: 1 should ke to refer as briefly as 1 can, to the results
of the admimstration of ethionme to rats, and omut here the discus-
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Ficure 45 Luver of rat on 05 per cent ethionine diet for 70 days Small nodules
composed of hver cells armanged m plates several cells thick, diffenng from the
surrounding parenchyma which reseals evtensive mersutial fibrosis Gomon sher
mpregnation. (¥350).

What has interested us most during the past few months hae
been findings in rats on the ethionine dret for from 70 to 50 days,
and which were then returned for almost a year to a normal diet.
In these rats a peculiar type of septal cirrhosis develops with sept
dissecting the parenchyma in an 1regular fashion In addition,
large nodules are found (Figure 49). They consist mainly of dens¢
connectrve tissue and a few bile duct proliferations which appest
to be choked off by the comnective tissue (Figure 50). Howere
one year after the discontinuation of the ethionine diet, actne pro-
Iiferation and mitoses (Figure 51) are noted, in addition to mucus
production which these ducts share with the prolferates in mnf
cholangiofibrosis, but which normal bile ducts fail to show. “e] can
not prove today that the Jesion produced represents a neopastl
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Ploone 48 Liver of rat on 05 per cent ethionne diet for 51 days Sharply
demarcated nodule composed of huer cells which are large and arranged in plates
. frﬂ( cse;l; thick Outside the nodule there 15 severe interstitial fbrosis HEE
an (x60).

but we are exceedmgly interested m tlus autonomous behavior of
the regenerates which mamtam therr actn 1ty even a year after the
wsult has been removed

One of the reasons for our mterests m this lesion was the one
which Dr Hoffbauer brought up, namely, the attempt to produce
experimentally a lesion similar to ones found n clinical medwine

“ish to gue credit to Dr Davies {90), whose discussions of
knashiorkor before this group stimulated my personal interest m
the Tesions produced by ethionine

In conclusion, T should like to say that 1t was possible to produce
sith ethionine- fatty lner, diffuse hepatocellular damage with

rosis, earthosis, and finally, hepatic lesions on the border of tumor
formation We have not yet been able to produce an unquestionable
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Ficure 47. Lner of rats on ethiomne diet, H&E stam. 05 per cent diet for
51 days Irregular proliferation of small bile ducts pear portal triads with mitosss
and mucus production (x215).

Fictme 48 02 per cent diet for 104 days Subcapsolir nodule consstng of
proliferated mucus producing bile ducts and connective trssue (x60).

carcinoma with metastases. Finally, as reported here before, pan-
creatic degeneration occurs, proceeding to a diffuse pancreatic
atrophy and fibrosis, again reminiscent of kwashiorkor. Moreover,
m some rats we found glycosuria and an abnormal blood sugar
tolerance curve.

Hartroft: Do pancreatic tumors appear in these rats? )

Popper: We obtain very bizarre regeneration of the pancreatic
cells, but not tumors.

Neefe. Does jaundice develop?

Popper. Some of the rats excrete bilirubin 1
acute stage the serum bilirubin may nse to about 3 mg. per
Obvious jaundice is not noted.

Houssay What is the diet of these animals? . "

Popper Tt consists of 16 per cent vitamin-free casein, sdpe‘rl:nii -
comn oil, 75 per cent sucrose, and 4 per cent salt mixture an “being
supplements, the nboflavin content is on the border Iu;i,in gy
0.42 mg per 100 gm of the diet. We can increase the prol

n the urine. Tn the
cent
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Fioere 49 Laver of rat alternating on 05 per cent ethiomne and normal diet
for 170 duys, and subsequently for one year on stock diet Dissection of lobular
}mncm by septa, and Lirge nodules consistmg of sclerosing connective tissue with
% bile duct probfecates H&E stam (x60)

tent and still produce the lesion, 1f we simultaneously mcrease the
ethionine supplements

Lillie. Do these large clear cells stoie glycogen?

Popper Some of the cells mn the nodules are rather nch m
8lycogen, 1 contrast to the surrounding tissue

Best: How much ethionime 15 m the diet?

Popper: Tt contams 05 per cent etlionme, and the methionine
content of the protem of the diet 1s around 04 per cent As men-
tioned, we can raise the protemn content if we simultaneously raise
the ethionine concentration

Watson: Does cholme provide a protection?



180 Licer Injury

: A e,
o
R 7K
Ficure 50  (Same rat as Figure 49 ) Marked probferation of conaectie tisue m
form of membranes choking off few prohferating bile ducts Mallory stam (x150)

Froune 51  Isolated bile duct proliferates 1n sclerosing connective issue resealing
mitoses and mucus production H&E stam (x320).

Popper: Choline gives no protection from the acute fatty Iner
developing withm 48 hours in female rats. In contrast, rasing the
choline content of the synthetic ethiomne diet, administered for
five weeks, produces a peculiar lesion in the chronic expenments
(Figure 52). The cthionine lesion 1s markedly attenuated and some
liver cells show regeneration, whereas others are a bit damaged
Fissures may be seen within the parenchyma, and the ]wer.cel{S
contain, pecularly enougl, some fat vacuoles in contrast to animab
on ethronine alone without the choline supplements, .

Watson Why do you think you get a fatty liver when you gie
choline? ok

Popper. It 1s not 1eally a fatty liver. The fat content 1s ?llg hﬂ
than normal; that is, approvimately 9 per cent, whereas in the
cthionine-treated rats without choline it is about 3 per cenL] "

Watson Why do you get anything at all when you gne dmc::mA

Popper 1 cannot explan that, and 1t brings up a ra(};]er b
plicated question Stekol (89) has recently shown that i]e{ -
metabolic defect 1n ethionme ntoxication 15 related to 2 defec
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Figuue 52 Rats on 05 per cent ethiomne dict for 30 days supplemented by
98 per cent choline Irregular patchy regeneration of liver cells with fine vacuoliza
tion Stress fissures traveraing the lobular parenchyma Little mflammatory reaction
15 noted 1 the parenchyma HAE st (x120)

the choline metabolsm Nevertheless, cholme does not gne full

Protection 1n ethionime ntoucation In experrmental protemn, mal-

P(l;lr)mon choline does not prevent some types of hner cell damage
1

Lillie: This 15 excessive choline, of course, Dr Popper

Popper Not very cxcessne The choline concentration m the
supplemented diet was 06 per cent, in contrast to the nonsupple-
mented diet 1n which 1t was 003 per cent

Goldblatt Even if fat 1s not clearly scen in H&E stans, we can
demonstrate it with fat stans How does the quantity compare
with a liver whch 1s the seat of pronounced fat nfiltration?

Popper The normal liver has a fat content of 5 gm per 100 gm
wet tissue In chronte ethionine mtoxieation, it goes down as low
25 3 per cent

Goldblatt Give me the figure for the obviously fatty Iner

Popper Fifteen per cent

Goldblatt You mean the advanced fatty change? Ten per cent
of wet weight 15 of course ahove normal, but 15 per cent represeats
fully developed fatty mectamorphosis
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Best: It goes up to 80 per cent. It seems to me there is perhaps
some sort of conflict between the toxic effect of ethionine, and q
lack of lipotrapic factors; that is, when the two things work to-
gether. The explanation of the increased fat, when choline is giten,
must lie along that line, 1 think.

Popper: The administration of choline may restore certan meta-
bolic function.

Best: That is what I mean,

Popper: Whether this would indicate that ethionine produces a
toxic effect ind. dent of the gonism to methionine, I do not
know.

Best: Are there any other indications of the toticity of ethionine?

Popper: So far, we have studied only the lesions in the hver and
pancreas. They have been prevented by the simultaneous ad-
ministration of methionine, and have very rapidly been corrected
1f methionine were given, or if the animals were put on a normal
diet. Even the severe pancreatic lesion is quickly corrected. We
have recently learned about cardiac alterations due to ethionine
but we have not yet reviewed our material for such lesions The
described lesions are not due to triethylcholine intoxjcation (a pos-
sible metabolite of choline) since feeding of this substance does
not produce them. We have so far not found any evidence for
toxicity,

Coldblatt; Perhaps Dr. Popper will dispute this with me, but I
am mnchned to agree with Dr. Best that this is not in any way 2
cholime-deficient Iiver. We are not looking at a Iver about which
we can say, objectively, “This is fat infiltration.” It is obviously no‘tl
At most, one would say fatty degeneration, presnmale as @ reju
of the tovic effect that Dr. Best is speaking about. I am just “°f]‘1 ‘;"
ing whether we can speak of the fat content of 2 liver, as 2 “l O:r
and compate one with another m that respect We look at that ::r,
and may not even think of its being fatty at all, Under ?ﬂgh P? o
we see tiny vacuoles that we call fatty df?&'e"cmf’o"' )ou'sa)ﬂ)m
have guven choline and there is no deficiency We 8“’"; wt’m“ od
that picture is not the result of a dg{icieﬂc)" Tt is probably s0
fat phanerosis, rather than fat infiltration. . .

ngpcr: That is possible. I should like to tszhGSIZB ngarleﬂ :[l‘:;
within the first few days of the feeding of ethionine, se\ecem fat.
Inser develops which contains chemically more than 15‘1?9f. ceally
Subsequently, the fat disapp from the liver and 1 35 consider:
none 15 seen at all, whereas chemically the faticontcn b s e
ably below that of normal rats. If Itbera} choline supp!
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given with prolonged ethionine diets, the fat content is not below
but shghtly above normal, and small amounts of fat can be seen
Iistologically. This was the picture to which I referred last

Hartroft: 1 wonder whether Dr Popper would comment on the
intensely eosmophilic liver cells in Figure 49 illustrating the field
containing trabeculae? What distnbution do they possess, in rela-
tion to the radicles of the hepatic ven and the branches of the
portal vein? Does the addition of choline to a diet contaming
ethionine modify the development of the pancreatic lesions m
any way?

Popper- The markedly eosinophilic Iner cells indicate degenera-
ton or necrobiosis. They are not necrottc vet This acidophihe
d ion of the cytopl. 1s especially clearly scen m Mallory
or trichrome stain 1t is not only due to loss of cvtoplasmic baso-
philia, but also to a degenerative change of the cvtoplasm

N:c/c: Is it somewhat simlar to the cells vou see m acute hepa-
bitis

Popper No In viral hepatitis, diffuse acidophihie degeneration
1s associated with pycnosis of the nucler In these mstances the
nuclei are yesicular, but probably the process 15 of a similar nature

The distnibution of these septa has interested us very much, but
we have not yet made any reconstiuctions They appear to be
neither central nor portal, but extend straight through the paren-
chyma without any obwvious relation to the lobular topography
Dr M. Hans Ehas and I believe that they result from stress fissures
between g ing and ating terntones of the lobular

b into which e tissue membranes are laid down

Hartroft, Y wonder whether the distribution of these trabeculae
might not be related to the structural umts of the Iner described
by Rappaport recently (92). The figures which have been shown
stggest to me that the trabeculae might be found to outhne Rappa-
POrt's structural unats

What influence, 1f any, do dietary choline supplements have on
the devel T of et duced Iesions of the pancreas?

Popper. The pancreatic lesion 15 not presented by iberal cholme
supplements to the ethionme diet, but so far we have the impres-
sion that 1t may he milder

Shorr: Are there any hdney changes?

Popper: The renal changes are nonspeaific degeneratnie altera-
tions of the provumal consoluted tubules, and protem 1s found n
the urine
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Best: Dr. Hanger, do you have some 1deas about what the experi-
mentalists should do to make that picture in the liver clearer?

Hanger: That is an appropriate question to ask at the end of our
series of conferences. I am afraid there are a great many things
yet to be learned. For example, 1t is regrettable that liver function
tests, which are really of physiological activities, are
still symbols rather than indices of known integrated actnities
Many of them, especially those determining the levels of metabolites
in the blood, represent equilibria which are disturbed in certam
hepatic derangements and are therefore of chnical value, but the
anabolic, catabolic and excretory factors, which regulate these levels,
are mostly unknown. Some of the excellent chemical studies re-
ported n these conferences help us to comprehend the complexities
of the problem, and certainly remind us of our lack of understand-
ing of what we are really measuring when we perform the simplest
hver function test, such as the serum alkalme phosphatase deter-
mination, or the total serum cholesterol .

Dr. Hoffbaver brought up the question of how we can explain
chronic progressive hepatic injury I think, too, that it is time to
challenge the idea that all cases of chronic hepatitis are due to
chronic viral infections. There are classical examples of chronic
inflammatory changes in joints. in the kidneys, indeed in every organ
of the body, which are not due to infection .

As to the causes of liver injury, I think most of them are still
unknown. I believe that Dr. Popper’s presentation 1s just an example
of noninfectious chromec degeneration. Whether the causes are
dietary in most cases, I doubt. Perhaps we may learn fmfn derma-
tologists and students in other fields about these chronic mflam-
matory diseases. o

Watson: Are you subscribing to the idea that chronic i
cirshosss s just a form of lupus erythematosus

Hanger- If 1 knew what these condiftons represen
answer that question.

Watson- It sounded that way when you sai
were going to help us

Hanger The pathologists also might help
pathology of hepatitis is s:’ll ahbammg one;e
specifi to the tissues that they imjure; y
\fe ﬁns :streomendous reaction 1n the mesenchymal elements :‘fh‘:;;
hwer as well as in the parenchyma, which are reﬂ]})’ ::Zn:“er {
different structures. 1 think the question is still é:xr Hin byl
whether parenchymal damage leads to secondary

deopathic
t, 1 could
d the dermatologists
The questton of the

Most viruses are very
t in chronic hepatitis
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injury, or whether there 1s a virus that happens to mvohe both
tissues Itis intriguing that in the story of hepatitis we frequently see
skin reaction, jomnt pains, lymph gland enlargement, and enlarge-
ment of the spleen, suggesting that m addition to viral mfection
there may be a hypersensitive state to the virus, giving reactions
similar to those found in serum disease Thus, the question comes,
whether we do not have both a parasitism on the part of the virus,
and also hypenmmune reactions to modify the chmeal picture, or
actually precipitate the acute attack

Best: Dr Neefe, do you sometimes give cortisone to people with
falmg Liver?

Neefe. Yes, I think a good many people do now, Dr Best Dr
Hanger has just mentioned what I have long suspected 1s an 1m-
portant factor m certain hiver dhseases namely, the questton of
hypersensitnty. 1 thmk anyone famular with hepatins has been
mpressed with the long incubation period as compared with other
diseases, and we have all been impressed with the frequency of
urticana, and other general phenomena, which are often among the
premonitory symptoms and signs

1 should be very much interested in seemg what could be done
with the phenomenon of hypersensttivity, induced n expermental
ammals on a chrontc basis with one or another agent I think 1t
might be a very fertile field Perhaps we mght add to that certain
other known toxic agents

Some of us have also been mpressed with the relative frequency
of associated conditions in people who hase chromic Iver disease
with associated Iatent amebasis Dr Richard Capps, and others,
have been impressed with the frequency of such conditions as
intestinal amebiasis 1 such patients Certamly T have observed
with a great deal of nterest the favorable effects of ACTH or
cortisone in some cases of chrome hepatitis, verv dramatic re-
sponses occurring occastonally which would be difficult to explan
exeept perhaps on the basis of mterruption of a hvpersensitvity
process

Like Dr. Hanger, I hase tried to think of other puzzling problems
in chnical lner discase For example, I bave seen a number of
patients with chronic or subacute hver disease who have dnodenal
ulcer, It has often been stated that tt 1s quite common, i chronic

ver discase, to find associated ulcer Perhaps we should consider
ttm the reverse direction If one goes nto the lustory of such
Patients, one may find symptoms suggestive of an ulcer long ante-
dating the apparent I er disease One mught speculate as to whether
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there might be absorption of sensitizing products through an ulcer
resulting in sensitization of susceptible persons. There are many
factors of this sort which may eventually be shown to contrbute
to these complex chronic diseases.

Best: Dr. Shorr, would you now speak as a chnician?

Shorr: 1 should Iike to learn more about the relation of the lver
to vascular homeostasis. We have already learned a good deal about
the effect of certain conditions of the liver op the ability of expen-
mental animals to respond to the stress of hemorrhagic and traumatic
shock. Impaired protein nutntion was shown by Dr. Gyorgy to
jeopardize the survival of rats to even minor surgical procedures,
It was from his observations that we were stimulated to pursue
this line of research in shock. We should also like to know more
about the relation of the hver to the whole problem of oliguria,
which we encounter in varjous chinieal disturbances such as decom-
pensated currhosis, nephrosis, and heart failure with edema These
conditions are regularly accompanied by ferritinemia, and we have
shown that fernitin is a powerful antidiuretic because of its s'nmul;x-
tion of the neurohypophysis to release antidiuretic matena]‘\\e
would hke to know much more about the role of ferritinemia m
those clinical oliguric states to the imparrment of water excretion.

Best: Professor Hoet, what do you think the experimentalists
should do to help the chmaans? .

Hoet: I was thinking of asking if someone knows whether jaun-
dice during pregnancy usually Jeads to abortion. Hench {93)hhﬂ=
abserved an crease of glucocorticords. In case of mundlce):i e‘r)e
may be more, and then we might expect that there wou PB
abortion It is very difficult to state this. The cases are co;np 16(;
and 1t is not a pure question of glucosteroids. However, 1 shou
still like to ask the question. .

Watson: 1 shall be glad to answer 1, at Jeast on the basis ;:;?f
own experience, 1 think I have seen perhaps eight or ten ;ell o
hepatitis m pregnancy, and the patients have doge ‘1“;:_9 rection
the most part A paper has recently been publishe ox} t t{S Glls hepo-
by Martins (94). He described some fifty cases of infec }imenes -
titis assocrated with pregnancy. He had a large ergmg S ant
compare them with hepatitis without pregnancy, and no sflgcgmmﬂn
ifference could be found I have seen a number of cnses‘l?n .
duct stone with jaundice jn pregnant women without f;renf x\vgu{ these
tton more adverse than in ordiary cases. W © have };;1 a defevt‘f but
women operated on because they were having F}" s an: eriem"e-
this has usually not termnated the pregnancy, in my exp
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Neege: | think Pper] hap the stage of p egnaney 1, %hich the
disease Occurs Imgh be 'y ery xmport;mt My e EXDerience hag been
muc'h the sam as that [ Dr 1y, tson, ﬂlth ugh mose of those y

Seen hay, been in the first trmestar r of pregnaney‘ They hae
ll do e wy eII Yet J have eard of another Sertes 1n Jop, Pregnancy,
fents

Many of 4 € Datient, did abort, o, k Prematyyg deluer}
t. Ther very hag epidem;e Teported H Sl
(95 Dregnany Women haq More ap, avier jay, drce than
the o ers Population, In thyy Situatrop, they aborte, or ey g
dieq Hoe h S not cate thay Was glucosteronds, at
L Darticy], f virys, SUDpose, th,y existed 5 2t by,
in th Tthing action of ¢he Datient depenq
up Cause of 4, Jaund,, on the stage [ g ancy at
Which 4, e Ntracted Howe, T, 1s not
Yery plain If th, 'y aborg. tis €Iy easy o state th pI 0
Which
Watsy, 7. That virus i, Basle \ms a most unng, unl one Staup (96)
Stateq that t the m, mortality r, 'P to ahg, 1t 20 pe, cent, at Jegst for

2 period of tm,
i Do yoy ba any Comments, p, Cyorgy, either a5 4 ehnicigp

C'JOTA’I/' Our defecr m Npenmenml WOrk 15 thas We canpgg
"eProduce A nsluorkor n rats b dietary, meany If 4 7€ proter,

15 1
Casejp, Finajj s 10 rapg with dnetar_y fatty, Iner he hk ml‘ltrnhon s
t

J m
St Shaly We agrea that there are sgj) nmny hxcmanng chnicqp
and evpenrnenml Problemss

RFFERLN(‘ES

anu y, R NDRELY ¢ La teneur du p, NOjay coffy
Luee e d esox, )nbonuduqu traverg ls Otganes, foy
mdn.du eSpéces antmaleg Lr[w rient s 4, Y (1949 8)
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passive, 1951 196
Connzc(zv; ussue, 1 liver carchosis, 1952
4

Coproporphyrin, urtnary
after carbon tetrachlorde, 1949 37
n liver damage, 1949 56 57

Con gyele, 1953 29

Coronary artery, lesion of
dve 10 cholme debriency, 1953

102, 106
Lipomatons, 1953 102
Corncosterord, and liver protemm, 1953
149

300-

Cosncotropin
diabetic hyperglycenua attes,  preg
naNcy, 1953 39 40
fetus after, 1953 39 40
for hepatitis, 1953 185
aad placenta, 1953 5%
in pregnaacy, 1953° 39-40, 55
Cortisone
abostron after, 1953 351
and blood sugar, 1953 38
experimental  liver necrosss an rat
treated with, 1952 60 61
fetus after, 1953 4041, 54
gestatian pancreas zfter, 1953 36
glucocorcord i istets of Langechans
after, 1953 57
glycogen after, 1 pregnaacy, 1953
404

for hepatitis, 1953 185
infective, 1952 40
and infechon due fo pnenmofid virus
of mice, 1952 29

Liver Injury

OJIIHSOX’]E—'CUPII’J
ipemia after, in pregnancy, 1953 47
and liver lesion due to ethionine, 1953

174
in pregaincy, 1953+ 4041, 47, 56
fetus after, 1953 4041, 51
for cheumatord asthatis, serum fipid
after, 1951+ 43
Cottonseed oil, hydragenated, 1949 37,

Counctlmaa body, precursors of, s viral
hepatttis, 1950+ 65
Crisco, dietiry, 2nd hwver damage, 1949
7

7, 38,
Cuffing, 1951. 283 284, 305
Cushtog's syndrome, hypertension due to,
1949
Cyclopropane, estimated hepahic blood
flow after, 1950+ 79
Cyst, fatty, escape of Iipid from, i expen
;nenl:l] dietary cushosis, 1950 109

9
Cystene, 1951
fatty fivee after, 1951: 72
1 hemolysis of red blood
avitaminosts E, 1949 42
resistance  to jrradiation anjury,
1950 217
Cystine, 1951+ 73
deficcency of, 1a rat, 1950 225 226
dretary, 10 archosis of liver, 1950 206
farty hver alter, 1951+ 72
and hiver Girrhosss, 1949 35, 1950 206
2nd Diver damage, 1940 3543, 48, 50 5
and hver necrosss, 1949+ 35
due to bromobenzene, 1951, 172
10 rat eclampsia, 1949
m yeast 1949, 34, 55
Cytochrome ovidase, in liver, 1952 8L
83, 89, 91, 93, 96, 97, 98. 99
Gytoplasm, 1950 28
basophilia 10, 1950 30, 1952 21622,
224, 226, 229, 247, 230, 231
1 cacrhoses, 1952; 254
 tfective hepatitss, 1952 234
10 hepatitss, 1950 910, 1952 21
Iabule, 1n iver, 1953 142,144 150, 155
1

33,
1 dreer vell, 1950 33, 1952 HI
nucleic acsd n, 1950 30 32
ubonucleic aaid 1n, 1933 140

cell after

for

D

Death, of u{g, 1949 ugg 161

Decanoic acid, 1950. 1

Degenerauon, acidophibic, 1950 so{{

Dehydrocorticosterone, and wark pe arm‘
ance of eviscerated rat, 1949 u;

Dehydrogeatse, in hver, 1956 13, 1952
81, 88, 89, 91, 93, 99, 107

Density gradiens, of serum, 1983
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deatsst, 1 transmussion of hepatites, 1952°  Dualunic acid, as hemolyzing agent, 1953,

Dermatosts, 1n kwashiorkor, 1950 135 after avitaminosis E, 194!
Desoxpeorticosterone acecate, and VEM, Dx:nhn, and fatty hiver, wsx 139
. Diet
Dmx)pﬂuose, m lwer, 1 Iwver necrosts due to, 1949+ 3439
Desoxypentose auclese md 19su 29 stress due to, 19490
Desoxypyidoxne, 10 poliomyelitis, 1952 1n wiral snfecuon, 1952 4t

Diethanolamine, 1951
D:wx"lbonuclucand in liver, 1950 39, and hiver lipid, 1951 70

81, 9599 in_phospholipd, 1951 14

n nudeus, 1953 108 122 Diethy lethanolamine, 1951:

of rat, 1953 110122 Dall apparatus, 10 slenhuuon of blood,
Dextrose, 1n diabetic coma, 1949 117 1952 57
Dereroers thanmal, 1952, 166 Dimechy laminotzobenzene NeNy, 1949

i M . 40

Disbeter ";';;v“i;;.,jfg; P Dumerb 1951 63, 73
Thusbetes mdl’n n liver Lipd, 1951 7475

rus
. Dimethyltheun, 195t 63
due to allotan, 1949 106-108, 1953°  Dyohosphopyredine nucleotsde, xm 91
panceeas of embryo 19, 1953 a8 Disse’s space, 1950 910 96, 1951 279,
pregnancy in, 1953: 48-49

o s ' ifrer pincreatectomy, N 410Is, 195
s

315
in liver doease 1931 27928t 281,
28%, 291 296, 313
due ,‘;,;’2;" of head of pantreats  prorenic materad an, 1951 313, 314
i child, 1951 241242

b 1951 At
ephioblastons i, 1953, 38 39 . e overs 1951 316
l{:;‘l;nc 1n liver m. 1951 Duver techmque of Linderscesm Lang and
ma i 1951 223 ms Holier, 193776~
?u”m bt \)Ls:nm, 1951
e aycopin . 1951 256258 - 25
omerson o cxbobydrats 1o fat "‘E:Q“":‘",‘: O T
7
1n dog, glucose in, 1983: 13 14 diabetic
X ovose i 1953 1414
ll)‘;:‘y‘r;;h::‘xxlln, 1933 s flycoren storage 1n 1953 13 14
xlm“ - 995 3 s omentum like liver in 1952 6%
Iood ll 31 ;o spontancous 1951 233
hemosderosis m, 1933 120
kﬁ?l‘a,:;‘.l".’g,,‘"d‘," 1953 16 Demat coma i 1951 132 134 164
3 on ol d 4
meraplliy glomerutosclcosts in, igation uf common Pile ducvin 190
jun o 1l 1
el i, teeactomness to, 1951° 213, ""‘“,6" of hepinc atien 0 wo 1
, 226, 241,
lives n, 1951 205 227 e of
anbons of, 196 121, 3951 243 ‘3;:::3-:::\ b 1951 138
fl]"y, 1951: 216-222, 241 243, 247, 231 f"“ ,,::’,2 of 1950 57
lacoeoutpit o tter hsuli. S st 12 19
210-326
throttle muscles in mz 149 150
flrcogen 1o, 1951239, 136258 e Bepatic vemn of ooz 120
N:;‘;'r':lh"' 1;)51 206, 210 226 Deumming, sublethal 1949
o ﬁneomwu 4 Duodenum, t teansformation uf choline
" 3 i3
e i, 1945: 106, 108 m D “‘?n:m eﬁ”l?l? 40
e ke e 1952 61, 63 v 8

Pieqursors of, 19 E
preznzncy, 1953 3137 3

pymvm 1, 1933 Ech s Bstula, lwo e 122

ontancous, 1n dog, 1951 253 partial 1951 1.
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Eclampsia
VDM 1n, 1949: 84
VEM 1n, 1949 84
due to yeast, 1n rat, 1949 51
Edema
angioneutotre, and infective hepatites,
1952: 2
n kwashiorkor, 1950. 155
1n lver disease in Jamaican child,
19517 265, 267
of lung, sfter hyperosia, 1949 26
lymph, 1950: 9697
toxic, of liver, 1951+ 312, 313
after VDM, 1949 77-81, 83
Effusion, pleural, and asctes, 1950° 194
feg
as protein source for liver cell, 1953+

1
white of, as toxic factor, 1949: 45
Egspt, splenomegaly n, 1950 193, 195
Ehtlich’s tumor, 1952: 37
Elastica, vascular, after choline defictency,
1953* 101102
Embolism, of fat
tn alcoholism, 1950. 130
from Liver sinusord, 1950z 122 126, 148
Embryo, liver anlage 1a, 1952, 122
Embryology
of hver, 1952 120122, 1953; 58
of pancreas, during maternal hypergly
cemia, 1953 57
Emests of blood, 1950° 52
Eacephalitts, hepatec, 1951° 166
Eacephalitozoon, infection due to, 1952

37
Encephalomyelius, thitmane in, 1952 66
Encephalopathy
hepatic, 1951 166
aucottme acid, 1951
Endocardum
in kwashiorkor, 19350 166
thrombus 10
m alcoholism, 1953
after choline-deficrent
103104

164

104
dret, 1953

Enzyme
cholesterol estenifying, in serum, 1951°

digestive, tn kwashyorker, 1950° 154,
17

glycolytic, 1953 74
0 hver, 1950 38-39, 1952 72:109
duning protein-free diet, 1953° 143
oxidative, 1953 74
Fosinophilis, 0 hepantis, 1952 2526
Epinephtine
and glucose output of liver, 1951 208
and glucose tolerance of Iiverfess rat,
1949

98
and glyconeogenesis by pecfused fiver,
1953, 30 31

Liver Injury

Epnephnne—Conrd
1n phosphorylase reactivation, 1951+
27

Ergothionine, 1 yeast, 1949, 54
Eny throblastosis
m dmbetic child, 1953, 38 59
m fe;us of prediabetrc mother, 1953
2

in newborn
of diabetic mother, 1953: 59 60
of prediabetic mother, 1953 3960
Erythrocyze
1 ceroud  formation,
137, 141 142
i sinusosd of Jrver, 1950: 121
See alse Red blood cell
Erythroporests, 1 liver, and erythroblas
tosis, 1953+ 58
Esculin, biliary excretion of, 1 white
mice, 1952 204212

1950 129130,

Es

ster
phosphate, plasma glucose 1n pool of,
1953 21
uacorrelated, m serum, 1951, 20
Esterase
after hepatectomy, 1952. 103
i hver, 1952 9193, 95
in bromobenzene ntoxication, 1932
107-108
1 proten synthesis, 1952: 101
1n serum, 1a bromobenzene mtovication
1952° 108
Estensfication, of cholesterol, 1950 3638
Estrogen, metabolism of, after hver dam
age, 1950+ 188191
Ethaolapune, and hiver
after fow protein diet,
7378

hospholipid
; l;‘l 72,

iy o9 28
n liver surgery, I
sucvival of rats after breathinf o,
1949+ 118 119
mi;mmge frer, 1953. 175
ile duct after, .
bilicubin after, s unine, 1953 173( .
mtosication due to pucleic acds afteh
1950 32
jaundice after, 1953 8 53 174183

lvec after, 1952 163,
“faty, 1951 1509; 1952. 240, 1953
174, 180-18; i
pancreas after, 1951° 109110, 1952¢
163, 1953 178
i eat, 19531 17;-:]8)t v £ 10
Ethyl laurate, and hearl 1o
choline deficrent diet, 195‘5n 9:011.\1

uropean, cellular infiltrauon

Europel™ & 1o, 1950° 67 e

Evisceration, bromsulfalein removal atter,
1950, 7576

Evolution, of lver, 1952 120
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Fatty aad—Conr'd
transport of, by plasma lecithin, 1951:
81, 121
Feces
coproporphyrin 1, after Liver damage,
1949. 57

utobilinogen m
mn <1nh0$1$, 1950: 25
nd

Jiver ph

Liver Injury

Fructose—Cons'd
i Joss of morgzmc rhosphate from
liver, 1953:
metabolism of, m ssolated cat hiver,
19532

G

1950: 11-13

Ferntin, 1949 17, 64

znndxuresu zfm, 1949 77-81, 83, 84

in blood, 1953: 1

i hepatic mma 1951 176

ron m, 1949 64, 78 1953+ 172

protein 15, 1949 7.

unnary, 1949, 85
Fecriinemia, 1953+ 186

1n_hepatic comas, 1951: 176
Fertlity, of African female, 1950 18
Fetor hepaticus, 1951: 165-166, 169, 172
Fetus

after corticotropin, 1933+ 39 40

after corusone, 1953 40-41, 54

Liver 1n, 1949 32

placenta after removal of, 1953: 161

in predabetic mother, 1953 4147, 53
Fever, and liver blood flow, 1950: 77-79,

86 87

Fibrosis
of bile duct, 1n arrhosis, 1950+ 21
endocardral, 1n kwashiorkor, 1950 166
of liver, 1951. 267, 269, 279, 293-294,
300, 305 306, 1952 179, 1953: 170
arrhote, 1949: 126, 144148, 156,
1950 21, 1952: 169
fatty, 1949 156, 1951, 244
after hepatitis, 1952 5
i kwashiorkor, 1950 159, 164-165,
173174
of pancreas, 1950:
164165
Fistula, Ecks, 1949 119, 122
partial, 1951 15
Fluid, spinal, pymvxc aad i, 1950° 61
Fluorescein, excretion of, 1952+ 201-203
biliary, 1n white muce, 1952 204 213
Fluorescence, of vitamin A, 1951 252
Fluorescence microscopy, 1952 200, 204,
55 262

m kwashiorkor,

Fluorochrome, 1952 262

Folic aad, and labile methyl spmng
effect of vitamin B, 1950

Formaldehyde, 1950 222

Formate, 1950 222, 223

Fracuonauon, of serum, 1951: 13-59

rog
hiver lobule of, 1949 913
liver sinusoud in, 1951 57

Fructose, 1953 8
hpogenesis after, 1953 26

Galactose, 1955¢ 86

Gall bladder, fepatic arery hgnmn after
removal of, 1949~

Gallocyanin chrome alum muhod 1952

Gamma globulin
for hepatitis
infective, 1952: 48 50, 34
due to mouse virus, 1952 56
serum, 19523 54
toxtc, 1950, 3738
n measfes, 1952, 50
n serum, formation of, 1950° 36
Gangrene, of gall bladder, after hepatic
artery higation, 1949 20
Gasometric techmque, of Linderstrgm
Lang and Holter, 1952 7677
Gelatin, as protein source for hver cell,
19532 12
Genetics, 1n diabetes, 1953, 43 51
Gestation See Pregnancy
Glisson's capsule, lymphatics 1, 1950
99-100

Globulin
m blood, of liverless rat, 1942 89
gamma

for hepatitis due to mouse vicus,
19522 36
for infective hepatitis, 1952 48 50, 34
i liver disease, 19502 36-37
m measles, 1952° 50
for serum hepatitis, 1952 54
1n toxic hepatitss, 1950+ 3738
1ron binding, 1953 172
sronbound, 1949
1n plasma, 1a kwashsorkor, 1950 156
n serum, after ceatrifugation, 1951 13
synthesis of. in hepatatis, 1951° 2
See also Albumin/globulmn rato

Glom:mloﬂephnus, hypertension 1,

949+

Glcmerulonephmsu. i at, 1949 52
Glomerulosclerosts, m(tr(lplllaxy, i du
betes, 1950° 1
tomerulas
nymmmmn of, 1 kwashiotkor, 1950

pathological, m normal kadncy, 1950
64

Glucocorticord
d abortion, 1953° 186
:Sre:ﬂ, and sslets of anxerham, 1953
56-57
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Heart—Cont'd
embolus 10, of lipid from [iver sinu-
sord, 1950: 122, 148
and glucose, 1949: 112
ketone body utlizaton by, 1949, 113
in kwashiorkor, 1950; 165-167
after ethyl laurate in choline-deficient
diet, 1953+ 98-100
Hematemesis, 1950 52, 175
Hemaun, and albumtn, 1951: 41-42
Hemochromatosis, 1953+ 169-170, 171
hemofuscin in, 1953 173
Hemofuscin, 1953: 173
Hemolysis
1 blackwater fever, 19512 42
due to dialurte acid, 1953: 39
i falaparum malania, 1951: 42
of red blood cell, aftee avitaminosis E,
1949: 42
Hemorrhage
hepatic coma after, 1951: 165
i Liverless rat, 1949: 88
of lung, after hyperoxia, 1949+ 26
from needle biopsy site, 1951+ 152, 168
shock due to
aureomyctn 1, 1951 133
hyperreactive phase of, 1949 62, 65
Hemosiderin, 1953: 172 173
and ceroid, 1950 142, 143
Hemosiderosss, 1953 170
after acute hepatttis, 1950, 63
in dog, 1953 170
Hepatectomy
bromsglfalem removal after, 1950 75
7

esterase after, 1952 103
proten formation and plasma _cholin
esterase after, 1952 103 105

pseudocholinesterase after, 1952 103
rat after, 1949 86 106
nbonuclere acd an liver cell after,
1953
Hepauc arteriole, 1949
Hepauc artery, 1949 910, 13, 1951
123124, 177179, 1952 130, 153
anastomosis of
1949 19, 1951

with portal vern,
171,177
with portal venule, 1949: 910, 13
blood flow through, 1950 87-88
in blood supply to liver, 1949 510,
1313
blood veloaity in, 1949 16
collateral crrculation after higation of,

function of, 1949 2t
Ligation of, 1949 18.33, 1951
152, 159162, 172, 1952 170
and antbiotic, 1949+ 19 23, 25, 29
30, 32, 1950 5960, 1951 146
after cholecystectomy, 1949 2627
collateral crrculation after, 1949 22

146

Licer Injury

Hepatic artery—~Cont'd
ligation of—Conr'd
coma due to, 1951, 152, 158 164
i dog, 1949 19-26, 28
by Goldblatt clamp, 1949: 3t
i human being, 1949+ 23 24
liver after, 1949, 18-24
and pentcillin, 1949+ 1923, 25, 29,
30, 32, 1951: 146
m rat, 1949 24
survival after, 1950 59 60
occlusion of, i man, 1951. 167 168,
71

1
pemcillin 10 ligatron of, 1949, 1923,
25, 29, 30, 32, 1951: 146
terminal branches of, 1952 181
185

thrombus 1, 1949. 24
Hepauc glucose uptake, 1951: 212219
Hepauc vern
apaphylactic shock, 1951 181182
anastomosis of, with portal vein, 1949,
31, 1952: 192
catheterization of, 1951: 205
contraction of, 1950 101, 104103
and lymphatics of Jiver, 1950 93
muscle tn, 1952. 120
spasm of, 1950 104
sphincter 10, 1952° 120
valve in, 1950, 103
width of
1n passive congestion, 1951 196
in toxtc hepatitis, 1951: 195196
Hepadis, 1950, 56; 1951: 128
acute
ascites 1n, 1952 32
brown pigmentation after, 1950 [}
bemosiderosis after, 1950°
1fon positive prgment 1 Kupffer cell
after, 1950: 63
Iiver damage aftes, 1950 63
syringe in trapsmussion of, 1952 5T

f, 1952,

8, 39
transfusion 1n traasmisszon O

59
albumin/globulia ratio ia, 1951° 4
10 ascitic flurd sickness, 1952° 43
bihiary, hiver function tests in, 1950
14

biopsy specumen 18, 1950 9
centrifugate 1, 1951
cholangrolitic, 1950° 43-44; 1952, 163,

167
eholestesol 1, estenfied, 1950° 3635
1951 23-
choline 1n usine i, 19517 128

snto Girthosss, 1950. 45
costicoteopin for, 19537 185
cortisone for, 1933 183
eonnophslee tn, 1952: 25 26

far 30 loer cell n, 1051+ 43 Ju
globulin 1n, synthesss of, 1951
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Hepatins—Cuns'd
slucose in, 1949 124
hnmnlﬂgmu setum, 1950, 431 1951

and hypersensmmy. 1953. 183
infective, 1952, 20 69
wuh alcoholic fatty Niver, 1952+ 63

allergic symptoms an, 1952 21, 24
25, 46

and angioneurotic edema, 1952 23

anubiotic for, I 9

and arthralgia, 1952 23

asates o, 1952 32

basophilia sn, 1952, 234

arner of, 1952

Chicago outbreak ol 1952 47 34

Cleveland outbreak of, 1952 20 23

cytoplasmic b:unphxlu n, 1952 254

duraion of, 1952

gmma globulia in, 1952 4350, 54

hel‘ewphlhc agalutination n, 1952
3

and haves, 1952, 23

mmunization to, 1952+ 50, 55, 62
jaundice in, 1952+ 33, 48 49, st
hpatropic ageats . 1961 102
bver cell 1, 1952,

ner funetion rests m. 1950 14

in mouse, 1957 30-41, 4647

oual spread of, 1952 32, 53
outbreak of, 1952 20 23, 47 51
Precipiating factors an, 1952 21, 63
and pruntus, ws 25

and rash, 1952; 2

recurzence of, 1952 68

teinfection wuth, 1952 67 68

md  respucatory infection, 1952 21

mpmmry spread of, wsz >
Y3 serum hepatitis, 1952
skin test n, 1952, 3336
susceptibaty to, 1952 66
venereal transmission of,
See alio Hepantrs, viral

¥ Jaundice, ohnru(lne, 1950 40

lver biopsy i, 1950, 43

nonviral, 1953

in pregnaney, 1953 186 18

rumkm Hver function tests i 1950

1952 36

mu-n, 19%0 10, 1951 iu. FIERR I
arner of, 1952 313
&imma globulin for l9sz 3¢
03 plasma treatment 4952 3R
spitatary trapseussion of, 1952 V¢
susceptibilay 10, 1952 67
(n,n\rh(rnul transmission of 1952

36

rum bpods an, 1981 2627
sneeptibility to, 1952 29, 47

Hepatits—Conrd

basophuliz sn, 1950 33
gamms globulin mn, 1950 3718
hepatic vem m, 1951; 193
transmisaon of 1952 36-60
uninary choline tn, 1951 131
and urticana, 1983 183
viral, 1950
basophulia 1 1950 35
Kupffer cell n, 1950 28 33
Lpofuchsin mn tover after, 1950 63
fiver celt tn 1933 183
need for duagnostic test for, 1953
108

pathelaty 1933 194183
pustaccranc cerhosts due ta, 1953
169
precurs s
1950 6%
See 4" Hepautrs, infective
vitanno A i Iner i 1951 44
Hepaw blastoma, 1952 162
Hepawurte  separatim of,
tieue 1953 118
Hepacomegats, mn terus of prediabetic
authee 1950 42
Hepatworenal syndrome, 1949
Hepatosptenopaths, 1950 31
Herediy m dishetes 1953 4951
Hexosed:phasphate, 1953 73 87
Hharms India ok, parucle of, i hver,
3

f Counulman bodies n,

from hver

376

Hemswordh xeea, 1951 120
Histamine
fiser atees 1950
and Trer outlet salves, 1951
“hock due t 1950 103
Histoatic cell, 30 arshuss 1950 33 33
Hiunotous, nonipad 1956 54
Hives
In catarinal punhice 1952 24
ant hepatt 1983 3%
Holter and Linderstrom Lang diver tech-
pique 1952 677

201

Holter s colonimetnc techmque, 1932
TR

Homogemzatton «f lner cell 1932 86
ay

Homeostans, arcslaton capitlaey bed 1n,
194 8

Homuocholine, 1931 63

Homaaistine, 1950 208 20 220 21

Hoemaone

sdrenonc il and ghoaneogencis by
pertused Iner 1953 29

al el 51

n:ft’:‘rml“u:} nbonedac aad m heer,
1988

Houssss unmul, 1934 "%



210

Hyaline membrane, 1 lung,
newborn, 1953. 45
Hydrocottisone, diabetse byperglycemiz
2iter, i pregnancy, 1953, 39
Hydroxybugycate, bfu, tx’gss. 79
Hydroglamune, 1953- g,
Tpercontiaalism, of pregnancy, 1953, 48,
52

0 death of

Hyperesuog:msm,
y pergly cemia
durtng _embryogenesss of pancreas,
1953+ 57
after hypoglycemia, 1953. 6o 61, 63
Hyperoxta, after hepatic artery Iigation,
949, 26
Hype:smmivny
and hepatins, 1953; 145
2nd Liver disease, 1953 155
Hypertension
adrenal cortex n, 1949 74
i Afnican, 195¢ 175, 186, 187, 194
due to Cushng's syndrome, 1949 72
esseatial, 1 man, 1949, 7,
m glomerulonephrins, 1949 81, 84
portal, mn Afnican, 1950 173, 19¢
renal

;n Afnican, 1950. 188

n 1ar, 1949. 70
VEM m, 1949 69-71
of toxemiz of Pregnancy, 1949 72
VDM n, 1949, 65,74
VEM 1, 1949 6974
Hyperviaminosis 1>
2nd kidney damage, 1949. 5
26d Liver damage, 1949. 37, 38, 51, 59
Hypoglycemia
and byperglycemia, 1953- 6o 61, 63
N pregnancy, 1953: 62 g3
Hj pophy sectomy
dizbetes siprdus after, 1949, g5
Proten in liver cef after, 1953 113
rat after, 1953, gg
acd
Ppregnancy, 1953;
Hy pophy sis, anCYd tumor growth, 19s3-
162
See alio Pitustary gland
Hypoxanthune, 1950 273
yPoia, and Liver, 1949 29

1m liver cell in
158

I

ndia
iofantile currbosss 1n, 1950:
kwashsorkor m, 1951: 277
dia ank, particfe of, in liver sinusoid
system, 1949« 11.13
donesia
cerord an, 1950, 173
infantile ciechosts 1, 1950+ 175
ican

178

ant, Afri,
fatty hiver i, 1950. 145
plasma cholinesterase 1, 1952, g9

Liver I hjury

Infant, Afncan—Conpg
Feamng of, 1950+ 169, 183,154
See alio Child
Infarction, of hver, 1949 23 24; 1951+
167-168, 170, 171
Infecuon, cacephalitozoon, 1952. 37
See also Hepatitss, tnfectiye
Infectious mOnouCleosts, vs serum gyck
ness, 1952- 43
Inéiltrate, cellular, 1 Portat trials, 1959
7

Tak, particle of, i hyer sinusord system,
949 1113

1
Inositol
and congestive heart failure due to
dietary launie acd morat, 1950
167
hipotropre actity of, 1950 208, 1951
62
i phospholipid, 1951: 62.63
Insulin
and artertosclerosis, 1953; g5
anttinsulin factors, 1953+ 15.14
and blood amino acrd m Jiverless rat,
1949- 100 101
Bntish, 1951 210
Dansh, 1951. 210
and glucose tolerance 1n lLiverless rat,
1949+ 96-100, 105.106
and glycogen deposition 1n Jiver, 1953
519

glycogenolytsc factor m, 1951 210,
1953, 17

and fwver, 1953 25 26
and hver blood flow, 1951: 207 209
lver glucose output after, 1951+ 206,
210 226
i dubetes, 1951: 206, 210 226
liver response to, and ketosts, 1951
222223, 228, 241
bver sensitivity to, 1951: a1, 24
215, 222, 240 .
for predubetic pregnant female, 1953
4647

and protein formation, 1952- 103
sensxrxvny to, 1951, 228, 240
and growth hormone, 1951, 253 .
and work performance of eviscerate:
rat, 1949 103
Insulin area, 1951; 225.226
Insulinoma, 1953 63
al trace
In{::::"‘ and converston of oral zhohzrgt
to trimethylamme, 1951, 124126,
130, 132.133
creulation of, ;951: 199
e, 19502 21
J’;‘:fph phospholipud of, 1951, us
mucosa of, phospholipid 1, 19512
113

poison from, 199 43



Index 211

ntestina) tract=~Cont d

of rabbat, lany acd utihzaton by,
1949 111 112

ng. kwashiotkor s, 1951: 271

o

absorption of .rm Iow dietary phos-
chate,

in banapa, 1950 18!

as fernn, 1949 64, 78, 1953 172

i atonbound glubuhm |949, 78

mn Kupfler cclt, 1953:

i liver, 1953 170173

n h:shmlkor, Jo%0: 164

in maize, 1950,

m pancreas, i kwuhmkor, 1950 164

raduation

fosae to, after_auteomyan, 1950
2

sterilization by
of blood, 1952 57
of plasma, 1942 38
wchemea, of hver, 1951. 197
fets of Langer)
lpha (elh an, 1953 62
bets cells 1, 1953, 62 63
Gealibon of, 19513 1
#d glucocorttcord
from adreaal gland, 1953 56-57
aftec coctisone, 1953 3
of newborn, 1953+ 61 66
M pregnancy, 1953. 36-38
wireh 1o iverless 1a1, 1940 09

3

e
dict 1n, 1950, 179 180, 210.211
Rematemesis 1n, and currhoses of Lver,
1950 175
Buee disease 1n, 1
n children, wsv 175' 1951 263 318
archotie, 1950 173
aty, 19503 110 113
maloutrinon . 1950+ 179 180
Pement i hver un, 1950 181
undice
nd m,nm 1953
Jxlwhulum 1952+
::;aln?xl huves'n, 19525 24
l nervous syt
i een o o5
T hver bmp(y‘ 1950 40 46
O Phosphatase mm 1950 33
atter uhmnme, 1943
I"; fatty 9sx
n Pmmn. lnlc(lx'e.

186-187
36, 63 65

17

I
1932: 33, 48 49,

22 of patient, 1952+ 33
hm\m g tum transmussion of,

¥
Su ma Hepauti, infective

Jaundice—Cont it
and diver cell damage with ascates,
195 1820

obstructse, 1950 335 36
bile Yake i, 1930 41
extrabepatic, 1050 90
vs hepau(u, 1950 do
intrahepatie, 1950 43-4§
pastteanstusion, 1952 3§
due to regurgitation of bule, 1950 98
ue to yellow fever vacane, 1952 68
Java, kwashiorkor 1o 9951 277
Jemaum, 10 transformation of choline
1951 133

K
particle of
ystem, 1949 1
Kemgluunc acid,
Ketone body

and catbohydrate metbolsm 1954
fotmation of, 1953 24
n rat wath fatty loer 1951
utihzation of by hearr 1949 4
Ketosis, and hver renune o ln,
195 2

W22
Krdoe:
blood fu w in »h: ok
ceroid 10 19%0
after choline dencreos
106

Kzolm, i hver smusord
2
1953 8°

0

1919 o8

we 1983103
embolus i ot nil ot iver snw
t

950 a7 14

glomerulus 10 jath 1w 0 opormal
persons 1950 1
hemarrhagic 1950 Ct

i snfective heput 1 1932 e
VEM m, 1949 66 1

1 curehosss of lives ww ]
in congestive heare balore 1999 73
and dietary proten 199D 76
VEM inactivarion Bv 194y “u
Kimmelsuel W dson wndrome 19% 141
Kohles mecrascope 1952 *™
Kupffer cell, 1219 913
activity of 1950 % s
apd hves function rove dyse 12
basophilic body in 1950 32 31
blockade of 1951 3546
bromsulphatein sn 195t 9
and cerord 1949 163
enlarged 1950 26 2%
€10
aftee acute hepatis 1950 63

1n hepatins, 1951 4»
Ramma pglobulm formauon by, 1950
16

m hepatitis 1931 4%
wiral, 1950 2% 4%
tron i, 1993 171




210

Hyaline membrane, in lung, 1n death of
oewborn, 1953: 42

Hydrocottisone, drabetic hyperglycemia
after, in pregnancy, 1953: 39

Hydroxybutyrare, beta, 1953: 79

ydeoxy lamine, 1953, 92

H)permru'nlism, of pregnancy, 1953, 48,

52

Hyperestrogenism,
Hypergly cemia
duniog embryogenesis of pancreas,
53: 57

@ Aftcan, 1950: 188

1953:
after hypoglycemua, 1953, 60-61, 63
Hyperoxia, after hepatic artery Digation,
T 26

Hy persenstuvity
and hepatitis, 1953; 135
and liver disease, 1953, 135

Hj pertension
adrenal cortex n, 1349+ 74
n Aftican, 1950, 173, 186, 187, 194
due to Cushing’s syndrome, 1949; 72
essentual, 1n man, 1949: 71
in glomerulonephritis, 1949: 81, gy
portal, 1 African, 1950 175, 194

m rat 1949- 30
VEM 10, 1949: 69.71
of toxemua of pregnancy, 1949 72
VDM 1n, 1949, 69.74
VEM 10, 1949: 69 74
Hypenutaminosis D
and kidaey damage, 1949- 51
and liver damage, 1949 37, 38, 51, 59
Hypoglycemia
and hyperglycemia, 1953+ 60 61, 63
in pregnancy, 1953: 62.63
Hypophysecromy
diabetes nsipidus after, 1949 g5
peotein an hiver cell after, 1953 113
fat after, 1953 g9
and ribonucleic acid 1n fiver cell 1n
pregoancy, 1953, 158
Hypophysis, and tumor growth, 1953.
162

See also Pitwitary gland
Hypoxanthune, 1950- 222
Hypows, and liver, 1949 29

I

India
mfanule arrhosis in, 1950 178
kuuhmrlor n, 1951- 277

India 1ok, paracte of, 1n Iner simusoid

system, 1949 11.13
Indonesta
ceroid n, 1950 178

mfantle arthosis wn, 1950 1°5
Infant, Afnican

fatty Lver in 1950 145

plasma cholinesterase 1n, 1952 89

Liver Injury

Infant, African—Conrd
weaning of, 1950- 169, 183 184
See alro Chld
Infarcuion, of liver, 1949- 23 245 1951:
167-168, 170, 171
Infection, encephalitozoon, 1952: 37
See also Hepatitis, tofective
Infecuous mononucleosis, vs serum sick
ness, 19523 43
Infiltrate, cellvlar, 10 portal truals, 1959

Ink, particle of, in hiver sinusoid system,
1949+ 11.13
Inositol
and congestive heart fulure due to
ietary launc aad 1o rat, 1950

167
Iipotropic activity of, 1950 208, 1951~
82

0 phospholipid, 1951+ 62.63

Insulin

and arterrosclerosis, 1953 93

antitnsulin factors, 1953; 1516

and blood amino aaid in hverless 1,
1949. 100 101

Brush, 1951, 210

Danish, 1951: 210

and glucose tolerance 1n hiverless nat,
1949, 96100, 105-106

and glycogen deposition in hver, 1953+
1519

slycogenolytic factor in, 1951: 210,
1953, 17

and liver, 1953: 25 26

and liver blood flow, 1951+ 207 209

hver_glucose output after, 1951+ 206,
210-226

m duabetes, 1951, 206, 210-226
hiver response to, and ketosis, 1951°
222223, 228, 241 "
liver sensiwity to, 195tz 211,
213, 222, 240 K
for prediabetrc pregnant female, 1953
4647

: 105
and protemn formation, 1952;
sensitivity to, 1951. 228, 240
and growth hormone, 1951 253 "
and work performance of eviscerat
ra, 1949, 103
Insubn atea, 1951+ 225 226
Tasulinoma, 1953- €3
inal tract
P e f ol ke
to trimethylamane, 1951 12 ,
130, 132-133
arculatton of, 1951+ 199
, 1950 .
l’;n;g;h phaspholipid of, 19512 1’1.3"2
mucosa of, phospholipid 1n, 195,
5

1L
poson from, 1949 45



Index 211

Intestinal tract-—Cont*
of

'd
rabbut, fatty acd utilization by,

1949
Jrag, kwashiorkor 1n, 19513 271

ron
absorption of, after low drctary phos
ohate, 1933+ 17
1 banana, 1950 m
s ferntin, 1949 64, 78, 1983 171
i irenboznd glubulm. 1949, 7
w Kupflee cell, 1953 171
an liver, 1953- 170173
1 kwashiorkos, 1950 164
i maze, 19%0

181
10 pancreas, 1 kwashiorkor, 1950 164

Irraduauon
resstance to, sftee sureomycin, 1950
27

stenlization by

Ischemaa, of liver, 1951' 197
Isess of Langerhan:
dlgha cels 1n, 19531 62
betz cells wn, 1953, 62, 63
arculition of, 1951+ 199
nd glucosorticord
from adrenal gland, 1953 5657
s Cortisone, 1953+
of newborn, 1953, 61 66
‘@ pregnancy, 1953: 56 38
lsuprel, an hverless 1at, 1949 99

I
Jamascs
dict 1m, 1950~ 175 180, 210211
hemz‘t;mem in, and carrhosts of liver,
lover d‘sane mn, 195
1 children, 1950. |15 1951 263318
arthotic, 1950
fatey, 1951, llO\ll
malnateition 1, 1950 179 180
pigment 1 liver 1, 1950 181
Jaundice
and :bomon 1953+ 186 187
0d alcoholiym, 19533 56, 63 65
citarehal, huves 1n, 1952 24
«nmn nervous system an, 1951 174
differeatiation of
: ¥ Lver h.cpxy. 1950 40 46
¥ phosphatase’ stamn, 1950 53
atter elhmumc, 1953
*ith fatty Liver, 1952 64
n hrpmm mfective, 1952 33, 4849,
N nd age of patient, 1952 33
oMolagous secum. tramsrosssion of,
5952 sy
e .ha Hepatitss, anfectve

Kaotin

Ketosis, ani
1951

Jaundice—Conrd.

and ler cell damage with asctes,

50 18 20
obstrycnve, 1950 55 3¢

bule lake 1, 1950 AL

exteabiepatic, 1950 95

vs_hepatitis, 1950 40

inteahepatec, 1950 43-44
posttraastusion, 1952, 36
Que to regurgitation of bile, 1950 98
Jue to yellow fever vacane, 1952

fava, kwashiorkor 1n, 1951 277
Jewaum, 1 teaasformation of choline,
1951 133

K

particle of 1n
ststem 1949 12

liver sinusord

Kewglutzae acd, 1953 87
Ketone body

and mbuhydme metabolism, 1953, 20

fornanca of 1953 3 24

in rat with tatty fiser, 1951 12t

utibads o of by heart, 1949 113
Irver gesponse to msulin,

220223 128, 24

Kidne:

blnnd fies to 10 (hulk 1949 66
core 1 1950

ater b dine d{ﬁu(nl det, 1953 103

T
embe ws in of Iypud from lver siau
sod 195D 125 14
glomeruly n_pathologscal, 1a normal
person 1950
hemorchagt 1950 220 221
i nfeute beparins 1952 35
VEM 1 1949 66
s carrhosss of fiver \9¢9
i (ongestive brar farbre, 1949 i
and drewsry protem ¥ 6
VEM mactivation by 1949 10

Kinmelstie) Wilson syndrome, 1950 141
Kohler mucroscape 1952
Kupffer celt, 1219 913

acaty of 1950 2528
tnd Uver fonction fest, 1950 12
basophilic budy m 1950 3233
blockade of 1991 55 5o
Bramsulphatesn m 1951 39
and cerord 1949 103
enlacged 1950 2628
t 0
ll;lt" acute hepautis 1950 63
in hepatius 1953
gamma globula formaton by, 19%

@ hepatitis 1951 43
vaal 1950 28 3%
iron an, 193 (7t



212

Kupffer cell—~Conr'd

iron positive pigment 1n, after acute
hepatiis, 1950: 63

migeation of, 1950 33

prominent, 1950* 26 28

pyromn reaction of, 1950: 27

n removal of chromum phosphate,
19517 54

vitamin A tn, in hepatitis, 1951: 44

Kwashiorkor, 1950: 1512005 1951: 277

bedy fat i, 1950: 135

calonc ntake an, 1953+ 126, 128130

and carbohydrate, 1953: 128 130

dermatosis 1n, 1950

digestive enzyme 1n, 1950, 154

edema 1n, 1950 155

endocardium 1, 1950. 166

etology, 1950. 169

geographic distribution of, 1950

glomerulus n, 1950 165

hair 1n, 1950. 156, 19512 276, 277

heart in, 1950 165 167

hydcopic degenerztton of myacacdwum
i, 1950 165-166

1n Jamarcan child, 1951: 267, 276

Lver an, 1950 152154, 157-164, 170,
174

169

mantoc in, 1953: 129
mental state i, 1950. 182-183
mulk 1, 1953: 129

human, 1953 128
pancreas m, 1950 133-154, 156, 170
plasma proteins m, 1950 156
parotid gland 1n, 1950 154, 157
Pprotemn in, 1953 126, 128 130
m rat, 1953 187
zein an, 1953 129

L
Laboratory research, organization of, 19531
32-;

Laby rinthus hepaus, 1952 124
Lachrymal gland, carcinoma of, m Afre
can, 1950 1
Lachrymation, ta kwashiorkor, 1950 136
Lactation, 1n African, 1950 197
Lactic aaid
1n blood, of liverless animal, 1949: 90-

n muscle of liverless anumal, 1949. 90-

Lactic dehydrogenase, n liver, 1952 81,
88, 89, 91, 93, 99

Lactobacillus plantarwa, 1949 48

Lacunae hepans, 1952 124

Laennec s arrhosts, 1952 141, 190
trabecula tn, 1950 182

Laminae hepautss, 1952 124

Lamina himians, 1952 125126

Lanthiontne, 1949 48

Lard, and liver damage, 1949 37, 38, 42

Liver Injury

Lauric acid
death due to, in rat, 1950 167.168
and heart lesion due to choline deficient
diet, 1953: 98-100
Leathun, 1951. 89
and choline, 1951 75.77
formation of, 1951 89
1 Tiver phospholtpsd after low protcir
diet, 19512 65 66
Leukemua, lymphatic, aleukemic, 1950 52
Ligaton, of hepatic artery, 1949 18 33,
1951+ 146-152, 159 162, 172, 1952

170
2nd antibiotscs, 1949 19 23, 25, 29, 30,
32, 1950: 59 601 1951 146
after cholecystectomy, 1949 26 27
collateral arcalation after, 1940 22
coma due to, 1951, 152, 158 164
1 dog, 1949 1926, 18
by Goldblatt clamp, 1949 3t
sn human being, 1949+ 23 24
Iiver after, 1949 18-24
and pemicillin, 1949. 1923, 25, 29, 30,
323 1951- 146
m rat, 1949+ 24
survaval after, 1950 59 60
Linderstrgm-Lang and Hotter dsver teche
nique, 1952 7677
Lipemua, after cortisone in pregnancy,
1953+ 47

Lipd
anti-attenosclerotic, 1951 47
1n cerord formation, 1950. 129 130, 137
complexes of, 195 25
correlated, 1951; 20, 23 24
m serum, 1951 18, 20
uncorrelated, 1951: 20

dietary, and serum hLipid, 1951 39

embolism of, from Jiver sinusoid, 1950

g }26{ £ ts 10 exper:
escape of, from fatty cysts

Tnents] dictary arrhosss, 1950 107
homogeneity of, i centnfugate, 1931

18, 2123

1n lipoprotemn, 1951+ 2223

in hver
and choline, 19512 8487
and diethanolamune, 1951 70, 7t
and dumethylethanolamene, 1951 T
and fibrasis, 19513 244 o n
and guanidoacec 2ad, 1951 7 2
of rat on low choline diet, 19512 6

metabolism of, 1951+ 49

nephtosis, 1951- 43

phosphorus i
1 lwer cell, 1953
1 serum, 1951: 19
serum, 1951 13,19 .

" after centrifugation, 19512 x; l”m
after cortrsone for rheumatoid ar

tis, 1951 43
after dectary hmd, 1951 39

163



Indey

Lipid—Copg
" Sy
1 Cxtra hepatse Biltary gy Obsteqe.
fron, 1951 26 0
bepats, gog 2627
tr20spory of 7 2
Lpodiastaens’ SCARITRTS 162 163,
1952 1)y
1 Girthosis 140 140,144
2ohichsin, 1 fryer, after vyrgp hepatyyyg,
1950" 3
Lipogenes;

after fructoge,

Dives extege 25 1950 50
UM By 29, 1950 297
tver

7

208
bsence of, 1959 39, 61
See ofrg Hcpah‘crorny
3

L

seetate 1n, 1gq

Space, 1952 191 195
irenal coppe.t hormones,” 1949
9.

n AI"H!L 1950 162 154
Whaline Phosphatsse 10!
1953 151 152
fnng aad Uhilizgy,
e

1952
on by, 1949 us
1925 35

1951

107,

196 19+
218 195,

213

I.ner«Cafil’d
B19sy specimen Of oy
htstology o mocphology, 1950, 1y

28
Bistology v Pithology 1o
0 infectigys MOnOnUCl gy,
33

himutations of 1950

1 midgary fubrulosys” o0 53

MOIPhology vy histology “toro g
40 56

112
1950

Histology 1950 5.2
of, 1959 101y, g

, 1950 51

14

‘Otralobula;, pg5, 130

Afr,
“apullary m,
2
15 125

and Carbohydyyp, 1949 ;
1951 g ips

Metzholiym 6
of cat
Her Basting yos 2
1953
1953 3103
B Dhlo gy PoOmING 1955
2

18

holinesterage ) 1952 g9 g 83,
91 98

rculation of g5, JEh}
©llateral ygg] 149

“Hrrhosis of oy 36
akohofic 1957 1~
Bttes in 1045 gy 1950 1g 3,
AUreomy (in 4y Prevention of
113

204
"1

basophutyg 1y 1950 3536 4,
bllury 1950 182
Casein n, 195y 107
croid 1’ 1550
fhnlexlzm‘,
and choline




214

Lover—Conrd
cuzchosis of—Contd
coma in, 1951: 163-164
with congesme heart failure, 1950
18

:ymplmm: basophilia 1n, 1952: 2351
vs degeneration 1949 4

mn d;zbe:es 1949, 121, 1951: 243.
24

dietary factors 1o, 19495 34 59, 126
164; 1950: 206

escape of hpud from fatty cysts in,
1930. 109-149

familtal 1ncrdence of, 1950, 176

fatty, 1949: 126150, 163; 1951
242.243

fibroyis 1n, 1949: 126, 144 146, 156,
158, 1952: 169
function test in, 1950: 25
glucose 10, 1949 123
and hepatic iron, 1953+ 170
hepatc oxygen uptake in, 1950: 80 83
hepatic vascular reactivety 1n, 1950
80-84
hepatie vemn and portal vein anasto.
mosis 1a, 1949: 31, 1951, 171
hepatiss into, 1950 45
hisuocytic cell n, 1950: 33-35
histology vs pzthﬂlOFY. lgso
after sulin, 1951° 2
and 1ron hvel, 1953 170
jaundice 1n, 1950 18-24
Laennec's, 1950: 182, 1952; 141, 190
tipodrastaemata 1n, 1949 140 144
and liver cell damage, 1950 1824
due to malnutrition 3o child, 19500

14-16

107-108
163-164,

methionine 1n, 1951

monolobular, 1950 17
182

vs necrosts, 1949 34 36, 139

nucleolus in, 1950 33

pathology vs histology, 1950° 14-16

and phospholiprd  turnover, 1951

94

postnecrotic, 1952 189:190, 1953°
169

protein formatton 1n, wso 35-36

scptal type, 1952 1

with splenomegaly, 1950 xq} 196

trabecula 1n, 1950 18

trabecular type, 1952 192193

tnimethylamine so0 urtae in, 1951
128
urinary choline 10, 1951 131
VDM m, 1949 757, 79

coagulum m, 1951 283 292, 295 301

collagen 1n, 1951 282 285, 288 292
fbnllar, 1951 288-250

collateral circulation to 1949 25 26,
2931

Licer Injury

Lves—Conr'd
coma, 1949
176
ferriin i blood 1n, 1951+ 176

fetor, 1951: 165.468, 169 2
(ompo!umn of, 1949: 1
congestion of, 1951+ 18( 316
passive, 1951: 1 6
1 shock, 1950, 10
cord, 1952. 123 124, 161 162
caystallyne nbunudme m, 1952+ 218
cuffing in, 1951+ 283 2
oytochrome omdase m 1952 81, 88, 89,
91, 93, 96, 97, ¥
(ylophsm in, hbxlt
150, 152, 153, 163
damage to
antbiotics in, 1983; 140
aureomyan n, 1951: 140
by carbohydrate, 1949: 116147
casein in, 1949+ 37, 39, 40, 45:52, 59
cephatin ‘floceulation :hu. 19512 32
choline in, 1949: 36, 4
and cod Tiver onl, 19'(9 37, 18, 81,

123125, 19512 152, 158

1953+ 142, 144

«oproporphyrin excretion 1, 1949¢
36-57

¢ottonseed ol 1n, 1949 37

€risco in, 1949- 37, 38, 47

cystine in, 1949 33-43, 43 50

lard 4o, 1949: 37, 38,

methionine 1, 1949; 35.44 13, 30

pearailhin 1n, 1951 140

percomorph o1l n, 1949 37

porphynn excretion aHer, 1949: 56

Rose Bengal uptake :fm. 1951- 59

sulfaguanidine 1n, 1951° 1

sulfur contaming ot sl
1949 37,39, 44, 45,446 s3, 54

terramyan i, 19512 1

wmphyeul acetate 1, 1949+ 4930,
53

due m ram faﬂou, 1949: 43, 45, 5%
33,

v.umm Bu m. 194

witamin E 1n, 1949 37 40, 42 46, 49

o 46,
yzul in. 1949 38, 39, 41-43, 45,
037,
degeneuuon of, vs dietary corrhosis,
1940 49

dehydrogenase in, 1952 x}m
desoxypentose sn, 1932°
desoxyrbonurleic aced 1n, 1950 39
A nfs
duonﬁuuon of organic ¢ompou
9:

250
1 disbetes, 1953. 205 227
dtsezx;(of ‘sz
ey
;:d amebaaus, 1755 185
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Liser—Cons'd
disease of —Contd
and ammal protein factor, 1951

basophuba 1n differeatial dragnosis
1950 35
centztlobular vein n, 283,
284, 292, 296, 299, 301 305
choline absorpnon n, 1951+ 130
Disse space 1n, 1951+ 313
and hypersensitivaty, 1953 185
i Jamaca, 1951, 263-318, 1952 75
Mull space 1n, 1951 3
portal mad m. 1954: 281, 291, 293
295,
spinal nu.d m. 1951 173175
and ulcer, 1953,
ventriculin tn, 1951 274
vitamn By 1n, 1951: 276
of dog
bactena in, 1951: 1
Closteidium wckhn m. l95|' 133
perfused, 1951+ 182
embryology of, 1952, 1zn|22 1953 s
enlarged, 1950 5t
and choline, 1951+ 106 107
€OZFme activity 1n, 1950 3% 39, 1952
72109

€osinophulic coagulum in, 1951. 283
295301
tnlhlopmens i, erytheoblastosss,

mtusz in, 19n~ 9193,
mmn)mobznxent mmxntalwn 1952
estrogen mmbohsm after damage to,
1950 188.1
after  Chonine, wsz 163, 1953 174

evoluuon nf, 1952 120
axt:

md hver curhosis, 1949: 33
hver necrosis, 1949 33, 4o

Cuture of, arculation n, 1951 176 177
fatty, 1951 242, 1953 67.95, 181

n Aftican, 1950 143, 162 164

ml] altohollsm 1950 17, 1951- 101

sftec aureomy(m |9s|~ o3 19

basophilia in, 1953

and bece, 1951 249 210

biopsy 4,

md (don( mlake 1951 111, 1953

nd (hohne. |9su 46 48
ondase, 1957

nvtuhlory (hmpe; w1949 132

mrhom after, 195) z(z -243
after eysteine, 1934+

Liver—Cont d

and choline—Conrd
after cystine, 1951
n dubelex 1951: 2162:2 241243,

aml dunhca, 1951 139

after ethionine, 1951 109, 1952
210, 1953 174, 180 183

Fbrosss 10, 1949 156, 1951 244

without fibrosss, 1952

freexing of, 1951 147

and function tests, 1950 12

Elycogen in, 1949° 121

after high fat det, 1949. 118

and high protein diet, 1951 110

hypainsulin, 1951 25

hypolipotropic 1951 254

i Jamatca, 1951 110 111

and jaundice, 1950 17, 1952 64

and ketone bodies, 1951. 121

and ketosis, 1951 241

m kwashnorkor 1950 132154, 157
161, 170,

Ilpmlnxlaem.\u 10, 1949 131150

and lipotropic factors, 1951 62 90

140

after Jow choline diet, 1951 65 66

micromembranes in, 1952 191

without necross, 1952 85

neutral fat centafugate from, 1951
12

1
and obesity, 1951 248 245, 252
oxygen uptake of 1952 84
after pancreatectomy, 1951 254
after peanut meal 195.

znd pmumy gland 1951 232, 243

puredmg citrhous 1949 150 163
and peotetn, 1951
after tercamycin 1951 133
types of 1951 250, 231
vitamzn A 16, 1951 252
fatty aad 1o 1951 89 117121
catabolism of, 1951 8t 81
and cholne 1951 89
fatty auid synthests by
n fasted cat, 193320
i fasted rat 1953 21
fatty (yst i 1950 48 50
fetal artenal blood n 1949 32
fibrosis of, 1951 267 269 279 29%
291300, 305306 1952 179
1953
arthotc, 1952 169
and fat, 1949 156 1953 244
after hepatitis, 1952 51
in kwashiorkor, 1950 159 164 163

fluorescence microscopy of 1952 259
functions of, 1951 48 50
after vitamuin Buy, 1950 221
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Liver—Conrd

function test of, 1951: 50-51, 53
Jn arrhosis, 1950: 25
in hepatitts, 1950~ 11-28
sn Jamarcan children, 1951: 272
vs pathologtcal liver phenomend,

1950z 1128
gzmrgg globulm formation by, 1950.

glucose ouzput of, 1951+ 205

and hepatic uptake, 1951: 212 219
glycogen in, 1952: 81, 1953: 90

of alloxanized rar, 1951: 234

in duhetes, 1951: 236 258

after wmsulm, 1953+ 15-18

ml;lsver cell protection, 1949 115.

of phlorhizinized rat, 1951+ 234
of rat, 1951: 234
granufoma of, 1950 50-33
of guinea pig, 1950 219
after_hepanc attery ligation, 1949 18-
33, 1951 146-162
m hepatis, 1950 9
See alto Hepatitis
after histamune, 1950 105
histochenstey of, 1952« 216 263
homogenization of, 1952+ 86 88
human, enzymes t, 1952 72-109
wfarction of, 1949 23-24, 1951 16™
168, 170, 171
nflammation of See Hepatius
toflammatory changes so, 19507 18 24
and insulin, 1953: 25-26
wnsulin_ sensitivity of, 1951 211, 214-
215, 221, 240
1on 1n, 1953 170 173
1 k®ashrorkor, 1950+ 164
ischemic, 1951 197
expetimental, 1951 146 162
1solate
of cats, 1953- 11-12
snorgan¢ phosphate from, 1953 1213
jaundice due o obstruction m, 1950.

44
and ketone body formation, 1953 120,

m kwashiarkor, 1950 132134, 157
164, 170,
labyninth of, 1952 124

lzctic_dehydrogenase sn, 1952 81, 93,

tacuna of, 1952 124
tamunar structure of, 1952 144, 208
umiting plate of, 1952 125-126
Iipid n
and choline, 1951 84 87
and diethanolamine, 1951 70 71
and dimethylethanolamine, 1951
and fibrosis, tgst 244
and guamdoaceuc acd, 1951 70, 1

74

Liver Injury

Liver—Conrd
Upid in—~Cont'd
metzbolism of, 19542 49
lipofuchsin un, after wviral hepatis,

1950:
lobule uf, 1949. 917, 211 1951, 199,
1952; 181 182
mammatian, 1952: 147
nonexastence of, 1952: 134 139, 145.
>

i lower vertebrates, 1952. 113115
lymphatics of, 1950 91 100
malarra pigment 1n, 1950° 158
mammalian, 1952. 114 117, 144
lobule of, 1952+ 147
mesenchyma of,
1953 184
mesodermal ongm of, 1952: 121122,
143, 162
micsocebus in, 1952: 120
mitochondnia of, 1953¢ 9495
tn diabetes, 1953: 94
mosphology of, 1952 111196
of mouse, after urethane, 1952 34
necrosis of, 1949, 137 159, 162, 163;
1952 157-160, 1953+ 12, 2425,
225226
saubiotic for, 1949: 36, 1950 2it
216, 19522 3940
and auteomyain, 19491 56, 1950° 211-
216

viral  hepatitss,

1 blackwater fever, 1951 202203

after bromobenzene, 1951 172

and ciechosis, 1949 3436, 159

due to diet, 1949+ 34 59

experumental, 1 cortrsone trezted fat,
1952: 60 61

focal, 1950+ 63-64

after hepatic artery ligation, 1949
0 24

massive, 1949° 3439
duning perfusion, 1951: 198
aad proten an diet, 1949, 35
sulfaguanidine in, 1951: 140
vitamin B s 15, 1950. 214, 223
yeast ta 1949 36, 3839, 4143, 46,
57, 1950 227
neoplasm 1n, 1950; 33, 55-36
wtrogen m, 1951. 48
“ (n((fr fasting, 1952+ 228, 236
after  methylcholanthrene  implanta
tion, 1953 161-162
and tumor, 1953
nonbepatic cells sa, 1952 82
norms for, 1953¢ 114120, 162
nuclens of, 1952, 239
1n oltguna, 1953- 186
omeatum hike, 19525 ¢4
n diabetic dog, 1952 63
oxygen tension i, 1949¢ 2122
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Liver—Cant'd
oxrgen uptake by, 1 cirthosis of liver,
1950

pantreas m dliusl: of, 1950, 153 134,
161163, 170, 177
patenchema of
1n fibrosis, 1951+ 244
m viral hepatits, 1933 184
pathological, 1n normal persons, 1950

pathological phenomena o' and funz
tion tests, 1950 11 1.
pesfused, 1951 182, 19(
and acetylcholine, 1951 183
a0d adlenahn, 1951 182183, 191
193,
lmphyhm tn, 1951 202
bile formation 1n, 1953 28
glyconeogenesis n, 1953 29-31
Vs slice techmique, 1953 27
in petitoneal cawity, 1949 27
tn phagocytosss, 1950 86, 1952 189

from_phlorhizin porsoned cat, 1953
phospholipid in
after choline, 1951 72, 78
g

after ethanolamine, 1951 72,
after mﬂhlomne, 1951 72
P, 1953
synthesis o(
anmal, 1951
of pig, 1952 145
dy!lrovh)’ of,

m  choline  deficient
6672

after cod fever o),
lympham: n, 1950 9193, 97
of pigeon
citrate effect on aqueous extract of
1953 79
n fat synthesss, 1953 73
Pigment in, 1950 63, 181

and placenta, 1953 8, 160
aad plasma phospholipid, 1951 9 81
plate, 1952 123-126, 162
Portal canal of, 1952 125 126
in Pregnancy, 1953 134 161
of rodents, 1953 54
10 prosimian 1952 120
protein (n
and <:lor|c itake 1953 124 126
w0l mmmxteroxds 1953 149
formation of, 1950 62
160

and growth hormone 1943
labile, 1953 150
metabolism of, 1953 108 187
dunng protewn free diet 1953 142

Pseudocholinesterase 1n, 1952+ 99

Prruvate metabolism i 1953 23

of tabbat, ;-e:rusmn of |9s) F3

of rar, 1951

acteria in, 1951 1
cholesterol” blosvnlhnu of 1953 Al

Liver—Conrd
of rate-Conr'd
desoxynbonucleic acid 1, 1953. 110

drsttophy of, after cod lver ot
1949

enz mes m 8
In Syn!hesns. 1953
(amrv and ketone bodtes, 1951 121
1ipid n, after low protein diet, 1951
63 66

ipggeness by partclefree extracts
Tob 195

pho!phohpxd m. :f!er fow protein
dict, 1951 65 6
proten m 195!
red 1951 182183, 1
alm admuhn, 1951

xnu)

183, 192, 193
and rrd blood <ells, 1951 199
refractory penod of 1952 203 211
regeneration o

calorte intake 1n, 1953

choline in, 1949

after rescction 1949
semoval of See Hepatectomy
n xesenon mmnan shock, |9so 00

124

ran(ulu mm n 1951 288292
nbonucleic acid 10 1950 38, 1952 93
after carbon tetrachloride poisoning,
1953 159
and maternal hormaone, l9$3 161
in pregnancy, 1933
after starvation 1952 2 s
turnover of, 1953 163
20d salt metabalism  inorgaoic, 1951
9
septa n 1952 190 192
serons exudation in, 1951 2~9 296 293
299, 307 308, 311312
10 serum sickness, 1952 43
m shock 1950 103 104
due to deumming 1949 6768
due to hemorrhage 1950 103
sinusord of 1949 917 29 1950 95
186 188 1952 124123
and branches of hepatic arsery 1952
85 187
embolism of bipud from, 1950 122
us e
erytheocyte in 1950
mvd lmt;l cystan auerhosis 1950 118
n lmg 1951 57
Tining of 1951 3538
Iymphocytes 10_after dietary protesn
for kwashiorkor I?Sﬂ 160 t61
open spaces 1n_1951
psrmulihhly of wall of 1952 1%

phagnme n 1950 2326
Post mortem 1950 33
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Liver—Conrd
stnusotd of —Cont'd
sphincter of, 1950. 105-106
shece
choltne 1n, 1951: 137-138
s perfusion, 1953 27
phospholipid 10, 1951: 83
tramethylamine ‘from, 1951' 137
speafic gravity of, 1950: 3
spore forming b;m]lus mn, 1949 1923
stenility of, 1951: 136
succinoxidase 1, 1952: 88
and salfur metabolist, 1951z 50
surgery, anesthesta for, 1949 28
standard of reference for analysis of,
1953+ 114-120, 162
sulfue 1n, dunng proten free  duet,
1953 148
trabecula of, 1950+ 17 18
transaminase 1o, 1952, 86, 88, 89. 95 93
tricarboxylic cycle n, 1953
tropical, 1951, 316
tuberculosis 1, 1950: st
tumor of, 1952 162
vascular reactivity of
1 cthosss, 1950: 80 84
n normal state, 1950 7680
vascular system of, 1952+ 126-132
micro anatomy, 1951 181-204
vasculafization of, 1952 126132
VDM 1n, 1949- 66,
10 cizrhosis, 1949, 75 77
1 vertebrate, 1952 1115
virus in, 1951,
vitamin A 19, m hwmus 1951- 44
and vitamin metabolism, 1951° 50
and water balance of body, 1951+ 49
Welch bacillus in, 1949 19, 23
zem In regeneration of, 1933+ 124
Liver cell
amino acsd 1n, 1952
centnfugation of, 1952 245 246, 250, 233
1 cirrhosis, 1952, 254
cytoplasm in, 1952 241
basophilic’ inclustons in, 1952 216
221, 224, 226, 229, 247, 250, 251
damage to
aad alcohol consumption, 1950 1617
and astites, 1950 17, 18-20
1 archosis, 1950 18-24
degrees of, 1950: 13
and function tests, 1950 1128
2nd javndice, 1950° 1824
i malnourished Jamatcan children,
1951 306
desoxyribonucleic acid in, 1952 813
1953 108 122
and dietary protein, 1951 236
eosmophxhc 1953 183

zf:er dretary cholme deficiency, 1952
4

i hepatitis 1951 43

Liver Injury

Luver cell~Coned
glycogen in, 1950
mitochondria n, 1952+ 247.252
nem;s;s of, 1n infective hepatitss, 1952

nuclesc aad, 1952+ 221 226
nucleolus in, 1952 220 241
after d|<ury protein, 1952: 233
nucleas tn, 1952+ 220.244
deioxynlmnuduc aeed 10, 1953: 108
09

after plasmaphoresis, 1950+ £2
phospholipid 10
and dietary zhnlme 1953, 133
and dietary protein, \953 131 13¢
in pregnancy, 1953'
polyploidy, 1952: 81,
pmtemon of, by liver glymgen, 1949
115

protein
1 pregnancy, 1953: 155-159
aftes protein duet, 1993° 121 126
after nbonucleic acid, 1953, 134 146
protein nitrogen 1n Lipid phosphorus
content of, 1953: 163
regeneration of
1n absence of dietary proten, 1953¢
1

2
after carbon tetcachlonds poitamng,
1953: 133
nibonuclesc acid 1, 1952 239 247, 251
and pregnancy, 1953 165
and protein, 1953, 134.146
Rose Bengal in, 1952¢ 262
dusing statvaton, 1952+ 236
1n vizal hepatits, 1953 183
vitamin A in, 1 hepatiis, 1951, 41
Liver extract
for cirrhosis of liver, 1950 206
as Iipotropic agent, 1950 207
Liver funcuon test, 195t: §3
classification of, 1951 50
1n hepautss, 1950+ 1128
l.mr phle. 1952, 113 115
Lobul
qf lxvtr. 1949 917; 19512 199, 1952
147, 181-182
conteactile structures of, 1951, 199
200
after hepatic artery ligation 1949 21
nonexstence of, 1952 134139, 146
149

Setord in, 1950- 1

edema of, after hwemxu, 1949 26

embolus 1, of lipid from liver siu
soid, 1950 125,

148
hemorrhage of, after hyperoxia, 1949°

byaltne membrane in, 1o death of new

born, 1953. 42
Lymph
)ed‘:mm n, 1930 9697
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1smph—Consrd
intestinal, phospholipid of, 1951: 113
protem 1n, 1950 91,
smmbllm 10, after Tuver damage, 1951.

L)mphnln. of hver, 1950 91 100
Lymphocyte, in hver sinusoid after dietary
protein for kwashrorkor, 1950 160+

M

Maize, 1950 173
ion content of, 1950
falarsa
falaparum, hemolyss 1o 193t 42
t of, i liver, 1950 138
M:lls;p:te, 1951 279, wsz 13}134
vs liver ganus, 1952 194
10 kiver disease, 19517 294- sm 33
protewnic matecral 1n, 1951 313
Maloutrition
heatt in, wath alcoholism, 1933 104-
103

181

s0d Tiver esterase, 1952° 919:
Mamor, 10 kwashiorkor, 1953
Mammal

biliary excretion 1n, o5z 200213

liver of, 1952 114
Mausm\u, 1950: lﬁl

ason’s Compound E, 1949 103

easles, tmmunization to, 1952 50
Mehlnaheschaden, 1950 180-181
Meningutss, 1n Afnican, 1950 18
Meniahty, - kwashiodker, 1950, 182 183
\lrmhol , 20d Liver lesion due 1o ethion

1953 174
Mesenchyma, of liver, tn viral hepatitis
184

|z9

3
Mesenchymal cell
gamma globulin Iom\anon by, 1950 36
hepatic, 1950+ 33 35
Mesodes , n lxvu emh:yologvv 1952
1.122, 143,
Meunenole, 1949 sos
Tethacmalbumin, 1951 41 42
Muhmnl 1950 223
Mﬂhmnme, 1951 73
aurcomycin, 1951, 133
ind congestive heart failure due to
ictary launc acid in ra, 1950 167
:l{tfncn(y of, 1950 220221

0 archost of fiver, 1950 206
n methylaicotinamide synthess, 1950

and hm arthosis 1949 33, 1951 107

and et damage, 1949 35 44, 48, 30 53
and lver necrosts, 1949
due to bromobenzene, ms| wz
and iver phosphols
Fhospholipd turnover .nu, wsa 9498

Mclhxonme—CMfd
1at ectampsia, 1949 53
ind xanthine owidsse acpirety durxng
protenn free diet, 1953 15
n yeast, 1949 54, 33
Mnh)khohmhrene. mtrogen 0 hver
after implantation of, 1953, 161-
162
Med\ylgx‘em pyronin stam, o Kupfler
8, 1950 27
Methyl group, 1950 o, 220 223
synthesis of, 1950
Methylniconnamde, xyn!hesu of, 1950
20
Mierocebus, liver i, 1952+ 120
Microcmetre, 1952
Micromncinerston, of liver «ll 1952 221
Micromembranosss, 1952, 19
Microsco
Kohler 1952 220
ultraviotet 1952 220
Microscopy
absorption vs fluorescence, 1952, 260
fAuorescence, 1952 235-262
intravital, 1952
Ml(mspenmphmome(er, self recording,

Milk, for kwnhmlkox. 1953 128129
Millet, 1950
Miscasriage Sve’ Abortion
Mutochondria
tn dubetes 1953 94
disappearance of n proten depleted

rats 1
n hver cell, 1952 247252, 1953 94

phnsphmux 10, 1951 117
nashed, 1953 7283
Mononucleosss, tnfectious
luver biopsy 1, 1950 33
vs serum sickoess 1952
Mormality, among Africans, wso 185 188
Mothee
duabetic offspring of, 1953 50
prtdubeu(, duagnous of, 1953 5152
Mou:
Snbody against proten of, 1952, 43
asates 1n 1952
asatic furd knees 1o, 1952
biliary excreton of fluorescent mate-
fals n 1952 204 212
and hepativs virus infection, 1952 30-

ver pregmancy of 1953 34
prcumonia virus of 132 27 3
Micopolysaccharide, acid,
Mucosa, wntestinal pho;;\hohyld m‘ 1951

Musde
cardiac glycolysis by 1949 113
contractibity of due to butync scud,

1953 71
in dubctes 1949 106, 108 114
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Muscle—Cons’d
fatty acid etdzation by, 1949 111~
112

in hepatic ven, 1952
lactrc acid 1n, of leverless animal, 1949,
90-91
skeletal
fat utilization 1n, 1949- 112
glycolysis by, 1949, 113
throttle, 1n dog lrver, 1952« 149-150
VDM formatron 10, 1949. 66
Mjocardstis, sn African, 1950: 187
Myocardsmam
after dietary launic acd i cholme-
deficient rat, 1956 167
hydropic degeneration of, i kwashior.
kor, 1950. 165-166
Myristic acid, 1950 168

N

Necrosts

actdophilic, 1950° 30

coagulation, basophilia 1, 1950 30

endo myocardsal 1n kwashiorkor, 1950. 166

of heart, after ethyl Jaurate 1n choline-
deficient dret, 1953, 98-100

of liver, 1949- 3439, 157159, 162,
163, 1950 12, 2425, 215-226;
1952 157-160

antibiotic for, 1949 56, 1950 211;
2 3940

and awreomycin, 1949 56, 1950 211

after bromobenaene, 1951: 172

vs arrhosis, 1949 3436

due to diet, 1949 3459

after hepatic artery ligation, 1949 20-
24

1 anfective hepatitss, 1952, 35
during perfuston, 1951: 198
and protein in dtet, 1949 3%
sulfaguanidine 10, 1951+ 140
witamin Biz i, 1950 223
cast 10, 1950+ 227
Needyle biopsy, of Liver, 1950 40 56
Nembatal, 1n liver surgery, 1949 28
Neomycin, 10 Liver damage, 1951 141
Neoplasm, 1n liver, 1950 53, 55-56
Nephrosts
i child, 1952 102103
liprd, 1951. 43
Nephrour syndrome, VDM in, 1949 B0
Nervous system
and blood 2mmenium, 1950 59
central
10 hepatc coma, 1951 166
1 jaundice, 1951° 174
Newborn
of dizbeuc father, 1953 30
of diabetic mother, 1953 50
erythroblastosis in.
and drabetic mother, 1953 39 60
and prediabetic mother, 1953 59 60

Liver Injury

Newborn—Cantd
heavy, 1953: 42, 45.47, 5132, 33.54
sslets of Langerhans of, 1953 &1 66
pancreas of, 1953+ 63
of predabetic mother, 1953+ 41-47,
39 60

vitamin E yn, 1953-
Niacin, in hepatic coma, 1949. 124, 1951

Nickel, as choline axidase inhsbitos, 1950,
0

Nicatinic acid
deficency of, 1n kwashiorkor, 1950, 170
encephalopathy, 1951+ 164
10 hepatic coma, 1949: 124
Nitrogen
0 liver
after fasting, 1952+ 228, 236
after methylcholanthrene 1mplantz.
tion, 1953: 161162
and tumor, 1953 161-162
metabolism of, liver 1, 1951 48
nonprotein, after hepatic arteey ligation,
19583 173
1 protern, n hiver cell, 1953+ 163
uninary
1n paralytic poltomyelitss, 1953+ 149
dunng proten free diet, 1953 142

143
Nitcogen balance, on Jow protern diet,
19502 199
Nitrogen mustard, serum cholinesterase
after, 1952: 108
Normoblast, of bone marrow, 1952; 262
Novo Insuline, 19512 210
Naucleic acid, 1950. 28
and basophilia, 1952- 243-244
after carbon tetrachlonde ntoxrcation,
1n rat, 1950. 32
desoxypentose, 1950 29
after ethionine intoxication in £2t
1950¢ 32
1n lver cell, 1952, 221-226
staning of, 1952+ 243 244
pentose, 1950. 29
Nodleolus
in arthoue hives, 1950 35
i lever cell, 1952 220244
afte dietary protein, 1952° 233
and protew syathes:s, 19528 240
Nucleoproteus, stamnng of, 1952¢ 243
Nucleoside, synthesis of, 1950 210
Nucleus, 1 lver cell, 1952 220 244
after damage, 1950 13
desoxyribonucles¢ actd in,
ssboauclec prateins around,

o
Obesity, and fatty lrver, 1951 248 249,
252

1953- 186
1952; 66

1953 108
1952+ 239

Olguriz, liver 1n,
Otnrthosis, thramme ta,
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O:phznage. mfmm hepatitis  outbreak
952
Ovary, VDM mu ;:nnulou celf tumor

onda
chaling, 10 choline deficient fatty liver,
52 108
cHtocheome, 1a Liver, 1952 81, 88, 89,
91, 93, 96, 97, 98, 99
Oxidation
of carbohydrate, vs fat, 1953 25
of fat, vs :arbohydure, 1953 23
of Yactate 1n Yrver, 1953, 2425
Oxygen
concentration of, 1 liver, 1949 2t 22
consumption of
as measure of :nbohvdute metabot
1sm, 1953
by rat fver, ms 1
demm of, and hver, 1949 29
high tension
lung edema after, 1949 26
lung hemorchage’ after, 1949, 26
nceease of, ahu hepatic artery ligy

n mrhcm. 1950 8083
fayy, 1952 8.

wn poml blood, 1949 293

In portal ven qrculation, wsl 170

Oxysterond, an disbetes mellitus, 1951
236

P
Pancreas
itrophy of, 1950 180
rancer of, 1953 63
cholesterol estersfication n, 1956 57
cuculation of, 1951 1981
of l;mbq.,, 1 diabetes due to alloxan,
]

zher nhwmne wsl 109 110 1952

ﬁhlosn uf m k\nshmrkor. 1950 164
165

duning gestation, 1953 5658
head of, cancer of, 1953 63
and hepznt msulin_ sensiuvity, 195€

hyper;zlywmr, 1953 87

el persistence aftec removal of,
1953 14

1100 1, 1n knashiorkor, 1950 164

n k\é&hmvkw, 1950 13313, 156

M liver disease, 1950 133 154, 164
165,170, 177
tn Jamaiea, 1950
of newborn, 1953 63
of prediabetic mother 1953 42 47 31
20d placenta, 1953 160

177

221
Pancreas—contd

dog after, 1951 237.258
and liver fat 1951 254
pregnancy -(m, 1953 53
1at after, 1953. 89
Pantothenye acid, 1949
Para-amuno-beazose :cld 1949 47
Parenchyma, of Liver
n fibrosys, 1951 244
i vieal bepatits, 1953 184
Parond ;;!Jnd 1 kwashiorkos,
154,
Peanut mea\
fatty lives after, 1951 109
Liver cuechosss after, 1951 109
Pelacgome  acid, and  contraetility  of
fabbit intesune, 1949 112

1950+

Pensealln
10 dictary Liver necrosis, 1950 214
0 rat, 19523940

and hepatic artery higation, 1949 19
23, 29, 29, 30, 32, 1950 3960,
1951 146

for wnfective hepanus, 1952 39

in mouse, 1952 38
in hiver damage, 1981 1
reaction to, vs serom sickaess, 1952,

43
Pentose pucleie acid
after carbon tetrachlonde 1ntoxication,

n ral, I
cytoplasmic, and  proten  syathests,
aftec  cthiontne intoxication 1 fat,
I

functon of,
i protest smthcn;, w;a 2910 62
Percomorph o, and lives dimaee, 1949

Petfusion, of hver
953 1113
necrosis an, 1951
of rabbt, 1953 12
vs slice technique, 1953 27
Pencholangiolicis, 1952 \92
Peritoneal cavaty, Liver 1, 1949 27
Permeabilay, ur hvn sinusord, 1949 10

108

imng |9s| 56

Phanerosiy, fat, 1953 182
te

dmwn of ted cell by, 1950 2326

s liver, 1952 189

in sinusosd of hiver, 1950 25-28
Phago

md'ﬁxooa vclouty, my 12

by Kupffer cel 949 913
by hver, wso 86
of ted blood cell i malania 1951 42
by spleen 1950 86
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Phlothizin
<at iver poisoned with, 1953. 21-24
and 5lu:ose in unine of rat, 19581, 230
233:237
Phosphzlasc, atkaline
m liver, 952 107; 1953
after Iiver damage, 1953; 151
duning protein free duet, 1953: 143, 151
Phosphatase stain, 1 differential dug.
nosss of jaundtce, 1950. 55
Phosphate
acetyl, 1953: 92
dlclz‘ry, absorption of 1ron after, 1953+
7

2 152

morgame
mzmpouuon of, mlo phospholepid,
195t5 74, 83-66,

from 1solated pcn'used Itver, 1953 12
Phosphate ester, plasma glucose tm pool
of, 1954. 21.22
Phosphnhpid
cytoplasmic, 1951; 65
diethanolamine 1n, 1951. 74
formation of, and dietary fat, 1951: 64
nosstol-containng, 1951: 6263
1a atestinal lymph, 1950 113
1 antestinal mucoss, 1951, 112115
hipometabolic, 1951: 65, 89
in hver
after choline, 1951+ 7.
after ethanolamine, x9sl~ 72, 7778
after methionne, 1951,
of tat, on low choline dur 1951:

63
n biver cel)
and dietary choline, 1953, 13.
and dietacy pmmn, 1953: 151 134
m liver slice, 1951, 8
mn plasma
and fatty acid transport, 19517 78
81, 121
tusnoves, 1951- 9203, 98 101
morat hve(, after low proten dict,
1951
1 serum, 1951+ 17
after centnifugatson, 1951 13
synthesss of, n liver of choltne de
ficient amumal, 1951¢ 66-72
triethylcholine 1, 1951 74
uacorselated, 1951 20
Phospholipid P, 1953; 5
i Irver cell, in pugnsncy. 1933 166
tarnaver of
i lwver, 1953 139
duning protein free diet,
Phosphorus
lped
10 liver cell, 1953. 163
in serum, 1951 19
Iiver damage due to, 1951. 32
sa mytochondees, 1951 117
nbonuclesc aad, 1950 38

1953+ 146

Liver Injury

hosphocylase, reactivation of, 1951, 227
Phosphuryhnon 1953, 77

hver of, 1952 145
dymophy of, after cod hver o,

lymphmcs in, 1950, 91.93, 57
Pigeon, 1950 223
liver of
atrate effect on 2queous extract of,
1953: 79
1 fat syathesis, 1954¢ 73
Pigmentation, brown, after acute hepati
tis, 19501 63
Pitocin, 10 hverless sat, 1949: 99
Preessia, in liverless rat, 1949 99
Puujtary glan
n African, 1950: 192
an diabetes mellitus, spsulin refractory,
1951: 255
and fat mobihzation, 1951° 222, 243
and Jiver fat, 19512 222, 243, 253 254
posterior, extract of, in hverless rat,
1949 99

n starvation, 1950 192
and tumor growth, 1953 162
See also Hypophysectoray
Placenta
and corticotropia, 1933:
effect of, .xlm removal nf I:ru! 1953

35,
glycogen m. 195 3. 35
and hver, 1953, 38, 160
and pancreas, 1953,
teansausstan of serum hrp.ums through,
1952, 31,
weight of, s0d nbonuduc acd m
Tver te“ 1953 3
Plantam, 19503 173
Plasma
cholinestesase in
ta African baby, 1952. &
and protern forrnzlmn afm hepatec
tomy, 1952, 10;
glun)s: 1o, AnJ phosphlxe ester pool,
1953 21-2;

hapdling of, lu avord hepattis, 1952,
bepatiis after anoculation of, 1952¢

rraduation of, 1952¢

;z(:l.hm n, and lmy aad transport,
1958, 7351 121

hospholips

P ..:5 fm'; 6 transport, 1951: 78 81,

md hver. xf951 798
tusnover of, 1951,
potassium 18, *after hepatic artery
auon, 1951, 175

protein 1a
tn kwashiorkor, 1950,

9Z 95, 98 10t
g

156
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Plasma—Cont'd
otcin tn—Cont'd
0 liverless rat, 1949 85, 89, 90
stenlization of, 1952
Phsn\lphnku!. Tiver cell after, 1950 62

lwu, 19523 123 126, 162

in Juver cell damage, 1950- 13
Pliteler, sn hverless 1at, 1949~ 89
Pleun, tffasion into, and ascites, 1950

Freunococeus, nfection due 0, . Alec
can, 0
Peumonsa, afte hyptmxna, 1949 26
Preumonia virus, of mice, 1952 27-30
Posontay
due to carbon tetrachfonde, 1949 40,
113

dver el alter, 1953133, 159
and lver glycogen, 1949 m
hiver protein after, 1953+
liver nbonuclei acid after, wss 145
mestinal, 1949+
See alto Toxicosts
Pohom elitss
desoxypyndoxine an, 1952° 66
plulyuc, excess protein loss ta, 1953

yndume 0, 1952:
Fhonuciae seid , o
scpubilty to, 1952 41, Pesr
thuamine i, 1952- 41, 66
m,myxm, m dietary wer necrosis, 1950

Po])plmd), of liver cr” 1952 81, 83 84
Pelveronts, 1950. 1
Porphyria
exceion of, after dietary e dimage,
849, 36

n ngzmubh;z of bope marsow, 1952

Poriahepatis, snfidtration around, -lnm!s
operative pracednre 1950
Portal canat, 1952 125 126
Pornal rerad, 1951 279
10 diver disease, 1951 281,
. 299-303

291, 293

Porual vemn, 1949 9 10, 13, 29 wsl 123

124, 1952 130, 170
nastomosis o
with aorta,
\I;V;‘htpzm lnery, uuo 19, 1951

bepavc vein, 1952 192
Jnemhnhon of, ' dog, 1949 18 19
Row theouch, 1949 910, 13 1%
21. 2930, 1950 8788
velocity of, 1949 16
brnhing of 1952 128
Ommunication of, with hepatic veu,
1949, 31

223

Pontal vein—Conrd
hstamine response of, 1950 103
and lymphatecs of levee, 1950 92, 94
occlusion of, in man, 1931 167 164, 171
oxggen tension i, 1951° 170 171
termunal branches of, 1952 171
Portal venule, 1949 90 13
Posterior pewstary extract, in liverless
rat, 1949 99
Potasstum, 10 plasma, after hepatic artery
Digation, 1931 173
Pregnancy
blood sugac aftcs, 1983 33
and paacceatectomy, 1953 33
n breast mulk, 19%0° 197 198
caloric intake 10 and oboouclec acsd
1 Drver cell, 1953 137 148
corticotropin m, 1953 39 40
corisone 1n, 1953 40 41
fetas after, 1953 54
dizbetes n, 1933 41 53
¢ to alloxan 1953 48 49
dubenic hyperglycernia i, akter hydeo
rissone, 1 39
dizbetogensc eflect of 1953 35 37
glycogen after cortisone i 1953 40 4t
and glycosuria, 1953 5t
hepatis wn, 1953 186 18"
bypereoraczlism of 1953 48 52
hypertension 1 toxemia of 1949 72
hypoglycemia 1n, 1953 62
sstets of Langechans tn, 1953 56 38
lipemuz after cortisone m 1953 4"
Trver i, 1953 34, 154161
phospholipid 7 in 1933
fiver cell in, 1953 165 168
and hvu Tesion due to ethiomne 1953
i)

188

pancreas n, 193 3658, 160
after pancreatectomy, 1953 33
phospholipid P in liver cetl 1n 1933

166
protewn an Liver cell in, 1953 133159
ribonuclesc acid in, liver 1, 1953 134

toxemsa’ of, hypertension i 1949 72
Propionic acts
and contractisty of rabbit antestine
i9d9 112
and muscle contracutity due to butyric
acid, 1
Prosimuan, liver in 1952 120
Protein
Geplction of and drappearance of
munthﬂndru 1950 38
dietacs
m urrhmn of bver 1950 206
and fanry 1951 110 311
n kw;\h/oﬂml 19% 134, 0 171G
1953 128 1%

and hend u)mpmmnn of cat Iner,



Protesn—Cons'd
dietary—Conr'd
and Lver cell, 2952: 236, 1953: 121.

Iiver celf regeneration n absence of,
1953: 152

and fever coeshosss, 1949 3

i Diver disease 1 ]arn.ucan chuldren,
1951, 270-271, 2

and liver enzymes, 1955 145

and hiver nectosis, 1949: 3

and nrteogen balance, 1950 199

:nd nucleolus of lver cell, 1952

and | pliospholipid in liver cell, 1953:

131134

and phﬂspholq:ld 1 liver shice, 1951¢
83.85

and phospholipid syathess 1t
Liver, 1951: 6

and pho;phohpld TP turnover, 1953:
146

and protein s hiver, 1993; 142

and nbonucfeic actd an frver celf,
1953: 134-146

and sulfur 1o hver, 1953. 148

and survival of dog after ligauon of
common bile duct, 1949: 120

and VEM, 1949« 76

and vitamin B, 1950- 210, 219

and xanthine oxidase zmvxry, 1953

151
m Disse space, 1951- 313, 314, 313
1 beribers, 1951 316
i rheumanc fever, 1951 316
m fernnn, 1949, 78
formation of
and ipsulin, 1952 105
i hver cell i arshosss, 1950 35-36
and plasma cholinesterase after hepa
tectomy, 1952, 103-133
in glucose formation, 1953: 19
glyconeogenes:s from, 1953 31
i snfecave hepatits, 1952 40
n lipoprotein, 1951, 22
bpotropic activity of, 1951 244

 liner
and caloric intake, 124 126,
13

1953
20d cotticosteraids, 1953 149
and growth hormone, 1953 160
labile, 1953+ 150
during protein f!ec dle! 1953
of rat 1953 1111

w liver cell, 1953 12_
after protein diet, 1953
and rbonucteic acid, 1953

m lymph, 1950 91, 95

1 Malt space, 1951 313

metabolism of and lrver, 1953

8-

142

121126
134 146

108

of mouse anubody aganst, 1952 45

Licer Injury

Proten~—Cont'd
futrogen 10, 1o hiver cell, 1953: 163
peatose nucleic acid n synthesis of,
19502 29 30
in plasma, 1n lnerless rat, 1949. g3,

nbomuclac,_acound hver cell nucleus,
952, 23

m serum, 1951- 13
after centafugauon, 19511 15
aod pathological Liver phencmens,
1950- 11-13
synthesss of
znd cytophsmlc peatace auclewe aed,

esltrase n, 1952, 101
nucleolus in,” 1952, 240
nbonuclerc aced 1a, 1952. 251255
utthzation of, and catoric satake, 1953,
124, 128
Proteinase, 1952. 100
Prothrombin tume
1n Diverless rat, 1949. 88
and pathological Lver phenomena,
1950
Prurites, and hepatitis, 19522 25
Pseudocholinesterase, 1952: 102, 103
after bepatectomy, 1953+ 103
m hiver, 1952: 99
Pseudohypophysectorny syndrome, 1950
102

Pseudosyhcytium, 1952; 118119
Purine, 1950+ 222
Pyelorephritis, 1 African, 1950+ 187
Pyredoxine
dietary, and apfection dut o pren
monsa wirus of mice, 1952: 27
m apfective hepatiiis, 19520 40
in poliomyelitis, 1952: 66
i viral infection, 1953 41
Pyrogen, estimated hepatic blood Bow
after, 1950 7779
Pyronta, Kupfer cell seactson to, 1950
27

Py rominophilic matetsal
in Kupfer cell, 1950 27
pentose nuclerc acid as, 1950 29

vare

acetate copversion to, 1953: 81

conversion to acetoacetyl toemzyme A.
1953 81

i hiver, 1953:

use of, 10 dubem 19” 82

ruvic zaid, 1949+
P’m spmnal futd, 1 hep:m: coma, 1950°
61

Q

uick freenng, of seruet fentrifusate,
19%1° 39
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R

Rabbut
intestine of, fatty acsd utibizavon by,
1949, 111142
fiver of, perfusion of, 1953 12
liver symphatics an, 1950 97
Race (of panen), and cellular mbltra-
tion 1a portal tnads, 1950 67
Radioactrvity, of acetate, 1953 79
Radio-phosphate, liver removal of, 1951.

Rash, and hepatitis, 1952 23
2

alloxanized
glucose i unne 1n, 1951 231-237
liver glycogen n, 1951 257
vs phlorhizinized, 1951 237
atteniosclerosis resistance 1n, 1953 105
<arbon tetrachlonde intoxicated, nuclesc
acds 1n, 1950 32
choline deficrency 1, 1950 225, 1953
100 102, 106

caraiovascular lesion in, 1953 98
106

arrhosis 1a, 1950 109 149
congestsve heart fatlure after dietary
Jaurec acid 10, 1950 167
liver of, 1953. 173 173
arrhosis an, postaeczotic, 1953 169

cortisone treated,  experimental  hiver
necross n, 1932, 60 61
Cystioe defiiency n, 1950 225 226

dibetic, work from, 1949 106
eclampsia 1n, due to yeast, 1949 51
energy requirements of, and caloriC i
tike, 1953
¢thiomne intoxicated, 1953 173 183
nucleic aads 1m, 1950 32
pancreas of, 1952. 163
fat 1n, after Rypophysectomy, 1953 89
faty acid syothesss n biver of, after

fasting, 1953
Fisher Stram, ‘methionine uptake by,
0 227

glomerolonephrosis 1n, 1949 52
glucose in urine n, 1951 230 237
hepatic actery ligation 1n, 1949 24
hepatorenal syndrome 1n, 1949 576
after hypophysectomy, 1953~ 89
ksashiorkar in, 1953 187
liver of, 1953 74
bactera in, 1951 133
¢holesterol biosynthesis of 1953 81
Grthosis of, 1950 227
desoxyribonucleic aod in, 1953 110

dystrophy of, after cod hwer oil,
1949 50
in fat synchesys, 1953

fatyy. and ketone bodies, 1981 121
Vip1d in, after low protein dict 1951
63 66

223

Rat—Cons'd
liver of—Contd
Ipogencas' by parucle free extracs
of, 1953 76

Iymphatcs of, 1950 9°
necrosis of, 1952 39 49
oxygen consumpuon of, 1949, 14
phospholipid 10, after low protein
diet, 1951 65 6
phospholipid synthesis in,
cholne defitiency, 1951 66
in pregnancy of, 1953 34
protein of, 1953 111 113
hiver cell an, polyploidy of, 1952 83, b4
hyerless metabolic behavior of, 1949
86-106

after
72

after pancteatectomy, 1953 89
phlorhizimized
¥s alloxamzed, 1951
glucose oxidation 10, 1951
glucose 1n unne 1, 1951
23323
glycorutia in, 1951 240
protein  depleted,  disappearance  f
mtochondna 1n, 1950 38
renal hypertension in, 1949 -0
resistance of, to drummung

239 240
230 231,

shock
1949 6"

survival of, after breathing ether 1949
118-419

work output of, after taradi stmula
tion, 1949 102 106
Rat mesoappendux assay, for VDM 1949

Red blood cell
hemolysis of, after wwtammosis E
1949 42

and liver, 1951 199
phagocytic digestinn of, 1950 23 26
phagocytosss, 1n malania, 1951 42
See also Erythrocyte
Regencration, of hver, aftec resection
1

949 32
Renal artety, anastomoss of sth enal
9 18

vem, I
Renal vein, anastomosis of, with renal
artery, 1949 18

Research, organtzaton of, 1953 323
Resprratony infection, and infective heps
nus, 1952 21, 63
Reacubin fiber i biver, 1951 288 292
Reuculinosis, 1951 291, 303
Rhodanese, 1953 118 119
Rebonuclease, 1n liver, 1951 218
Ribonuclerc scs
i cytoplasm 1953 140
i Livee 1950 38, 1952 9
after carbon tetrachlorde puisomns,
1953 139
and maternal hormone 1953 161
10 pregnancy 1953 134 161 163 163
after starvation, 1952226
turne vee of 1933 163
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Ribonucleic acid—Consd
m Liver cell, 1952: 239-247, 251
10 poliompelitss, 1952: 253
and protern m [iver cell, 1953: 134-146
I protewn synthesss, 1952 234 233
ent

hm“c:n . polyploidy of, 1952: 83,

liver 1n pregnancy of, 1953. 54
See alio under name g} animal
Rose Bengal, 1n lver cell, 19512
1952

39,
262

s
Salt, iorganie, Jiver in metsbolism of,
9

1951+
Sarcordosis, liver biopsy n, 1950: 45, 51
Sarcoma, of breast, 1n African, 1950; 189
Sarcosine, oxidation of, 1950: 228
Schi ; 1

, and m
Egypr, 1950. 193, 193
ion rate, a0d pathologi
hver phenomenz, 1950: 11-14
Septum, 1n lrver, 1952, 190-192
Serine, 1950: 222, 223
953: 73

Serum
albumin 1
w.tg depletion of basophilia, 1950:
3

i liver disease, 1951: 317-318
antifernitin, 1949, 84-85
bedscubin 10, " and  pathalogical hver
phenomena, 1950: 1113
centrifugation, 1951 13-28
cephatin’ flocculation in, after standing,
19513 31
cholestesal sn
estersfied, 1951, 17, 2021, 23
esterified, after standing, 1951 31,
23

3
free, 1951° 17, 19, 20
free, after standing, 1951 31, 32
chalesterol  estenfying  enzyme i,

51
cholinesterase 1, and body weight,
1952 102
aftes mitrogen mustard, 1952 108
density gradient of, 1951 15
esterase 1, i bromobenzene intoxica-
fion, 1952 108
fat
neutcal, 1951 17, 20
neutral, m hepatitis, 1951 23 24, 27
fracuonation of, 1951 13-59
gamma globulin i, 1950 3
Iipd 1m, 1951 13
complexes of, 1951 18, 20
after cortisone for rheumatord arthn
Us 1951 43
after dretary Lipad, 1951 39

Liver Injury

Secum—Conrd

Itpid n—Conrd

in extra hepatic biliary duct obstrue.
tion, 1951: 26, 29

10 hepautis, 1951; 26 27
phosphotus, 1951 19

Iipoprotewn 1n, 1951 17, 24-25
10 hepautis, 1951+ 26

nmmzzl, after centuifugation, 1951: 15.

phospholipsd n, 1951+ 17
protem 1n, 1951: 13
and pathological” Iiver phenomens,
1950° 11.13
quick freexing of centrifugate of, 1951
39

afrer standing, 1951; 3132
storage of, 1951+ 40
turbidity of, after freezng, 1951, 39,

Serum hepatuis
cartier of, 1952, 51.52
gamma globuln for, 1952: 34
¥s_infective hepatites, 1952, 54
and plasma treatment, 1952; 38
fespuratory transmussion of, 1952+ 56
trapsplacental transmussion’ of, 1952.

31,
Serum sickness, 1952, 41-42
vs asatic furd sickness, 1952: 44
hiver 1a, 19521 43
vs reaction to pencillin, 1952 4344
Sex (of anmal)
and fatty hver after ethionine, 1953.
17.

and proten in hiver cell, 1953 122
Shock
anaphylactic, hepauc vem i, 195%:
181-182

aureomycin 1, 19517 135
due 1o drummiag, 1949: 6768
hemorrhage
aureomycn 10, 1951 135
hyperreactive phase of, 1949, 62, 65
due to histamune, 1950° 103
hyperreactive, captllasy bed 1n, 1949
6263

hyporeactive, capillary bed in, 1949
6263, 65

rrreversible, 1949: 67
aurcomysn s, 1950 135
wansfusion after, 1950: 104
kidney btood flow in, 1949+ 66
Tiver 1, 1950° 103 104
flow OI“ 1949 16;750
congestion of, 1950,
Liver falood Bow in, 1949: 66
due to resecvour getennon n liver,
19502 100-101, 106
due to studge, 1950 100, 102
onee, 1949: 23
:um[uvon 1n, 1949: 67, 69, 19506104
traumatic, VDM 10, 1949« 66, 67-68
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Shock—Cont's
VDM in, 1949 62 63 6&69

K)
Simla, szsh:orkor 1, 1951 277
Sinusord, of liver, 1949 917, 29, 1951
186, 188, 1952 124 123

arterial, 1952 183

centrolobular, 1949 134

blood supply of, 1949 917, 29

znd bran(hes of hepatic attery, 1952

5 18
embohsm of Iipid from, 1950 122
126, 148
erythrocyte an, 1950 121
and fmy cyst an uuhosu. 1950 118

n f(og, 1951
Lining of, 1951 ss 58
])mphﬂtyles i, after detary protein

kwashtorkor, 1950 160 161
open ;pam n, 1951 317
permeability of wall of, 1952 132

, 187
phagocyte 1n, 1950 25 26
Ppost mortem, 1950 33
sphuncter of, 1950 105 106
valve 1, 1950,
Sken test, positive, 1n_ rafective hepatitss,
952 53 56, 62 63
Slice, Iiver
choline un, 1951 137.138
phospholipid 1n, 1951 s;
timethylammine from, 1951 137
Sludge, shn:k dut to, 1950 100, 102
Sorbitod, 195;
South lnc:
anemia in, 1950 174
o Pisment in |.m i, 1950 181

s, 1950 919, 96
tissue liver, 1950 10
Speafic gravity, of liver, 1950
Spectrum, fuorescence, 952 255260
Sperry enyme, 1951 32
Sphincie;
of Baer and Dale, 1951
10 hepatic ven, 1952 120
iver, 1949 11, 1952 132
after adrenalin, 1951 200
m lymphatic system, 1950 93
precapillary, 1949 61
o sinusoud’ of liver, 1949

190

1, 1950

03
Spinal fluad
n bver discase, 1951 173
PITSnIc a0d an, 10 hepatic coma 1950

Spleen
i Afncan, 1950

193
i ¢
m e lrl;:dlznon, 1951199

m rhzzncymm. 1950 86

227

Splenic vein, thrombos:s, 1950 193
Splenomegaly

Egypian, 1950

with liver mvolvtmem 1950. 193 196
Stain

methylgreen pyromn, 1950 27

phosphatase, 1 jaundice, 1950, 55
Starung

ellogyanin chrome alum, 1952 218,

of liver celt, 1952 218

of nucleic aad 1 Liver cell, 1952+ 243
Stananon

and diver cell,

protein sm, 1953+ 113

and mtrogen 10 hver, 1952° 228, 236

pitudtary gland i, 1950+ 192

tomach, ulcero pap:lloma of,
Stool

choline an, 1951 129130

urobihinogen n, and pnholog:cz] iver

phenomena, 1950 11

Steeptomycia

0 dietary Lver necrosis, 1950 214 215

in rat, 1952 3940

and ligation of hepatic actery, 1950 59
Stress

adrenat mmczl hormunzs m, 1949 94

dietary 1949
Succinic dehydms.'enm. m liver damage,

1952: 236

1949 42

38
Su:nnmudzse. wsa 38
i liver, 1952
Sugar, 1a blood
after cortisone, 1953 38
after pancreatectomy n dubetes, 1953

53
post partum, 1953 52
Sulfadiazine, for infective hepatins in
ouse, 1952 38
Sulfaguamidine
i detary liver necrons, 1950 214
in lhiver damage 1951
Sulhmxxdmg_ and choline deﬁmnzy ar
choss, 1950 218
Sulfhydeyl fernun, 1953 172
Sutfonamide, ccacuon to, vs serum sick
ness, 1952 43
Sultur
i acetoacery! coenzyme A, 1953 92
n amino acy
n liver dlmjge, 1949 37 39, 44
45, 46 33 53
n yeast, 49
See el Cystine > Methronine
10 b
messbolismt of 1951 30
necrosis, 1949 41
dusing protein frec et 19
organic 0 yeast
ertnary n panl)uz mhnmychm
1953

148
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Sulphthalidine, and conversion of oral
:hzhne to tnmethylamine, 1951:

12

S)ndegmmix, 1952. 143, 188

Syphalis, secondary, lhver granutama in,
1950° 3

T
“Temperacure, of Jivesless rat body, 1949+
92-94

Terramycin
1n dietary liver mecross, 1950° 214-213
0 tat, 1952 3940
for mfective hepatiis in mouse, 1952:

33
potropic effect of, 1951. 133, 138
in lsver damage, 1951: 140
and liver fat, 1951: 133

est
alkaline phosphatase 1 hepatetis, 1950
4

bromsulphatern retention, 1951: 52
cephatin flocculation 1n hepatites, 1950

1
chr square, of liver function and Iiver
cell damage, 1950, 14
lwver function
1 aurhosis, 1950+ 23
classification, 19512 50 51
in hepatetis, 1950° 14
vs pathological hiver phenomen,
1950 11.26
T, of lwer function and fver cell
damage, 1950: 14
thymol turbidsty, 19502 14
Testosterone propionaie, and fatty hver
after ethionine, 1951. 110
Thermoswomubr, hivee blood flow mese
usement by, 1949 1313
Thraouse
Geficiency of, m kwashiorkor, 19500
170
in encephalomyelitis, 1952° 66
i ernithoss, 1952%
i1n poliomyelitts, 1952° 41, 66
in yeast, 1949 34
Thiochohae, 1951 63
Totsvine S, biliary _excreron of, in
whate suce, 1952, 204212
Thiolase, 1953 70
Thiopental, esmated hepatit blood Ruw
after, 1950 79
‘Thrombosts, splenic vemn, 1950 193
Thrombus
ar autopsy, 1951 230
in hepatc artery, 1949. 24

ai
in alcohohism, 1953 104
Shear chotime dehcieat dier, 1853
103 104
rimol turbiduty tesf
| citrbosis 1950 23

Thymol turbidity test—~Cont'd
in hepatitis, 1950, 14
and pathological liver  phepomena,
1950 11-14
Tassue
mnnegme, e hiver aechosss, 19520
¥

3}
phospholipid 1n, 1951¢ 74
triethylchohine 1, 1951: 74
Tissue spaces, mtersutial, 1o hepants,
1950. 910
Tobac(u4mosm< virus, staning of, 1952
243

Tocophrerol
cerord, 19307 134
dlalpha, and hiver damage, 1949, 49-

0, 33
and lwee cerand, 1949 151, 152, 158
See aliz Vitamn
Toxema of pregnancs, hypestension of,
1949 7.

“Toxicosis, hiver damage due to, 1949. 43,

49, 53, 33, 54, 5356
See alte Forsoning

Teabecula, of hver, 1950 17:18

Teansaminase, sa liver, 1952 86, 88, 8,
96,

Transflex  tubing, 10 anastomoss Of
splentc artery with splenic ven,

g49: 19
Transfusion, in shock, 19497 67, &
reversible, 19502 1
Triad, pertal, cellulae afiltrate sm, 19507
6667

Truaproin, and heart tesion fin choline-
dehaient duet, 19337 5%
Tricaprytio, and heart lesion m holint
defiient diet, 19332 99
Tricatboxzlic @y, 10 fover, 1953 2413
Triethylcholne, 19313 63, 13
1n tissue phosphahpml, 16951~ 74l
aplyceride, symhetss, an pesat lestont
Toh n (holu{e-dcﬁﬂzm det, 19537 98
100
Trumethy lamine
from hiver shee, 19512 137

n unn¢
after ntravenous chohine, 1958+ 126

131
after orsl choling, 19512 124 130
Trumy ristin, 19537 99
Frspaloriun, 1953 99
Trueqz mechanism, 1949° 82
Tryprophane 2nd Lives protein.
T test, of hves function and
"damage, 1950°
Tublrmlosns”o 5
o Lver, 1
;mll;zry, Lioer biopsy i, 1950° 3
palmonary, 1 Alscat 1950 188 .
Cotaremsa, with liver granulomat, 195
33

3953 124
fiver cell



Index

ox
sate, 1952 37

Ehslichs, 1952 37

granulosa cell, of ovaty, 1949. 83
hypophysts 1n gm-xh of, 1953 162
of liver, 1952

and m:lhikhohnlhune 1 liver, 1953

Torbiduty, after freezng of serum, 1951
9,
Typhoud wmyecton, liver damage due to,

Tythosd vacemne, estimated hepaue blood
flow after, 1950 77-

u
Uganda
anemia 10, 1950 174
Granoma 10, 1950. 189
childhood mortahity 1, 1950 186
pigment 1n Livee 1o, 1950. 181
sarcoma n, 1950 189
Uganda formula, 1953 128
Ulcer, a0d hiver disease, 1953+ 11
Ulcero-papilloma, of stomach, 1949 42
Ummmhl), concept of, 1951 203

Urnhmz,
snd safection due to Faeumons virus
of mice, 19522 29
nd infective hepatitis m mouse, 1952

031, 3¢
Urethra, sticture of, 10 Aftican, 1950

Vtige
birabin 10, after dictary echionne,
1953 178
choline 1n
after intravenous  admurmstration,
1951

ll(z;roul admimistration, 1951, 124.

“oproparphycn i
after carbon t:lu(hlonde. oty 37
after tiver damage, 19
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precursors of Counciiman bodies in,
1950 65
See alio Hepautss, infective
n hver, 1951 136
modtfication of, 1 passage, 1952 44 45
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